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Chapter 1
Lemon and Lime

Avneet Kaur, Sukhvinder Singh Purewal, Arashdeep Singh Randhawa, 
Chidanandamurthy Thippeswamy Swamy , Bikash Kumar, 
Mukesh Kumar, and Ravinder Kumar

1.1  Introduction

Fruit plants with medicinal properties are gaining more consideration from research-
ers and pharmaceutical industries throughout the world. Fruits which possess high 
antioxidant properties are as important as medicines (Neri-Numa et al. 2020; Arruda 
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Fig. 1.1 Botanical description of lemon and lime

et al. 2018; Pereira et al. 2018). Because their extracts, juices and other products 
based on them could be used as remedy to treat various diseased conditions and to 
improve the health of an individual. Secondary metabolites with health benefiting 
antioxidant properties are accumulated in various parts of plants ranging from roots, 
shoots, flowers, bark, leaves, fruits, seeds and even in fruit peels (Kaur et al. 2018; 
Dhull et al. 2016; Roesler et al. 2006; Malta et al. 2013; Pavan et al. 2014). Along 
with secondary metabolites fruits are also considered as rich source of vitamins and 
minerals which are usually involved in sustaining various biochemical processes 
within the body. India stands at top position in terms of lemon and lime productions 
(FAO 2020). Lemon belongs to Rutaceae family and possesses broad spectrum 
applications in food and pharmaceutical industries (Xi et al. 2017; Hamdan et al. 
2011). Lime is another important dark green colored citrus fruit which is as impor-
tant as lemon (Fig. 1.1). As compared to lemon the amount of sugar present in lime 
is higher. Juice extracted from lime is widely used in the preparation of limeade. 
Distinctive feature of lemon juice makes it an important substrate for preparation of 
lemon meringue pie and lemonade. Lemons and lime are good source of minerals 
like magnesium, calcium and potassium which are necessary for sustaining health 
life style. Presence of wide range of nutrients in lemon and lime makes them impor-
tant from nutritional point of view. Chen et al. (2017) reported that citrus fruits are 
famous throughout the World for their health benefiting antioxidant potential. This 
chapter on lemon and lime provide in depth information about the nutritional com-
position, bioactive profile and health benefits of lemon and lime.

1.2  Lemons/Lime Production

Details of lemons and lime production in India and worldwide in terms of area and 
yield since last 10 years (2008–2018) are reported in Table 1.1 and Table 1.2 respec-
tively. FAO (2020) data indicate that top five lemons and lime producers in the 
World were India (3,148,000 tonnes) followed by Mexico (2,547,834 tonnes); 
China, Mainland (2,482,884 tonnes); Argentina (1,989,400 tonnes) and Brazil 
(1,481,322 tonnes). In 2018, India was the top producer of lemons and lime with 
production (3,148,000 tonnes) (Fig. 1.2). Lemons and lime production in India was 
observed maximum during the 2018 (3,148,000 tonnes) and minimum during 2011 

A. Kaur et al.
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Fig. 1.2 Top producers of lemon and lime

(2,108,000 tonnes) (Table 1.1). Lemons and lime production (tonnes) at World level 
was observed maximum during 2018 (19,368,838 tonnes) and minimum during 
2010 (14,724,505 tonnes) (Table 1.2).

1.3  Agrarian Conditions

The lemon tree generally requires constant sunlight for its maintenance and growth. 
The duration of sunlight significantly affects both qualities of fruit as well as quan-
tity of specific nutrients in the fruits. Lemon tree which are grown under proper 
sunlight yields fruits with more sugar than those grown under shade. Temperature 
has significant effect on the lemon tree; the temperature below the required range 
damage flowers, foliage and fruits thereby affecting the consumer preference. The 
temperature below −1.66 °C may results in damage to fruits, woody stem and may 
result in leaf drop. Defoliation of lemon tree starts at temperature range −5.5 °C to 
−4.4 °C. Lemon tree is capable to grow in a variety of soil ranging from silty clam 
loam to sandy and even black soil. The pH requirement for the optimal growth of 
lemon tree is from 5.5 to 6.5. Lemon tree can tolerate heavy rainfall as well as 
humid conditions of environment. As compared to lemon, lime is more famous in 
India and widely cultivated in area which has low rainfall, dry climate having allu-
vial, loamy and black soil. In India the major lime producing area is Bihar, Rajasthan, 
Gujarat, Tamilnadu (T.N.) and Andhra Pradesh (A.P.). Consumer acceptability 
towards lemons varies with the size, color and juice content of lemon/lime. These 
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parameters depend on the stage at which the lemons/lime was picked from the tree. 
The weight of fruit, polar diameter, equatorial diameter, skin thickness, number of 
seeds and percentage of juice may vary with the specific cultivar of lemon and even 
during different stages of growth/season. Di Vaio et al. (2010) studied 18 different 
lemon cultivars and they observed that fruit weight vary from 122 to 198.3 g; polar 
diameter 76.5 to 94.9 mm; equatorial diameter 56 to 70.4 mm; skin thickness 4.9 to 
10.9 mm; number of seed 0.25 to 21 and juice content 16.2 to 30.3%. Dong et al. 
(2019) observed monthly variation in weight, thickness of peel, seeds, soluble solid 
content and juice percentage. They found variation on weight from 49.9 to 177.3 g; 
peel thickness 5.0 to 10.6 mm; number of seeds 12–32; soluble solid content 6.9 to 
8.4% and percentage of juice 15.6 to 49.8%. Coating of fungicides may be recom-
mended for the lemons/lime which is in process of long distance shipping.

1.4  Post Harvest Management of Lemon/Lime

Both lemon and lime comes under the category of non-climacteric fruits (which 
don’t have capability to ripe after harvesting). Due to their non-climacteric nature, 
the shelf life is longer as compared to other fruits which make them suitable for 
marketing at long distances. After harvesting, lemon/lime has to go through sequen-
tial steps to enter in market for consumers use. Packing and transportation of fruits 
is one of the crucial phases for maintaining freshness in them. During transport, 
transpiration is one of the physical factors that affect their quality. During transpira-
tion water starts evaporating from the fruit surface thereby resulting in textural 
changes and deterioration of quality (Ladaniya 2010). Due to improper handling 
and poor storage conditions the fruits suffer significant losses. Dirty bins and poor 
aeration during transportation and storage chamber result in fruit decaying. Prior to 
storage it is necessary to clean bins as well as fruits. Hot water dip is one of the 
physical treatments which have been applied as post harvest application for main-
taining the fruit quality. During the treatment, lemon/lime has to be dipped in water 
(40 °C for 2–3 min) (Fallik 2004; Spadoni et al. 2013). The treatment is advanta-
geous as it cleans the fruit and prevents the growth of surface microbes. Treatment 
with mild fungicide could also be useful to maintain the quality. Use of carbonate 
and bicarbonate salts (3% w/v) for fruits proved to more effective against attack of 
certain bacterial strains (Palou et al. 2001). To reduce the rate of fruit senescence, 
ozone gas is recommended in storage chamber as it has broad spectrum antimicro-
bial potential (Guzel-Sedym et al. 2004). Surface coating of both the fruits may be 
done to maintain the weight of fruit, reduce transpiration rate and chilling injuries 
during transportation. From consumer safety point of view edible coating is recom-
mended to improve fruit appearance (Purewal and Sandhu 2020; Dhall 2012). 
Generally used coating materials include beeswax, shellac, carnauba and polyethyl-
ene (Purewal and Sandhu 2021).

A. Kaur et al.
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1.5  Nutritional Profile

Both lemon and lime are rich source of specific nutrients including minerals/vitamins 
and bioactive compounds. Throughout the World, researchers are working on differ-
ent fractions of lemon and lime fruit. The fruits are available in the market with 
different thickness of peel, coloration pattern, varying juice content and organolep-
tic properties. Internal juicy portion of lemon/lime is surrounded by an outer protec-
tion skin known as flavedo/exocarp (colored skin with oil secreting glands). Just 
next to flavedo another important part is Albedo (white spongy tissues) which varies 
in thickness with complex network of vascular bundles. Edible part of lemon/lime 
has small size densely packed juicy sacs which have juice and seeds. Czech et al. 
(2020) studied the mineral profile of different parts of lemon and lime and reported 
potassium (113–127  mg 100  g−1); sodium (1.86–1.99  mg 100  g−1); calcium 
(18–31.8 mg 100 g−1); phosphorus (18–23.9 mg 100 g−1); magnesium (8.4–11.5 mg 
100 g−1); iron (0.28–0.34 mg 100 g−1); zinc (0.17–0.28 mg 100 g−1); copper (0.04 mg 
100 g−1); manganese (0.05–0.06 mg 100 g−1) and selenium content (1.78–4.13 mg 
100 g−1) (Table 1.3). Similarly for lime fruit the minerals present were: potassium 
(145–152 mg 100 g−1); sodium (3.10–3.88 mg 100 g−1); calcium (41.3–63.9 mg 
100 g−1); phosphorus (17.9–20.1 mg 100 g−1); magnesium (11.6–13 mg 100 g−1); 
iron (0.21–0.41 mg 100 g−1); zinc (0.24–0.26 mg 100 g−1); copper (0.04–0.06100 g−1); 
manganese (0.01–0.04 mg 100 g−1) and selenium (1.98–3.10 mg 100 g−1). Fatin and 

Table 1.3 Mineral profile of Lemon and lime (different parts)

Specific 
mineral

Lemon 
pulp

Lemon 
peel

Lemon 
(whole 
fruit) Lime pulp Lime peel

Lime 
(whole 
fruit) References

Potassium  
(mg 100 g−1)

113 127 120 101–168 142–187 147 Czech et al. 
(2020) and Barros 
et al. (2012)Sodium  

(mg 100 g−1)
1.89 1.99 1.86 1.6–3.10 3.88–54 3.14

Calcium  
(mg 100 g−1)

18 31.8 25.9 41.3 63.9–214 51

Phosphorus 
(mg 100 g−1)

18 23.9 21.8 17.9 20.1 19

Magnesium 
(mg 100 g−1)

8.4 11.5 9.86 4.8–11.6 13–41 12.2

Iron  
(mg 100 g−1)

0.28 0.34 0.31 0.10–0.21 0.41–0.94 0.31

Zinc  
(mg 100 g−1)

0.17 0.28 0.22 0.093–0.24 0.15–0.26 0.24

Copper  
(mg 100 g−1)

0.04 0.04 0.04 0.02–0.06 0.05–0.07 0.04

Manganese 
(mg 100 g−1)

0.06 0.05 0.05 0.01–0.036 0.04–0.20 0.03

Selenium  
(μg 100 g−1)

1.78 4.13 2.77 1.98 3.10 2.53

1 Lemon and Lime
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Azrina (2017) reported the presence of ascorbic acid in lime, musk lime and kaffir 
lime. They observed that Kaffir lime posses’ ascorbic acid of 37.2 mg 100 g−1 fol-
lowed by lime (27.78 mg 100 g−1) and musk lime (18.6 mg 100 g−1). Chuku and 
Akani (2015) studied the proximate composition of lemon and lime. They observed 
ash (0.50%); lipids (1.15%); fiber (1.52%) and carbohydrates (10.61%). However, 
in lime they found ash content of 0.15% followed by lipid (0.05%); fiber (0.05%) 
and carbohydrate content (23%). Paul and Shaha (2004) studied the proximate com-
position and concentration of vitamins in lemon. They reported that lemon possess 
β-carotene (50  mg 100  g−1); ascorbic acid (37  mg 100  g−1); thiamine (0.02  mg 
100 g−1) and riboflavin (0.01 mg 100 g−1). Further, results of proximate analysis 
indicate the presence of moisture (84.2%); fiber (1.6%); carbohydrates (10.8%) and 
protein (0.9%). Scientific studies demonstrated that oil extracted from both lemon 
and lime is an excellent source of specific fatty acids (Table 1.4).

1.6  Bioactive Profile

Oxidative stress inhibition and immunity enhancing properties in fruits is mainly 
due to presence of specific nutrients along with health benefiting bioactive com-
pounds. Bioactive compounds are widely distributed in different fruit parts even the 
peel that are assumed as waste material could also be an important source of bioac-
tive constituents (Singh et al. 2020). Fruits such as lemon and lime have long been 
used in traditional and skincare medicines as they are considered in category of 
natural resources which possess secondary metabolites of industrial importance 
(Wang et al. 2017; Hamdan et al. 2011; Pelletier et al. 2008). Bioactive compounds 
are group of specific metabolites that provide them free radical scavenging potential 
(Kaur et al. 2018; Dhull et al. 2016; Salar and Purewal 2016). Fruits that belong to 
family Rutaceae are well known for the presence of specific bioactive polyphenols. 
Earlier published reports demonstrated that as compared to other parts of fruits peel 
possess higher amount of bioactive constituents (Singh et al. 2020; Gorinstein et al. 
2001). Phytochemical profile of citrus fruit peel indicates the presence of carbohy-
drates, alkaloids, tannins, fats, oils, cardiac glycosides, phytosterols, saponins, ste-
roids, flavonoids and terpenes (John et al. 2017; Chauhan and Saxena 2019; Mathew 
et al. 2012) (Table 1.5). Guimaraes et al. (2010) studied crude juice, polar fraction 
of pulp and peel of lemon as well as lime. For lemon, they observed that the amount 
of phenolics present in crude juice was 11 mg GAE/g; juice polar fraction (8.4 mg 
GAE/g) and peel polar fraction (87.7 mg GAE/g). For lime, the phenolic in different 
fractions including crude juice was 9  mg GAE/g; juice polar fraction (7.5  mg 
GAE/g) and peel polar fraction (124.6 mg GAE/g) (Table 1.6). He et  al. (2011) 
observed ferulic acid (14.4–97.8 μg/g); caffeic acid (4.5–30 μg/g) and chlorogenic 
acid (8.8–18.7 μg/g) in peels of citrus hybrids. Bioactive profile of lemon peel indi-
cates the presence of ferulic acid (0.45 mg/g); p-coumaric acid (0.35 mg/g); caffeic 
acid (0.14 mg/g) and sinapic acid (0.42 mg/g) (Gorinstein et al. 2001). Casquete 
et al. (2015) studied lemon and lime peel for the detection of phenolic compounds 

A. Kaur et al.



Table 1.4 Fatty acid profile and chemical composition of oil

Fruit part/experimental material Nutrients Amount Reference

Citrus Seeds oil Oil content (%) 34.92 Malacrida et al. (2012)
Palmitic acid 21.03
Palmitoleic acid 0.65
Stearic acid 3.67
Oleic acid 20.8
Linoleic acid 44.31
Linolenic acid 8.96
Arachidic acid 0.31
Behenic acid 0.10
Lignoceric acid 0.17
Unsaturated fatty acids 74.72
Monounsaturated fatty acids 21.45
Polyunsaturated fatty acids 53.27
Essential fatty acids 53.27
Saturated fatty acids 25.28

Lemon peel oil α-thujene 0.82% Baba et al. (2016)
α-pinene 0.20%
Camphene 0.26%
β-pinene 8.81%
Myrecene 2.96%
α-phellandrene 0.19%
α-terpinene 0.73%
p-cymene 0.74%
Limonene 54.4%
β-cis-ocimene 0.20%
β-trans-ocimene 0.37%
γ-terpinene 12%
Terpinolene 2.08%
cis-p-mentha-2,8 dienol 0.29%
Linalool 0.76%
Fenchol 0.19%
Borneol 0.15%
Terpinene-4-ol 2.11%
α-terpineol 3.45%
cis-Geraniol 0.32%
β-citral 0.37%
trans-Geraniol 0.49%
Geranial 0.15%
Citronellol acetate 0.46%
Neryl acetate 1.81%
Geranyl acetate 1.60%
β-Caryophyllene 0.66%
α-trans-bergamotene 0.79%
(Z)-β-Farnesene 0.11%
Valencene 0.46%
α-selinene 0.16%
β-bisabolene 1.74%
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in them. They observed that phenolic acid was present in lemon peel (222.76 mg 
GAE/100 g) and lime peel (362.98 mg GAE/g). Londono et al. (2010) reported the 
presence of phenolic compounds in Tahiti lime peel (74.8  mg GAE/g). Gomez- 
Mejia et al. (2019) studied lemon peel and found phenolic compound of 5.9 mg 
GAE/g. Malacrida et al. (2012) studied the tocopherol and carotenoids composition 
of lemon seeds oil. Their observations show the presence of α-tocopherol 
(102.49  mg/kg); β-tocopherol (2.2  mg/kg) γ-tocopherol (1.33  mg/kg) and 
δ-tocopherol (18.98 mg/kg). Total carotenoid content was 4.36 mg/kg out of which 
major portion was for luteina 3.53 mg/kg followed by β-carotene (0.63 mg/kg) and 
β-cryptoxanthin (0.20 mg/kg).

1.7  Extraction of Bioactive Constituents

Bioactive compounds with broad spectrum health benefiting antioxidant properties 
have substantial potential to be used as raw substrate/material for the preparation of 
skin care cosmetic products, functional food products of industrial importance and 
pharmaceuticals. Scientific studies reveal the presence of antimicrobial, antimuta-
genicity, anti-cancerous and anti-ageing properties in bioactive compounds (Putnik 
et al. 2017; Bursac Kovacevic et al. 2016; Forbes-Hernandez et al. 2014). Substantial 
interest of researchers has been generated in citrus fruits owing to their health ben-
efiting properties and economic importance. Sensitivity of target bioactive constitu-
ents makes the extraction techniques a difficult process for valorization of citrus 
fruits. Before performing extraction process it is most important to under the com-
plexity of target bioactive compounds, temperature sensitivity, solubility and con-
centration of extraction phase along with required time duration (Purewal et  al. 
2020; Salar et al. 2016). Extraction process for the recovery of phenolic from natu-
ral resources could be performed via supercritical extraction (SE); microwave 
assisted extraction methods (MAEM); ultrasound assisted extraction process 
(UAEP) (Yaqoob et al. 2020; Mhiri et al. 2014; Fakhari et al. 2005). Al-Qassabi 
et al. (2018) studied the effect of extraction phases (hexane, chloroform, ethyl ace-
tate, butanol, methanol and water) on phenolic compounds of lemons peel. Phenolic 
compounds in lemon peel was present in range from 5.07 to 25.24 mg/g. Highest 
amount of phenolics (25.24 mg/g) was observed in extract prepared using methanol 
whereas lowest amount (5.07 mg/g) was observed in extract prepared using butanol. 
Lopresto et al. (2014) compared the efficiency of High pressure-high temperature 
extraction (HPHTE) and conventional soxhlet extraction method for the recovery of 
D-limonene from lemon peel. The output of their investigation indicated that 
HPHTE method was superior over conventional extraction method as it save 
energy and process could be completed with a remarkable period of time with 
high yield. Further they noted that pre-drying of peel before extraction resulted in 
twofold increase in yield as compared to fresh one. Dong et al. (2019) studied the 
variation in phenolics and flavonoids content in methanolic extracts (80%) of 
lemon pulp and peel with respect to time. Phenolics in lemon pulp were in range 
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from 1.5 to 3.5 mg GAE/g whereas lemon peel indicated the amount of phenolics in 
range from 4.2 to 7.9 mg GAE/g. Similarly total flavonoid content in lemon pulp 
and peel was 0.6 to 1.4 mg RE/g and 3.7 to 6.2 mg RE/g respectively. Wang et al. 
(2019) studied finger lime extract prepared in methanol (90%) and they found malic 
acid (1.3–4.8 mg/g); citric acid (8.2–73.4 mg/g) and quinic acid (0.5–5.4). Extraction 
detail to extract important bioactive constituents from lemon and lime is reported in 
Table 1.7.

1.8  Health Benefits of Specific Compounds

1.8.1  Hesperidin

Nowadays, benefits of bioactive constituents including flavonoids such as hesperidin 
are highly appreciated. Lemon is a rich source of hesperidin (1465 μg/g), the higher 
concentration being in pulp (622.8 μg/g) followed by juice (157.4 μg/g) (Xi et al. 
2017). Saeidi et al. (2011) use HPLC method for the determination of hesperidin in 
lime juice (instrumental and hand squeezed extraction). They found that lime (instru-
mental extraction) collected from Jahrom, Minab and Rudan had hesperidin in the 
range from 13.2 to 19.8  μg/ml. However, the hand squeezed lime juice samples 
showed the compound in range between 10.4–15.1  μg/ml. Experimental studies 
reported that administration of flavonoids (hesperidin) may provide protection against 
certain chronic disorders, cancer and diabetes (Sugasawa et al. 2018; Xue et al. 2016; 
Homayouni et al. 2017). Wound healing is one of the challenging tasks especially in 
diabetes where the healing rate is very slow. Experimental observation shows the 
wound healing potential of hesperidin. Wessels et al. (2014) demonstrated that inclu-
sion of hesperidin (0.05%) in medium for a period of 24 h results in significant wound 
healing/closing (39%). Li et al. (2018) observed that oral administration of hesperidin 
(100 mg kg−1) for a duration of 21 days results in 97% success rate in wound healing.

1.8.2  Ferulic Acid

Ferulic acid is ubiquitous bioactive compound which arise from the metabolism of 
tyrosine and phenylalanine. It occurs in a variety of natural resources including 
fruits, vegetables and cereal grains. Presence of three distinct structural motifs 
makes ferulic acid active against free radicals/oxidative stress. Antioxidant proper-
ties in ferulic acid are mainly due to the presence of phenolic nucleus and unsatu-
rated side chain which helps in forming phenoxy radical (resonance stabilized). Xu 
et al. (2008) studied lemon juice for the presence of specific bioactive constituents 
and they observed ferulic acid as major metabolite (35.77 mg GAE/L). Scientific 
studies confirm that as compared to other bioactive flavonoids, ferulic acid is readily 
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Table 1.7 Detailed extraction conditions and total phenolic compounds in lemon and lime

Source
Extraction 
phase Concentration

Bioactive 
compounds

Specific compounds 
identified References

Lemon 
(peel)

Methanol 80% TPC 3.99 μg 
GAE/g

Gallic acid, 
chlorogenic, caffeic 
acid, eriocitrin, 
hesperidin, rutin, 
eriodictyol, hesperetin

Xi et al. 
(2017)

Lemon 
(pulp)

Methanol 80% TPC 2.70 μg 
GAE/g

Chlorogenic, caffeic 
acid, hesperidin, rutin

Lemon 
(juice)

Methanol 80% TPC 0.52 μg 
GAE/g

Gallic, chlorogenic, 
caffeic acid, 
hesperidin, rutin, 
hesperetin

Lemon 
juice

Methanol 80% TPC 751.82 
(mg GAE/L)

Caffeic p-Coumaric 
Ferulic Sinapic 
Protocatechuic 
p-Hydroxybenzoic 
Vanillic

Xu et al. 
(2008)

Peeled 
lemon

Ethanol 95% TPC 
164 mg/100 g

Ferulic acid Sinapic 
acid p-coumaric acod 
Caffeic acid ascorbic 
acid

Gorinstein 
et al. (2001)

Lemon 
peel

Ethanol 95% TPC 
190 mg/100 g

Ferulic acid Sinapic 
acid p-coumaric acod 
Caffeic acid ascorbic 
acid

Lemon 
peel 
polar 
fraction

Water Ultrapure 
distilled

TPC 87.7 mg 
GAE/g

– Guimarães 
et al. (2010)

Lemon 
juice 
polar 
fraction

TPC 8.43 mg 
GAE/g

Crude 
juice

TPC 11.17 mg 
GAE/g

Lemon 
peel 
polar 
fraction

Water Ultrapure 
distilled

TPC 
124.63 mg 
GAE/g

–

Lemon 
peel 
polar 
fraction

TPC 7.51 mg 
GAE/g

Crude 
juice

TPC 9.01 mg 
GAE/g

(continued)
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Table 1.7 (continued)

Source
Extraction 
phase Concentration

Bioactive 
compounds

Specific compounds 
identified References

Lemon 
peel

Ethanol 40% TPC 5.9 mg 
GAE/g

Coumaric acid, 
Ferulic acid, Rutin 
hesperidin

Gómez- 
Mejía et al. 
(2019)

Kaffir 
lime 
peel

Ethanol 52.9% TPC 
1291.8 mg 
GAE/g

– Chan et al. 
(2009)

Lemon 
peel

Methanol TPC 103 mg/g Hesperidin Naringin 
Neohesperidin 
Narirutin

Huang and 
Ho (2010)

Lemon Acetone – TPC 222.76 
mgGAE/100 g

– Casquete 
et al. (2015)

Lime TPC 362.98 
mgGAE/100 g

Lemon Methanol – TPC 223.2 
mgGAE/100 g

– Ghasemi 
et al. (2009)

Tahiti 
lime

Acetone – 74.80 mg 
GAE/g

Hesperidin, 
Neohesperidin, 
Diosmin, Nobiletin 
and Tangeritin

Londoño- 
Londoño 
et al. (2010)

Lemon 
seed

Methanol – 1196.71 mg 
GAE/kg

– Malacrida 
et al. (2012)

Lemon 
peel

Acetone 
(microwave- 
assisted 
extraction)

40&50% 12.09 mg 
GAE/g

Gallic acid, 
Chlorogenic acid, 
Caffeic acid 
p-coumaric acid, 
Ferulic acid, Rutin, 
quercetin, Catechin

Nayak et al. 
(2015)

Acetone 
(ultrasound- 
assisted 
extraction)

10.35 mg 
GAE/g

Acetone 
(accelerated 
solvent 
extraction)

6.26 mg 
GAE/g

Acetone 
(conventional 
solvent 
extraction)

10.21 mg 
GAE/g

Lime 
leaves

Ethanol – 96.5 μg GAE/
mg

– Namania 
et al. (2018)

Lemon Methanol 80% 1882-2828 μg 
GAE/g

– Ramful 
et al. (2010)

(continued)
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Table 1.7 (continued)

Source
Extraction 
phase Concentration

Bioactive 
compounds

Specific compounds 
identified References

Lime 
peel

Ethanol 
(microwave- 
assisted 
extraction)

55% 53 mg GAE/g – Rodsamran 
and 
Sothornvit 
(2019)

Ethanol 
(ultrasonic- 
assisted 
extraction)

54 mg GAE/g

Kaffir 
lime

Water – 23.65 mg 
GAE/g

– Shafreen 
et al. (2018)

Key 
lime

Water – 12.13 mg 
GAE/g

–

available and remains in blood for a longer duration even compared to ascorbic acid 
(Srinivasan et al. 2007; Adam et al. 2002). Natural resources that are rich source of 
ferulic acid are gaining more important because of its broad range therapeutic 
effects. Ferulic acid has the capability to absorb ultraviolet radiations and whenever 
its combination with Vitamin-C and Vitamin-E is used its efficacy towards photo-
protection is enhanced by 04–08-folds (Burke 2009; Saija et  al. 2000; Lin et  al. 
2005). Studies demonstrated the inhibition potential of ferulic acid towards choles-
terol synthesis by competitive inhibition of hydroxymethylglutaryl Co-A reductase 
activity (Ou and Kwok 2004; Kim et al. 2003; Ou et al. 2001). In sport foods, ferulic 
acid is used as an important ergogenic supplements for athletes (Headley and 
Massad 1999; Berning and Steen 1998). In food industries, ferulic acid is used to 
enhance the viscosity during gel formations from polysaccharides especially arabi-
noxylans and pectin (Oosterveld et al. 2001; Micard and Thibault 1999). Because of 
the presence of broad spectrum antimicrobial activity of ferulic acid, it is also used 
in preservation of food materials. Experimental studies confirm the anti-diabetic 
potential of ferulic acid as its supplementation results in successful decrease in 
plasma lipids as well as blood glucose (Barone et  al. 2009; Ou et  al. 2003; Sri 
Balasubashini et al. 2003). Use of ferulic acid rich resources is helpful during dia-
betic conditions as they may enhance the insulin secretion from beta cells 
(Adisakwattana et  al. 2008). Supplementation of ferulic acid improves vascular 
functions and regulates blood pressure (Ardiansyah et al. 2008).

1.8.3  Sinapic Acid

Sinapine is a well known sinapic acid derivative which proved to have acetylcholine 
esterase inhibition potential (dose dependent) (He et al. 2008; Ferreres et al. 2009). 
Xu et al. (2008) reported 6.75 mg/L of sinapic acid in lime juice. Antibiotic resistant 
is one of the common problems faced by pharmaceutical industries and therefore 

A. Kaur et al.



17

need of new compounds with broad spectrum antimicrobial potential are continu-
ously rising to combat drug resistant problem (Cowan 1999; Gibbons 2005; Saleem 
et al. 2009). Fruits, vegetables and other natural resources that possess significant 
amount of sinapic acid may be recommended as natural drug with broad spectrum 
antimicrobial potential [gram (+ve) and gram (−ve) bacterial strains] (Nowak et al. 
1992). Kelly et al. (2008) reported the antifungal potential of syringaldehyde against 
Candida guilliermondii.

1.8.4  p-Coumaric Acid

Exposure of skin to ultraviolet radiations for longer duration results in early ageing 
problems and hyper-pigmentation (Fisher et al. 2002; Helfrich et al. 2008). Usually 
exposure to ultraviolet radiation may create an imbalance between the endogenous 
antioxidants and free radicals which ultimately affects the UV-protection shield of 
skin. An et  al. (2010) reported that p-coumaric acid could protect the skin from 
damaging effects of radiations. As compared to cells (Human epidermal melano-
cytes) that were treated with p-coumaric acid, untreated cells showed higher rate of 
cell death during exposure to ultraviolet radiations. Exposure to radiations results in 
activation of peptidases (matrix metalloproteinases) which ultimately degrades the 
matrix protein (extracellular) and modulates intradermal tissues and forms wrinkles 
on skin (Brennan et  al. 2003). Akdemir et  al. (2017) studied Wistar rats for the 
evaluation of p-coumaric acid effects on Cisplatin (CIS)-induced hepatotoxicity and 
nephrotoxicity. After administration of CIS (24  h) the liver and kidneys were 
extracted out and assessed. As compared to untreated counterparts enhancement in 
malondialdehyde was observed in CIS treated group of rats along with decrease in 
superoxide dismutase activities and level of glutathione. Lemon juice possess sig-
nificant amount of p-Coumaric acid (11.57 mg/L) (Xu et al. 2008).

1.8.5  Caffeic Acid

Bioactive compounds are those secondary metabolites which either inhibit or slow 
down the action triggered by reactive oxygen species/free radicals (Magnani et al. 
2014). Antioxidant rich natural resources act as free radical scavengers/metal chela-
tors. Demands for nutraceuticals as well as cosmaceuticals are increasing day by 
day because of the presence of health benefiting/skin caring potential in them. Xi 
et al. (2017) studied different parts of lemon fruit (peel, pulp and juice) and they 
observed concentration of caffeic acid as: peel (538.8 μg/g); pulp (233.5 μg/g) and 
juice (119.5 μg/g). Xu et al. (2008) reported 2.07 mg/L of caffeic acid in lemon 
juice. Wen et al. (2003) reported that as compared to other hydroxycinnamic acid, 
caffeic acid has the higher potential to inhibit Listeria. Canillac and Mourey (2004) 
demonstrated that the inhibition of microbial growth also depends of certain 
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specific environmental factors, pH and sodium chloride conc. The whole mecha-
nism of antimicrobial potential consist three major steps i) First step involve the 
change in cellular permeability and loss of nutrients ii) inactivation of enzymatic 
reactions occurring during synthetic pathways iii) destruction of genetic material 
(Branen 1993; Kim et al. 1995). Efficacy of caffeic acid towards reduction of mRNA 
expression (Interleucin-10) and inhibition of p38-MAPK activation has been 
reported in various studies (Yang et al. 2013; Staniforth et al. 2006).

1.8.6  Rutin

Rutin is one of the important bioactive metabolite that is present in fruits especially 
those belongs to Rutaceae family. Xi et al. (2017) reported the presence of rutin in 
lemon parts (peel, pulp and juice). Significant amount was observed in peel 
(31.55 μg/g); pulp (14.87 μg/g) and juice (3.82 μg/g). Rutin is necessary for the 
maintenance of blood circulation system as it provide required flexibility to blood 
vessels (capillaries and arteries) which play an important role in healthy life style. 
Experimental observations indicate the presence of anti-clotting potential of rutin 
which provide protection against the heart attacks and brain hemorrhage. Despite 
many health benefiting properties of rutin, it is always necessary to keep in mind the 
required concentration necessary for the healthy life. Consumption in amount 
greater than required may results in certain side effects (headache, stiffness in mus-
cles and high WBC count).

1.8.7  Naringin

Citrus fruits are excellent source of naringin (flavonoid glycoside). The compound 
is bitter in nature and responsible for the presence of bitterness in juice extracted 
from citrus fruits. Yusof et al. (1990) studied skin, juice and seeds of lime for the 
presence of naringin in them. The found that lime skin is rich in naringin (517.2 μg/g) 
followed by lime juice (98.4 μg/g) and lime seeds (29.2 μg/g). Majority of popula-
tion is suffering from different level of diseased condition such as obesity, diabetes, 
hypertension and cancer etc. Throughout the World, research is being carried out on 
plant derived natural secondary metabolites for the purpose to prepare specific drug 
that may have potential to combat metabolic disorders (Raja Kumar et al. 2019). 
Alam et al. (2013) reported that rats treated with naringin in concentration of 95 mg 
kg−1 Day−1 for a period of 56 days showed decreased rate of abdominal fat deposi-
tion. Pu et al. (2012) demonstrated that treatment of mice with naringin (200 mg 
kg−1) for a period of 10 weeks results in reduced body weight and less visceral fat. 
Sharma et al. (2011) observed that diabetic rats when treated with naringin (50 and 
100 mg kg−1) for a period of 4 weeks showed regulated glucose utilization and insu-
lin sensitivity. Administration of naringin (50 mg kg−1) for a duration of 56 days 
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results in decreased fasting sugar level with improved insulin in diabetic rats 
(Sinethemba, 2014). Treatment of rats with naringin (10 mg kg−1) for duration of 
46 days resulted in decreased malondialdehyde and increased activity of catalase 
and superoxide dismutase.

1.9  Summary

Experimental studies focusing on nutritional profile and health benefits of citrus 
fruits are gaining interest from food as well as pharmaceutical industries. Presence 
of broad spectrum health benefiting properties makes citrus fruits as important as 
medicines. Inclusion of citrus fruits in dietary chart (as per body requirements) 
could help to eradicated various disease causing factors from body. Bioactive com-
pounds extracted from lemon and lime could be used in the preparation of novel 
functional food products and beverages.
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Chapter 2
Grapefruit

Avneet Kaur, Sukhvinder Singh Purewal, Arashdeep Singh Randhawa, 
and Chidanandamurthy Thippeswamy Swamy 

2.1  Introduction

Fruits are multifunctional natural resources as they could be used as eatable material 
by both human as well as animals. The remaining waste of fruits after juice extrac-
tion could also be used as an important feed material. Further peel/waste of fruits 
could be industrially utilized as a source of oil/nutraceuticals (Czech et al. 2019; 
Rafiq et al. 2018). Grapefruit being a subtropical tree is well known for its quite sour 
to semi-sweet taste. Basically, grapefruit is a hybrid of sweet orange and pomelo 
which formed as a result of accidental cross (Fig.  2.1). Significant variability in 
grapefruit could be observed which ranges from its taste (sour, semi-sweet) to vary-
ing color (green; white, yellow and pink). Despite the nutritional profile, grapefruit 
is famous all over the world for its health benefitting bioactive phytochemicals 
which are present in juice and peels (Igual et  al. 2019; Rechkemmer 2001). 
Grapefruit is an important eatable natural source which could fulfill the necessity of 
essential nutrients along with specific minerals/vitamins (Xu et al. 2008; Igual et al. 
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Fig. 2.1 Grapefruit

2010). Presence of health benefitting compounds in fruits could helps to eradicate 
the chances of certain chronic disorders. From dietary point of view, inclusion of 
grapefruit in dietary chart is of utmost interest due to its low calorie and more health 
promising nutritional components (Pereira et al. 2018, 2020; Arruda et al. 2018). 
Nutritional profile of fruits often vary as the concentration of specific nutrients/
bioactive constituents are under the influence of temperature, rainfall, pH and nutri-
tional profile of soil and use of chemical as well as biofertilizer. Use of biofertilizer 
could helps in maintaining the growth and sustainability of crops (Kaur and Purewal 
2019). However, the seasonal dependency and short life span limits its availability 
throughout the year (Cebadera-Miranda et al. 2019).

2.2  Grapefruit Production

Grapefruit detail in terms of area, production and yield since last 10  years 
(2008–2018) is reported in Tables 2.1 and 2.2. As per the detail collected from FAO 
(2020), top grapefruit producers in the World were China mainland (4,965,768 tonnes) 
followed by Viet Nam (657,660 tonnes); United States of America (558,830 tonnes); 
Mexico (459,610 tonnes); South Africa (445,385 tonnes) and India (257,750 tonnes). 
In year 2018, China Mainland was the top producer of grapefruit with production 
(4,965,768 tonnes). Worldwide, India stands at sixth place with grapefruit produc-
tion (257,750 tonnes) (Fig. 2.2). Grapefruit production in India was observed maxi-
mum during the year 2016 (390,500 tonnes) and minimum during the year 2011 
(196,000  tonnes) (Table  2.1). Grapefruit production (tonnes) at World level was 
observed maximum during the year 2018 (9,374,739 tonnes) and minimum during 
the year 2008 (7,496,457 tonnes) (Table 2.2).
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Fig. 2.3 Different types of 
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2.3  Climatic Conditions

Usually the grapefruit tree grows up to 5–6 m however in some cases the height may 
reach 13–15 m. Leaves of grapefruit tree are dark green in color, thin and under the 
favorable conditions tree has white flowers (04 petals). Different cultivars of grape-
fruit are available in the market with varying color of segmented flesh. The name of 
different grapefruit types are reported in Fig. 2.3. Nutritional profile of different 
grapefruit types vary according to the conditions under which they are growing. The 
optimal temperature range required for the growth of grapefruit is 60–85 °F. Best 
storage temperature for the grapefruit is 10 °C. Grapefruit tree have the capability 

2 Grapefruit
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to grow within a variety of soils. It may grow well in acidic as well as alkaline soil 
type. The growth of grapefruit tree requires only low to moderate rainfall.

2.4  Nutritional Composition

Ishfaq et al. (2007) studied four cultivars (Marsh seedless, Red blush, Shamber and 
Duncan) of grapefruit in terms of juice content; fruit weight; acidity and TSS. They 
observed maximum juice content in cultivar red blush (51.6%) and Shamber 
(51.70%). TSS was observed maximum in cultivar Duncan (8.02) whereas the mini-
mum TSS was present in Red blush (6.50). Maximal percentage of acidity was 
observed in cultivar Shamber (1.56%) followed by Marsh (1.48%); Red blush 
(1.38%) and Duncan (1.35%). Hassan and Hussein (2017) studied the proximate 
composition, lycopene and ascorbic acid in pink grapefruit and found that ascorbic 
acid was present in grapefruit in amount 52.2  mg 100  g−1, lycopene (42.9  mg 
100 g−1) followed by ash (2.78%); protein (6.43%); fat (3.79%); fiber (8.22%) and 
carbohydrates (79.08%). Chebrolu et al. (2012) studied the effect of organic and 
conventional farming on ascorbic acid, carotenoids and limonoids content in Rio 
red cultivar of grapefruit. They observed significant difference in the amount of 
ascorbic acid in conventionally grown grapefruit (39.2  mg 100  g−1) and organic 
grapefruit (41.8 mg 100 g−1). As compared to grapefruit grown using conventional 
methods possess twofold higher concentration of lycopene. Whereas the amount of 
nomilin present in organic grapefruit was observed 77% higher than grapefruit 
grown using conventional methods. Czech et al. (2020) studied the mineral compo-
sition and moisture content of grapefruit (red, green and white) pulp and peel. The 
results of their study indicate the presence of moisture (92.3%); potassium (111 mg 
100 g−1); sodium (0.12 mg 100 g−1); calcium (21.3 mg 100 g−1); phosphorus (15 mg 
100 g−1) and magnesium (8 mg 100 g−1) in pulp of red grapefruit. The individual 
detail of mineral in pulp, peel and whole fruit is reported in Table 2.3. Igual et al. 
(2019) studied grapefruit powder and found total fiber (255 mg g−1); tartaric acid 
(16.45 mg g−1); malic acid (23.10 mg g−1); citric acid (29.43 mg g−1); Vitamin-C 
(3.56 mg g−1); Vitamin-A (0.077 mg g−1) and Vitamin-E (0.017 mg g−1). Kefford 
and Chandler (1970) reported the presence of terpenes in grapefruit peel oil as: 
d-limonene (93–95%) followed by myrcene (1.9%); α-pinene (1.6%); terpinene 
(0.5%) and cymene (0.4%).

2.4.1  Bioactive Profile

Bioactive phytochemical with antioxidant properties are the group of important sec-
ondary metabolites that are formed/secreted by natural resources under certain spe-
cific conditions (Dhull et al. 2020; Arruda et al. 2016; Salar et al. 2015; Siroha et al. 
2016). Thousands of bioactive compounds were reported in scientific studies for 
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Table 2.3 Specific ingredients in grapefruit

Red Grapefruit Green Grapefruit White Grapefruit
Whole 
fruit Pulp Peel

Whole 
fruit Pulp Peel

Whole 
fruit Pulp Peel References

Macronutrients

Moisture (%) 92.3 80.4 91.9 80.2 90 79.9 Czech et al. 
(2020)Potassium (mg 

100 g−1)
120 111 132 126 123 133 124 117 129

Sodium (mg 
100 g−1)

0.16 0.12 0.25 0.26 0.21 0.31 0.21 0.16 0.25

Calcium (mg 
100 g−1)

27.4 21.3 36 30 24.5 38.9 26.2 22.6 34.8

Phosphorus 
(mg 100 g−1)

21.2 15 20 22 19 22.5 17 17 19

Magnesium 
(mg 100 g−1)

9.99 8 10 8.98 8 9.5 11.1 9 11

Micronutrients

Iron (mg 
100 g−1)

0.21 0.19 0.31 0.24 0.21 0.27 0.24 0.20 0.28

Zinc (mg 
100 g−1)

0.25 0.17 0.33 0.26 0.22 0.30 0.23 0.19 0.28

Copper (mg 
100 g−1)

0.06 0.03 0.08 0.07 0.05 0.08 0.07 0.05 0.07

Manganese 
(mg 100 g−1)

0.06 0.01 0.10 0.06 0.01 0.10 0.04 0.02 0.07

Selenium (μg 
100 g−1)

1.48 1.28 1.68 2.79 2.05 3.55 2.13 1.79 2.28

their health benefiting potential. Bioactive compounds formed within the natural 
resources either to participate during the signaling of hormones; germination of pol-
lens; pigmentation or for protecting the plant from various pathogenic infections 
(Winkel-Shirley 2002; Treutter 2006; Agati et al. 2012). Phenolic compounds are 
also important from industrial point of view as they also contribute in enhancing the 
quality of food products, texture, taste, color, and health benefiting potential 
(Widelski et al. 2009). All over the world fruits with millions tons production repre-
sents the major immunity boosting part of daily dietary chart (Neri-Numa et  al. 
2020; De Paulo Farias et al. 2020; Roesler et al. 2006; Malta et al. 2013). Grapefruit 
juice, pomace and peel are rich in bioactive phytochemicals which are very impor-
tant from nutritional point. Sicari et al. (2018) studied two varieties (marsh and Star 
ruby) of grapefruit for the detection of antioxidant properties in them. They observed 
the presence of quercetin, hesperetin, naringenin, rutin, naringin, poncirin and 
narirutin along with flavanones. The concentration of flavonoids they observed in 
studied varieties was ranged from 310 to 390 mg L−1. Antioxidant potential in Star 
ruby and Marsh variety during the DPPH assay was 35.25% and 46%. Aludatt et al. 
(2017) reported that amount of free phenolic present in grapefruit was 2.4 mg GAE 
g−1 dried sample. Further they performed LC-MS/MS for the analysis of phenolics 
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in grapefruit extracts. Analytical results indicate the presence of hesperidin (99.4%); 
vanillic acid (46.5%); rutin (40.6%); chlorogenic acid (5.9%); diosmin (4.3%); 
sinapic acid (2.2%) and p-coumaric acid (0.4%). Hassan and Hussein (2017) dem-
onstrated the presence of bioactive compounds with antioxidant properties in pink 
grapefruit. They observed that phenolic compound was present in pink grapefruit in 
amount 10.78 mg GAE g−1 and flavonoids 1.73 mg CE g−1. Agudelo et al. (2017) 
studied star ruby cultivar of grapefruit in terms of phytochemicals content and anti-
oxidant potential. They observed that grapefruit possess phenolic compounds in 
amount 8.71 mg g−1 and flavonoids 8.56 mg g−1. Aadil et al. (2017) studied bioactive 
profile of grapefruit and observed the amount of flavonoids (535.5 μg CE g−1); fla-
vonols (2.53 μg QE g−1); antioxidant capacity (282.6 μg AAE g−1) and ascorbic acid 
(28.6 mg 100 ml−1). Castro-Vazquez et al. (2016) studied the bioactive profile of 
peel extracts (White and Pink grapefruit) and found phenolic compounds in amount 
49.1 mg GAE g−1 dry weight (white grapefruit) and 27.9 mg GAE g−1 dry weight 
(Pink grapefruit). Antioxidant potential in peel extracts of white grapefruit during 
different antioxidant assays was as DPPH (32.4 mg trolox g−1); FRAP (60.3 mg 
trolox g−1) and ABTS (122.3 mg trolox g−1). Pink grapefruit peel extracts showed 
activity as DPPH (25.1  mg trolox g−1); FRAP (44.8  mg trolox g−1) and ABTS 
(99.4 mg trolox g−1). Xi et al. (2015) studied the phenolic composition and antioxi-
dant properties of grapefruit parts. Antioxidant potential in flavedo during DPPH 
assay was 67.9% followed by ABTS 6.2  mM VC g−1 and FRAP (2.1  mM). 
Antioxidant potential in Albedo during DPPH assay was 20.5% followed by ABTS 
2.39 mM VC g−1 and FRAP (1.1 mM). Antioxidant potential in segment membrane 
during DPPH assay was 35.6% followed by ABTS 5.8  mM VC g−1 and FRAP 
(2.7 mM). Antioxidant potential in juice vesicle during DPPH assay was 29.3% fol-
lowed by ABTS 3.7 mM VC g−1 and FRAP (1.4 mM). Antioxidant potential in seeds 
during DPPH assay was 17.7% followed by ABTS 3.3  mM VC g−1 and FRAP 
(0.5 mM).

2.5  Health Benefits

2.5.1  Cancer

Scientific studies have their major focus on bioactive compounds of natural origin 
as they pose no risk to health and health benefiting in nature. Flavonoids are known 
for their potential to combat chronic disorders. Flavonoids showed their potential 
towards cancerous conditions using three different mechanisms (1) DNA damage 
protection (2) prevention of abnormal cellular growth (3) inhibition of cellular pro-
liferation (Kaur et al. 2019; Marhuenda et al. 2019; Manthey et al. 2001). Leung 
et al. (2007) demonstrated that presence of aromatic ring in flavonoids makes them 
quite useful during the process of chemotherapy. The cancer preventive potential of 
flavonoids may vary with dose, cell type and cultural conditions of in-vitro models. 
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The mechanism behind the DNA damage protection activity in flavonoids might be 
due to their capability to absorb ultraviolet light. Flavonoids also play an important 
health benefiting role by preventing the promotion of abnormal cellular growth dur-
ing the initial stage of carcinogenesis (Manach et  al. 1996; Miller 2012). Miller 
et al. (2007) reported that as compared to tangeretin, hesperetin and nobiletin; nar-
ingin and naringenin give effective response towards inhibition of oral carcinogen-
esis. Hesperidin, an important bioactive compounds present in grapefruit showed its 
capability towards antiproliferative processes. Consumption of ascorbic acid rich 
fruits as per the daily dietary requirements could be helpful in preventing the occur-
rence of lungs and colorectal cancer (Turati et al. 2015; Kojo 2004). Bae and Kim 
(2016) reported that the persons consuming citrus fruits as per their daily dietary 
needs may be strong enough to prevent/delay the occurrence of gastric cancers.

2.5.2  Obesity

Balistreri et al. (2010) reported that obesity is kind of disease which is characterized 
by increase in body weight and enhancement in adipokines secretion which modu-
lates body response. High level obesity increases the chance of insulin resistance, 
abnormal blood pressure and enhanced inflammatory response along with abnormal 
amount of blood lipids (Nakajima et al. 2014; Grundy et al. 2004). Consumption of 
citrus fruits rich phenolics and flavonoids could reduce the number of adipose cells 
and helps in maintaining healthy weight. Kanda et  al. (2012) demonstrated that 
addition of flavonoids results in reduction in the rate of accumulation of lipids in 
cultured cells. Yoshida et al. (2010) observed that hesperetin and naringenin have 
the potential to inhibit the NFκB activation through TNF-α, with reduction in inter-
leukin- 6 (IL-6) secretion and inhibit extracellular signals regulated kinase (ERK) 
pathway which results in decreased activation of hormone sensitive lipase (HSL). 
Alam et al. (2013) studied the effect of naringin on reduction of weight gain in wis-
tar rat. They observed that use of naringin results in reduced deposition of abdomi-
nal fat with better lipid profile and glucose tolerance. Grapefruit which have 
maximum bioactive compounds in them are reported to be involved in reduced fat 
deposition in hips and waist region. The consumption of grapefruit results in 
improvement in antioxidant level and superoxide dismutase with reduced oxidative 
stress and malondialdehyde.

2.5.3  Diabetes

Diabetes is one of leading problem in developing as well as developed nation. 
Majority of population in the world is suffering from the diabetes. Diabetes comes 
under a type of non-communicable disorders. As compared to normal person, a 
diabetic person is at high risk of mortality/morbidity (Marathe et al. 2017). One of 
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the major features of metabolic syndrome is insulin resistance and hyperglycemic 
conditions. Insulin resistance is basically the decrease in response of peripheral tis-
sues towards the action of insulin. Results of scientific studies showed that in dia-
betic persons concentration of IL-6 and TNF-α starts increasing with insulin 
resistance (Alam et  al. 2014). Studies reported that use of fruits that are rich in 
naringin content markedly lower the glucose-6-phosphatase and PEP (phospho-
enolpyruvate) carboxy kinase activity in mice (Jung et al. 2004). Scientific studies 
support the concept that hypoglycemic potential of naringin is mediated through 
glucose uptake in skeletal muscles (Zygmunt et al. 2010). The only treatment avail-
able for the diabetic persons is the use of pharmacological preperations, insulin and 
dietary as well as lifestyle changes. The use of natural resources with antidiabetic 
potential is highly favored by scientists/researchers as they help to understand the 
diabetes management process. The antidiabetic potential is present in the natural 
resources (fruits, vegetables, cereal and non-cereals) mainly due to the bioactive 
phytochemicals present in them. Fruits are used by majority of people for their tasty 
and delicious juice. In food industries, fruits that belong to citrus family are used in 
the preparation of specific beverages, squash, marmalades and jam, jelly etc. Citrus 
fruits possess broad range bioactivities ranging from antioxidant potential to anti- 
inflammatory, cardio-protective nature and anti-diabetic potential. Consumption of 
citrus fruits directly, in the form of juice and other food products provides many 
health benefits even in single dose (phenolics, flavonoids, alkaloids, carotenoids and 
essential minerals) (Lv et al. 2015).

2.5.4  Cardiovascular Diseases

One of the major causes of illness and death is cardiovascular disorder. The major 
reason behind the rise in cases with cardiovascular disorder is excess use of fried/
junk foods, less exercise, smoking and sedentary life style. These factors contribute 
a lot during the plaque formation/cholesterol deposition in arteries which ultimately 
results even in sudden death. Other factors that contribute in boosting the person 
towards cardiovascular disorder are age of person, genetic disorder, gender and 
medical history (Marhuenda et  al. 2019; Mendis et  al. 2011). Epidemiological 
reports suggest that flavonoids and flavanones present in fruits of citrus family 
inversely affect the occurrence of cardiovascular disorder related symptoms. 
Inclusion of citrus fruits in dietary chart reduces the development of plaque forma-
tion in arteries including maintenance of BMI (body mass index) and blood pressure 
management (Mulvihill and Huff 2010). Naringenin rich fruit such as grapefruit 
play an important role during insulin resistance and dyslipidemia. In an experimen-
tal study, when mice fed the diet rich in plaque boosting components, hyperlipid-
emia results in atherosclerosis which was further controlled using naringenin 
treatment (Sung et al. 2012; Mulvihill and Huff 2010).
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2.6  Summary

Philosophies that support fruits can be health promoting beyond its nutritional com-
position is gaining more acceptance within the consumers/scientific communities 
and industries as they help to solve the disease related problems in natural way. 
Studies confirmed the concept that grapefruit and extracts prepared from various 
parts of grapefruit could helpful as nutraceuticals and functional food products for 
the diabetes and cancer management. Selection of citrus fruits with specific nutri-
ents and bioactive compounds could be used in the preparation of novel functional 
food products/prophylactic beverages.
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Chapter 3
Mosambi

Vinti Singh, Radha Kushwaha, Devinder Kaur, and Sandeep Kumar

3.1  Introduction

3.1.1  Botanical Name, Common Name

Kingdom: Plantae
Genus: Citrus
Species: C. limetta
Family: Rutaceae
Botanical name: Citrus lumia, Citrus limetta, and Citrus limettioides
Common names: Persian lime, Sweet limetta, sweet lime, sweet lemon, and 

Mediterranean sweet lemon, Mosami, Mausam, Bergamot
Indian names: Mosambi

3.1.2  Natural and Cultural History

Mosambi (sweet lime) may be a cross between a Mexican lime and a sweet lemon 
or citron, which are native to the Mediterranean region and arrived in California 
from Mexico, but its exact origins are unknown. When mosambi’s cultivar grew at 
the San Gabriel Mission in 1943, it was given the name “Millsweet.” The Southeast 
Asian archipelago produces mosambi, or “sweet lime,” which is a cross between a 
lemon and a citron (Inglese and Sortino 2019). The lime of Palestine, which is a 
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hybrid of a citron and a sweet orange, is the most common of the sweet limes 
(Citrus limettioides Tan.).

3.1.3  Plant Description

A small tree with uneven branches and rather smooth, brownish-gray bark, C. limetta 
can grow to a height of 8 m (26 ft). It has several 1.5–7.5 cm (0.59–2.95 in) long 
thorns. The petioles range in length from 8 to 29 mm (0.31–1.14 in), and they have 
prominent, narrow wings. Compound leaves have acuminate leaflets that measure 
5–17  cm (2.0–6.7  in) long and 2.8–8  cm (1.1–3.1  in) broad. White, 2–3  cm 
(0.79–1.18  in) broad flowers are produced. Fruits are oval, green, and ripen to 
yellow. The pulp is green. The white pith measures around 5 mm (0.20 in) thick. 
Despite having the label “sweet lime,” the fruit looks more like a greenish orange. 
Tropical and subtropical conditions are ideal for C. limetta growth. At 5–7 years 
old, it starts to produce fruit; peak production occurs at 10–20 years. Seeds are used 
for its propagation (Bhaumik et al. 2018).

3.1.4  Origin and Distribution

Asian native Mosambi fruit, often referred to as sweet lime, is best grown in India, 
China, Malaysia, south Japan, Indonesia, Vietnam, and Thailand. Despite the fact 
that the Citrus genus has multiple origins, from China to Indonesia, a 2004 research 
in the “Agriculture Review” claims that the hills of Meghalaya and Nagaland are the 
true home of sweet limes (Citrus tanaka). The book “Fruits of Warm Climates,” on 
the other hand, cites a wider range by adding India’s central and northern regions. 
The fruit itself is a cross between a sweet citron or sweet lemon and a Mexican lime. 
Sweet limes are now grown throughout the Americas, Mediterranean, tropical 
Southeast Asia, Palestine, Egypt, and Syria. In some places of Florida and California, 
it’s also a leisure fruit (Shivankar 2010).

3.1.5  Different Species and Cytogenetic

According to W.T.  Swingle’s classification (Nicolosi 2007), the sweet lime is a 
member of the Rutaceae family, the Auranciaceae subfamily, the limetta species, 
and the Citrus gender. There are 162 species in the Rutaceae family, which is grown 
worldwide in tropical and subtropical climates (Tanaka 1977).

Almost all cultivated varieties of Citrus, Fortunella, and Poncirus are diploid, 
and these genera have 18 chromosomes per diploid. Citrus limettioides (Sweet 
lime) is concentrated in Maharashtra, Uttaranchal, H.P. and NEH region, whileCit-
rus limited (Sharbati lime) is found in the Baghmara area in Garo Hills, Meghalaya.
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3.2  Production

Mosambi (sweet lime) is a widely grown crop in India, especially in the country’s 
central region (Hodgson 1967). It is a native of Southeast Asia. Developing nations 
like China, India, Vietnam, Japan, Thailand, Malaysia, and Indonesia, are 
experiencing an increase in demand for output (Khan 2007). In India, the fruit is 
accessible twice in a year, from November to March and July to August. About 
17.35 million tonnes of lime fruit are produced annually throughout the world. The 
biggest producers of sweet lime, accounting for 61.32% of global production, are 
China, Mexico, India, Argentina, and Brazil (FAOSTAT 2018). Over the past 
5 years, the top three states of India growing sweet lime have been Andhra Pradesh 
(1800  tonnes), Maharashtra (500  tonnes), and Telangana (300  tonnes). India is 
gradually expanding the production of this fruitdue to itsincreasing demand.

3.3  Botanical Description

Mosambi, despite having a sweeter flavour, is a member of the citrus family. It is 
mildly seedy, round or oval in shape, and a little flat bottom. The skin is silky and 
starts out yellow with a little green tint before turning orange as it ripens. Due to its 
very low acid level, the flesh has a bland flavour despite being somewhat solid and 
juicy. White is the colour of flowers. They thrive in tropical and subtropical regions 
and can grow to a height of up to 25 ft (Bhaumik et al. 2018). The peak production 
period lasts between 10 and 20  years, and it is often propagated via seed. It is 
frequently consumed asbeverages, sorbets, pickles, jams, snacks and candies 
(Braddock 1995; Braddock and Cadwallader 1992) while most of the people eat it 
as a fruit.

3.4  Structure and Chemical Composition of Mosambi

The fruit’s external cuticle, which is thinly covered by an epidermal layer (flavedo) 
holding numerous oil sacks packed with aromatic essential oil with significant 
commercial value, makes up the macroscopic structure of fruit (Miller et al. 1940). 
Flavedo, spongy layer parenchymatous cells, also called the albedo, which contains 
around 20% citrus pectin, is the next layer. The interior pulp or flesh (edible 
component) of the fruit is divided into segments (locules), each of which contains 
multiple juice sacs (vesicles) and seeds (Fig. 3.1). These segments are connected by 
a membrane made of thin epidermal tissue (Davis 1932). The term “axis” (or “core”) 
refers to the white, spongy tissue in the centre of the fruit that resembles albedo.

The “rag” of the extracted juice is the collective term for the segment and core 
membranes (Matlack 1931). The primary factor in the popularity of citrus fruits is 
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Fig. 3.1 (a) Schematic view of the cross section of an Mushambi, (b) A whole fruit, (c) Fruit peel, 
(d) Seed

their presence of significant organic acids, sugars, and amino acids. Dietary fruit is 
a good source of phytochemicals such as carotenoids and limonoids, as well as 
vitamins (C, A and B), minerals, fibre, and phytochemicals like phenolic compounds. 
The bioactivities of flavonoids, particularly poly-methoxy flavones (PMFs) present 
in citrus fruits, including their anti-oxidant (Chen et  al. 2017) and anti-cancer 
properties (Ke et al. 2015), have gained increasing attention in recent years. Alarge 
group of researchers’ (Bermejo and Cano 2012; Codoñer-Franch and Valls-Bellés 
2010) study suggests that the fruit is positively connected with bone, cardiovascular 
health, and immune system. Fruit also has antioxidant and antimutagenic 
characteristics and has no fat, sodium or cholesterol.

3.5  Phytochemicals in Citrus Fruits Their Biological Activity 
of Mosambi

3.5.1  Flavonoids

Citrus fruit flavonoids have significant biological and pharmacological effects; they 
contain antibacterial, antifungal, anticancer, and antiviral properties (Burt 2004; 
Ortuño et al. 2006). A broad class of chemical compounds known as flavonoids are 
produced by plants. The chemical has a small molecular weight. Given their phenyl 
benzopyrene structure, flavonoids are polyphenolic chemicals that have two benzene 
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rings (C6) connected by three carbon chains (C3) and a carbonyl group in the C 
position. Plants mostly include flavonoids as glycosides. Citrus has four different 
forms of flavonoids: flavanones, flavones, flavonols, and anthocyanins (Zhang 2007).

Citrus fruit flavonoids contain a variety of glycosides, such as hesperidin and 
naringin, as well as an extra group of O-methylated flavone aglycones, such as 
nobiletin and tangeretin (Wang et al. 2014). Citrus fruit peels are said to contain the 
highest concentrations of PMFs compared to other edible sections of the fruit (Wang 
et al. 2014). Citrus flavonoids have a wide range of health benefits, including anti- 
cancer, antiviral, anti-inflammatory, antidiabetic andanti-microbial actions. The 
biochemical analysis of the flavonoids found in orange peels shows that they 
increase the serum’s antioxidant defences against lipid peroxidation and reduce 
oxidative stress in older people (Assini et al. 2013). Additionally, according to this 
biochemical investigation, flavonoids have beneficial effects against cancer, 
inflammation, and atherosclerosis (Romagnolo and Selmin 2012; Park and Pezzuto 
2012; Mulvihill and Huff 2012).

These days, Chinese medicine practitioners frequently employ the dried form of 
tangerine peel (Citri reticulatae), specifically the pericarpium known as chen-pi, to 
cure a variety of ailments like dyspepsia, bronchial asthma and heart circulation 
(Chinese Pharmacopoeia Commission 2015). The most common flavonoid in tan-
gerine peel, hesperidin, has been shown to have minor inhibitory efficacy against 
neuro inflammatory, but their combined effect is discovered to be considerable (Ho 
and Kuo 2014).

3.5.2  Carotenoids

Sweet oranges, mandarins, and grapefruits are excellent sources of carotenoids. The 
main function of carotenoids pigment components is to defend against the many 
diseases of the human body and control-health-related elements. Citrus fruits are 
rich in lutein and zeaxanthin, which are good for the body’s immune system and 
eyes. A vivid source of carotenoids prevalent in Cara navel oranges and mandarin 
fruits. Comparing the substantial amounts of carotenoids found in citrus fruits 
reveals that Mandarins fruit has greater values than Grapefruit, then Orange fruits, 
while Lemon fruits don’t contain any carotenoids.

3.5.3  Essential Oil

Citrus species are known to be abundant sources of aromatic compounds; in exam-
ple, citrus fruit peels contain 400 volatile and nonvolatile chemicals. Essential oils 
have been utilized for medicinal and aromatic purposes since antiquity. Today, they 
are used in a variety of pharmacy, cosmetic, and allied industries due to their anti-
spasmodic and antibacterial activities (Jung et al. 2004).
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3.5.4  Mucilage

Citrus fruit seeds, peels, and pulp all contain mucilage, a fiber-like substance that 
when combined with water produces a gel-like structure. Citrus seeds contain 
psyllium, which helps to improve digestion and speed up the removal of cholesterol. 
Citrus fruits also have a higher ratio of soluble and insoluble fibre, which lowers 
cholesterol levels (Ono et al. 2011).

3.5.5  Tannin

In comparison to other citrus fruits, the grapefruit, lemon, and lime contain a larger 
quantity of tannins compounds; these compounds are crucial for stopping diarrhoea, 
reducing bleeding, and controlling other severe bodily discharges (Matsuda 
et al. 1991).

3.5.6  Polyphenols

The phenolic chemicals found in the peels of several fruits and vegetables have the 
power to scavenge free radicals, delaying the onset of degenerative illnesses. Lemon 
peel contains coumarins and tetrazene, the two compounds that can scavenge free 
radicals by hydrogen- or electron-donating processes, interrupt chain reactions, or 
eliminate ROS and RNS originators by quenching catalysts that start chain reactions 
(Guimarães et al. 2010). Some highly potent phytochemical compounds with names 
like 4′-Geranyloxyferulic (GOFA) and boropinic acid have emerged in the past 
decade from C. sinensis and kumquat (Fortunella japonica) for luxurious 
pharmaceutical drugs for neuroprotective, cancer chemo defensive, and anti- 
inflammatory activities (Genovese et al. 2014).

3.6  Antioxidant Properties

Mosambi naturally contains a lot of vitamin C and phytophenols (Gorinstein et al. 
2004). The leaves, seeds, and floral part of it contain a significant amount of 
flavonoids, including polymethoxylated flavones and glycosylated flavanones 
(Imran et  al. 2016). Due to their ability to suppress oxidation processes in food 
systems and their metal chelation activities andfree radical scavenging, 
phytophenolics are said to provide health advantages (Gundgaard et al. 2003; Taguri 
et al. 2004). The phytochemicals also aid in the prevention of diseases linked to 
DNA repair, pro-carcinogen inhibition, and the prevention of N-nitrosamine 
production (Shahidi 1997). Additionally, Mosambi supplies an adequate amount of 
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potassium, pectin, and vitamin C. Mosambi contains potent anti-inflammatory, 
antibacterial, and antioxidant effects, and eating sweet limes is linked to a lower risk 
of developing cardiovascular diseases and several types of cancer. Additionally, 
mosambi’s entire plant is employed in traditional medicine.

3.6.1  Peels

Peels from moambi trees are a good source of fibre and pectin. They have antiobe-
sity and anti-diabetic qualities (Baker 1994; Riccardi et al. 2008). In the fruit juice 
industry, Mosambi peel is typically viewed as waste, yet it is actually the primary 
source of phenols, including flavonoids, pectin andessential oils. Jam and jelly can 
use pectin from mosambi peel as a source. Mosambi peel is a key ingredient in the 
creation of value-added meals with extra health benefits since it has strong 
antioxidant qualities and a high flavonoid content. Younis et al. (2015) described the 
impact of mosambi peel powder on the technical and functional properties of papaya 
jam. Additionally, mosambi peel oil can be utilised as a flavouring ingredient in a 
variety of meals and beverages and has a powerful aroma.

3.6.2  Seed

The citrus processing business generates a significant amount of waste from citrus 
seeds. From mosambi seed, the chemical industry extracts flavonoids and essential 
oils. Excellent sources of magnesium, sodium, potassium, iron, and calcium can be 
found in citrus seed oil (El-Adawy et al. 1999). The lipids obtained from mosambi 
seeds contain essential fatty acids as well as lipid-soluble bioactive compounds as 
carotenoids, polyphenols, and tocopherols (Malacrida et al. 2012). Mosambi seeds, 
which have antioxidant, anti-inflammatory, and antibacterial nutraceutical qualities, 
can alssed to extract aromatic oils. Numerous significant chemicals, including, 
myrcene, terpenes,-pinene, camphene, sabinene, −terpinene, linalool, p-cymene, 
andd-limonene, are found in citrus essential oils. The most common ingredient in 
citrus oil, d-limonene, has nutritional effects.

3.6.3  Fruit Juice

The mosambi juice is a cool summer beverage that is high in vitamin C and provides 
immediate energy (Arias and Ramón-Laca 2005). Water-soluble vitamins and 
minerals are abundant in mosambi juice which is less than half of the fruit’s weight. 
Folic acid, which strengthens bones and joints, is another ingredient. There are 
many antioxidants, which strengthen the immune system and increase resistance to 
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infections like the common cold. Fruit juice detoxifies the body and balances off 
unhealthy effects of fatty diets, stress, and pollution. Finally, the presence of 
limonenes makes it precious forour health.

3.6.4  Fruit

The fruit known as Mosambi is resourceful and has a sweet and sour flavour. 
Terpenes, oxygenated compounds, and nonvolatile chemicals including waxes and 
pigments make up the majority of the ingredients in citrus fruits (Kondo et al. 2000). 
Being the most prevalent terpene, D-limonene has antibacterial properties against 
gram-positive bacteria and also improves sodium benzoate’s efficiency. D-limonene, 
a kind of limonene, has anti-inflammatory, anticancer, and antioxidant properties.

3.6.5  Leaves

It has been claimed that mosambi leaves have antihypertensive properties. Citrus 
limetta Risso leaf extract, according to Perez et al. (2010), causes angiotensin II to 
have a hypertensive impact.

3.6.6  Waste

The juice processing business generates a lot of by-product waste each year 
(Manthey and Grohmann 2001). The pulp, seeds, and peel, which together make up 
40–60% of the raw material, are the primary byproducts of the citrus industry 
(Licandro and Odio 2002). The majority of these by-products are considered to be 
citrus wastes, which are rich in nutrients and phytochemicals that can be considered 
as bioactives. These bioactives can be employed effectively as food additives, 
enhancing agents during food processing, preservatives, and as parts of 
pharmaceutical medications (Middleton Jr and Kandaswami 1994). Citrus waste is 
used to produce phytochemicals that are used in the production of antifungal and 
antibacterial lotions and soaps, fragrances, and cosmetics. Citrus fruits also yield 
useful byproducts such beverages, pectin, bases, purees, molasses, peel seasoning, 
and marmalades. The rich flavonoids in mosambi peels have antioxidant qualities 
that stop oxidation in food systems (Taguri et al. 2004). Additionally, the majority 
of uses for citrus byproducts are as animal feed.
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3.7  Antioxidantproperties of Its Products

Customers are paying increasing attention to functional foods since they offer 
health advantages above and beyond basic nutrition and lower the risk of diseases 
linked to diet. Functional foods high in antioxidants provide defence against a 
variety of diseases, such as atherosclerosis, diabetes mellitus, cancer, oxidative 
stress disease and cardiovascular disease. The products made from mosambi are 
rich in phytochemicals and antioxidants. In a study published by Imran et  al. 
(2016), antioxidant extract was added to cookies to boost their nutritional value. 
Papaya jam also used mosambi peel powder, which improved its technological and 
fuctional attributes (Yonius et al. 2015). Additionally, phytophenols and antioxi-
dants isolated from mosambi can be employed to boost the nutraceutical value of 
a variety of food formulations. As a result, the pharmaceutical and food industries 
can benefit from the isolation of bioactive chemicals from processing industry 
waste. Antioxidant properties of mosambi and its products are presented in 
Table 3.1.

3.8  Health Benefits

Mosambi is extraordinarinutritious. The examination of Mosambi’s nutraceutical 
potential will confirm its potential for use in place of synthetic medicines in the 
future (Fig. 3.2). Very little fat is present. Below are a few of the health advantages:

3.8.1  Protect Against Scurvy

Scurvy is characterised by spongy, purple-colored gums, loose teeth, protruding 
eyes, dry, brownish skin, tongue and mouth ulcers, and cracked lips. It is brought on 
by a lack of vitamin C. Mosambi is the most abundant source of vitamin C and can 
be used as a primary preventative measure in the treatment of scurvy.

3.8.2  Improves Digestion

The plant chemical flavonoids, which have a pleasant scent, are abundant in 
Mosambi. By promoting the release of acids, bile, and digestive fluid, it quickens 
digestion. By neutralising the acidic digestive secretions, it eliminates the toxins 
from the body. As a result, it is frequently advised to those with digestive and 
gastrointestinal issues. Due to its high potassium content, sweet lime aids in 
reducing symptoms of dysentery, diarrhoea, nausea, vomiting, bloody amoebic 
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Table 3.1 Antioxidant properties of mosambi and its products

Fruit parts/
products Properties References

Fruit peel oils 7.21 mg/g TPC, 1.01 mg/g DPPH activity Khan et al. 
(2012)

Peel extract 19.3% TPC, 44.5% DPPH, 65.6% antioxidant activity Imran et al. 
(2016)

Fruit 26.7% antioxidant activity, 220 mg GAE/g of TPC, 50 mg 
QE/g of TFC

Sharma et al. 
(2017)

Peel 15.6–28.4 mg/100 g Vitamin C, 0.25–0.53 OD of ferric 
reducing antioxidant property

Singh et al. 
(2014)

Green tea 
infused with 
mosambi peel

31.38 mg TAE/g of TPC, 43.2 mg AAE/g of flavonoids, 
9.83 mg AAE/g antioxidant activity

Kaur et al. 
(2021)

Juice 75.14 mg/100 g vitamin C Tangirala et al. 
(2020)

Fruit 232 mg/L polyphenolic content Paul and 
Bhattacharyya 
(2019)

Peel oil 77.12% antioxidant activity Aruna et al. 
(2022)

Fresh peel 1.62 mg/g TPC, 1.0 mg/g Total antioxidant activity 10.0 μg 
IC50 of DPPH

Thakur et al. 
(2017)

Juice 60.47 mg/100 mL Vitamin C, 23.07 mg/100 mL Total 
phenolic content

Kumar et al. 
(2013)

Juice Vitamin C (42.35 mg/100 g), total polyphenolic content 
(35.66 mg GAE/100 g), total flavonoid content (45.58 mg 
QE/100 g), antioxidant activity (DPPH 2.05 μmol TE/ml, 
CUPRAC 1.24 μmol TE/ml, FRAP 1.83 μmol TE/ml, ABTS 
7.77 μmol TE/ml)

Nayak et al. 
(2020)

Peel powder Eriocitrin (2.17 mg/100 g), Diosmin (15.73 mg/100 g), 
Hespertin (12.62 mg/100 g), Naringenin (3.48 mg/100 g), 
Tangeritin (13.88 mg/100 g), Rutin (5.39 mg/100 g), 
quercetin (4.62 mg/100 g), and about 72% antioxidant 
activity in terms of DPPH

Ali and Abass 
(2015)

dysentery and loose stools. Additionally, it has a lot of fibre, which controls 
constipation, healthy bowl movemen and digestion. Furthermore, d-limonene, a key 
ingredient in mosambi, has been shown to be successful in reducing gastroesopha-
geal reflux disease symptoms (Wilkins Jr 2002).

3.8.3  Immunity Booster

Mosambi is an antioxidant powerhouse that controls the immune system and wards 
off sickness. Additionally, regular consumption of mosambi juice improves heart 
health by enhancing blood circulation. It also contains a lot of vitamin C which 
strengthens immunity (Bhaumik et al. 2018).
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Fig. 3.2 Health benefits of Mosambi

3.8.4  Breathing Issues

Due to its anti-congestive qualities, vaporizers, inhalers, and balms all include 
mosambi. Juice from the mosambi tree can instantly relieve asthmatic cough.

3.8.5  Skin Treatments

Mosambi is a key ingredient in skincare and is a superior source of minerals, vita-
min C, and antioxidants. Its juice is utilised as a vitamin and alternative medication. 
It has anti-inflammatory, antibacterial, and disinfecting effects. It is utilised in the 
production of numerous beauty items. Skin issues like pigmentation, spots, zit and 
blemishes are treated with it. Additionally, it helps to healthe chapped lips. Juice 
from mosambi has anti-aging qualities. It improves skin issues by purifying the 
blood. Its juice is frequently applied to dry, irritated skin to improve skin tone 
(Bhaumik et al. 2018).
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3.8.6  Urinary Disorders Treatment

Due to its high potassium content, Mosambi helps the kidneys and bladder detoxify 
the body and also guards against various UTIs, such as bladder inflammation. A 
good source of phytochemicals that have antioxidant effects on the body is mosambi. 
Due to its strong antioxidant content, it eliminates uric acid from the body and 
scavenges free radicals, and treating gout by preventing bacteria from adhering to 
the bladder walls.

3.8.7  Anticancer Property

Sweet limes include limonoids that have anti-cancerous properties. It combats a 
number of cancers. Clinical investigations and research utilizing various cancer 
models have demonstrated the anticancer efficacy of the D-limonene found in 
mosambi (Hodgson 1967). The foundation for further research into the 
chemoprotective properties of d-limonene for various cancer types has been laid by 
animal studies. Several studies (Elegbede et al. 1984; Elson et al. 1988; Maltzman 
et al. 1989; Wattenberg 1983) suggested that orange peel oil or pure d-limonene 
administered to rodents inhibited chemically-induced mammary cancer in either the 
initiation or promotion phases, depending on the chemically-induced medium used 
(Crowell 1999; Uedo et al. 1999; Yano et al. 1999). D-limonene was shown by other 
experimental investigations to prevent the growth of stomach tumors, pulmonary 
adenoma, and for liver cancer (Dietrich and Swenberg 1991).

3.8.8  Gallstone Dissolution

Gallstones containing cholesterol can be broken up by D-limonene, according to 
clinical studies. D-limonene has been proven in an in  vitro research to dissolve 
human gallstones within 2 h. In contrast, d-limonene injections into the gallbladder 
in animals dissolve and disintegrate gallstones, which are then eliminated through 
the common bile duct. Gallstones in patients were reported to dissolve after just 
three d-limonene infusions by Igimi et al. in 1976. D-limonene was found to be 
capable of dissolving human gallstones in 2 h in an in vitro research. Gallstones 
were broken up and eliminated through the common bile duct in animals after 
d-limonene was infused into the gallbladder. Infusions of 20 mL d-limonene given 
to patients after gallstone surgery disintegrated stones that were missed during 
surgery. Gallstone eradication occurs in some peopleafter only three infusions 
(Igimi et al. 1976).
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3.8.9  Treatment of Dehydration and Sunstroke

Mosambi juice is a nutritious beverage that gives the body all the necessary vita-
mins. It is used as a substitute for carbonated beverages to slake thirst. Athletes 
would be better off choosing this. It lessens the chance of dehydration and cramping 
in the muscles. Furthermore, consuming fresh mosambi juice will help you avoid 
sunstroke. Sweet lime juice hydrates your body and makes you healthier thanks to 
its wealth of vitamins and minerals.

3.8.10  Antidepressant and Allergy-Fighting Properties

In the tissues of moshambi, apigenin exhibits depressive function, while certain 
flavonoids exhibit an antiallergic impact (Matsuda et al. 1991).

3.9  Traditional Uses of Citrus limetta

3.9.1  As Digestive Support

Citrus fruit (mosambi) juice’s pleasant scent encourages the salivary glands to 
release saliva, which speeds up digestion. In addition, the flavonoids found in lime 
juice improve digestion by encouraging the release of bile, digestive fluids, and 
acids. Therefore, drinking mosambi juice frequently during the day can prevent 
stomach issues, indigestion, motion sickness, and dizziness. The mosambi juice’s 
acids aid in the removal of toxins from the bowels, which relieves constipation. 
Constipation can be instantly relieved by drinking sweet mosambi juice with a dash 
of salt. Additionally, due to its high potassium content, it is effective in treating 
diarrhoea, loose stools, dysentery, and stomach problems. It prevents nausea and 
vomiting because of its delectable flavour. Bloody dysentery can also be treated 
with it, according to Gupta et al. (2021).

3.9.2  Anti-diabetic Benefits

Patients with diabetes can benefit from citrus fruit juice. It is advised to consume 2 
teaspoons of citrus juice (mosambi), 4 teaspoons of amla juice, and 1 teaspoon of 
honey every morning on an empty stomach in order to manage diabetes.
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3.9.3  In the Treatment of Scurvy

Scurvy is a disease brought on by a lack of vitamin C that is characterised by swol-
len gums, recurrent flu episodes, clod, and cracked lip corners. Citrus fruit is useful 
in treating scurvy since it is high in vitamin C.

3.9.4  Immunity Booster

Regular ingestion of citrus fruit juice enhances the heart’s ability to control normal 
blood circulation. A significantly stronger immune system is the result.

3.9.5  Weight Reduction

Mosambi juice aids in weight loss because it is low in calories and fat. To burn more 
calories, you can sip on a mosambi juice and honey concoction.

3.9.6  Helpful During Pregnancy

The citrus fruit juice has a lot of calcium, which is good for the mother-to-be as well 
as the foetus.

3.9.7  Urinary Problems Treatment

Mosambi juice, which is high in potassium, aids in the treatment of urogenital dis-
eases including cystitis. Cystitis, commonly referred to as a urinary tract infection, 
is an inflammation of the bladder (UTI). For prompt treatment from cystitis, 
mosambi juice cooked in water should be consumed shortly after cooling. Potassium 
helps the kidneys and bladder detoxify themselves, reducing the risk of a variety of 
UTIs (Bhaumik et al. 2018).

3.9.8  Common Cold Treatment

Citrus juice helps to prevent the common cold and strengthens the body’s tolerance 
to cold weather because it is a high source of vitamin C.
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3.9.9  Effects in Lowering Hyperlipidemia

Juice from mosambi trees improves blood pressure and decreases cholesterol.

3.9.10  Treatment for Various Skin Conditions

Since vitamin C is abundant, it naturally lightens the skin and is used in many cos-
metic products as a vitamin and supplement replacement. The treatment of skin 
pigmentation, spots, and blemishes with citrus fruit is also beneficial.

3.9.11  Reduction of Swelling and Pain

Castor oil and citrus fruit (mosambi) juice applied to the affected area helps reduce 
discomfort and swelling (Gupta et al. 2021).

3.10  Postharvest Management, Processing and Storage

3.10.1  Propagation Methods and Planting Considerations

Cuttings from hardwood stems are used in commercial sweet lime propagation. It 
can also spread through nucellar seedlings on occasion, air layering, and budding. 
Sweet lime is quite polyembryony; 5.8 embryos on average have been recorded for 
each seed. The sweet lime is propagated from cuttings in India. The hardwood 
cuttings are made from chosen shoots of trees that consistently produce well. The 
cuttings root well in open areas during the monsoon season (Jauhari and Rahman 
1959). Sweet lime cuttings that were 25 cm long and harvested in July were treated 
with IBA or NAA at rates ranging from 1500 to 6000 p.p.m. and then planted in 
sand-filled pots.

IBA at 1500 p.p.m. was closely followed by NAA at 1500 p.p.m. for optimal 
rooting, sprouting, and plant growth (Singh et al. 1986). The fast dip approach of 
applying IBA at 3000 ppm can improve the root development in cuttings. In ideal 
circumstances, rooting is finished in 4–6 weeks. However, the plants grown from 
stem cuttings are typically surface feeders with weak roots, which is a drawback 
(El-Sheikh 2005). Shield budding is a good method of propagation as long as it is 
done in March or April and only bud wood from the current growing season is used. 
Jatti khatti (rough lemon) is the appropriate rootstock in the Punjab, Karna Khatta 
in the state of Uttar Pradesh, and Jambheri in other regions of the nation(Arora 
et al. 2012).
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3.10.2  Flowering and Fruiting

In the latter situation, leaves from the main axis may or may not be present. The 
flowers can be borne singly or in clusters. The production of leafy and leafless 
inflorescences was compared, and it was discovered that the former kind produced 
a higher proportion of hermaphrodite flowers and mature fruit (Singh and Dhuria 
1960). On the same tree, sweet lime trees produce both staminate and harmaphrodite 
flowers, albeit the staminate blossom is more common. The low percentage of 
flawless flowers, not self-incompatibility as some workers claimed, is the cause of 
the shy bearing tendency of sweet lime plants. Average fruits may be enhanced to 
139% by bending and ringing the branches and to 280% by spraying with IBA 
100 ppm, as opposed to 109% fruits in the control, in order to increase the percentage 
of flawless blossoms (Motial 1964). On February 21, Planofix [NAA] or Ethrel 
[ethephon], both at 2,501,000  p.p.m. active component, were sprayed on seven- 
year- old sweet lime plants. The proportion of hermaphrodite flowers rose from 
18.2% in the control to 34.1 and 32%, respectively, at the two compounds’ maximum 
rates. Beginning in the fourth year, the sweet lime produces a weak and unprofitable 
crop; nevertheless, by the seventh year, a normal and profitable crop is produced. 
After flowering for around 6 months, the fruits are ready to eat. When PCPA is given 
via the leaves, it has been observed to promote fruit setting and provide the highest 
fruit output (336,345 fruit/tree) at concentrations of 75 and 100 ppm (68.5 and 70%, 
respectively) (Gangwar and Singh 1965).

3.10.3  Maturity, Harvesting, Yield

All citrus fruits are non-climacteric, which means they mature gradually over sev-
eral weeks or months and take a while to fall off the tree. A poor measure of matu-
rity, external colour variations during ripening are more a result of climate than 
ripeness. Internal measurements of °brix (sugar), acid content, and the °Brix/acid 
ratio are the best indicators of citrus fruit maturity. In the northern portions of India, 
from August to October, and in Assam, from September to November, the fruits are 
ready for harvesting. The primary harvesting season in the south is from August 
through September. Depending on the age of the plantation, the kind of soil, the 
temperature, and the ma3.nagement techniques used, the production ranges from 
100 to 150 quintals per hectare.

3.10.4  Post Harvest Management and Storage

Application of ethephon @ 250  ppm coupled with 1% calcium acetate as foliar 
spray at maturity stage is advised to impart uniform yellow orange colour to the 
fruits. At room temperature, sweet limes have a lengthy shelf life and can stay fresh 
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for up to 2 weeks. Sweet limes keep for 4–8 weeks in the refrigerator. Slices of the 
fruit can be frozen, though the limonin content of sweet limes may eventually make 
the pulp taste bitter. The fruit can be frozen in a “wet pack,” which is created by 
drenching the slices in sweet syrup and placing them inside an airtight glass jar. The 
frozen juice can be stored for up to 6 months, but it’s recommended to check on the 
fruit frequently to make sure that it doesn’t turn stale.

3.10.5  Processing, Juice Extraction, Product Development

Sweet oranges and mandarins both have two primary crops. One is known as 
Ambiabahar (mango blossoming), which blooms in January (around the time of 
mango flowering, thus the name Ambia), and whose fruits are available from 
October to December. The other crop is mrigbahar (Monsoon bloom), which flowers 
in June and July and has fruit picked between February and April. Mandarins and 
sweet oranges typically reach maturity between 240 and 280 days after planting. 
Fruits that have reached the colour break stage are picked up every 2 or 3 days for 
10–14 days. Lemons and limes mature around 150–160 days. There could be 2 or 3 
crops of limes and lemons per year. It is advised to apply ethephon @ 250 ppm 
coupled with 1% calcium acetate as a foliar spray at the maturity stage to give the 
fruits a consistent yellow-orange colour. Ethylene gas can be used to de-green and 
develop colour in sweet oranges and mandarins. In a de-greening chamber, a 
temperature of 6–7 °C, 5–10 ppm of ethylene, and 90–95% RH can induce a colour 
shift in 48 h. There are available cold storage settings for keeping certain citrus 
fruits for an extended period of time. Citrus is pre-cooled using a forced air system. 
Sweet oranges can be stored for 4–8 weeks at 7–8 °C with 85–90% RH.

3.10.6  Diseases and their Management

3.10.6.1  Citrus Canker (Xanthomonas citri)

It is an extremely dangerous illness that affects citrus, especially moshambi. Disease 
manifests on fruits, twigs, and leaves. It shows as yellow dots on leaves. Which 
progressively get bigger, get rougher, browner, and develop elevated areas on both 
sides of the leaf. A yellow aura surrounds these specks. The lesions become tough 
and corky on the fruit’s peel. Spraying 100  ppm streptocycline +2  g copper 
sulphate/L of water three times a year, in February, October, and December, is 
advised to control the disease.
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3.10.6.2  Scab (Elsinoe fawcctti)

On the underside of the leaves, small, dark-brown, rough, irregularly elevated blem-
ishes are most noticeable. Fruits and twigs can become diseased as well. It is sug-
gested to use Bordeaux combination 2:2:250, 50% copper oxychloride at 4 g/L of 
water, Ziram 27 SC, or Dithane M45 at 2.5 g/L three times from June to August, 
each time at a 20-day interval.

3.10.6.3  Gummosis (Phytophthora palmivora)

Often known as foot rot, root rot, collar rot, or crown rot, is a disease that affects 
plants. The disease is typically more prevalent in orchards that have flood irrigation 
or inadequate soil drainage. Rootlets decay and diseased leaves drop as a result of 
fungus. The diseased plants produce lots of flowers.

The main sign of this disease is excessive gumming coming from the stem and 
branches. The following actions must be followed in order to control the disease: 
I. Gather and bury sick leaves or fruits deeply in the soil. II. Cleopatra can be used 
as a rootstock. Part III Avoid flood irrigation, IV. Use Bordeaux paint to cover the 
trunk sections up to a height of 20 cm. Spray the affected area of the trunk with the 
Bordeaux mixture 2:2:250 three times, i.e., in February before flowering, June, and 
late July; alternatively, apply two coats of Ridomil MZ as paint (2  g/100  ml of 
Linseed oil) or two applications of Aliette 80 WP (2.5 g/L of water) to the affected 
area of the trunk in April and September.

3.10.6.4  Wither Tip

Another name for it is die back (anthracnose). It may be due to physiological factors 
or the fungus Colletotrichum gloesporioides. Anthracnose symptoms show up on 
leaves, new shoots, and fruits. The necrotic patches on leaves resemble concentric 
rings of acervuli. Twig dead ends have a silvery grey look. Wither tip is known to 
cause leaves to shed and twigs to die back. In severe cases, immature fruit infection 
and the stem lead to fruit dropping and tree dieback.

3.11  Characterization of Waste and Byproducts

3.11.1  Animal Feed

The solid byproducts of citrus processing can be used as components of animal 
feed. Since it is the most accessible and cost-effective way of disposal, the majority 
of industries throughout the world dispose of their waste in fresh or dried form for 
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the production of animal feed (Moreira et  al. 2004). The pulp is dried (up to 
90 g/100 g) and pelletized for selling after being twice pressed to lower the moisture 
content to 65–70% (w.b.) for dried silage production. Pectin, which is present in 
large quantities in citrus residue, helps to bond the water there. During drying, lime 
and calcium hydroxide or calcium oxide are added to pulp, theyraises pH 5.5–6.5, 
removes pectin’s hydrophilic character, and makes it easier to separate the water and 
carbohydrates that are present in the pulp (Cocke and Muncie 1976; Teixeira 2001; 
Wing 2003). Bampidis and Robinson have thoroughly examined the use of citrus 
waste as ruminant feed and its effects on the animal’s productivity (Bampidis and 
Robinson 2006). The appropriateness of the byproduct to the ruminant animal is 
related to its capacity to ferment high-fiber meals in the rumen (Grasser et al. 1995). 
During in vitro fermentation, citrus pulp is believed to create more lactic acid than 
sugar beet pulp, sorghum grain, or corn grain (Cullen et al. 1986). Therefore, adding 
pectin-rich citrus byproduct feed that is degradable and neutral detergent fibre to 
rations that support ruminant growth and lactation will not have a negative impact 
on the rumen ecology (Chavan et al. 2018).

3.11.2  Pectin Production

Citrus peel is a wonderful source of pectin, a type of soluble fibre that is utilised in 
the culinary industry, most notably in jam and jelly, as well as in candies, 
pharmaceuticals, and as a stabiliser in fruit juices (Sulieman et al. 2013). Citrus peel 
has an exceptionally high level of flavonoids and the extremely bitter chemical 
naringin, hence the peel must be removed before pectin extraction (Puri et al. 2008). 
Vacuum impregnation technology is utilised to remove these bitterness-forming 
chemicals. Vacuum-infusing diluted naringinase, sweeteners, colouring, and 
flouring agents into Albedo results in an 81% reduction in bitterness and an 
improvement in acceptance (Baker and Wicker 1996). The traditional method of 
extracting pectin involved heating apple or citrus peel with hot water (60–100 °C) 
while simultaneously acidifying with a mineral or organic acid. Although the 
standard procedure is straightforward, it takes more time to extract the pectin and 
results in pectin structural breakdown (Mesbahi et al. 2005; Levigne et al. 2002). 
Pectin acid or HCl sulfuric acid is used in industrial pectin extraction processes, 
both of which produce significant amounts of toxic waste. There have recently been 
several attempts to create alternate extraction methods, including enzymatic 
extraction (Ptichkina et al. 2008), supercritical water extraction (Ueno et al. 2008), 
ultra-high pressure (Guo et al. 2012), microwave extraction (Fishman and Cooke 
2009), high intensity (de Oliveira et al. 2015) and ultra-sound extraction (Zhang 
et al. 2013). Additionally, Saberian et al. (2017) made an effort to extract pectin 
using the ohmic heating approach. They found that this pectin has a very high 
emulsifying activity, which means that it can effectively create and stabilise oil-in- 
water emulsions. After pectin extraction, the remaining solid residue can also be 
used in compounded form.
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3.11.3  Production of Bio-Fuel

Since 119.7 million tonnes of citrus waste are produced globally each year, there is 
a significant opportunity to produce bio-oil using thermochemical and biochemical 
processes. Alternative methods of utilising citrus trash include the biochemical 
synthesis of fermentable sugars from citrus peel hydrolysate and the bioconversion 
of methane. Citrus fruit waste can be converted into biofuels like ethanol and biogas 
using various polymers of soluble and insoluble carbohydrates (Mizuki et al. 1990; 
Wikandari et al. 2015). Citrus trash is regarded as an excellent source for the cre-
ation of biomass since it contains cellulose, hemicellulose, and lignin, which are the 
main energy sources in biomass (Haykiri-Acma et  al. 2010; Rutkowski 2011). 
Biochemical processes use enzymes and microorganisms, while physico-thermal 
processes use crushing, heating, and pressure. With the use of a chemical catalyst 
and heat energy, biomass is broken down into high-energy products. While pyroly-
sis creates bio-oils, chemicals, and charcoal, gasification is utilised to create biofu-
els like gasoline and electricity (Taghizadeh-Alisaraei et  al. 2017). Volpe et  al. 
(2015) found that biochar and bio-oil produced by a slow pyrolysis process 
(200–650 °C) were more stable, homogeneous, and energetic. The method creates 
bio-char, which has a variety of uses, including decontaminating soil and water bod-
ies that have been contaminated by metals.

3.11.4  Essential Oil Extraction

Today, many scientists are interested in the extraction of essential oils from citrus 
residue. Chau and Huang (2003) and Bicu and Mustata (2011) have researched the 
synthesis of dietary fibre, but Rivas et al. (2008) found that solid residue left over 
after the extraction of essential oil can also be used to produce cellulolytic fibre, 
which is a supporter for semi-solid fermentation. Enzyme synthesis can also be 
carried out using liquid residue. Essential oil’s significant value in the broader 
medicinal sector, as a flavouring agent in the food and beverage industry, and in 
cleaning goods might be used to justify the economy of its extraction 
(Anagnostopoulou et al. 2006; Raeissi et al. 2008).

According to Bizzo et al. (2009), a maximum of 0.4 g of essential oil can be 
extracted from each 100 g can of pulp, or 4 kg of essential oil per tonne of pulp. 
Terpenes and their oxygenated derivatives, including alcohols, esters, and aldehydes 
(citral), are this oil’s primary ingredients (Shaw 1979). Virot et al. (2008) had shown 
its use as a benign solvent as an alternative to dangerous petroleum solvent in the 
oleochemical, wax, resin, paint, and glue industries. Additionally, attempts were 
made to blend diesel oil and steam-distilled lemon essential oils in a 20:80 ratio 
(Ashok et al. 2017). The fuel properties of lemon essential oil are very similar to 
those of diesel, which have values of 822 kg/m3, 3.6106, 42,700 kJ/kg At full load, 
the 20% blended essential oil’s break thermal efficiency was comparable to that of 
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its diesel counterpart (Ashok et al. 2017). Commercially, essential oil extraction is 
done using the classic method of steam distillation, but this has the drawbacks of 
being more expensive and taking longer to complete.

Therefore, there is a need for more efficient greener extraction methods to be 
developed. Recent developments based on ultrasonic extraction in this context 
(Vinatru et  al. 1999), subcritical water extraction (Gamiz-Gracia and De Castro 
2000), microwave-assistedextraction (Ferhat et  al. 2007) and supercritical fluid 
extraction (Baysal and Starmans 1999), are currently being studied as quicker, more 
effective, and more affordable alternatives. According to Filly et  al. (2014), the 
microwave technology can be used immediately, in the form of a continuous process, 
without any treatment (drying), and it enables continuous and quick heating. The 
microwave aided hydro-distillation (MAHD) approach was created by Bustamante 
et al. (2016) to extract essential oils from wet orange peel.

3.11.5  Preparation of Citrus Peel Packaging Films

The use of renewable resources in place of synthetic materials for food packaging 
and coating is in high demand on a global scale. However, although being 
biodegradable and having a high mechanical strength, paper and paperboard are not 
appropriate for packing foods with a high moisture content because of their porous 
nature, which renders them susceptible to moisture and some gases. Growing 
amounts of plastic trash have drawn attention to the need for biodegradable moisture 
barriers. Researchers found that zein or wax can significantly improve the kraft 
paper’s water vapour barrier qualities (Parris et al. 1998). The mixture of wax and 
lipid-hydroxyl propyl methyl cellulose significantly reduces the composite film’s 
water permeability (Sothornvit 2009). In 2017, Kasaai and Moosavi investigated the 
use of citrus peel and leaf hydrophobic extracts (terpene hydrocarbons and limonene) 
in paper and paperboard to enhance the water barrier properties without reducing 
mechanical strength. Kraft paper was given the treatment by being submerged in 
10 mL of leaf extract (terpene hydrocarbons and limonene). The paper was then 
mechanically shaken dry at 25 °C after the solvent had entirely evaporated (60 rpm, 
24 h). The cellulose fibres of the papers were mixed with the components of the 
extracts in the solution that had been partially introduced into the free volume. A 
thin layer of extracts from another batch formed on the paper’s surface. Researchers 
found that kraft paper treated with peel or leaf extraction had considerably less 
water vapour permeability than untreated paper. Original paper’s main ingredient, 
cellulose, is hydrophilic by nature and may absorb water. The absorption of water 
vapour was reduced with the use of hydrophobic substance. Citrus leaf has higher 
hydrophobicity than citrus peel, according to Baker and Procopiou’s (2006) 
research. The production of biodegradable plastic has gained appeal among 
researchers as a result of growing worries about the nondegradable characteristics 
of petroleum-based polyester and their negative impact on the environment. In this 
regard, scientists from Cornell University in New York have created plastic produced 
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from orange peel. Limonene oxide, a building block, was produced by oxidising 
orange peel oil. In order to create a novel polymer, limonene oxide from citrus peel 
was mixed with another building block, carbon dioxide, which is otherwise a 
greenhouse gas with negative environmental effects (Brand 2005). Arrieta et  al. 
(2014) produced flexible food packaging film by Researchers assert that a newly 
created polymer has properties that are similar to those of polystyrene while also 
being biodegradable and capable of retaining carbon dioxide in the environment.

3.11.6  Encapsulating Agents

Light, heat, and oxidants can break down unsaturated bonds in the 
polyphenols‘molecular structure. Additionally, applying phenolic extracts to food is 
exceedingly challenging due to their low water and liquid solubility (Spigno et al. 
2013; Xueling et al. 2011). Therefore, the most common method for encapsulating 
phenolic compounds is spray drying, which improves their colour and makes them 
suitable for use as an additive (Kaderides et al. 2015). The wall material for the 
encapsulation must have characteristics like low viscosity even in highly concentrated 
solutions, efficient emulsification, efficient drying properties, film-forming 
capabilities, and low cost. Encapsulating agents can be different substances such 
gums, hydrolyzed starches, and emulsifying starches (maltodextrins, corn syrup 
solids). According to studies, insoluble fibre helps the digestive tract work properly 
whereas soluble fibre lowers blood cholesterol and is linked to the intestinal 
absorption of glucose (Fang and Bhandari 2010). Dietary fibre intake is advised 
around 30–45  g per day (Grigelmo-Miguel et  al. 1999). Orange peel, pulp, and 
pomace, which are rich sources of fibre, make about 50% of the waste produced 
during the extraction of orange juice. It has a lot of promise for use in the creation 
of encapsulating agents. In order to create a fibre with a high moisture retention 
ability, citrus waste must first be washed, dried, ground, and then washed again at 
90  °C for 20  min. To obtain citrus fibre with a particle size of 0.008  mm, the 
remaining fibre is once again dried at 60 °C (Kaderides et al. 2015). The fiber’s low 
moisture content (8.52  g of water per 100  g of dry matter) prevents microbial 
growth, and the amounts of soluble and insoluble dietary fibre that were obtained 
were 48.9 g and 16.8 g, respectively. When encapsulating an active substance, a 
higher concentration of insoluble fibre might be used as the optimal material to 
enclose the substance inside its structure.

3.11.7  Development of Biodegradable Packages

After the high-value components from the citrus peel have been removed, the left-
over residue as well as the fiber-rich pomace of the citrus can be moulded to create 
biodegradable packaging materials like egg trays and fruit trays, which makes it 
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easier to recycle waste. The peel must be baked for 8–10 h at 70–80 °C. Dried mate-
rials are combined with urea-formaldehyde resin (7:3), crushed in a miller at 25,000 
revolutions per minute, and then deposited on a heated extrusion mould to generate 
seedling plates for distributed transplanting. The manufactured distributed trans-
plant seeding plate breaks down soon in the soil and doesn’t harm the environment 
(Shan 2016).

3.11.8  Solid Residues as Adsorbent

Adsorption is a method that allows for the efficient removal of metals and com-
pounds from industrial effluent. The sensitivity, capacity, and lifetime of an adsor-
bent have a significant impact on the technique’s effectiveness (Pérez-Marín et al. 
2008). Citrus pulp may have the ability to effectively eliminate these heavy metals, 
according to certain research. Citrus waste with a high pectin concentration (10%) 
contains a polysaccharide in which pectic acid is partially esterified by a methyl 
group. It is quickly saponified with alkalis like calcium hydroxide to produce pectic 
acid. Strong interactions between pectic acid and other heavy metals result in stable 
chelates with a five-membered ring (Dhakal et  al. 2005). Citrus molasses was 
employed by Ajmal et al. (2000), who asserted that it removed 93% of the nickel 
from electroplating effluent. Pérez-Marín et al. (2008) also accomplished biosorption 
of lead, zinc, and cadmium with success, with a maximum sorption absorption of 
about 0.25  mmol/g. Biswas et  al. (2008) conducted study on the removal of 
phosphorus from water by adsorption onto an orange waste gel loaded with 
zirconium and came to the conclusion that it is a promising approach of effluent 
treatment.

3.11.9  Development of Activated Carbon

The polymer electrolyte membrane fuel cell is regarded as the next generation of 
possible power sources due to its characteristics like high energy density and low 
emission (Avgouropoulos et al. 2016). It is observed that carbon is more advantageous 
for electrocatalyst support because it has a more specialised surface area than metal 
oxide, is more stable in acidic and basic medium, and makes it simple to recover the 
metal catalytic by burning off the carbon support. Numerous researchers have 
developed high surface area activated carbon from agricultural waste, such as 
groundnut shells, coconut shells, mango nuts, banana fibre, etc. In this regard, 
Dhelipan et al. (2017) attempted to produce activated carbon from orange peel using 
pyrolysis at 600 °C in conjunction with chemical activation using orthophosphoric 
acid (H3PO4) and assessed its stability as an electrolyte support. Due to its exceptional 
electrochemical stability and characteristics, activated carbon can be used as an 
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electrode material in commercial supercapacitors. Bio-waste can be used as a 
precursor in the synthesis of activated carbon to address the rising demand as fossil 
fuels are nonrenewable.

3.12  Future Research Thrust

Due to the unpredictable nature of the climate, the depletion of land and water 
resources, the lack of high-quality planting materials, and the absence of post- 
harvest and marketing infrastructure, sweet lime production in India faces numerous 
difficulties. The difficulties of enhancing quality production and productivity are 
becoming increasingly apparent due to the expanding economy, growing nutritional 
knowledge, increased demand for fruits and beverages, and growing economic 
awareness of quality. These new difficulties demand a paradigm shift in 
manufacturing along with cutting-edge, cutting-edge technical intervention.

3.13  Conclusion

Ascorbic acid, water-soluble vitamins, folic acid, and phytochemicals are all abun-
dant in Mosambi. Antioxidants found in abundance in it promote resistance to ill-
nesses, especially the flu, and boost immunity. Its juice promotes digestion and 
detoxifies the body. Mosambi is a very hydrating fruit that also gives us important 
micronutrients like vitamins and minerals. It gives a lot of fullness and prevents 
constipation because of its high water and fibre content. Due to its high citric acid 
content, which minimizes hunger and cravings and speeds up metabolism, it is ideal 
for managing weight loss. It contains limonenes, a class of substances with potential 
health benefits. Mosambi is also used as an ingredient in many products to create 
functional foods because it is a rich source of polyphenols with high antioxidant 
effects. Worldwide, the excessive disposal of industrial waste from citrus processing 
into landfills poses a threat to both the environment and public health. Scientifically 
valuing these organic residues is an appealing idea that has gained traction among 
academics. Peel, pulp and seeds from citrus waste produced at the juice processing 
facility can be used as raw materials in other industries. While liquid can be used to 
produce enzymes, leftover solid residue can be used to extract essential oils. 
Hydrophobic substance from the peel can be extracted and used to make packaging 
materials, biodegradable polymers and food-grade kraft paper, which reduces the 
need for petroleum-based polyesters. Utilizing citrus residue can produce bio-oil, 
biogas, ethanol, and activated carbons in addition to reducing environmental 
pollution. Expanding the scope of product development boosts manufacturer profits 
overall, creates jobs, promotes sustainable socioeconomic growth, and preserves 
environmental stability. Although most research has not yet been widely marketed, 
its results are valuable for the next generation and will help the world achieve its top 
priority of sustainable development.
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Chapter 4
Orange

Palvi Rawal, Isha Dudeja, Pooja, Arashdeep Singh, 
Sukhvinder Singh Purewal, Avneet Kaur, 
and Chidanandamurthy Thippeswamy Swamy 

4.1  Introduction  

Fruits are delicious and nutrient-dense due to their appealing appearance, unique 
flavour, high mineral and vitamin content, and other beneficial components. Orange, 
a characteristic fruit of the Citrus family, is grown in large quantities in Brazil, the 
US, China and Mexico. There are also other countries that produce a sizable number 
of oranges, including Spain, India, Turkey, Greece and Egypt with annual produc-
tion of more than 1 million tonnes of oranges. Some countries are becoming pro-
ducers as well as processing capitals (Grigelmo-Miguel and Martı́n-Belloso 1999). 
Although each cultivar of citrus fruits differs substantially in provisions of morpho-
logical and biochemical characteristics, they all produce fruit swiftly and 

P. Rawal · I. Dudeja 
Department of Chemistry, Punjab Agricultural University, Ludhiana, Punjab, India 

Pooja 
Department of Microbiology, Punjab Agricultural University, Ludhiana, Punjab, India 

A. Singh (*) 
Department of Food Science and Technology, Punjab Agricultural University,  
Ludhiana, Punjab, India 

S. Singh Purewal (*) 
University Centre for Research & Development (UCRD), Chandigarh University,  
Mohali, Punjab, India
e-mail: sukhvinder.e14148@cumail.in 

A. Kaur 
Department of Chemistry, University Institute of Sciences, Chandigarh University,  
Mohali, Punjab, India 

C. T. Swamy 
Department of Microbiology, Captain Srinivasa Murthy Central Ayurveda Research Institute, 
Central Council for Research in Ayurvedic Sciences, Chennai, Tamil Nadu, India

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
S. Singh Purewal et al. (eds.), Recent Advances in Citrus Fruits, 
https://doi.org/10.1007/978-3-031-37534-7_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-37534-7_4&domain=pdf
https://orcid.org/0000-0003-0989-4381
mailto:sukhvinder.e14148@cumail.in
https://doi.org/10.1007/978-3-031-37534-7_4


70

consistently throughout a lengthy growing season (Sinclair and Jolliffe1961).  In 
2014, 89 million tonnes of citrus were expected to be produced, making it the 
world’s most important fruit crop. Around 26% of the production of citrus fruits is 
used for industrial juicing.  The most significant citrus species farmed worldwide is 
orange (Citrus sinensis (L.) Osbeck). Fruits have a sweet and pleasant taste, as well 
as a pleasant aroma that customers enjoy. Sucrose is the major carbohydrate in the 
juice, and citric acid is the dominant organic acid. It is high in antioxidants such as 
ascorbic acid and phenolic compounds (mostly hesperidin and narirutin). It is high 
in carotenoids (particularly violaxanthin, β-cryptoxanthin, and lutein). Except in a 
few cultivars where lycopene is the predominant pigment, the color of pigmented 
oranges is attributable to the presence of anthocyanins. The main amino acids dis-
covered in the juice are proline, serine, and arginine, and the main mineral found in 
the juice is potassium.

According to recent literature, there are many potential uses for orange peel valo-
risation. Orange peel can even be used in functional meals as a dietary supplement 
for human or animal feed. It is also used in biochemical engineering, including the 
manufacturing of biofuels and biodegradable plastics by copolymerizing carbon 
dioxide and limonene. Orange peels have been reported to be used for extraction of 
pectin (Mhiri 2016). It is one of the most important fruit crops in the world and is 
primarily consumed fresh due to its high nutritional value and distinctive flavor. 
Consuming citrus juice has been found to help lower asthma and chronic heart dis-
eases (Dugo and Di Giacomo 2002). Citrus fruit extracts also have anti-tumor, anti- 
fungal, and anti-clotting effects (Kaur and Kapoor 2001; Garg et al. 2001). Citrus 
fruits are good for health since, they include bioactive compounds like ferulic acid, 
hydrocinnamic acid, cyanidinglucoside, carotenoid, hisperidine, Vitamins C and 
naringin (Kelebek et al. 2007; Xu et al. 2008). Genus Citrus includes all kinds of 
oranges, including sweet and sour both oranges, mandarins, tangelos and tangors. 
Oranges are one of the most significant horticultural crops, producing more than 
100 million metric tonnes of agricultural products annually worldwide. These are 
rich in Vitamins C, potassium, pectin, folic acid, and antioxidant phytophenolics 
that have well-being benefits. In reality, comprehensive research on orange and edi-
ble parts revealed that juice and extracts have significant antioxidant potential and 
serve as a substantial source of phenolic chemicals, particularly phenolic acids and 
flavonoids (Moulehi et al. 2012).

Citrus fruits of rutaceae family are substantial source of phenolic compounds. 
Phenolic compounds are widely found in plants as secondary metabolites. Broadly 
speaking, plant phenolics affect plant colour as well as defense against UV radiation 
or hostility from pathogens and parasites. They are frequently found in plant foods 
like fruits, vegetables, cereals, olives, legumes, cocoa, etc. as well as drinks like tea, 
coffee, beer, and wine, and they contribute to the whole organoleptic qualities of 
plant based foods (Shahidi Bonjar et al. 2004). In spite of being widely available, 
nutritionalists have only recently become aware of the health advantages of dietary 
polyphenols. Researchers and food producers have been interested in polyphenol 
compounds because of their antioxidant properties with abundance in the diet and 
possible advantages for the treatment of different oxidative stress related illnesses 
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(Manach et al. 2004). Plants such as large citrus bushes or small trees with ever-
green leaves and prickly branches that can reach heights of 5–15 m (Ladaniya 2008) 
are a significant source of numerous bioactive substances, including flavanone gly-
cosides and phenolic acids. 

Considering their positive influence on boosting health, antioxidants are increas-
ingly receiving more attention. In this regard, numerous epidemiological research 
has connected the ingestion of phenolics to reduced risk of a number of diseases, 
including cancer and cardiovascular diseases (Yang et al. 2011; Hooper et al. 2008). 
Moreover, antioxidants increase the shelf life of food products, preserve nutritional 
quality, and decrease the production of potentially dangerous oxidation products. 
Hence, orange being full of phenolic acids and antioxidant compounds can be incor-
porated in food product for achievieng beneficial health results.  

4.2  Botany 

Sweet orange (Citrus sinensis L. Osbeck) is a tiny, perennial tree that can grow as 
tall as 15 m in some situations. It is now commercially grown around the world in 
tropical and semi-tropical, making it the most normally planted fruit tree in the 
world. It is believed to have its origins in Southern China, (Nicolosi et al. 2000; 
Ehler 2011). Orange produces evergreen leaves of leathery texture that range in size 
from 2.5 to 9.5 cm wide and 6.5 to 15 cm long, with elliptical, oblong, and other 
shapes. These leaves frequently have delicate wings on their petioles. It bears fra-
grant, five-petalled white blooms with 20–25 yellow stamens, either arranged singly 
or in whorls of six, each whorl being approximately 5 cm across. The tiny, fragrant, 
purple or white hermaphrodite flowers provide sap for insect pollination. The glo-
bose to oval-shaped 6.5–9.5 cm in diameter fruit matures to orange or yellow.The 
pericarp (peel), skin, or rind, and the endocarp, sometimes known as the pulp and 
juice sacs, are the two separate anatomical parts of the citrus fruit (Fig. 4.1).

The skin’s epidermis is comprised of epicuticular wax, and it possesses a vast 
number of small aromatic oil glands that produce the odour. The diversity, climate, 
and growth pace all influence the amount of wax. The microflora, which is mainly 
composed of fungus and bacteria and is more common in humid conditions, is abun-
dant on the skin. This supports the recommendation that the fruit be thoroughly 
washed before eating or starting the process of extracting juice and essential oils. 
The peel (pericarp) is made up of the epicarp, or outer layerflavedo. Cuticle and 
parenchymatous cells make up the majority of its structure. Valencene, limonene, 
and beta/alpha sinsenal are among the terpenoid aromatic compounds produced by 
embedded oil glands (Goudeau et al. 2008; Sharon-Asa et al. 2003). 

Flavedo has a unique yellow, green, or orange colour and present under the epi-
dermis layer.The oliferous vesicles that are found inside the fragile, ultrafine flavedo 
can be collected by grating the flavedo layer. Flavedo is usually colourless, a spongy 
inner layer of mesophyll and thickness variations during fruit development, which 
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Fig. 4.1 Structure of Citrus fruit. (Goudeau et al. 2008)  

have an impact on how easily the fruit peels (Webber 1989). The tissue mass known 
as the albedo, or mesocarp, which is located underneath the flavedo, is made up of 
tubular-shaped cells that have been joined together and compressed into the inter-
cellular space. Albedo contains a number of flavonoids, which give juice its bitter 
flavour when added. The albedo-like tissue that makes up the majority of the fruit is 
spongy in texture.The Malay Archipelago, China, Southeast Asia, the Malay 
Archipelago, New Caledonia, and Australia all have ancient cousins of the citrus 
plant, yet it’s probable that most citrus cultivars have an intriguing origin (Atta et al. 
2012). It is supposed to have come through the interspecific hybridization of a few 
early citrus species, while its genetic background is uncertain (Xu et al. 2013). As a 
result, based on their region of origin (Mediterranean and Spanish oranges) and 
flavour, its numerous cultivars are grouped into four primary categories or groupings. 

Although there are seedless variations, the fruit’s flesh or pulp is normally juicy 
and delicious, separated into 10–14 segments, and comes in a variety of hues from 
yellow –range to red color. The thick, multiple-seeded fruit is known as a hesper-
idium, which is a berry when it is ripe. The accumulation of organic acids and sug-
ars and water in fleshy juice sacs makes it difficult to extract proteins and nucleic 
acids, the vesicles that have juice; are located in the endocarp and carpels. From the 
perspective of synthetic biology, should be seen as the liquid discharged by the 
vacuoles and by the cytoplasm in the vesicles’ interior cells. 

The navel orange first arose around 1820 as a single mutation in a Brazilian con-
vent, earning its name from the way it looks (the segmented skin mimics a human 
navel) (Ehsani 2007). Because they don’t generate seeds and grow from graft cut-
tings, it is the source of all navel oranges. The popularity of these oranges increased 
with time, which aided in their global success. The Valencia orange was given its 
name by agronomist William Wolfkill in honour of Valencia, a Spanish city widely 

P. Rawal  et al.



73

known for its orange production (Ehsani 2007). Depending on the fruit like blood 
oranges; named for their scarlet fleshy tissue—can be either sugary or sour. Blood 
oranges come in three varieties: taroco, moro, and sanguinello, each with a distinct 
flavour, size, and place of origin (Ehsani 2007). 

The most significant percentage of the world’s total citrus production, account-
ing for more than two thirds of the total area coverage, is sweet orange (C. sinensis) 
(FAO 2006). There are 10 species of edible citrus now known, eight of which are 
commercially cultivated, and five of which are quite important economically 
(Salunkhe and Desai 1984). Citrus is produced in excess of 104 million tonnes 
annually, and roughly 15 million tonnes are traded (FAO 2006). There are 1.3 mil-
lion hectares of surface area in Africa used for citrus production, 44,000 of which 
are in South Africa and 4500 in Ethiopia. Citrus growing is dispersed across Ethiopia 
despite its recent introduction (Seifu 2003; Lipsky 1962; FAO 1965). The major 
cultivar viz. sweet orange (Citrus sinensis) cultivated in India are Andhra Pradesh, 
Maharashtra, Telangana, Mizoram,Madhya Pradesh, Punjab, Karnataka, Bihar, 
Assam, and Jammu & Kashmir. 

4.3  Varieties 

Sweet orange cultivars traditionally farmed include Mosambi (Maharashtra), 
Batavian (Bathayi) (Andhra Pradesh), Jaffa (Punjab)and Malta. 

4.4  Cultivation 

Citrus fruits are grown in India under a variety of agro-ecological environments, 
from the humid tropical northeast to the arid and semiarid southwest. Due to their 
evergreen nature, citrus trees can only be planted in real subtropical climates. Citrus 
trees in tropical climes, depending on the soil type and growing season, need careful 
regulation of water deficit stress due to their propensity for cyclical growth flushes. 
Between 13 and 37  °C is the best temperature range for citrus fruit growth. 
Temperatures below −4 °C are harmful for juvenile plants. About 25 °C can be the 
best soil temperature for root development.More humidity encourages the increas-
ethe chances of many diseases. Frost is quite harmful. Summertime hot winds cause 
desiccation and a loss of blossoms and ripening fruits Citrus is grown in all tropical 
and subtropical climates, excepting these restrictions global regions that are tropi-
cal. Citrus trees thrive best in a subtropical climate and development. Mandarins 
from Khasi and Darjeeling are cultivated up to 2000 meters above sea level to a 
colder climate suited. The ideal climate has summers and winters that are clearly 
defined and receives between 50 and 75 cm of rain from June to September. Even at 
900 m above mean sea level, sweet oranges can be grown. Extreme temperatures are 
required to have a higher yield. The optimal temperature is 25 °C, and both extremely 
low and high temperatures are inevitable. 
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4.5  Soil 

Citrus plants can be grown in a diversity of soil types, including loamy sand and 
alluvial soils. North India to lateritic/acidic soils in the north-eastern hills and thick 
clay loam in the Deccan plateau. Light, well-draining soils are ideal for citrus 
orchard growth. Ideal soils are those that are deep and have a pH range of 5.5–7.5. 
They can, however, also grow in the pH range of 4.0–9.0. Elevated levels of calcium 
carbonate in the feeder root zone may have a negative impact on growth. The ideal 
soil types for growing sweet oranges are deep, loamy soils that drain well. If well- 
drained, heavy soils produce good harvests, but cultivation is challenging. The ideal 
pH range for soil is 6.5–7.5, and the ideal Electrical conductivity range for water is 
<1.0. Plants are extremely susceptible to wet soils. 

4.6  Planting Material 

The accessibility of high-quality planting crops is crucial for citrus farming. Citrus 
plants are particularly vulnerable to a variety of abiotic and biotic stresses. 
Therefore, choosing a perfect rootstock continues to be a problem for India’s citrus 
industry. Currently employed rootstocks include over the past 50  years, rough 
lemon and Rangpur lime have undergone several changes. Consequently, National 
Research generated excellent choices from the usual rootstocks. State agriculture 
universities may grant admission to  the Center for Citrus (NRCC), Nagpur, and 
other locations to be attained for growing top-notch plant stuff. Virus-free for bud-
wood selection through shoot tip grafting, mother plants were created from the 
elite offspring of known pedigree. Only the NRCC, Nagpur procedure may be 
employed. Under shade net structures, primary nursery beds are prepared on light, 
rich soils or in HDPE trays. In 2–3 phases in the nursery beds, weak seedlings, off 
kinds, and uneven seedlings are eliminated in order to select nursery seedlings. 
When secondary nursery seedlings reach a height of around 30–40 cm after a year, 
they are prepared for planting in the main field and can be raised in polythene bags 
as well.

4.7  Land Preparation and Plant Density 

The soil needs to be leveled and properly ploughed. In mountainous areas, planting 
is performed on terraces slope. High density planting is possible in these soils due 
to more aerial space availability than on level terrace. Since citrus plants are 
extremely prone to water logging and stagnation, drainage ditches that are 3–4 feet 
deep must be installed along the slopes surrounding the orchard during the rainy 
season. Sweet orange (Citrus sinensis) are planted at standard spacing of – 5 m × 
5 m, 5.5 × 5.5 m with plant number of 400/330 per ha. 
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4.8  Irrigation 

Citrus has to be watered throughout critical times in the first year. Fruit size is raised 
while fruit drop is significantly reduced. Illnesses like root rot and collar rot can 
emerge in places that have recently flooded. It is preferable to use high frequency 
light irrigation. Above 1000 ppm of salt in irrigation water is dangerous. The soil 
type and stage of growth determine the quantity and frequency of irrigation. Micro 
irrigation systems not only offer good fruit retention during crucial crop growth 
phases in March and April but also conserve water and nutrients, even in situations 
where water is not an issue. 

4.9  Fertilizers and Manure 

Manuring is required three times a year, in equal halves during February, June, and 
September. 

Tables 4.1 and 4.2 provides the suggested manure and fertilizer doses.     
Nitrogen must be given twice in March and October. However, a circular band of 

fertilizer must be given in October, 120 cm radially away from the location of tree 
stem, with farmyard manure, phosphorus, and potash. A basin should not have more 
than two or three deep placements or applications of fertiliser. In fact, in an acid 
lime plantation, they are more surface oriented, with 80–95% of them being identi-
fied in the top 10 cm, whereas in a sweet orange plantation, the highest activity was 
discovered inside a depth of 25 cm. Spray a solution (once every 3 months) at the 
time of fresh flesh production that contains zinc sulphate (0.5%), iron (0.25%), 
manganese (0.05%), boron (0.1%), magnesium (0.5%), and molybdenum (0.003%). 
Apply 25 g of each sulphate of zinc, manganese, and iron per tree annually. 

Table 4.1 Farm Yard Manure (FYM) requirement by year (kg/plant/year)

Farmyard manure 1 year 2 years 3 years 4 years 5 years 6 years 7 years onwards

kg/plant 20 10 15 20 25 30 40

Table 4.2 Year wise requirement of various nutrients (g/plant/year)

Nutrient 1 year 2 years 3 years 4 years 5 years 6 years onwards

Nitrogen 100 g 200 g 300 g 400 g 450 g 500 g
Phosphorus 50 g 100 g 150 g 200 g 200 g 250 g
FeSO4 25 g 25 g 50 g 50 g 100 g 150 g
ZnSO4 25 g 25 g 50 g 50 g 100 g 150 g
MnSO4 25 g 25 g 50 g 50 g 100 g 150 g
Potash 25 g 50 g 75 g 200 g 200 g 250 g
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4.10  Harvesting 

Sweet oranges typically reach maturity between 240 and 280 days after planting. 
Fruits that have reached the colour break stage are picked up every 2 or 3 days for 
10–14 days. 35–45% of the overall cost of manufacturing goes on citrus fruit har-
vesting. Therefore, the viability and profitability of the company are significantly 
impacted by an increase in the efficiency of this one operation. Traditional manual 
harvesting requires a lot of labour and is therefore expensive. Mechanical harvest-
ing techniques have undergone much investigation and development. A brief sum-
mary of the mechanical harvesting systems’ trunk shaking, canopy shaking, air 
shaking, and limb shaking performances is provided. The performance of the 
mechanical harvester is influenced by its operating environment; hence, the out-
comes of numerous studies on tree shape and orchard planning have been incorpo-
rated. The study’s findings demonstrate that optimizing both harvester performance 
and orchard yield can be accomplished by selecting the appropriate harvesting sys-
tem and orchard plan. None of the mechanical solutions under investigation could 
equal the hand pickers’ high-quality selection capabilities, according to this 
research.

4.11  Yield 

Sweet orange: Tends to start in the fifth year and stabilizes in the eighth year, pro-
ducing 40–50 oranges per tree. After stabilization, each tree produces 500–600 
fruits on average. 

4.12  Post Harvesting 

To give the fruits a constant yellow-orange color, it is advisable to use ethephon @ 
250 ppm in combination with 1% calcium acetate as a foliar spray when the fruit is 
mature. Ethylene gas treatment is an alternative for de-greening and color develop-
ment of mandarins with sweet oranges. A color change can be induced in a de- 
greening chamber in 48 h 5–10 ppm of ethylene, and 90–95% RH at 6–7 °C. For 
preserving particular citrus fruits for a long time, cold storage options are available. 
With the use of a forced air system, citrus is pre-cooled. Oranges can be packed in 
highly ventilated Corrugated Fibre Boxes that are 30 cm × 30 cm × 30 cm of dimen-
sions. Sweet oranges can be kept at 7–8 °C and 85–90% RH for 4–8 weeks period. 

P. Rawal  et al.



77

4.13  Marketing 

Due to their perishable nature, citrus fruits must be handled carefully and hygieni-
cally. Sweet oranges,lemons, and limesmay be transported to far-off locations for 
marketing since they stay fresh under ambient conditions. Mandarins need to be 
handled and transported with more care and consideration. 

4.14  Nutritional Facts 

Human diet must include significant micronutrients like the vitamin C and E, carot-
enoids, and flavonoids. These substances are available in almost all plant materials 
in different dietary forms (Di Majo et al. 2005). Nutritional value of food is pro-
vided by these functional food ingredients viz. antioxidants,phytochemicals or 
nutraceuticals. Eating phytochemicals, which are present in edible fruits and vege-
tables, may change a person’s metabolism favorably and prevent chronic degenera-
tive diseases (Tripoli et  al. 2007). Increasing the intake of vegetables and fruits 
protects against degenerative diseases like cancer since, epidemiological studies 
have revealed an opposite link between dietary intake of flavonoids from citrus 
fruits and cardiovascular disorders (Di Majo et  al. 2005; Hertog et  al. 1993; 
Keys 1995). 

Citruses have long been prized for their healthful nutritional and antioxidant 
qualities. They serve as the primary resource of significant nutrients. Scientific 
research has demonstrated the numerous health advantages of oranges’ high vita-
min and mineral content. Additionally, other biologically active, non-nutrient mol-
ecules contained in citrus fruits, like phytochemicals, antioxidants, dietary 
fibers—both soluble and insoluble are known to lower the threat of developing can-
cer and several chronic conditions, including arthritis, obesity, and coronary heart 
disease (Crowell 1999). 

4.15  Antioxidant Properties  

An orange is considered to be of great quality if it is mature and has good colour 
intensity dispersed evenly across the surface. These oranges must be solid, gener-
ally smooth, have the variety-typical texture and form, and be free of defects, rot, 
and other imperfections. When employed as antioxidants, citrus flavonoids have 
been demonstrated to have biological activity and positive benefits (Tripoli et al. 
2007). These plant-based pigments from this group, together with anthocyanin, are 
what give fruits and flowers their color. Moreover, they can exercise their antioxi-
dant activity by metal chelation and are present in dietary vegetables and fruits 
(Bombardelli and Morazzoni 1993). Studies demonstrate that flavonoids are 
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effective hydroxyl radical scavengers due to their capability to suppress the free 
radicals and provide hydrogen atoms (Di Majo et  al. 2005; Tripoli et  al. 2007; 
Cillard and Cillard 1988; Darmon et al. 1990). Oranges contain folate, dietary fibre, 
and other bioactive substances like flavonoids and carotenoids that avoid cancer and 
other degenerative diseases in addition to being an excellent source of vitamin 
C. (Ejaz et al. 2006). Vitamin C-rich foods boost the body’s defense system against 
infectious diseases and flush harmful, pro-inflammatory free radicals from blood. 
Phytochemicals present in sweet oranges include hesperetin and naringenin. 
Naringenin has a bioactive effect in terms of acting as an  antioxidant, anti- 
inflammatory, free radical scavenger and immune system modulator. 

4.16  Anti-inflammatory Properties  

Citrus flavonoids have anti-inflammatory activity due to the occurrence of regula-
tory enzymes (protein kinase C, phospholipase, phosphodiesterase, cyclooxygen-
ase and lipoxygenase,) that regulate the creation of the biological mediators, 
which are responsible for activating endothelial cells and specialized cells con-
cerned in inflammation. It is possible to connect the inhibition of these enzymes 
by flavonoids to how they control inflammatory and immune reactions (Tripoli 
et al. 2007). In fact, phosphodiesterases and kinases required for cellular signal 
activation and transmission are inhibited by citrus flavonoids. They also have an 
impact on the activation of some immune system cells, such as B and T lympho-
cytes (Manthey et al. 2001). Citrus fruit flavonoids also guard against atheroscle-
rosis by preventing atheroma development (Hertog et  al. 1993). According to 
Tripoli et  al. (2007), hesperidin produced from citrus cultures has a mild anti-
inflammatory impact and serve as a beneficial precursor to produce new flavonoids 
(Da Silva et al. 1994). 

4.17  Anti-Cancer Properties  

Citrus flavonoids have the ability to inhibit cancer by selective antiproliferative 
actions, cytotoxicity, and apoptosis (Elangovan et  al. 1994; Hirano et  al. 1994). 
Since flavonoids can absorb ultraviolet light, they are not mutagenic and shield 
DNA from oxidative damage (Stapleton and Walbot 1994). Free radicals that 
develop close to DNA and promote mutations are neutralised by them. It has been 
revealed in mice with bodies exposed to X-ray radiation (Shimoi et  al. 1994). 
Flavonoids can protect DNA by directly interacting with substances that cause 
tumour, such as bleomycin induced chromosomal aberrations (Heo et  al. 
1994). Citrus fruit flavonoids have also been shown to repress the growth of tumors 
and the multiplication of malignant cells in the heart and liver of syngeneic rats 
(Bracke et  al. 1989). Citrus flavonoids‘ability to perform is dependent on their 
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ability to impede cell movement (Bracke et al. 1989). Oranges are as well high in 
calcium, beta-carotene, potassium, amino acids, folic acid, pectin, and fibre. They 
are also rich in sodium, phosphorus, iodine, salt, chlorine, manganese, zinc, and 
iron. One orange is thought to contain about 170 phytonutrients and 60 flavonoids 
with anti-tumor, blood clot inhibiting, anti-inflammatory and antioxidant qualities 
that promote overall health (Cha et al. 2001). 

4.18  Anti-obesity Effects  

Sweet oranges are low in calories, cholesterol- or saturated-fat-free, and high in 
pectin, a type of dietary fibre that is beneficial to obese people. The immense laxa-
tive pectin protects the mucous membrane from colon cancer by binding to injuri-
ous substances. Pectin has also known for reducing blood cholesterol levels by 
blocking its reabsorption in the colon (Walton et al. 1945). The alkaloid synephrine; 
present in orange peels, prevents the liver from producing cholesterol. Antioxidants 
found in oranges guard against oxidative stress, which oxidises blood LDL (low- 
density lipoprotein). 

4.19  Antimicrobial Properties of Sweet Orange juice 
and Peel 

Hydromethanolic extract of Citrus sinensis peel is known for its antibacterial against 
various gram positive and gram negative. The hydromethanolic extract of orange 
peel demonstrates antibacterial activity against Staphylococcus aureus (6–14 mm), 
Bacillus subtilis (6–9  mm), Staphylococcus epidermis (5–10  mm), E. coli 
(7–12 mm), Shigella flexineri (9–12 mm), and Pseudomonas aeruginosa(6–9 mm) 
(Dubey and Schares 2011). 

After phytochemical research, Mostafa and Essawy (2021) discovered a range of 
bioactive organic components in fresh juice and methanolic peel and pulp extract. 
The antioxidant activity of Citrus sinensis L. (Sweet Orange) juice extract and crude 
methanolic extract of pulp and peel (MPPE) was effective against two fungal and 
six bacterial strains. Orange peel polyphenolic extract (OPE) is used to test for its 
anti-fungal properties against Monilinia fructicola, Alternaria alternate and Botrytis 
cinerea; three important post-harvest fungal diseases. Based on the dosage and the 
target fungus, the effect varied at lower to higher concentrations. Phenolic compo-
nents in sweet orange peel like flavonoids (hesperidin, naringin, and neohesperidin) 
and phenolic acids (p-coumaric and ferulic)—were also evaluated in different stud-
ies for their anti-fungal activity. Ferulic acid and p-coumaric acid considerably out-
performed flavonoids in terms of their capacity to inhibit growth in artificial 
medium. There was no indication of compound synergism, and phenolic acids 
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might enhance OPE’s inhibitory activity. Intriguingly, ferulic acid retained its effec-
tiveness against M. fructicola and A. alternata while outperforming p-coumaric in 
the control of B. cinerea in peach-based medium. The potential for using ferulic 
acid or ferulic acid-rich based extracts as a natural substitute to other post-harvest 
treatments to reduce post-harvest losses and also augment fruit shelf life is sug-
gested by these findings, which show peel orange extracts to be an excellent source 
of antimicrobial chemicals (Hernandez et al. 2021). 

Antibacterial activity of sweet orange juice extract on diverse microorganisms 
using ethanol and ethyl ethanoate as solvents was also examined by researchers. 
Ditch method was followed to assess the sensitivity of Escherichia coli, 
Staphylococcus aureus, Klebsiella pneumoniae, and Neisseria gonorrhoeae to it. 
The disc method was also used to examine the effectiveness of gentamycin, strep-
tomycin, penicillin G and ciprofloxacin, against test pathogens and positive con-
trol cultures. The Dosage effect was different on different organisms but there 
was a big difference between the alcohol and ethyl ethanoate extracts too. Ethyl 
ethanoate extract of orange peel was much more effective than the ethanol extract 
and the positive control (Hassan et al. 2021). 

4.20  Antimicrobial Properties of Sweet Orange Essential oil 
and Seed Oil

According to the findings of the disc diffusion methods to determine minimum 
inhibitory concentration (MIC), the sweet orange essential oil shown a broad spec-
trum of antimicrobial activities against Penicillium chrysogenum, Staphylococcus 
aureus, Escherichia coli, Bacillus subtilis, and Saccharomyces cerevisiae. Their 
MIC ranged from 4.66 to 18.75 μL/mL, while their inhibition zones ranged from 
14.57 to 23.37 mm (Tao et al. 2009). 

The antibacterial activity of the orange seed oil is superior to that of the non-oil 
extract, according to Oikeh et al. (2020). The antifungal test findings revealed that 
Aspergillus niger and Penicillium sp. were not affected by the seed oil’s ability to 
significantly slow down the expansion of Candida albicans. The MIC values for 
both extracts against bacterial and fungal strains were between 50 and 100 g/mL 
The minimum bactericidal and fungicidal concentration values for both extracts 
were in the range of 100–200 g/mL. According to the study’s findings, C. sinensis 
seed oil and non-oil extracts have antioxidant, antibacterial, and antifungal qualities 
that can be used in numerous ways to build products. 

4.21   Health Effects  

Vitamin A and other flavonoid with antioxidant properties, such as zeaxanthin, 
lutein, beta-cryptoxanthin, alpha and beta carotenes and beta-cryptoxanthin, are 
also present in substantial amounts in oranges. Vitamin A is necessary for 
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preservation of healthy skin vision and mucous membranes. The B-complex vita-
mins viz. pyridoxine, thiamin, folates and minerals are also abundant in it (Tables 
4.3 and 4.4). These vitamins are vital  for the body and it needs outer sources to 
replenish them. Orange fruit is a rich source of the minerals including calcium and 
potassium. Potassium helps control blood pressure and heart rhythm since it is an 
essential component of body and cell fluids. Flavonoid rich fruits aid in the body’s 
defense against oral and lung malignancies. Potassium is a crucial part of physio-
logical fluids and cells and helps to regulate blood pressure and heart rate. 
Constipation is relieved by the orange’s alkaline qualities, which also stimulate the 
digestive juices. Orange juice consumption on a regular basis lowers kidney stone-
causing calcium oxalate formation risks. Oranges contain polyphenols that protect 
against viral infections. Oranges keep your skin youthful and shining by protecting 
it from free radical damage, which keeps you looking young (Tsuda et  al. 
2004). Oranges can be used to make juice, concentrates, punches, orangeades, and 
liquors, as well as a variety of soda and cocktail beverages. Orange fruits and peels 
are used in several specialties, including candied peels, jams, pastries, cakes, mar-
malades and candies. Cooking with orange seed oil is an option, and it can also be 
found in polymers. As essential oil, orange peel oil is used in perfumes, along with 
oils made from flowers, leaves, and twigs.     

4.22  Chemical Composition of Compounds in Orange Juice, 
Peel (Fresh Oven Dried and Microwave Dried, 
Seeds, Pulp) 

Table 4.5 shows the collective information of the compounds present in sweet 
orange parts. The below table gives the information of total phenolic content (TPC), 
Total Flavonoid content and specific compounds present in orange.   

4.23  Amino Acids Content 

Many forms of orange juices, including packed orange juice manufactured from 
frozen concentrates and freshly squeezed oranges are available; they vary in their 
amino acid  composition. The compositional variations observed  between these 
juices, as assessed by their amino acid content, are presented in the form of range in 
Table 4.6 (Gomez-Ariza et al. 2005).
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Table 4.3 Nutrient composition of sweet orange

Source Nutrient Amount References

Sweet 
orange 
pulp

Energy 197 KJ Etebu and Nwauzoma (2014), Lanza 
(2003) and Roussos (2016)Water 86.75–87.2 g

Carbohydrates 7.8 g
Sugars 9.35 g
Dietary fibers 1.6–2.4 g
Protein 0.7–0.94 g
Fats 0.12–0.2 g
Vitamin A 11–71 μg
Vitamin C 50 mg
Vitamin B1 0.06–0.087 mg
Vitamin B2 0.04–0.05 mg
Vitamin B3 0.2–0.282 mg
Vitamin B5 0.25 mg
Vitamin B6 0.06 mg
Vitamin B9 30 μg
Choline 8.4 mg
Total phenolic 
compounds

32.3–140.7 mg 
GAE/100 g

Orange 
juice

Water 89.3 g Saänchez-moreno et al. (2003), Lanza 
(2003), Fejzić and Ćavar (2014), 
AbdGhafar et al. (2010) and Irkin et al. 
(2015)

Carbohydrates 8.2 g
Glucose 13.95–30.9 g/L
Fructose 15.5–33.05 g/L
Sucrose 32.41–59.34 g/L
Protein 0.5 g
Thiamin 0.05 mg
Riboflavin 0.03 mg
Niacin 0.4 mg
Vitamin A retinol 
equivalents

38 mg

Vitamin C 41.95–
53.2 mg/100 ml

β-carotene 60.73 mg/100 ml
α-carotene 48.57 mg/100 ml
β-cryptoxanthin 314.09 mg/100 ml
α-cryptoxanthin 161.82 mg/100 ml
Zeaxanthin 345.38 mg/100 ml
Lutein 765.72 mg/100 ml
Total phenolic 
compounds

43.7–135 mg 
GAE/100 g

(continued)
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Table 4.3 (continued)

Source Nutrient Amount References

Orange 
peel

Moisture 9.5 g/100 g Zaker et al. (2016) and Arora and Kaur 
(2013)Protein 5.17 g/100 g

Fiber 74.14 g/100 g
Crude fat 4.41 g/100 g
Sugar 9.20 g/100 g
Total phenolic 
compounds

158.54–
177.92 mg/100 g

Source: USDA Nutrient Database (2014)

Table 4.4 Nutritional composition of sweet orange

Minerals 
(mg/100 g) Fruit pulp

Fruit 
peel Fruit juice References

Potassium 139–2712 154 110.7–172 Roberts and Gaddum (1937), Bitters (1961), 
Paramasivam et al. (2000), Topuz et al. 
(2005), Onibon et al. (2007), De 
Moraes Barros et al. (2012) and Czech et al. 
(2020)

Sodium 0.12 0.54 0.57–0.7

Calcium 27.9–93 41.9 5.37–9.47

Phosphorus 23.3 25.3 12.52–32

Magnesium 10.3–85 13.2 5–10.2

Iron 0.37–240 0.51 0.1

Zinc 0.17–10 0.25 0.17–0.316

Copper 0.06 0.15 0.005–0.277

Manganese 0.02 0.13 0.002–0.011

Selenium 1.50 2.35 –

4.24  Minerals Content 

According to De Moraes Barros et al. (2012), eight minerals were discovered in 
orange juice with four major elements (K, Ca, Na, and Mg) and four trace elements 
(Cu, Fe, Mn, and Zn). All main minerals and trace elements had the second-highest 
level of Cu and K, were found in peels in higher concentrations than in pulps of 
oranges. The highest potassium content was found in citrus pulp and peel, followed 
by calcium and magnesium. Orange fruits have a low salt content (2 mg per 100 g 

4 Orange
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Table 4.6 Amino acids present in sweet orange juice

Amino acids
Amount 
(mg/100 mL) Reference

Alanine 8.6–22 Rockland (1961), Gomez-Ariza et al. (2005), Niu et al. 
(2008), Roussos (2011), Liu et al. (2012a, b) and Roussos 
(2016)

Arginine 54–121
Asparagine 35–188
Aspartic acid 7.36–114
Glutamic acid 6.47–49
Glutamine 15–60
Glycine 0.93–2
Histidine 0.18–126
Isoleucine 0.56–7
Leucine 0.66–8
Lysine 3–22
Methionine 1.90–46
Phenylalanine 0.14–43
Proline 64–239
Serine 10.4–37
Threonine 0.98–28
Tryptophan 0.16–0.3
Tyrosine 1.23–38
Valine 1.08–26

orange pulp), but they also have a high potassium content (140 mg per 100 g of 
orange pulp). For body’s cells to maintain their electrolyte balance, the ratio of K to 
Na in oranges is critical. 

The orange sample, according to Topuz et al. (2005), contained a variety of min-
eral sources, including K, Mg, Ca, and P. The Finike cultivar’s juice has the highest 
levels of the micro components. K was a prominent element in the samples, with 
concentrations in the types that were examined ranging from 1011 to 1364 mg/kg. 
The majority of the chemical traits of the Shamouti  cultivars were, on average, 
slightly subpar compared to those of the other types. To illustrate the concentration 
of minerals contained in sweet orange pulp, peel, and juice, numerous investigations 
were also documented in our literature and are shown in Table 4.7.   

4.25  Uses 

4.25.1  Food Products

Drinks, sorbets, breads, and jams all contain blood oranges (Ehsani 2007). 

P. Rawal  et al.
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Table 4.7 Minerals in different parts of orange

Minerals Fruit pulp
Fruit 
peel Fruit juice References

Potassium 
(mg/100 g)

139–2712 154 110.7–172 Roberts and Gaddum (1937), Bitters (1961), 
Paramasivam et al. (2000), Topuz et al. 
(2005), Onibon et al. (2007),  
De Moraes Barros et al. (2012)  
and Czech et al. (2020)

Sodium 
(mg/100 g)

0.12 0.54 0.57–0.7

Calcium 
(mg/100 g)

27.9–93 41.9 5.37–9.47

Phosphorus 
(mg/100 g)

23.3 25.3 12.52–32

Magnesium 
(mg/100 g)

10.3–85 13.2 5–10.2

Iron 
(mg/100 g)

0.37–240 0.51 0.1

Zinc 
(mg/100 g)

0.17–10 0.25 0.17–0.316

Copper 
(mg/100 g)

0.06 0.15 0.005–0.277

Manganese 
(mg/100 g)

0.02 0.13 0.002–0.011

Selenium 
(mg/100 g)

1.50 2.35 –

4.25.2  Thickening and Gelling Agent 

Residue of orange juice is also used in food products due to the material’s high 
pectin content and probable availability in large amounts, orange juice extraction 
residues have the potential to be a superior source of dietary fibre (DF). Three dif-
ferent orange kinds’ DF pulp were examined for its chemical and physical proper-
ties. The total dry matter content was relatively high, ranging between 35.4% and 
36.9%. (DM). Pectins (15.7–16.3% DM), lignin (2.2–3.0% DM) and cellulose and 
hemicellulose (16.6–18.1% DM), were all abundant in orange DF. The product had 
a high water retention capacity (7.3–10.3 g water/g fibre), a significant oil absorp-
tion feature (0.9–1.3 g oil/g fibre), and a low caloric value (3519–3735 cal/g). Little 
amounts of protein, fat, and ash were found in orange DF concentrate (8.1–10.1%, 
1.5–3.0%, and 2.6–3.1% DM, respectively) according to chemical analysis. From 
light orange to yellow, the DF’s orange colour fluctuated. These characteristics sug-
gested a variety of potential applications, including those for binders, texturizer, 
low-calorie bulk ingredients, thickening and gelling agents, as well as clouding 
agents in beverages (Grigelmo-Miguel and Martin- Belloso 1998, 1999). 
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4.25.3  Cookies 

More than half of the raw materials used in the production of orange juice are con-
verted into byproducts that are nutrient-dense and high in active chemicals. 
Increasing the utilisation of these byproducts could be a crucial circular economy 
strategy. The goal of this study was to make flour from a by-product of orange juice, 
define it, and then use this flour to make cookies. Chemical composition, dietary 
fibre, phenolic compounds, antioxidant potential, and hygroscopic characteristics of 
orange by-product flour (OBPF) were described. The impact of using OBPF in 
place of wheat flour in cookies was then assessed. Dietary fibre (73.61% dry matter 
(DM)), minerals (ash = 2.72% DM), and total phenolic compounds (534 mg gallic 
acid equivalent (GAE)/100 g of DM) were all found in very high concentrations in 
OBPF.  In general, employing OBPF in place of wheat flour had no appreciable 
impact on the characteristics of cookies. Sensory evaluations revealed that cookies 
made with 10% OBPF scored better. As a result, OBPF displayed intriguing proper-
ties that point to potential applications in the development of fiber-rich meals like 
cookies. Additionally, OBPF manufacturing serves as a significant strategy for the 
orange juice processing sectors in the development of a circular economy in the 
food chain (Castro et al. 2020). 

Orange peel powder can be used in baked goods like cookies and is a rich source 
of crude fibre, phenolic compounds, and carotene. The nutritional content of the 
baked cookies was examined. It was also investigated how cookies changed as they 
were stored. Cookies made with a blend of orange peel powder and refined wheat 
flour performed best when made with 2% orange peel powder and 98 percent refined 
wheat flour, and their chemical makeup was very constant over time. The cookies 
held up well during the three-month preservation period. During their three-month 
storage, the cookies in LDPE bags outperformed those in polypropylene (PP) in 
terms of quality (Belose et al. 2021). 

4.25.4  Fat Substitute in Ice Creams 

Crizel et al. (2013) reported that orange fibre was examined from two separate sam-
ples: F1 (peel, pulp, and seeds) and F2 (peel). The overall amount of dietary fibre in 
both samples was high, and the proportion of soluble to insoluble fibre was perfect. 
The fibres demonstrated a great ability for retaining water and oil as well as a high 
concentration of phenolic and carotenoids. Orange fibre was used as a fat substitute 
in ice cream, which resulted in a 70% reduction in fat without significantly altering 
the product’s texture, flavour, or colour. The use of orange fibre as a fat replacement 
in ice cream production has proven to be a promising alternative. 
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4.25.5  Breads 

The quantities of fibre, ash, and phytochemicals in bread are increased when orange 
peel flour is used. But only bread made with 3% OPF had a sensory quality that was 
on par with bread made with 100% wheat. In addition to giving food more value, 
using orange peel flour in bread production will lower environmental pollution and 
wheat import costs. Orange peel flour was added, which increased ash (2.3–4.3%), 
fibre (0.6–5.8%), and carbohydrates (59.9–62.1%), but a decreased protein 
(8.2–2.7%) and fat (1.7–0.8%). With higher quantities of orange peel flour in the 
samples, phytochemical levels also rose. Alkaloids varied from 3.6 to 4.8 mg/g, tan-
nins from 0.9 to 1.4  mg/g, and saponins from 0.9 to 1.4  mg/g. Loaf capacity 
was reduced from 8.0 to 4.8 cm3, the oven spring from 2.0 to 0.2 cm, and the specific 
volume decreased from 5.3 to 3.2 cm3/g. For all the studied qualities, sensory qual-
ity declined as orange peel flour content increased. However, there was no sensory 
quality difference between bread prepared with 100% wheat flour and that made 
with 3% orange peel flour (Okpala and Akpu 2014). 

4.25.6  Muffins 

A dietary fiber-rich orange bagasse product (DFROBP) was created, with a 41.5% 
total dietary fibre (TDF) content. In comparison to a control muffin, the product 
boosted the fibre content of the experimental muffins by 40 and 63%. Although 
there was no difference in the amount of immediately digested starch between the 
control muffin and those with DFROBP, there was an increase in the amount of 
slowly digestible starch after this ingredient was added. However, DFROBP addi-
tion resulted in a drop in resistant starch levels. The projected glycemic index of 
muffins with DFROBP added was significantly lower than expected, and the prefer-
ence test revealed that the 10% replaced muffin and the control muffin was equally 
popular. The production of prototype baked goods with high levels of TDF and 
indigestible fraction was made possible by the partial replacement of wheat flour 
with DFROBP. These qualities may be useful in dietary plans for people with vari-
ous nutritional needs (Romero-Lopez et al. 2011). 

4.25.7  Candies

Orange Peel Candies are the best candy in terms of nutrient availability, flavour, and 
product ease. A sensory assessment test reveals that all of the goods pass muster 
with the panellists in terms of flavour, aroma, colour, general assessment, and 
appearance. Based on the results, it has been determined that the developed orange 
peel Candies are nutrient-rich, suitable for industrial use, and a commercially viable 
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product. As a result, orange peels have the potential to be a significant raw resource 
for enterprises that manufacture food. Citrus sinensis (orange) peel is used to make 
orange peel candy, showing that it has the potential to be used in the food processing 
sector and lessen its negative environmental impact. The earliest method of food 
preservation is candy, which is a sweet confection. Sample 1 is made entirely of 
sugar, Sample 2 is 85% sugar to 15% honey, Sample 3 is 50% sugar to 50% honey, 
Sample 4 is 85% sugar to 15% molasses, and Sample 5 is 50% sugar to 50% molas-
ses. The created orange peel candies are deemed acceptable and can be used for 
industrial purposes to create an economically viable product. All the prepared sam-
ples were formed to be “moderately good” (Mohanta et al. 2021). 

4.25.8  Protein Feed 

According to Xiao et al. (2018), orange peel can be fermented to create single cell 
protein feed, which can then be fermented to create ethanol and enzyme prepara-
tion. The common practice is to manufacture food from fruit peel; the majority of 
fruit peel pickling and fruit puree goods may be made from fruit peel, for instance, 
pomelo peel jam, which is a low-sugar meal with a class with nutrition and health 
functions. Fruit peel can be dried and used to make tea, such as dried orange peel 
and dried grapefruit skin. Fruit peels are now entirely utilised in industrialised 
nations because to the use of innovative technology for peel cleaning. 

4.25.9  Jam

Jam can be made from oranges. The low gel strength of the jam can be addressed by 
adding pectin during processing to achieve the economically acceptable gel strength, 
or the deficiency can be made up for by using a combination of fruits high in pectin. 
The flavour and colour may be enhanced by combining the fruit with other fruits. 

It is highly advised to promote jam manufacturing at the household level using 
regional raw materials, such as sugar beet, and rigorous guidelines must be acces-
sible when making jam at home (Sulieman et al. 2013). 

4.25.10  Colour of Orange Juice  

Carotenoids, one of the major classes of natural pigments, are responsible for the 
colour of orange juice, although anthocyanins are primarily responsible for the 
colour of specific orange kinds, such as blood oranges. Food colour has an impact 
on consumer choices. According to certain studies, consumers’ perceptions of the 
quality of orange juice are influenced by the colour of citrus beverages in general. 
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The objective evaluation of orange juice colour is highly valued in the USA, to the 
point where this characteristic is used to classify the product commercially based on 
quality. In addition to the relevance of orange juice colour to product quality, it is 
crucial to precisely measure this parameter because it has been shown that colour 
measurements can be used to quickly estimate the carotenoid concentration for 
quality control. Numerous methods and tools have been created over time as a result 
of these issues (Meléndez-Martínez et al. 2005). 

Dassoff et al. (2021) reported that oranges make about 60% of the total, with 
juice production being their primary use. During the manufacture of orange juice, 
only roughly 50% of the weight of a fresh orange is converted into juice, with the 
remaining 50% being made up of residual (orange leaves, orange pulp, orange 
seeds, complete uncut orange fruits, and peel requirements). An effort has been 
made to deal with the tonnes of orange by-products that have resulted. Investigate 
potential strategies for recycling and valorizing citrus trash. However, these uses do 
not encompass all of the waste or fully realise the waste’s potential worth. Currently, 
orange pomace, a by-product of the juicing process, is utilised to extract essential 
oils for aroma and flavour, and the remainder of the trash is used as cow feed. These 
by-products, which are disposed of at the owner’s expense in landfills, cause global 
warming through carbon emissions. On the other hand, orange by-products still 
have a lot of beneficial nutraceutical elements, like dietary fibre and phytochemi-
cals, which might be used to generate new products and ingredients with value- 
added. Making organic fertilisers and biofuels as well as extracting antioxidants, 
pectins, and essential oils are a few study methods in this field.Regarding using the 
orange pomace directly or with some basic processing, there is little information in 
the literature or in the food sector. This review is justified by the possibility of using 
orange pomace as a “clean-label,” natural preservative for food product development. 
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Chapter 5
Pomelo

Radha Kushwaha, Vinti Singh, Prem P. Kushwaha, and Devinder Kaur

5.1  An Overview

The relationship of humans and nature led to search for different medicinal plants 
and their possible utilization to cure numerous diseases (Kamarudin et al. 2017). 
Pomelo (Citrus maxima or Citrus grandis) belongs to the family Rutaceae (Oboh 
et al. 2014; Vijayalakshmi and Radha 2016a; Rex et al. 2018). China is considered 
as native place of Citrus grandis (Shah et al. 2019). A variety of names are given to 
the fruit, which has white or pinkish flesh and a yellow to green skin. Among people 
from different areas, citrus fruit is delectable because of its sweetish acidic flavor 
(Zhang et al. 2017). Peel and flesh are two parts of the fruit (Fig. 5.1). Peel is com-
posed of mesocarp or albedo (white, soft) and epicarp or flavedo (colored). The peel 
comprised maximum percentage of fruit (60.00–65.00%), followed by internal tis-
sues (30.00–35.00%), and seeds (seedless to 10.00%) (Alnaimy et  al. 2017). 
Delicious aroma and taste characterize the fruits. The fruit has maximum water 
content with small amount of carbohydrate (glucose, sucrose, and fructose), protein 
and fat. They have also considered as effective source of ascorbic acid and 
B-complexes (thiamine, niacin, pyridoxines, pantothenic acids, B2, and B12). 
Furthermore, citrus fruits provide an immeasurable amount of fiber, which contrib-
utes to the prevention of gastrointestinal diseases as well as the reduction of choles-
terol in the body. The fruit contains several phytochemicals, like carotenoids, 
flavonoids, and limonoids (Liu et al. 2012).
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Fig. 5.1 Citrus grandis fruit

5.2  Botanical Description

Kingdom : Plantae
Order : Sapindales
Family : Rutaceae

Genus : Citrus

Subgenus : Eucitrus

Species : Maxima or grandis

Hindi : Chakotra

English : Pomelo, Pummelo, Thai grapefruit, 
Chinese grapefruit

The pomelo tree (C. grandis or C. maxima) grows two to five meters tall, has an 
irregular trunk and branches up to five centimeters in diameter and spines up to five 
centimeters long. Branchlets, limbs, and trunks of young trees are usually angular, 
soft, short, and densely hairy, with spines usually present. The leaves of these plants 
range from 5 to 20 cm long, 2 to 12 cm broad, fibrous, light green and hairy other 
lower side, green and glossy upwards, and they are alternate, ovate-oblong, or ellip-
tic in shape. The petiole can be broadly wingless, or nearly wingless, up to seven 
centimeters wide, and contains glands that release oil when crushed. Pomelo has a 
hesperidium type of fruit, which is very fleshy, indehiscent berries that range exten-
sively in terms of color, size, shape, and nutritional and physcio-chemical properties 
of juice. The fruit diameter commonly ranges from 10 to 30 cm and weighs over 
1–2 kg when fully ripe. The fruits are globose to pyriform or nearly round to oblate 
or pear-shaped and are borne singly. The fruit of pomelo is much larger and has 
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thick peels, and it is less juicy than other citrus fruits. A crisp carpellary membrane 
and juice sac surround the firm flesh. Their flesh is white or pink and they are seeded 
(Matheyambath 2016). A thick leathery exocarp containing many oil glands forms 
the rind known as the flavedo. A green, greenish-yellow, or pale-yellow stripe with 
a thickness of 1.25–2.00 cm, peeling could be difficult, clinging is possible, or it is 
more or less easy to remove. There are many sections within the fleshy endocarp 
containing stalked pulp and segregated by thin septa. Usually, the endocarp is cov-
ered in a white hard tissue called a mesocarp (known as rag or albedo).Greenish- 
yellow or pale-yellow juice vesicles known as pulp consists of 11–18 segments, 
with varying degrees of juicy and dryness but often not as acidic as traditional citrus 
fruit (Purseglove 1974). Depending on the variety, the flavor can be mildly sweet, 
slightly acidic, or quite sweet.

5.3  Chemical Constituent of Juice, Seed, and Peel

Pomelos are among the most grown and eaten citrus fruits, along with oranges, 
mandarins, lemons, grapefruits, and grapefruit juice (Tocmo et al. 2020). There are 
several proven health benefits associated with pomelo (Table 5.1) (Mäkynen et al. 
2013). They ensure protection from high blood pressure, hyperglycemic response, 
and oxidative stress due to bioactive substances (flavonoids, carotenoids, polyphe-
nols, lycopene, fiber, limonoids, and ascorbic acid). Food products that contain 
pomelo as ingredients have grown in popularity due to their health promotion prop-
erties (Reshmi et al. 2020). Pomelo can be eaten fresh or juiced (Tocmo et al. 2020), 
or pomelo fortified noodles can be beneficial to diabetics (Reshmi et  al. 2020). 
However, researchers have explored alternative methods of utilization of pomelo 
peels into production of polysaccharides, phytochemicals, and essential oils (Tocmo 
et al. 2020). A huge amount of agricultural waste is generated because of juice pro-
duction and fresh fruit consumption. As with other citrus fruit wastes, wet pomelo 
peel waste consists primarily of water, polysaccharides (hemicellulose and cellu-
lose), soluble sugars, D-limonene, and bioactive components (like flavonoids). 
Pomelo (Citrus maxima) fruit has 87.0% moisture, 1.60% fiber, 11.5% carbohy-
drate, 0.6% protein 0.20% and 120 mg/100 g vitamin C (Kumar et al. 2019).

Peels were separated from fruits and dried in drier. Physicochemical character-
ization of peel powder of Citrus maxima showed that peel powder had 3.17% miner-
als, 0.83% acid insoluble ash, 0.67% water soluble ash, and 29.24% alcohol soluble 
extract along with maximum amount of flavonoids and steroids while low saponins 
and tannins (Sawant and Panhekar 2017). Pomelo fruit peel essential oils were 
found in concentrations ranging from 204 mg/100 g to 3119 mg/100 g. Pomelo peel 
essential oils were mainly composed of monoterpene hydrocarbons (78.19–99.54%) 
and sesquiterpene hydrocarbons (less than 2.09%) as well as their oxygenated deriv-
atives (less than 9.65%) (Gonzalez-Mas et al. 2019).

It has been reported that the yields of pectin ranged from 3.11% to 39.72% and 
that the yields were very dependent on the material, the chemical adjuvant, and its 
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Table 5.1 Nutritional value of pomelo fruit

Components Juice Peel References

Moisture (g/100 g) 83.3 78.0 Czech et al. (2020)
Carbohydrates 
(g/100 g)

5.86–9.62 Shao et al. (2017), Sawant and Panhekar (2017) 
and Abobatta (2019)

Dietary fiber (g/100 g) 1.00–1.90
Fat (g/100 g) 0.04
Protein (g/100 g) 0.76
Minerals (g/100 g) 0.4 3.17
Thiamine (mg/100 g) 0.034
Riboflavin (mg/100 g) 0.027
Niacin (mg/100 g) 0.22
Vitamin B6 
(mg/100 g)

0.036

Vitamin C (mg/100 g) 55.25–61.00 Kumar et al. (2013)
pH 3.58 Basumatary et al. (2020)
TSS (oB) 10.00
Titratable acidity 
(g/100 g)

1.57

Fructose (g/l) 0.20–12.00 Shao et al. (2017) and Gupta et al. (2021a, b)
Glucose (g/l) 0.13–11.00
Sucrose (g/l) 0.25–50.00
Calcium (mg/100 g) 14.5 28.8 Sawant and Panhekar (2017) and Czech et al. 

(2020)Sodium (mg/100 g) 0.10–1.0 0.68
Potassium (mg/100 g) 104.00–

216.00
127.00

Phosphorus 
(mg/100 g)

17.00–18.9 21.9

Magnesium 
(mg/100 g)

6.00–19.40 23.00

Iron (mg/100 g) 0.11–0.46 0.52
Zinc (mg/100 g) 0.08–0.10 0.12

concentration, as well as other factors like solid: solvent ratio, extraction time, pre-
cipitant agent, and temperature. Fresh peel was rarely used as a starting material, 
while peel, flavedo, and albedo were commonly used (Xiao et al. 2021). As a by- 
product of pomelo fruits, pomelo seeds (PS) are extremely valuable. The potential 
of PS as an antioxidant, antibacterial, and herbicidal agent, as well as its functional 
components, continue to be a challenge. It is suggested from previous study by Ling 
et al. (2021) that naringin contributes to the antioxidant activity of seed, and the 
herbicidal activity could be ascribed with limonoids. Antimicrobial analysis of the 
water: ethanol extract of pomelo seeds and pulp showed a growth inhibitory effect 
on B. subtilis, S. aureus and E. coli, which makes it a natural preparation for use as 
an alternative preservative for food and cosmetic (Sahlan et al. 2018).
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5.4  Bioactive Components

Phytochemicals present in citrus fruits have antiviral, antibacterial, antifungal, anti-
carcinogenic, anti-inflammatory properties, and antithrombotic, as well as lowering 
cholesterol levels. There are several active compounds in the plant, including ascor-
bic acid, phenols, flavonoids, carotenoids, sulfides, limonoids, and phytoestrogens. 
These compounds are antioxidative and have broad health benefits (Kuo 1996). A 
similar bioactive component is found in pomelo, which also provides a significant 
amount of protection against hyperglycemia, oxidative stress, and high blood pres-
sure. In the development of functional foods, pomelo segments have become 
increasingly prominent due to their essential health-promoting properties (Reshmi 
et al. 2020). Fresh pomelo or juice made from pomelo may be consumed by diabet-
ics (Tocmo et al. 2020), and pomelo fortified noodles also reported beneficial for 
diabetics (Reshmi et  al. 2020). However, researchers have explored alternative 
methods to reduce postharvest loss of pomelo peels to produce essential oils, poly-
saccharides, and phytochemicals (Tocmo et al. 2020). A huge amount of agricul-
tural waste is generated because of juice production and fresh fruit intake. As with 
other citrus fruit wastes, pomelo peel waste consists primarily of water, polysac-
charides (hemicellulose and cellulose), D-limonene (lipids), soluble sugars, and 
bioactive components (like flavonoids).

5.4.1  Ascorbic Acid

As a citrus fruit, pomelo is a rich source of ascorbic acid. According to Haque et al. 
(2009) and Shao et al. (2017) pomelos have 52.3 and 54.98 mg/100 g of FW of 
ascorbic acid determined the presence of Vitamin C by dye titration method. Water- 
soluble vitamin C is helpful for the body’s defense because of its antioxidant prop-
erties (Turner and Burri 2013). Basically, it’s transmitted through collagen, muscle 
fibers, neurotransmitters, bones, and carnitine biosynthesis because these particles 
connect them. Consuming ascorbic acid can boost white blood cells and stimulate 
the immune system (Wintergerst et al. 2006). Pre-eclampsia risk can be reduced 
with Vitamin C during pregnancy (Chappell et al. 1999). Vitamin C supplementa-
tion seems to help reduce cold symptoms (Wintergerst et  al. 2006). The results 
reported by Kumar and Vijay reported a comparative study of ascorbic acid content 
in different citrus fruits and concluded that the pomelo has lowest amount of ascor-
bic acid (55.25 mg/100 g) as compared to lemon, orange, and mosambi.

5.4.2  Carotenoids

Tetraterpenoids, or carotenoids, give plants their vibrant yellow, red, and orange 
colors. Pomelo generally falls into two categories based on their flesh color: white 
or yellowish flesh, and pink or red flesh. Different combinations of carotenoids 
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produce different colors. Red fleshed pomelo has the most pigments at maturity, but 
white fleshed pomelo has other carotenoids, which make its pigments less intense. 
In addition to enhancing the immune response of the plant, carotenoids also enhance 
the dietary components of the plant (Alquezar et al. 2008). In the fruit, there are 
carotenoids viz., lycopene, α-and β-carotene, lutein, phytoene, zeaxanthin, and 
β-cryptoxanthin. Jiang et al. (2019) reported the carotenoid contents of fruits from 
different pomelo cultivars based on colors and exhibited that cultivar ‘Huangjinmiyou’ 
-red fleshed has the maximum amount of β-carotene, following others viz., 
‘Hongroumiyou’ and ‘Guanximiyou’, while cultivar Hongroumiyou’ showed maxi-
mum concentration of lycopene. Citrus fruits have a high carotenoid content which 
contributes to their sensorial and nutritional quality. Lu et al. (2012) Researchers 
have determined that the color of Huangjinmiyou juice is primarily due to its con-
tent of a mixture of carotenoids, including alpha-carotene, phytoene, beta-carotene, 
and beta-cryptoxanthin, which reach 251.77 grams per pound at full strength, which 
is 2.6 times greater than Hongroumiyou and 287.7 times more than Guanximiyou. 
Tao et al. (2010) reported that average yield of carotenoids from pomelo peel was 
ranged between 30 and 50μg/g. The carotenoids from pumelo peel showed efficacy 
against bacteria S. aureus, E. coli, and B. subtilis and a weaker but significant anti-
fungal activity against S. cerevisiae, and R. oryzae. They had also reported the that 
the carotenoids extract showed no inhibition effects on A. niger, A. flavus, and 
P. chrysogenum. Wu et al. (2021) reported the three major types of carotenoids in 
mature fruits, the content of which were lycopene, β-carotene, and zeaxanthin in 
order from high to low from different portion of fruit juice cell, sack coat, and 
sponge layer. The juice cell, sack coat, and sponge layer contain lycopene 
(387.65μg/g), β-carotene (66.23μg/g), and zeaxanthin (98.6μg/g); contain lycopene 
(75.33μg/g), β-carotene (40.68μg/g), and zeaxanthin (6.80μg/g); and contain lyco-
pene (20.74μg/g), β-carotene (26.67μg/g), and zeaxanthin (4.08μg/g), respectively. 
It was concluded that carotenoids were mainly accumulated in juice sacs, and lyco-
pene was the most important pigment in juice sacs, segment wall and albedo. 
According to Liu et al. (2016) and Jiang et al. (2019), red-fleshed sweet pomelo 
(Hongrou) contains high levels of lycopene and β-carotene, with lycopene having 
significantly greater amounts than β-carotene. Cultivar Huangjin with orange pulp, 
on the other hand, produced 35 times more β-carotene than lycopene, whereas both 
compounds were negligible or undetectable in cv. Guanx. As reported by Liu et al. 
(2016), the main pigments found in Red-fleshed pummelo fruits are lycopene and 
beta-carotene; however, in Guanxi pummelo fruits, these pigments are too low as 
they cannot be detected. A study in (2006) by Xu et al. reported the carotenoids in 
pumelo fruit of cultivar Yuhuan, except for lycopene which was undetectable. Lutein 
(73.9 ng/g db) and phytoene (73.6 ng/g db) were the main flavonoid compounds, 
followed by zeaxanthin (21.7  ng/g db) and β-carotene (10.7  ng/g db). However, 
according to Yan et al. (2018) in cultivar Feicui (pale green-fleshed) only violaxan-
thin was detected at about 1.0μg/g db. In the flavedo, lutein, violaxanthin, α- and 
β-carotene were reported in both white and red fleshed pummelo fruits during 
development.
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Its pulp and peel contain carotenoids, which give pomelos their yellow color (Liu 
et al. 2017a, b). Approximately 115 different carotenoids can be found in citrus fruit 
peel and pulp. As reported by Singh (2016), there are Aurapte, carotene, Auraptene, 
5 Geranyloxy-7-methoxy-coumarin, bergamotti and roseoside, in the peel, as well 
as 5-methyltodannol, 6-hydroxymethylherniarin, and 5-methoxy seselin in the roots 
and bark of stem.

5.4.3  Total Phenolics and Flavonoids

Phytochemicals such as phenols play a critical role in preventing stress in plants 
(Bhattacharya et  al. 2010). Khanam et  al. (2014) reported a number of phenolic 
compounds have been isolated from its fruit, including caffeic acid, gallic acid, 
quercetin and trans-cinnamic acid. Fruit extract (aqueous) contain various flavo-
noids like naringenin, kaempferol, luteolin and quercetin (35.92%, maximum), 
whileapigenin and myricetin was absent phenolic acids like chlorogenic acid, 
4-Hydroxy-3-methoxycinnamic, 4-Hydroxycinnamic acid, and vanillic acid were 
unable to detect. The major phenolic acid in pomelo was gallic acid (13.76%, maxi-
mum) followed by caffeic acid and trans-cinnamic acid. It is reported that the flavo-
nones present in the pomelo fruit peel are mainly in the form of glycosides and 
aglycones (hesperetin, eriodictyol, naringenin, diosmetin, nobiletin, luteolin, 
sinensetin, tangeretin, and apigenin). Among the most abundant flavonones are 
neoeriocitrin, naringin, neohesperidine, and naringenin (Wang et al. 2008; Li et al. 
2014; Xi et al. 2014; Yu et al. 2015; Lu et al. 2016). Ali et al. (2019) and Kawaii 
et al. (1999) reported flavonoids mainly hesperidin, neohesperidin, naringenin, nar-
ingin and rutin in pomelo fruit juice According to the Caengprasath et al. (2013), the 
bioactive components of pomelo fruit was 25.4 mg/g db neohesperidin, 12.04 mg/g 
db hesperidin, 11.90 mg/g db naringin and 9.20 mg/g db naringenin. Another study 
reported by Ding et al. (2013) reported high amount of the flavonoids (26.70–13.43 mg 
of rutin/g), and total phenolic (42.79–54.56 mg GAE/g). Whereas results reported 
by Chang and Azlan (2016) in different parts of fruit has different concentration of 
the total phenolic content like albedo (63.11 mg GAE/g FW) has high amount of 
phenolics as compared to flavedo (38.67 mg GAE g/1 FW) followed by segment 
membrane portion (30.66 mg GAE g/1 FW). While Abirami et al. (2014) reported 
the freshly squeezed juices from white and red pomelos showed good amount of 
tannins and phenols and were ranged from 333.33–523.21  mg GAE/g to 
769.05–909.52 mg GAE/g, respectively. They concluded that the white pomelo has 
higher amounts of tannins and phenolics as compared to red fruit. Gupta et  al. 
(2021a) reported the total phenolic contents of pomelo juice were ranged from 
(108.04 to 171.45μg GAE/ml) treated with different concentration of pH and 
reported in the reduction in their phenolic content as compared to non-treated pom-
elo juice. Gupta et al. (2021a) reported the total phenolic and flavonoids content of 
pomelo fruit at different maturity stages. The results showed that the membrane has 
the highest flavonoid content (1.38 mg QE/g) from other portions of the pomelo 
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fruit growth process. However, pulp had second highest amount of flavonoid con-
tent (1233.86μg QE/g) while albedo and flavedo had minimum value. Similarly, 
TPC was higher in membrane followed by pulp, flavedo, albedo and seeds and mini-
mum concentration of TPC was reported in juices. Essential oils from pomelo peels 
were characterized with high amount of coumarin, furanocoumarin epoxides, and 
oxygenated heterocyclic compounds (OHCs), mainly meranzin, oxypeucedanin, 
6′,7′-epoxyauraptene and epoxybergamottin (Li et al. 2021).

The flavonoids were found to be at lower concentrations than the TPC, due to 
their chemical composition, and the concentration varied with the cultivar type 
(Mansour 2018; Samaniego et al. 2020). Depending on the genepool, the harvest 
time, and the parts used, pomelo’s flavonoids and TPC content varies considerably 
(Lu et al. 2006; Ersus and Cam 2007).

5.4.4  Naringin Content

The flavanone naringenin is transformed into a glycoside by the disaccharide neo-
hesperidose to form naringin.

Limonin and naringin are bitter compounds in pomelo fruit that affect its taste 
and reduce its acceptance by consumers (McIntosh and Mansell 1997). In an analy-
sis of all parts of the fruit, Gupta et al. (2021b) found that the albedo had the highest 
concentration of naringin, followed by petals, peels, juice, and pulp, while the seeds 
had the lowest concentration. In accordance with McIntosh and Mansell (1997), 
bitter compounds are distributed differently in different tissues, with naringin being 
more abundant in the albedo and flavedo parts of the fruit. Naringin distribution is 
influenced by a number of processes, including transport of precursors from other 
plant tissues and in-situ metabolism and enzymatic activities. It has also been found 
that the formation of some compounds, including limonin glucoside during fruit 
maturation, is related to the formation of limonoid aglycones (Hasegawa et  al. 
1991). Sudto et al. (2009) worked on the large-scale production of naringin from 
albedo portion of four different cultivars of pomelo fruit and reported the naringin 
content ranged from 1.55% to 2.40%.

5.4.5  Essential Oils

This study found that pomelo essential oils consist of the following components: 
β-myrcene (00.90%), α-pinene (00.40%), β-pinene (3.71%), linalool (00.16%), 
Sabinine (00.93%), hexanal (00.12%), methyl heptenone (1.25%), t-Ocimine 
(1.19%), 1-Hexene, 3,3-dimethyl (0.67%), geranylacetate (0.82%) and geranyl for-
mate (1.83%). Oils were analysed using GC-MS to determine their main compo-
nents and they were in the following concentrations- Z-citral (13.38%), β-farnesene 
(0.45%), E-citral (17.75%), 4-methyl-1-hexene (15.22%), and DL-limonene 
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(31.83%). Furthermore, pomelo essential oil inhibited the growth of A. flavus. 
Phytochemical constituent of oils are as follows: E-Citral, 4-methyl-1-hexene, 
Z-Citral, limnone, Geraniol (Miller et al. 2012; Di Mola et al. 2017; Kittler et al. 
2018; Medeiros et al. 2018; Anmol et al. 2021).

5.4.6  Terpenoids

Pomelo also contains terpenoids. The major terpenoids are deacetynomilin, limo-
nin, nomilin glucoside, deoxylimonin, nomilinic acid, obacunone glucosides, and 
obacunone (Sawant and Panhekar 2017).

5.4.7  Steroids

There were reports of steroids in the peel, root, and fruit of this plant, including 
campesterol, daucosterol, β-sitosterol, and stigmasterol (Arias and Ramón-Laca 
2005; Senguttuvan et al. 2014; Xu et al. 2015).

In addition to these components explained above, pomelo fruit (all the parts) had 
some more compounds like carbohydrate, amino acids (some essential are leucine, 
lysine, isoleucine, and tryptophan), acids (like citric acid, malonic, fumaric, suc-
cinic, tetra-, penta-, and hexa- decenoic acid) decyl acetate, hexanal, and α-tocopherol 
(Straka and Belous 2015; Athira 2017; Ani and Abel 2018; Lukitaningsih and 
Rumiyati 2021).

5.5  Extraction Techniques for Bioactive Compounds

Pomelo bioactive components have been extracted using a variety of techniques 
summarized in Table 5.2.

5.6  Health Benefits

Pomelo fruit extracts and their isolated compounds have been studied pharmaco-
logically. This plant showed various pharmacological effects on human boy like, 
antioxidant, antiepileptic, antidepressant, analgesic, insecticidal, antidiabetic, anti- 
obesity, antimicrobial, anticancer activities, and also reduces the inflammation 
(Fig. 5.2). Various neurological disorders, including Alzheimer’s disease, anxiety, 
and depression can also be treated effectively with bioactive components of 
this plant.
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Table 5.2 Extraction techniques of bioactive components

Plant 
parts

Extraction 
methods Bioactive components References

Pink and 
white 
pomelo 
Peel

Solvent extraction Terpinolene, 𝛼-Pinene, 𝛽-Pinene, 𝛽-Myrcene, 
Limonene, trans-𝛽-Ocimene, Octanal, 
p-Cymene, Citronellal, Decanal, 6-Methyl-5- 
hepten-2-one, Hexanol, trans-2-Heptenal, 
cis-3-Hexen-1-ol, Nonanal, iso-Bornyl acetate, 
trans-2Hexen-1-ol, trans-Linalool oxide, 
cis-Linalool oxide, Octylacetate, Octanol, 
Linalool, Fenchol, p-Menthene-8- thiol, 
𝛽-Caryophellene, 𝛼-Terpineol, Germacrene D, 
Neral, Carvyl acetate, Geranial, trans,trans-2,4-
Decadienal, Nerol, Geraniol, trans-2-Dodecenal, 
cis,trans-2,6- Nonadienal, Perilla alcohol, 
Dodecanal, 4-Terpinenol, Carvone, Neryl 
acetate, 𝛼-Farnesol, trans-Nerolidol, Elemol, 
𝛽-Sinensal, Indole, Nootkatone, Pentanethiol, 
trans-epoxyOcimene, 𝛼-Copaene, Camphor, 
Citronellylacetate, Carvacrol, Citronellol, 
Geranyl acetate, Methyl benzoate, Carveol, 
Benzothiazole, Perilla aldehyde

Cheong et al. 
(2011)

Peel Cold-pressing, 
hydrodistillation, 
SDE, MAE, UAE, 
SFE

𝛼- and 𝛽-Pinene, Sabinene, 𝛽-Myrcene, Octanal, 
cis-𝛽-Ocimene, 𝛼-Phellandrene, Limonene, 
trans-𝛽-Ocimene, Linalool, Octanol, cis-Linalool 
oxide, Terpinolene, Nonanal, p-Mentha-(E)-
2,8(9)-dien-1-ol, Citronellal, Nonanol, 
4-Terpineol, 𝛼-Terpineol, n-Decenal, trans-
Limonene oxide, trans-Piperitol, cis-Limonene 
oxide, Nerol, cis-Carveol, Neral, Carvone, 
Geraniol, Geranial, Perilla aldehyde, Indole, 
trans- Carveol, 𝛿-Elemene, 𝛽-Elemene, 
Dodecanal, trans-Caryophyllene, 𝛾-Elemene, 
𝛼-Humulene, Dodecenal, Germacrene D, 
𝛽-Selinene, Neryl acetate, 𝛼-Copaene, Geranyl 
acetate, cis-3-Hexenyl hexanoate, Valencene, 
trans-Nerolidol, Bicyclogermacrene, 
𝛼-Muurolene, 𝛼-Farnesene, 𝛿-Cadinene, 
Germacrene B, Intermedeol, methyl-
Hexadecanoate, Farnesol, Nootkatone

Sun et al. 
(2014)

Peel Hydrodistillation, 
microwave 
assisted extraction

𝛼- and 𝛽-Pinene, 𝛽-Phellandrene, 𝛽-Myrcene, 
Limonene, Undecane, 𝛽-Linalool, cis- ocimene,6-
Isopropenyl-3-methyl-1-  cyclohexen-1-ol, 
𝛼-Terpineol, (-)-Carveol, Terpene-4-ol, 𝛼- and 
𝛽-Citral, Perillaldehyde, 𝛿-elemene, D, 
Valencene, (+)-4-Carene, neryl acetate, geranyl 
acetate, 𝛽-Elemene, Methyleugenol, 
Caryophyllene, 𝛽-Cubebene, 2-Isopropenyl-4a, 
8-dimethyl- 1,2,3,4,4a,5,6,7- 
octahydronaphthalene,Germacrene 
𝛽-Patchoulene, 𝛽-Panasinsene, Selinene, 
(-)-𝛼-Panasinsen, 𝛽-Neoclovene, Nootkatone, 
Solavetivone, Osthole

Hosni et al. 
(2010), Chen 
et al. (2016), 
Tuan et al. 
(2019) and 
Wu et al. 
(2017)

(continued)
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Table 5.2 (continued)

Plant 
parts

Extraction 
methods Bioactive components References

Peel Cold-pressing 𝛼-and 𝛽-Pinene, 𝛽-Myrcene, 𝛾-Elemene, 
Limonene, Ocimene, Metaraminol, 
Propionamide, Citral, 4-Carene, Norephedrine, 
Caryophyllene, Artemisia triene, Cubebene, 
Cathinone, 𝛽- Bicyclogermacrene, 𝛽-Farnesene, 
2,6,11,15-Tetramethyl-hexadeca-2,6,8,10,14- 
pentaene, 7-Methoxy-6-(3-methyl-2- oxobutyl)-
2H-1-benzopyran-2-one, 
2-(Methylamino)-1-phenylethanol, Copaene

Lan-Phi and 
Vy (2015) 
and He et al. 
(2019)

Pomelo 
peel

Steam distillation Mycene, Hexanal, 2-Hexanal, 3-Hexen-1-ol, 
𝛼- and 𝛽-Pinene, Camphene, D-Limonene, 
Ocimene, 𝛾-Terpinene, cis-Linaloloxide, 
Linalool, Cyclooctanone, cis-Limonene oxide, 
trans-Limonene oxide, 1,3,8-p-Menthatriene, 
𝛽-Terpilenol, Camphor, Citronellal, 
3-Methylenecyclohexene, Terpineol, 
(+)-Carvone, cis-Carveol, Citronellol, Citral, 
Nerol, Perillaldehyde, 4-Carene, Neryl 
acetateCaryophyllene, 𝛽-Elemene, 
2,6-Nonadienal, Geranylgeraniol, Germacrene 
D, 𝛼-Farnesene, 𝛽-Farnesene, Isocarveol, 
Terpilene, Hexanoic acid (hexyl ester), 
4-Decyne, Sobrerol, 𝛽-Bisabolene, Patchoulane, 
Nerolidol 2, Caryophyllene oxide, 
1-(3-methylphenyl)-Ethanone, Santolina triene, 
Prenyl bromide, Farnesyl acetate, Perillene, 
Farnesol, Methyl m-oxybenzoate, cis-Carvone 
oxide, p-𝛼-Dimethylstyrene, Thujanol, 
Nootkatone, 𝛽-Humulene, Cyclohexene 
(2-ethynyl-1,3,3- trimethyl), Dihydrocarveol, 
Myrcenol, 𝛼-Campholenal, 
2-Acetylcyclopentanone, Citronellol formate, 
2-Octyne, 2-Methyl- 1octen-3-yne, cis-p-Mentha-
2,8-dien-1-ol, D-Nerolidol, (-)-Spathulenol, 
7-methyl-3- Octyne, 𝛾-Selinene, Cyclododecyne, 
Longifolenaldehyde, Alloaromadendrene 
oxide-(1), Ledol, p-Menth𝛼-3,8-diene, Cryptone, 
Cyclopentene, 1,5,6,7-Tetrahydro- 4-Indolene, 
Valencen, (+)-Ledene, cis-Z-𝛼- Bisabolene 
epoxide, Isolimonene, Octanoic acid (hexyl 
ester), 𝛽-Maaliene, 𝛾-Gurjunenepoxide-(1), 
Verbinone, Limonene-1,2-diol, trans-Decalone, 
Santalol, Laurine, Longipinocarvone, 
Thunbergol, Cyclohexanepropanol, 
Dihydromyrcenol, Thujone, 
1,3-Cycloheptadiene, 9-Dodecenol, 
Dihydromyrcene, Toluquinol, cis-2,8- 
Menthadiene- 1-ol, 𝛼-Methylcinnimal, 
1,4-Octadiene, Exestrol, Sabinol, 𝛾-Picoline 
1-oxide, 2-ethoxy-Pyridine, Geranyl acetate

Chen et al. 
(2018a, b, c) 
and Guo 
et al. (2018)

(continued)
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Table 5.2 (continued)

Plant 
parts

Extraction 
methods Bioactive components References

Flavedo 
(essential 
oils)

Microwave 
pretreatment and 
hydrodistillation

𝛼- and 𝛽-Pinene, 𝛽-Myrcene, 𝛽-Ocimene, 
D-Limonene, 𝛼Terpineol, Linalool, 
Benzeneacetaldehydecis-Linaloloxide, furanoid, 
Farnesal, trans-p-Mentha-2,8-dienol, cis-p-
Mentha-2,8-dien-1-ol, Terpinen-4-ol, Decanal, 
Nerol, Carveol, D-Carvone, Citral, 
Cyclohexadecane, Squalene, Geraniol, Hexyl 
hexanoate, Butyl caprylate, 𝛽-Elemene, 
𝛽-Gurjunene, 𝛽-Cubebene, c-Elemene, 
c-Muurolene, Valencene, Germacrene D, 
𝛼-Farnesene, Juniper camphor, 7-epi-𝛼-Selinene, 
Nerolidol, Isoaromadendrene epoxide, trans-
Farnesol, Nootkatone, Hexyl benzoate

Liu et al. 
(2017a, b)

Flower, 
leaf, peel 
and juice

Acetaldehyde, 𝛼- and 𝛽-Pinene, 𝛼-Thujene, 
Camphene, Ethyl acetate, Sabinene, 𝛼- and 
𝛽- Phellandrene, 𝛼-Terpinene, Myrcene, Limonene, 
trans-2-Hexenal, 𝛾-Terpinene, trans-Ocimene, 
par𝛼-Cymene, Terpinolene, 4,8-Dimethyl-1,3,7-
nonatriene, cis-3-Hexenyl acetate, 6-Methyl-5-
hepten-2-one, Hexanol, trans-2-Hexenol, 
Isoterpinolene, cis-3-Hexenyl propanoate, 
cis-3-Hexenol, Hexyl butanoate, par𝛼-Mentha-
1,3,8-triene, Ethyl octanoate, cis-3-Hexenyl 
butanoate, 𝛿-Elemene, cis- andtrans-Linalool oxide 
(furanoid), Linalool, Benzaldehyde, 𝛼-Copaene, 
Perilla aldehyde, 𝛽-Elemene, 𝛽-Caryophyllene,, 
Terpinen-4-ol, 𝛾-Elemene, cis-3-Hexenyl 
hexanoate, trans-𝛽-Farnesene, 𝛼-Caryophyllene, 
𝛼-Terpineol, Neral, Germacrene, 𝛼-Selinene, 
cis,trans-𝛼-Farnesene, Geranial, Valencene, 
𝛼-Muurolene, Neryl acetate, Carvone, 𝛿-Cadinene, 
Geranyl acetate, 𝛾-Cadinene, Citronellol, Geraniol, 
Nerol, Calamenene, trans- andcis-Carveol, Perilla 
alcohol, Phenol, Nerolidol, Methyl anthranilate 
Geranic acid, Indole, cis-3-Hexenyl benzoate, 
Nonanoic acid, Ethyl palmitate, Nootkatone 
Acetaldehyde, Ethyl acetate, 𝛼- and 𝛽-Pinene, 
𝛼-Thujene, Camphene, Sabinene, 𝛽-Myrcene, 
𝛼- and 𝛽-Phellandrene, 𝛼-and 𝛾-Terpinene, 
Limonene, Decanal, trans-2-Hexenal, 
trans-Ocimene, 

Goh et al. 
(2019)

(continued)
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Table 5.2 (continued)

Plant 
parts

Extraction 
methods Bioactive components References

HS-SPME par𝛼-Cymene, ortho-Cymene, Terpinolene, 
Isoterpinolene, 4,8-Dimethyl-1,3,7-nonatriene, 
Octanal, cis-3-Hexenyl acetate, cis-2-Hexenyl 
acetate, 6-Methyl-5-hepten-2-one, Hexanol, 
cis-Alloocimene, cis-3-Hexenyl propanoate, 
cis-3- andtrans-2-Hexenol, par𝛼-Mentha-1,3,8-
triene, Farnesol, Indole, Ethyl octanoate, trans- and 
cis-furanoid, cis-3-and trans-2-Hexenyl butanoate, 
𝛿-Elemene, Hexenyl butanoate, 𝛼-Copaene, 
Linalool, Benzaldehyde, Octanol, 𝛽-Elemene, 
𝛽-Caryophyllene, Ethyl decanoate. Hexyl 
hexanoate, Terpinen-4-ol, 𝛼-Terpineol, 𝛾-Elemene, 
cis-3- and trans-2-Hexenyl hexanoate, Geranic 
acid, trans-𝛽-Farnesene, 𝛼-Caryophyllene, 
𝛾-Muurolene, 𝛾-Selinene, Neral, Germacrene, 
Valencene, 𝛼-Muurolene, Neryl acetate, 𝛼-Selinene, 
cis,trans-𝛼-Farnesene, Geranial, Carvone, 
𝛿-Cadinene, Citronellol, Geranyl acetate, 
𝛾-Cadinene, Perilla aldehyde, Nerol, Calamenene, 
trans- and cis-Carveol, Benzyl alcohol, Nerolidol, 
Geraniol, Nonanoic acid, Nootkatone, Perilla 
alcohol, Methyl palmitate, 𝛼-Eudesmol, Methyl 
anthranilate, Ethyl palmitate, trans, trans-Farnesal

Pomelo 
peels

Enzyme- and 
ultrasound- 
assisted extraction

Total phenolic content, total flavonoid content, 
Naringin, hesperidin

Van Hung 
et al. (2020)

Fig. 5.2 Health benefits of pomelo
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5.6.1  Antioxidant Activity (AA)

There are two types of antioxidants: direct antioxidants and indirect antioxidants. In 
order to maintain antioxidant activity, small molecules must be regenerated or 
replenished due to their redox activity and chemical modifications. In contrast, a 
cytoprotective protein is induced by indirect antioxidants (i.e., Phase 2 enzymes) 
(Dinkova-Kostova and Talalay 2008). Various secondary metabolites in pomelo can 
act both directly and indirectly as antioxidants (coumarins, flavonoids, carotenoids, 
phenolic acids, volatile compounds, and organic acids). Various methods were used 
to determine the antioxidant capacity like 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) ABTS), and ferric 
reducing antioxidant power (FRAP).

According to Dulay and Castro (2016) reported the antioxidant activity of leaf 
extracts of Citrus maxima, Citrus aurantium and Citrus microcarpa, using 
2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging method. It was concluded that 
C. microcarpa showed the highest DPPH activity (48.67%) followed by Citrus 
maxima (43.51%), and minimum was found in C. aurantium. The AA of pomelo 
fruit cortex and leaves extracts (in ethyl acetate) was performed by two different 
methods i.e., phosphomolybdenum and DPPH activity method and it was found that 
in DPPH scavenging activity cortex extract had minimum IC50 value, and in phos-
phomolybdenum method leaf extracts showed maximum IC50 value (Fidrianny 
et al. 2016).

The paracetamol-treated rat liver showed less lipid peroxidation than the saline- 
treated liver when treated with leaf extract at 400 mg/kg body weight. A paracetamol-
intoxicated rat liver extract also restored catalase levels and reduced glutathione 
levels, indicating that extracts have in vivo antioxidant properties (Sen et al. 2011). 
By using ferric-reducing antioxidant powder (FRAP), Pandey et al. (2019) reported 
the antioxidant power of freeze-dried pomelo fruit extract was 6609 molμ. Fe2+/L, 
which was approximately the same ascorbic acid content as in standard ascorbic 
acid. Phytochemicals in C. maxima extracts might explain the significant antioxi-
dant activity shown by extracts (Kundu Sen et al. 2010; Vadivukarasi and Jenitha 
2015; Vijayalakshmi and Radha 2016b). Compared 10 pomelo peel (PP) extracts 
from different cultivars, Lu et al. (2016) found they had significantly different anti-
oxidant capacities. PP extracts have been studied both to evaluate their potential for 
use in foods (e.g., functional foods) and to assess their potential health consequences 
(Guo et al. 2003; Mokbel and Hashinaga 2006;  Mokbel and Suganuma 2006; Jang 
et al. 2010; Chang and Azlan 2016; Pallavi et al., 2017). It has been reported by Li 
et al. (2021) that cold-pressed essential oils of pomelo show potent in vitro antioxi-
dant properties and long-acting radical scavenging properties in vitro. The foremost 
antioxidant components in this study were those derived from OHCs (coumarins 
and furanocoumarins). As a result, pomelo cold-pressed essential oil may be an 
effective natural antioxidant with long-lasting effects. Pichaiyongvongdee et  al. 
(2014) also assessed the antioxidant properties of different part of the fruit from 
different cultivars and concluded that antioxidant behavior was maximum in the 
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seeds (79.97–85.34%), while for the other parts was -albedo (61.23–66.07%), fla-
vedo (47.03–70.14%) and segment membranes (36.24–45.02%). Cultivar, Thong 
Dee had highest DPPH, and FRAP (antioxidant action) and TPC in the flavedo and 
seeds as compared to other cultivars.

5.6.2  Antimicrobial Effects

Since microbial contamination has been linked to several food poisoning outbreaks, 
the food industry has stepped up its efforts to improve the quality and safety of per-
ishable foods. In addition to conventional antimicrobials, alternatives have also 
been explored, notably those that fall under the label of “green” (ex. Extracts from 
plants) (Guo et al. 2018). In order to combat these, PP waste-derived essential oils 
were recently evaluated as natural antimicrobial agents. It has been widely studied 
that pomelo has antibacterial properties.

Das et  al. (2013) reported the antibacterial activity against E. coli and 
Pseudomonas aeruginosa from the ethanol-based extract of leaves of Citrus max-
ima. While Sahlan with other researcher in 2018 reported the antibacterial effect of 
ethanolic extracts of pulp and seed against S. aureus, Bacillus subtilis, and E. coli 
using disc diffusion method. Furthermore, a study performed by Singh and Navneet 
(2016) reported the antifungal activity of essential oil extracted from C. sinensis and 
C. grandis. Similarly, Chen et al. (2018a, b, c) investigated the antibacterial activity 
of essential oils of pomelo fruit against E. coli, S. aureus, Bacillus subtilis, P. aeru-
ginosa, Bacillus altitudinis and Bacillus licheniformis using broth dilution method. 
The extract (methanolic) different part of pomelo tree showed an antifungal and 
aflatoxins activity against E. coli, Staphylococcus aureus and Klebsiella pneumonia 
(Yathiender 2017). Another study reported that naringenin and hesperidin (Gram- 
positive and Gram-negative) of fruit might explain its antibacterial action (Corciova 
et al. 2015). Similarly, Jing et al. (2014) reported that limonene present in essential 
oils of fruit were effective against fungus like; A. fumigatus, A. flavus, A. terreus, 
Aspergillus niger, P. italicum, A. parasiticus, P. expansum, Penicillium chrysoge-
num, Alternaria alternata, P. digitatum, F. proliferatum, and Foxysporum.

Ethanolic extracts of Citrus grandis peels were demonstrated to be effective 
against some kinds of mold reported a data in 2004 by Bijun. Pomelo seed extract 
of was found to have antifungal activity against Aspergillus niger and Candida albi-
cans by Singh and Navneet (2016). It was found that methanolic (1:3 w/v) extract 
of seeds had a minimum inhibition zone of 7.66 plus 0.32  mm and MICs of 
3.12–25 mg/mL against Candida albicans. Pomelo research provides insight into 
potential food applications, especially in food safety, based on its antimicrobial 
properties.
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5.6.3  Anti-inflammatory Activity

During healing, inflammation plays an essential role in protecting the body from 
foreign invaders and protecting it from injury. Citrus grandis may be beneficial to 
the reduction of inflammation due to its polysaccharides (Chen et al. 2017, 2018a, 
b, c; Puglisi et al. 2017; Zhao et al. 2019; Fang et al. 2020). Citrus grandis metha-
nolic (90%) and ethyl acetate extracts demonstrated anti-inflammatory effects using 
an animal model in Zhao et al. (2019). All parts of C. maxima have been considered 
to have pain-relieving and inflammation-reducing capabilities. An animal model of 
acute inflammation, carrageenan-induced paw edema, demonstrated the anti- 
inflammatory effects of pomelo peel extract. A formalin-induced licking and biting 
model and an acetic acid-induced writhing model were used to evaluate the pain- 
relieving properties of the peel methanolic extract. As compared to the standard 
drug diclofenac sodium at 10  mg/kg, the extract at a higher dose (500  mg/kg) 
showed satisfactory pain-relieving activity (73.34%) in the acetic acid-driven pain 
model (Liu et al. 2018). PP-derived pure compounds were also found to inhibit the 
production of the lysosomal enzyme elastase from activated neutrophils.

The effects of isomeranzin, epoxybergamottin, and 4-hydroxybenzaldehyde on 
fMLP/cytochalasin B-induced elastase release in human neutrophils were found to 
be potent (IC50 0.43–4.33 M) (Kuo et al. 2017). Other studies have demonstrated 
that 18 coumarins (mainly 6,7-furocoumarins, but also substituents of 7,8- and 
7,7-furocoumarins) are anti-inflammatory (Zhao et al. 2019). Anmol et al. (2021) 
summarized several studies that demonstrated pomelo peels’ anti-inflammatory 
properties are due to coumarins. The fruit’s polysaccharide inhibited chronic inflam-
mation in rabbits exposed to ammonia as well as clinical patients in a study reported 
by Chen et al. (2018a, b, c). Furthermore, the tail-flick method in rats, acetic acid 
induced writhing in mice, and the hot plate method in rats were used to compare the 
pain-relieving properties of different parts of the pomelo tree. A 300 mg/kg leaf 
extract reported the considerable amount of pain-relieving activity across all tested 
models (Shivananda et al. 2013). Similarly, Kundu Sen et al. (2011a, b, c) demon-
strated its anti-inflammatory properties in acute rat paw edema models induced by 
dextran, carrageenan, and formalin.

5.6.4  Anticancer Activity

Citrus grandis natural compounds are being investigated for their ability to suppress 
cancer growth. Through different complex biochemical reactions, antioxidants neu-
tralize radicals produced in the body, which are responsible for many serious and 
life-threatening diseases, such as cancer (Tsai et al. 2007, 2017; Ali et al. 2019). In 
particular, limonoids present in Citrus grandis, such as limonin and nomilin, are 
reported to exhibit anticancer properties, such as free radical scavenging and the 
induction of glutathione S-transferase (Yu et  al. 2015; Poulose et  al. 2005). 
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Intraperitoneal administration of Citrus grandis methanolic extract increased the 
longevity of non-viable tumor cells, decreased their count, and decreased tumor 
volume (Kundu Sen et al. 2011a, b, c).

Several studies have demonstrated the anticancer effects of pomelo peel (PP) 
extracts. There was a dose-dependent antiproliferative effect (0–400  g/mL) of 
supercritical CO2 (SCO2) extracts from whole grapefruit fruits (pulp + peel) on 4 
different cancer cell lines, including human glioblastoma U373MG, gastric cancer 
SNU-16, cervix adenocarcinoma cells HeLa, and gastric adenocarcinoma cell line 
(AGS) (Gyawali et al. 2012). The cell lines showed different levels of sensitivity to 
the extracts, with SNU-16 showing the highest inhibition (40%) and AGS gastric 
adenocarcinoma showing the lowest inhibition (20%). In another study, ethanol–
water extracts (0–100 mg/mL) of PP showed antiproliferative effects in four cancer 
cell lines including MCF-7 (human breast cancer cell line), A549 (human lung can-
cer cell line), HT-29 (human colon cancer cell line) and HepG2 (human hepatoma 
cell line). Cell lines with similar inhibition levels (90–94%) were also investigated 
by Li et al. (2013).

The extracts of PP contain lipid-soluble bioactive components (caryophyllene 
oxide, limonene, auraptene, -terpineol and hexadecenoic acid) and phenolic acids 
(tanteretin and nobiletin) that showed antiproliferative effects (Gyawali et al. 2012). 
Gyawali et al. (2012) and Li et al. (2013) did not use any positive controls (reference 
compounds with antiproliferative properties). In the absence of samples, cells that 
received culture medium containing DMSO were regarded as negative controls. 
Additionally, neither study used normal cells in order to establish that the extracts 
are only effective against cancerous cells. A number of studies have demonstrated 
the potency of Naringin as an anticancer agent. A 10–35 mg/kg intraperitoneal nar-
ingin treatment on Walker 256 carcinosarcoma-bearing rats (W256) showed a 75% 
reduction in tumor growth, and TNF-α and IL-6 levels were also reduced compared 
to controls (Camargo et al. 2012; Sharma et al. 2019). SK-MEL-28 human mela-
noma cells and B16F10 murine cancer cells were also able to respond to naringenin 
by proliferation and migration. A mouse colon carcinogenesis triggered by 
Azoxymethane (AOM) was prevented by hesperidin. Multiple AOM-induced aber-
rant crypt foci (ACF) and tumor incidence were significantly reduced by this hes-
peridin. Moreover, AOM-induced colon carcinogenesis was inhibited by lowering 
the proliferating cell nuclear antigen (PCNA) (Saiprasad et al. 2013; Stanisic et al. 
2018). In regard to cancer prevention, limonoids, flavonoids, bioflavonoids, alka-
loids, saponins, and tannins play a prominent role (Khanam et al. 2014; Kundu Sen 
et al. 2011a, b, c; Nair et al. 2018). Human airway epithelium-derived basal cells 
(BCi-NS1.1) and lung epithelial carcinoma (A549) were tested for their anticancer 
effects with naringenin-loaded liquid crystalline nanoparticles (LCNs). The results 
showed that naringenin LCNs were effective for inhibiting the migration and prolif-
eration of cells (Wadhwa et al. 2021).
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5.6.5  Anti-glycation

A variety of studies have investigated the anti-glycation properties of natural com-
pounds. Several studies have reported that grapefruit extracts have antioxidative 
effects and fructose-mediated nonenzymatic glycation to bovine serum albumin 
(BSA) resulting in AGE (advanced glycation end products) formation in the early 
stages (amadori products), middle stages (protein oxidation) and last stages (cross-
linking compound) (Brownlee 1995; Wu et al. 2011). Based on evidence from a 
study, Citrus grandis pulp methanolic extract decreases fructosamine levels, thus 
reducing production of AGEs and CMLs (Chronic myelogenous leukemia). Citrus 
grandis pulp methanolic extract inhibited protein oxidation and reduced the forma-
tion of protein carbonyls when thiol groups were lost, suggesting potential uses as 
anti-glycation agents and to prevent diabetic complications and aging (Caengprasath 
et al. 2013).

5.6.6  Antidiabetic Activity

An in vitro study was conducted to examine the inhibitory activity of the fruit juice 
of C. maxima against the enzymes α-glucosidase and α-amylase. Inhibition percent-
age by fruit juice against α-glucosidase and α-amylase were 70.68–72.83% and 
75.55–79.75%, respectively. A streptozotocin (STZ)-induced diabetes mellitus 
model was used to study fruit juice’s hypoglycemic properties. Experimentation 
reduced glucose levels compared with controls by peripheral glucose utilization or 
inhibition of gluconeogenic enzymes (Oyedepot and Babarinde 2013). Using glib-
enclamide (0.5 mg/kg, p.o.) as the reference standard, leaf extracts (200 and 400 mg/
kg, b.w.) were evaluated for their antidiabetic activity in STZ-induced diabetic rats 
(65 mg/kg). Experimental rats had normal blood glucose levels and serum biochem-
ical parameters compared to controls (Kundu Sen et al. 2011a, b, c). Neohesperidin 
improved postprandial hyperglycemic conditions via positive effects on amylase 
and glucose (Sinha et al. 2019). As a result of their antioxidant activity, plants may 
offer protection against chronic metabolic disorders (Reshmi et al. 2018). A metha-
nolic and an ethanolic leaf extract of C. maxima (100 and 200 mg/kg, respectively) 
also exhibited similar results against the alloxan stimulated diabetes micemodel 
compared to the standard of glibenclamide. Experimental mice were assessed for 
plasma glucose level, serum lipid profile, C-reactive protein (CRP), glutamic oxalo-
acetic transaminase (SGOT) and glutamic pyruvic transaminase (SGPT) inhibition, 
and the leaf extract inhibited all these parameters compared to controls. Based on 
these findings, both extracts can significantly reduce glucose levels in diabetic mice 
and improve their lipid profiles. In addition, reports indicated that extracts from 
C. maxima leaves might improve liver function enzymes and CRP levels in diabetic 
mice, suggesting that this plant has hepatoprotective and cardioprotective properties 
(Islam et al. 2021).
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5.6.7  Anti-obesity Activity

A study on the effects of ethanolic extract of pomelo leaves (200 and 400 mg/kg) on 
the prevention of obesity in rats induced by olanzapine and cafeteria diets. Diensh 
and Hegde (2016) evaluated and reported that serum profile, body weight and tem-
perature, were considerably lower than those in the obese population (control). In 
2013, Ding et al. (2013) administered pomelo peel extracts (ethanolic) to mice fol-
lowed by chow diet till 8 weeks. As a result of the diet, the weight was reduced, 
fasting blood glucose stages decreased, liver lipid amount decreased, and serum 
insulin stages were also decreased (Ding et al. 2013). NF-B signaling is indirectly 
facilitated by hesperidin that helps to control inflammation and regulate lipid and 
glucose metabolism (Akiyama et al. 2009; Xiong et al. 2019).

5.6.8  Hepatoprotective and Nephroprotective Activity

The fruit of Citrus grandis has been used to prevent hepatitis and kidney damage. 
C. maxima extracts protected Wistar rats against carbon tetrachloride-induced liver 
toxicity. Alanine transaminases, alkaline phosphatases, and aspartate aminotrans-
ferases levels were significantly reduced in experimental rats, demonstrating its 
hepatoprotective effects (Feksa et al. 2018; Chowdhury et al. 2015). In additional 
research, the hepatoprotective effects of methanolic extract of pomelo leaves 
(200  mg/kg, body weight) were studied in rats induced by paracetamol-induced 
liver injury. An oral leaf extract was given for 7 days, paracetamol (2 g/kg) on the 
day fifth, and silymarin (100 mg/kg, body weight) at the last day of experiment. In 
comparison to the control, markers of liver function, hepatic antioxidant levels, total 
serum protein, and bilirubin, were all normal in the liver homogenate (Tabeshpour 
et al. 2020). The antioxidant activity of leaf extracts may be responsible for decreas-
ing hepatocyte distortion by raising the levels of hepatic antioxidant enzymes 
(Abirami et al. 2015).

Citrus grandis juice reduced plasma triglyceride levels in a dose-dependent man-
ner in a experiment conducted by Oboh et al. (2014). Due to its flavonoid content, 
flavonoids inhibit hepatic apolipoprotein (apo) B secretion, thus providing hepato-
protection (Lin et al. 2011).

5.7  Products and by Products

Numerous countries have documented the ethnomedical benefits of the pomelo fruit 
and its parts (Kundu Sen et al. 2011a, b, c; Chaudhari et al. 2016; Singh and Navneet 
2016, 2017). Among the health benefits of fruits are stomach tonics, appetizers, 
cardiac stimulants, antipyretics, and antiemesis (Thavanapong et al. 2010; Borah 
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et al. 2012; Sidana et al. 2013; Vijayalakshmi and Radha 2016b). The use of pulp for 
cosmetic purposes has been around for centuries. In addition to treating lumbago, 
dyspepsia, and coughs, the seeds can be used for other conditions as well. A decoc-
tion of the leaves is useful for swellings and ulcers, while the leaves are useful for 
epilepsy, cholera, and convulsive cough (Guo et al. 2003; Das et al. 2013).

In today’s world, pulp, seeds, and peel from citrus fruits are used to make many 
commercially beneficial products, like as an ingredients for the product develop-
ment, essential oils, pectin, enzymes, natural antioxidants, and also in packing 
industries in form of films.

5.8  Value Addition 

Pomelo has been used to make nutritional supplements, such as noodles made from 
30% fresh fruit segments and 5% dry segments. It is believed that these noodles 
have high acceptance people with diabetes as well as the healthy ones (Reshmi et al. 
2020). Pomelo peel (50% dietary fiber) was added to a powder to create a high-fiber 
food. A study on rice noodles enriched with PP has been published (Wandee et al. 
2014). High-rich ingredients can increase the fiber content in certain foods by incor-
porating PP in this manner. By stimulating the growth of good microorganism in the 
gastrointestinal tract (acting as prebiotics), high fiber foods can promote gut health 
(Slavin 2013). The polyphenols in PP are also known to play a significant role in 
human health, in addition to being a high fiber ingredient (Zain et al. 2014). Adding 
mango peel flour to soft dough biscuits and macaroni can improve the antioxidant 
activity of food products (Ajila et al. 2008, 2010). The antioxidant profile of food 
products enriched with PP has not been evaluated yet. Tea and tea additives, as well 
as candies and marmalade have been made using PP (Ihishara et al. 2011; Lin et al. 
2012). Despite the limited scientific literature available on such food applications, 
grapefruit is widely used in pomelo-growing Asian countries. Comparatively to 
pectin and EOs, PP has yet to be fully explored for other food-related purposes.

5.8.1  Pectin

The compound pectin is widely accepted as a functional ingredient as it can emul-
sify, gel, stabilize, and texturize (Mesbahi et al. 2005). Besides its application in 
tissue engineering and drug delivery, pectin also has a variety of biomedical uses 
(Noreen et al. 2017). As a source of pectin, fruit peels represent about 20% of the 
fruit’s total pectin content (Chavan et  al. 2018). Pomelo has a recommendable 
amount of natural pectin. The pectin content of pomelo peel was 23.19% according 
to Methacanon et al. (2014). Roy et al. (2018) found that PP contain pectin, so they 
extracted it from the peels to make carrot jam.
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5.8.2  Essential Oil (EO)

Essential oils are naturally occurring mixtures of aromatic oils that are volatile, 
complex, and obtained from plants (Figueiredo et al. 2008). Essential oils like citrus 
have been approved for safe public consumption for decades and are commonly 
established to deliver a pleasant aroma. There are many applications for essential 
oils throughout the world, including cosmetics, perfumery, toiletries, flavors, bever-
ages, pharmacology, and other special hygiene items (Palazzolo et al. 2013; Sarkic 
and Stappen 2018; Mahato et al. 2019). There are approximately 299 recognized 
volatile compounds in pomelo peel (PP). In addition to volatile compounds, terpe-
noids make up a significant part of this group (189 volatiles, 63.2%). In addition to 
diterpenoids, monoterpenoids, monocyclic- and bicyclic- monoterpenoids, acyclic-, 
bicyclic-, and tricyclic- sesquiterpenoidsa wide variety of chemicals are released. 
Nonterpenoid hydrocarbons (5.0%), nonterpenoid alcohols (4.7%), esters (8.0%), 
and nonterpenoid aldehydes (6.0%) are other major volatile compounds in PP 
essential oils. Of the total volatile compounds, 11.7% (35 volatiles) were unknown. 
Sesquiterpenoids (17–29) and monoterpenoids (1–16) are the most prominent com-
ponents of PP EOs. A variety of essential oils can be used to inhibit the growth of 
mold and fungi.

5.8.3  Enzyme Production

Citrus peels can be used for a variety of purposes, including the production of pecti-
nolytic enzymes. Using pomelo peels as a substrate, A. niger LFP-1 was investi-
gated by solid-state fermentation (SSF) (Darah et al. 2013). It has been demonstrated 
that pomelo pericarp powder is an effective substrate for Aspergillus oryzae JMU316 
(Hussain et  al. 2019). Solid state fermentation produces pectinase enzyme from 
pomelo t peels by Aspergillus niger. A number of processes such as producing 
sweetener precursors, preparing prunin, increasing the aroma of wine, and convert-
ing antibiotics into rhamnose require naringinase, which can be obtained from pom-
elo fruit (Chen et al. 2010).

5.8.4  Packaging Film Formation

Scientists have become increasingly interested in biodegradable, sustainable plas-
tics. Researchers made plastic films using citrus peels. It is possible to make biode-
gradable packaging materials from citrus peels (Shinde et al. 2019). According to 
Das et al. (2018) chicken feather keratin blended with pomelo peel pectin to create 
a sustainable composite film to pack the fish fillets (fried) showed positive results by 
lowering the hardness, moisture loss (to maintain weight), and microbial counts on 
the surface.
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5.8.5  As an Adsorbent

There is a growing concern about environmental pollution from a variety of indus-
tries, including textiles, paper, printing, and leather. Chemical dyes are discharged 
into water bodies during manufacturing processes such as dyeing and finishing, 
potentially polluting domestic, agricultural, and industrial water resources (Lellis 
et al. 2019; Yaseen and Scholz 2019). The PP powder was shown to be capable of 
absorbing azo dyes (such as RB 114 dye) with a highest (16 mg/g) adsorption power 
(Argun et al. 2014). Rather than physical adsorption to pores, recommended that the 
chemical bonds were supreme for adsorption. This mechanism is confirmed by the 
functional groups found on the surface of peels (such as carboxylic acids, hydroxyl 
groups, and polysaccharides containing OH groups). Aside from the negatively 
charged surfaces of PP powder, it is electrostatically attracted to positively charged 
dye cations at a wide range of pH (2–11) (Hameed et al. 2008; Argun et al. 2014). 
PP has also been proven to be an effective dye adsorbent in several other studies. PP 
activated carbon exhibits high dye adsorption capacity due to microporous and mes-
oporous structures on its surface (Hameed et al. 2008; Foo and Hameed 2011; Li 
et al. 2016; Nowicki et al. 2016). Chemical leaks and oil spills also pose serious 
threats to the environment and the water ecosystem (Kingston 2002). It is impera-
tive to remove these pollutants from the environment to prevent damage to it. 
Spillage of oils and different most occurred organic pollutants could be absorbed 
with peels treated with acetic anhydride (C4H6O3) and styrene (C8H8) as well as 
porous carbon aerogel of peels (Chai et al. 2015; Zhu et al. 2017). Zhu et al. (2017) 
also reported that carbon aerogels exhibit high sorption capacity and recyclability, 
making them suitable to adsorb the oil spillage.

5.9  Conclusion

Pomelo is a great source of vitamins, minerals, and fiber. For the control of chronic 
diseases such as diabetes, cholesterol, obesity, cardiovascular disease, and some 
types of cancer, bioactive and non-nutrient compounds such as saponins, flavonoids, 
phenols, cardiac glycosides, carotenoids, limonoids, acridone, glycosides, alka-
loids, essential oils, steroids, and alkaloids are beneficial. Among the bioactive 
properties of components like limonene, hesperidin, naringenin, neohesperidin, and 
naringin are antioxidants, antidepressants, antitumors, anticancers, antimicrobials, 
hepatoprotective, antiobesity, relieving pain, insecticidal, as an ataractic agent, pre-
vent from alzheimer’s, regulates blood glucose level and helpful to treat ulcer. 
Citrus grandis provides health benefits to humans, and a further investigation into 
its various parts, such as the pulp, peels, leaves, seeds, and essential oils, may help 
to discover new health benefits.
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Chapter 6
Tangerine (Citrus reticulata)

Cláudia Maciel, Rui Meneses, Renan Danielski, Sérgio Sousa, 
Norton Komora, and Paula Teixeira

6.1  Introduction

Although consumed in processed form (e.g., juices and canned fruit), the bulk of 
tangerineproduction is allocated toward fresh consumption. Across the United 
States, roughly one million tonnes of tangerines were produced in 2020/2021, with 
68% of them utilized in fresh consumption and the remaining 32% designated for 
processing (USDA 2021a).

Nevertheless, with the rapid surge in consumption, tangerine wastages also 
increased, due to losses across the food chain (e.g., during production, storage, or 
even retail), canning, and juice processing. According to Nitayapat et al. (2015), 
half of the tangerine constituents are discarded as solid waste after juice extraction. 
In the past, the processing industries would deal with the dry solid waste residues by 
dumping them in factory-adjacent landfills. This procedure was particularly prob-
lematic since it would create an imbalance in carbon sources from putrefying 
organic matter, leading to uncontrollable methane production, and produce an 
imbalance in bacterial populations present in the soil while increasing the contami-
nation of fresh groundwater (Yadav et al. 2022). Nowadays, dry residues are com-
monly sold for pectin extraction (Pourbafrani et al. 2010), as animal feedstuffs, or 
for energy production through combustion (Sridhar et al. 2021), with none of these 
options being extremely profitable or environmentally friendly.
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The shed tangerine solid residue comprises components such as the peel, rag, 
pulp, and seeds, rich in carbohydrates, vitamins, minerals, essential oils, antioxi-
dants, flavonoids, carotenoids, dietary fibers, and many other highly desirable bio-
active compoundswith therapeutic, anti-inflammatory, antimicrobial, antiviral 
properties (Sagar et al. 2018; Kaur et al. 2021a).

Thus, tapping into the added value by-products of tangerine processing would 
reduce waste and create new high-value products while promoting circular econ-
omy models.

6.2  Economic Significance, Taxonomy, and History 
of Tangerines

Tangerines, Citrus reticulata, also known as Dancy or Beauty mandarins, are small 
oblate, bright orange, thin-skinned, and highly nutritious fruit desirable by the con-
sumer owing to their sweetness and easy pealing. Due to an awareness increase in 
healthy eating by the average consumer, tangerines and other mandarin hybrids 
regained an integral part of our daily diets, becoming one of the most economically 
important perennial horticultural crops in the world, second only to sweet oranges 
(FAO 2021; USDA 2021b). For 2021/22, tangerine production expects an increase 
of 2.0 million tonnes from the past year, reaching a whopping 37.2 million tonnes, 
with both consumption and exports rising to new records (USDA 2022) (Table 6.1).

For the past decade, China has become the most prolific tangerine producer, 
producing approximately twenty-seven million tonnes in 2021 alone, more than 
three times the combined production of the European Union (EU), Turkey, Morocco, 
Japan, and the United States (US). However, nearly 98% of all Chinese-produced 
tangerines are meant for the domestic market, with China only exporting 2% of its 
tangerine production. Relatively to exports, Turkey is the major player, exporting 

Table 6.1 Production data for 2021 of the main tangerine producers

Origin Production (thousand tonnes)

China 27,000
European Union 3162
Turkey 1810
Morocco 1360
Japan 924
United States 758
South Africa 660
South Korea 610
Argentina 400
Australia 190

Source: (USDA, 2022)
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more than half of their produced tangerines. In terms of tangerine imports, Russia, 
US, EU, and the United Kingdom (UK), are the major clients of imported tanger-
ines (USDA 2022).

6.2.1  The Problematic Taxonomy of Tangerines 
and the Citrus Genus

The friction around the taxonomy of the Citrus genus can be attributed to a wide 
array of factors. Species from this genus are highly compatible among themselves. 
This ease in hybridization leads to the formation of exceedingly fertile natural or 
artificial hybrids, which become highly propagated and cultivated (e.g., tangerines). 
Furthermore, the selection of specific cultivars with desirable somatic mutations 
from hundreds or even thousands of years of human citrus cultivation hinders the 
identification of pure wild specimens (Bernet et al. 2010).

Additionally, although monoembryonic, mandarins and other citrus species can 
reproduce through nucellar embryony, a type of apomixis, where maternal clones 
are generated from the somatic tissue of the ovule, reproducing asexually through 
polyembryonic seeds (Zhang et  al. 2018a). Thus, enabling the high dispersion 
offered by the sexual seed-based reproduction while conserving the parental geno-
type from the asexual reproduction. Apomixis will lead to plant populations with 
particular amplified phenotypes, possibly inducing taxonomists to consider these 
specimens separate species (Luro et al. 2017).

Some of the earliest known attempts in the western world to classify citrus fruits 
date back to the XVII century and are found in the classical work by Giovanni 
Ferrari on the citrus culture “Hesperides sive de Malorum Aureorum Cultura et 
Usu” (Ferrarius 1646), with the title as an allusion to the garden of Hesperides from 
Greek mythology. According to this fable, the golden fruits from this garden con-
ferred immortality to whoever consumed them. However, in the original tale, the 
golden fruit was depicted as an apple (Andrews 1961). Curiously enough, this 
book’s influence on the correlation between citrus fruits and the ancient Greek myth 
can be seen even today, with the botanical term hesperidium referring to fruits from 
citrus trees. Later in the XVIII century, Carl Linnaeus proposed our current bino-
mial nomenclatural system and decided to organize plants based on their reproduc-
tive characteristics. Inspired by the works of de Tournefort (1700), and through the 
study of features in the leaves and flowers of citrus trees, in his work “Genera 
plantarum” (Linné 1737), he divided the Citrus genus into three different species: 
Citrus medica, encompassing both citrons and lemons; Citrus aurantium, which 
included sweet and bitter oranges along with pummelos; Citrus trifoliata enclosing 
the Poncirus. In the later work “Species plantarum” (Linné 1737), Linnaeus pre-
sented a radically new view on the citrus genus, only recognizing two species, 
C. aurantium and C. medica, which were subdivided into various varieties (e.g., 
C. aurantium var. aurantium – Sour oranges; C. aurantium var. sinensis – Sweet 
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oranges). Working in collaboration with his apostle Pehr Osbeck, Linnaeus kept 
introducing new binomial names to the Citrus genus, many of which have since 
radically changed (Inglese and Sortino 2019).

Throughout the XVIII and XIX centuries, although many authors continued 
working and reporting on both classificational and evolutionary botany, few note-
worthy radical and revolutionary Citrus classification systems were proposed. 
During the XX century, two pivotal taxonomic systems came to fruition the Swingle 
and Reece taxonomic system (Swingle and Reece 1967) and the Tanaka classifica-
tion system (Tanaka 1954, 1961, 1977). Although radically different from one 
another and often seen as two extreme views of the Citrus genus, they are still rel-
evant and valid systems remaining in frequent use by various authors.

Walter Swingle was one of the first botanists to propose the use of biochemical 
markers for taxonomy purposes. Taking into account the morphological and bio-
chemical characteristics of various citrus, along with their history and reproduction, 
in 1967, Walter Swingle and Philip Reece published their proposed taxonomic sys-
tem for citrus classification (Swingle and Reece 1967).

Thus, according to Swingle and Reece Citrus genus belongs to the Citreae tribe 
from the angiosperm subfamily Aurantioideae encompassed in the family Rutaceae 
in the order Sapindales (Swingle and Reece 1967; Stevens 2016). Nevertheless, 
even nowadays, the taxonomic condition of the Rutaceae family remains conten-
tious, being at times outright confusing (Nicolosi et al. 2000), particularly for the 
tribes and subtribes of the Aurantioideae subfamily. Appelhans et al. (2021) classi-
fied nearly 90% of all genera included in the Rutaceae family and concluded that it 
was not yet feasible to divide the subfamily into tribes.

The Tanaka taxonomic classification system first appeared in 1954 and was pro-
posed by the Japanese Tyôzaburô Tanaka. In its later incarnation, this system divided 
the Citrus genus into 157 species, of which 36 were mandarin species. However, 
this system overly complicated the classification of mandarins, considering numer-
ous mandarin hybrid varieties as standalone species. For example, according to 
Tanaka’s citrus distribution, tangerines are classed as a separate species (Citrus tan-
gerina) instead of a C. reticulata  ×  C. maxima introgression. Moreover, in this 
system, many other mandarin hybrids are classified as entirely distinct species from 
true mandarins – Citrus reticulata, (e.g., willowleaf mandarins – Citrus deliciosa; 
clementines – Citrus clementina) (Tanaka 1977). However, according to Swingle 
and Reece, tangerines and all the aforementioned species are classified as Citrus 
reticulata cultivars. This system’s inability to recognize mandarin and other citrus 
admixture is one of its significant flaws.

Later proposed classification systems, such as Mabberley (2004), try to address 
this issue by acknowledging mandarin hybrids and other citrus hybrids. However, 
several hypotheses raised by Mabberley have since been proven incorrect due to 
new phylogenomic data (Oueslati et al. 2017; Wu et al. 2018).

During the 1970s, numerical taxonomy resulted in a better understanding of cit-
rus domestication and the relationships between the various cultivated species of 
Citrus. In the late seventies,Barret and Rhoades (1976) proposed the existence of 

C. Maciel et al.



135

only three pure ancestral citrus species (C. reticulata, C. maxima, and C. medica) 
from which all other known citrus species derived.

Advances in molecular biology, with the development of Restriction Fragment 
Length Polymorphism (RFLP) analysis, Random Amplification of Polymorphic 
DNA (RAPD), and later the development of Polymerase Chain Reaction (PCR), 
along with the successful application of molecular markers, have shed light on the 
domestication and evolutionary history of various citrus fruits and their relatives 
(Barkley et al. 2006; Garcia-Lor et al. 2015; Curk et al. 2016; Liu et al. 2016; Yu 
et al. 2017). Moreover, NextGeneration Sequencing (NGS) technologies and Whole 
Genome Sequencing (WGS) analysis have changed the paradigm around plant evo-
lution, in which traditional phylogenetics have slowly been replaced with new phy-
logenomic approaches (Egan et al. 2012; Curk et al. 2014). The capabilities provided 
by the new phylogenomic era allowed for the differentiation among pure ancestors 
and closely related hybrids, which was previously unachievable when the Tanaka 
and Swingle systems were proposed. Thus, nowadays, tangerines are commonly 
regarded as hybrids from the introgression of mandarins (C. reticulata) and pomelos 
(C. maxima), possessing minimal amounts of pomelo admixture (below 10 percent) 
(Oueslati et al. 2017; Wang et al. 2017a; Wu et al. 2018).

With the aim of reducing the entropy between the classical taxonomic systems 
of Swingle and Tanaka, and the new genomic data provided by new phylogenomic 
technologies, Ollitrault et al. (2020), proposed a new classification system in which 
pure ancestral species possess binomial names (e.g., Citrus reticulata –mandarins, 
Citrus maxima – pomelos, Citrus medica– citrons), while hybrids of ancestral spe-
cies acquire unique species names (e.g., Citrus aurantium which encompasses all 
admixtures of C. reticulata × C. maxima), with the individual admixtures within 
each hybrid species being distinguished by a variety name (e.g., Tangerine  – 
C. aurantium var. tangerina). However, this newly proposed system has not yet 
been widely adopted, with many authors still referring to tangerines as C. reticu-
lata. Thus, for this chapter’s purpose, tangerines will be considered C. reticu-
lata × C. maxima introgressions. Moreover, due to the minimal levels of C. maxima 
admixture,tangerineswill be referred to only as C. reticulata.

Even in trivial terminology, problems arise when speaking of tangerines and 
mandarins, with both terms interchangeably used to describe one another, along 
with any easy-peel, reddish-orange mandarin-like fruit. Applying the term manda-
rin when referring to a tangerine is not incorrect since, in the popular meaning of the 
word, mandarin describes both pure C. reticulata specimens and the numerous vari-
eties of C. reticulata × C. maxima admixtures. The problem comes when we use 
tangerine, a specific mandarin hybrid, to describe a pure mandarin or any other 
mandarin hybrid.
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6.2.2  Historical Perspective and Phytogeography of Tangerines

The controversy around tangerines and other citrus species is not only circum-
scribed to taxonomy and terminology but also extends to its history and geographi-
cal origin. Although presenting itself like a seemingly simple question, due to scarce 
reliable paleontological information and a lackluster definition of pure citrus spe-
cies, determining the birthplace of the Tangerine and other citruses have proven to 
be quite intricate. Only two citrus fossil specimens exist, corresponding to fossil-
ized leaves of Citrus meletensis and Citrus linczangensis (Fischer and Butzmann 
1998; Xie et  al. 2015). Alongside the discovery of citrus fossil specimens, the 
employment of nuclear genome-based phylogeny allowed to determine when cru-
cial tangerine precursors species emerged, with C. reticulata and C. maxima appear-
ing in the Late Miocene, 6.9  million years (Ma) and 6.2  Ma, respectively (Wu 
et al. 2018).

Although poorly understood it is believed that wild mandarins firstly appeared in 
ancient forests across the valleys of the Nanling mountains, with two separate 
domestication events, leading to their expansion across the Mangshan region 
between Yangtze and Zhu rivers in South-China (Legge 1865; Tolkowsky 1938; 
Webber 1967; Wang et al. 2017a, 2018).

Throughout ancient Chinese literature, we can encounter multiple references to 
mandarins and other citrus fruits. In the chapter “Tribute to Yu” from the book “Yu 
Gong”, written 4000 years ago, mandarins appear as one of the tribute items sent to 
the divine Chinese emperor Yu (Medhurst 1846; Scora 1975). Moreover, in the 
encyclopedia “Lu Shi Chun Qiu”, mandarins are described as a beautiful and deli-
cious fruit produced in the Jiangsu region. The patriotic poet Qu Yuan also eulo-
gized mandarin trees in his classical works “Chu Ci”, roughly translated to “Verses 
of Chu”, written around 250–300 B.C. (Zhong and Nicolosi 2020).

In 1179 A.D., Han Yen-Chih described in detail, in the three-volume collection 
“Chü Lu”, viewed as one of the very first specialized books in the cultivation of 
citrus fruits, 27 varieties of citrus: including mandarins, tangerines, sweet oranges, 
bitter oranges, lemons and many more. In addition, information relevant to citrus 
cultivation, such as methods for fertilization, irrigation, pests, disease control, and 
post-treatment collection, along with illustrations, are present in this collection 
(Scora 1975; Inglese and Sortino 2019).

These ancient literary references, along with phylogenomic data, support the 
notion that the primordial demos in SouthChina, were acquainted with mandarins 
long before their introduction to the Middle Eastern and European civilizations.

Mandarin cultivation enabled the spread of C. reticulata in the SouthChina 
region, allowing it to come across one of its relatives C. maxima, which had high 
prevalence across Malaysia and Indochina, whit some distribution in mandarin-rich 
South China. These overlapping populations in the same geographical area allowed 
for the development of C. reticulata × C. maxima hybrids, one of which led to the 
modern-day tangerine.
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It is believed that like other citrus, mandarins radiated through trade routes 
towards the West reaching the Middle East and Northern Africa. However, it is still 
unclear who introduced the European countries to mandarins and their hybrids, with 
some authors crediting British-Chinese trade for their introduction in the early 
eighteen- hundreds (Langgut 2017). This notion goes in accordance with Pehr 
Osbeck who, during the XVIII century, described mandarins in his book “A voyage 
to China and the East Indies” (Osbeck et al. 1771). However, other authors rather 
support the idea that mandarins arrived in the West somewhere between the seven-
teen and eighteen centuries as a consequence of the Portuguese-British colony 
trade. Thiswould possibly explainthe word mandarin, which is not a word of Chinese 
origin and probably evolved from Hindi, Malayan and Portuguese dialects (Ramon- 
Laca 2003).

Once introduced in Europe, mandarins and their hybrids quickly spread across 
all colonies of the European empires.

Concerning the etymology of the word tangerine, it originated in the mid- 
nineteen century and referred to the Moroccan mandarin hybrids imported by Major 
Atway. These hybrids were shipped to the mainland United States through the port 
of Tangiers, hence their name (Hume 1913).

6.3  Agricultural Practices in Tangerine Growth and Harvest

Citrus in general, are fond of relatively warm environments and broadly grown 
across tropical and subtropical regions, confined in the so-called “citrus belt” rang-
ing from 40°N to 40°S latitude, between sea level and 600–750 m.

This current dispersion vastly contrasts the primordial citrus landscape and is a 
consequence of human trade and travel through the ages. Nonetheless, although the 
high temperature does not seem to limit tangerine development, tangerine trees are 
immensely susceptible to frost and chilling damage, affecting fruit quality. Thus, 
environments with annual temperature averages below 10–12 °C are unsuitable for 
tangerine growth and development.

Regarding cold temperature exposure, the topography is another variable to be 
considered since the topography of the region where the orchard sits will affect the 
overall temperatures and wind exposure. Undoubtedly cooler air will settle in lower 
areas while open areas are more exposed to the wind, which may damage the tan-
gerine trees. Moreover, the tree rattling caused by stronger winds will lead to fruit 
scarring due to injuries caused by the abrasion of leaves, branches, and debris in the 
air. Usually, to prevent wind damage, windbreaks in the form of rows of trees are 
planted across the limits of the orchard (Norton 1988). This strategy is also known 
to provide some protection against freezing.

Concerning soil quality, silt soils are the most suitable for tangerine production. 
Nevertheless, like most citrus fruits, tangerines can grow in a wide variety of soils, 
ranging from coarse to loamy and even heavy soils, provided that proper water 
drainage and root oxygenation are available. Regarding soil pH, optimal pH growth 
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conditions range from 5.5 to 7.0, with pH regulation performed through sulfur acid-
ification or water irrigation. In highly alkaline soils rich in bicarbonates, water irri-
gation will also increase the soil’s availability of micronutrients, particularly, 
Magnesium, Zinc, and Iron minerals (Morgan and Graham 2019). Limestone soil 
amendments can be employed to increase the overall pH of acidic soils.

Proper irrigation and water drainage are fundamental in obtaining good quality 
tangerine fruits. Traditionally, extensive fruit plantations rely on wasteful and inef-
ficient high-volume sprinkler irrigation systems. Automated sprinkler systems can 
be paired with night-time irrigation to mitigate water loss due to evaporation, reduc-
ing some of the system’s shortcomings (Yacoubi et al. 2010; Nagarajan and Minu 
2018). Additionally, lowering the system’s irrigation volume while increasing the 
irrigation frequency improves its efficiency and reduces water waste.

By acknowledging the increasingly high water cost and the United Nations goals 
6 and 12 for sustainable development, which verse on conscious water management 
and sustainable production patterns (U.N. 2015) respectively, it is possible to under-
stand how more efficient low-volume irrigation systems (e.g., drip and micro-drip 
irrigation) that directly deliver water to the root system (Assouline et al. 2002) have 
become more popular due to their efficiency, water savings, and improved nutrient 
transfer from the soil to the root.

Wastewater reclamation can be an alternative water source, especially in regions 
with frequent water shortages. Compared with well water, wastewater positively 
influences plant nutrition in part due to a rich constitution in macronutrients (N, P, 
K, S, Ca, Mg) and micronutrients (B, Cl, Cu, Co, Zn, Fe, Mn, Mo, and Ni), closer 
to the optimal plant growth requirements. However, due to their rich composition, 
particularly in micronutrients, crops irrigated with recycled water must have their 
nutrient supply carefully and properly balanced to avoid nutritional excess and pos-
sible toxic accumulation of micronutrients.

Along with combating water deficits, managing water surplus is also fundamen-
tal in citrus culture, especially in regions with frequent precipitation or low perme-
ability soils. Ridges with water furrows are excellent drainage systems performing 
efficiently in dispersing exceeding water in orchards. Additionally, other ditch net-
works with water collectors and discharge pumps can be employed to reduce water 
availability in the soil (Dollinger et al. 2015).

Another crucial aspect of tangerine production resides in efficiently managing all 
the available space in an orchard with optimal tree size and spacing needing to be 
monitored and planned. Although tangerine trees can adapt to a wide range of spac-
ing between trees, sunlight remains the chief concern for good tree and fruit devel-
opment. Therefore, tree rows are often oriented from north to south to maximize 
sunlight capture.

Tree overgrowth will also directly affect sunlight exposure, leading to competi-
tion for sunlight among trees. Thus, pruning is often necessary to control the cano-
pies of the trees and the deadwood in each tree, composed of twigs, leafless and 
fruitless branches. Moreover, skirting, the removal of the lower parts of the canopy, 
facilitates agricultural practices and harvesting, also preventing contamination with 
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soil pathogens. Even though nifty, pruning directly affects fruit size and thus is not 
frequently applied in orchards.

Proper disease management and pest control are fundamental to maintaining 
adequate orchard sanitation and good quality fruits. Like other fruit-bearing trees, 
tangerine trees are susceptible to various pathogens, from insects, mites, and nema-
todes, to fungi, viruses, and bacteria. Combating these hardships often requires fre-
quent pest monitoring and the usage of aerially sprayed pesticides. However, 
over-administration of pesticides can lead to unwanted pest resistance. Moreover, 
when applying pesticides, consideration must take place to ensure that by the time 
of harvest, the pesticide trace amounts on the fruit do not exceed the legal resi-
due level.

Maintaining proper orchard sanitation also encompasses recurrent removal of 
decaying fruit and vegetation along with weed control. Weeds will directly compete 
with tangerine trees, depriving them of nutrients and sunlight. On top of that, weeds 
can also harbor numerous pests working as a means of dispersion for these 
pathogens.

6.3.1  Harvest

When it comes to harvesting tangerines, two options are available. Harvesting can 
be done manually (encompassing both traditional handpicking and mechanically 
assisted hand harvesting) or mechanically. As a general rule, if the fruit is destined 
for fresh consumption, then manual harvesting is the most desirable option since it 
provides less damage to the fruit when executed by experienced labor, which is 
particularly important in tangerines since they possess a fragile rind prone to bruises, 
cuts, and infections. Thus, gentle handling is essential in preserving external quality 
and pivotal in fruit intended for the fresh market. Moreover, traditional handpicking 
is more suitable for orchards sitting on uneven terrain. However, even with skillful 
workers, manual harvesting requires a significant amount of manpower to compete 
with mechanically automated approaches, which brings an added cost.

When talking about large-scale plantations, the cost/benefit relation of hand har-
vesting may make it less desirable as an option, with mechanical harvesting possi-
bly becoming a more reasonable approach. There are multiple varieties of mechanical 
harvesters, but the most used principle relies upon the machine’s ability to tremble 
the tree canopy enabling the ripe fruit to fall from the tree. Some of these machines 
possess containers or conveyor belts that catch the falling fruits, while others merely 
let the fruits fall into the ground to be later collected by workers (Sanders 2005). 
Naturally, both machines cause undesirable bruises and lacerations in the fruit and 
are thus reserved for fruits meant for processing.

6 Tangerine (Citrus reticulata)



140

6.4  Tangerine Phytotomy and Chemical Composition

6.4.1  Citrus Reticulata Phytotomy

The phytotomy of C. reticulata consists of a pericarp comprising three tissue layers, 
namely exocarp (flavedo), mesocarp (albedo), and endocarp (pulp, encompassing 
the carpellary segments and juice sacs), and seeds. Conjointly, the exocarp and 
mesocarp binomial composes the rind (peel) (Tadeo et al. 2008; Sadka et al. 2019).

As in other citrus fruits, the exocarp (also termed epicarp) corresponds to the 
outermost tissue layer (orange-colored) commonly referred to as the flavedo 
(derived from the Latin word flavus, meaning yellow). The flavedo layer represents 
a reservoir of carotenoids (entrapped in chromoplasts), vitamins, and essential oils 
entrappedin quasi-spherical volatile oil glands (Sinclair 1984; Berk 2016).

Proceeding towards the fruit’s middle layer is (located) the mesocarp, also desig-
nated albedo (in Latin, the word albus means white) or white pith. This sponge-like 
white parenchymatous tissue on the inside of the rind constitutes an important 
source of pectin and flavanones, also comprising other compounds, namely soluble 
carbohydrates, amino acids and vitamins (Sinclair 1984; Berk 2016; Sadka et al. 
2019). In the early stage of the C. reticulata development, the albedo layer fills the 
majority of the fruit volume, progressively thinning, concomitantly with juice sac 
cells growth (predominantly propelled by the vacuole expansion) as the fruit devel-
opment proceeds (Katz et al. 2011). Throughout the maturation phase occurs the 
disintegration of albedo, remaining solely the reticula (vascular system), which is in 
the genesis of the species name Citrusreticulata (Sadka et al. 2019).

The core (inward) layer of the pericarp is the endocarp, the edible pulp. This pulp 
is partitioned into loculi termed segments, which are formed from carpels (1 carpel 
equals 1 segment) during fruit development, hence the term carpellary membranes, 
which is also utilized by some authors (Asencio et al. 2018). The whorl of fused 
carpels enclose the juice vesicles (or juice sacs), with septa running along these seg-
ments converging onto the central axis of the tangerine, in which the segments 
coalesce and the seeds are located. Albeit considered single structures, juice sacs are 
in fact composed by several cell layers, presenting specific morphologies as the fruit 
develops. Throughout this stage, vacuoles comprised within those cells represent 
most of the cell volume (>90%), discharging the content in the form of juice. Mature 
fruits encompass the bulk of carbohydrates and organic acids, precisely within those 
structures (Sadka et al. 2019). Moreover, the pulp is also a source of other nutrients 
which include, among others, vitamins, and minerals (Sinclair 1984; Asencio et al. 
2018; Sadka et al. 2019).

The growth and development of C. reticulata entails three main overlapping 
stages, namely cell division, cellular expansion and maturation (Katz et al. 2004, 
2011; Sadka et al. 2019). The first stage is initiated following fruit set triggered by 
phytohormones, namely gibberellin and auxin, which are highly committed to the 
extensive cell division (Shinozaki et al. 2020). Proceeding towards the second stage, 
a cessation in cell division occurs in all fruit tissues, excluding in the flavedo layer 
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and extremities of the juice sacs. In this phase, the fruit growth ensues via an intense 
cell expansion, being the volume increase of juice vesicle cell mainly propelled by 
the vacuole enlargement, which fills nearly the whole volume of the cell. The last 
stage corresponds to the C. reticulata maturation and ripening, in which the fruit 
growth declines and the flesh attains its definite dimension (Katz et al. 2011). Citrus 
reticulata development encompasses profound alterations in the primary and sec-
ondary metabolisms. Concerning the former, sugars and citrate, which constitute 
the predominant compounds of the juice sac vesicles, are biosynthesized, achieving 
the desirable contents at the time-of-harvest (Bain 1958; Katz et  al. 2011; Lado 
et al. 2018). Outwardly, the principal alteration is the transition of peel color from 
dark-green to the characteristic fully orange color of C. reticulata, which is a con-
sequence of the biosynthesis of the secondary metabolites, carotenoids (Nawaz 
et al. 2020).

6.4.2  Citrus reticulata – Chemical Profile

Citrus reticulata is a sophisticated synthetic phytochemist uniquely endowed with 
an arsenal of metabolic enzymes to biosynthesize an intricate mélange of unique 
and chemically diverse compounds.

Hence, thishesperidium is a prolific producer of phytochemicals, biosynthesiz-
ing a valuable diversity of primary (centralcarbon metabolism) and secondary 
metabolites (secondary or specialized metabolism). The primary metabolites (mac-
ronutrients) encompass carbohydrates, organic acids, proteins (amino acids) and 
lipids (including fatty acids), while the counterparts comprise the chemical classes 
of flavonoids, phenolic acids, limonoids, carotenoids, essential oils, and alkaloids 
(Pott et al. 2019; Shorbagi et al. 2022).

The primary and secondary metabolic profiles of tangerine greatly influence the 
tangerines’ sensory traits (particularly savour (flavor) and texture), along with nutri-
tional and quality attributes. The chemical composition of C. reticulata is highly 
dependent on pre- and postharvest conditions, namely maturity level, storage, hor-
ticultural, and climate conditions, all of which influence the metabolic profile of the 
fruit (Lv et al. 2015; Sadka et al. 2019).

6.4.2.1  Citrus reticulata – Primary Metabolism

6.4.2.1.1 Carbohydrates

The carbon metabolism is closely associated to the plant growth owing to the fact 
that the exportation of photosynthetically biosynthesized carbohydrates from plant 
leaves provides the substrate for the sink tissues development and maintenance. 
Citrus reticulata fruit development is supported by carbohydrates accumulation 
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(photosynthetically synthesized) in juice vesicles and organic acids catabolism (res-
piration) (Lemoine et al. 2013).

During plant development, carbon is predominantly assimilated in the form of 
sucrose and translocated via phloem system from the leaf mesophyll to non- 
photosynthetic tissues (sink tissues) (Lemoine et al. 2013). In the photosynthetic 
pathway, the carbon dioxide fixation occurs in the chloroplasts stroma through the 
Calvin cycle to generate triose phosphate (triose-P; DHAP or PGA). Subsequently, 
triose-P is exported to the cytosol through a triose-phosphate translocator. Once in 
the cytoplasm, two triose-P molecules are combined to yield one molecule of fruc-
tose 1,6-biphosphate (F 1,6 BP) in a reaction catalyzed by aldolase. This compound 
is subsequently hydrolyzed by fructose biphosphatase to fructose-6-phosphate, 
which is further isomerized to glucose-1-phosphate. Sucrose is biosynthesized from 
hexose phosphates in the leaves mesophyll through the combined catalysis of UTP- 
glucose- 1-phosphate uridylyltransferase (UDP-glucose pyrophosphorylase), 
sucrose-phosphate synthase (SPS) and sucrose-phosphate phosphatase. Sucrose is 
the primary sugarimported via phloem from photosynthetic leaves to non-photosyn-
thetic tissues (sink tissues). Sucrose may be translocated into the sink cells apoplas-
tically by specific sucrose transporters or may be hydrolyzed into glucose and 
fructose by cell wall invertase (these monosaccharides may be imported to the sink 
cells through hexose transporters) (Ayre 2011; Lemoine et  al. 2013; Ruan 2014; 
McClain and Sharkey 2019; Stein and Granot 2019). Once inside the juice vesicles, 
sucrose may be metabolized via cleavage by cytosolic invertase or sucrose synthase, 
or translocated into the vacuole (being stored as sucrose, converted into fructans by 
fructosyltransferases or hydrolyzed into hexoses by vacuolar invertase). The glyco-
syl transferase sucrose synthase catalyzes the conversion of sucrose into UDP-
glucose and fructose (Sadka et al. 2019; Stein and Granot, 2019). In C. reticulata 
sucrose is the most abundant soluble sugar, representing more than 60% of the total 
content, followed by glucose and fructose, in a 2:1:1 ratio (Lado et al. 2018).

Amongst the desirable C. reticulata sensory traits, sweetness constitutes a piv-
otal taste characteristic (a key determinant of flavor acceptability). The strict bal-
ance between sweetness and sourness defines the C. reticulata unique taste, which 
is predominantly dictated by the contents and ratio of carbohydrates and organic 
acids in the juice vesicles (Lin et  al. 2015). These compounds participate in the 
biosynthetic pathways of primary and secondary metabolites, namely amino acids, 
vitamins and volatile organic compounds, which are also pivotal determinants of 
C. reticulata quality (aroma and flavor) (Tadeo et  al. 2008; Sadka et  al. 2019). 
Throughout fruit development sugar accumulation occurs in synchrony with organic 
acid catabolism. Hence, the two metabolic pathways are intertwined. The photosyn-
thetically synthesized sugar import from the leaves to the fruit is governed by the 
balanced interplay between biosynthesis, translocation and accumulation. Organic 
acids, the other prominent component of fruit taste, accumulate in the early phase of 
C. reticulata development, experiencing a content decline during the maturation 
stage. The regulatory mechanisms underlying organic acids catabolism remain elu-
sive (Tadeo et al. 2008; Terol et al. 2010; Lin et al. 2015).
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As abovementioned, C. reticulata possesses characteristic features concerning 
organoleptic attributes. Hence, it is of utmost importance to accurately define the 
timeofharvest in order to obtain high-quality fruits. The quality of C. reticulata is 
evaluated through a series of parameters (or indexes), namely, total soluble solids 
(TSS, °Brix), titratable acidity (TA) and the ration between both, which is termed 
maturity index. The TSS is a measure of the sugar content (which is usually ca. 
80%) and is, therefore, intrinsically related to the sweetness, while TA conveys the 
acidity of the fruit which is directly associated with organic acids contents (particu-
larly, citric acid), and is responsible for the sourness. The ratio between those 
parameters is indicative of the maturation stage, and is an important feature, along 
with color and juice content (Lado et al. 2018), to assess the overall quality of the 
fruits. A 7.5 minimum value of sugar/acid ratio was established in the EU concern-
ing tangerines and other mandarins (United Nations Economic Commission for 
Europe (UNEC) 2018). The mentioned parameters are paramount in the commer-
cialization of C. reticulata fruit regarding both consumers and industry.

6.4.2.1.2 Organic Acids

As aforementioned, citric acid is undoubtedly the most abundant organic acid in 
C. reticulata being the vacuoles of juice vesicles cells the main reservoirs. This tri-
carboxylic acid represents 70–90% of the total organic acids content, and the con-
centration is highly dependent on the equilibrium between biosynthesis, degradation, 
transport and vacuolar storage (Etienne et  al. 2013; Sheng et  al. 2017; Lado 
et al. 2018).

Citric acid is biosynthesized in the mitochondria (localized in the juice sacs ves-
icles) through the first reaction of the tricarboxylic acid (TCA) cycle or Krebs cycle, 
via the condensation of acetyl-CoA with oxaloacetate, catalyzed by citrate synthase. 
It is worthy to point out that oxaloacetate is synthesized during the glycolytic hydro-
lysis of sucrose through the irreversible β-carboxylation of phosphoenolpyruvate 
catalyzed by the cytosolic carboxy-lyase enzyme phosphoenolpyruvate carboxylase 
(Igamberdiev and Eprintsev 2016; Zhang and Fernie 2018; Pontiggia et al. 2019). 
Hence, citrate synthase and phosphoenolpyruvate carboxylase are pivotal enzymes 
in the citric acid biosynthetic pathway.

Organic acids are key precursors of structurally diverse primary metabolites, 
namely fatty acids and amino acids (Walker and Famiani 2018).

As the fruit maturation evolves, citric acid is exported from the vacuoles of juice 
sacs cells to the cytoplasm putatively through citrate/H+ symporters, being catabo-
lized through the aconitase-γ-aminobutyric acid (Aco-GABA) and/or ATP citrate 
lyase (ACL) pathways. Cytosolic aconitase (cyt-Aco) catalyzes the isomerization of 
citrate to isocitrate, which is then converted to α-ketoglutarate (2-oxoglutarate) 
through NADP isocitrate dehydrogenase. Afterwards, the latter compound may be 
metabolized to the biosynthesis of amino acids, particularly glutamine through glu-
tamine synthase or glutamate through the catalysis of glutamate dehydrogenase and 
then converted into GABA by glutamate decarboxylase (Degu et al. 2011; Etienne 
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et al. 2013; Guo et al. 2016; Sheng et al. 2017). The isomerization of citrate to iso-
citrate is a pivotal step in the citrate metabolism and hence a strict regulation of this 
conversion is of paramount importance for this tricarboxylic acid homeostasis 
(Degu et  al. 2011). Another isoform of cyt-Aco has also been documented (and 
characterized), being localized in the mitochondria (myt-Aco). A partial abrogation 
of myt-Aco catalytic activity elicits citrate accumulation in the vacuole and cytosol. 
Citramalate was documented as a selective inhibitor of the enzymatic activity of the 
mitochondrial isoform of aconitase (Degu et al. 2011). Degu et al. (2011) advocated 
that citrate accumulation triggered by aconitase inhibition elicited C. reticulata 
metabolic shift, inducing amino acid biosynthesis and GABA shunt. Yun et  al. 
(2010) performed a proteomic evaluation of C. reticulata cv. Egan No.1 (Ponkan 
fruit) and found that aconitase was upregulated throughout the post-harvest stage, 
being indicative of the conversion of citrate to isocitrate, hence eliciting the fleshy 
fruit acidity diminishment. Moreover, this effect was also attributed to an enhance-
ment of malate dehydrogenase, which catalyzes the conversion of malate into 
oxaloacetate.

Lin et al. (2015) performed a transcriptomic profiling of C. reticulata Blanco cv. 
Ponkan in order to investigate the organic acids metabolism during three fruit matu-
ration phases. The well-perceived acidic mouthfeel of this Chinese cultivar (due to 
the low sugar to acid ratio) negatively influences the consumers’ acceptability. In an 
attempt to circumvent this undesirable sensory trait, the authors evaluated the 
impact of delaying the fruit harvest on the improvement of the taste. The study 
reported that during the late maturation stage, an acceleration of the Krebs cycle and 
glycolytic pathway occurs, suggesting a metabolic shift towards organic acids 
catabolism. The authors observed that the citrate degradation occurred predomi-
nantly through the GABA shunt (upregulation of aspartate aminotransferase and 
glutamate decarboxylase) and acetyl-CoA pathway (upregulation of ATP-citrate 
lyase). Concerning malic acid degradation, an upregulation of malate dehydroge-
nase was observed.

Albeit C. reticulata sourness may be mainly attributed to the citric acid content, 
scarce concentrations of malic acid also contribute to this sensory trait (Lado et al. 
2018; Liu et al. 2021). The biosynthesis of this dicarboxylic acid occurs predomi-
nantly in the cytosol of the tangerine mesocarp cells through the carboxylation of 
the glycolytic intermediate, phosphoenolpyruvate, mediated by phosphoenolpyru-
vate carboxylase. Likewise, the catabolism of malate through decarboxylation via 
malate dehydrogenase enables the synthesis of phosphoenolpyruvate, which in turn 
triggers gluconeogenesis. As aforementioned, this phenomenon occurs predomi-
nantly during C. reticulata ripening (Etienne et al. 2013).

Feng et  al. (2018) evaluated the metabolites profile of C. reticulataBlanco 
(Daisy) and reported a concentration of malic acid (1 g L−1) 6.5-fold lower than the 
amount of citric acid. The authors also documented a vestigial concentration of suc-
cinic acid (10 mgL−1).
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6.4.2.1.3 Amino Acids

Citrus reticulata is considered a negligible protein source (Liu et al. 2012). In fact, 
this scarce protein content is mainly attributed to the high content of carbohydrates 
that comprise most of the fruits composition (Hildebrandt et al. 2015). The rind of 
C. reticulata presents a protein content of 2.3–3.1% (Pradhan and Sharma 2019), 
while the edible portion displays a residual value of 0.8% (USDA). Beyond the 
proteinaceous amino acids, the nonprotein aminoacidic residues represent most of 
the nitrogenous components (nearly 70%) (Liu et al. 2012). Amongst those, nones-
sential amino acids, namely alanine, arginine, asparagine, aspartic acid, glutamic 
acid, glycine, proline and serine, are prevalent in C. reticulata (Shorbagi et  al. 
2022). Wang et al. (2016) claimed that the amino acids content comprised in juice 
sacs was the highest in comparison to flavedo, albedo and segment membranes.

In accordance with a recent study conducted by Wallis et al. (2022), in which the 
amino acid profile of the leaf tissue of C. reticulata Blanco (W. Murcott) was evalu-
ated, L-alanine, L-methionine, L-phenylalanine, serine, tryptophan, tyrosine and 
valine were found to be the most abundant amino acids (Wallis et al. 2022).

Amino acids own prominent cell functions, participating in a myriad of cell met-
abolic pathways, hence influencing numerous physiological processes, namely the 
growth and development of the fruit, the regulation of the intracellular pH and 
energy status, and the stress responses to abiotic and biotic stimuli (Hildebrandt 
et al. 2015).

The aforementioned essential amino acids provide a prominent contribution to 
the fruit nutritional quality. Moreover, some free amino acids present a significant 
impact on the fruit taste. Particularly, arginine elicits a bitter sensory perception, 
whilst serine, proline and alanine are significantly associated to sweetness (Keutgen 
and Pawelzik 2008; Pal Choudhuri et al. 2015; Zhang et al. 2022).

As formerly mentioned, amino acids metabolic pathway is intertwined with gly-
colysis and tricarboxylic acid cycle (Zhang et al. 2018b; Sadka et al. 2019). During 
the second stage of C. reticulata development, the citrate content declines, being 
metabolized into glutamate and henceforth the amino acids biosynthesis is initiated 
(Sadka et al. 2019).

Proline

In citrus fruits, L-proline is predominantly synthesized through the glutamate path-
way, which occurs in the cytosol (Shinde et al. 2016; Boublin et al. 2022). Plants 
exposure to abiotic stresses, namely drought and nitrogen deprivation, triggers this 
route (Meena et al. 2019).

In this biosynthetic pathway, L-glutamate is initially phosphorylated to form the 
labile intermediate L-glutamyl 5-phosphate in a reaction mediated by the bifunc-
tional enzyme Δ1-pyrroline-5-carboxylate synthetase (P5CS). This enzyme com-
prises two catalytic domains, namely Δ1-γ-glutamyl kinase (catalyzing the 
abovementioned L-glutamate phosphorylation) and glutamic-γ-semialdehyde dehy-
drogenase (Turchetto-Zolet et  al. 2009). Subsequently, γ-glutamyl phosphate 
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reductase of P5CS catalyzes the latter compound reduction to γ-glutamate-
semialdehyde, which undergoes spontaneous cyclization be converted to 
1-pyrroline-5- carboxylate. Lastly, Δ1-pyrroline-5-carboxylate reductase catalyzes 
the conversion of this transient compound to L-proline. The former bifunctional 
protein, P5CS, is the pivotal enzyme for the L-proline synthesis, mediating the rate-
limiting step in the biosynthetic route, being regulated at transcriptional and post-
translation levels. This latter regulatory mechanism occurs via the feedback 
inhibition of the enzyme activity by L-proline (Meena et al. 2019). Alternatively, 
proline may be synthesized from ornithine mediated by ornithine aminotransferase 
(Funck et al. 2008).

Proline presents a pivotal role as a compatible osmolyte during drought (for 
instance), stabilizer of the intracellular cellular redox status (scavenger of reactive 
oxygen species), and chemical chaperone (Hildebrandt et  al. 2015; Shinde et  al. 
2016; Boublin et al. 2022; Kishor et al. 2022). Proline catabolic pathway occurs in 
the mitochondria, proceeding through two oxidation reactions, catalyzed by proline 
dehydrogenase and 1-pyrroline-5-carboxylate dehydrogenase, to yield L-glutamate 
(Hildebrandt et al. 2015).

Kang et  al. (2022) analysed the amino acids profile of large and small-sized 
C. reticulata cv. Shatangju after long-term cold storage. Concerning proline and 
leucine, the authors found that those were the only two amino acids detected in the 
pulp of the larger fruits. The authors reported that proline content in the pulps of the 
largest fruits was 10 mgkg−1 DW while in the smallest was 55 mg kg−1 DW.

He et  al. (2022) evaluated the amino acids content of C. reticulata Blanco 
(“Orah” mandarin) juice of distinct climatic regions and found that proline was the 
most abundant amino acid, with concentrations varying from 0.14 to 0.51 mg per 
mL of fresh juice. The authors documented a negative correlation between the pro-
line concentration and the annual relative humidity. In fact, during the fruit ripening, 
a low relative humidity or scarce water availability triggers osmotic stress, and as a 
response mechanism C. reticulata gathers compatible solutes, namely proline (He 
et al. 2022). Moreover, a positive correlation between proline content and plants 
experiencing lower temperatures (<10 °C) was also reported. In accordance with 
this finding, Yun et al. (2010) observed that post-harvest cold storage (abiotic stress) 
of C. reticulata cv. Egan triggered proline biosynthesis in juice sacs through the 
ornithine pathway via arginine aminotransferase, which expression increased at the 
thirtieth day of storage, indicating proline accumulation.

Arginine

An extremely growth-constraining condition for plants is the scarcity of nutrients, 
particularly the essential element, nitrogen. Owing to the high nitrogen-to-carbon 
ratio (4:6), arginine is considered the primary organic nitrogen storage form in 
plants, along with asparagine and glutamine (Forde and Lea 2007; Witte 2011; 
Winter et al. 2015).
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The biosynthetic route of arginine occurs in the chloroplast and may be parti-
tioned in two reactions, in which glutamate is converted into ornithine, through 
numerous acetylated intermediates, and henceforth this latter molecule originates 
arginine (Slocum 2005; Winter et al. 2015). In brief, L-glutamate is first converted 
to N-acetylglutamate by N-acetylglutamate synthase, which is thenceforth phos-
phorylated via N-acetylglutamate kinase to yield N-acetylglutamyl-phosphate. 
Subsequently, this latter compound is reduced to N-acetylglutamate-5-semialdehyde 
by N-acetylglutamate-5-P reductase. Then, N2-acetylornithine aminotransferase 
catalyses the transference of the amino moiety of L-glutamate to generate N2- 
acetylornithine. At last, this compound undergoes deacetylation through 
N-acetylornithine: N-acetylglutamate acetyltransferase, yielding ornithine. 
Henceforth, ornithine undergoes a 3-step pathway, in which carbamoylated orni-
thine originates citrulline. This latter compound is associated to L-aspartate via 
argininosuccinate synthase yielding argininosuccinate, which is reversibly cleaved 
into fumarate and L-arginine through the catalysis of argininosuccinate lyase 
(Slocum 2005; Winter et al. 2015).

In order to remobilize the assimilated nitrogen, arginine must be degraded and 
the ammonium originated is then translocated to the sink tissues. Leaf senescence 
and germination activate the catalytic activity of the enzymes comprised in this 
catabolic pathway. In sink tissues, the guanidine moiety of arginine is mitochondri-
ally hydrolyzed via arginase generating ornithine and urea. The hydrolysis of this 
latter compound, mediated by urease, culminates with the formation of ammonia 
and carbamate. The complete catabolism of arginine occurs via transamination of 
ornithine mediated by ornithine-δ-aminotransferase yieldingΔ1-pyrroline-5- 
carboxylate which is subsequently oxidized to glutamate catalyzed by 1-pyrroline- 5-
carboxylate dehydrogenase (Witte 2011; Hildebrandt et al. 2015; Kishor et al. 2022).

Yun et  al. (2010) performed a proteomic evaluation of C. reticulata cv. Egan 
(juice sacs) throughout postharvest low temperature storage. The authors found that 
ornithine aminotransferase (a pivotal enzyme in tangerine stress tolerance) was con-
siderably augmented at the thirtieth day of cold storage, leading to the catabolism of 
arginine with putative conversion into glutamate, which presents a positive role in 
cold acclimation.

In citrus fruits, arginine and ornithine may be precursors of polyamines, which 
display a protective role to counteract cold stress owing to the antioxidant and ROS 
scavenging, as well as anti-senescence activity. In fact, spermidine content was 
found to be increased in the flavedo of a C. reticulata hybrid following exposure to 
low and high temperatures (Nehela and Killiny 2020).

Glycine

In plants, glycine may be biosynthesized through three distinct pathways, namely 
the photorespiratory glyoxylate route, the reverse glycine cleavage system or the 
threonine catabolic pathway (Joshi et al. 2006; Jander and Joshi 2010; Dellero et al. 
2016; Xu et  al. 2022b). Concerning this latter, the enzyme threonine aldolase 
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catalyzes the reversible (retro-aldal) cleavage of threonine to yield glycine and acet-
aldehyde (Jander and Joshi 2010).

In the photorespiratory glycolate route, serine:glyoxylate aminotransferase 
catalyses the transamination of glyoxylate through the transfer of an amide group of 
serine to yield glycine and hydroxypyruvate (Dellero et al. 2016).

In the reverse glycine cleavage system, homodimeric pyridoxal 5′-phosphate- 
dependent glycine dehydrogenase catalyzes the conversion of N5, N10-methylene- 
tetrahydrofolate (5,10-CH2-THF) into glycine (Xu et al. 2022b).

Interestingly, Degu et al. (2011) advocated that glycine biosynthesis may be trig-
gered by aconitase inhibition in C. reticulate. The authors observed a prominent 
increase in the glycine content following tangerine treatment with the aconitase 
inhibitor, oxalomalate. Moreover, an improvement on the aspartate kinase enzy-
matic activity was reported. These observations shed light on the hypothesis that 
aspartate was first phosphorylated and henceforth glycine was biosynthesized viaa 
branch off the aspartate-derived amino acid biosynthetic pathway.

Glycine catabolic pathway occurs via the decarboxylation of the amino acid by 
the mitochondrial system of glycine decarboxylase, with the concomitant transfer 
of a methyl group to tetrahydrofolate, yielding ammonium and carbon dioxide 
(Hildebrandt et al. 2015).

He et  al. (2022) stated that the glycine concentration of C. reticulata Blanco 
ranged between 0.032 to 0.0092 mg per mL of fresh juice. A positive correlation 
was observed between glycine concentration and the sunlight exposure, which is 
may be indicative of the photorespiratory glyoxylate biosynthetic route. The authors 
also found that a lower temperature contributed to an accumulation of L-glycine, 
which pointed out to a cryoprotective role, hence facilitating the fruit cold 
acclimation.

Asparagine

Asparagine is mainly biosynthesized through the amidation of aspartate via aspara-
gine synthetase, in which the amide group donor is glutamine (Gaufichon et al. 2010).

In sink tissues, the complete degradation of asparagine proceeds through hydro-
lysis of the amide group mediated by asparaginase to yield aspartate and ammonia, 
eliciting the nitrogen reassimilation (Curtis et al. 2018). As aforementioned, aspara-
gine, along with glutamine and arginine, constitutes the main nitrogen translocator 
and reservoir from source organs to sink tissues (Gaufichon et al. 2010).

Lin et al. (2015) performed a metabolic and transcriptomic analysis of C. reticu-
late Blanco cv. Ponkan at three different stages of the fruit maturation (early devel-
opment, commercial harvest phase and delayed harvest stage). The absolute amount 
of asparagine was found to be 0.465, 0.001 and 0.316 mg per g of fresh weight, 
respectively. These values were highly correlated with the aspartate (asparagine pre-
cursor) content, being observed an upregulation of aspartate aminotransferase 
between the conventional and the delayed harvest stages. Noteworthy, all the amino 
acids displayed a dramatic decline from the early development to commercial har-
vest phase and from that phase onwards a pronounced increase was observed.
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Suh et al. (2021) provided novel insights into the metabolic mechanisms under-
lying C. reticulata tolerance to Huanglongbing (a phloem-restricted bacterial dis-
ease originated by “Candidatus Liberibacter asiaticus”). The authors conducted a 
comparative metabolites evaluation of healthy and infected Huanglongbing-tolerant 
and -sensitive C. reticulata, being observed that the asparagine and glutamine con-
tents were enhanced in the tolerant C. reticulata, irrespective of the healthy or 
infected status. The host accumulation of these metabolites in response to infection 
was indicative that both amino acids may predominantly constitute upstream sub-
strates on the purine metabolic pathway, which is a core route coupled to aspartate- 
glutamate metabolic pathway and phytohormones biosynthesis. In this route, the 
downstream biosynthesized auxins and cytokinins promote the cell growth and 
phloem regeneration, hence conferring host tolerance to the infection (Suh 
et al. 2021).

Aspartate

The aspartate biosynthetic pathway intertwines the glycolytic route/TCA cycle and 
amino acids biosynthesis pathways, which are of utmost importance for plant nutri-
tion, and stress responses (Galili 2011; Kirma et al. 2012). In brief, oxaloacetate 
undergoes a reversible transamination through the catalysis of aspartate aminotrans-
ferase (aspartate:2-oxoglutarate aminotransferase) to yield L-aspartate and 
2- oxoglutarate (De La Torre et al. 2014). In this biosynthetic pathway oxaloacetate 
may be originated through the glycolytic pathway or via the TCA cycle. The cata-
bolic pathway of aspartate occurs promptly through its transamination to generate 
oxaloacetate (Hildebrandt et al. 2015).

According to Lin et  al. (2015) the absolute aspartate content of C. reticulata 
decreased from the early stage development (0.465 mg g−1 fw) to the delayed har-
vest (0.316 mg g−1 fw). Noteworthy, an aspartate concentration of 0.001 mg g−1 fw 
was obtained in the commercial harvest stage.

Tan et al. (2019) investigated the impact of autotetraploidization on the primary 
metabolism of C. reticulata Blanco (Ponkan mandarin) during three consecutive 
years. The authors found that the concentration of aspartic acid was significantly 
higher in the autotetraploid fruit in comparison to the parental diploid (control) 
variety at the 210th day post flowering. As a whole, autotetraploidization appeared 
to modulate C. reticulata metabolism, promoting an accumulation of this primary 
metabolite. Autotetraploidization may constitute a feasible approach to enhance 
plant tolerance to abiotic stressors.

Glutamate

In higher plants, glutamate displays a central role in amino acids metabolic path-
way, being the α-amino moiety directly implicated in the nitrogen assimilation, and 
transferred to the other amino acid residues (Forde and Lea 2007; Liao et al. 2022). 
Moreover, glutamate is the key precursor of γ-aminobutyric acid (GABA) (Fig. 6.1), 
proline and arginine (Forde and Lea 2007; Majumdar et al. 2016). Glutamate may 
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GABA L-Glutamate

Fig. 6.1 Chemical 
structures of GABA and 
L-glutamate found in 
C. reticulata

be de novo biosynthesized via glutamate synthase (also designated glutamine:2- 
oxoglutarate amidotransferase), which catalyses the transfer of the amide moiety of 
glutamine to 2-oxoglutarate originating two molecules of glutamate (Forde and 
Lea 2007).

The catabolic pathway may proceed either through oxidative deamination (aspar-
tate aminotransferase catalyses the reversible conversion of glutamate to 
2- oxoglutarate) or via irreversible decarboxylation catalysed by the cytosolic gluta-
mate decarboxylase to generate GABA. Concerning the latter route, GABA under-
goes transamination via GABA transaminase to generate succinic semialdehyde, 
which is then mitochondrially oxidized to succinate by succinate semialdehyde 
dehydrogenase. Hence, the well-documented GABA shunt circumvents two steps 
of the TCA cycle (Hildebrandt et al. 2015).

In order to cope with exposure to abiotic stresses, namely acidification, oxygen 
deprivation, heat shock, drought, citrus fruits accumulate GABA in the cytosol 
(Forde and Lea 2007; Chen et al. 2012; Podlešáková et al. 2019). Former studies 
pointed out to an activation of GABA shunt during C. reticulata ripening stage and 
postharvest storage (Chen et al. 2012; Lin et al. 2015, 2016). In fact, GABA dis-
plays a critical role in the regulation of citric acid catabolism and, consequently, in 
the vacuolar pH homeostasis of the juice vesicles, which influences tangerine acid-
ity (Sadka et al. 2019; Strazzer et al. 2019). Worth noting, an upregulation of aspar-
tate aminotransferase and glutamate decarboxylase (GAD) was documented, 
indicating that the GABA shunt was activated during the later phase of fruit matura-
tion (Lin et al. 2015).

Sheng et  al. (2017) also investigated the expression of GABA shunt genes in 
low-acid hybrids of C. reticulata and Citrus grandis throughout postharvest storage. 
In agreement with the former study, the authors also reported an enhancement on 
the GABA content concomitant with the storage time extension, being observed an 
upregulation of the genes encoding glutamate decarboxylase and mitochondrial 
GABA permease.

Serine

Serine is involved in the biosynthetic pathways of a myriad of biomolecules of para-
mount importance for cell development and proliferation, namely amino acids, 
nucleotides, phospholipids. Moreover, L-serine possesses a pivotal role in the one- 
carbon metabolism and in cell signalling networks (mediated via serine-kinases) 
(Kalhan and Hanson 2012; Ros et al. 2014).
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In plants, serine may be biosynthesized through three distinct mechanisms, 
namely the photorespiratory glycolate route and the two non-photorespiratory path-
ways, the phosphorylated and glycerate routes. Notwithstanding, serine synthesis 
via the former pathway (glycolate) has been deemed the most significant (Benstein 
et  al. 2013; Ros et  al. 2014; Okamura and Hirai 2017). In this photorespiratory 
mechanism, the glycine decarboxylase multi-enzyme complex catalyzes the decar-
boxylation and deamination of L-glycine, originating carbon dioxide and ammonia. 
Henceforth, the glycine-derived methylene group is directly transferred to tetrahy-
drofolate yielding methylene-tetrahydrofolate. Lastly, this latter molecule is com-
bined with a second L-glycine to form L-serine via serine hydroxymethyltransferase 
(Douce et al. 2001; Ros et al. 2014). Owing to its paramount role in the plant metab-
olism, strict regulatory mechanisms underlying serine biosynthesis are critical to 
warrant the amino acid homeostasis. Nonetheless, the plethora of biosynthetic 
routes complicates the mechanistic comprehension of this intricate regulation (Ros 
et al. 2014).

The complete degradation of serine occurs through transamination of the amino 
acid mediated by serine-glyoxylate aminotransferase to yield hydroxypyruvate, 
which is then reduced to 3-glycerate. Subsequently, this latter molecule undergoes 
phosphorylation via glycerate kinase to yield 3-phosphoglycerate, which may be 
reduced to glyceraldehyde 3-phosphate and utilized in carbohydrate biosynthesis or 
glycolysis, or may be re-introduced in the Calvin Benson cycle (Douce et al. 2001; 
Hildebrandt et  al. 2015; Modde et  al. 2017). Alternatively, serine may undergo 
direct deamination mediated by a dehydratase, the serine racemase localized in the 
cytosol to form pyruvate (Hildebrandt et al. 2015).

According to the above detailed study performed by He et al. (2022), the serine 
content of C. reticulata Blanco ranged between 0.01 and 0.025 mg per mL of fresh 
juice. The authors observed a positive correlation between the annual average sun-
shine hours and the serine content. The appropriate solar radiation promotes a high 
photosynthetic photon flow density. These results are consistent with the photores-
piratory biosynthetic mechanism of serine. Interestingly, lower temperatures 
(<10 °C) trigger the serine biosynthesis.

Kang et al. (2022) evaluated the impact of fruit size in the physicochemical char-
acteristics of C. reticulata following long-term cold storage. Serine was only absent 
in the largest fruits, and the highest content was observed in smallest, which was 
determined to be 25 mg kg−1 DW. The presence of lower diversity and amounts of 
amino acids and organic acids, both of which are responsible for flavor characteris-
tics, in the larger specimens following long-term storage originated insipid fruits.

6.4.2.1.4 Lipids

Citrus reticulata flesh is considered to be scarcely endowed with lipids (Liu et al. 
2012). Owing to the paramount role in the signal transduction, lipids are deemed to 
be critical for the proper plant growth and responses to abiotic stresses (Abdelrahman 
et  al. 2021). Moreover, the tremendous importance of plants lipids, considered 
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primary metabolites, relies on their influence in the membrane fluidity, integrity and 
permeability.

Citrus reticulata biosynthesizes complex blends of chemically diverse lipids, 
belonging to distinct classes, namely fatty acids, sterols, waxes, carotenoids, 
amongst others (Shorbagi et al. 2022).

In plants, fatty acids are predominantly synthesized and catabolized (β-oxidation) 
in chloroplasts and peroxisomes, respectively. Nonetheless, in recent years the 
mitochondrial contribution in the fatty acid catabolic pathway has become increas-
ingly evident. The enzyme ATP-citrate lyase catalyzes the cytosolic conversion of 
this tricarboxylic acid into acetyl-CoA for the novo fatty acid synthesis (Daloso 
et al. 2015).

Citrus reticulataseeds and rind (with the flavedo comprising oil sacs) are the 
primary reservoir of fatty acids. Fatty acids profiling of C. reticulata unraveled that 
linoleic acid (C18:2) was the most abundant, followed by palmitic acid (C16:0) and 
α-linolenic acid (C18:3) accounting for 32.76, 19.86 and 19.77%, respectively, the 
of total content (Lamine et al. 2019).

The seeds of C. reticulata have also been observed to comprise those fatty acids, 
along with two others, namely, oleic (C18:1 n-9) and stearic (C18:0). In seeds oil, 
oleic acid was the third most abundant, while α-linolenic acid was, among the five 
mentioned fatty acids, the one which presented the lowest amount (Rashid 
et al. 2013).

Tounsi et  al. (2011) examined C. reticulataseeds and found that linoleic, fol-
lowed by oleic, palmitic, α-linolenic, stearic and palmitoleic acids were the fatty 
acids present in the oils (Tounsi et  al. 2011). Stearic and oleic acids were also 
observed in the abovementioned pulp oil, in that case being the fourth and fifth most 
prevalent (Lamine et al. 2019).

Citrus reticulata peels were also deemed as potential sources of fatty acids, since 
peel oil was described to comprise similar profile to those found in pulp and seed 
oils, being mainly constituted by linolenic (33.71%) and palmitic acids (29.26%), 
also encompassing oleic, stearic, myristic and α-linolenic acids (10.8, 6.61, 5.69 
and 3.49%, respectively) (Castro et al. 2018).

Lipids are also present in fruit cuticular waxes, which composition is signifi-
cantly variable, depending on species, ontogeny and environmental conditions. 
Generally, waxes comprise mainly compounds derived from very-long-chain fatty 
acids, namely, fatty acids, aldehydes, alkanes, esters, primary and secondary alco-
hols, and ketones (Yeats and Rose 2013). Yang et al. (2022) found that C. reticulata 
cuticular wax mainly presented aldehydes (1.29 μg cm−3, 45.29% of total aliphatic 
wax; TAW) and alkanes (1.26 μg cm−3, 44.1% TAW), despite fatty acids and alco-
hols also being detected, although in significantly lower amounts (0.16 and 
0.14 μg cm−3, respectively).

C. Maciel et al.



153

Fig. 6.2 Chemical structures of vitamins commonly found in C. reticulata flavedo

6.4.2.1.5 Vitamins

L-ascorbate (vitamin C)

Citrus reticulata is an important source of L-ascorbate or L-ascorbic acid (also 
referred as vitamin C) (Fig. 6.2). This metabolite possesses a notable antioxidant 
activity, being a co-factor for enzymes involved in a plethora of biochemical reac-
tions (Asensi-Fabado and Munné-Bosch 2010; Wheeler et  al. 2015; Magwaza 
et al. 2016).

Although elusive for many years (Wheeler et al. 1998), the biosynthetic pathway 
of L-ascorbic acid in plants, is still not fully deciphered (Wheeler et al. 2015). The 
L-D-mannose/L-galactose or Smirnoff-Wheeler route appears to be the primary 
pathway of the biosynthesis of L-ascorbic acid, through the conversion of GDP-D- 
mannose to L-ascorbic acid. It has been postulated that GDP-mannose-3,5- 
epimerase catalyzes the C3 and C5 epimerization of GDP-D-mannose to 
GDP-L-galactose, which is subsequently converted to L-galactose-1-phosphate by 
GDP-galactose phosphorylase. L-Galactose-1-P phosphatase catalyzes the dephos-
phorylation of the latter compound to generate L-galactose, which upon C-1 oxida-
tion and cyclization is converted to L-galactone-1,4-lactone by L-galactose 
dehydrogenase. This 5-keto compound is finally oxidized to L-ascorbate in a reac-
tion catalyzed by the mitochondrial FAD-linked L-galactono-1,4-lactone dehydro-
genase (Laing et al. 2007; Wheeler et al. 2015; Magwaza et al. 2016; Jiang et al. 
2021). In the above detailed biosynthetic pathway, the regulation of the route flow 
mostly relies on the GDP-L-galactose phosphorylase step (Laing et al. 2007, 2015; 
Bulley et al. 2012).

In citrus fruits, a plethora of factors may influence the L-ascorbate content, 
namely genotype, climatic conditions, preharvest (cultural) production practices, 
fruit maturity (time of harvest), harvesting methods and postharvest systematic 
practices (Lee and Kader, 2000; Magwaza et al. 2016).

Significant scientific evidences pointed out that L-ascorbate content is mostly 
influenced by the preharvest conditions, particularly light, temperature, nitrogen 
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fertilization, carbohydrate content, among others (Lado et  al. 2015; Magwaza 
et al. 2016).

Nagy (1980) surveyed the L-ascorbate concentration for mandarins juice from 
several countries (United States, Israel, India and Iran) reporting values ranging 
from 14 to 54 mg per 100 mL of juice.

In C. reticulata, the L-ascorbate content was also found to be highly variable 
among the distinct edible tissues. Abeysinghe et al. (2007) reported a higher vitamin 
C content in juice sacs (45.3 mg per 100 g of fresh weight (FW), followed by the 
segment (38.9 mg per 100 g FW) and segment membrane (14.2 mg per 100 g FW). 
In a study performed by (De Moraes Barros et al. 2012), the ascorbate concentra-
tions of pulp and peel from commercial cultivars of C. reticulata cv. Ponkan in 
Brazil were compared. According to the authors, the fruit rind presented a higher 
vitamin content (41.1 mg per 100 mL) in comparison to the fleshy pulp (47.6 mg 
per mL). These values were in accordance with those previously documented by 
Nagy (1980), who surveyed the L-ascorbate concentration for mandarins juice from 
several countries (United States, Israel, India and Iran) reporting values ranging 
from 14 to 54  mg per 100  mL of juice. Noteworthy, the high variability of the 
reported ascorbate contents are a consequence of the aforementioned pre- and post-
harvest conditions. In light of these findings, the authors postulated that the higher 
L-ascorbate content in the rind may be ascribed to the high requirement for antioxi-
dant compounds with potential to efficiently scavenging reactive oxygen species 
(ROS) originated through the direct exposure of the fruit rind to environmental (abi-
otic) stresses.

Rey et al. (2020) evaluated the L-ascorbate content in Citrus reticulata flavedo 
and found that light deprivation originated a prominent decline (nearly 50%) in the 
vitamin amount (initial content of 2.4 g kg−1).

Folate

Folate or folic acid (pteroylglutamic acid) is another example of a water-soluble 
vitamin occurring in citrus fruits (Brouwer et al. 1999; World Health Organization 
2015). Folate, the polyglutamate form, has been argued to be the naturally occurring 
form of this vitamin B9 (Fig. 6.2). Similarly to L-ascorbate, folate exerts a pivotal 
role in the maintenance of the immune system barriers integrity and in providing the 
support to the proper function of several immune cells (Miles and Calder 2021; Rey 
et al. 2021). The vitamin is an essential cofactor for enzymes involved in the accep-
tance or donation of single carbon units in pivotal metabolic pathways. This coen-
zyme is involved in homocysteine metabolism, biosynthesis of nucleic acids 
(synthesizing purine and pyrimidine) and in cell growth and division (Bailey and 
Gregory 1999; Shang et al. 2021).

Owing to the paramount folate role in human health, disturbances in the physi-
ological vitamin homeostasis elicit a detrimental health impact. In fact, the folate 
deficiency is a serious global health concern, and has long been investigated given 
its association with several pathologies, namely megaloblastic anaemia, 
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inflammatory bowel disease, coronary heart disease and cancer (Rimm et al. 1998; 
De La Garza et al. 2007; Alam et al. 2019).

Mammalian cells are devoid of the folate biosynthesis enzymes, and hence 
humans must acquire this vitamin from exogenous dietary sources, particularly 
from plant foods (De La Garza et al. 2007; Ifergan et al. 2008).

Citrus reticulata (in its raw or juiced form) is a particularly interesting source of 
folate, biosynthesizing the vitaminde novothrough an intricate metabolic pathway. 
The tetrahydrofolate (referred as folates) is a tripartite compound structurally com-
posed of a pterin moiety, a para-aminobenzoic acid (pABA) and a γ-bounded glu-
tamate tail (Gorelova et al. 2019; Kołton et al. 2022). The folate biosynthesis occurs 
in three subcellular compartments, namely cytosol (pterin biosynthesis), plastids 
(pABA production) and mitochondria. In this latter organelle occurs the assembly 
of tetrahydrofolate molecule, through the condensation of the two moieties of pterin 
and pABA, originating dihydropteroate, which is subsequently glutamylated via the 
attachment of the L-glutamate residues (De La Garza et  al. 2007; Kołton et  al. 
2022). Para-aminobenzoic acid is synthesized from chorismate in a two-step reac-
tion mediated by 4-amino-4-deoxychorismate and aminodeoxychorismate lyase. 
The biosynthesis of pterin initiates with the conversion of guanosine-5′-triphosphate 
to dihydroneopterin triphosphate mediated by GTP cyclohydrolase I. The generated 
molecule is then dephosphorylated in a two-step reaction through the catalysis of 
cytosolic Nudix hydrolase and a non-specific phosphatase. The final reaction of the 
pterin synthesis comprises the concomitant release of glycolaldehyde and 
6-hydroxymethildihydropterin mediated by dihydroneopterin aldolase. The tetrahy-
drofolate biosynthesis in mitochondria initiates with the pyrophosphorylation of the 
latter compound catalyzed by HMDHP pyrophosphokinase, proceeding with the 
association with pABA, mediated by dihydropteroate synthase, originating dihy-
dropteroate. In a subsequent reaction, this molecule is converted into dihydrofolate, 
mediated by dihydrofolate synthetase, which is further reduced to tetrahydrofolate 
by dihydrofolate reductase. The final sequential attachment of L-glutamate residues 
catalyzed by folylpolyglutamate synthetase leads to the conversion of the tetrahy-
drofolate into tetrahydrofolate polyglutamate (Gorelova et al. 2017, 2019; Kołton 
et al. 2022). A critical point in the regulation of folate homeostasis relies on the 
removal or shortening of polyglutamate tail via vacuolar gamma-glutamyl hydro-
lase (Gorelova et al. 2019). In plants, despite the well-described biosynthetic and 
metabolic pathways of folate, the underlying regulatory mechanisms and cellular 
compartmentalization in different plant lineages remain uncharacterized and, hence, 
a genetic dissection would provide valuable insights (Kołton et al. 2022).

The folate content (on average) in C. reticulata is quoted as 16 μg per 100 g of 
edible fruit. Noteworthy, the high variability of the vitamin concentration may be 
attributed to the plant physiological status, cultivar, season, post-harvest conditions, 
among others (Delchier et al. 2016).

Concerning the evaluation of the individual folate derivatives, 
5- methyltetrahydrofolate (the fully reduced form, methylated on the nitrogen 
located in position 5) was found to be the most abundant vitamer in tangerine 
(13  ±  1  μg per 100  g of fresh weight), followed by the most unstable folate, 
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tetrahydrofolate (1 ± 1 μg per 100 g of fresh weight) (Delchier et al. 2016). Of the 
total folate content in tangerine, 57% was in the form of polyglutamate (Konings 
et al. 2001).

6.4.2.2  Secondary Metabolism

Plants are endowed with the capability to biosynthesize a unique and complex rep-
ertoire of secondary metabolites (also termed specialized metabolites), which are 
low-molecular-weight molecules, biologically active, constituting a highly exploited 
reservoir for the synthesis of pharmacological agents (Goossens et  al. 2003; 
Benderoth et al. 2006). This chemically diverse class of metabolites confers a selec-
tive advantage to the synthesizing organism concerning the adaptation to the sur-
rounding environmental constraints (Craney et al. 2013). In fact, biotic and abiotic 
stressors trigger a plethora of physiological responses, including the biosynthesis of 
the aforementioned secondary metabolites (Li et  al. 2016). The adaptive mecha-
nisms, and the chemical diversity of secondary metabolites, have evolved in order 
to cope with the single or concurrent exposure to the abiotic and biotic stress sig-
nals/stressors (Benderoth et  al. 2006; Bacete et  al. 2022). This diversity may be 
ascribed to the plasticity of the secondary biosynthetic pathways, conferring plants 
the potential to generate an overwhelming array of structural and/or chemical- 
modified secondary metabolites (Li et al. 2016). Citrus reticulatais endowed with a 
blend of secondary metabolites, namely flavonoids (flavanones, flavones, flavonols, 
anthocyanins;being flavanone the most abundant), phenolic compounds or polyphe-
nols, limonoids, volatile organic compounds, carotenoids, and alkaloids (Sanches 
et al. 2022). Moreover, citrus fruits are considered the most valuable dietary source 
of flavonoids and vitamins (Wang et al. 2016). These classes of secondary metabo-
lites present a notable biological activity of considerable therapeutic importance to 
human health and well-being, with flavonoids (namely hesperidin, the most abun-
dant flavonoid present in C. reticulata peel) possessing potent antioxidant, anticar-
cinogenic and anti-inflammatory properties, as well as neuroprotective effects (Ho 
and Lin 2008; Hwang et  al. 2012; Ho and Kuo 2014; Zhang et  al. 2014a). 
Furthermore, C. reticulata bioactive potential has been documented concerning 
antidiabetic, antiproliferative, antihypertensive, antiatherogenic, antiviral and anti-
microbial properties, as well as skin hydrolipidic balance improvement, gut micro-
biota modulation and cardiomyopathy prevention (Hwang et al. 2012; Taher et al. 
2020; Guo et al. 2021; Infante et al. 2022).

The tissues of C. reticulata (namely flavedo, albedo, segment membrane and 
juice vesicles) may comprise differential accumulation profiles of secondary metab-
olites. This was observed in the study conducted by Wang et al. (2017b), in which 
phenolic contents of the individual tissues of C. reticulata belonging to two distinct 
cultivars were evaluated. The analysis revealed flavedo to account for the highest 
content, followed by albedo, segment membranes and juice sacs, respectively. Wang 
et al. (2016) reported a distinctive flavonoids accumulation pattern, being observed 
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that flavedo enclosed the highest concentration of flavonoids, followed by albedo, 
segment membranes and juice sacs.

A plethora of factors may impact C. reticulata secondary metabolites composi-
tion, in terms of profiles and abundance, being the cultivar one of those factors. In a 
study performed by Wang et al. (2017b), two cultivars, namely, Mantouhong and 
Ponkan, from a particular region in China (Zhejiang Province), were analysed in 
terms of phenolic contents. It was observed that, in comparison to Ponkan, 
Mantouhong cultivar possessed higher amounts of those compounds in flavedo and 
albedo, while in segment membrane there was no significant difference, and in juice 
sacs Ponkan phenolics concentration was higher.

6.4.2.2.1 Volatile Organic Compounds

The uniqueness of the C. reticulata scent is an appealing trait, co-evolving with the 
fruit ripeness (Melin et al. 2019). The plethora of Citrusaromas, namely fruity, flo-
ral, minty, lavender, lemony, citrusy, mushroom, woody, piney may be attributed to 
the emission of hundreds of volatile organic compounds (VOC) comprised in tan-
gerines (Tietel et al. 2010, 2011). Owing to the inherent fruit perishability, off-flavor 
volatiles are biosynthesized, which may hamper the sensory acceptability 
(Goldenberg et al. 2016).

Volatile compounds are the main constituents of essential oils, which comprise 
an intricate amalgam of distinct compounds. The majority of those chemicals are 
comprised within the terpen class (namely, terpenoids), albeit phenylpropanoids are 
also abundant. Nonetheless, essential oils also encompass other compounds, namely 
aliphatic and aromatics (Raut and Karuppayil 2014; Dhifi et al. 2016).

The VOC profile of C. reticulatacomprises terpenoids, alcohols, aldehydes, acids 
and esters, which are considered the most predominant classes (Pichersky et  al. 
2006; Schwab et al. 2008; Zhang et al. 2017). Among these, terpenoids represent the 
most prominent class in the peel of citrus fruits, particularly monoterpenes com-
pounds (Zhang et al. 2017; González-Mas et al. 2019). Some of these compounds 
are considered primary metabolites, being of utmost importance for the plant growth 
and development (phytohormones), whilst others are secondary metabolites, namely 
mono-, di- and sesquiterpenes, displaying a pivotal role in surrounding environmen-
tal adaptation and chemical defense (Ward et al. 2011; Henry et al. 2015; Zhang 
et al. 2017). These compounds naturally occur in specialized quasi-spherical (circu-
lar cavities) oil glands in the flavedo and in oil bodies in the juice vesicles comprised 
in the whorl of fused segments (Schwab et al. 2008).

Terpenoids (also referred as terpenes or isoprenoids) are biosynthesized via the 
mevalonate pathway, hence designated owing to the formation of the intermediate 
mevalonic acid. Terpenoids are originated from two 5-carbon (C5) precursors, iso-
pentenyl diphosphate (IPP) and its corresponding allylic isomer dimethylallyl pyro-
phosphate (DMAPP), which are biosynthesized viatwo independent canonical 
pathways, namely the mevalonate or mevalonic acid (MVA) (cytosolic/peroxi-
somal) and methylerythritol phosphate (2C-methyl-d-erythritol-4-phosphate; MEP) 
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pathways (plastidial) (Hemmerlin et al. 2003; Sauret-Güeto et al. 2006; Kirby and 
Keasling 2009; Chatzivasileiou et al. 2019). The subcellular compartmentalization 
of MVA and MEP routes (which perform independently) comprises cytosol/peroxi-
somes and plastids, correspondingly (respectively) (Vranová et  al. 2013). MVA 
pathway entails 7 sequential enzymatic reactions to synthesize IPP from acetyl- 
CoA. The synthetic route initiates with the condensation of two molecules of acetyl- 
CoA to yield acetoacetyl-CoA in a reversible reaction catalyzed by acetyl-coenzyme 
A (CoA) C-acetyltransferase, also designated acetoacetyl-CoA thiolase. 
Subsequently, acetoacetyl-CoA reacts with acetyl-CoA to generate 3-hydroxy- 3-
methylglutaryl-CoA (HMG-CoA) by HMG synthase. Afterwards, HMG-CoA is 
converted into the pathway intermediate, mevalonate (MVA), viaa reduction reac-
tion catalyzed by 3-hydroxy-3-methylglutaryl-CoA reductase. Subsequently, the 
occurrence of two consecutive phosphorylation reactions converts mevalonate to 
MVA-5-diphosphate catalyzed by MVA kinase and phospho-MVA kinase. The final 
stage of the MVA biosynthetic pathway entails the decarboxylation of MVA-5- 
diphosphate to yield IPP via the catalytic activity of diphospho-mevalonate decar-
boxylase, also denominated MVA diphosphate decarboxylase. IPP may be 
isomerized to DMAPP via the catalysis of isopentenyl-pyrophosphate delta isomer-
ase (McGarvey and Croteau 1995; Laule et  al. 2003; Kirby and Keasling 2009; 
Nagegowda 2010; Hemmerlin et al. 2012; Henry et al. 2015).

As aforementioned, the non-mevalonate, MEP pathway (also termed 1- deoxy- 
D- xylulose 5-phosphate (DXP) pathway) comprises the synthesis of IPP and 
DMAPP in plastids. In this 7-reaction biosynthetic pathway, 1-deoxy-D-xylulose-
5-phosphate synthase catalyzes the first reaction, the condensation of equimolar 
amounts of the glycolytic intermediates, pyruvate and D-glyceraldehyde 3-phos-
phate (GA-3P), to yield 1-deoxy-D-xylulose 5-phosphate (DPX). The latter mole-
cule undergoes a coordinated reactional process of isomerization and reduction 
through the catalysis of DXP reductoisomerase to originate MEP, which in a cyti-
dine 5′-triphosphate-dependent reaction, is subsequently phosphorylated in the 
hydroxyl group (C4 position) to yield 4-(cytidine 5′-diphospho)-2-C- methyl-D-
erythritol (CDP-ME2P) via the catalysis of 2-C-methyl-D-erythritol 4-phosphate 
cytidylyltransferase. A subsequent phosphorylation of the hydroxyl group posi-
tioned on the second carbon of CDP-ME2P, through the catalysis of 2-C-methyl-D-
erythritol 2,4-cyclodiphosphate synthase generates 2-C-methyl- derythritol 
2,4-cyclodiphosphate (MEcPP). Subsequently, the reduction of this intermediate 
compound to 4-hydroxy-3-methylbut-2-enyldiphosphate (HMBPP) is catalyzed by 
HMBPP synthase. In the last stage of this biosynthetic route, HMBPP undergo a 
reduction reaction to originate IPP and DMAPP (Hemmerlin et al. 2012; Vranová 
et al. 2013; Henry et al. 2015).

The MVA and MEP biosynthetic pathways are coupled with the central carbon 
metabolism, particularly with the glycolytic route. Hence, a competition with other 
pivotal cellular processes for carbon sources might occur. Despite the aforemen-
tioned distinct subcellular compartmentation of MVA and MEP pathways, there is 
a metabolic intertwining between these two routes enabling the IPP shuttle between 
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the plastid and cytosol across the plastidial envelope membrane (Laule et al. 2003; 
Kirby and Keasling 2009; Hemmerlin et al. 2012).

Isopentenyl diphosphate and DMAPP biosynthesized through the MVA route are 
subsequently utilized for the production of isoprenoids in the cytosol and mitochon-
dria, while IPP and DMAPP synthesized via the MEP pathway are isoprenoids pre-
cursors in plastids (Phillips et al. 2008; Tholl 2015).

Once biosynthesized through the MVA and MEP pathways, IPP and DMAPP are 
subsequently utilized as key precursors (building blocks) of prenyl diphosphate 
(prenyl-PP) intermediates (higher C5 homologs), through sequential condensations 
(via successive addition of the isoprene C5 units) catalyzed by short-chain prenyl-
transferases (prenyl diphosphate synthases). In plastids, geranyl diphosphate syn-
thase (GPPS) catalyzes the single transfer of the hemiterpene DMAPP to IPP to 
yield geranyl diphosphate (GPP, C10), which is subsequently converted to monoter-
penes (limonene, geraniol, menthol) by monoterpene synthase. In the cytosol, 
farnesyl diphosphate (FPP) synthase catalyzes the synthesis of FPP (C15) for the 
subsequent production of sesquiterpenes (through sesquiterpene synthase), homo-
terpene, sterol (squalene synthase), brassinosteroid, and polyprenol. In plastids, 
geranylgeranyl diphosphate (GGPP, C20) is a pivotal precursor for homoterpenes, 
tetraterpens (carotenoids), phytyl side-chains for chlorophyll/tocopherols/quinones, 
polyprenols, oligoprenols, phytohormones (abscisic acid, gibberellins, and strigo-
lactones) (Kirby and Keasling 2009; Hemmerlin et  al. 2012; Henry et  al. 2015; 
Chatzivasileiou et al. 2019).

An in depth analysis of the volatile profile of Citrus reticulata unveiled a higher 
content of volatile compounds in peels in comparison to juice vesicles (Zhang et al. 
2017). Monoterpenes were found to be the principal volatile compounds in Citrus 
reticulata peels, among which the monocyclic d-limonene (Fig. 6.3) was the most 
abundant compound (representing more than 60% of the total volatile content). 
Terpinolene, α-terpinene, γ- terpinene (Fig. 6.3) were also pointed out as prominent 
monoterpenes. Concerning sesquiterpenes, the contents of β-elemene, germacrene 
B, α-caryophyllene (Fig.  6.3) were higher than in other Citrus species. In juice 
vesicles, scarcer volatile compounds were identified, being the most prevalent 
monoterpenes (α-pinene, β-myrcene, d-limonene), monoterpene alcohol (β-linalool), 
sesquiterpenes, alkanes (decane, undecane, and dodecane) and acids (octadecanoic 
and n-hexadecanoic acid) (Zhang et al. 2017).

The higher volatile content in peels comparatively to juices was corroborated in 
the study performed by Figueira, Porto-Figueira, Pereira, and Câmara (2020), in 
which monoterpenes hydrocarbons were found to be the main constituents. Among 
the identified volatile organic metabolites, d-limonene, followed by ɣ-terpinene, 
were determined to be the two most abundant components representing, respec-
tively, 54 and 25% of the total content. The authors reported that oxygenated ter-
penes were the second most prevalent volatile group, being linalool, α-terpineol and 
thymol the three most abundant compounds in both juices and peels, and higher 
contents were observed in peels, although their prevalence among those varied 
according to the tangerine variety. Concerning sesquiterpenes, the authors found 
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Fig. 6.3 Chemical structures of terpenoids found in peels and juice vesicles of C. reticulata

α-farnesene to be prevalent in peels, whilst β-caryophyllene and α-bergamotene 
were the most abundant in juices.

The quantitative and qualitative evaluation of the volatile compounds must be 
strictly performed and pondered since the chemical composition may be influenced 
by environmental cues, geographical distribution, cultivars, along with the fruit’s 
maturation stage (Duan et al. 2016; Hijaz et al. 2020). Hijaz et al. (2020) assessed 
the impact of the time-of-harvest on the volatile profile in four tangerine cultivars. 
The study unveiled that monoterpenes were the main volatiles present, despite the 
overall tendency for their content decay (except limonene, α-pinene, ο-cymene, 
β-myrcene, α- and γ-terpinene, α- and β-phellandrene) as fruit maturation occurred. 
Contrastingly, concerning off-flavor substances like acetaldehyde, ethanol, 
1- hexanol, methyl acetate and ethyl acetate, an opposite correlation was observed. 
Recent studies provided new clues to the biochemical mechanisms underlying 
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C. reticulata flavor deterioration. Tietel et al. (2011) performed an analysis of the 
transcriptome profile of C. reticulata Blanco (juice sacs and membrane segments) 
during post-harvest storage. The authors observed an upregulation of the transcripts 
involved in the catabolic pathways of amino acids and fatty acids (the main precur-
sors of the volatile compounds), and in the ethanol fermentation metabolism. 
Concerning this latter, the anaerobic respiration is activated, being pyruvate decar-
boxylated viapyruvate decarboxylase to originate acetaldehyde, which is then con-
verted into ethanol mediated by alcohol dehydrogenase. The study documented 
upregulation of both enzymes transcripts, which may trigger the alcoholic fermen-
tation, to which the generation of the “alcohol” off-flavor is attributed, indicative of 
this perishable fruit deterioration. The authors also proposed an activation of the 
amino acids catabolic pathway, in which the branched-chain amino acids, leucine 
and isoleucine, originated ethyl 2-methylbutanoate (isoleucine), ethyl 
2- methylpropanoate and 3-methyl butanol (leucine). The accumulation of high con-
tents of these “fruity” volatile compounds may originate an unwanted overripeness 
perception. Moreover, a transcription upregulation of the enzymes comprised in the 
fatty acid catabolic pathway, particularly acyl-CoA synthase, acyl-CoA oxidase, 
acetyl CoA acyltransferase and acyl-CoA dehydrogenase, was also reported. The 
authors postulated that the higher availability of free fatty acids entrapped in the 
juice sacs of ‘Mor’ mandarins, would provide the precursors necessary for the syn-
thesis of fatty acid-derived volatile compounds, triggering their accumulation dur-
ing fruit storage. Hence, the generated molecules would elicit an unpleasant “musty” 
off-flavor (Tietel et al. 2011).

6.4.2.2.2 Carotenoids

Citrus fruits are an intricate source of carotenoids, harboring the highest number of 
these compounds found in any fruit (Navarro et al. 2010).

Carotenoids are pigments which naturally occur in fruits, being responsible for 
most of the yellow to red colours (Fraser and Bramley 2004; Kultys and Kurek 
2022). Hence, carotenoid contents (qualitative and quantitative profiles) of peels 
and pulps are paramount concerning consumer acceptance. Carotenoids, apart from 
conferring colour, also possess important biological activities, namely antioxidant 
and immunomodulatory (anti-inflammatory) activities (Kultys and Kurek 2022), 
prevention against ocular aging-related diseases and cancer, and improvement of 
cardiovascular health (Fraser and Bramley 2004).

Carotenoids are a class of lipophilic tetraterpenoids (C40), which biosynthesis 
occurs in the plastid following the MEP pathway through the condensation of two 
molecules of GGPP (C20) to yield phytoene (C40) by phytoene synthase (Kachanovsky 
et al. 2012; Sun et al. 2022). Subsequently, the latter molecule undergoes a two-step 
reaction comprising desaturation and isomerization to generate lycopene (Van 
Norman et al. 2014). Afterwards, a myriad of distinct chemical forms of carotenoids 
are biosynthesized through cyclization, hydroxylation, epoxidation, among others 
(Dugo et al. 2008). In brief, phytoene may undergo two sequential desaturations 
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catalyzed by phytoene desaturase resulting in the formation of phytofluene and 
ξ-carotene. Subsequently, ξ-carotene desaturase catalyzes the symmetric insertion 
of two double bonds in the latter molecule to yield lycopene. In this route, the lyco-
pene cyclization constitutes a branch point, leading to the formation of either 
α-carotene through lycopene ε-cyclase or β-carotene by lycopene β-cyclase (Yuan 
et al. 2015). Henceforth, α-carotene undergoes two successive hydroxylation reac-
tions of C-3 of β- and ε-rings through the catalysis of ε-ring hydroxylase and β-ring 
hydroxylase, respectively, to yield lutein (Quinlan et al. 2012). Similarly, the latter 
enzyme mediates the two-step hydroxylation of the carotenoid ring ofβ-carotene 
towards its conversion into β-cryptoxanthin and then to zeaxanthin. Lastly, the fla-
voprotein zeaxanthin epoxidase converts the xanthophyll zeaxanthin into antherax-
anthin, which in turn is converted into violaxanthin (Jahns et al. 2009).

These terpenoids may be considered primary metabolites, displaying a pivotal 
role in the harvesting-light system (photosynthesis) and photo-oxidative damage 
protection (antioxidant effect). Moreover, carotenoids are precursors of the phyto-
hormones abscisic acid and strigolactones, which are essential components in the 
regulation of cell growth and plant elongation (Van Norman et al. 2014; Yuan et al. 
2015). These lipophilic tetraterpenoids are of utmost importance concerning human 
health, since some of these carotenoids may exert an antioxidant activity (scaveng-
ing the oxygen free radicals) (Rodrigo et al. 2013) and are precursors of vitamin A 
or retinoic acid (e.g., β-carotene, β-cryptoxanthin and α-carotene) (Fig. 6.4), being 
referred to as provitamin A carotenoids (Paine et al. 2005).

Light is a main environmental signal regulating these isoprenoid-derived metab-
olites production and accumulation, hence exposure to illumination trigger the 
carotenoids synthesis (Vranová et al. 2013).

The rind of unripe C. reticulata displays lutein (β,ε-xanthophyll) (Fig. 6.4) as the 
prevalent carotenoid. As the maturation (ripening) of the fruit evolves, a gradual 

Fig. 6.4 Chemical structures of terpenoids found in C. reticulata

C. Maciel et al.



163

decrease in the lutein content occurs, concomitantly with the augmentation of the 
β,β-xanthophyll, 9-Z-violaxanthin, and β-cryptoxanthin (Fig. 6.4) contents (Farin 
et al. 1983; Alquézar et al. 2009; Rodrigo et al. 2013). The latter compound is the 
main carotenoid present in the endocarp pulp of the mature fruit. These shifts in the 
carotenoids profile (content and composition) during C. reticulata ripening are 
coordinated with the transcriptional increase of the carotenoids biosynthetic genes 
and the β-cyclization of lycopene appear to be a pivotal regulatory path (step) in the 
biosynthetic route switching the carotenoids flow during the conversion of chloro-
plast to chromoplast. Beyond the well-documented characteristic tetraterpenoids, 
the occurrence of a C30 apocarotenoid pigment have been documented (Curl 1965; 
Alquézar et al. 2009). Noteworthy, the synthesis of C30 apocarotenoid is a unique 
trait of the genus Citrus. These distinctive pigment seem to accumulate solely in the 
rind of the ripe fruit. β-citraurine (3-hydroxy-β-apo-8′-carotenal) was found to be 
the most abundant C30 apocarotenoid in tangerines’ peels. In 1936, Tuzson (1936) 
first described this apocarotenoid, which may constitute more than 30% of the 
whole (total) carotenoids content in the peel of highly orange-colored mandarin 
(Rodrigo et  al. 2013). Nonetheless, hitherto the biosynthetic pathway remains 
elusive.

Tocopherol (Vitamin E)

Citrus fruits peels comprise an arsenal of antioxidant compounds which entails 
L-ascorbate, polyphenols and carotenoids, particularly tocopherol (Zou et al. 2016).

Tocopherol is a lipophilic isoprenoid displaying vitamin E activity, well- 
recognized as a nature’s lipophilic antioxidant (Muñoz and Munné-Bosch 2019). 
The tocopherol biosynthesis is initiated through the condensation of phytyl pyro-
phosphate (PPP) with homogentisate (HGA) in a reaction mediated by homogentis-
ate phytyltransferase leading to the formation of 2-methyl-6-phytyl-1,4-benzoquinol 
(MPBQ). Subsequently, the latter compound may undergo direct cyclization to 
δ-tocopherol through tocopherol cyclase, or alternatively it may be initially methyl-
ated through MPBQ methyltransferase yielding 2,3-dimethyl-6-phytyl-1,4- 
benzoquinol (DMPBQ). This molecule may then undergo cyclization to originate 
γ-tocopherol by the aforementioned enzyme tocopherol cyclase and thereafter 
methylated resulting in the formation of α-tocopherol by tocopherol methyltransfer-
ase (Asensi-Fabado and Munné-Bosch 2010; Muñoz and Munné-Bosch 2019; Jiang 
et al. 2021).

The biosynthetic pathway of tocopherol is a very intricate process entailing the 
intersection of distinct metabolic routes, which are intertwined, providing the pre-
cursors for the vitamin synthesis. The two precursors (PPP and HGA) are synthe-
sized in independent metabolic pathways and their availability greatly influence the 
final content of tocopherol synthesized and accumulated in the fruit tissues (Pellaud 
and Saffrané 2017; Rey et  al. 2021). PPP may be biosynthesized de novo from 
GGPP (generated via the MEP pathway) by GGPP reductase. Alternatively, PPP 
may be originated from the recycling of phytol through the chlorophylls degrada-
tion (Dorp et  al. 2015; Pellaud and Saffrané 2017). HGA is synthesized in a 
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-Tocopherol

-Tocopherol

Fig. 6.5 Chemical 
structure of terpenoids 
found in the flavedo of 
C. reticulata

two- reaction mechanism, through the L-tyrosine catabolism. This aromatic amino 
acid is produced in the shikimate pathway. Tyrosine aminotransferase catalyzes the 
transamination of L-tyrosine which is converted into p-hydroxyphenylpyruvate, 
which is then oxidized into HGA by 4-hydroxyphenylpyruvate dioxygenase (Muñoz 
and Munné-Bosch 2019; Rey et al. 2021).

In citrus fruits, and particularly in C. reticulata, scarce information concerning 
differential tissue-associated accumulation of tocopherol is available (Rey 
et al. 2021).

Rey et al. (2021) investigated the tocopherol biosynthesis and accumulation in 
the flavedo of “Nadorcott” (C. reticulata, Blanco). Among the naturally existing 
tocopherol isoforms (α, β, δ and γ), the authors found that only α- and γ-tocopherol 
(Fig. 6.5) were present in the flavedo of C. reticulata Blanco totalizing, at harvest, a 
content of 135 mg kg−1. Of these two isoforms, α-tocopherol was the prevalent one, 
representing 86%, on average, of the total tocopherols.

Provitamin A

Albeit devoid of the lipophilic vitamin A, citrus fruits are considered an outstanding 
source of its ultimate precursors, the provitamin A carotenoids (carotenes and 
β-cryptoxanthin) (Fig. 6.4). Among these carotenoids, β-cryptoxanthin (an oxygen-
ated carotenoid) is undeniably the predominant vitamin A precursor in C. reticulata 
(Liu et  al. 2012). As previously detailed, β-carotene is hydroxylated into 
β-cryptoxanthin viaβ-ring hydroxylase (Asensi-Fabado and Munné-Bosch 2010).

These carotenoids harbor at least one retinyl group (a distinguishable feature of 
these compounds), which comprises a non-modified cyclic β-ionone ring and may 
be further utilized to synthesize vitamin A via a human carotene dioxygenase (Dela 

C. Maciel et al.



165

Seña et  al. 2014). Few biosynthetic mechanisms have been deciphered for the 
human bioconversion of dietary β-cryptoxanthin to retinol (Eroglu and Harrison 
2013). The vitamin synthesis occurs primarily in the enterocytes through the initial 
oxidative cleavage of the centrally positioned 15–15′ double bond ofβ-cryptoxanthin 
by β-carotene 15,15′-oxygenase 1 (BCO1), yielding two molecules of retinal 
(β-apo-15-carotenal) (Seña et al. 2013). This latter is subsequently hydrolyzed to 
retinol by retinol dehydrogenase (Eroglu and Harrison 2013).

Interestingly, according to most dietary surveys, citrus fruits, and particularly, 
tangerines are considered the main dietary sources of β-cryptoxanthin (Liu et al. 
2012; Burri et al. 2016). According to the United States Department of Agriculture/
Agricultural Research Service National Nutrient Database For Standard Reference, 
raw tangerines present a β-cryptoxanthin content of 407 μg per 100 g of edible fruit, 
while the canned (juiced) fruit displays a quantity of 775 μg per 100 mL of beverage.

Similarly to the other carotenoids, the content of β-cryptoxanthin in C. reticulata 
is highly dependent on pre- and post-harvest conditions, namely cultivar, culture 
(environmental) conditions, maturity phase, post-harvest storage, and seasonal vari-
ations. Noteworthy, the concentration of this carotenoid either in citrus fruits and 
human blood achieves the highest value during the ripening stage (Burri et al. 2016).

β-cryptoxanthin is particularly prone to cis-isomerization and oxidation (epoxide 
formation) following exposure to temperature (heat treatment during food process-
ing) and light (Li et al. 2015). Hence, the thermal and oxidative degradation of this 
carotenoid may alter its biological properties, namely diminishing the provitamin A 
activity and precluding the antioxidant capacity. Moreover, thermal processing may 
improve the bioavailability of β-cryptoxanthin for the digestive process (Burri 
et al. 2016).

In comparison with the above described provitamin A carotenoids, citrus fruits 
harbor vestigial contents of the naphthoquinone derivatives comprising the K-group 
vitamins (Liu et al. 2012).

6.4.2.2.3 Alkaloids

Alkaloids are an extremely extensive group of chemical compounds, naturally 
occurring in distinct organisms, namely plants, algae, fungi, and animals (Verpoorte 
2005; Roy 2017). In plants, alkaloids are secondary metabolites, which are involved 
in the chemical defense against herbivores and pathogens (Mohan et  al. 2016; 
Roy 2017).

An elementary definition was proposed by Pelletier (1983), which described an 
alkaloid as “a cyclic organic compound containing nitrogen in a negative oxidation 
state which is of limited distribution among living organisms” (Roberts and Wink 
1998; Verpoorte 2005). The classification of alkaloids has for long been a controver-
sial issue (non-consensual), particularly, concerning the principles which dictate the 
classes differentiation. Albeit predominantly biosynthesized from amino acids, 
namely tryptophane, lysine, phenylalanine, amongst others (Verpoorte 2005), alka-
loids may also be derived from other precursors, e.g. caffeine, which is originated 
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from a purine (Roberts and Wink 1998; Roy 2017). In this sense, some authors 
consider classes based on the heterocyclic ring and the biosynthetic precursor, 
which include indole, imidazole, quinoline, isoquinoline and pyrrolizidine alkaloids 
(Daly 2003; Roy 2017). Alkaloids may also be divided solely into three classes: (i) 
true-alkaloids (derived from amino acid and a nitrogen-containing heterocyclic 
ring); (ii) proto-alkaloids (the nitrogen carbon is derived from amino acid, although 
the latter is not comprised in the heterocyclic ring); and (iii) pseudo-alkaloids (not 
derived from other compounds) (Roy 2017). Nonetheless, alkaloids may also be 
classified according to the biological/botanical origin, namely Amaryllidaceae alka-
loids and Strychnos alkaloids (Daly 2003; Verpoorte 2005; Berkov et al. 2020; He 
et al. 2020). Plant alkaloids are well recognized for their bioactive and pharmaco-
logical activities (Berkov et al. 2020; Mahmoud et al. 2021; Otimenyin 2022).

Concerning C. reticulata, the rind fruit was reported to possess 1.20 mgalkaloids100 
gDW

−1 (Okwu et al. 2007), and synephrine, the main alkaloid present in Citrus fruits 
(Shorbagi et  al. 2022), was found in C. reticulata peels (Fu et  al. 2019; Zheng 
et al. 2021).

Aqueous extract from dry powder of immature C. reticulata fruitwas found to 
comprise 16  mg  g−1 of the alkaloid synephrine, which content was previously 
reported to be lower in mature citrus fruits than in immature (Chou et al. 2018). In 
a distinct part of C. reticulata plant, namely, the roots, in which acridone alkaloids 
are generally present in Citrus (Ye et al. 2021), two acridone–quinoline alkaloids 
were identified by Fomani et al. (2016). In a more recent study, Ye et al. (2021) also 
isolated acridone alkaloids, although, from C. reticulata leaves. Moreover, a novel 
molecule (retacarcidone) was found, which was determined to be the first pyrano[2,3-
 a]acridone to be identified as present in a member of the Citrus genus.

6.5  Bioactive Compounds

6.5.1  Phenolic Compounds

One of the major appeals of consuming fruits and vegetables is the general percep-
tion of such foods being rich sources of health-promoting substances, particularly 
those of antioxidant nature. Among the several classes of antioxidants found in 
fruits and vegetables, phenolics stand out for presenting a wealth of different com-
pounds, as well as many biological activities (e.g., antitumor, anti-inflammatory, 
antiviral) other than antioxidant activity.

Phenolic compounds are naturally present in plant material as secondary metab-
olites. They are synthesized through two main routes – the shikimic acid pathway 
(predominant in higher plants) and the malonic acid pathway (significant in fungi 
and bacteria). In the former mechanism, carbohydrate precursors are provided by 
glycolysis and pentose phosphate shunt, being converted into the amino acids phe-
nylalanine and tyrosine, from where the phenolics are derived. A key reaction 
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involves the conversion of L-phenylalanine into trans-cinnamic acid through the 
removal of an amino group catalyzed by the enzyme phenylalanine ammonia lyase 
(PAL). Similarly, the enzyme tyrosine ammonia lyase (TAL) catalyzes the deamina-
tion of tyrosine, which is converted into 4-hydroxycinnamic acid. From there, a 
series of PAL-catalyzed reactions take place, such as the introduction of a hydroxyl 
group at C4 of cinnamic acid, yielding p- or 4-coumaric acid. The addition of a 
second hydroxyl group at C3 forms caffeic acid, while the O-methylation of this 
same OH group yields ferulic acid (Saltveit 2017).

By the action of 4-coumarate:CoA ligase, p-coumaroyl CoA is formed. This 
molecule is essential for the formation of several other phenolics and for the flavo-
noids pathway, where chalcones synthase catalyzes the combination of 4- coumaroyl 
CoA, yielding naringenin chalcone, later converted into naringenin by chalcone 
isomerase. From this point on, flavonoids are branched into subgroups, namely iso-
flavones, flavonols, flavones, flavanones, flavanonols, flavan-3-ols, anthocyanins, 
and proanthocyanidins (de Camargo et al. 2018).

Phenolic synthesis is a metabolic response to biotic (e.g., pathogen attack) and 
abiotic (e.g., mechanical injury, UV light) stresses, developmental stage, and cell 
type. These factors increase PAL synthesis, starting the reaction cascade that will 
result in the production of phenolic compounds. Since they result from a defense 
mechanism and environment adaptation, these substances are mainly concentrated 
on the outer layers of grains, fruit skins, as well as seeds (de Camargo et al. 2018).

The basic structure of phenolic compounds consists of a phenoxyl ring bearing 
one (monophenols) or more hydroxyl groups (polyphenols). As a large group com-
prising more than 8000 compounds, phenolics can be broken down into several 
subgroups, according to their nature and structural features. Phenolic acids can be 
either benzoic acid derivatives (hydroxybenzoic acids) or cinnamic acid derivatives 
(hydroxycinnamic acids). Some examples of the former group include vanillic, gal-
lic, and 4-hydroxybenzoic acids, while ferulic, chlorogenic, caffeic, and p-coumaric 
acids are examples of hydroxycinnamic acids. Grain, legumes, and oilseeds are 
excellent sources of phenolic acids. In some of these raw materials, hydroxybenzoic 
and hydroxycinnamic acids can occur mainly in the insoluble-bound form, i.e., 
attached to cell wall macromolecules, such as pectin, fiber, structural protein, and 
cellulose (Shahidi et al. 2019).

Flavonoids, the major polyphenol group, are characterized by a C6-C3-C6 struc-
ture, where two aromatic rings are linked to a central heterocyclic ring. Based on the 
position of the bond between the aromatic ring and the heterocyclic ring and the 
functional groups’ oxidation state on the heterocyclic ring, flavonoids can be further 
divided into their several subclasses. Their natural sources include seeds, nuts, 
grains, spices, wine, tea, beer, vegetables, and fruits, including tangerine. In such 
matrices, the flavonoids usually exist as glycoside derivatives, with a smaller frac-
tion existing as aglycones (Shahidi et al. 2019).

Monomeric phenolic compounds can polymerize into more complex structures 
by either food processing or the plants themselves, forming tannins, which can be 
broken down into hydrolysable and condensed (proanthocyanidins). The former 
group consists of esters of gallic (gallotannins) and ellagic (ellagitannins) acids and 
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can be found in grapes and wine. On the other hand, proanthocyanidins are oligo-
mers and polymers of flavan-3-ols, particularly catechin and epicatechin. They are 
widely found in flowers, nuts, fruits, bark, and seeds of a variety of plants (Rauf 
et al. 2019). Other phenolic classes include stilbenoids, with a C6-C2-C6 basic skel-
eton bearing a 1,2-diphenylethylene functional group, which includes resveratrol as 
its main representative; hydroxytyrosol, present in olive oil and wine; lignans, cin-
namic acid derivatives mainly present in sesame seeds, cereal products, tea, and 
coffee (Shahidi et al. 2019); and coumarins, characterized by a benzopyrone struc-
ture with multiple substitution sites (e.g., umbelliferone) (Wu et al. 2020).

The primary antioxidant mechanism displayed by phenolic compounds involves 
the dissociation of hydrogen atoms from their hydroxyl groups, which is transferred 
to free radicals, causing their stabilization and interrupting the propagation of oxi-
dation. As a result, the phenolic becomes a phenoxyl radical, being able to dissipate 
its energy by the delocalization of unpaired electrons around its aromatic ring. 
Excessive propagation of free radicals in the body can lead to damages in the pro-
teins, lipids, and DNA molecule, causing a myriad of diseases, which includes car-
diovascular ailments, neurodegenerative diseases, cancer, among others. When 
exposed to a high amount of prooxidant factors, the body’s endogenous antioxidant 
defenses are not sufficient, being necessary the supplementation with exogenous 
antioxidants in order to reduce the oxidative stress. Metal chelation can be per-
formed by selected phenolics, especially those containing a galloyl moiety. In this 
mechanism, the phenolic chelates transition metals, making them unavailable to 
serve as prooxidant factors (Soobrattee et al. 2005).

Therefore, a diet rich in phenolic compounds and other antioxidant substances is 
a key factor in reducing theincidence of non-communicable diseases.

Besides their antioxidant function, phenolics can also exert other biological activi-
ties, such as apoptosis of cancerous cells, effect on cell differentiation, mitigation of 
pro-inflammatory cytokines, reduction of N-nitrosamine formation, antimicrobial 
activity, and inhibitory activity of enzymes related to metabolic syndrome diseases.

Tangerine (Citrus reticulata) is a rich source of phenolic compounds, as shown 
in Table 6.2.

According to Bentahar et al. (2020), tangerine ethanolic extracts showed a total 
phenolic content (TPC) of 127.33  mg of gallic acid equivalent (GAE)/g of dry 
weight (DW), a total flavonoid content (TFC) of 0.876 mg of quercetin equivalent 
(QE)/g DW, and a total tannin content (TTC) of 47.65 mg of tannic acid equivalent 
(TAE)/g DW.

Zhang et al. (2014) analyzed the phenolic profile of Chinese wild C. reticulata 
and found that phenolic acids are mainly present in the insoluble-bound form, both 
for hydroxybenzoic (soluble  – 262.17–650.85  μg/g DW, insoluble-bound  – 
379–889.78 μg/g DW) and hydroxycinnamic acids (soluble – 381.93–56,700.01 μg/g 
DW, insoluble-bound – 1428.16–97,871 μg/g DW). Among hydroxybenzoic acids, 
the authors detected protocatechuic and p-hydroxybenzoic acids, while vanillic, 
caffeic, p-coumaric, ferulic, sinapic, and chlorogenic acids were some of the 
hydroxycinnamic acids reported. Although insoluble-bound phenolics cannot be 
absorbed in the small intestine, thus presenting low bioavailability, they can still 
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present positive health effects. When released from the food matrix, these com-
pounds reach the colon and are fermented by colonic bacteria, lowering the pH and 
preventing the multiplication of pathogenic microorganisms. They are also related 
to an increase in small chain fatty acids in this environment and reduced risk of 
colon cancer (Shahidi and Yeo 2016). Across 14 genotypes of the analyzed C. retic-
ulata, 18 flavonoids were detected, with flavonones (e.g., hesperidin, narirutin, 
eriocitrin) being the predominant subclass, followed by flavones (e.g., nobiletin, 
tangeretin, sinensetin) (Zhang et al. 2014b). In fact, nobiletin, tangeretin, and hes-
peridin (Fig. 6.6) are predominant in tangerine peels, displaying antioxidant, anti-
inflammatory, and anticancer activities.

Table 6.2 Phenolic content and profile of different parts of tangerine (Citrus reticulata) fruit

Fruit 
part

Total phenolic 
content Phenolic acids Flavonoids Reference

Seeds 144.3–158.2 
mgGAE/100 g

Gallic, 3,4-dihydroxybenzoic, 
syringic, caffeic, p-coumaric, 
trans-ferulic, and trans- 
cinnamic acids

(+)-Catechin, rutin 
trihydrate, apigenin-7- 
glucoside, resveratrol, 
quercetin, naringenin, 
kaempferol, and 
isorhamnetin

Al Juhaimi 
et al. 
(2018)

Peels 1040–5640 
mgGAE/100 g

Chlorogenic, caffeic, and 
ferulic acids

Naringin, rutin, 
hesperidin, naringenin, 
quercetin, hesperetin, 
and tangeretin

Ferreira 
et al. 
(2018)

Juice 426.1–486.3 
mgGAE/L

Protocatechuic, 
p-hydroxybenzoic, vanillic, 
caffeic, chlorogenic, 
p-coumaric, ferulic, and 
sinapic acids

Narirutin, hesperidin, 
didymin

Kelebek 
and Selli 
(2014)

GAE gallic acid equivalent

Fig. 6.6 Chemical structures of polymethoxyflavones found in tangerine peels
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Besides the edible portion of tangerine, the fruit’s by-products (peels, seeds, 
membrane, pulp leftovers) are also outstanding sources of polyphenols. The chemi-
cal profile of the peels of C. reticulata Blanco was studied by Ferreira, Silva and 
Nunes (2018), which reported that the phenolic fraction of this portion is mainly 
composed of the flavonoids hesperidin, naringin, tangeritin, and rutin, accounting 
for 86% of all phenolics detected.

Tangerineseeds have also been deemed as valuable sources of phenolics. Moulehi 
et al. (2012) investigated the changes in the phenolic levels of seeds according to the 
fruit’s ripening stage. Citrus reticulata Blanco seeds showed a TPC of 0.68–2.11 
EGA/g DW and a TFC of 1.31–2.52  mg  CE/g DW, with the highest amounts 
detected in immature, followed by semimature seeds. However, the downward trend 
for phenolic content as ripening progresses was not followed by proanthocyanidins 
(0.12–0.37 mg CE/g DW), which did not show a significant statistical difference 
among ripening stages. Regardless of fruit maturity, tangerineseeds displayed a 
wide variety of polyphenols, including eight flavonoids, three hydroxybenzoic 
acids, and five hydroxycinnamic acids.

Other studies have explored the phenolic potential of tangerine’s processing 
waste. Costanzo et al. (2022) found a higher content of total phenolics and total 
flavonoidsin the peels of tangerine, followed by the seeds, when compared to the 
fruit’s pulp. Besides, proanthocyanidins were predominantly present in the seeds. A 
closer look into the phenolic profile revealed that this could be due to the diversity 
of compounds present in such fractions. A total of 28 phenolics were identified in 
the peels, with a predominance of delphinidin rutinoside (2109.92–2644.41 μg/L), 
delphinidin-3-O-glucoside (3255.32–4407.85  μg/L), quercetin-3-glucoside 
(2048.06–2654.77  μg/L), sinensetin (1769.17–4164.48  μg/L), rutin 
(3608.01–4055.79 μg/L), and valoneic acid dilactone (103.41–1430.20 μg/L). Most 
of these compounds reached their highest concentration in the semi-ripe stage. 
Meanwhile, 34 phenolics were detected in the immature seeds. Nevertheless, as the 
seeds ripened, ten of those compounds could not be detected anymore. The pre-
dominant phenolics in the seeds were valoneic acid dilactone 
(5947.83–13,127.81  μg/L), cyanidin-3-O-glucoside (174.57–345.78  μg/L), and 
6-malonyldaidzin (67.11–143.32  μg/L). Contrary to what was observed for the 
peels, phenolic levels reached their peak in the ripe seeds, except for the ten com-
pounds that were lost throughout the ripening process.

In a study conducted by Wang et al. (2017), polyphenol-rich extracts from the 
flavedo (peel’s outer layer) of C. reticulata Blanco displayed cytotoxicity against 
gastric cancer cell lines SGC-7901, BGC-823, and AGS. The antitumor activity was 
mainly attributed to the polymethoxyflavonoids present in the extract, particularly 
nobiletin. Therefore, it is noteworthy that the recovery of phenolics from tangerineby- 
products could find multiple pharmacological and nutraceutical uses, reducing the 
burden of agricultural waste disposal on the environment by using a circular econ-
omy approach.
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6.5.2  Limonoids

The bitter taste of Citrusfruits has been attributed to limonoids, a class of exten-
sively oxygenated triterpenoids that can exist both as aglycones or glycosides. The 
precursor of these bioactives possesses a 4,4,8-trimethyl-17-furanylsteroid back-
bone, which is synthesized from the acetate-mevalonate route. The chemical struc-
ture of Citrus limonoids consists of a furan ring connected to a D-ring at C17, 
bearing functional groups at C3, C4, C7, C16, and C17. To this date, over 50 
limonoid aglycones and 20 glycosides have been reported in theCitrusgenus, with 
limonin, nomilin, and limonin glucoside being the most abundant compounds 
(Fig. 6.7). Aglycones are generally water-insoluble, occurring mainly in the peels 
and seeds of Citrusfruits, while glycosides, usually water-soluble, are found in 
juices and pulps. Limonoids have a great variety of bioactivities, including in vitro 

Fig. 6.7 Chemical structures of limonoids commonly-found in Citrusfruits, (a) limonin, (b) 
nomilin, (c) limonin glucoside
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and in vivo antioxidant activity, anti-inflammatory, antibacterial, and antiviral 
effects (Shi et al. 2020).

This bioactive class can be encountered in several varieties of orange, lemon, 
grapefruit, lime, and tangerine (Shi et al. 2020). During fruit ripening, the enzyme 
limonoid glucosyltransferase (LGT) converts the insoluble limonoid aglycones into 
soluble glucosides, consequently decreasing bitterness in the juice and pulp 
(Shorbagi et al. 2022). Montoya et al. (2019) analyzed the limonoid composition of 
Oneco tangerineseeds and found a limonin content of 1510–2846 mgkg−1 and nomi-
lin levels varying from 619 to 4651 mg kg−1, according to the geographical location 
from where the fruits were obtained.

In another study (Vikram et al. 2007), the seeds and juice of C. reticulata Blanco 
were analyzed by high-performance liquid chromatography. The seeds showed to 
be rich in limonin (211.87–282.17 mg/100 g), nomilin (35.33–59.38 mg/100 g), and 
isolimonic acid (6.25–32.96  mg/100  g). As expected, these aglycones were not 
identified in the juice. Instead, limonin glucoside was prevalent (573.11 mg/100 g).

Some limonoid aglycones, particularly limonin, present poor oral bioavailability 
due to their low water solubility and P-glycoprotein efflux, which significantly 
decreases their intestinal permeability. As a result, very low amounts of these sub-
stances can reach the bloodstream. As for the limonoid glucosides, they need to be 
converted into their correspondent aglycones prior to the absorption process. When 
this happens, a small fraction of aglycones is absorbed through diffusion and trans-
ported to the liver, where several phase I metabolism steps take place. The primary 
metabolic routes for limonoids include the reduction of the carbonyls at C7 and 
C16, hydrogenation, hydroxylation, lactone hydrolysis, glycination, and isomeriza-
tion. Upon reaching the colon, limonin goes through a series of metabolic transfor-
mations, namely carbonyl reduction, hydrolysis, oxidation, and decomposition of 
the epoxy and furan groups (Karn et al. 2021).

6.5.3  Polysaccharides

Polysaccharides are large molecular weight carbohydrates formed by the bonding 
of multiple monosaccharide units through glycosidic linkage. Their structures can 
be linear (e.g., amylose, cellulose) or branched (e.g., amylopectin), with varying 
degrees of complexity. Besides contributing to the nutritional value of foods, i.e., 
polysaccharides can be broken down into glucose molecules to provide a primary 
source of energy, some of them also present a myriad of biological activities, includ-
ing antioxidant, antitumor, and immunomodulation effects. These health-promoting 
benefits have been previously reported for polysaccharides isolated from plant, 
edible mushrooms, and bacterial cell wall (Chakraborty et al. 2019).

Dietary fibers are polysaccharides resistant to digestion and small intestinal 
absorption. When consumed, they are partially or completely fermented in the large 
intestine. Soluble fiber is well known for slowing down sugar absorption, helping 
reduce blood glucose levels. They are widely found in apples, peas, beans, carrots, 
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and Citrusfruits. Pectin is one of the polysaccharides that can be found in the cell 
wall of many fruits, such as grapefruit, lemon, apple, and tangerine. This molecule 
consists of a backbone of α-(1 → 4)-linked galacturonic acid or its esters and pos-
sess the ability of forming gels, being utilized in food industry as a gelling and sta-
bilizing agent for jams, jellies, and confectionery products. Citrusfruits are the 
primary source for commercial pectin extraction. Besides its functional properties, 
pectin has also been related to cholesterol-lowering and anti-inflammatory effects 
(Chakraborty et al. 2019).

The peels of C. reticulata Blanco cv. Ponkan have been reported to yield around 
37% of pectin. Colodel, Vriesmann and de Oliveira Petkowicz (2018) characterized 
the polysaccharides from the cell wall of this same species and found several types 
of pectin with different solubility characters. Water-soluble, hot-water-soluble, and 
chelator-soluble pectin made up the largest proportion of this polysaccharide, with 
2.9, 12.4, and 7.2%, respectively. The monosaccharides composing the pectin found 
in tangerine peels were rhamnose, fucose, arabinose, xylose, mannose, galactose, 
glucose, and uronic acids. Arabinose and galactose side chains usually bind other 
cell wall components. The degree of methylation was also found to be high, reach-
ing as much as 52.6%, while the acetylation degree was low in all pectin types 
(0.03–0.4%), being suitable for commercial application.

Non-conventional techniques have been used to extract pectin from tangerine 
peels. Chen et al. (2016) used microwave-assisted extraction under optimized con-
ditions (power of 704 W, temperature of 52.2 °C, and time of 41.8 min), obtaining 
an extraction yield of 19.9%. The authors were also able to obtain a purified pectin 
polysaccharide, TPPs-2-1, composed of galacturonic acid, arabinose, galactose, 
rhamnose, glucose, and mannose connected mainly by α-glycosidic linkage. 
Tangerine peel pectin also showed in vitro antioxidant activity by inhibiting hydroxyl 
radical, 1,1-diphenyl-2-picrylhydraxyl radical, superoxide radical, and by display-
ing ferric-reducing antioxidant power.

6.6  Health Effects Promoted by Tangerine Bioactives

6.6.1  Antioxidant Activity

The antioxidant activity of food bioactives is one of the primary characteristics 
associated with such compounds and it can be directly or indirectly correlated to 
several other bioactivities of bioactive-rich materials. Several methods to assess the 
antioxidant capacity of food matrices are available, including the use of in vitro 
assays, cell line and biological models (Badarinath et al. 2010).

In vitro chemical assays can measure the ability of antioxidants to scavenge 
radical species. These methods usually fall into two categories, hydrogen atom 
transfer (HAT)-based assays and single electron transfer (SET)-based assays. The 
former includes oxygen radical absorbance capacity (ORAC) and 
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chemiluminescence, while the latter includes 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic 
acid)) (ABTS) radical scavenging (Shahidi 2015). Some of these screening tests 
have been under scrutiny in the last decade for using synthetic and biologically 
irrelevant radical species. However, as highlighted by de Camargo et al. (2019), 
such methods are still able to provide valuable data on the mechanism of action of 
various antioxidants, especially when little or no information is available. Also, 
their correlation with more advanced biological models for antioxidant capacity 
measuring techniques is significant and should not be overlooked. Other in vitro 
assays comprise ferric reducing antioxidant power (FRAP), which measures anti-
oxidant molecules’ ability of reducing ferric ions (Fe3+) to ferrous (Fe2+) ions in an 
acidic medium, generating an intense blue-colored complex that can be measured 
spectrophotometrically; cupric reducing antioxidant capacity (CUPRAC), a variant 
of the FRAP assay that measures the reduction of cupric (Cu2+) to cuprous (Cu+) 
ions; and metal chelation capacity, measuring antioxidant’s capacity of chelating 
ferrous ion (Badarinath et al. 2010; Shahidi 2015).

Cell cultures, such as Caco-2, HepG2, MCF-7, among others, can also be used to 
assess the antioxidant potential through multiple mechanisms. In this regard, the 
cellular antioxidant activity (CAA) assay is widely used to measure the antioxidant 
capacity of phenolic-rich extracts. Additionally, biological model systems are also 
available for this purpose. Some examples encompass LDL-cholesterol oxidation 
prevention and inhibition of DNA oxidation and nicking, where the capacity of 
antioxidants to prevent induced oxidative damage to biologically relevant molecules 
is quantified (Badarinath et al. 2010; Shahidi 2015).

Besides characterizing the antioxidant capacity of a food matrix, the discussed 
methods can also help assess the effects of processing techniques on the same mate-
rials. For instance, Shu et al. (2020) subjected tangerine peels to microwave, hot-air, 
and freeze-drying and compared the effect of each dehydration method on the phe-
nolics’ antioxidant capacity, measured by the ORAC assay. The results showed that 
microwave-dried peels exhibited higher antioxidant power than their hot-air-dried 
counterparts, which could be owed to phenolic degradation when the peels were 
exposed to a high temperature for a long time, with microwaved samples indeed 
displaying a higher flavonoid content. In addition, the low temperature combined 
with the sort time provided my microwave drying could have resulted in the release 
of bound phenolics, directly impacting the oxygen radical absorbance capacity of 
the samples. Similar results were obtained by Rafiq, Singh and Gat (2019) when 
evaluating the impact of tray, vacuum, and freeze-drying on the peels of C. reticu-
lata, with freeze-dried peels showing the highest antioxidant capacity measured by 
the ABTS assay due to the preservation of polyphenols.

Animal models have been used in order to assess the physiological effects of 
tangerine peel phenolic-rich extracts on the oxidative stress and endogenous anti-
oxidant defense markers. Wistar diabetic rats were treated with hydroethanolic 
extract of tangerine peels (100 mg/kg b.w./day for 4 weeks) and their liver oxidative 
stress levels were down sharply compared with the control group, presenting 39.09 
and 56.82  nmol/malondialdehyde (MDA)/100  mg tissue, respectively. The same 
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pattern was observed for the levels of antioxidant enzymes glutathione, glutathione 
peroxidase, glutathione S-transferase, and superoxide dismutase, which were 
detected in significantly higher amounts in diabetic rats treated with the extract than 
their non-treated counterparts. This outcome shows that exogenous antioxidants 
from tangerine peel also act to modulate the endogenous antioxidant defense mech-
anisms (Ali et al. 2020). A similar result was observed by Ke et al. (2020) in rats fed 
a high-fat diet, where the supplementation with tangerine peel extract restored the 
activity of glutathione reductase and superoxide dismutase.

In a study using the LDL-cholesterol biological model to assess the antioxidant 
properties of tangerine peel oil, it was observed that the oil, which was mainly com-
posed of the monoterpene limonene, has the capacity of inhibiting LDL peroxida-
tion, one of the primary factors contributing to the onset of atherosclerosis (Castro 
et al. 2020).

The antioxidant properties of tangerine and its by-products are not limited to 
health-related aspects but can also be used to protect food products against oxida-
tion and extend their self-life. For instance, Bambeni et al. (2021) added tangerine-
pomace extracts (450  μg/g) to beef patties as a natural antioxidant system, 
significantly reducing lipid oxidation, measured by thiobarbituric acid reactive sub-
stances (TBARS), at 4 °C for 9 days. The polyphenol extract also increased impor-
tant sensorial parameters of the product, such asaroma intensity, beef-like aroma, 
and flavour. This outcome opens the possibility for tangerineby-products to become 
natural antioxidant systems with the ability to replace the currently used syn-
thetic ones.

6.6.2  Anti-inflammatory Properties

Inflammation is a key biological response to infection, irritation, or injury that 
works through the liberation of pro-inflammatory cytokines. Although extremely 
important as a healing mechanism, the overproduction of some of these cytokines 
(e.g., interleukin (IL)-1b, tumor necrosis factor alpha (TNF-α)) may lead to allergy, 
arthritis, atherosclerosis, and cancer. Therefore, bioactive compounds that have the 
ability to inhibit pro-inflammatory cytokines can potentially help prevent such con-
ditions (Shahidi and Yeo 2018).

Tangerine peel extract has demonstrated in vivoanti-inflammatory potential when 
administered to rats with potassium dichromate-induced hepatotoxicity. A daily 
dose of 400 mg kg−1 of tangerine peel extract significantly reduced serum TNF-α 
levels. This effect was owed to the high content of flavonoids, especially polyme-
thoxyflavones, in this raw material (Bashandy et al. 2020). Besides cytokine pro-
duction inhibition, other mechanisms of action have been associated with the 
polymethoxyflavones from tangerine, especially nobiletin, which includes mitiga-
tion of pro-inflammatory mediators, such as prostaglandin E2 and nitric oxide, sup-
pression of T lymphocyte proliferation, and stimulation of anti-inflammatory 
cytokines production.
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A cell study using RAW264.7 cells detected that the polymethoxyflavones nobi-
letin and tangeretin form tangerine peels reduced NO release generated by LPS, an 
inflammation-induced endotoxin (Wang et  al. 2019). Nobiletin, tangeretin, and 
5-demethylnobiletin supressed the production of prostaglandin E2, as well as pro- 
inflammatory cytokines (IL-1α, IL-1β, TNF-α, and IL-6) and the expression of 
cyclooxygenase-2 (COX-2). Genes of the inflammatory pathways JAK2/STAT3, 
NF-κB/IκBα, and TLR were also affected by tangerine’s polymethoxyflavones.

Tangeretin and nobiletin, along with hesperidin have demonstrated anti- 
neuroinflammatory ability in another study (Ho and Kuo 2014) using the lipopoly-
saccharide (LPS)-activated BV2 microglia culture model. Nobiletin displayed an 
inhibitory effect of over 50% against NO, TNF-α, IL-6, and IL-1β at a concentration 
of 100 μM. Tangeretin and hesperidin alone only showed mild inhibition of pro- 
inflammatory cytokines. On the other hand, when acting in synergism, the level of 
cytokine suppression increased to 66.7–90.6% at a 2 mg/mL dose of the tangerine 
peel extract. Therefore, the mixture of different polymethoxyflavones has exhibited 
higher anti-inflammatory efficacy than its individual components, an effect that has 
been extensively reported for phenolic compounds (Freeman et al. 2010).

Limonene, present in the oil extracted from tangerine peels, has also been 
reported as a potent anti-inflammatory factor (Shorbagi et  al. 2022). In a mice 
model, essential oil from C. reticulata peel, mostly composed of limonene, 
decreased the expression of IL-6, COX-2, and nuclear transcription factor kappa B 
p65 (NF-κB) (Li et al. 2022).

6.6.3  Antitumor Effects

Hesperidin, one of the major components of tangerine peels, has demonstrated a 
number of antitumor mechanisms. This flavonoid can promote cell cycle arrest in 
cancerous cells by modulating regulatory proteins, such as CDK inhibitors, cyclin-
dependant kinases, and cyclins. The compound has also been shown to target cell 
cycle signaling pathways in cancer therapy, especially the Aberrant WNT/β- catenin 
pathway. Another mechanism detected is the induction of apoptosis, which can hap-
pen through the activation of caspase-9 and caspase-3, increase of reactive oxygen 
species, and mitigation of nuclear factor-κB. As one of the contributing factors for 
cancer progression, inflammation can also be targeted by hesperidin, with a consid-
erable reduction of pro-inflammatory cytokines (Pandey and Khan 2021).

Ethanolic extracts from tangerine peel have been studied for their anticancer 
activity in cell line models, namely Hep G2 (liver cancer) and MCF-7 (breast can-
cer). A range of extract doses were tested (10–150 ug/mL) and a dose-dependent 
relationship was observed for both cell lines, with the inhibition of cancerous cells 
growth ranging from 52 to 80% (MCF-7) and 33–58% (Hep G2). This outcome was 
owed to the high levels of limonene, flavonoids, and other phenolic compounds 
found in tangerine peels (Rasool et al. 2021). Similar results were observed by Zaki 
and Naeem (2021), with tangerine peel powders displaying cytotoxicity against 
human colon carcinoma cell line HCT116.

C. Maciel et al.



177

Castro et al. (2018) detected antitumor effects of tangerine peel oil using an in 
vivo model. Lung cancer cells were implanted in nude mice, which were supple-
mented with tangerine oil (5.25 mg/day). The supplementation significantly sup-
pressed tumour growth, which was detected to happen through a decrease in the 
levels of membrane-bound Ras protein, a key factor in cell proliferation. Another 
mechanism observed was the induction of apoptosis of cancerous cells by the oil, 
with no toxicity effect whatsoever. The reported effects were partly associated with 
limonene, the main monoterpene component of tangerine peel oil.

Although polymethoxyflavones encountered in tangerine have shown various 
bioactivities, including antitumor potential, their oral bioavailability is constrained 
by their poor solubility in water. Therefore, strategies have been developed to over-
come this hurdle. For instance, Ting et al. (2015) synthesized an emulsion-based 
delivery system for tangeretin and tested its efficacy on colon cancer cell lines 
(HCT116 and HT29). The emulsions decreased cell viability in a dose-dependent 
manner. A colon tumorigenesis mice model was also used to investigate the efficacy 
of the emulsions, which significantly reduced tumor incidence and multiplicity by 
regulating tumor-related protein expression. The same was not observed for the 
non-emulsified tangeretin.

The anticancer mechanisms of polymethoxyflavones neohesperidin, nobiletin, 
tangeretin, and 5-dimethylnobiletin have been explored by Wang et al. (2020). All 
compounds promoted apoptosis in gastric cancer cell lines. According to the 
authors, the apoptotic effect is a consequence of polymethoxyflavones targeting 
retinoic acid receptors, associated with programmed cell death. A stimulation of 
gene expression for apoptosis-related proteins (caspases 3, 8, 9, and PARP1) has 
also been detected for this bioactive class.

6.7  Conventional and Non-conventional 
Extraction Techniques

As portrayed throughout the chapter, C. reticulata comprises a panoply of distinct 
compounds, such as polysaccharides, polyphenols, carotenoids, volatile com-
pounds, lipids, and proteins, among others (Shorbagi et al. 2022; Yun and Liu 2022). 
Ergo, tangerine may be a source of such compounds, which are of utmost interest to 
the pharmaceutical, cosmetic, and food industries. Nonetheless, in order to be avail-
able for the mentioned purposes, the compounds need to be extracted, and, in this 
sense, distinct technologies may be applied to accomplish the highest yield and 
purity. Those technologies may be employed not only for tangerine but also for its 
wastes, which are known to be rich sources of the several distinct compounds com-
prised in tangerines’ parts (peel, pulp, and seeds) (Shorbagi et al. 2022; Zhou et al. 
2022), generating added-value products and minimizing the environmental impact 
of the tangerine processing industries.

A myriad of different methodologies may be applied to extract a compound from 
a specific matrix, varying from the most classic/conventional ones, such as mechan-
ical or solvent extraction, to the more recently explored innovative technologies, 
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namely microwaves, ultrasounds, and pulsed electric field, among others. 
Henceforth, the mechanisms underlying those extraction technologies will be 
briefly elucidated, and examples of the applications of the technologies in tangerine 
and tangerine wastes will also be presented (compiled in Table 6.2).

6.7.1  Mechanical Extraction

Mechanical extraction is one of, if not the oldest extraction techniques. As the 
denomination suggests, the process consists in applying a mechanical force to the 
matrix, leading to the expression of the compounds (mainly oils) thereof. The sam-
ple is placed between barriers which are then pressed, reducing the available space 
in-between them and compressing the matrix, leading to the oil being forced out 
(Schwartzberg 1997; Nde and Foncha 2020). Two types of equipment are utilized to 
perform mechanical extraction, namely, hydraulic and screw presses. Although the 
principle behind both is similar, the forces applied by each type of press are distinct, 
since, in hydraulic presses, the force is axial, while in screw presses shear forces are 
responsible for the expression of the oil from the matrix. Nonetheless, the end result 
is the same, with the oil being forced out of the raw material (e.g., seeds) and pass-
ing through a perforated barrier to be collected (Schwartzberg 1997; Chemat et al. 
2015; Kemper 2020). Despite the benefits of the excellent quality of the oils 
obtained, and the possibility of reusing the matrix from which extraction was per-
formed, there is the disadvantage of low yields (Kemper 2020; Nde and Foncha 2020).

Pertaining to C. reticulata, this technology is mainly utilized to obtain juice from 
the fruit pulp, as in the study of Moshonas and Shaw (1997), in which mechanical 
extraction was performed to evaluate volatiles content of Robinson and other man-
darins juice. Differences between manual and mechanical extractions were also 
assessed. Results demonstrated that mechanical extraction yielded higher amounts 
of several lipophilic compounds than manual extraction (e.g., limonene, linalool 
and nonanal). Concerning volatiles contents in mandarins and orange juices, it was 
observed that in the latter those were generally considerably higher (with some 
exceptions). Nonetheless, as far as Robinson mandarin juice was concerned, regard-
ing the main volatiles, higher limonene, similar myrcene, and lower methanol, etha-
nol, and valencene were observed (73, 1.4, 11.1, traces and 0.51 mg/L, in mandarin 
versus 70, 1.54, 50, 576 and 4.0 mg/L, in orange). Desai et al. (2014) also applied 
mechanical extraction to obtain juice from Kinnow in order to study the effect of 
production conditions, namely, the level of drip irrigation (water supply; 60, 80, and 
100% of crop evapotranspiration) and potassium fertilizer (nutrient availability; 
600, 700 or 800 g K/plant/year) on fruit quality and yield. The conditions for which 
juice yield was highest (100% and 800  g  K/plant/year) were not the same that 
yielded the highest amount of fruit and total soluble solids (TSS) (80% and 700 g K/
plant/year). In this sense, the authors found that 80% of crop evapotranspirationand 
700 g K/plant/year were the most appropriate conditions to obtain the best amount 
of fruit, with the highest quality (Tables 6.3 and 6.4).
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Table 6.4 Tangerine products

Source Compound
C. reticulata-based 
product Function Reference

Yerba mate (Ilex 
paraguariensis St. 
Hill)

Extract Orange tangerinejuice Antioxidant 
activity

Fenoglio et al. 
(2022)

Okra – Juice Bioactive 
compounds

Wirivutthikorn 
(2019)

Plants and flours – Low-caloric 
beverages

Healthier 
alternatives

Contreras-López 
et al. (2021)

Citrus peels – Citrus-white tea Odour Wang et al. 
(2022)

Tangerinejuice – Marmalade Alternative 
product

Phinney et al. 
(2020)

Tangerinejuice – Juice Bioactive 
compounds and 
antioxidants

Noguera et al. 
(2021)

Yeast (Pseudozyma 
sp.)

Enzymes 
(cellulases)

Juice Clarified juice Santana et al. 
(2021)

Seeds of annatto 
(Bixa orellana L.)

Norbixin Isotonic soft drink Colored/dyed 
juice

Tupuna-Yerovi 
et al. (2020)

Source Compound Product Function Reference

Peels and bagasse Flour Biscuits Increase 
nutritional profile

Sande et al. 
(2018)

Peels Flour Muffins Increase 
nutritional profile

Khaleel et al. 
(2022)

Peels Essential 
oils

Probiotic wort-based 
beverages

Probiotic delivery Tomova et al. 
(2021)

Pomace Extract Beef patties Nutrition Bambeni et al. 
(2021)

Peels Essential 
oils

Chitosan 
nanoparticles/fresh 
pork

Nutrition Song et al. 
(2021)

Peels Extract Tilapia fillets Nutrition He et al. (2017)
Peels Extract Whey protein 

concentrate 
nanoparticles

Antioxidant 
activity

Hu et al. (2019)

Peels – Peels Biosorbent 
(safranine 
orange)

Januário et al. 
(2021)

Peels – Peels Biosorbent 
(heavy metals)

Abdić et al. 
(2018)

Peels Extract Copper nanoparticles Anti-corrosive Ituen et al. 
(2020)

Leaves Essential 
oils

Preservative Antifungal Ali et al. (2021)

(continued)

C. Maciel et al.



183

Table 6.4 (continued)

Source Compound
C. reticulata-based 
product Function Reference

Peels Extract Titanium dioxide 
nanocrystals

Bio-mediator of 
chemical 
reactions

Rueda et al. 
(2020)

Juice – Carbon nanodots Ink production Aslan and 
Eskalen (2021)

Peels – Microbial fuel cells Bioelectricity Rojas-Flores 
et al. (2020)

Peels – Bio-ethanol 
production by 
Saccharomyces 
cerevisiae

Bio-ethanol Shim (2015)

Essential oils – Pharmaceuticals Anxiolytic Silveira et al. 
(2022)

Mechanical extraction may also be applied to extract essential oils from peels, as 
in the case of Ahmad et al. (2016), in which a hydraulic press (operated at 15000 psi, 
at 28–30 °C for 45 min) was used for that purpose. The authors compared the yield 
and quality traits (aldehyde content and acid number) of the essential oils obtained 
from six Citrusfruits (among which was Kinnow). Despite being second to last in 
terms of oil yield (0.32%), Kinnow presented the highest aldehyde content 
(42.73%of essential oil) and acid number (2.21), which are the main indicators of 
quality and flavor strength.

Yi et  al. (2018) assessed the extraction of essential oils from C. reticulata 
peels by mechanical pressing, through a central composite design in which the 
impacts of calcium hydroxide concentration (2.7, 3.0, and 3.3%), soaking time 
(3, 4, and 5 h) and sodium chloride concentration (0.25, and 0.5%), in the yield 
were determined. The conditions that were revealed to present the highest yield 
(0.689%) were 3.68% calcium chloride, 2.97 h of soaking, and 0.12% sodium 
chloride. Thereafter, the chemical composition of the essential oil was deter-
mined, in which limonene was the most abundant compound, representing 
56.76%. The extract/oil was tested for its antimicrobial activity, displaying a 
potent broad-spectrum antimicrobial activity, and also for antioxidant capacity 
(radical-scavenging activity, 1,1-Diphenyl-2- picrylhydrazyl, DPPH, and 
2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid), ABTS; reducing 
power, iron reduction), using α-tocopherol as a positive control, demonstrating 
moderate activities. Hence, it was concluded that the essential oil could be con-
sidered a natural alternative to synthetic additives in food products, concerning 
food safety and shelf-life.
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6.7.2  Conventional Solvent Extraction (CSE)

Following the previously described mechanical extraction, solvent extraction (or 
CSE) isthe most conventionally used methodology to obtain compounds from a vast 
array of matrices, from polyunsaturated fatty acids in microalgae (Figueiredo et al. 
2019) to d-limonene in the tangerine peel (Park et al. 2015). This extraction tech-
nique commonly utilizes organic solvents (per se or in mixtures/systems). The prin-
ciple behind CSE is that molecules/compounds possess distinct polarities and, 
according to the polarity, have affinities towards different solvents, specifically, 
those with polarities similar to the compounds. The closer the polarities are between 
compound and solvent, the higher the affinity. This mechanism allows the extrac-
tion of the desired compound from the matrix in which it is comprised, by a phe-
nomenon designated partitioning. As aforementioned, when in contact with two 
solvents with distinct polarities, the compound possesses different affinities towards 
them, having a higher affinity for one. Therefore, if or when the solvents are sepa-
rated from each other, the target-compound will remain dissolved in the solvent for 
which its affinity is higher. A particular, and commonly employed, type of solvent 
extraction is the denominated “Soxhlet” extraction, in which an apparatus is used to 
extract compounds (usually lipids, with an organic solvent) from a solid matrix 
(Halim et al. 2012).

Citrus oils were extracted from C. sinensis, C. limon and C. reticulataseeds by 
(Fernandes et  al. 2002) through “Soxhlet” extraction, using hexane as extraction 
solvent, to evaluate their antifungal activity against Leucoagaricus gongylophorus, 
a symbiotic fungus of the leaf-cutting ant Atta sexdens. Citrusreticulataseeds 
yielded the highest percentage (28.35%), and the oil was determined to be com-
prised of triglycerides and volatiles. In tangerine oil, the fatty acids present in the 
triglycerides were mainly palmitic, linoleic, and linolenic acids (38.6, 30.5, and 
19.9%, respectively, of total fatty acids). The major volatile found was d-limonene, 
which represented 3.77% of all volatiles present in the seeds extract, which was, 
among the three oils, the one that displayed the most diversified volatile profile. 
Concerning antifungal activity, when at 200 μg/mL, the extract was able to inhibit 
fungal growth by 20%. Park, Ko and Kim (2015) also extracted d-limonene from 
tangerine using “Soxhlet”, although the extracts were obtained from peels instead of 
seeds. Extraction was performed with three distinct solvents, namely, ethyl alcohol, 
n-hexane, and ether, which yielded 0.78, 0.049, and 0.028%, respectively, of d- 
limonene. The authors found that, in that particular case, the polarity of the solvent 
presented a higher impact on extraction efficiency than the boiling point thereof.

Recently, Soxhlet extraction was performed by Olatunya, Ajaja and Akintayo 
(2021) during 8 h at 50–60 °C, using diethyl ether as a solvent, to extract oils from 
the seeds of grapefruit, lime, and tangerine, which were afterwards characterized in 
terms of fatty acids profiles and some physicochemical properties (namely, kine-
matic viscosity and saponification value). In most of the parameters evaluated, tan-
gerine oil presented intermediate values between those obtained for the two other 
fruits. Tangerine oil yield was 48%, while grapefruit yielded the highest (50%) and 
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lime the lowest (40%). The main fatty acids present in all oils were found to be 
linoleic acid, followed by palmitic acid and oleic acid. Concerning the important 
polyunsaturated fatty acids, lime oil was comprised by 48.81%, and tangerine and 
grapefruit oils by 43.58 and 41.71%, respectively. In terms of physicochemical 
properties, tangerine oil was also determined to present intermediate values regard-
ing several parameters, such as kinematic viscosity (36.50 mm2/s), for which grape-
fruit presented the highest and lime the lowest (38.20 and 35.20 mm2/s, respectively), 
and saponification value (195.40 mg/goil), which was highest in lime oil (212.20 mg/
goil) and lowest in grapefruits’ (186.80 mg/goil). The study demonstrated the poten-
tial of those oils to be used to develop novel pharmaceutical, cosmetics, and food 
products owing to the high fatty acid contents and physicochemical properties.

6.7.3  Pressurized Liquid Extraction (PLE)

Pressurized liquid extraction (PLE), also referred to as pressurized fluid extraction 
(PFE), pressurized hot-solvent extraction (PHSE) or accelerated solvent extraction 
(ASE), is an extraction technique in which the solvents are heated to temperatures 
above the boiling point, although being subjected to pressures that enable to main-
tain the liquids below the critical point, which results in the solvent being main-
tained in the liquid state throughout the extraction process (Herrero et  al. 2015; 
Imbimbo et al. 2020). When water is utilized as the extraction solvent, despite the 
general principles and instrumental requirements being the same, there are other 
important parameters which present significant influence, and the technique can be 
denominated subcritical water extraction (SWE), superheated water extraction 
(SHWE) or pressurized hot-water extraction (PHWE) (Herrero et al. 2015; Anticona 
et al. 2020).

Pressurized liquid extraction conditions provide an increased mass-transfer rate, 
and solubility of the compounds to be extracted, as well as decreases in both solvent 
viscosity and surface tension. The lower solvent viscosity and surface tension will 
favor the easier infiltration of the solvent into the matrix, allowing it to reach more 
inner areas and, consequently, increasing the contact surface, which enhances the 
mass transfer to the solvent, resulting in an increased extraction rate. As previously 
mentioned, when water is utilized as the solvent there are other parameters that have 
to be considered, such as the dielectric constant (ε) of water. When water is kept in 
the liquid state while heated at high temperatures, ε, which is a measure of the polar-
ity of the solvent, is significantly reduced and, if it is decreased to values close to the 
ones of organic solvents (when heated), water can be presented as an effective alter-
native. Even though this may not be possible for all applications, among the PLEs, 
SWE can be considered the “greenest” (Herrero et al. 2015).

Concerning the advantages of PLE over the conventional extraction processes, 
there are several, as higher selectivity, shorter extraction times, faster extraction 
processes and smaller amounts of organic solvents. Furthermore, there is also the 
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possibility to automatize the process, which inherently increases reproducibility 
(Michalak and Chojnacka 2014; Herrero et al. 2015).

Li et al.(2012) evaluated the impact of solvent (ethanol, aqueous methanol or 
water), solvent:solid ratio, and extraction temperature and time, on PLE yields of 
flavones from C. reticulata peels. The process efficacy was also compared with 
other commonly applied extraction techniques (namely, “Soxhlet”, ultrasounds and 
heat-reflux). The best result with PLE was obtained with 70% methanol at 25 mL/g, 
at a temperature of 160 °C, during 20 min at a pressure of 1500 psi, which yielded 
a similar amount to heat-reflux (80.4 and 80.6%, respectively), and PLE was con-
sidered to be a better choice since it was less time-consuming.

The specific PLE, SWE, was applied to the peels of C. reticulata by Wang, Chen 
and Lü (2014), in that particular case, to extract pectin. The study analyzed the 
extraction yields and composition of pectin obtained at different temperatures (100, 
120 or 140 °C; all during 5 min with a solid to liquid ratio of 1:30), and found that 
the parameter did in fact influence the amount of pectin extracted, as well as that of 
galacturonic acid. The highest pectin and galacturonic acid yields (21.95 and 68.8%, 
respectively) were obtained when extraction was performed at 120 °C. Moreover, 
the pectins extracted at different temperatures were tested in terms of radical scav-
enging activities (DPPH and ABTS), as well as cytotoxicity against colon cancer 
cell line (HT-29). Regarding antioxidant (radical scavenging) activities, as well as 
anti-tumor activity (cytotoxicity), it was found that all decreased with increasing 
extraction temperature. The pectins were also used to prepare hydrogels, which 
were assessed regarding physicochemical properties. The authors reported that the 
hydrogel prepared with the pectin extracted using 120  °C presented the highest 
values concerning all the physical parameters, namely, hardness, gel strength, vis-
cous force and stickiness.

6.7.4  Supercritical Fluid Extraction (SFE)

Supercritical fluid extraction (SFE) is, together with PLE, the most widely employed 
extraction technique for obtaining bioactive compounds from natural sources 
(Herrero et al. 2015). In SFE, the solvents are utilized at pressures and temperatures 
above the critical points, which confers the fluid characteristics between gases and 
liquids, namely, intermediate diffusivity, viscosity similar to a gas and density 
higher than a gas (Michalak and Chojnacka 2014; Herrero et al. 2015). Since the 
solvent power of a supercritical fluid is dependent on the density thereof, it can be 
modified through alterations in the extraction temperature and pressure, allowing it 
to be manipulated to extract specific compounds (Mubarak et al. 2015). The high 
diffusivity and low viscosity of solvents in SFE, in comparison with liquids, confer 
superior transport properties (mass transfer), thus enhancing extraction (Michalak 
and Chojnacka 2014; Ciko et al. 2018; Anticona et al. 2020). Despite the possibility 
for a panoply of solvents to be utilized in SFE, the most commonly used is super-
critical CO2 (ScCO2 or SC-CO2), due to several characteristics, namely, low critical 
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temperature (31.1  °C) and moderate critical pressure (7.4  MPa) (Mubarak et  al. 
2015). Moreover, CO2is nontoxic, nonflammable, nonexplosive, a noncorrosive, 
easily available, and cheap. When compared to alternative extraction techniques, 
since CO2 is a gas at room temperature, its removal from the extract can be easily 
performed (Michalak and Chojnacka 2014; Herrero et al. 2015). One other advan-
tage is that, as aforementioned, the properties of SCFs can be adjusted through 
pressure and temperature changes, which have a direct impact on density, allowing 
the technique to be very selective, which is a significant advantage when the objec-
tive is the extraction of compounds from complex matrices. This technique also 
provides the possibility of, during decompression, performing fractioning simply 
by implementing two or more decompression steps, which is useful to separate 
components in the extract (Herrero et al. 2015). Nonetheless, SFE also has some 
drawbacks, beingthe main one the low polarity of ScCO2, which limits the com-
pounds that can be extracted with this technique, which may not be able to, per se, 
extract polar compounds. However, this issue can be overcome through the addition 
of co-solvents (modifiers), which are used in small amounts (1–10%), during the 
extraction process. The co-solvents present higher polarity and change the polarity 
of the supercritical fluid, thus increasing the solvating power, and consequently 
increasing the range of compounds that can be extracted (Michalak and Chojnacka 
2014; Herrero et al. 2015).

Regarding the use of SFE in tangerine matrices, the technologyhas been applied 
to, for example, extract essential oils from tangerine peels, as in the study of Xiong 
and Chen (2020), in which the impact of temperature (35–55  °C), pressure 
(10–30  MPa) and extraction time (0–180  min) on ScCO2 extraction yields were 
assessed. The response surface methodology analysis indicated 45 °C, at 14 MPa 
during 147 min, to be the best conditions to obtain the highest yield (1.34%). The 
extracted oil was revealed to comprise, mainly, n-hexadecanoic, linoleic and oleic 
acids (14.62, 32.3 and 20.42%, respectively). Dong, Shao and Liang (2014) had 
previously applied the technology with the same purpose, also testing the effect of 
extraction temperature (35–55 °C), pressure (150–350 bar), and time (60–120 min). 
In that case, the study unveiled that the best- operating conditions were 45 °C, at 
250 bar (25 MPa) during 120 min, which yielded an essential oil mainly compris-
ing, in terms of volatiles, α-farnesene, limonene, and β-elemene (2.34, 1.55 and 
1.44%, respectively).

Franco-Arnedo et al. (2020) also employed SFE, to obtain antioxidant extracts 
from C. reticulata peels, using ethanol as co-solvent. The effects of temperature, 
pressure, and ethanol percentage were assessed on yield, phenolic and volatiles con-
tents, and radical scavenging activity (DPPH). The study unveiled that a similar 
yield to that of “Soxhlet” extraction could be achieved utilizing SFE (34.85 and 
34.76%, respectively), obtaining an extract that was richer in terms of phenolics and 
volatile compounds, and presented higher antioxidant activity. Results also demon-
strated that extraction performed with SFE was more selective, and that the extract 
obtained at 220 bar (22 MPa) and 80 °C, with 5% ethanol, was able to protect may-
onnaise from lipid oxidation similarly to the synthetic antioxidant, butylated 
hydroxyanisole (BHA), used in the food industry. More recently, Romano et  al. 
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(2022) performed a similar study, in which ethanol as a co-solvent was utilized in 
percentages up to 20%, which corresponded to the conditions with the highest 
yields (17.60 g/100 gdry-weight). Nonetheless, in that study CO2 was also utilized in the 
liquid form (also combined with ethanol as co-solvent), and better results were 
achieved when such methodology was applied. Despite a similar yield of 
17.60 g/100 gdry-weight, liquid CO2-extracted oil presented higher flavonoids, naringin, 
and terpenes contents (including limonene), as well as superior antiradical activities 
(DPPH and ABTS). Supercritical extraction (ScCO2 + 20% ethanol) did, however, 
extract more dimethylanthranilate, which was the most prevalent volatile in oils, 
and is a compound that may be used as a fragrance, since it is ascribed the distinc-
tive tangerinearoma.

6.7.5  Ultrasound-Assisted Extraction (UAE)

Ultrasound-assisted extraction, or sonication, is based on the use of ultrasounds to 
create a cavitation phenomenon. Ultrasound frequencies above 20 kHz are utilized, 
and as the ultrasound waves propagate through the solvent, they create high- and 
low-pressure cycles in which bubbles are formed (at low-pressure) and collapse (at 
high-pressure). As the bubbles collapse, cavitation occurs, resulting in the formation 
of shear forces, consequently mechanically impacting the suspended particles in the 
solution. This phenomenon ruptures cell walls, thus enhancing penetration of the 
solvent and increasing the mass transfer, which improves the extraction efficiency 
(Michalak and Chojnacka 2014; Mubarak et al. 2015; Zhang et al. 2019).

This type of extraction has the advantages of reduced time of extraction, increased 
yields, and the reduced volume of solvent needed to perform the extraction (Mubarak 
et al. 2015; Polanco-Lugo et al. 2019).

Recently, Ordóñez-Santos, Esparza-Estrada and Vanegas-Mahecha (2021) uti-
lized UAE to extract carotenoids from C. reticulata epicarp, using sunflower oil as 
solvent, with the purpose of posterior application as a natural coloring agent, to 
substitute tartrazine (or decrease its use), in bakery products. The authors sought to 
investigate the best conditions (regarding temperature, time, and solid to liquid 
ratio) that would yield the highest pigment content when the ultrasound frequency 
was 42 kHz. The response surface methodology determined 60 °C for 60 min, using 
0.4 mg/mL (solid:liquid) to be the optimum parameters, which yielded 140.7 mgβ- 

carotene/100 gdry-weight. Kaur, Panesar and Chopra (2021a) also studied the influence of 
several parameters (amplitude, solid:liquid ratio, temperature, and time), in that 
case, on the ethanolic extraction of bioactives from C. reticulata peels, in order to 
standardize the extraction process. The bioactive potential of the extracts was 
assessed in terms of phenolic content and antioxidant activities. The extract with the 
highest phenolic content (36.17 mgGAE/gextract) and antioxidant activities was obtained 
using 1:30 (solid:liquid), at 31% amplitude, at 41 °C for 15 min.

Saini, Panesar and Bera (2021) studied the application of UAE to extract a carot-
enoid (lutein) from peels of C. reticulata. The process was optimized through the 
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evaluation of solvent:solid ratio, amplitude, temperature, and time, regarding their 
impact on lutein yield. Analysis of the results showed that lutein extraction was 
optimal when the process was performed with 6.16 mL/g, with 32.88% amplitude, 
at 43.14 °C during 33.71 min, which yielded 29.70 uglutein/gpeel.

Envisioning obtaining a distinct compound from the same matrix, Polanco-Lugo 
et al. (2019) explored the extraction of pectin from tangerine peels and found that, 
in comparison with conventional extraction (and commercial pectin), pectins 
obtained through UAE presented lower galacturonic acid percentage, as well as 
lower viscosity. The physicochemical characteristics of such pectins allow them to 
be viable options to be utilized for microencapsulation purposes. In that specific 
case, the extraction process was not explored for maximization of extraction yield 
(the parameters utilized were previously defined) since the work’s aim was solely to 
compare the extraction techniques and not their optimization.

Ultrasound-assisted extraction was utilized by Alissandrakis et  al. (2003) to 
extract volatiles from honey and flowers from four Citrus species, aiming to distin-
guish the honey’s origin based on the volatile profile. As in the previously reported 
study, the aim was not to investigate the extraction process per se, but its practical 
application. The exposure to the ultrasounds was performed in a water bath with 
ultrasound assistance, which conferred the process swiftness and ease. The main 
volatile in all Citrus flowers was determined to be linalool (75.2% in tangerine). The 
authorsunveiled the viability of a simple and practical method to extract volatiles 
from “Citrus honey” and the possibility of identifying the origin of a specific honey 
through the analysis of the volatile profile, since the precursors of the compounds 
found therein were present in the flowers of the corresponding plant.

6.7.6  Microwave-Assisted Extraction (MAE)

This extraction technology is one of the innovative methodologies being extensively 
explored to extract compounds from different sources. The principle is that micro-
waves, which are electromagnetic radiation (ranging from 0.3 to 300 GHz), through 
dipole rotation and ionic conduction generate heat, which is uniformly distributed 
in the sample. The heat results from the interaction of microwaves with polar mol-
ecules (such as water), inducing vibrations that consequently raise the temperature. 
This temperature increase leads to evaporation of water, which in turn ruptures cell 
walls due to the pressure exercised therein, increasing solvent penetration and also 
causing compounds’ leakage. These phenomena enhance mass transfer, therefore 
increasing extraction yields (Michalak and Chojnacka 2014; Mubarak et al. 2015; 
Ciko et al. 2018; Imbimbo et al. 2020).

The advantages of utilizing this technology include high yield, reduced extrac-
tion time, low solvent amount, and energy consumption (Michalak and Chojnacka 
2014; Ciko et al. 2018; Anticona et al. 2020; Imbimbo et al. 2020).

Chen et al. (2016) applied MAE to tangerine peels to extract pectic polysaccha-
rides. The study optimized the MAE conditions, namely, microwave power, 
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temperature, and extraction time, which would yield the highest pectin amount. 
Response surface methodology was utilized, revealing that 704 W, at 52.2 °C for 
41.8  min, were the best conditions, which were then applied to obtain a yield 
of 19.9%.

Similarly, Hayat et al. (2009) assessed the impact of several parameters, namely, 
power, temperature, liquid:solid ratio, and solvent concentration, on the efficiency 
of MAE in extracting phenolic acids from C. reticulata peels. The statistical tools 
utilized determined the best conditions to be 152 W for 49 s, with a liquid:solid ratio 
of 16, using 66% methanol. MAE performed in those conditions was able to gener-
ate an extract comprising phenolic acids, among which ferulic and ρ-coumaric acids 
were the prevalent (465 and 317 μg/gdry-weight, respectively).

6.7.7  High Hydrostatic Pressure (HHP)

High hydrostatic pressure (HHP) is definitely among the emerging extraction tech-
nologies. Originally developed as an alternative to pasteurization, it has also been 
explored as an extraction technology to obtain compounds from a multitude of 
matrices. This technology is based on applying pressure to the matrix, which will 
enable solvent penetration and consequent mass transfer, resulting in the extraction 
of specific compounds. In HHP, a fluid is compressed (to pressures from 100 up to 
1000 MPa), leading to the pressure being exerted instantly and uniformly through-
out the fluid. Since the sample is placed within a recipient also containing the 
extraction solvent, as pressure is applied, there is an increase in solvent permeation 
into the matrix, consequence of the pressure difference between the outside and the 
inside of the cells, as well as of damages in their structure. In turn, these phenomena 
will increase mass transfer and secondary metabolites diffusion, leading to the 
extraction of the compounds. The main parameters that impact extraction efficiency 
in HHP are pressure and temperature and, as in all extraction technologies, extrac-
tion solvent and liquid to solid ratio (Anticona et al. 2020; Martín and Asuero 2021; 
Navarro-Baez et al. 2022).

Among the advantages of HHP extraction are the low processing time and the 
low temperatures utilized, which prevent the degradation of the compounds. The 
main constraint in utilizing HHP is the initial investment to acquire the equipment, 
which is considerably high (Martín and Asuero 2021).

Although, as abovementioned, this technology has been applied to extract sev-
eral compounds from many distinct sources/matrices, it is not widespread concern-
ing extraction in Citrusfruits. Nonetheless, Casquete et al. (2015) explored HHP to 
obtain phenolics from C. reticulata peels using ethanol as an extraction solvent. The 
authors assessed pressure (300 or 500 MPa) and time (3 or 10 min) as process vari-
ables, and found 300 MPa during 3 min to be the conditions that yielded the extract 
with the highest phenolic content (587.28 mgGAE/100 gfresh-weight) and ABTS radical 
scavenging activity (658.92 mgTrolox/100 gfresh-weight). In that study, the impact of HHP 
extraction when applied to peels from other Citrusfruits, namely, C. limon, C. 
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latifolia, and C. sinensis, was also investigated, and it was found that the extraction 
conditions that originated the best results were the same regarding all Citrusfruits 
(including C. reticulata).

6.7.8  Pulsed Electric Field (PEF)

Pulsed electric field (PEF) is, as the denomination indicates, a technology that 
applies an electric field (as pulses) to the sample, which causes electroporation, also 
termed electropermeabilization. The electric fields used in PEF are usually of high 
voltage, having a very short duration. The principle of the extraction process is that, 
upon exposure to the pulses, when the transmembrane voltage is sufficiently high, a 
rearrangement of the phospholipids occurs, leading to the formation of pores, which 
can be temporary or permanent. Such pores allow the penetration of the solvent, 
hence, increasing the efficiency of the extraction process and, in the cases in which 
the electric field is strong enough it may inclusively rupture the cells, consequently 
leaking intracellular compounds. The latter case, or permanent electroporation, 
must be attained for an effective extraction. The main parameters that have been 
considered to impact PEF efficiency are the field strength, pulse shape and, duration 
and treatment time (pulse duration × number of pulses) (Goettel et al. 2013; Geada 
et al. 2018; Zhang et al. 2019; Anticona et al. 2020).

Like the aforementioned concerning the use of HHP in Citrus matrices, PEF is 
also a technology that has been scarcely (to un-) explored concerning this genus. 
There are, however, some studies in which PEF was utilized, although mostly being 
conjugated with other treatments. Such an example is the study of El Kantar et al. 
(2018), in which PEF was applied prior to obtaining juice by compression from 
orange, pomelo, and limon, and extraction yield was assessed. Moreover, the impact 
of PEF in the extraction of polyphenols from the peels was also investigated. Results 
showed improved extraction yields of juices when PEF was applied at 3 kV/cm 
(increases ranging from 25 to 59%), as well as higher amounts of polyphenols (ca. 
22.5 mgGAE/gdry-weightversus 12.5 mgGAE/gdry-weight in untreated samples) in the extract 
obtained by performing PEF at 10 kV/cm, followed by extraction with ethanol 50%, 
which acted synergistically. Carpentieri et al. (2022) utilized PEF, at 5 kV/cm, as a 
pre-treatment in orange peels prior to solvent extraction, to obtain limonene. Results 
revealed the efficacy of PEF in increasing solvent permeability since higher extrac-
tion yields were obtained when solvent extraction was performed after PEF was 
applied as a pre-treatment (33% increase, from 3 to 4 mglimonene/100 gsample, in etha-
nolic extract). Niu et al. (2021) exploited PEF per seto obtain naringin from pomelo 
peel at various electric field intensities (2–10  kV/cm) and numbers of pulses 
(10–50), and the impact on yield was evaluated. The authors concluded that 4 kV/
cm using 30 pulses were the best PEF conditions, which were able to increase by 
20% the naringin content of the extract, when compared with the extract obtained 
without PEF treatment.
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6.7.9  Enzyme-Assisted Extraction (EAE)

The last extraction methodology addressedherein is enzyme-assisted extraction 
(EAE), which relies on enzymes to digest the cell walls of organisms, such as plants, 
thus enabling the collection of valuable compounds. Plant cell walls comprise lig-
nocellulose and others polymers which, due to being mingled, impair the extraction 
process. The use of enzymes, such as pectinases, cellulases, and hemicellulases, 
leads to cell wall hydrolysis and degradation, which facilitates the penetration of the 
solvent and may even cause leakage of compounds, consequently improving extrac-
tion yields. Since enzymes have an optimum temperature at which the activity is the 
highest, extraction temperature is a pivotal parameter to be optimized (Michalak 
and Chojnacka 2014; Zhang et al. 2019; Nde and Foncha 2020). In this sense, Li, 
Smith and Hossain (2006) studied the impact of three food-grade enzymes 
(Celluzyme® MX, Celluzyme® CL, and Kleepase® AFP) in the enzyme-assisted 
aqueous extraction of phenolics from the peels of several Citrusfruits, including 
C. reticulata. The authors found that, among the various factors that influenced 
extraction yields was, as expected, temperature. The best results were obtained at 
50  °C, which allowed the process to yield 115  mgGAE/100  gfresh-weight. Vergara- 
Barberán et al. (2017) also utilized EAE, in that specific case, to extract proteins 
from orange and tangerine peels and pulps, although the aim of the work was not to 
optimize EAE parameters, but to make use of the technology to obtain the proteins, 
which were then profiled by capillary gel electrophoresis. Nonetheless, different 
enzyme combinations were evaluated to determine which combination provided the 
best yield. Afterwards, EAE was performed on the samples from different cultivars 
with the enzymes combination determined to yield the highest content and, as 
expected, distinct protein profiles were obtained. Hence, EAE was revealed to be an 
effective technology, and the authorsconcludedthat protein profiles were a viable 
tool to distinguish samples originating from distinct cultivars.

Throughout the current section, several distinct technologies/methodologies 
were addressed, which may be applied to extract a multitude of compounds from 
tangerine and/or its wastes, presenting a panoply of possibilities in terms of applica-
tions and activities (among which are bioactivities). Besides being utilized to obtain 
compounds from unprocessed tangerine, these technologies may also be applied to 
convert processing waste residues into added-value products, thereby minimizing 
the environmental impact of tangerine-processing industries. As described, some 
technologies are performed with concomitant, or posterior, use of solvents, and in 
the latter case, the application of the technologies may be considered as a pre- 
treatment and not as an extraction method per se. Nonetheless, the combination of 
technologies may also be (it is, in fact) a solution to obtain the highest possible 
amount and diversity of compounds from a single matrix. It was shown that differ-
entmethodologies might be utilized to accomplish similar goals, such as the extrac-
tion from tangerine peels of an essential oil with antioxidant potential. In that 
specific case, several factors must be considered when selecting a technology to be 
applied, namely the yield, the antioxidant activity of the obtained extracts, and 
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possible contaminants/interferents, among others. Moreover, when optimizing the 
extraction process, as reported throughout the section, physicochemical parameters, 
must be considered according to both the technology and the compound to be 
extracted. Those parameters/factors also have implications in which technologies 
may be utilized to extract a specific compound since the operational conditions may 
lead to the degradation of the target compound (e.g., some compounds are more 
temperature-sensitive than others, and may degrade if the temperature is raised 
above a specific threshold). In this sense, when seeking to explore the potential of a 
given matrix to extract a specific compound (or type of compound) studies have to 
be performed in order to define the best technology (and conditions) to be applied. 
Nonetheless, different technologies have the potential to process tangerine and/or 
its parts and wastes, to obtain compounds of utmost importance for the development 
of innovative products, in pharmaceutical, cosmetics, and food industries.

6.8  Tangerine-Based Products Development

In the quest for cutting-edge innovation, coping with the rapidly evolving market 
(trends), and seeking to address consumers’ expectations, industries pursue the 
development of novel products and processing technologies whilst conserving fruit 
and fruit-based products’ authenticity/identity.

Product development process entails the conceptualization/design, creation and 
development of an entirely novel product, or the reformulation of an already exist-
ing one (altering the composition) with the purpose of improving a particular trait 
(characteristic), function or property (health).

There are a fewways by which the topic of this section may be approached, 
namely, products in which tangerineper se is the matrix or a constituent thereof (for 
instance, tangerinemarmalade and orange-tangerine juice, respectively), and others 
in which its extracts may be utilized as additives or valuable sources of a specific 
compound (e.g. peel extract combined with copper nanoparticles).

This section will mainly address the most relevant scientific studies performed 
over the past 5 years to outline a perspective of the current trends. In a first stage, we 
sought to focus on the development of products which were based on tanger-
ineper se.

Innovative food processing technologies have been exploited as promising alter-
natives to the conventional thermal processing. Beyond the well-documented 
decontamination potential, these technologies may also convey an improvement on 
palatability (taste, aroma and texture), edibility, and nutrients bioavailability 
(Carmody et al. 2011).

Noguera et al. (2021) investigated the impact of two processing methods, ultra-
sounds or ozone in tangerinejuice, on the antioxidantsand ascorbic acid contents, 
along with the effect on deteriorative enzymes activity. The authors reported that 
when submitted to either technology the juice’s phenolics concentration increased, 
whilst the deteriorative enzymes were impaired. Ozone processing also improved 
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the amount of ascorbic acid. In this sense, these technologies may, therefore, consti-
tute viable alternatives to tangerinejuice heat processing, inclusively further improv-
ing the bioactive compounds content. Hashemi et  al. (2019) explored 
pulsed-thermosonication to inactivate Listeria monocytogenes, Shigella sonnei, 
Byssochlamys fulva and Saccharomyces cerevisiae in tangerinejuice. The authors 
demonstrated that the association of temperature and sonication might be a feasible 
approach for juice decontamination, albeit further investigation must be performed 
in order to determine the optimum operating conditions in order to balance the 
microbial inactivation with the degradation of the ascorbic acid and β-carotene, 
which was observed and, preferably, must be absent.

Fenoglio et al. (2022) proposed the development of a technology based on the 
association of UV radiation and mild heat (50 °C) to inactivate potential microbial 
contaminants in a novel formulated orange-tangerine juice. Moreover, yerba mate 
(Ilex paraguariensis St. Hill) extract was also incorporated in the juice (in the free 
form or encapsulated), which provided an additional source of natural antioxidants. 
The treatment was effective in promoting microbial inactivation, and sensory analy-
sis performed with consumers revealed a willingness to consume/acquire the novel 
product, which was higher in frequent consumers of yerba mate tea. Wirivutthikorn 
(2019) exploited the potential of blending tangerinejuice with an herbal drink, in 
which an okra-tangerine juice supplemented with lycopene was developed. The 
authors evaluated different percentages of tangerinejuice and the one which demon-
strated the most promising results concerning sensory evaluation was comprised by 
50% of each matrix (okra and tangerine). The study highlighted the potential to 
formulate novel juice-like beverages with combined ingredients, namely, tangerine-
juice and local Thai herbs, which may ultimately be commercialized, with expected 
consumer acceptance. Contreras-López et  al. (2021) also exploited tangerine in 
combination with four other fruits (guava, strawberry, pineapple, and orange) and 
developed low-caloric beverages utilizing assortments thereof, medicinal plants 
(Melissa and lemon verbena) and flowers (Bougainvillea glabra and Matricaria 
chamomilla), as healthier alternatives to the conventionally commercialized and 
consumed sweetened drinks, for overweight and obese people. Besides the low- 
caloric content, the beverages would also provide the beneficial effects of the bioac-
tive compounds which the constituents comprised, namely antioxidants from 
tangerine. Among the four different formulations evaluated the one which com-
prised tangerine, bougainvillea, lemon verbena, and guava, ranked first regarding 
the liking of color and smell, and second concerning phenolic content and antioxi-
dant activity. A study performed by Guo et al. (2021) evaluated the impact of the 
consumption of C. reticulatajuice fermented by lactic acid bacteria (LAB), on the 
prevention of obesity in mice fed with a high-fat diet. Modulation of the mice gut 
microbiota was also assessed. The authors found positive impact of C. reticulata-
juice in obesity-inhibition indicators (e.g. weight-gain inhibition, hepatic steatosis 
and fat accumulation decrease, and improved insulin sensitivity) and that, in com-
parison with non-fermented juice, the LAB-fermented juice presented a better over-
all activity against obesity. The increased inhibitory effect of the fermented juice 
was hypothesized to be owed to the promotion of browning of the white adipose 
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tissue, as well as the observed increase of intestinal health-promoting probiotic bac-
teria. Recently, Wang et al. (2022) utilized C. reticulata peels for the development 
of an innovative citrus-white tea, which is the second worldwide most consumed 
non-alcoholic beverage. The manufacturing process was modified to include fresh 
peels after withering and previously to drying, in opposition to the conventionally 
exploited method in which the peels are added following the drying step. The modi-
fied process significantly influenced the volatile profile of the formulated tea, com-
paratively to the profile present in the citrus-white tea produced through the 
conventional method. Besides the characterization of the volatiles profiles, the teas 
were sensory-analyzed by certified professional tea-tasters, which ascribed fresh-
ness and fruity citrus-like scents to the aromas of the innovative tea, hence validat-
ing the novel product as a viable alternative to the conventionally manufactured.

Over the past decade, cutting-edge biotechnology approaches have fueled the 
development of novel processes to improve organoleptic features.

Recently, Santana et al. (2021) analyzed the impact of cellulases from a yeast, 
namely, Pseudozyma sp., on tangerinejuice clarification, and found that, besides 
being able to decrease turbidity, the enzymatic treatment also reduced the juices’ 
viscosity. The study demonstrated that the cellulase may be a promising tool for the 
development of those products, regarding tangerine as well as other citrus fruits, 
since opacity is a major deterrent factor as far as consumers’ acceptance is concerned.

The challenges posed by the global cultural diversity (indigenous food systems), 
climatic conditions (geographical distribution) and social structures (socioeconomic 
inequalities) prompted/fueled the development of more sustainable solutions to 
meet the highly diversified populations’ necessities. This is of utmost importance in 
hot-environment, low-income countries, devoid of an effective cold chain to pre-
serve perishable food products. In light of this, Phinney et al. (2020) produced tan-
gerinemarmalade in membrane pouches through solar assisted pervaporation with 
the purpose of providing a product that would allow the consumption of the fruit, 
with the beneficial nutritional traits that it conveys, in rural Mozambique in which 
the harsh environmental conditions hamper the preservation/conservation of the tra-
ditionally consumed products, since the deprivation of a refrigeration system is a 
limitation.

In the past decade, consumers’ awareness/perception concerning health and sus-
tainability triggered a shift in the consumption pattern, which has consequently 
prompted investigators to explore natural sources seeking for alternatives to the 
commonly utilized chemical additives. With the purpose of substituting/replacing 
dyes for natural colorant compoundsin an isotonic tangerine soft drink, Tupuna- 
Yerovi et al. (2020) investigated the incorporation of microcapsules containing a 
carotenoid (norbixin), obtained from the seeds of annatto (Bixa orellana L.). The 
norbixin was encapsulated in order to protect this diterpenoid from degradation, 
which extended the shelf-life of the drink, and microcapsules were synthesized 
using arabic gum, hence, the goal of obtaining a more natural-like product was 
accomplished.

A distinct application of tangerine was explored by Sande, Moreira and Papa 
(2018), which produced flour from tangerine peel and bagasse, and then utilized it 
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to replace wheat flour in a biscuit recipe. The biscuits formulated with the tangerine- 
based flour presented, in comparison with those manufactured solely with wheat 
flour, higher fiber content and antioxidant activity. Moreover, the authors reported a 
higher sensory acceptability of tangerine-based biscuits. Those results highlighted 
the potential of tangerine wastes to be converted into flour which may then be used 
to develop a panoply of added-value, innovative food products, accomplishing the 
thirteenth sustainable development goal. This approach was also explored by 
Khaleel et al. (2022), which developed muffins with C. reticulata peel flour partially 
substituting wheat flour. The resulting muffins possessed an improved nutritional 
value, in comparison with control, with higher fiber and protein contents. Those 
baked products could also be an interesting source of antioxidants since phenolics 
and flavonoids were present in the flour, which demonstrated free radical scaveng-
ing activity. Nonetheless, the incorporation of the peel flour impacted the physical 
properties of the muffins, negatively altering the sensorial features, except in the 
case of the lower percentages utilized. In this sense, the authors concluded that for 
obtaining a viable product only 5% of the wheat flour could be substituted by the 
C. reticulata peel flour, since the impact was imperceptible and the muffins would 
therefore be accepted by consumers.

Among the assortment of food products that may comprise C. reticulata, 
drinks/beverages are definitely the most common ones to which tangerine is associ-
ated. In that sense, Tomova et al. (2021) utilized tangerine and grapefruit essential 
oils in the formulation of probiotic wort-based beverages, and found that employing 
tangerine oil resulted in the best product, with the highest phenolic content, conse-
quently presenting the highest antioxidant activity. Concerning sensory acceptabil-
ity of the formulated products, between the beverages manufactured with the two 
oils, the one comprising tangerine oil was the preferred by the sensorial evalua-
tion panel.

Xu et al. (2022a) reported the possibility of producing tangerine wines through 
fermentation utilizing alternative strains of yeasts that might improve some organo-
leptic traits of those wines fermented solely by the traditional Saccharomyces cere-
visiae. The non-Saccharomyces strains synthesize polyphenols and volatiles, which 
in turn may originate wines with improved sensorial features and higher content of 
bioactive compounds. The authorsexploited distinct fermentation processes, namely, 
fermentation with pure cultures, and co-fermentation (with S. cerevisiae and the 
non-Saccharomyces strains), the latter using two different approaches – sequential 
and blended. The outcome of the study was that, through (according to) the yeast 
strains and the process applied in the fermentation, polyphenols and volatiles con-
tents may be improved in tangerine wines, which may be tailored in order to fit/
attain the desired features and attributes.

In a completely distinct approach, Bambeni et al. (2021) reported the incorpora-
tion of C. reticulata Blanco cv. clementine pomace extract in raw ground beef pat-
ties, with the purpose of providing a protective effect against the food matrix 
degradation throughout storage. Results demonstrated/unraveled the extracts’ pro-
tective effects (of the incorporation of the extract) in terms of lipid and protein 
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oxidation (antioxidant activity), as well as antimicrobial activity (by bacterial 
growth inhibition).

Moreover, amongst the several extracts evaluated, C. reticulata Blanco cv. clem-
entine pomace extract was found to confer the most acceptable sensory attributes, 
namely, beef-like aroma and flavor, and overall aroma intensity. In a study per-
formed by Song et al. (2021), C. reticulata L. essential oil (EO) was also applied to 
one other meat product (namely, pork), through its incorporation into chitosan 
nanoparticles, intending to explore the oils’ antimicrobial properties. The authors 
documented that, when applied to fresh pork and throughout storage, the 
EO-entrapped nanoparticles presented improved/enhanced antimicrobial activity, in 
comparison with nanoparticles devoid of EO (composed of chitosan alone). 
Moreover, the EO-containing nanoparticles also displayed anti-biofilm formation 
activity, along with (as well as) mature biofilm removal (elimination) capability. 
With a similar purpose ofhamperingfoodstuffs deterioration, hence extending shelf- 
life, He et al. (2017) developed a coating from tangerine peels extract, which was 
utilized in tilapia fillets. The coating was applied through immersion of the fish fil-
lets in aqueous solution containing the extract and, thereafter, samples were stored 
at refrigerated and freezing temperatures. The coating was capable to increase the 
shelf-life of frozen fillets by 35–45%, through the prevention of lipid oxidation and 
protein degradation, as well as suppressing water loss and alterations to the tissue 
structure. Within the perspective of utilizing C. reticulata extracts, and in an attempt 
to circumvent the scarce stability and bioavailability of those extracts containing 
flavonoids, Hu et al. (2019) studied the nanoparticles mediated delivery of flavo-
noids. The extract incorporation into nanoparticles composed of whey protein con-
centrate, as well as the stability throughout simulated gastrointestinal tract were 
investigated. The authors found that the nanoparticles were able to protect, to a 
certain extent, the flavonoids from the detrimental harsh conditions (environment) 
of the digestive system, evading (escaping/avoiding/impeding) degradation, and 
ensuring their controlled delivery.

Despite the undeniable industrial value of C. reticulata components and bioac-
tive compounds towards/for the formulation of novel food products, there are other 
industries that may harvest the potential comprised in its components and wastes to 
develop new and/or alternative products.

The extensively studied peels were recently exploited by Januário et al. (2021) in 
an altogether distinct application from food products, as a biosorbent material for 
industrial wastage, namely, a cationic dye (safranin orange). It was revealed that the 
peels detained specific properties that promoted the fixation of such type of (micro)
polluants, and that the process was, to a certain extent, reversible, which enabled the 
re-use of the matrix, furthering the beneficial environmental/ecological impact of 
the technology. Abdić et al. (2018) also utilized tangerine peels as an adsorbent to 
remove heavy metals (namely, Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn) from contami-
nated water. The authors performed a chemical modification of the substrate (peels), 
which greatly enhanced the adsorption efficiency (ca. 40%). Despite the lower sorp-
tion ability when compared with the chemically modified version, the unmodified 
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peels displayed, nonetheless, adsorption potential regarding all of the eight heavy 
metals assessed.

Focusingon the potential of tangerine wastes from an industrial standpoint, Ituen 
et al. (2020) utilized C. reticulata peels extract, in combination with copper nanopar-
ticles, to prevent (bio- and acid-)corrosion in pipeline grade steel. The results 
pointed out to an increased efficiency of the extract when combined with the 
nanoparticles, revealing the potential of the composite to be utilized as a viable 
alternative for industries that use and, therefore, need to protect, such material. One 
other application of essential oils (in that case, from leaves) as preservatives was 
assessed by Ali et al. (2021) concerning fungi which cause wood deterioration. Four 
distinct strains were utilized, namely, three belonging to the Aspergillus genus and 
Fusarium culmorum, and results demonstrated/indicated antifungal activity of the 
essential oils on all four strains, thereby validating their potential to be used for 
such end.

Tangerine peels were also exploited by Rueda et  al. (2020), particularly, an 
extract thereof, as part of a green-synthesis process to produce titanium dioxide 
nanocrystals. The study revealed that throughout the process by which the nano-
crystals were formed, the phytochemicals present in the extract promoted condensa-
tion and controlled the crystals growth. This is another example underlining the 
outstanding potential of tangerine extracts for the development novel and alternative 
products (approaches), outside the traditionally envisioned ones.

Concerning this material-oriented product development, tangerinejuice was used 
by Aslan and Eskalen (2021) as a carbon source to produce carbon nanodots (carbon 
quantum dots). The study evaluated the potential to synthesize such dots in a one- 
step hydrothermal methodology which would be fast and simple, and green, as it 
would utilize a natural carbon source. The results indicated that the obtained carbon 
nanodots presented relatively good stability, therefore, revealing the viability of the 
process to manufacture such dots, that may be utilized to produce other materials, 
such as ink, which was also determined to be feasible.

Several fruits, among which are citrus fruits, have also been investigated as pos-
sible sources for alternative energy production technologies. With this intent, Rojas- 
Flores et  al. (2020) evaluated tangerine wastes potential utilization as fuel for 
microbial fuel cells in order to obtain bioelectricity. Results revealed that, compara-
tively with lime and orange wastes, tangerines’ (wastages) generated the highest 
voltage and power density. The study concluded that such application may be a 
feasible alternative as an innovative electricity generation technology. Tangerine 
peels were also investigated by Shim (2015) as source for bio-ethanol production by 
Saccharomyces cerevisiae, through saccharification and fermentation. The results 
demonstrated the feasibility of the proposed methodology, since a considerable 
amount of ethanol was obtained after 8 h processing.

As aforementioned, Citrus reticulata may also be a source of valuable com-
pounds to be utilized by the pharmaceutical industry. In that context, Silveira, 
Santos Rubio and Poleti Martucci (2022) evaluated the potential of tangerine essen-
tial oil to reduce anxiety, i.e. to act as an anxiolytic, in a light-dark test using zebraf-
ish (Danio rerio) as animal model. The study revealed a propensity of the zebrafish 
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to which essential oils were administered to present reduced anxiety, without 
impairment of locomotive and exploratory activities. Therefore, tangerine essential 
oils may be a natural alternative to the currently utilized synthetic drugs which 
administration usually entails adverse effects.

In this section, we provided a descriptive overview of the current state of the art 
of C. reticulata-based products development. As thoroughly documented in this 
section, there is a myriad of products that may be developed both in terms of the 
hesperidium per se as the matrix for novel and/or improved food products, as well 
as by utilizing C. reticulata components to be integral parts in innovative products 
and technologies. The wealth of compounds that make up C. reticulata which have 
been formerly described, allow for such versatility, and provide a plethora of oppor-
tunities for wastes valorization, thereby increasing the possibilities of continuing to 
evolve society towards a greener future, in which the ecological footprint of the 
tangerine processing industry may be largely reduced.
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Chapter 7
Etrog Citron (Citrus medica var. ethrog 
Engl)

Chelladurai Premkumar, Nartunai Govindarajan, Akansha Pandey, 
Prathapa Reddy Maramreddy, Kurra Sivadurga, Gokul Marimuthu, 
Chidanandamurthy Thippeswamy Swamy , and Sukhvinder Singh Purewal

7.1  Introduction, History and Culture

7.1.1  Introduction

Etrog citron is an evergreen small shrub or tree variety of Citrus medica belonging 
to the family Rutaceae. It has been categorized as a synonym of Citrus medica Engl. 
as per the Catalogue of Life and World Flora Online (WFO 2022; Citrus medica, 
Catalouge of Life 2022). IUCN has listed citron under the “Least Concern” cate-
gory (Plummer 2020). There are many cultivars and hybrids of citron, varying sig-
nificantly in shape and size of fruit, which is grown in specific  geographical 
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locations. The etrog citron grows prevalently in subtropical regions and warm coun-
tries. Etrog citron’s cultivation is done commercially in Jews inhabited parts of the 
world. The trees are sensitive to cold and wither in cold climatic condition (Chhikara 
et al. 2018).

The etrog is a large shrub or small tree with stout and axillary spines throughout 
the stems and branches, measuring up to 4 cm in length. Leaves are simple, peti-
olate, and arranged alternately. The petiole is up to 5 cm long, wingless, exstipu-
late, and imperfectly articulated with the leaf blade. Leaf lamina is coriaceous, 
glabrous with elliptic-ovate to ovate-lanceolate shape, apex obtuse-rounded, mar-
gin serrate -crenate, secondary nerves 8–12 pairs, and white gland-dotted. White or 
pink, 5–10 sweet-scented flowers occur in axillary cymes. Mostly bisexual rarely 
staminate flowers also present. Calyx green and 5-lobed. Corolla 5  in number, 
oblong and pink or purple colored. Stamens numerous, 30–40, polyadelphous, 
anthers linear and yellowish. Ovary many-celled with 4–8 ovules in each cell. Fruit 
is a hesperidium, yellowish, ovoid-oblong or ovoid-ellipsoid, or roughly pear-
shaped surface may be smooth or tuberculate, apex mamillated. The pericarp is 
thick, aromatic, and glandular, with microscopic pits and yellow; the mesocarp is 
white. The edible portion of fruit consists of multi-cellular vesicles filled with 
juice and is sour in taste. Seeds are non-endosperms, numerous, and smooth 
(Hooker 1875). In the present chapter, a comprehensive literature review, particu-
larly regarding etrog citron’s traditional uses, phytochemistry, pharmacological 
activities, and commercial value, has been surveyed and discussed. The cultivation 
and harvest practices, including etrog citron major diseases and their management, 
and recent research findings regarding the origin and genetic diversity of etrog 
citron are summarised.

7.1.2  History and Culture

A description of citron has been quoted in Theophrastus’s Historia Planatarum 
chapter four (Theophrastus 1916). It is believed that etrog peel thickness and aroma 
made it not only expensive but also a long-distance safe trade commodity during 
ancient days (Liran 2013). 

Etrog citron is considered native to Southeast Asia, particularly to northeast 
India. Archaeological digs in Mesopotamia have found seeds dating back to 4000 
B.C.E.  In historical records, the plant was first domesticated in Persia (Shemesh 
2012). The citrus fruit was introduced into Israel only after the return of Jews from 
Persia or Babylon, indicating that the plant found its way to Judaism (Pierre Laszlo 
2007) and this opinion was rejected by arguing that the citron arrived in Israel from 
Eastern Asia earlier along with the other tropical perfumes (Yehuda Felix 1997; 
Adess and Avraham Chaim 2004). The first evidence through palynological analysis 
of etrog citron cultivation in the Mediterranean basin, is found during the first and 
seventh centuries BC (Langgut et al. 2013). Similarly, remains of pollen, seed, and 
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fruits have been excavated from different Roman settlements of the first and fourth 
centuries BC (Van der Veen 2011).

The etrog fruit has a deep-rooted connection with Judaism, and Jews consider it 
as the fruit of the “godly tree.” The etrog fruit was mentioned in the Book of 
Leviticus written by Moses, and in Leviticus 23:40, it is mentioned as “And you 
shall take of yourselves on the first day the fruit of a goodly tree, a palm branch, the 
myrtle branch, and the willow of the brook; and you shall rejoice before the Lord 
your God seven days” (Adess and Avraham Chaim 2004; Amar Zohar 2009). The 
Jewish festival “Sukkot” is a 7 days agricultural harvest festival celebrated by Jews, 
in which four major species of plants (Etrog, palm, myrtle, and willow) are used in 
their celebrations (Amar Zohar 2009; Yaniv and Dudai 2014; Moster 2018). The 
etrog is considered the “forbidden fruit” of the garden of Eden, and it is mentioned 
in the Jewish literatures (Tristram 1883; Cyrus Adler and Casanowicz 1903). Etrog 
citron to be used for Sukkot first undergoes Rabbinical certification. The candle 
flame shape, flawless top-third part of the fruit, light yellow coloration of rind, and 
intact “pitam” (woody style) are some of the characteristics inspected and consid-
ered fit for religious purposes (Miller and Silvers 2015). Langutt have recently 
reviewed prehistoric texts regarding religious uses of etrog citron (Langgut 2017) 
(Figs. 7.1 and 7.2).

Fig. 7.1 The Four Species 
from Left to right (Willow, 
Palm branch, Myrtle and 
Etrog) used in “Sukkot” 
festival “Arbaat  
HaMinim - The Four 
Species of Sukkot - Etrog 
(Citron)” by Sarashira is 
licensed under CC 
BY-SA 4.0
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Fig. 7.2 Image of Etrog Tree and its Habit, Leaves, Flower, Fruit and Cross section of fruit 
(Saville et al. 2011)

7.1.3  Taxonomic Classification of Etrog

The recent Taxonomic classification of etrog citron is given in Table 7.1.

7.2  Cultivation and Harvesting of Etrog

7.2.1  Cultivation

Etrog citron is grown basically in those areas of the world where Jewish people have 
settled during the course of their migration from Asia to the Mediterranean Basin 
and the Arabian Peninsula. Morocco, Italy, Yemen, Greece, and Israel are major 
etrog producing countries with annual consumer demand of 1.8 million fruits per 
year. The etrog citron is also under cultivation in Morocco, U.S.A., and Mexico on 
a small scale. During the Jewish festival season of sukkot, one fruit of etrog can sell 
from US$50–100 depending on the properties of the fruit (Klein et al. 2016). The 
demand for citron for other purposes like confectionary and beverages is approxi-
mately 7000 tons/hectare annually (Klein and Joshua 2014). 
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Table 7.1 Taxonomic classification of Citrus medica var. ethrog Engl (WFO 2022)

Kingdom : Plantae

Domain : Eukaryota
Kingdom : Plantae
Phylum : Spermatophyta
Subphylum : Angiospermae
Class : Dicotyledonae
Order : Rutales
Family : Rutaceae
Genus : Citrus

Botanical name : Citrus medica var. ethrog Engl

Citron is a crop of tropical and sub-tropical areas and cannot thrive well in a 
temperate climate. Well-drained sandy soil with heavy irrigation during fruit setting 
are the two basic requirements for the cultivation of etrog. Etrog citron can be prop-
agated by seeds and vegetative cuttings. In natural conditions, etrog is propagated 
by seed after self-pollination. Under cultivation, the etrog is propagated by cuttings 
only to maintain the true breed. During grafting, rootstocks of only etrog are used 
for propagation as inter-specific grafts are considered misfits for religious purposes. 
1.5  t/ha  N, P, K (Nitrogen, Phosphorus, and Potassium) with Potassium nitrate 
(KNO3) is applied during flower setting as fertilizer in citron. To manage the weeds, 
synthetic auxin “Picloram” is used. The application of auxin also helps in the reten-
tion of style and stigma on fruit, which is a desirable characteristic of fruit in the 
Jewish market (Goldschmidt and Leshem 1971). The harvesting of citron is done 
twice per year, one in early summer mostly for leaves, immature fruits, and flowers, 
and the second in late spring for mature fruits. Leaves and flowers are further used 
in the cosmetics industry for oil extraction, while young fruits are in the confection-
ery, baking, and beverages industry. Mature fruits without any blemishes, lesions, 
perfect color, and attached pitam are harvested packed in special citron-shaped 
foam rubber inserts for use in the Sukkot festival (Klein and Joshua 2014). 

7.2.2  Postharvest Management of Etrog

The demand for a perfect etrog is very high in the market during a particular festival 
period, so postharvest management is detrimental in protecting the fruit from physi-
cal and physiological damage, further defining the cost. The perfect etrog is defined 
only by its morphological characteristics like texture and colour of skin; the 
 cultivators usually employ those postharvest treatments which affect the external 
quality of fruits. To prevent water loss after harvest, the fruits are coated with natu-
ral or synthetic wax and fruits are packed in a polythene cover. The application of 
wax prevents fungal invasions also. The harvested fruit tends to form a callus at cut 
sides, which can be reduced by the application of 10  ppm copper chloride 
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(Hagenmaier and Baker 1994). It is suggested that hot water brushing of citron 
fruits at 38 °C followed by subsequent storage at 16 °C to remove pathogens from 
the surface without any loss in water or enhanced Carbon dioxide (CO2) production 
leads to avoid the ripening of fruit (Klein et al. 2016). Etrog fruits stored below 
10 °C are prone to chilling injury and produce sunken areas and lesions on fruits. A 
storage temperature of 17–20 °C is maintained by cultivators to avoid such chilling 
injuries. The second desirable quality of etrog is a fruit of a particular hue (Hue 
>120  °C not allowed in religious ceremonies). To maintain light yellow colour, 
5pmm ethylene with 50 ppm gibberellic acid (G.A.) for 12–24 h at 20 °C is used. 
Ethylene induces the degreening of green fruits while G.A. induces chlorophyllase 
activity (Klein et al. 2013).

7.3  Disease and Its Management in Etrog Citron

Citron is a major and minor host to a number of viruses, viroids, and bacterial and 
fungal pathogens (CABI 2022). Table 7.2 summarises the major pathogens, dis-
eases, symptoms, and their control affecting citron.

7.3.1  Virus and Viroid Diseases of Citron

The first case of viral disease, psoriasis in Citrus, was published in 1934 (Moreno 
et al. 2015) and since then, several viruses and viroid-related diseases have been 
reported from citron. The two most destructive viroid diseases of Citron are 
Exocortis and Cachexia, causing a huge economic loss in the yield of citron world-
wide. Factors like the type of rootstock, viroid, temperature, and infection status 
with other viroid infection to same host affect the disease epidemiology and severity 
(Gillings et al. 1991; Hardy 2008). The molecular basis of viroid disease pathogen-
esis in citron is still not very clear. The messenger RNA differential display tech-
nique has been used to demonstrate upon Citrus viroid III infections in etrog citron, 
its reported as the upregulation of genes related to plant defense, signal transduc-
tion, and RNA silencing (Tessitori et al. 2007). A microarray analysis revealed that 
chloroplast, cell wall, peroxidase and symporter activities are altered when etrog 
citron is infected with Citrus exocortis viroid (CEVd) (Rizza et al. 2012). A global 
transcriptome analysis of leaves of etrog citron showed that major proteins of 
Ribose Nucleic Acid (RNA) silencing pathway, basic defense pathway, chitinase 
activity, and genes of secondary metabolite pathways are upregulated upon CEVd 
infection (Wang et al. 2019a, b). Using site-directed  mutagenesis, two nucleotides 
were identified in sequence of CEVd which could responsible for modulation of 
symptom (increased) in etrog citron (Murcia et al. 2009). It has been reported that 
left terminal domain of chimeric constructs of Citron viroid-V (Cvd- V) are respon-
sible for pathogenicity (Serra et al. 2009). These studies suggest that not only host 
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factors but viroid sequences also play an important role in pathogenicity in 
etrog citron.

Other viroids like Citrus bent leaf viroid (CBLVd), Citrus dwarfing viroid 
(CDVd), Citrus viroid V (Cvd-V), Citrus viroid VI (Cvd-VI), Citrus viroid VII (Cvd-
VII), Citrus barkcracking viroid (CBCVd) have been detected during routine bio-
logical indexing studies involving etrog citron as bioamplification and bioindicator 
hosts. The major symptoms include localized midvein necrosis, mild petiole necro-
sis, epinasty symptoms, leaf bending, and curling associated with midvein necrosis, 
bark cracking and gummy pitting symptoms, and pronounced dwarfing. Citrus 
dwarfing viroid (CDVd) has been identified as the causal organism of epinasty and 
leaf necrosis in etrog citron, however co-infection with CBLVd and CTV results in 
characteristic “finger imprint” symptoms. This ability of CDVd is utilized in dwarf-
ing trees of high-density citrus orchards to increase yield (Vidalakis et al. 2010). 
Since etrog citron is the major bioindicator host for many viroids, several viroids, 
viruses, and their variants have been isolated and characterized using the biological 
indexing process from this plant (Ito et  al. 2002a, b; Chambers et  al. 2017) 
(Table 7.2).

Citrus Tristeza virus (CTV), Citrus leaf blotch virus and Citrus yellow vein 
clearing virus are three major viruses affecting etrog citron and causing the quick 
decline, stem-pitting, and seedling yellow leading to economic losses in the citrus 
industry (Bové 2006; Vives et al. 2008). Several studies regarding viruses epidemi-
ology, signal transduction and pathogenicity determinants have been published, but 
these are mostly based on lime which is used for biological indexing of these viruses 
(Moreno et al. 2008, 2015). Similar studies and research could be established in 
etrog citron, which will give a better understanding of host-viroid interaction and 
thus efficient combating strategies in the eradication of these diseases. Deep 
sequencing of small RNA in infected etrog citron plants allowed the identification 
of a novel virus provisionally named Citrus vein enation virus (CVEV) as the causal 
agent of citrus vein enation disease (Vives et  al. 2013). A comprehensive list of 
viruses and viroids isolated from etrog plant are listed in the Table 7.3.

7.3.2  Bacterial Diseases of Citron

The two most severe bacterial diseases of Citron are Citrus canker and citrus green-
ing (Chambers et al. 2017; Bové 2006). The bacterial diseases, causative agents, 
symptoms, transmission, detection and management details are tabulated in 
Table 7.2. The pathogen for citrus canker utilizes Type III virulent protein secretion 
system (Almeida and Nunney 2015), while the pathogen for Huanglongbing relies 
mainly on adhesion and biofilm formation mechanism for pathogenicity (da Graça 
et al. 2016). Several transporters, transcriptional regulators, and signalling mole-
cules promoting virulence of these bacterial species in Citrus have been character-
ized (Kay and Bonas 2009). In an attempt to identify the potential of the host to 
defend against these diseases, genes like att A, CB, and FLS2 have been identified, 
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Table 7.3 List of viruses and viroids isolated from etrog citron

S. 
no. Viroid/viruses isolated Family References

Viroids
1 Hop stunt viroid like-RNA Pospiviroidae Sang et al. (1986)
2 Hop stunt viroid (HSV-cit) Pospiviroidae Sano et al. (1988)
3 CEVc-I Pospiviroidae Semancik et al. 

(1993)
4 CVd-IIIa, CVd-IIIb and CVd-IIIc Pospiviroidae Rakowski et al. 

(1994)
5 Hop stunt viroid variant Pospiviroidae Hsu et al. (1995)
6 CVd-Ib Pospiviroidae Sang et al. (1986)
7 CBLVd-225A Pospiviroidae Ashulin et al. 

(1991)
8 CVd-I-LSS Pospiviroidae Wei et al. (2017)
9 CBLVd variant E83AK Pospiviroidae Wei et al. (2017)
10 CBLVd clone A16-1-1 Pospiviroidae Cao et al. (2009)
11 Citrus viroid O.S. (CVd-OS) Pospiviroidae Ito et al. (2001)
12 CEVd, CBLVd, CVd-I-LSS, CVd-OS, HSVd, 

CVd-III, and CVd-IV variants
Pospiviroidae Ito et al. (2002a)

13 33 feild variants of CDVd Pospiviroidae Serra et al. (2009)
14 Cachexia (Ca) variants of HSVd-Ca or HSVd-Ca 

plus CDVd
Pospiviroidae Eiras et al. (2013)

Viruses
15 Citrus yellow-vein associated virus (CYVaV) Alphaflexiviridae Kwon et al. 

(2021)
16 Trifoliate citrus bud union associated virus 

(TCBUaV)
Alphaflexiviridae Velázquez et al. 

(2017)

whose over-expression in Citrus confers resistance against citrus canker and/or 
Huanglongbing (Mendonça et al. 2017). Genome editing of susceptible genes in 
citrus has been emerging reported as an approach to manage citrus canker diseases 
(Jia et al. 2017). Similar studies aiming identification of susceptible genes, plant 
recognition receptors, and defense pathway regulator molecular could lead to better 
management of canker and Huanlongbinin citron plants. Other bacterial pathogens 
affecting Citron are Pseudomonas syringae pv. syringae causing bacterial canker or 
blast diseases. The main symptoms are black spots on fruits, wilting, and dieback of 
branches that become more severe during wet winters. The disease is usually man-
aged by pruning of infected branches, fertilization, and Bordeaux mixture applica-
tion (Xin et al. 2018).
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7.3.3  Fungal Diseases of Citron

Citron is infected by most of the fungal diseases which are prevalent in other species 
of Citrus. The two major fungal disease-causing devastating losses are Mal-secco 
and Phytophthora diseases. The Mal-secco is a highly destructive disease of Citrus 
in fungus, which colonizes the vascular tissues of plants, leading to veinal chlorosis, 
wilt, and water stress. The presence of oxidative stress inducers and membrane 
transporters in fungus also facilitates the interaction with the host (Khanchouch 
et  al. 2017). Fungal disease infection has reported toxic glycopeptides being 
involved in pathogenesis (Nachmias et al. 1977). The conventional disease manage-
ment practices like the use of disease-free propagation material and tolerant variet-
ies are in practice for these diseases. Pre-infection with Citrus exocortis viroid 
(CEVd) could lead to decreased severity and more tolerance towards P. tracheiphila 
infections in mal-secco disease of etrog citron (Solel et al. 1995). Further studies on 
molecules related to systemic-induced resistance could prove beneficial in disease 
management in etrog citron.

The second most destructive fungal disease of citron is soil and water-borne 
Phytophthora diseases, whose major symptoms include gummosis, damping off, 
and brown rot. In gummosis, lesions first occur on scion, slowly spreading to the 
cambium and inner wood, leading to cracking in bark and gum accumulation, fol-
lowed by the slow death of citron. In damping off, the seedling lurches just above 
the ground due to fungus penetration. In brown rot, decay is accompanied by white 
mycelium formation on fruit, which spreads later to the canopy under favorable 
conditions like high moisture and temperature (Graham and Feichtenberger 2015; 
da Silva et  al. 2021). Since Phytophthora infections are transmitted very rapidly 
through soil and water, and there is a strict requirement for biomonitoring of citron 
orchards which could lead to early disease diagnosis and its management. Biogenic 
copper nano-particles have been proved as potential fungicide against Phytopthora 
(Sawake et al. 2022). Epigenetic response of Phytopthora infection in citrus gum-
mosis is studied and it is observed that DNA methylation strategy can be used as a 
defence against Phytopthora infections (da Silva et al. 2021). Similar studies target-
ing scion-rootstock interaction at the epigenetic level are need of the hour in etrog 
citron orchards (da Graça et al. 2016). Alternaria brown spot caused by Alternaria 
alternata, leaf spot, caused by Septoria citri Greasy spot caused by Zasmidium citr, 
Phaeoramularia fruit and leaf spot, caused by Phaeoramularia angolens are among 
emerging and endemic foliar and fruit diseases of several citrus species (Rodrigues 
da Silva et al. 2021), however their specific occurrence and disease distribution in 
etrog citron are very scanty.

Apart from these major diseases, CABI reports citron as the host of several other 
fungal pathogens like Alternaria citri causing Stalk end rot, Aspergillus niger caus-
ing black mold, Phytoplasma aurantifolia causing witches broom, Rhizophus arrhi-
zus causing bark rot Sclerotinia sclerotiorum causing cottony soft rot diseases, 
phyllosticta citricarpa causing leaf spot and Phomopsis theicola causing stem and 
shoot canker diseases (CABI 2022; Kumaran et  al. 2008). Another important 
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pathogen is Colletotrichum boninense causing dieback of branches and postharvest 
anthracnose disease of citron, affecting fruit quality and is managed by copper-
based fungicides and postharvest application of benzimidazole fungicides (Wang 
et al. 2019a, b).

7.3.4  Mealybug Pest of Citrus

Several species of mealybug have been reported to develop on Citrus sp. Citron is 
considered a major host for citrus fruit borer and scarlet mealybug. Mealybugs are 
usually considered minor pests of Citrus but provided suitable conditions, they can 
emerge as major hosts. Chemical and biological control is employed in the manage-
ment of mealybug infestations. Citripestis sagittiferella, also called (citrus fruit 
borer), feeds internally on fruits causing black or brown lesions and immature drop-
ping of fruit. Cremastus, Rhoptromeris, Trichogrammatoidea, and 
Trichogrammatoidea nana are its natural enemies which are deployed for their bio-
logical control of mealybug. Pseudococcus calceolariae (scarlet mealybug) feed 
externally on almost all the parts of the citron and causes characteristics of honey-
dew or sooty mould symptom. Diadiplosis laevis and Midus pygmaeus are some of 
its listed natural enemies of mealybug and being used as a biological control agents 
in Citron disease management (Franco et al. 2004; CABI 2022). 

7.4  Genetic Diversity Studies of Etrog

Citron is a crop of high economic importance, and many inter and intra-species 
varieties are grown across the globe. However, there exists a lot of confusion among 
taxonomists and cultivators regarding the origin and true genetic character of Citrus. 
Several studies throwing light on genetic diversity and evolution and speciation of 
Citrus have been done (Gill et al. 2022). However, such studies, including acces-
sions of etrog citron, are very few. Amylase polymorphism studies in etrog citron 
along with 16 other accessions of citrus suggested that within subgenus Citrus, only 
3 basic or true species exist as, Citrus grandis (pummelo), Citrus reticulata 
(Mandrain) and Citrus medica (citron) (Scora 2010). Similarly, inter and intra-
generic categorization of species and cultivars were observed in leaf and bark iso-
zymes polymorphism studies, where etrog citron was used as one of the accessions. 
Etrog citron clustered under citron clade on phylogenetic analysis (Torres et  al. 
1978; Fang and Roose 1997; Herrero et al. 1996). Using Restriction fragment length 
polymorphism (RFLP), it was reported that etrog citron has low heterozygosity 
index suggesting its non- hybridization origin as earlier believed (Federici 
et al. 1998). 

Etrog citron positioned as a separate cluster from other citron varieties studied, 
suggesting its independent origin from parent C. medica. Molecular markers 
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including Random Amplified Polymorphic DNA (RAPD), Sequence Characterized 
Amplified Region (SCAR) and Chloroplast DNA (cpDNA) have been used to study 
phylogeny and origin of citrus. These studies support the previous concept of citron 
being as true species as citron formed a very distant cluster from its related genera. 
Using SCAR markers, it has also postulated that citron acted a male parent during 
origin of new species and hybrids like Mexican lime, Bergamot and Volkamer 
lemon, ‘Rangpur’ lime, ‘Rough’ lemon, and ‘Palestine’ lime (Nicolosi et al. 2000). 
Similar observation of citron forming a separate mitotype and chlorotype and clus-
ter from other species and contributing as male parent in origin of other varieties 
have been reported (Froelicher et al. 2010; Curk et al. 2016). Karyotype analysis 
also regarded Citron as true species on the basis of homozygosity in all the chromo-
somes (Carvalho et al. 2005). In a similar attempt to find true citron, eight different 
types of citrons were studied using RAPD markers and it was observed that citrons 
of Mediterranen basin are phylogenetically very close. Among these etrog citron 
showed highest similarity index with Diamante citron from Italy (Nicolosi 
et al. 2005).

Seventeen citron varieties were studied using biochemical (essential oil compo-
sition) and molecular (SSR marker) methods, and low heterozygosity was observed 
in inter-varietal genotypes. Among the etrog genotypes, low genetic distance and 
low heterozygosity was observed suggesting etrog origin by self-fecundation (Luro 
et al. 2012). It was speculated that the polyphyletic origin of Mediterranean citron 
which were during course of evolution diversified due to cross-pollination among 
varieties and seed-propagation. A comprehensive microsatellite single-nucleotide 
polymorphism (SNP) marker studies on citron accessions suggested that there is a 
significant genetic diversity among citron varieties and citrons of Chinese and 
Mediterranean have different genetic component (Ramadugu et al. 2015). etrog cit-
ron formed a separate clade in the neighbour-joining tree based on nuclear SNP 
heterozygosity, suggesting it is one of the true citrons. Recent reviews regarding 
genomics studies of citrons. Suggest that more genotypes of citron including acces-
sions from Northeast should be studied to decipher origin of Mediterranean cit-
ronie., etrog citron (Goldschmidt 2017). 

Being a true species, the citron genome has been explored for parentage associa-
tion of several inter and intra-varietal hybrids of Citrus. Conflicting studies regard-
ing the parental association of etrog to C. limonimedica variety have been reported 
by different authors (Lota et al. 1999). Some studies regard etrog and C. limoni-
medica as different species, while others report C. limonimedica as a hybrid of 
lemon and etrog citron. Variability and genetic relationship were studied using 
RAPD fingerprint and ITS polymorphism and C. limonimedica was suggested as 
intermediate species between lemon and citron (Pessina et al. 2011). Biochemical, 
molecular studies involving SSR, InDel and SNP markers and cytogenetics studies 
have demonstrated that citron is a male contributor in the genome of all the varieties 
of lemons and lime (Nicolosi et  al. 2000; Curk et  al. 2015, 2016; Ramadugu 
et al. 2013).
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The combination with other citrus species was evaluated on a molecular basis 
and it was suggested that citron as a parental ancestor of C. aurata, C. excelsa, 
C. macrophylla, and C. aurantifolia  – ‘Mexican’ lime types of Tanaka’s taxa, 
C. limonia, C. karna and C. jambhiri varieties of Tanaka’s taxa, including popular 
citrus rootstocks such as ‘Rangpur’ lime, ‘Volkamer’ and ‘Rough’ lemons. C. limetta 
and C. limon – yellow lemon types – varieties of Tanaka’s taxa, C. limettioides – 
‘Palestine sweet’ lime types – and C. meyeri. Seven triploid limes, namely C. latifo-
lia (‘Tahiti’ lime-like accessions) (‘Tanepao,’ ‘Coppenrath,’ ‘Ambilobe’ and 
‘Mohtasseb’ limes, and ‘Madagascar’ lemon) contains genome contributed from all 
basic species of Citrus. C. medica alleles were identified in all these accessions of 
lime by SNP array from 454 amplicons sequencing (Curk et al. 2015, 2016).

C. medica tuberosa Risso & Poiteau is mostly cultivated in Baronia province. 
Earlier morphological studies found similarities in among Pompia (C. medica) and 
citron. The Pompia admixture analysis were further investigated at molecular level 
using multilocus marker (Carvalho et  al. 2005), AFLP, ISSR, and RAPD (Ilaria 
Mignani et al. 2015) observing Pompia as lemon X Citron variety (Viglietti et al. 
2019). ITS barcoding and cytoplasmic sequencing also revealed citron as a genetic 
contributor in Pompia (Liu et al. 2021; Luro et al. 2019). A study in 2019 mentioned 
the parentage of Pompia by nuclear and cytoplasmic SSR and InDel markers and 
identified Etrog citron as a male parent of Pompia (Leinonen et al. 2010). Further 
comprehensive molecular studies involving NGS will help in addressing the 
 morphological and biochemical distinction of Pompia from its parents and confir-
mation of its inter-varietal origin.

7.4.1  Omics Studies of Etrog

The first draft genome of citron using Illumina shotgun sequencing method is 
available in the “Citrus Genome Database” with genome size 407 Mb and 32,579 
genes (Leinonen et al. 2010). 25 germplasm has been studied under this species, 
among which 06 have been categorized specifically for etrog citron variety 
labelled as “Breeding_Research_Material”. In NCBI, C. medica can be linked to 
24 different Bio projects, of which 05 mentioned etrog Citron as a “Biosample”. 
Most of the studies published are related to plant-viroid interaction and disease 
progression in Etrog citron, as this plant is a natural host for citrus viroids and is 
considered an indicator plant for viroid infection. One SRA data aiming analysis 
of interspecific admixture among secondary species and modern varieties by 
Genotyping by Sequencing (GBS) is available for etrog citron. Whole genome 
sequencing data using Illumina HiSeq 2500 platform targeting Single Nucleotide 
Polymorphism of different citrons linked to etrog citron are available (Wang 
et al. 2017; Li et al. 2020).
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7.5  Traditional Uses

The etrog plant is considered to have immense medicinal properties, and since 
ancient times, people have extensively used this plant in their daily life to treat 
diseases. Various parts of the plant are used to treat ailments, and it is considered 
a “goodly tree” by Jews due to its immense medicinal properties (Arias and 
Ramón- Laca 2005). A compilation of reported traditional uses of etrog is listed 
in Table 7.4.

7.5.1  Seed

Few research articles mentioned that the extracts and preparations of seeds are val-
ued for their anti-toxicity activity (Arias and Ramón-Laca 2005; Morton 1987). In 
the book “Treatise on healing,” Maimonides (thirteenth century) mentioned that 
fresh or dried seeds along with poultice and colocynth root as an effective remedy 
against scorpion poison (Rosner 1968). The extracts of seeds are used against para-
sitic worm infections as a powerful vermifuge (Rosner 1968; Panara 2012). Jewish 
leader Rabbi Yoshef Haim from Baghdad has mentioned that the seeds are benefi-
cial for the whole body Sarah (n.d).

7.5.2  Fruits

Fruit extracts and preparations are considered to have anti-toxic activity (Arias and 
Ramón-Laca 2005; Morton 1987). The whole fruit has insect repellent activity. 
Decoction of the fruit is considered to ward off “evil spirits” in Malaysia. People in 
West tropical Africa use the whole fruit as medicine and to treat rheumatism in par-
ticular. It is considered a remedy for seasickness, pulmonary troubles, intestinal 
ailments, and other diseases in ancient times and in the middle ages (Morton 1987). 
Whole fruit helps in the reduction of symptoms of memory disease (Conforti et al. 
2007; Entezari et al. 2009). Jams made from the etrog fruits used during the sukkot 
festival are considered to ease child birth (Sofer 1969; Sperling 1982). Fruits of the 
etrog are considered to have special powers related to fertility and childbirth 
(Sperling 1982; The Saga of the Citron 2012). To have healthy child the pregnant 
women are advised to have etrog fruit after the sukkot festival (The Saga of the 
Citron 2012). The tip of fruit commonly called “pitam” by Jews is recommended to 
be consumed by childless women to bear child (Sperling 1982; The Saga of the 
Citron 2012). To ease child labour pain, the Jewish women were advised to keep the 
fruit tip (pitam) under the pillow (The Saga of the Citron 2012).
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Table 7.4 List of used plant parts and their traditional claims

S. 
no Plant part Traditional claim References

1 Seed Anti-toxic activity Arias and Ramón-Laca (2005) and Morton 
(1987)

Scorpion poison 
treatment

Rosner (1968)

Vermifuge Arias and Ramón-Laca (2005) and Panara 
(2012)

Whole body wellness Sarah (n.d.)
2 Fruits Anti-toxic activity Arias and Ramón-Laca (2005) and Morton 

(1987)
Insect repellent Morton (1987)
Warding off evil 
spirits

Morton (1987)

Rheumatism Morton (1987)
Seasickness Morton (1987)
Pulmonary troubles Morton (1987)
Intestinal ailments Morton (1987)
Memory disease Arias and Ramón-Laca (2005)
Ease childbirth Morton (1987), Sofer (1969), and Sperling 

(1982)
Fertility Sperling (1982) and The Saga of the Citron 

(2012)
Healthy child at birth The Saga of the Citron (2012)
Labour pain easing The Saga of the Citron (2012)

3 Peel Stomachic Morton (1987)
Stimulant Morton (1987)
Expectorant Morton (1987)
Anti-dysentery Morton (1987)
Halitosis treatment Morton (1987)
Alleviate pain Conforti et al. (2007)
Strengthen tendons Conforti et al. (2007)
Ease childbirth Sofer (1969) and Sperling (1982)
Digestion aid Grant (1997) and Kaufman (2006)

Stomach strengthen Grant (1997) and Kaufman (2006)
4 Mesocarp/Fleshy 

portion
Body nourishment Grant (1997) and Kaufman (2006)

5 Fruit juice Poison counteracting Morton (1987)
Improve liver function Levey (1973), Suessmann Muntner (1955), 

and Fermo (1961)
Improve heart 
function

Levey (1973), Suessmann Muntner (1955), 
and Fermo (1961)

Eyewash Levey (1973), Suessmann Muntner (1955), 
and Fermo (1961)

(continued)
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Table 7.4 (continued)

S. 
no Plant part Traditional claim References

6 Albedo Digestion 
improvement

Etrog Citron (n.d.-a)

7 Essential oil Antiseptic Morton (1987)
Antibiotic Morton (1987)
Insect repellent Morton (1987)

8 Leaves Vermifuge Arias and Ramón-Laca (2005) and Panara 
(2012)

Antispasmodic 
activity

Morton (1987)

Memory disease Conforti et al. (2007)
9 Flowers Herbal medicines Morton (1987)

7.5.3  Peel

In China, the candied peels are sold as stomachic, stimulant, expectorant, and tonic 
(Grant 1997). The peel is considered to be an effective medicine against dysentery 
and halitosis in India (Kaufman 2006). The peel is brewed like tea and taken along 
with sugar or honey to alleviate pain and is considered to strengthen tendons (Arias 
and Ramón-Laca 2005). Fruit peels in the raw or sugared form are considered to 
ease child birth (Sofer 1969; Sperling 1982). The peel is considered to aid in diges-
tion and stomach strengthening if eaten in small quantities (Grant 1997; 
Kaufman 2006).

7.5.4  Mesocarp/Fleshy Portion

The inedible middle fleshy, white portion of the fruit is placed in vinegar and con-
sumed later to provide nourishment to the body (Grant 1997; Kaufman 2006). 

7.5.5  Fruit Juice

The fruit juices in the distilled form are considered to have sedative activity (Morton 
1987). Saladin d’ascoli Salerno, a twelfth-century scholar, has mentioned that fruit 
juice has the following medicinal uses such as counteracting, improves liver and 
heart function, and as an ingredient in eyewash (Levey 1973; Suessmann Muntner 
1955; Fermo 1961).
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7.5.6  Albedo

The albedo presents in the epicarp of the fruit aids in digestion improvement 
(Fermo 1961). 

7.5.7  Essential Oil

The essential oil extracted from the etrog citron is used for antiseptic and antibiotic 
purposes (Morton 1987). The aromatic oil has insect repellent activity, and the fruits 
are placed under clothes to repel moths (Morton 1987). 

7.5.8  Leaves

The leaves are considered to have beneficial medicinal values such as vermifuge 
activity (Arias and Ramón-Laca 2005; Panara 2012) and alleviate the symptoms of 
memory disease (Conforti et  al. 2007). Infusions of the leaves are considered to 
have antispasmodic activity (Morton 1987). 

7.5.9  Flowers

Chinese consider the flowers of etrog to have high medicinal value, and they are 
included in various herbal remedies (Morton 1987).

7.6  Nutritional Values and Phytochemistry

The nutritional composition of etrog fruits is moisture, protein, fat, fiber (pectin), 
calcium, phosphorus, iron, thiamine, riboflavin, niacin, vitamin C, magnesium, 
potassium, copper, manganese, zinc, chromium, and other trace elemets (Etrog 
Citron – Specialty Produce n.d.-a; Morton 1987).

The etrog is one of the few less explored plants, and only a handful of studies 
have reported its phyto-constituents. Complete phytochemical screening of the 
plant is necessary. A compiled list of reported phytoconstituents is given in Table 7.5. 
Some of important phytoconstituents of etrog structures illustrated in Figs.  7.3 
and 7.4.
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(continued)

Table 7.5 List of reported phytoconstituents present in etrog citron

S.No Constituents

Plant part

ReferencesLeaves
Fruit 
peel Root

1 Limonene ✓ ✓ – Zhenia and Alexander (1991), Vekiari 
et al. (2002), and Meena et al. (2011)

2 Geranial ✓ ✓ – Zhenia and Alexander (1991), Vekiari 
et al. (2002), and Meena et al. (2011)

3 Geraniol ✓ ✓ – Zhenia and Alexander (1991), Vekiari 
et al. (2002), and Meena et al. (2011)

4 Neral ✓ ✓ – Zhenia and Alexander (1991), Vekiari 
et al. (2002), and Meena et al. (2011)

5 Nerol ✓ ✓ – Zhenia and Alexander (1991), Vekiari 
et al. (2002), and Meena et al. (2011)

6 n-pentanal ✓ – – Zhenia and Alexander (1991)

7 2-methyl-3-butene-2-ol ✓ – – Zhenia and Alexander (1991)

8 α-pinene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

9 Methyl benzene – ✓ – Zhenia and Alexander (1991)

10 Camphene ✓ ✓ – Zhenia and Alexander (1991)

11 Hexanal ✓ ✓ – Zhenia and Alexander (1991)

12 β-pinene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

13 1,1 –diethoxy-2- 
methylbutan

✓ – – Zhenia and Alexander (1991)

14 Sabinene ✓ ✓ – Zhenia and Alexander (1991)

15 Ethyl benzene ✓ ✓ – Zhenia and Alexander (1991)

16 1 -penten-3-01 ✓ – – Zhenia and Alexander (1991)

17 δ-3-carene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

18 Myrcene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

19 α -phellandrene ✓ ✓ – Zhenia and Alexander (1991)

20 α -terpinene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

21 β-phellandrene ✓ ✓ – Zhenia and Alexander (1991)

22 1,8-cineol ✓ ✓ – Zhenia and Alexander (1991)

23 Cis- β -ocimene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

24 Trans- β -ocimene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

25 γ -terpinene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

26 Hexyl acetate – ✓ – Zhenia and Alexander (1991)
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Table 7.5 (continued)

(continued)

S.No Constituents

Plant part

ReferencesLeaves
Fruit 
peel Root

27 p-cymene ✓ ✓ – Zhenia and Alexander (1991) and 
Hetta et al. (2013)

28 Terpinolene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

29 (Z)-3-hexenyl acetate ✓ – – Zhenia and Alexander (1991)

30 Octanal – ✓ – Zhenia and Alexander (1991)

31 6-methyl-5- hepten-2-one – ✓ – Zhenia and Alexander (1991)

32 5-methyl heptenone ✓ ✓ – Zhenia and Alexander (1991)

33 Hexanol – ✓ – Zhenia and Alexander (1991)

34 (Z)-3-hexenol ✓ ✓ – Zhenia and Alexander (1991)

35 Nonanal ✓ ✓ – Zhenia and Alexander (1991)

36 4-methyl hexanol – ✓ – Zhenia and Alexander (1991)

37 Ethyl octanoate ✓ – – Zhenia and Alexander (1991)

38 2-cyclohexenone ✓ – – Zhenia and Alexander (1991)

39 A limonene oxide ✓ ✓ – Zhenia and Alexander (1991)

40 Trans-sabinene hydrate ✓ ✓ – Zhenia and Alexander (1991)

41 2-ethyl furan ✓ – – Zhenia and Alexander (1991)

42 Citronella1 ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

43 2,4-heptadienal ✓ – – Zhenia and Alexander (1991)

44 Decanal – ✓ – Zhenia and Alexander (1991)

45 Benzaldehyde ✓ ✓ – Zhenia and Alexander (1991)

46 Linalool ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

47 Cis-sabinene hydrate ✓ ✓ – Zhenia and Alexander (1991)

48 Linalyl acetate ✓ – – Zhenia and Alexander (1991)

49 Cis- β -bergamotene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

50 Trans- β -bergamote ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

51 Undecanal ✓ – – 121, 124

52 Terpinene-4-01 ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

53 β -caryophyllene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

54 Aromadendrene – ✓ – Zhenia and Alexander (1991)

55 Citronellyl propionate – ✓ – Zhenia and Alexander (1991)

56 Ethyl caprate ✓ – – Zhenia and Alexander (1991)

57 Nonanol ✓ – – Zhenia and Alexander (1991)
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Table 7.5 (continued)

(continued)

S.No Constituents

Plant part

ReferencesLeaves
Fruit 
peel Root

58 α -humulene ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

59 Neral ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

60 α -terpineol ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

61 Neryl acetate ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

62 β -bisabolene ✓ – – Zhenia and Alexander (1991)

63 Geranial ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

64 Bicyclogermacrene ✓ – – Zhenia and Alexander (1991)

65 Geranyl acetate ✓ ✓ – Zhenia and Alexander (1991)

66 Citronellol ✓ ✓ – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

67 β -bisabolene – ✓ – Zhenia and Alexander (1991)

68 γ -isogeraniol – ✓ – Zhenia and Alexander (1991)

69 Perillaldehyde – ✓ – Zhenia and Alexander (1991)

70 Ethyl phenylacetate ✓ – – Zhenia and Alexander (1991)

71 Anethole ✓ – – Zhenia and Alexander (1991)

72 Tetradecanal – ✓ – Zhenia and Alexander (1991)

73 Benzyl alcohol – ✓ – Zhenia and Alexander (1991)

74 Undecanol ✓ – – Zhenia and Alexander (1991)

75 Cis-carveol ✓ ✓ – Zhenia and Alexander (1991)

76 Trans-carveol ✓ – – Zhenia and Alexander (1991)

77 Phenethyl alcohol ✓ ✓ – Zhenia and Alexander (1991)

78 Pentadecanal – ✓ – Zhenia and Alexander (1991)

79 β -ionone ✓ – Zhenia and Alexander (1991)

80 α- humulene oxide ✓ – – Zhenia and Alexander (1991)

81 Caryophyllene oxide ✓ – – Zhenia and Alexander (1991) and 
Vekiari et al. (2002)

82 (E)-nerolidol ✓ ✓ – Zhenia and Alexander (1991)

83 Hexadecimal – ✓ – Zhenia and Alexander (1991)

84 Heptadecanal – ✓ – Zhenia and Alexander (1991)

85 Ethyl myristate ✓ – Zhenia and Alexander (1991)

86 β -bisabolol ✓ ✓ – Zhenia and Alexander (1991)

87 Ethyl pentadecanoate ✓ – – Zhenia and Alexander (1991)

88 Ethyl palmitate ✓ – – Zhenia and Alexander (1991)

89 Ethyl heptadecanoate ✓ – – Zhenia and Alexander (1991)
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7.6.1  Leaves

A yield of 0.25% of essential oil was obtained from the leaves of etrog citron. The 
GC-MS analysis of the extracted essential oil showed five major phytoconstituents 
limonene (37.93%), citral (8.22%), geraniol (6.21%), neral (5.11%), and nerol 
(4.83%) (Zhenia and Alexander 1991).

Table 7.5 (continued)

S.No Constituents

Plant part

ReferencesLeaves
Fruit 
peel Root

90 Neric acid ✓ – – Zhenia and Alexander (1991)

91 2,3-dihydrobenzofurane ✓ – – Zhenia and Alexander (1991)

92 Ethyl stearate ✓ – – Zhenia and Alexander (1991)

93 14-pentadecenoic acid ✓ – – Zhenia and Alexander (1991)

94 Ethyl linoleate ✓ – – Zhenia and Alexander (1991)

95 Phytol ✓ – – Zhenia and Alexander (1991)

96 Farnasene ✓ ✓ – Vekiari et al. (2002)

97 Citronellyl acetate ✓ ✓ – Vekiari et al. (2002)

98 Neryl propionate ✓ ✓ – Vekiari et al. (2002)

99 Geranyl propionate ✓ ✓ – Vekiari et al. (2002)

100 Iso-citral cis ✓ ✓ – Vekiari et al. (2002)

101 Iso-citral trans ✓ ✓ – Vekiari et al. (2002)

102 1-β-sitosterol-glucoside ✓ – – Hetta et al. (2013)

103 Sakuranetin ✓ – – Hetta et al. (2013)

104 7-O-methyl aromadendrin ✓ – – Hetta et al. (2013)

105 Dihydrokaem-pferide ✓ – – Hetta et al. (2013)

106 Hesperidin ✓ ✓ – Venturini et al. (2014) and Douglas 
and Walker (1983)

107 Rutin ✓ ✓ – Venturini et al. (2014) and Douglas 
and Walker (1983)

108 4-Desmethylsterol – – ✓ Douglas and Walker (1983)

109 Sitosterol – – ✓ Douglas and Walker (1983)

110 Stigmasterol – – ✓ Douglas and Walker (1983)

111 Campesterol – – ✓ Douglas and Walker (1983)

112 Cholesterol – – ✓ Douglas and Walker (1983)

113 6-methyl-hept-5-en-2-one ✓ ✓ – Luro et al. (2020)

114 Carvone ✓ ✓ – Luro et al. (2020)

115 α-copaene ✓ ✓ – Luro et al. (2020)

116 Bicyclogermacrene ✓ ✓ – Luro et al. (2020)

117 τ-cadinol ✓ ✓ – Luro et al. (2020)

118 Octanol ✓ ✓ – Luro et al. (2020)

119 Octyl acetate ✓ ✓ – Luro et al. (2020)
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7.6.2  Fruit Peel 

A yield of 0.18% of essential oil was obtained from the fruit peel of etrog citron. 
The GC-MS analysis of the extracted essential oil showed five major phytoconstitu-
ents limonene (81.34%), γ –terpinene (4.54%), citral (4.24%), neral (2.55%), and 

 

Fig. 7.3 IMajor essential oil constituents of etrog

Fig. 7.4 Major vitamins present in etrog
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myrcene (2.01%) (Zhenia and Alexander 1991; Vekiari et  al. 2002). The other 
noticeable phytoconstituents like iso-limonene, phenolics, flavanones, and pectin 
(Zhenia and Alexander 1991; Vekiari et al. 2002; Meena et al. 2011) are present in 
the fruit peel. Traces of vitamin A and Vitamin E are also found in the peel (Luro 
et al. 2020). The majority of the fruit comprises of peel along with pith, and pectin 
is the major constituent present in it (Thakur et al. 1997). 

7.6.3  Root

The seedlings of the plant were taken for the study, and the fibrous roots were ana-
lyzed for phytoconstituents using Gas-liquid chromatography. GC-MS analysis 
showed the presence of 4-desmethylsterol, sitosterol, stigmasterol and cholesterolin 
significant quantities (Douglas and Walker 1983). 

7.6.4  Fruit Pulp 

The fruit pulp comprises of fleshy pith and juicy endocarp. Vitamin-C (Shemesh 
2012) and pectin (Thakur et al. 1997; M.N.I. Bhuiyan et al. 2009; Rafiq et al. 2016) 
are the major phytoconstituents present. Folic acid is found in minute quantities in 
the fruit juices of etrog citron (Sanofer 2014). 

7.7  Pharmacology 

Despite the fact that etrog citron has been used in various traditional medicines 
since ancient times, the plant is less explored for its biological activity. This lack of 
therapeutic exploration for bio-activity screening paves a potential research possi-
bility for various disease treatments. Hence, this portion of the chapter deals with 
the reported pharmacological activities of the plant and pharmacological activities 
correlated with the major phytoconstituents present in the plant. 

The 70% aqueous methanol extract of the leaves showed anti-hyperglycaemic 
activity. The extracts are orally fed in different doses (200 mg/kg & 400 mg/kg), and 
the drug Gliclazide is given as a treatment group. The diabetic rats were monitored 
for blood glucose levels, and serum lipid levels and histopathological examinations. 
Their blood glucose levels, serum lipids such as high-density lipoproteins (HDL), 
low-density lipoproteins (LDL), cholesterol, and triglycerides were significantly 
reduced in the treatment group. The histopathological study of Liver and kidney of 
the treatment group in comparison with the control group showed prevention of 
atrophy and necrosis of β- cells in islets of Langerhan’s (Hetta et  al. 2013). 
Preclinical and clinical evaluation of fruit juice and extracts have anticancer activity 
(Cirmi et al. 2017). 
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Ascorbic acid or commonly called Vitamin C is commonly found in citrus fruits 
and is reported for various pharmacological activities. Vitamin C is used in cancer 
treatments and cancer preventive therapy by acting as an effective antioxidant, 
reducing agents (Du et al. 2012; Shenoy et al. 2018), antitumor activity, cytotoxic-
ity, antiproliferative activity, and apoptosis induction (Shenoy et al. 2018). Ascorbic 
acid is an essential requirement for normal physiological functions and plays an 
important role in the synthesis and metabolism of tyrosine, folic acid, hydroxylation 
of glycine, proline, lysine, carnitine, tryptophan, and catecholamine. Blood choles-
terol levels are also lowered by converting them into bile acids (Chambial et  al. 
2013). It plays a vital role in maintaining skin health through various pharmacologi-
cal activities such as promotion of collagen formation, scavenging free radicals and 
disposal of toxic oxidants, inhibition of melanogenesis, skin aging prevention, 
inhibiting U.V. radiation, preventing photo-aging, dry skin management, wrinkle 
management, wound healing and skin inflammation reduction (Pullar et al. 2017). 
Barrier integrity, wound healing, leukocyte function, and antimicrobial activity are 
the major immune functions that depend on Vitamin C for maintaining body homeo-
stasis (Hemilä 2017). 

Pectin, a polysaccharide polymer present in etrog fruit, has various therapeutic 
properties, and it is used in modern medicine. The pharmacological activities such 
as immune regulatory, anti-inflammatory, antibacterial, antioxidant (Minzanova 
et  al. 2018), probiotic (Tan and Nie 2020), hypoglycemic (Brouns et  al. 2012), 
hypocholesterolemia (Brouns et  al. 2012; Zhu et  al. 2017), anticancer (Bergman 
et al. 2010) and antidiarrheal (Behall and Reiser 1986) are reported. 

Citral, a monoterpene aldehyde found in the etrog citron plant, exhibits various 
therapeutic activities like anti-microbial, anti-oxidant, anti-diabetic (Sharma et al. 
2021), anticancer (Sharma et  al. 2021; Bailly 2020), cytotoxicity (Bailly 2020), 
anti-inflammatory and enhancing skin health (Habib et al. 2021). 

Limonoids, like D-limonene present in the fruit and leaves has beneficial effects 
like antioxidant, antidiabetic, anticancer, anti-inflammatory, cardioprotective, gas-
troprotective, hepatoprotective, immune modulatory, anti-fibrotic, anti-genotoxic 
(Sun 2007), gallstone dissolution, heartburn, gastroesophageal reflux treatment 
(Vieira et al. 2018), anti-hyperalgesic, antinociceptive, neuroprotective (Eddin et al. 
2021), antiviral, antibacterial, larvicidal, insecticidal, analgesic and anti- 
hyperglycaemic activities (Gualdani et al. 2016). Limonene has been reported to 
have therapeutic activities against neurodegenerative diseases like Alzheimer, mul-
tiple sclerosis, epilepsy, anxiety, and stroke (Eddin et al. 2021). 

Monoterpenoids such as geraniol, geranial, nerol, and neral are reported to have 
therapeutic activities such as anticancer (Silva et al. 2022), antibacterial (Mączka 
et al. 2020; Galappathie et al. 2017), antioxidant, antinflammatory (Mączka et al. 
2020; Ye et  al. 2019), antifungal (Tian et  al. 2017), nematicidal (Abdel-Rahman 
et al. 2013), hepatoprotective (Islam et al. 2021), antimicrobial (She et al. 2020), 
antibiofilm (Qian et al. 2020), cardioprotective, and neuroprotective (Lei et al. 2019). 
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7.8  Economic Importance and Commercial Products

The etrog citron is one of the four species used in the Hebrew ritual “sukkot,” and it 
is most prized among Jews. In Israel, the price of the etrog is around 5–100$ depend-
ing upon its quality and suitability for the ritual (Nosowitz 2018). The price of fruits 
grown traditionally by Jewish farmers in Israel will go up to as high as 350$ a piece 
(Nosowitz 2018). The Jews settled in different parts of the world prefer traditionally 
grown etrog citron in Israel due to the strict adherence to the Jewish customs and 
preferably fruits grown in Eretz Yisrael, the land of Israel (Etrog Citron n.d.-b).

7.8.1  Whole Fruits

Etrog fruits are used in making confectioneries like desserts, jams Etrog Desserts 
(n.d.), marmalades (Rivka 2007), pies, cakes, icing, puddings, jellies, preserves, 
cookies (Florence Kreisler Greenbaum 1918) and canned fruits (Rivka 2007; 
Florence Kreisler Greenbaum 1918). This pickled etrog is considered to have 
medicinal properties by Greeks (Brigand and Nahon 2016) and ancient people 
(Strauss 2012), which are consumed to date. Fresh fruits are used to infuse flavour 
into alcoholic drinks like vodka (Kitchens 2019) and other alcoholic drinks to make 
cocktails like etrog liqueur (Forward 2021) and etrog limoncello (Forer 2018). In 
the aromatic industry, the fruit is used to make perfumes and scented balls, namely 
Pomander balls (Forer 2018). A company named ARQUISTE Parfumeur commer-
cially sells perfumes made from etrog fruit under the name “L’ETROG” (ARQUISTE 
Parfumeur n.d.). Commercially, a liqueur brand named “SUKKAH HILL SPIRITS” 
uses etrog fruits for flavouring their hand crafted spirits (Sukkah Hill Spirits n.d.). 

7.8.2  Peels

The pith of the etrog fruit is larger in comparison with the juicy pulp, and the juice 
obtained from the fruits is less in comparison with other citrus fruits. The peels are 
candied in sugars and are sold commercially (Etrog Desserts n.d.; Rivka 2007; 
Florence Kreisler Greenbaum 1918). The peels are rich in essential oils, and they 
are used in food flavouring, food additives, cosmetics, Aromatherapy, and perfumes 
(Palazzolo et al. 2013).
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7.8.3  Essential Oils

The peels, flowers, and leaves have abundant oil glands which secrete essential oils 
(Palazzolo et  al. 2013). The essential oils are extracted traditionally by hydro- 
distillation, and modern methods include solvent extraction, microwave-assisted 
extraction, and supercritical fluid techniques (Bora et  al. 2020). The extracted 
essential oils are used in perfumes, food flavouring, cosmetics, food preservatives, 
and food packaging (Neelima Mahato et al. 2017).

7.8.4  Pectin

Pectin is found abundant in peel and pith of citrus fruits. Pectin has wide applica-
tions in the food industry (Erich Isaac 1959), pharmaceuticalsand biomedical indus-
tries (Padma Ishwarya et al. 2022). Pectin has wide applications in food industries 
as an additive in food products like jams, jellies, preserves, conserves, confection-
ery, beverages and barbecue sauce (Padma Ishwarya et al. 2022). In the pharmaceu-
tical industry, pectin is widely used in emulsion stabilizer, bio films (Li et al. 2021), 
Hemostatic, hypoglycaemic agent (Munarin et al. 2012), bulking agent (Akin-Ajani 
and Okunlola 2021), hydrogels, and excipients in formulations (Groult et al. 2021). 

7.9  Conclusion

The etrog citron, scientifically called Citrus medica var. ethrog Engl is an evergreen 
shrub or a small tree growing in sub-tropical tropical parts of the world. In Judaism, 
the plant is considered one of the four species and is sought highly by Jews for their 
traditional uses in the religious ritual “sukkot”. The plant is mainly cultivated by 
Jews and strictly grown, abiding by the needs of Jewish religious practices. Species 
of pure breeds are considered worthy in Jewish ritual, and any hybrids are consid-
ered misfits for the religious demands. So, the vegetative propagation techniques are 
used for multiplication of etrog in orchards, where only the rootstocks of etrog are 
specifically used. The fruits with certain features are desired, and the maintenance 
of such physical appearance is necessary for the sukkot festival. To preserve perfect 
fruits, postharvest management studies have been carried out.

Etrog citron is host to a number of major and minor pathogenic organisms like 
viroids, viruses, bacteria, fungi and mealybug which cause huge devastation of crop 
under cultivation. Studies using recent technologies such as transcriptomics and 
microarray have been done to explore the molecular mechanism of diseases pro-
gression and defence gene expression in etrog. Multiple studies regarding preven-
tion, control and treatment of these vulnerable diseases have been carried out but 
still the conventional approaches like use of certified budwood, shoot-tip grafting 
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and eradication of infested plants are in practise for their management. Various stud-
ies have established etrog citron as a suitable bioindicator species for viruses and 
viroid infection and thus etrog is used not only for biological indexing of viral dis-
eases but also in isolation of new pathogenic viroids of citrus. 

Marker-based studies have been carried out to decipher the origin and phylogeny 
of etrog citron. Such studies have established etrog citron as one of the true or basic 
species among citrus genus, from which several lemon and lime varieties have 
evolved. Etrog has been established as male genetic contributor of Pompia and 
Florence lemon using not only classical molecular techniques like RAPD but also 
modern molecular techniques like 454 amplicon sequencing. Studies on the genetic 
diversity/purity of the plants have been carried out since the Jewish ritual demands 
the fruits to be genetically pure and there is a long debate in scientific as well as 
religious communities regarding origin and evolution of etrog. Earlier studies con-
sider Mediterranean etrog to be originated from China or North-east India but recent 
phylogenomic studies have discarded this monophyletic theory of origin. The mor-
phological, biochemical and genetic distinction among different citron varieties and 
endemic cultivars suggests a polyphyletic origin.

The etrog is considered to have high medicinal properties, and it is traditionally 
used by people all over the world. Etrog has a deep-rooted relationship with the 
ancient people belonging to different geographical regions and religions. In scrip-
tures of Judaism, the etrog is recorded to have various therapeutic values. From 
China to the Middle East regions, the etrog is widely used by populations as tradi-
tional medicine. Every part of the plant is considered to treat various diseases. Even 
though the plant is well used in traditional medicines, the therapeutic activities of 
such claims are not yet properly established through pharmacological screening. 
The essential oils obtained from leaves and peels are analyzed by GC-MS, and their 
composition is reported. The essential oils obtained from the peels and leaves are 
used in perfumes, food flavoring, food preservatives, beverages, and other commer-
cial products.

7.10  Future Perspectives

Regardless of the economic importance of etrog citron, not many scientific studies 
have been published regarding its cultivation practices, pharmacological activities, 
and disease management. To prevent damage of trees and maintain fruit quality, 
unsustainable use of insecticides and pesticides is being done by the cultivators. 
These types of practises certainly demand a better alternative approach in cultiva-
tion. Use of biotechnological interventions like plant tissue culture can be estab-
lished for raising diseases- resistant saplings of etrog or virus-free propagules. 

Several phytochemicals have been reported from etrog, but the biological activi-
ties of these phytochemicals have not been screened in vitro or in vivo biological 
models. Pharmacological studies targeting the bio-activity of these phytochemicals 
and its underlying mechanism will augment the traditional medicinal claims. The 
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secondary metabolic pathway of essential oils biosynthesis in case of etrog have not 
been fully explored and future research exploring these pathways leading to meta-
bolic engineering of essential oils holds a great promise in enhancing the commer-
cial exploitation.

The etrog is vulnerable to many viral, fungal and bacterial diseases of Citrus, 
causing huge losses to cultivators. The reports regarding disease progression and 
pathogenicity are very limited and few hosts specific genes like defence-related or 
RNA silencing pathways have been identified from etrog. Functional characteriza-
tion of these defence related genes and their regulatory factors like transcription 
factors can help in establishing a molecular tool in tackling these devastating dis-
eases and thus their better management in etrog citron.

Since many cultivars and varieties of citron are morphologically very similar, 
and differences can be observed only at the genetic level, there is a requirement to 
create citron germplasm resources. Very little effort has been made to document the 
different germplasm of pure citron and related hybrids and cultivars. Such resources 
will strengthen future studies regarding the origin, phylogenetic relationship, and 
diversity of citron, particularly etrog citron, where pure germplasm is a matter of 
commercial importance. Many studies focussing on genetic origin of etrog citron 
have been done previously, but the exact origin of etrog citron and its course of 
evolution is still unmasked. Future phylogenomic studies including larger number 
of etrog germplasm accessions across different geographic regions and other variet-
ies of citron and citrus will give a better glimpse of true origin of etrog. 

Genetic studies have established etrog citron as male parent of several lemon and 
lime varieties, but extensive and in-depth study regarding the distinction of these 
varieties from their parent species in terms of biochemistry and gene expression/
genome or metabolome are still lacking. Further multi-disciplinary study including 
genomics, transcriptomics, proteomics and metabolomicswill pave new ways for 
therapeutic and commercial exploitation of these varieties. The analysis of genetic 
diversity will further help in conservation efforts.
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Chapter 8
Jabara (Citrus jabara)

Chidanandamurthy Thippeswamy Swamy , 
Chakra Siddappa Prashantkumar, and Sukhvinder Singh Purewal

8.1  Introduction

The Japanese archipelago is a citrus island paradise, and the nation is blessed with 
one of the most large, exotic, and diversified citrus plantations on earth. Almost in 
every direction one can cite, citrus trees, filling the air with their gently scented 
blooms and enhancing the scenery with their brightly coloured spherical fruits and 
glossy evergreen leaves. They can be found in the backyards of suburban homes, in 
the courtyard gardens of urban households, and on tiny family farms built on his-
toric stone terraces bordering mountainsides and buried deep into protected moun-
tain valleys (Tom 2017). A rare indigenous sour citrus fruit produced in Kitayama 
village, Wakayama, Japan, is commonly called Jabara, and its approved scientific 
name is C. jabara hort. ex Y.Tanaka. Due to the fact that jabara is still solely grown 
in this region, its output is constrained. In 1971, yuzu’s (Citrus junos Siebold ex 
Tanaka), closely related species C. jabara was certified as a new species and given 
a botanical name by Tanaka, & registered in 1979 (Tanaka 1948; Miyake et  al. 
1990). C. jabara, which is a member of the Rutaceae family, was first produced by 
natural crossbreeding of citrus grown locally in Kitayamamura, Japan and its nearby 
areas (Jabara Laboratory 2022). C. jabara is a type of Japanese citrus fruit, similar 
to the yuzu fruit, made from a cross of the yuzu and pomelo- hybridized mandarin 
(DB Pedia 2022).
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Fig. 8.1 Fruit of Citrus jabara and cross-section. (Source: https://herbalistics.com.au/product/
citrus- jabara- plant/)

Jabara is a rare citrus fruit related to yuzu, and it has a unique flavour profile that 
is similar to yuzu. It is juicier than yuzu and has a robust flavour that gives a very 
good fragrance and taste to meats and other foods. However, the Jabara fruit weighs 
more than the yuzu fruit, and the seeds are less. The Jabara fruit juice yield, soluble 
sugar content, pectin content, oil content, and major volatile components were 
recorded to be more than that of yuzu fruit. Jabara extract is used in cosmetics and 
has many benefits for the skin (Miyake et al. 1990; DB Pedia 2022). The image of 
the fruit and cross section showed in Fig. 8.1.

C. jabara is a cold-tolerant plant and yields during December to February sea-
son. Common fertilizers used for other citrus plants are also used for Jabara cultiva-
tion, and the use of any special fertilizers is not reported (Herbalistics Pty Ltd. 
2022). Japan has a unique citrus family called “kizu” that includes fragrant and 
exotic yuzu, as well as sudachi, kabosu, yuko, jabara, and yuzu kichi. These citrus 
fruits have a mild tartness that is perfect for the soft Japanese palate and light 
Japanese cuisine. Their fragrances and flavours range from slightly floral to woody, 
peppery, and spicy. Jabara has a rich, peppery, sour acidity that goes well with 
chunkier, late- fall and winter soups, stews, and other dishes. It matures around 
month of November and December. Additionally, it pairs nicely with the meats 
found in the savoury mountain cuisine of its native Wakayama prefecture, including 
as duck, deer, and boar meat. Yuzu juice, konbu seaweed, and fermented dashi stock 
are the main ingredients of the traditional Japanese condiment known as ponzu. 
This ponzu can also be made from the Jabara (Tom 2017). The presence of flavo-
noid narirutin in Jabara may be used as medicine for pollen allergies. Jabara has 
been used to eat with matsutake mushrooms, so it is called an “indispensable com-
panion” to consume this particular mushroom. The ponzu is a pon vinegar made 
with the extracts of Jabara used as an alternative to sudachi and other oranges.

The Jabara fruit is not only a valuable part; the peel of the Jabara fruit is also used 
after the proper process. The peel is a bitter and astringent taste; therefore, its pro-
cess operation is complicated. Some innovative patented methods are available to 
reduce or remove bitterness and astringent without affecting the highly functional 
compounds and making them ready to eat. The aroma of the citrus peel is similar to 
cedar and cypress, having the property of healing and is also accepted by 
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health-conscious people. Marmalade is a fruit preservative made from the finely 
chopped peels of the Jabara fruit and is rich in pectin and other natural functional 
ingredients (Japan External Trade Organization 2022).

The scientific classification or taxonomy of the Jabara fruit as per the NCBI tax-
onomy browser has Taxonomy ID of 1263158, Division eudicots and the currently 
used name is C. jabara hort. ex Y.Tanaka (Schoch et al. 2020; Anonymous 2022). 
However, GBIF record Citrus x jabara Tanaka with Taxon Id of 44661346 with the 
same taxonomic details (Döring M and Global Biodiversity Information 
Facility 2022).

Kingdom: Plantae
Phylum: Streptophyta
Class: Magnoliopsida
Order: Sapindales
Family: Rutaceae
Genus: Citrus
Species: Jabara

Several aroma compounds, such as myrcene, limonene, pinene etc., are reported 
from C. jabara using Gas Chromatography-Mass spectrometry (GC-MS), Gas 
Chromatography-Olfactometry (Omori et al. 2011). Further confirmation, amounts 
of hesperidin, naringin, neohesperidin, and naringenin present in C. jabara fruit 
peels were reported by HPLC analysis (Azuma et al. 2020). The C. jabara possess 
compounds exhibiting several biological activities.

Major bioactive compounds are found in the fruit peel of a C. jabara reported 
anti-allergic and anti-degranulation activity (Azuma et al. 2020), reduction in rhi-
norrhea (dose-dependent)/allergy-like symptoms (Azuma et al. 2021), and suppres-
sion of MUC5AC mucin production in human lung epithelial cells (Iwashita et al. 
2017). In addition, peel powder cream is effective against atopic dermatitis (Inaba 
et al. 2020).

The present chapter focus on the C. jabara in general detail, chemical com-
pounds, biological activities of these compounds, and a special focus on flavonoids, 
characterization and activities. The range of products available is also focused.

8.2  Cultivation

In Japan, Wakayama is generally referred to as “The Fruit Kingdom.” In this prefec-
ture’s wide varieties of juicy, sweet mandarins, oranges, and tangelos, as well as 
yuzu (lemon-like), sudachi (lime-looking), jabara (mandarin-like), hassaku 
(grapefruit- like), bitter-orange daida and exquisitely delicious sanbokan are found 
(Tom 2020).
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The C. jabara grows naturally in Kitayama village, Wakayama prefecture of 
Japan. Jabara plants are also grown in the same condition as other citrus plants. Like 
other citrus, C. jabara prefers a location with full sun to part shade, sufficient mois-
ture, and periodic fertiliser. They are drought, cold-tolerant, and easy to maintain; 
pruning practices are advisable until the plant reaches to desired form and height  
(Herbalistics Pty Ltd. 2022). Around the month of May, Jabara flowers blossoms, 
produce fruit and are harvested between the end of November and December (Jabara 
Laboratory 2022).

Although the origin of the jabara is uncertain, it is assumed that it is a hybrid of 
other citrus species that were widely dispersed in the Wakayama area, including 
Yuzu, Kunenbo (C. nobilis Lour.), and Kishu-mikan or Kishu (C. kinokuni Hort. ex 
Tanaka) (Yuichirō Tanaka 1980). A molecular study inferred that Kunenbo-A is a 
seed parent of C. jabara and yuzu is a pollen parent. The genome composition of 
jabara is consistent with parent varieties, and the observed fluctuation of genome 
composition with offspring derived from same parents. The pummelo genome fluc-
tuated in four siblings of kunenbo-A  ×  yuzu (henka mikan, jabara, kabosu and 
mochiyu) henka mikan and jabara showed 3.7% and 20.5% fluctuation, respectively 
(Shimizu et al. 2016). In the Cleaved Amplified Polymorphic Sequences (CAPS) 
analysis of citrus varieties, in this researchers, 26 CAPS markers that were previ-
ously used to identify table citrus cultivars were examined to determine thirty-three 
acid citrus cultivars and their lines. It showed that despite having various phenotypic 
and local origins, all accessions of the citrus trees Yuzu (Citrus junos hort. ex 
Tanaka), Yuko (C. yuko hort. ex Tanaka), Jabara (C. jabara hort. ex Tanaka), and 
Sudachi (C. sudachi hort. ex Shirai), shared the same genetic makeup. In acid citrus 
cultivars, five CAPS markers detected novel alleles that were not found in table 
citrus cultivars. A minimal marker set consisting of 6 CAPS markers can distinguish 
all 35 citrus cultivars according to the minimal marker program’s analysis of 25 
CAPS markers genotypes, with the exception of Tf0001/Msp I (Niimi et al. 2021).

A recent US patent claimed that some bioactive priming peptides and priming 
compositions are useful with agricultural formulations. These peptides or composi-
tions are perhaps used externally, like the surface of a plant or internal use such as 
the membrane of a plant cell or endogenously to the interior of a plant or a plant cell. 
Applying these formulations to plants on the surface or rhizosphere region may 
increase plant growth, yield, longevity, health, and productivity. Further, the vigour 
of the applied plant or part of a plant increases and protects the whole plant or part 
from diseases. These formulations also improve the innate immunity, quality, and 
quantity of juice obtained from the plant or plant part. These peptide formulations 
are applied as a prophylactic agent to agronomically essential citrus varieties com-
prised of hybrid and non-hybrid plants (including C. jabara) to prevent the onset of 
infection or a choice of treatment for infected citrus plants (Brian and Michelle 2020).
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8.3  Phytochemicals of Citrus jabara

8.3.1  Estimation of Jabara Compounds

8.3.1.1  Isolation of the Volatile Compounds

In a study, aromatic compounds reported from the Flavedo layers of Jabara fruits 
around 420 g flavedo layers obtained from ~2 kg of fruits were soaked in 1600 ml 
of dichloromethane for 2 h at ambient temperature. Further, the filtrate was concen-
trated using the Vigreux column at 45 °C, and volatile oil was isolated from the 
extract using the solvent-assisted flavour evaporation (SAFE) method at 30 °C. The 
isolated volatile oil was further concentrated to 15 ml by using anhydrous sodium 
sulphate and Vigreux column at 45 °C. Furthermore, the isolate was concentrated 
using a nitrogen gas evaporator to produce peel extract. The obtained extracts were 
analysed with Gas chromatography-mass spectrometry (GC-MS), Gas 
chromatography- Olfactometry (GC-O) etc. (Omori et al. 2011).

8.3.1.2  Gas Chromatography-Mass Spectrometry Analysis 
of Jabara Compounds

Gas chromatography-mass spectrometry (GC-MS) analysis using Agilent 6890 GC 
equipped with an HP 5973 mass spectrometer for identifying volatile oil constitu-
ents of C. jabara. DB-Wax column with dimensions of 60 m × 0.25 mm i.d. was 
used to isolate the volatile constituents. The column oven conditions were main-
tained at 40 °C for 2 min and gradually increased 2 °C/min to achieve 200 °C, and 
the sample injector was maintained at 250 °C. The flow rate of carrier gas (helium) 
was 28 cm/s. The mass spectrometer was set to a scan range of f m/z 35–350 with 
and 70 eV ionization voltage and ion source temperature of 230 °C. The peel extract 
was injected in the split mode of ratio 10:1, and the injection volume was 0.2 μl. A 
total of 49 compounds were identified, and the name of the compounds are tabulated 
in Table 8.1. The major volatile oil components are Myrcene, Limonene, γ-Terpinene, 
β- Phellandrenec, α-Pinene and β-Pinene (Omori et al. 2011).

8.3.1.3  Gas Chromatography–Flame Ionization Detection Analysis 
of Jabara Compounds

Gas Chromatography–Flame Ionization Detection (GC-FID) was used to quantify 
the significant constituents in the Jabara peel extract. 100 mg of peel extract was 
dissolved in 1 ml of dichloromethane, and ethoxybenzene (20 mg) was used as an 
internal standard. The major constituents of peel extract, such as myrcene, limo-
nene, and γ-terpinene, were identified and quantified by GC-MS. The standard 
curve was plotted using different standard concentrations of myrcene, limonene and 
γ-terpinene spiked with ethoxybenzene as internal standard.
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Table 8.1 Various phytoconstituents of Citrus jabara

S. 
no Phytoconstituents Part References

1 Myrcene Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

2 Limonene Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

3 γ-Terpinene Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

4 β-Phellandrenec Fruit peel, 
Juice

Omori et al. (2011)

5 α-Pinene Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

6 β-Pinene Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

7 Terpinolene Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

8 α-Thujene Fruit peel Omori et al. (2011)
9 α-Phellandrene Fruit peel Omori et al. (2011)

10 α-Terpinene Fruit peel Omori et al. (2011)
11 Sabinene Fruit peel Omori et al. (2011)
12 1,8-Cineole Fruit peel Omori et al. (2011)
13 (Z)-β-Ocimene Fruit peel Omori et al. (2011)
14 (E)-β-Ocimene Fruit peel Omori et al. (2011)
15 p-Cymene Fruit peel, 

Juice
Miyake et al. (1990) and 
Omori et al. (2011)

16 (Z)-3-Hexenyl acetate Fruit peel Omori et al. (2011)

17 Hexanol Fruit peel Omori et al. (2011)
18 (Z)-3-Hexenol Fruit peel Omori et al. (2011)
19 Myrcene-6,7-epoxide Fruit peel Omori et al. (2011)
20 (E)-2-Hexenol Fruit peel Omori et al. (2011)
21 Linalool oxide cis-furanoid Fruit peel Omori et al. (2011)
22 Cis-Limonene-1,2-epoxide Fruit Peel Omori et al. (2011)
23 Trans-Limonene-1,2-epoxide Fruit peel Omori et al. (2011)
24 δ-Elemene Fruit peel Omori et al. (2011)
25 Trans-Sabinene hydrate Fruit peel Omori et al. (2011)
26 Linalool Fruit peel, 

Juice
Miyake et al. (1990) and 
Omori et al. (2011)

27 Cis-Sabinene hydrate Fruit peel Omori et al. (2011)
28 trans-p-Menth-2-en-1-olc Fruit peel Omori et al. (2011)
29 Terpinen-4-ol Fruit peel Omori et al. (2011)
30 Neral Fruit peel Omori et al. (2011)
31 2-Methyl-6-methylene-2,7-octadien-4-ol Fruit peel Omori et al. (2011)
32 p-Mentha-1,8-dien-4-ol Fruit peel Omori et al. (2011)
33 Germacrene D Fruit peel Omori et al. (2011)

(continued)
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Table 8.1 (continued)

S. 
no Phytoconstituents Part References

34 α-Terpineol Fruit peel, 
Juice

Miyake et al. (1990) and 
Omori et al. (2011)

35 Bicyclogermacrenec Fruit peel Omori et al. (2011)
36 Neryl acetate Fruit peel Omori et al. (2011)
37 Geranial Fruit peel Omori et al. (2011)
38 (E,E)-3,6-α-Farnesene Fruit peel Omori et al. (2011)
39 Trans-Piperitol Fruit peel Omori et al. (2011)
40 Geranyl acetate Fruit peel Omori et al. (2011)
41 Perillaldehyde Fruit peel Omori et al. (2011)
42 Nerol Fruit peel Omori et al. (2011)
43 Germacrene Bc Fruit peel Omori et al. (2011)
44 Trans-Carveol Fruit peel Omori et al. (2011)
45 Geraniol Fruit peel Omori et al. (2011)
46 p-Mentha-1,8-dien-9-yl acetate Fruit peel Omori et al. (2011)
47 Perillyl alcohol Fruit peel Omori et al. (2011)
48 2,6-Dimethyl-6-acetoxy-2,7-octadienoic acid Fruit peel Omori et al. (2011)
49 4′-Hydroxy-3,5,6,7,8,3′-hexamethoxyflavone Fruit peel Rie et al. (2012)

50 3′, 4′, 5, 6, 7, 8-heptamethoxyflavone Fruit peel Rie et al. (2012)

51 Natsudaidain (3-hydroxy-3′, 4′, 5, 6, 7, 
8-hexamethoxyflavone)

Fruit peel Rie et al. (2012) and Azuma 
et al. (2020)

52 5-hydroxy-3, 3′, 4′, 6, 7, 
8-hexamethoxyflavone

Fruit peel Rie et al. (2012) and Azuma 
et al. (2020)

53 3, 3′, 4′, 5, 6, 7-hexamethoxyflavone Fruit peel Rie et al. (2012)

54 8-hydroxy-3, 4′, 5, 6, 7-pentamethoxyflavone Fruit peel Rie et al. (2012)

55 4′, 5-dihydroxy-3, 3′, 6, 7, 
8-pentamethoxyflavone

Fruit peel Rie et al. (2012)

56 Retusin (5-hydroxy-3, 3′, 4′, 
7-tetramethoxyflavone)

Fruit peel Rie et al. (2012)

57 Nobiletin (3′, 4′, 5, 6, 7, 
8-hexamethoxyflavone)

Fruit peel Rie et al. (2012)

58 Narirutin (Naringenin-7-O-rutinoside) Fruit peel Rie et al. (2012)
59 3′, 4′, 5, 6, 7, 8-hexamethoxyflavanone Fruit peel Rie et al. (2012)

60 3′, 4′, 5, 6, 7-pentamethoxyflavanone Fruit peel Rie et al. (2012)

61 4′, 5, 6, 7-tetramethoxyflavanone Fruit peel Rie et al. (2012)

62 2′-hydroxy-3, 3′, 4, 4′, 5′, 
6′-hexamethoxychalcone

Fruit peel Rie et al. (2012)

63 2′-hydroxy-3, 4, 4′, 5′, 
6′-pentamethoxychalcone

Fruit peel Rie et al. (2012)

64 2′-hydroxy-4, 4′, 5′, 6′-tetramethoxychalcone Fruit peel Rie et al. (2012)

65 5,6,7,8,3′,4′-hexamethoxyflavanone Fruit peel Rie et al. (2012)

66 5,6,7,4′-tetramethoxyflavanone Fruit peel Rie et al. (2012)

(continued)
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Table 8.1 (continued)

S. 
no Phytoconstituents Part References

67 5,7,4-trihydroxy-8,3′-dimethoxy- flavanone Fruit peel Rie et al. (2012)

68 Scopoletin Fruit peel Rie et al. (2012)
69 Sucrose Juice Miyake et al. (1990)
70 Glucose Juice Miyake et al. (1990)
71 Fructose Juice Miyake et al. (1990)
72 Citric acid Juice Miyake et al. (1990)
73 Malic acid Juice Miyake et al. (1990)
74 Pectin Juice Miyake et al. (1990)
75 Ascorbic acid Juice Miyake et al. (1990)
76 Carotenoid Juice Miyake et al. (1990)
77 Flavonoid Juice Miyake et al. (1990)
78 β Farnesene Juice Miyake et al. (1990)

The GC equipped with FID was used to quantify and the column and oven condi-
tions were set as same for GC-MS analysis. The sample injector was maintained at 
250  °C, and the flow rate of carrier gas (helium) was 32  cm/s. The aliquot peel 
extract was injected in the split mode of a ratio of 30:1, and the injection volume 
was 1 μl (Omori et al. 2011).

8.3.1.4  Gas Chromatograph–Olfactometry for Analysis 
of Aroma Compounds

Aroma Extract Dilution Analysis (AEDA) is a technique to assess potent odorant 
compounds by Serial dilution of the sample and evaluated with GC-O. The highest 
dilution (lower concentrations) at which the odourant compound is detected is 
called Flavour Dilution (FD).

The GC equipped with TCD and DB-Wax column with dimensions of 
30 m × 0.32 mm (i.d.,) and DB-1 column 30 m × 0.53 mm (i.d.,) is used for the 
analysis of odourant compounds. The column oven temperature is maintained at 
60 °C for 2 min, and a temperature of 220 °C was achieved by an increase of tem-
perature to 5 °C/min. The sample injector and detector temperature were maintained 
at 250 °C. The helium carrier gas flow was maintained at 31 cm/s, and 1 μl of the 
peel extract was injected by splitless mode for analysis. The Peel extracts showed 
22 odour-active regions with the FD factor ranging from 8 to 16,384. Many odou-
rant compounds with unique smells were identified by comparison with GC-MS 
spectra. Myrcene was the most abundant compound and showed the highest FD 
factor reported. Myrcene has a metallic and resinous odour responsible for the char-
acteristic odour of Jabara peel extract (Omori et al. 2011).
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8.3.2  Fruit Juice Constituents

Jabara fruit juice yields around 27.5–30.1% in rotary press extractors and 
32.2–41.7% in In-line extractors. The soluble sugars of jabara fruit juice were 
3.15–3.21%. The significant sugar constituents are sucrose, glucose and fructose. 
Citric acid, ascorbic acid, malic acid, carotenoids, flavonoids, recoverable oils and 
pectin are found in the juice. It also contains nitrogen, ash, and minerals such as 
potassium, sodium, calcium, magnesium and iron. Volatile components such as 
myrcene, limonene, γ-terpinene, α-pinene, β-pinene, terpinolene, Linalool and 
other phytochemicals reported from the fruit extract (Miyake et al. 1990).

8.3.3  Volatile Oils from the Peel

420 g of peeled flavedo layers were soaked in dichloromethane for 2 h at room tem-
perature. The filtered extract was concentrated, and volatile components were iso-
lated using a solvent-assisted flavour evaporation technique. The isolated volatile 
components were further concentrated using anhydrous sodium sulphate and then a 
gentle stream of nitrogen. The yielded jabara peel extract was subjected to GC-MS, 
GC-FID to identify and quantify volatile compounds. The major volatile oil compo-
nents are Myrcene, Limonene, γ-Terpinene, β-phellandrene, α-Pineneand β-Pinene 
(Omori et al. 2011).

8.3.4  Polymethoxy Flavonoids from Jabara Peel

Unripe peels (1.143 Kg) were successively extracted with hexane and 99% ethanol. 
The yield of ethanolic extract was 192.72 g and subjected to chromatographic sepa-
rations through reverse phase column material made of adsorbent resin (Diaion 
HP-20). The column was eluted by highly polar to non-polar solvents such as water 
(H20), 50% methanolic solution (50% MeOH-H20), Methanol (MeOH), ethanol, 
ethyl acetate (AcOEt) and Chloroform (CHCl3). The MeOH extracts were selected 
and eluted by silica gel column and preparative TLC. The eluents were subjected to 
High-resolution electrospray ionisation mass spectrometry (HRESI-MS) analysis. 
The results showed 17 known compounds (11-Flavones, 5-Flavanones and 
1-Coumarin) and 1 new compound (colourless oil). The newly isolated compound 
showed strong absorptions at 1635 cm-1 in IR and 253, 268, and 344 nm in UV 
wavelength by indicating the presence of a flavone skeleton. The new molecule was 
subjected to Nuclear Magnetic Resonance Spectroscopy (1H NMR) to elucidate the 
molecular structure, and the results indicated the structure for 4’Hydroxy-3,5,6,7,8,
3’hexamethoxyflavone. This newly isolated compound is the first reported natural 
compound extracted from C. jabara (Rie et al. 2012).
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8.4  Methods of Analysis of Flavonoids from Citrus jabara

The C. jabara fruits harvested from Kitayama village, Wakayama prefecture. The 
residue from after juicing the C. jabara fruits was used as fruit peels. These peels 
were dried and then chopped before being sealed in an aluminium puck for later 
use (Azuma et al. 2020). HPLC analysis was employed to confirm the chemical 
compounds in Jabara. An ultrasonic extraction process was employed in mixing 
Jabara powder with 50% of methanol for 20 min, and later, extracts were filtered 
in a syringe filter of 0.45 μm size and stored in a glass vial. 5.0 μL of extract sub-
jected to HPLC separation using a COSMOSIL 5C18-AR-II column (φ 
4.6 × 250 mm). The operational conditions employed were 40 °C temperature, 
20% acetonitrile containing 0.8% acetic acid as a mobile phase, 1.0 mL/min set as 
flow rate and UV wavelength, 280 nm. There are four flavanones, eight flavones 
and three chalcones reported. A standard curve was plotted for each flavanone 
(hesperidin, neohesperidin, naringin, and naringenin), respectively, using analyti-
cal standards. The Limit of Detection (LOD) and Limit of Quantification (LOQ) 
of each flavanone is hesperidin, 40 ng/mL & 120 ng/mL; neohesperidin, 92 ng/mL 
& 280  ng/mL; naringin, 65  ng/mL & 200  ng/mL and naringenin, 10  ng/ml & 
30  ng/mL.  The amount of flavanones was below the detection limit (Azuma 
et al. 2020).

In another study, from Kitayamamura Jabararamura Center, Jabara juice was 
purchased (Wakayama, Japan; lot number: 2018.12.16 C; production year: 2018) to 
analyse the contents by HPLC method. For HPLC sample preparation, the jabara 
juice was centrifuged at 16,000 g for 15 min at 4 °C. The supernatant was passed 
through a 0.22 μm membrane filter to remove any insoluble materials before HPLC 
analysis, the filtrate was diluted to 10%, and a 20 μL sample was injected for analy-
sis. Further, narirutin, naringin and naringenin HPLC grade analytical standards 
were used as comparative agents to identify compounds in jabara juice extracts.

Shimadzu HPLC model Prominence-i LC-2030C pump with UV detector and 
C18 (octadecylsilyl silica-ODS) column (Cosmosil, 5C18-MSII, 4.6  ×  250  mm, 
5 μm; NacalaiTesque) was used for analysis with following chromatographic condi-
tions. The total method runtime was 33.5 min consisting of mobile phase acetoni-
trile (A) and water (B) with gradient flow (0–14 min: 21% A; 14–21 min: 21–65% 
A, linear; 21–26 min: 65–70% A, linear; 26–27 min: 70–21% A, linear; 27–33.5 min: 
21%). The other chromatographic conditions were column oven temperature, 25 °C; 
flow rate, 1 ml/min; UV wavelength, 280 nm and injection volume, 20 μL. Standard 
curves for narirutin, naringin and naringenin were plotted with quantification ranges 
of 2–100 μg/mL, 4–200 μg/mL, and 1–50 μg/mL and analysed the constituents in 
Jabara juice (Morita et al. 2020).
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8.4.1  Toxicity of Flavonoids

Cytotoxicity of Jabara flavonoids was analysed on RAW 264.7 macrophage cell line 
using cell counting kit-8. In this assay, ~1.0 × 105 RAW 264.7 cells were inoculated 
on a 96-well plate containing Dulbecco’s Modified Eagle Medium (DMEM) with 
10% Fetal Bovine Serum (FBS) and antibiotics. Various flavonoids are inoculated to 
wells and incubated at 37 °C for 24 h. After the incubation, cells were washed with 
200 μL of DMEM supplemented with 10% FBS and 10 μL of WST-8 reagent. Later, 
incubated for 2 h, and cell viability was measured at 450 nm.

Flavonoids like narirutin and naringenin showed cell viability without toxicity 
up to 500 μM and 400 μM, respectively. However, at 500 μM concentration, narin-
genin only exhibited cell viability at 85.8 ± 6.0%. There was mild toxicity reported 
from three flavones and one flavanone. Further, one chalcone showed substantial 
toxicity against RAW 264.7 cell line reported (Azuma et al. 2020).

8.5  Uses of Citrus jabara in Disease Management

8.5.1  Atopic Diseases

Atopic dermatitis (AD) is characterized by abnormally rough and dry skin with dry 
scales and small cracks (Xerosis), intense itchy skin (Pruritus), and Eczematous 
lesions leading to chronic inflammatory skin disease, symptoms of AD relapse and 
chronically fluctuate. The incidence of AD is increasing worldwide, and it is usually 
developing in infants or early childhood, and it may relapse in childhood and in 
some cases, the recurrent relapses lead the AD into adulthood (Arima et al. 2018). 
AD leads to other allergic diseases like asthma and allergic rhinitis; the patient suf-
fering from AD during his childhood is said to be at risk of 50% and 75%, respec-
tively (Spergel and Paller 2003; van der Hulst et al. 2007; Thomsen 2015a). AD 
development is commonly observed in individuals with a personal or familial his-
tory of eczema, susceptible to overproduction of immunoglobulin E (IgE). Studies 
even predicted genetic predisposition and some environmental factors play a role in 
causing AD (Thomsen 2015b; Lavery et al. 2016). The pathophysiology of AD is 
complex as it has multiple etiologies, making it a multifactorial disease as there is 
no particular hierarchy among the etiologies, which makes AD with diverse symp-
toms, however generally in chronic AD, primarily type 2 inflammation is prevalent 
due to immune disorders and skin barrier dysfunction (Langan et al. 2020; Katoh 
et al. 2020).

According to the report by the International Study of Asthma and Allergies in 
Childhood (ISAAC) phase three, the prevalence of AD varies from country to coun-
try, and even within a country. In this study, the researchers investigated a diverse 
cohort, comprising two age groups: children aged 6 to 7 years (385,853 participants 
from 60 countries) and adolescents aged 13 to 14 (663,256 participants from 
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approximately 96 countries). The findings revealed a broad range of prevalence 
rates, ranging from 0.9% in India to 22.5% in Ecuador for the children’s age group. 
Conversely, the adolescent group exhibited prevalence rates ranging from 0.2% in 
China to 24.6% in Columbia (Odhiambo et al. 2009). A Japanese study showed that 
in 2005 age groups of 6–10, 12–13, and 14–15 years had a prevalence rate of 19.6%, 
13.6%, and 10.9%, respectively (Furue et al. 2011; Takizawa et al. 2018).

Due to horny cell layer dysfunction, the stratum corneum becomes leaky, and 
allergen sensitization is increased, resulting in inflammation. This tends to happen 
due to an abnormal decrease in ceramide content in the stratum corneum, and a 
mutation in the horny cell filaggrin protein gene (FLG) leads to inflammation 
(Melnik et al. 1988; Cabanillas and Novak 2016). Because allergens such as pro-
teins, dust mites, and many other allergens enter through a disrupted skin barrier, 
exacerbating type 2 immune reactions, these allergens indirectly activate Th2 cells, 
which are linked to allergic reactions, by producing interleukin (IL) IL-33 and 
IL-25, and this immune response also activates allergen-specific IgE, causing 
inflammation. Itching is triggered due to chemicals such as cytokines and chemo-
kines, IL-31, IL-4, and thymic stromal lymphopoietin (TSLP). Hypersensitivity 
results from skin lesions that cause pruritus and act on nerves, triggering scratching 
(Tominaga and Takamori 2014; Katoh et al. 2020).

Genetic linkage studies have provided sufficient solid evidence regarding the 
genetic background of AD; also, the mutation of the FLG gene accounts for 40% of 
cases in patients with AD. Other than the FLG gene, many different genes have been 
reported based on genome-wide linkage analysis from Japanese samples, are 
CARD4, CARD15, CARD11, SCYA11, CCDC80, GM-CSF, TLR2, TLR9, IL4, 
IL13, IL18, GLB1, RANTES, TGFb1 many more other genes have been reported 
(Palmer et al. 2006; Hirota et al. 2012; Katoh et al. 2020). In addition to genetics, 
environmental factors and epigenetics also significantly contribute to the aetiology 
of AD. There is sufficient evidence to conclude that environmental influences such 
as temperature, cold and dry air, microbial exposure, improved agricultural cleanli-
ness, broad-spectrum antibiotics, urban life, a western diet, air pollution, and ciga-
rette smoke can affect epigenetic changes (Flohr and Mann 2014; Sabounchi et al. 
2015; Perkin et al. 2016; Takizawa et al. 2018).

Yet another cause of AD is the dysbiosis of the normal microbiome of the skin in 
cases of AD; this is prevalent, typically when an infant is born with normal delivery 
harbours with the microbiota of mother vaginal canal microbiota predominating 
with, Prevotella, or Sneathia and Lactobacillus spp., on the other hand, the baby 
born by cesarean section harbours the skin microflora dominated by Staphylococcus, 
Propionibacterium, and Corynebacterium spp. (Gevers et al. 2012; Iwatsuki et al. 
2018). The abundance and diversity among each and every individual is also based 
on the cutaneous conditions of the individuals. The microbiota change can be seen 
in sebaceous and moist regions of the body colonized by the Propionibacterium, 
Staphylococcus and Corynebacterium species (Costello et al. 2009). 90% of patients 
suffering from AD harbour S. aureus in the lesional skin. As discussed, there are 
gene mutations of skin barrier functions, including filaggrin (FLG) and with the 
serine protease inhibitor Kazal-type 5 (SPINK-5), which encodes the protease 
inhibitor lymphoepithelial Kazal-type-related inhibitor (LEKTI). After colonization, 
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S. aureus secrets different types of virulence factors such as α-, β-, δ-, and γ-toxins 
which are hemolysins and a group of enzymes like collagenase, hyaluronidase, pro-
tease, nuclease etc. these virulence factors further deteriorate the skin barrier func-
tion and illicit inflammatory response by activation of various immunes cells and 
cytokines.

Diagnosis of AD is carried out based on two widely accepted diagnostic criteria 
by the Japanese Dermatological Association (JDA) and Diagnostic Criteria by 
Hanifin and Rajka. AD is a multifactorial disease, and completely curing AD is not 
possible. Controlling the aggravating factors associated with pathogenesis and also 
the reduction of irritability, inflammation, and other factors is the treatment proce-
dure, which starts by assessing the patient’s grade of symptoms. Drug treatment is 
used wherein topical anti-inflammatory drugs such as topical corticosteroids (TCS) 
are chosen. These TCS are graded and ranked into 5 different groups based on the 
effect shown, with Group 1 being the strongest and Group 5 being the weak. The 
group is chosen based on the severity of the AD eruption in the patients based on 
lesion characteristics. TCS can be used in the form of an ointment, cream, lotion, 
and tape preparations. Over the period of 4 weeks, TCS is applied; if there is no 
significant effect on eruptions, then it is recommended to change the treatment 
method (Katoh et al. 2020). TCS indirectly affects inflammation-inducing transcrip-
tion factors such as AP-1, NF-κB, and C/EBP, which glucocorticoid receptors acti-
vation by TCS inhibits. Local side effects of the usage of TCS are bacterial, fungal 
and viral skin infections along with acne, hypertrichosis, dryness, skin atrophy and 
striae distensae (Cain and Cidlowski 2017).

Topical tacrolimus (TTS) is another topical inflammatory drug used to treat 
AD. The molecular weight of TTS is around 822 Da dosage is recommended in 
Japan for adults and children at 0.1% and 0.03%, respectively, with an upper limit 
of applying TTS for adults being 5 g, and  in children, it varies on the body weight, 
and age factor. 1 g is recommended for 2–5 years aged with an average body weight 
of less than 20 kg. Children aged 6–12 years with an average weight of 20–50 kg 
can use the ointment 2–4  g. The mechanism of action of TTS is different from 
TCS. It suppresses the mast cell degranulation, reduces the expression of receptors 
like IL-31, IL-33 and ST2, and eosinophil activation. There is suppression of expres-
sion of genes of Cytokines such as IL-4, IL-5, IL-12, and IFN- γ responsible for 
inflammation. Along with this, T-cells activation is also suppressed by binding with 
FK506 protein in T-cells, thus inhibiting the dephosphorylation of the NF-AT tran-
scription factor. TTS over usage cause side effects burning and irritation symptoms 
at the topical part, and viral, bacterial skin infections are apparent (Arellano et al. 
2007; Miyano and Tsunemi 2021).

Topical delgocitinib inflammatory drug with a molecular weight of 310 da 
smaller than TCS and TTS 0.5% of ointment with an upper limit of 5 g is used to 
treat AD. The mechanism of action includes decreased filaggrin expression, inhibit-
ing the expression of cytokines that act on sensory nerves, leading to pruritis. It also 
inhibits the JAK subtypes, a transcription factor of various cytokine-expressing 
genes. Side effects include contact dermatitis, acne, and herpes virus infection, 
which can be used by pregnant and lactating mothers (Katoh et al. 2020; Miyano 
and Tsunemi 2021).
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In the severe case of AD, treatment with topical anti-inflammatory drugs alone is 
not sufficient in controlling the AD, systemic therapy can be used considering the 
patient profile and the effect which may be caused due to systemic therapy on the 
patients, and the topical treatment is also followed along with the systemic therapy 
and the focus of the treatment resolve the exacerbating factors to reduce the depen-
dence on the drugs. The medication which is used for systemic treatment is 
Cyclosporin which acts as an inhibitor of calcineurin, and its use is widely practised 
in Europe, The USA, Japan and other countries. Cyclosporin is only approved in 
severe AD cases, with more than 30% of marked eruptions with inflammation on the 
body surface. The dosage recommended is 3 mg/kg/day, and the course of therapy 
should be completed within 8–12 weeks patients with nephropathy, hypertension, 
and other infections must be subjected to screening before starting the systemic 
therapy (Yu et al. 2018; Katoh et al. 2020; Miyano and Tsunemi 2021).

Even though oral corticosteroids are used, they are not recommended as a treat-
ment for long-term usage of oral corticosteroids leads to adverse systemic reactions. 
One such drug mostly used for a short period of time is Dupilumab. Many random-
ized controlled phase trials have been conducted on this drug. It showed promising 
results in widespread skin infections, systemic infections, herpesvirus infection and 
Kaposi’s varicelliform eruption was significantly reduced compared to the placebo 
group. Even improved dermatitis eruption and pruritus were reported, and this drug 
can be used in severe AD as a multidrug treatment schedule (de Bruin-Weller et al. 
2018; Katoh et al. 2020).

If the above topical, anti-inflammatory, anti-histamines and moisturizer treat-
ment option fails to contain the severity of AD and its remission, then Ultraviolet 
therapy is advised for such patients. UV light of different bands like Narrow-band 
UV B (NB-UVB) with wavelength 311 nm, medium-wave UV (290–320 nm) and 
long-wave UV (320–380 nm) is used. Among them, NB-UVB is widely used in 
clinical practice, apoptotic effect on T-cell infiltrating dermis leads to a reduction in 
inflammatory cytokines production, leading to an immunosuppressive impact on 
patients, UV treatment on pregnant women’s and children below 10 years age group 
is not yet studied and recommended (Patrizi et al. 2015; Fujita et al. 2018; Katoh 
et al. 2020).

The anti-inflammatory activity of seven compounds isolated from C. jabara 
peels (4-Flavones, 2- Flavanones and 1-Chalacones) were evaluated by cell-based 
assay with murine macrophage-like cell line (RAW 264.7) (RCB0535). The anti-
inflammatory activity was evaluated by measuring levels of various inflammatory 
factors (nitric oxide (NO), IL-6, and TNF-α), protein expression of iNOs by western 
blot analysis and enzyme inhibitory assay (soluble epoxide hydrolase (sEH), hyal-
uronidase and chymase). RAW 264.7 cells were cultured with different concentra-
tions of isolated flavonoid compounds and inflammatory responses were induced by 
Lipopolysaccharide (LPS) (Azuma et al. 2020).

Nitrous Oxide (NO) Production and iNOS Protein Expression
The level of NO production was measured by Griess reagent and 1 μg/mL LPS was 
given as inflammatory producing agent. The iNOS protein expression was 
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compared with β-actin protein expression using western blot analysis. The flavo-
noids were given in 50, 100, and 200 μM concentrations and dose-dependently inhi-
bition of NO productions and iNOS protein expression were observed (Azuma 
et al. 2020).

IL-6, and TNF-α Production Inhibition The RAW 264.7 cells were cultivated 
with 1 μg/mL LPS as inflammatory inducing agent. The seven isolated flavonoids of 
varying concentrations (50, 100, and 200 μM) are tested for its IL-6, and TNF-α 
production inhibition and the IL-6, and TNF-α were measured using mouse ELISA 
kits. The isolated flavonoids showed dose dependent inhibitory action. The inhibi-
tory action for IL-6 secretion among the isolated compounds, narirutin and FLV3 
showed minimum activity but naringenin, FLV1 and FNN2 showed highest activity. 
For TNF-α inhibitory activity, only FNN2 showed highest inhibitory activity 
(Azuma et al. 2020).

Enzyme Inhibition Assay Soluble epoxide hydrolase (sEH), hyaluronidase and 
chymase related to inflammation reaction. RAW 264.7 cells were cultivated with 
1 μg/mL LPS as inflammatory inducing agent and the enzymes inhibitory activity 
were evaluated for the isolated compounds. Dose dependent inhibitory activity was 
observed and naringenin showed significant enzyme inhibitory activity while 
narirutin showed least activity (Azuma et al. 2020).

In Japan, Jabara fruits has been considered as anti-allergic functional foods. 
Narirutin, a flavonoid isolated from C. jabara fruit peels showed anti- inflammatory 
activity. Narirutin is metabolized into aglycone naringenin and showed the follow-
ing inhibitory effects such as nitric oxide synthesis, nitric oxide synthase induction, 
Interleukin-6 synthesis and inducible soluble epoxide hydrolase activities. In a 
study conducted in Japan on the fruit peel powder cream produced by C. jabara was 
evaluated on 20 different patients suffering from AD. Patients treated with 5% CJ 
peel powder cream for weeks showed a significant decrease in AD severity. Around 
11 patients have experienced an improvement in skin lesions, and 16 out of 20 rec-
ommended it as safe to use and valuable cream for treating AD (Inaba et al. 2020). 
CJ fruit is anti-allergic in nature. One of the studies evaluated the flavonoids present 
in the CJ fruit. It was found that it is abundant in narirutin flavonoid, and aglycone 
naringenin of narirutin showed epoxide hydrolase activity, Interleukin-6 synthesis, 
nitric oxide synthase induction inhibitory effects, which proves that ingestion of CJ 
induces anti-inflammatory effects in patients suffering from AD and other diseases 
(Azuma et al. 2020). A randomized double-blind parallel-group comparative study 
conducted by Azuma et al. (2021) reported that a daily intake of CJ peel powder for 
4 weeks would alleviate the allergy-like symptoms in patients compared to placebo 
group patients who reported a dose-dependent reduction in symptoms of rhinorrhea.

The juice of CJ is bitter, so Uchida et al. (2020) fermented it and made it more 
palatable. The fermented C. jabara juice evaluation revealed that it contains 
5-hydroxymethylfurfural (5-HMF), and it increases as the fermentation time 
increases. It was noted that it is the active component in the juice responsible for 
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regulating mast cell degranulation. Apart from cytokine reduction, it also reduced 
the expression of phospho-PLCγ1 and phospho-ERK1/2 because of FcεRI stimula-
tion by 5-HMF.

Japanese Cedar Pollinosis
A tree called Cryptomeria japonica (Japan cedar) in Japan is the root cause of a 
disease named Japanese cedar pollinosis (JCP), which is caused by the inhalation of 
the pollen produced by Japan cedar tree causing an allergic condition, and it is a 
major reported health problem in Japan, due to its high commonness in the Japan, 
poor impulsive recover rate and severe symptoms make it as health problem with 
grave concern and economic burden on the patient (Okuda 2003).

Mucus is produced by the goblet or submucosal glands of epithelia; usually, a 
small amount is helpful to keep the airway moist, but in the case of allergic asthma 
or COPD, there is an exacerbation in the secretion leading to breathing difficulties. 
Around twenty different genes are responsible for the production. Still, it is noted 
that in patients, there is overexpression of MUC5AC, another factor that causes 
excessive mucin production is the lipopolysaccharide layer of microorganisms that 
enter the airways, which causes inflammation and activates proinflammatory cyto-
kines, which indirectly causes the overexpression of the MUC5AC gene and exces-
sive mucus secretion. C. jabara fruits contains a range of flavonoids, including 
narirutin, a particularly abundant flavonoid. C. jabara extracts have been used to 
test on NCI-H292 human airway epithelial cells, and it was observed that there was 
a significant decrease in the activity of the ERK pathway in NCI-H292 human air-
way epithelial cells, inhibition of ERK leads to the deactivation of the transcription 
factors NF-κB or Sp1 that induce the transcription of the MUC5AC gene, repressing 
the overproduction of MUC5AC induced by LPS in cells and in medium, which 
might be a promising natural way of treating allergic asthma and COPD (Iwashita 
et al. 2017).

Apart from the anti-inflammatory properties of C. jabara extracts, there is a 
report in conference proceedings by (Shiho and Yoshiharu 2016) that C. jabara  
water extracts showed a strong lipolysis proving to be an anti-obesity candidate. 
They have isolated three different compounds from C. jabara water extracts 
3,5,6,7,8,3′,4′-Heptametoxyflavone, 3-hydroxy-5,6,7,8,3′,4′-hexametoxyflavone 
and 3,5,6,7,3′,4′-hexametoxyflavone and each one of them with concentration of 
200 μM were tested against in vitro cell line 3T3-L1 adipocytes and the lipid accu-
mulation reduction was assessed using Oil red O staining showed significant per-
centage of reduction that is 50%, 50%, and 10% respectively when compared with 
untreated adipocytes, to conform the antiadipocytic effect and which compound is 
showing highest antiadipocytic effect, glycerol-3-phosphate dehydrogenase 
(GPDH) activity was assessed and 3,5,6,7,8,3′,4′-Heptametoxyflavone compound 
showed intense lipolysis activity among other two compounds. The development of 
Jabara and the uses of jabara compounds pictorially presented in Fig. 8.2.
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Fig. 8.2 Pictorial 
representation of natural 
hybrid of Jabara and uses 
of jabara compounds

8.6  Products of Citrus jabara

C. jabara fruit has a unique taste and has been consumed by Japanese people since 
ancient times, and Jabara-flavoured products are marketed due to their popularity. 
Sugar-free mint candies (Japan Candy Store Kawaii Group 2022a), chewy candies 
(Japan Candy Store Kawaii Group 2022b) and gummies (Meccha Japan 2022) made 
from these fruits are popular among Japan population. Marmalades made from 
finely minced fruit peels and fruit extracts are marketed. The product claims to treat 
bitterness and astringency (Narurich Corporation 2022).

Liqueurs made from soaking Jabara fruits in sake for flavour enhancement are 
marketed all over Japan (Yoshimura Hideo Shoten Co. 2022). A unique product, 
fruit liquor containing 7% alcohol content, uses Shimokitayama village-grown 
C. jabara in the marketed alcohol preparation (Umeshuthai store 2022).

C. jabara concentrates in pill form as supplements are sold in the market con-
taining 270 as a pack (Goods Of Japan 2022). Jabara powder with Shin-Sanmi – 
Sansho (Japanese Pepper) and Red Chili is used as one seasoning powder for various 
dishes. This product was made in southern Japan, where the Jabara is native and 
supplied to Michelin-star restaurants (Michelin-Kaiseki Supplies 2022).
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Setsubun is a Japanese festival held a day before spring, and people believe it to 
be a cleansing of the previous year and the beginning of a new year. The Japanese 
take a salt bath, considering ridding evil spirits (prtimes.com Japan 2022). The bath 
salt containing jabara extracts is famous in the setsubun festival and sold widely in 
japan. Salt baths are claimed to have the health benefits of miniaturization, skin 
softening, and stimulating blood flow (nipponeffect.com 2022).

C. jabara powder dried by infrared is commercially sold in aluminium pouch 
packing. It is used as a base ingredient for food flavouring, confectionaries, health 
products and other products. The powdered jabara claims to contain narirutin and 
water content below 8% with below 60 mesh size (Chokyu Souyaku Co. 2022).

The pericarp powder is commercially sold as a seasonal allergy relief supple-
ment in a pack dosage of 60 tablets for 30 days (2 tablets per day). Each tablet 
contains C. jabara powder 150  mg and narirutin 6.25  mg. The ingredients are 
C. jabara Pericarp Powder, maltitol/cellulose, brightener, silicon oxide nanopowder 
and calcium stearate (Koplina 2022).

Vinegar with jabara flavour has been used in Kitayama local cuisine since ancient 
times. It is recommended to be added to the salad, desserts, fresh beverages, fish and 
meat dishes. The ingredients are water, honey, 15% jabara juice and apple vinegar 
with a nutritional value of energy 105 kcal (446 kJ); fat <0.5 g, of which saturates 
<0.1 g; carbohydrate 26 g, of which sugars 21 g; protein <0.5 g; salt <0.01 g per 
100 ml as label claim (Kumano Kodo 2022).

A local, family-owned business sells a unique tea blend containing jabara peels 
as one of the ingredients. The ingredients for the tea blend are locally produced in 
the Wakayama Prefecture with cultivation methods free of pesticides and chemical 
fertilizers. It is claimed to have mellow sweetness and refreshing aroma, which cre-
ates a calming sensation (Yunomi Newsletter 2022).

A Japanese company has a variety of skincare products like moisturisers, skin 
softeners, de-stressor, skin soothers, antioxidants and depigmentation. The label 
claims that these products contain 2% jabara extract as one of the main active ingre-
dients. The company claims that extract is rich in antioxidants, Vitamin C and poly-
phenols, which helps to reduce pigmentation (beautypie.com 2022).

The C. jabara has many patents filed in Japan, US and WIPO for their broad 
therapeutic uses. Japan patent application (JP2011287558A) published July 18, 
1995; has applied for their antiallergic composition to treat type I allergic diseases, 
including allergic rhinitis, hay fever, bronchial asthma and atopic dermatitis (Konaga 
Yanagisawa et al. 2012).

The WIPO patent application dated 06 Aug 2009 (WIPO – WO 209/096988 A1) 
on C. jabara extracts has mentioned that it has skin smoothening and anti- histamine 
activity which can be used to treat skin allergy, sensitive skin, skin inflammation 
and skin irritation (Goyarts et al. 2009).
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8.7  Conclusion

C. jabara is one of the citrus fruits usually grown locally in Wakayama prefecture, 
Kitayamamura, Japan and its nearby areas. Jabara assumed that it is a hybrid of 
other citrus species which are present in the Wakayama area, including Yuzu, 
Kunenbo (C. nobilis Lour.), and Kishu-mikan or Kishu (C. kinokuni Hort. ex 
Tanaka). Some molecular studies predicted that Kunenbo-A is a seed parent and 
yuzu is a male parent. Jabara grows naturally in Wakayama prefecture, and there is 
no need for any special kind of fertilizers other than those used to cultivate other 
citrus species. Jabara flowering time is around the month of May, and the develop-
ment of fruit and their harvesting takes between the end of November and December 
month starting. C. jabarajuice mainly contains up to 50% of its total soluble sugars 
like glucose and fructose, along with sugars, pectin oil, and citric acids. Further, 
forty-nine different compounds are reported from fruit and peel of Jabara, among 
which myrcene, limonene, and terpinene are found majorly. These compounds have 
various biological activities, such as their use against atopic dermatitis, anti- 
inflammatory and allergic asthma and COPD problems. In Japan, Jabara used for 
various allergy problems as a natural preventive substance. From Jabara various 
products are also prepared such as candies, drinks toffies, powder in confectionar-
ies, and vinegar.
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Chapter 9
Kumquat

Secil Karahuseyin and Merve Nenni 

9.1  Kumquat

Citrus, which is among the fruits with high nutritional value, grows in tropical and 
subtropical regions of the world. The genus Citrus, belonging to the Rutaceae fam-
ily, includes more than 162 species, and kumquat (Citrus japonica) is one of the 
most important. Its name comes from Chinese, consisting of two words; the first is 
“Kum” meaning golden, and the second is “Quat” meaning good fortune (Safana 
et al. 2022). 

9.2  History, Origin and Distribution 

The kumquat tree is an extremely little tropical fruit tree. It comes from China, 
where it has been farmed since the twelfth century. Given that its fruit resembles a 
very small orange, its name, “kam kwat,” is Cantonese for “golden orange.” The 
fruit has a sweet and tart flavor and is eaten whole, including the peel. It is typically 
made into a liqueur, marmalade, or sweet treat (Pawełczyk et al. 2021). The fruit 
was widely popular in China throughout the Tang (618–907) and Song (960–1279) 
dynasties and was first referenced in Chinese literature in AD 1178. Since 1712, 
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when they were identified as cultivable plants in Asia and Japan, kumquat cultiva-
tions have expanded to encompass Australia, Brazil, Argentina, California, Florida, 
South Africa, and the Mediterranean region, albeit as a minor crop (Palma and 
D’Aquino 2018). 

The genus Fortunella Swingle belongs to the Rutaceae Juss. and Subfamily 
Aurantioideae Engl., and its species can grow to be shrubs or small trees. Fortunella’s 
taxonomy and systematics have long been a mystery, with numerous writers agree-
ing that there are six recognized species within the genus, all of which are found in 
Southeast Asia. Robert Fortune, a Scottish explorer and botanist, brought the genus 
to Europe in 1846. Following its continued cultivation, in the 1880s, it gained wide-
spread recognition in Europe and was given his name. Swingle first classified the 
genus Fortunella in 1915, at which time he identified four species based on physical 
characteristics of the leaves, fruits, and seeds. F. crassifolia Swingle, F. hindsii 
(Champ. ex Benth.) Swingle, F. japonica (Thunb.) Swingle, and F. margarita 
(Lour.) Swingle were the four species that were described. However, later research 
produced a variety of viewpoints, with other authors releasing their insights into the 
novel species to increase the number. Fortunella swinglei Tanaka was printed in 
Malaysia in 1928 (Wang et al. 2022). 

Fortunella japonica Swingle,"Round” or “Marumi” kumquat, and Fortunella 
margarita Swingle, “Oval” or “Nagami” kumquat, are the two most significant cul-
tivars. The “Meiwa” kumquat (Citrus crassiflora Swingle), which is regarded as a 
natural hybrid between “Nagami” and “Marumi” kumquats, is another widely 
grown species, particularly in China, Australia and the United States. According to 
legend, the term “kumquat“derives from “chin kan” the original Chinese name, 
which has the meaning “gold orange”. The “Marumi” kumquat‘s Japanese name is 
“kin kit” or “kin kan”. The trade name for kumquats in Brazil is “kunquat”, 
“kumquat“or “laranja de ouro dos orientais” whereas the name for them in Southeast 
Asia is “kin kuit.” The most typical name in the Mediterranean region and the 
United States is kumquat. The seedless kumquats, pomelos, and other minor citrus 
fruits contributed roughly 10% of the world’s total citrus production (FAO 2006; 
Ladaniya 2008). According to estimates, Korea produced 3589 tons of kumquats in 
2001. However, trustworthy statistics sources for the global production of kumquats 
or for specific nations are not readily available (Palma and D’Aquino 2018). 

9.3  Characteristics of Kumquat  

The smallest citrus tree species are kumquats. The plant is a tiny, evergreen tree that 
is 2.5–4.5 m tall, with a small crown and spine-free limbs. The leaves are lance- 
shaped, alternating, and resemble miniature mandarin leaves. With a delicate scent, 
the white flowers are typically solitary and bisexual (Morton 1987). 

From a taxonomic standpoint, all kumquats were formerly grouped under the 
Citrus genus, but as they adapted to life in Europe, a new genus called Fortunella 
was established specifically for them. The primary interspecies variations within 
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this genus are seen in the physical traits of the fruits, particularly in their shape, 
intensity of color, and size. These factors have led to the separation of plants into 
two major categories: those with fruits in both a more rounded and an oval shape. 
The basic European species Fortunella crassifolia, also known as Meiwa kumquat, 
and Fortunella japonica Swingle (Citrus japonica), also known as Morgani kum-
quat or Marumi kumquat, are included in the first category. The species Fortunella 
obovata (Citrus obovata), also known as Fukushu kumquat or Jiangsu kumquat, 
Fortunella margarita Swingle (Citrus margarita), also known as Nagami kumquat, 
and Fortunella polyandra, popularly known as Malayan kumquat, are included in 
the group of ovoid fruit trees. Fortunella hindsii, also referred to as the Hong Kong 
kumquat in trade, is a typical ornamental kumquat with small fruits. Although there 
is currently a widespread belief that the systematics of this plant should once again 
place it in the genus Citrus, practically all of the recent scientific literature on the 
subject still refers to it by the genus name Fortunella. Regardless of their genus or 
name, all kumquat species are members of the well-known Rutaceae family, the 
subfamily Aurantioideae, the tribe Citreae, and the subtribe Citrinae. Instead of 
being classified as cultivars, the numerous kumquats are identified as botanical spe-
cies (Chen et al. 2017; Pawełczyk et al. 2021; Yasuda et al. 2016). 

Botanically speaking, the kumquat is divided into two species: Eufortunella and 
Protocitrus. Fortunella hindsii Swingle (primitive Hong Kong kumquats) are part of 
the Protocitrus species, but the Eufortunella genus also includes Meiwa kumquats 
(F. crassifolia Swingle), round kumquats (F. japonica Swingle), oval kumquats 
(F. margarita Swingle), Malayan kumquat (F. obovata Swingle). The kumquat is 
indigenous to China, particularly Taiwan, and has also been grown in Southeast 
Asia, the Philippines, Japan, and India (Li et al. 2022). 

The typical height of kumquat trees is 2.5–4.5 m, and they have a low-set crown 
with dense branches, glossy, dark-green leaves, and thorny plant developing at the 
base of the leaves. Like the majority of Citrus fruits, kumquat tree blooms are petite, 
white, also have five petals, and a potent scent. During the vegetative period, kum-
quat trees need very high temperatures for the greatest growth and fructification. 
When the temperature is between 25 and 32 °C, they grow and bloom most vigor-
ously; below 18 °C, they stop blooming. Kumquat trees are less resilient to long- 
lasting droughts as well as abundant water in the form of torrential rain or flooding. 
They can, however, resist brief frosts of up to 10 °C during the winter. Even though 
kumquats are now grown in practically all of South and Central Asia’s nations as 
well as regions of America with similar climatic conditions, only four of the six 
prominent types are actually employed in food and cosmetic products. When culti-
vated in a container system (pots), kumquats are more sheltered from the elements 
and produce more fruit. Kumquat can produce numerous so-called mixed hybrid 
variants since individual Citrus plant species are so similar to one another 
(Jayaprakasha et al. 2013). The kumquat fruit is about the size of a large olive or a 
Hungarian plum, however it can occasionally have a little more spherical form. A 
single fruit typically weighs around 12  g and the cross-sectional fruit’s 
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circumference is roughly 3 cm. Kumquats were identified as the smallest known 
Citrusfruit through an examination of its physical traits (Pawełczyk et al. 2021). 

Kumquat trees are capable of surviving severe winters with temperatures as low 
as 21 °C and sweltering summers (25–38 °C). They can therefore be grown in loca-
tions where it is too cold for other Citrus fruits to thrive. Due to the prolonged 
wintertime state of dormancy, which is only broken by the appearance of new shoots 
or blossoms after many weeks of warm weather, plants are able to withstand tem-
peratures below zero degrees for an extended period of time. Despite this, warmer 
climates are where kumquat trees thrive and yield the highest-quality fruits 
(Morton 1987). 

It is uncommon to raise kumquats from seeds.Typically, they are grafted onto 
trifoliate oranges (Poncirus trifoliata), which has been shown to be the finest root-
stock not just for field crops but also for potted crops. Although they have limited 
uses, bitter orange and grapefruit make good rootstocks. Kumquats can be planted 
in orchards at great densities. Fruit that can be picked by hand from the ground is 
made easier to harvest by reducing the canopy’s growth (Palma and D’Aquino 2018). 

The kumquat fruit (hesperidium) is a modified berry that develops from a single 
ovary. Even after the fruit is ripe, the calyx is still securely attached to the peduncle 
and does not often abscise naturally because of this (Ladaniya 2008). 

Kumquats typically weigh 12 g, a diameter of around 3 cm, and a slightly oblate 
or obovate form. In the northern hemisphere, kumquats reach maturity from late 
November until the beginning of February. The kumquat’s peel changes from green 
to orange as fruit ages and eventually takes on a golden yellow reddish-orange hue 
at its peak of maturity. The huge oily glands are seen at the same time that the peel 
becomes shiny and smooth. The finest organoleptic and nutritional qualities of the 
kumquat can only be attained on the tree, thus it must be harvested fully ripe. Fruit 
harvest, however, can be postponed for a few weeks once it has reached the most 
optimal maturation stage because prolonged retention on the plant does not result in 
substantial changes to the fruit’s physical, microbiological, or nutritional makeup 
(Kassim et al. 2016; Ladaniya 2008). 

The thin peel of the kumquat, which has a more delicate and sweet flavor than the 
fruit’s pulp, is the essentially sole Citrus fruit that is consumed with the fruit 
(Abobatta 2018). Its core is separated into segments that are 3–7  in number and 
often contain one or two bitter, essentially inedible seeds. This plant is also fre-
quently referred to as aeither a golden orange or a miniature orange because of the 
color and look of its fruit. One little tree can produce up to several thousand fruits, 
demonstrating the tremendous plant fertility. They are only used after the third year 
of growing, when the fruit has developed its best flavor and contains the most desir-
able elements (Pawełczyk et al. 2021). 

Different characteristics set kumquats apart from other Citrus fruits. The flavedo, 
which is made up of the pericarp’s outermost tissue, is pigmented, sweet, fleshy, 
tightly-clinging, thick, and edible and has oil glands. Below it, the albedo, which is 
made up of parenchymatous colorless cells, is seldom present. The endocarp of 
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kumquats is sparse and split radially into 3–6 parts, each of which is separated by 
fine membranes and contains a few small, acidic to subacid, juicy seeds, in contrast 
to most other citrus fruits where the endocarp is the main and edible portion. Since 
the rind of kumquats is sweet and fragrant and has these qualities, they can be eaten 
whole, leaving a flavor that is both pleasant and enduring (Ladaniya 2008; Palma 
and D’Aquino 2018; Tadeo et al. 2008). 

9.4  Products, Both Fresh and Processed 

The kumquat fruit should be eaten whole, including the peel. This makes it possible 
to employ them in a variety of ways. It is said that gently squeezing the fruit in the 
hands enhances the aroma and the flavor of the fruit by allowing the essential oils 
(EOs) to escape from the oil vessels. Since neither the inside of the fruit nor the 
flavor of the fruit pulp are altered by this method, the flavor of the freshly prepared 
fruit is generally a little different from that of processed goods made from crushed 
fruits. The whole fruit must be chewed for a longer period of time and kept in the 
mouth to get the most nuanced flavor effect. Because of this, the initially perceived 
taste, which is a little bit bitter, gradually transforms into an increasingly palatable 
sweetness (Pawełczyk et al. 2021). 

Kumquat fruits are occasionally candied to maintain their original form and look 
during lengthier durations of shipping and storage. Additionally, they are eaten 
whole in this fashion. Kumquat fruit can be used to decorate food products both 
fresh and candied. In addition to giving food products their own flavor, fruits also 
allow for the creation of processed preserves with an extremely unique, highly 
orange color. When flavor and aesthetics are united, it is possible to enjoy the use of 
processed preserves such as chopped fruit artificially finely or other extracts with a 
unique sweet aroma as well as entire fruits or their pieces as ornamental ingredients 
of prepared dishes (Pawełczyk et al. 2021). 

It is possible to consume kumquat fruits raw or to prepare them in a variety of 
ways. The raw fruit is typically taken whole in order to completely experience their 
organoleptic qualities. It is advised, however, to roll the fruit between your hands 
before eating in order to release the rind’s essential oils. By doing so, it will be sim-
pler to distinguish between the sweet flavor of the peel’s essential oils and the acidic 
flavor of the pulp‘s acidity. The distinctive berry flavor also lingers in the mouth for 
a considerable amount of time. Fresh fruit can be used to make a variety of dishes, 
such as salads, cakes, and sweets, as well as drinks, such “Kumquat mojitos,” a twist 
on the classic mojito in which kumquats are used in place of the typical mojito’s 
lime (Small 2011). 

Fruit salads, marmalades, jams, jellies, juices or syrups, desserts and sweets are 
some of the most significant food items made from kumquat fruits (Liu et al. 2018; 
Pieniążek 2003). The fruits are frequently used as garnishes for milkshakes, mixed 
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drinks, and cold beverages. Kumquat fruit mousse makes a fantastic addition to or 
ingredient in ice cream. For main courses made with delicate meats and fish, fruits 
that have been mechanically prepared and cooked can be utilized as a decorative 
appetizer (seasoning) (Rodrigues et al. 2018). Kumquat fruit is occasionally used in 
the brewing and preparation of fruit teas, but not very regularly (Jayaprakasha et al. 
2013). The kumquat fruit is safe to eat while pregnant or nursing in all of these 
forms (Pawełczyk et al. 2021). 

The confectionary business enjoys popularity with kumquats, where they are 
used to make marmalades or crystalline sugar-glazed candies, pectin, chocolate, or 
edible coating. Kumquats can also be cooked and added as a garnish to a range of 
fish and meat dishes, and when cooked in syrup, they go particularly well with ice 
cream as a dessert. Kumquats can flavor liqueurs when macerated in vodka or 
another clear alcohol. If they are canned, they can be kept for a long time and sold 
in nations outside of the production areas (Small 2011). 

Along with being eaten as fresh fruit, kumquats are frequently used to produce 
kumquat fruit tea by adding boiling water to a glass of kumquats (Yasuda et  al. 
2016). Due to its unique flavor and aroma, the resulting beverage is especially cher-
ished by the Taiwanese people in the winter. Chinese traditional folk medicine has 
also utilized kumquat fruit to treat respiratory tract inflammation, colds, and coughs, 
as well as to avoid blood vessel rupture and increase vascular permeability. Kumquat 
fruit is frequently transformed into a variety of items in the food production indus-
tries, including sweets, jams, syrups, fruit in spirits, and liqueur garnishes (Barreca 
et al. 2011; Rodrigues et al. 2018). However, an enormous amount of peels, pulp, 
and seed-containing byproducts are produced as a result of industrializing the kum-
quat procedure. Environmental pollution and a harm to aquatic life are caused by 
improper waste management techniques, such as the disposal of kumquat fruit 
waste or byproducts into natural water sources. Due to expensive disposal costs and 
environmental protection laws, kumquat fruit waste disposal is therefore restricted. 
This in turn spurred creative recycling of kumquat waste and byproducts into useful 
resources like biogas. Due to its high nutritional content, kumquat peel waste has 
historically been fed to ruminants in Italy. The high expense of transportation, the 
bitter taste of the byproducts that make them less palatable for animals, and the 
ignorance of animal keepers on the nutritional potential of kumquat byproducts, 
however, prevent those processing enterprises from being profitable over the long 
term (Pawełczyk et al. 2021). 

Finally, kumquats are employed as a component to provide various drinks with 
low and moderate alcohol content their flavor, scent, and look. The most popular 
among them are the kumquat liqueurs (Summo et al. 2016), which are available in 
orange and colorless varieties. They can be made in a number of ways, but typically 
by macerating whole or crushed fruits with varying concentrations of spirits 
(Rodrigues et al. 2018) before sweetening the resulting macerate. Terpenes and fla-
vonoids (Choi et al. 2000) are mostly to blame for the very sweet flavor and perfume 
of extracts used to make liqueurs, as well as for giving them a distinct green-herbal 
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scent (Pha et al. 1996). But among kumquat liqueurs, the one made only from fruit 
peels (Summo et al. 2016) is thought to be superior (Pawełczyk et al. 2021). 

The mono- and disaccharides, which make up about 9% of the fresh fruit’s 
weight, also affect the flavor of kumquat fruits. The accompanying dietary fibre, 
which is contained in one of the largest amounts among Citrus fruits and amounts 
to roughly 6.5%, has an impact on how well their nutrients are absorbed. In contrast, 
the pungency and distinctiveness of the fruit flavor are brought about by the sesqui-
terpene α-muurolene. Only 0.06% of its substance is typically reached. The kum-
quat fruit initially seems astringent and mildly spicy, but over time, it gets sweeter 
due to the combination of several chemicals that are rich in significant polyphenolic 
and fatty compounds (Pawełczyk et al. 2021). 

The various groups of compounds included in kumquat fruit are crucial in pro-
ducing its characteristic, pleasant flavor, even if the organic acids in it give it its 
notably sour character, the most significant of which are: Malic acid, citric acid, and 
oxalic acid are all present in fresh juice in amounts of 2.8 g, 0.35 mg, and 0.02 mg, 
respectively. Ascorbic acid, or vitamin C, is present in quantities of roughly 44 mg 
per 100 g of fresh fruit. Dietary fiber and vitamin C are two of the fruits’ top nutri-
tional components. They also stand out for having low levels of lipids and proteins, 
despite the latter having a very specific profile with, no matter what kind of fruit it 
is, more than 50% polyunsaturated fatty acids with a predominance of α-linolenic 
acid. However, they only provide a small amount of carbohydrates compared to 
other fruits, which have significantly higher concentrations of carbohydrates 
(Pawełczyk et al. 2021). 

According to numerous reports, kumquat fruit is a rich source of various vita-
mins and phytochemicals, including polyphenols (including flavonoids), which 
have medicinal capabilities like antioxidant, anticancer, and antibacterial activity. 
Thus, it is crucial to discuss the biochemical makeup of the different kumquat fruit 
components in order to select the best processing method for turning waste kum-
quats into beneficial byproducts that are packed with nutrients and phytochemicals 
(Li et al. 2022). 

9.5  Benefits of Kumquat Fruit for Health 

A review of the literature on kumquat fruit has been done. The facts and data col-
lected demonstrate that this plant has significant chemical, biological, or nutritional 
potential. Kumquats and their constituents’ antioxidant, antibacterial, anticancer, 
and anti-inflammatory properties have been researched (Lou and Ho 2017), but lit-
tle attention has been paid to identifying the fruit’s bioactive chemicals. Phenolic 
chemicals, particularly flavonoids, are the chemical components of the kumquat 
that have been most thoroughly explained in the literature (Pawełczyk et al. 2021). 
In order to gather, present, and summarize numerous pieces of information, particu-
larly chemical composition analysis on Citrus species, this book was decided to 
conduct a thorough review. 
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Several bioactive chemicals, including those listed in the previous section, are 
abundant in kumquat fruit. These bioactive chemicals constitute the basis for numer-
ous medicinal qualities. 

9.6  The Significance of the Kumquat’s 
Chemical Composition 

Kumquats are high in nutrients and phytochemicals when compared to other Citrus 
fruits. To learn more about the kumquat‘s nutritional and nutraceutical composition, 
several studies have been carried out. The outcomes described in the literature vary 
widely, not only in terms of nutritional composition but also in terms of secondary 
metabolite quantity and quality. This is due to a variety of factors including different 
cultural management, genetic diversity, climate conditions, production areas, and 
nonstandardized extraction and analysis methods (Palma and D’Aquino 2018). 

What stands out in the rather extensive body of literature on the chemical struc-
ture of the kumquat fruit and the associated nutritional qualities is the huge variety 
of data that is cited. This is caused by a number of factors, the most significant of 
which are by far the location and method of the climate and cultivation, quantity of 
rain, insolation, and period during which the daily average temperature sharply 
drops. Other factors include genetics, the techniques used to obtain plant raw mate-
rials, and the analytical techniques used in laboratories (Pawełczyk et al. 2021). 

Fruits rich in sugar, fiber, and microelements like kumquats are nourishing. 
According to the USDA’s Agricultural Research Service, a 100 g serving of fresh 
kumquats contains the following nutrients: 80.85  g of water, 1.88  g of protein, 
0.86 g of total lipid, 0.52 g of ash, 15.9 g of carbohydrates, 6.5 g of total dietary 
fiber, 9.36 g of total sugars, 0.62 mg of calcium, 0.86 mg of iron, 20 mg of magne-
sium, 19 mg of phosphorus, 186 mg of potassium, 10 mg of sodium, 0.17 mg of 
zinc, 0.135 mg of manganese, and 0.095 mg of copper together contribute 71 kcal 
(296 kJ) of energy (Palma and D’Aquino 2018). 

Sucrose, which has a concentration of 5.66 g/100 g of fresh weight, and fructose 
and glucose, which are found in comparable amounts (2.5 g/100 g of fresh weight), 
are the sugars that are mostly concentrated in the peel (Palma and D’Aquino 2018). 

The primary organic acid is citric acid, which has a concentration of roughly 
2.8 g/100 mL juice. Ossalic and malic acids are present, although in small amounts, 
at 0.35 and 0.02 mg/100 mL juice, respectively (Palma and D’Aquino 2018). 

Dietary fiber, carbs, lipids, proteins, carotenoids, phytosterols, flavonoids and 
other phenolic compounds, organic acids, vitamins, and mineral components are the 
most crucial nutrients found in all portions of the kumquat fruit (Rodrigues et al. 
2018). Compared to the other fruit portions, the peel has a substantially higher con-
centration of antioxidant phenolic chemicals. The flavor, taste, fragrance, addition-
ally to dietary and cosmetic uses for specific fruit sections or - as is more often the 
case for reasons of practicality - the fruit as a whole, are also influenced by a variety 
of oil vessels and glands where special EOsare maintained (Pawełczyk et al. 2021). 
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9.7  Determination of Kumquat Composition 

Citrus is a frequently preferred fruit. Although kumquat is included in this Citrus 
group, it is a fruit that is not consumed frequently, but has just begun to be con-
sumed. Kumquat is in rising consumer interest due to its exotic taste and potential 
to be healthy to consumers. Traditionally, it is consumed as a whole fruit, that is, 
with its peel and pulp, and kumquat fruit has a unique taste. For such reasons, the 
physical and chemical properties of the kumquat shell and pulp were analyzed in 
studies with kumquats (Souza et al. 2020). There are few studies on the determina-
tion of the chemical contents of kumquat fruit. One of these studies belongs to 
Souza et al. (2020) in Brazil, and the skin and pulp of kumquat fruit were used in 
these studies. The United States Department of Agriculture (USDA) (“USDA 
FoodData Central “)has conducted studies on Fortunella sp., and a comparison of 
these studies is included in a new source (Li et al. 2022). Comparative data of these 
studies are given in Table 9.1. Total energy value, carbohydrates, moisture, sugars, 
total including NLEA, and total fiber values were found to be higher than the data 
in USDA, while lipids, protein, and total ash values were found to be lower. 
However, differences were also observed in minerals (calcium, sodium, potassium, 
phosphorus, magnesium, sulfur, iron, zinc, copper, chrome, manganese, cadmium, 
nickel, aluminum, and lead), vitamins (vitamin A, C, and E) and other compounds 
(flavanones, flavones, and total phenolics). The moisture content of kumquat is 
lower than that of orange (Citrus sinensis), while the ash, fibers and lipids are higher 
than oranges(“Oranges, raw, all commercial varieties”).   

The kumquat Ca, K, Mg, and Pb are the chemical elements that are expressed the 
most. When compared to C. sinensis, the ascorbic acid concentration in kumquats 
was lower (“Oranges, raw, all commercial varieties”). Citrus fruits‘vitamin C con-
tent varies based on a number of variables, including species, ripening time, and 
harvest time. Even analysis methods can cause variability in vitamin C values. For 
these reasons, it is natural to observe changes in vitamin C values. Souza et al. found 

Table 9.1 Chemical compositions of kumquat fruits

Chemical compositions
Fortunella sp. (“USDA 
FoodData Central”)

F. margarita; peel and pulp (Souza 
et al. 2020)

Total energy value + +
Carbohydrates + +
Insoluble fiber − +
Lipids + +
Moisture + +
Protein + +
Sugars, total including 
NLEA

+ −

Soluble fiber − +
Total ash + +
Total fiber + +
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α-tocopherol (major component), β-tocotrienol, α-tocotrienol, γ-tocopherol, respec-
tively, from high to low concentrations of vitamin E compounds in kumquats. 
Kumquats also contain vitamin E, which primarily consists of α-tocopherol. 
Although there are not many sources about the vitamin E value in citrus fruits, there 
are few studies on the fact that they contain α- and β-tocopherol from vitamin E 
compounds. The total vitamin E value was found to be many times higher than that 
of oranges (de Oliveira et al. 2010). Apigenin from flavonoids and eriodictyol from 
flavanones were also detected in similar kumquat studies (Lou and Ho 2017). Total 
phenolic substances concentration in kumquat was lower than that of F. crassifolia 
(Chen et al. 2017). Typically, a fruit’s various portions contain diverse phytochemi-
cal substances. The guardian who keeps the fruit safe is the peel. As a result, the 
amounts of the various substances in the fruit and peel are varied. In comparison to 
the pulp, the peel often contains larger concentrations of phenolic and other bioac-
tive substances (Manzoor et  al. 2012). Variations in chemical composition may 
occur depending on a number of factors, including planting site, sowing methods, 
subspecies, ripening period, length of harvest, storage method, and storage period. 
It is therefore recommended to conduct further research into the biological variation 
in kumquat fruits from diverse subtypes grown in various farmed places. In light of 
this information, finding greater fruits that produce more completed items with 
strong therapeutic effects will be made simpler. Kumquat peel and pulp contain 
fruit, carotenoids, ascorbic acid, flavonoids (apigenin and eriodictyol), and signifi-
cant amounts of total phenolic components, making them a potent source of antioxi-
dants. It has a lot of vitamins and fiber. As a result, the kumquat has begun to 
establish itself in the food and nutrition industries as a new additional option of 
production and food economy. By fact, kumquat indicates strong consuming capac-
ity, but still more study is required (Souza et al. 2020). 

9.7.1  Flavonoid Compounds 

Kumquats are a significant source of secondary metabolites with health benefits, 
such as flavonoids, vitamins, carotenoids, and terpenoids, and they also have 
increased antioxidant activity (Palma and D’Aquino 2018). 

The polyphenolic chemicals, which are present in kumquat fruits in substantial 
levels and include an abundant set of flavonoids along with phloretin, which resem-
bles them strongly, and have a substantial impact on the fruit’s nutritional, health- 
related, taste-related, and cosmetic qualities of the fruits. The most significant 
flavonoid compounds found in fruits of kumquat are kaempferol, luteolin, rutin, 
margaritene, fortunellin, rhoifolin, narirutin, hesperidin, poncirin, didymin, narin-
gin, phloretin, phlorizin, phloretin-3′,5′-di-C-glucoside (Pawełczyk et al. 2021). 

The significant antioxidant activity of kumquat fruit is due to all these com-
pounds. As a result, the quantity and nature of these compounds are essential for the 
actual use of this raw material, as recognized by various researchers who, in their 
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study, several other factors that can affect the concentration of these molecules were 
taken into consideration. These factors include, among others: the plant’s regional 
background, species, utilized anatomical part (entire fruit, fruit without peel, fruit 
pulp, fruit peel only, or fruit juice), fruit processing intensity (fresh, seedless, dried), 
fruit ripeness scale, the harvesting season, extraction solvent (ethanol, diluted meth-
anol or ethanol, water-glycerol mixtures, water), and method for identifying pheno-
lic compounds (Pawełczyk et al. 2021). 

Gallic acid equivalents were used to express the overall number of polyphenolic 
compounds in each of this research, making it much simpler to compare the data 
and group them for comparison. The range of numerical numbers used to indicate 
the concentration of these chemicals was quite wide, but this was entirely justified 
by the multiplicity of variables at play (Lou et al. 2016; Pinheiro-Sant’Ana et al. 
2019; Sadek et al. 2009). The amount of phenolic chemicals found in the plant raw 
material ranged from 2.9 to 106.2  mg/g, however it most frequently oscillated 
between 10 and 30 mg/g. Based on the information gathered, in particular the work 
of Lou et al. (Lou et al. 2016), it can be said that fruit peels contain phenolic com-
position at levels that are significantly higher than those found in fruit pulp. Unripe 
fruits also contain phenolic compounds at levels that are nearly twice as high as ripe 
fruits that are ready for harvest. If the harvest date is put off long enough, the poly-
phenol content begins to rise once more. These chemicals were found at lower con-
centrations in fruit juice when measured and reported as absolute values. When the 
type of solvent is taken into consideration, it has been found that water, maybe with 
the addition of glycerol, is the most efficient for this purpose. Methanol as well asits 
aqueous solutions were found to be the least effective, with ethanol coming in third 
in terms of the volume of isolated polyphenols, followed by its mixture with water 
(Lou et al. 2016; Pinheiro-Sant’Ana et al. 2019; Sadek et al. 2009). The estimated 
antioxidant activity of the raw material is provided by a trustworthy, decent under-
standing of the quantity of phenolic compounds in the material. However, the results 
are very difficult to compare and contrast due to the wide range of techniques used 
to determine this quality and the correspondingly broad range of ways to describe 
it. As flavonoid compounds make up a portion of all phenolic compounds, calculat-
ing the total of their content and attempting to identify them allow for an approxi-
mation of their projected biological activity’s directions. This method is another 
way to assess the phenolic content in a plant (Pawełczyk et al. 2021). 

Similar broad correlations to those of phenolic compounds can be seen for flavo-
noids. Preserves made from immature fruit typically contain twice as much of them 
as preserves made from mature fruits (Kawaii et al. 1999; Lou et al. 2016; Ramful 
et al. 2011). An analysis of three different species of kumquat produced in Japan 
reveals that the variation known as F. japonica is the most abundant in flavonoid 
compounds. Flavonoids are primarily present in fruit peel. Despite the  aforementioned 
reasons, narirutin is the flavonoid that is found in the greatest amount overall. 
Rhoifolin, kaempferol, and luteolin occupy the next three positions in the list. Even 
though they are present in much smaller concentrations than the ones found in 
essential oils, other chemicals of this kind can be crucial to the antioxidant qualities 
of these fruits. Phloretin, its monoglycoside phlorizine, and 3′,5′-di-C-glucoside, 
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which are substances with strong flavonoid similarities and fall within the category 
of dihydrochalcones, are regarded as taxonomically distinctive of the genus 
Fortunella. Depending on the type of plant and the section of the plant being used, 
these chemicals can be found in quantities ranging from 1.5 to 60.2  mg/g, with 
leaves accounting for a substantial portion of their presence (Lou et al. 2015). Fruits 
are dried at 110–130 °C yield extracts with the maximum flavonoid content; use of 
a higher temperature results in a substantial reduction in the concentration of active 
ingredients and tannish color of the raw material (Ramful et al. 2011). 

The total phenolic and flavonoid content of kumquat is higher in peel extracts 
than in pulp or overripe kumquats. Immature kumquat has a total phenolic content 
that is two times higher than ripe fruit, ranging from 2346–3000  mg gallic acid 
equivalent/100 g dry extract. In contrast to Italian-grown kumquats, which had total 
phenol levels that ranged between 290 and 253 mg gallic acid equivalent/100 fresh 
weight, Greek and Egyptian kumquats had noticeably lower levels of total phenols, 
between 80 and 40 and between 100 and 40 mg gallic acid equivalent/g of peel dry 
fraction, respectively (Palma and D’Aquino 2018). 

Kumquats contain the following flavonoids: kaempferol, luteolin, poncirin, 
narirutin, rhoifolin, apigenin, hesperidin, isorhoifolin, didymin, eriocitrin, neopon-
cirin, and quercetin. 3′,5′-di-C-β-glucopyranosylphloretin, a dihydrochalcone deriv-
ative, was also discovered in the genus Fortunella (peel, 6.5–15.2 mg/g dry weight; 
juice, 1.5–10.5 mg/g). The two flavonoids Schirra et al. (2008) found to be most 
prevalent were rhoifolin and narirutin (37 and 107 mg/100 g of fresh weight, respec-
tively). Similar to this, Lou and Ho (2017) identified narirutin (2082–1348 mg/100 mg 
dried sample) as a significant flavonoid, which upon further examination revealed to 
be a 3′,5′-di-C-β-glucopyranosylphloretin. Fortunellin levels are also rather high 
(234–97 mg/100 mg in dried sample) although other flavonoid typically only appear 
in minute quantities (Cho et al. 2005; Lou and Ho 2017; Schirra Mario et al. 2008). 

9.7.2  Carotenoids

The carotenoids found in mature kumquat fruits are important for cosmetics as well 
as nutrition and health. Although the majority of sources state that they only make 
up a small portion, their distinct color is crucial to the instrumental and organoleptic 
properties of the goods made from kumquat fruits. Except for the genres known as 
Hong Kong kumquat (Zhang et  al. 2009) and the Brazilian variant (Pinheiro- 
Sant’Ana et al. 2019), these Citrus are completely devoid of β-carotene, which is 
arguably the most prevalent carotenoid pigment in the plant kingdom. However, the 
kumquat fruit’s remaining carotenoids can give foods, drinks, and cosmetics made 
from them the golden orange color. According to literature data, the most important 
carotenoids present in kumquat fruits are violaxanthin, β-citraurin, β-cryptoxanthin, 
lutein, neochrome, mutatoxanthin and auroxanthin. Violaxanthin, citraurine, and 
cryptoxanthin are the most prevalent carotenoid components. The latter two, which 
take the form of fatty acid esters, are discovered to be the most prevalent in the 
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Brazilian type. The two chemicals with the highest quantities in this group, lutein 
and β-cryptoxanthin, are those that are reported the most frequently (Pawełczyk 
et al. 2021). 

Carotenoids are more abundant in the peel, whereas the pulp contains only a 
trace amount. Schirra et al. (2008) discovered 1.27 mg of total carotenoids per 100 g 
of edible portion. Agócs et al. (2007) discovered that the peel contains 16.9% vio-
leoxanthin, 16.6% β-citraurin, 11.4% β-cryptoxanthin and 9.8% violaxanthin as 
main components and 5.7% cryptochromes, 5.5% lutein, 3.7% luteoxanthin, 2.8% 
β-cryptoxanthin, 2.4% β-citraurins, 1.7% violaxanthin 1.5% neochrome, 0.9% 
ξ-carotene and 0.2% α-cryptoxanthin as minor components (Agócs et  al. 2007; 
Palma and D’Aquino 2018; Schirra Mario et al. 2008). 

9.7.3  Phytosterols and Related Compounds 

Phytosterols and their related chemicals constitute a significant group of substances, 
despite their minor presence. The sterol fraction contained sitosterol, stigmasterol, 
and campesterol at concentrations of 7.04, 1.33, and 1.02 g/g of fruit dry matter, 
respectively. These compounds prevent cholesterol from being absorbed and raise 
its level. Additionally, this percentage contains lupenone and amyrin, each present 
in amounts of 10.45 and 8.43 g/g of dry fruit mass. Another very significant truth is 
that the kumquat fruit doesn’t contain any cholesterol at all, not even in trace 
amounts, as numerous authors of thorough research have noted (Pawełczyk 
et al. 2021). 

Dodecanol-1 (correspondingly 20.8% and 12.9%) and linoleic acid (correspond-
ingly 16.3% and 13.1%) had been discovered in the hexane extract of the fruit peel 
and pulp (Koyasako and Bernhard 1983). Additionally, the essential oils from kum-
quats have limonoids, which can be found in concentrations of up to 0.095% and are 
modest but significant. The main ones are limonin, which has a concentration of 
1.44 g/g, and nomilin, which has a concentration of 0.16 g/g. However, they are 
chiefly accountable for their insecticidal function, which gives the oils and fruit 
their initially slightly bitter flavor (Pawełczyk et al. 2021). 

9.7.4  Vitamins

Vitamins areone of the mostsignificant secondary metabolites in kumquat fruits. 
Vitamin C (43–20  mg), total folate (17  g), vitamin B3 (0.04  mg), vitamin B5 
(0.037 mg), vitamin B1 (0.03 mg), vitamin B6 (0.03 mg), vitamin A (290 UI), vita-
min E as α-tocopherol (0.15 mg), and total vitamin E (1.19 mg) make up the vita-
mins in a 100 g serving of fresh kumquat (Palma and D’Aquino 2018). 
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9.7.5  Essential Oils (Volatile Oils) 

The essential oils (EOs) that kumquat and other citrus fruits possess, in addition to 
the aforementioned components, affect their flavor. The essential oil from kumquats 
is a clear, translucent liquid with a faint golden hue. The ingredients in it have an 
impact on almost all of the fruit’s functional qualities, including flavor, aroma, and 
health-promoting qualities as well as any possible cosmetic uses (Choi 2005; 
Koyasako and Bernhard 1983; Quijano and Pino 2009a, b). 

It consistently held the highest level oflimonene, which has far more of than all 
the other components combined, despite the fact that numerous research organiza-
tions have discovered and recognized a huge number of separate components in the 
EOs. Since it does not contribute to the flavor, fragrance, or scent of the essential oil, 
this monoterpene does not significantly contribute to its composition. This is so that 
this characteristic effect can only be produced by the combination of the ingredi-
ents, which are present in minute amounts and determine these features (Schirra 
et al. 2011). The most significant constituents of kumquat EOsare α-terpinene, gera-
niol, sabinene, γ-terpinene, citronellal, 1-p-menthene-8-thiol, terpinolene, 
terpinene- 4-ol, 1-p-menthene-9-thiol, myrcene, p-mentha-1-en-9-yl-acetate, 
β-pinene, neral, citronellyl acetate, geranial, camphene, α-muurolene, γ-muurolene, 
bicyclogermacrene, β-elemene, δ-elemene, nootkatone and hinesol. These elements 
are in charge of giving the oil its smell and other useful qualities (Pawełczyk 
et al. 2021). 

Although kumquats only contain a little quantity of citronellyl acetate, it is the 
essential oil that gives it its distinct scent in the case of kumquats (Choi 2005). The 
following compounds are also important for kumquat fruit fragrance: sabinene, 
α-pinene, myrcene, camphene, β-elemenen, bicyclogermacrene, terpinen-4-ol, and 
p-menth-1-en-9-yl acetate. All of these compounds have a high relative fragrance 
activity (RFA) value of over 2.5 and a high dilution factor (FD) value of over 5, 
which point to the essential oils‘beneficial fragrance qualities as a blend of various 
elements (Pawełczyk et al. 2021). 

Kumquat essential oils have a strong, expressive scent that is a little evocative of 
many spice scents used in cooking. The most significant chemicals that are thought 
to make such an impact are as follows: γ-terpinene, citral, nootkatone, geraniol, 
citronellal, terpinolene, and α-terpinene. The elements of kumquat EOsalso affect 
their antioxidant activity (Choi et  al. 2000). Despite being present in extremely 
minute amounts in the essential oils, the latter compounds significantly affect their 
anti-free radical activity. 

Although its general profile is rather stable (Schirra et al. 2011), the composition 
of EOsis not consistent and changes depending on a variety of conditions. These 
factors can be the kind and species of fruits from which the EOswere extracted, their 
regional background, the anatomical component of the fruit that served as the oil’s 
source material, the fruit’s level of ripeness, or the method used to extract the oil. 
When the latter element was examined, it was discovered that steam distillation fol-
lowed by 15 min of 90 °C water heating of the raw material was the most efficient 
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way to extract essential oils from kumquat fruits (Peng et al. 2013). There have been 
attempts to extract the essential oils using carbon dioxide under supercritical condi-
tions, however the procedure had no discernible impact on the product’s composi-
tion. The thin kumquat fruit peel is the most effective plant component for extracting 
food oils (Pawełczyk et al. 2021). 

Additionally, depending on the manner of processing, the literature’s data on the 
volatile compounds of goods made from candied kumquats varies (Hu et al. 2019). 

The essential oil content of kumquat tree leaves was investigated (Quijano and 
Pino 2009a; Satyal et al. 2012; Sicari and Poiana 2017). The findings of these inves-
tigations suggest that the average amount of EOsin the leaves is slightly lower and 
that their composition is slightly different. This oil does not have many practical 
uses because of the composition’s impact on the important functional organoleptic 
qualities. 

In the literature on the essential oil composition of kumquat leaves reveals that 
the small changes in the composition of substances that are present in low concen-
trations have a big impact on the essential oil‘s aroma and fragrance as well as its 
potential for use in both food and cosmetic products. 

9.7.5.1  Chromatographic Analysis of Essential Oils  

The field of analytical chemistry gives both qualitative and quantitative information 
about chemical properties of a substance. In 1900, chromatography was invented. 
Tsvet, a botanist, researched plant pigments called chlorophylls. Tsvet created a 
method for extracting specific chlorophylls from a plant extract. His approach was 
known as “chromatography” (from the Greek khroma). In a little more than a 1900s, 
chromatography has developed into a number of different subtypes, each of which 
enables us to separate molecules for a wide range of pharmacological, environmen-
tal, chemical, and biological purposes. 

Separating, identifying, and quantifying an essential oil‘s constituent parts are 
typically necessary for analysis. The analysis method of choice for essential oil 
components is capillary gas chromatography due to their volatility and polarity. 
Even though essential oils are typically complicated blends of elements with com-
parable physico  - chemical properties. Typically, a comprehensive essential oil 
 separation can be achieved by mixing two stationary phases with distinct polarities 
(Rubiolo et al. 2010). 

According to international definitions, an essential oil is a substance made 
through hydrodistillation via an optimal mechanical technique without warming a 
plant or a portion of it, whether it would be steam distillation, dry distillation, or 
another method(“ European Pharmacopoeia” 2008). A combination of volatile 
chemicals in an element of vegetable origin which may be analyzed due to their 
capacity to vaporize naturally and/or under the right circumstances or methods is 
generally referred to as a “volatile components.” 

Furthermore, EOs and headspace contents have frequently been contrasted and 
just not identified in a number of papers. The amounts of a sampleacquired with the 
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two procedures could not be matched, despite the fact that the compositions of an 
EOsand the corresponding headspace sampled by various methods are occasionally 
identical. Given that they were collected using completely distinct methods, this had 
a significant impact on both the qualitative and quantitative compositions that were 
produced. That point becomes evident when comparing the descriptions of EOsand 
headspace that were previously mentioned. One such method is headspace sam-
pling, which takes samples of the fluid or gaseous phase that is (or is not) in balance 
with a liquid or solid media in analysis to define its content (Rubiolo et al. 2010). 

Prepare a Sample  Main methods used in sample preparation: vacuum distillation, 
hydrodistillation, steam distillation, solvent extraction offline combined with distil-
lation, simultaneous distillation with hydrodistillation, extraction, supercritical fluid 
extraction, and microwave assisted extraction, static, dynamic, and high concentra-
tion capacity headspace sampling. The volatile percentage can be sampled using a 
variety of traditional methods. It needs to be emphasized once more. Using steam 
distillation, cold expression for citrus, and hydrodistillation, essential oil is pro-
duced (Rubiolo et al. 2010). 

Kumquat essential oils have reportedly been shown to have strong pharmaco-
logic and wellbeing properties. Numerous studies on the chemical components of 
EOsfrom kumquat fruit that contribute to its biological properties have been carried 
out during the past few years. Therefore, it is essential to examine the biological 
makeup of EOsfrom various kumquat segments. 

When compounds approach the detector, they are disassembled into smaller 
pieces that are then individually sorted and counted based on their mass. The entire 
process happens so quickly, multiple times every second. Very huge number of vol-
atile compounds can be found using GC/MS. Several fragments of a molecule will 
result based on its conformation. Additionally, it’s crucial to keep in mind that each 
component that enters the detector represents thousands of identical molecules 
doing so simultaneously. For a particular molecular structure, some fragments will 
statistically appear more frequently than others because they are simpler to 
synthesize. 

The ultimate result is a mass spectrum that summarizes the ratios of all mass 
pieces detected by the detector at a particular instant in time. Next, this spectrum 
can be evaluated by comparing to standard chemical libraries. The same molecule 
will produce highly similar mass spectrum when handled by equivalent MS equip-
ment, that may be thought like a fingerprint. MS is incredibly effective at perform-
ing identification checks. For one molecule, the fingerprint is frequently highly 
particular. Datasets of reference substances had already been created. Additionally, 
a lot of laboratories gradually develop its own datasets using standards or by com-
paring them to the scientific literature, which also includes a lot of spectral refer-
ences (Adams 2007; Bicchi et al. 2008; St-Gelais). 

Nouri and et al., in their study, investigated the content and antioxidant activity 
of C. japonica peel and seed. This essential oil obtained by hydrodistillation of 
C. japonica peel and seed is yellow in color. The findings obtained from the analysis 
of the EOs of C. japonicapeels and seeds by GC/MS are given in Table 9.2. While 
limonene, germacrene, and β-myrcene have been identified as the primary 
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components in peel oil, both of these compounds were also found in varying 
amounts in the EOs of the seed, along with β-phellandrene. In the end, it was dis-
covered that the EOs extracted from kumquat peel contained six monoterpenoids 
(limonene, β-myrcene, β-phellandrene, (+)-carvone, and α-pinene), five sesquiter-
penoids (germacrene D, δ-cadinene, germacrene B, and γ-cadinene), two oxygen-
ated monoterpenes (geranyl acetate, (+)-carvone), one oxygenated aromatic 
compound (myristicin), and oil constituents. Five monoterpene hydrocarbons limo-
nene, β-myrcene, β-phellandrene, (+)- carvone, α-pinene), six sesquiterpenoids 
(germacrene D, δ-cadinene, germacrene B, γ -cadinene, γ-elemene, γ-muurolene), 
and two oxygenated monoterpenes (geranyl acetate and (+)- carvone) were the main 
components of the kumquat kernel essential oil. Limonene has been discovered as 
the primary oil ingredient in the EOsextracted from the peel and kernel of C. japon-
ica. These oils were distinguished by significant concentrations of sesquiterpenes 
(germacrene D) and monoterpene hydrocarbons (limonene and -myrcene). Also, 
there are many studies on terpenes having antioxidant activity. Unsaturated fatty 
acids are another typical constituent of volatile oil. In the food, cosmetics products, 
fragrance, and drug companies, unsaturated fats are utilized as flavoring and aroma. 
This study demonstrated that the volatile oil of C. japonicapeel and seed included 
major portion of the unsaturated fats alpha-linolenic and linoleic from unsaturated 
fats. Unsaturated fats decrease blood cholesterol and protect against cardiovascular 
disease. It can be said that the whole fruit of C. japonica, which is often eaten as a 
food in Iran, is a readily available naturally occurring source of antioxidants and 
may have beneficial benefits on health (Nouri and Shafaghatlonbar 2016).   

Wang et al. used their hands to remove the peels from kumquat fruits from the 
Fortunella crassifolia Swingle species. Fresh peelings were blendedbefore being 
hydro-distilled for 4 h with a Clevenger-style device. The EOs was extracted using 
water, dried using anhydrous sodium sulfate, and then kept in a freezer at 4 °C for 
analysis. The obtained essential oil performed by GC-MS analysis. Table 9.2 lists 
the twenty-five components that have been determined. Like in other citrus fruits, 
terpenoid hydrocarbons were the significant ingredients. The content of limonene 
(approximately 75%), which is the major component in the EOs obtained from the 
peel of F. crassifolia, is high. This content is followed camphene, myrcene, α-pinene, 
α-selinene, β-elemene, and 3,4-dimethyl styrene with low amounts of p-cymene, 
α-copaene γ-terpinene, bicyclgermacrene, and 2,7-dimethyl-1,6-dioctadione (Wang 
et al. 2012). In the studies of Moufida et al. in blood orange, one of the citrus spe-
cies, the limonene content was found to be approximately 63% (Moufida and 
Marzouk 2003). In research by Choi, a GC-MS analysis revealed that limonene was 
present in approximately 93% of the samples. This study examines the aroma ele-
ments in the essential oil that was extracted using the cold pressing technique from 
the peel of F. japonica. Limonene served as the report’s main component (Choi 
2005). The odor profile of the bark oil is fruity, sweet. Top notes are woody and base 
notes are oily. The aroma threshold levels of the volatile substances that are eluted 
from the gas chromatography column are the basis of gas chromatography−olfac-
tometry (GC-O) procedures. The peel oil of F. japonica Swingle contained 82 dis-
tinct components. 27 hydrocarbons, 8 aldehydes, 25 alcohols, 4 ketones, 10 esters, 
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5 oxides and epoxides, and 3 acids were all present in the essential oil. There were 
found to be several monoterpenes in peel essential oil. The main substance is limo-
nene, even though other frequent molecules include myrcene and ethyl acetate 
(Choi 2003; Minh Tu et al. 2002). Although limonene made up a significant fraction 
of the peel oil generally, as observed in many other Citrus fruits, its distinctive 
scents were found to have little effect on the flavour effect. According to this, the 
tiny ester molecule citronellil acetate may be what gives kumquat peel oil its dis-
tinctive scent. However, when the works of Wang (Wang et al. 2012) and Choi (Choi 
2005) were evaluated, it was discovered that the amount of limonene in the peel oil 
of F. crassifolia was significantly lower than that of F. japonica peel oil. The amount 
of α-pinene in the EO was similar to that reported for F. japonica peel oil. But it was 
discovered that the levels of myrcene, camphene, α-selinene, and alcohols (carveol, 
linalool, p-mentha-1,5-diene-8-ol and spatulenol, p-mentha-2,8-dien-1-ol) were 
higher than those previously reported for F. japonica peel oil. Similar to the peel oil 
from F. japonica, there were little ketones, esters, and aldehydes present (Choi 
2005; Wang et al. 2012). 

Cells in the fruit surface that create essential oils are found there. These oils 
vaporize in the presence of wind and warmth. Consequently, they were known as 
volatile oils (Chen et  al. 2016). Fortunella crassifolia Swingle fruit essential oil 
extraction by steam distillation was 0.71% (w/w) in a study by Chen et al. The vola-
tile compounds of volatile oils were identified using GC-MS. There were 48 sub-
stances found. These substances were divided into groups based on their chemical 
structures: 11 monoterpenes, 13 sesquiterpenes, 11 aldehydes, 16 alcohols, 6 esters, 
and a ketone. The largest concentration of these chemicals was found in limonene, 
which was accompanied by concentrations of -myrcene, -pinene, germacrene- D, 
-terpineol, and geranyl acetate. The flavour and aroma of essential oils are not 
derived from their terpene components. These terpene molecules, which made up 
about 98% of the EO in the F. crassifolia Swingle fruits, were discovered to be the 
primary constituents of the oleoresin in the studied samples. Due to the fact that 
terpenes are both light and temperature sensitive. Terpenes can degrade when they 
are stored. Limonene undergoes oxidative destruction as a consequence of thermal 
stress. Due to the fact that terpenes are both light and temperature sensitive. Terpenes 
can degrade when they are stored. Limonene undergoes oxidative destruction as a 
consequence of thermal stress. Due to this circumstance, oxidized monoterpenes or 
monoterpene hydrocarbons are formed. 

The oxidative breakdown of limonene results in the formation of the terpineol 
and carvone molecules (Wang et al. 2012). The molecules terpineol and carvone are 
both widely recognized for their role in the deterioration of the flavour and taste of 
Fortunella juices. 

However, it has been determined that linalool plays a significant role in the 
Citrus/Fortunella fruits’ distinctive flowery scent (Rouseff et al. 2009). The aroma 
of linalool is flowery. Linalool works in concert with some other substances to 
enhance the general flowery fragrance. The base odor cannot exist without limo-
nene. Aliphatic aldehydes are among the citrus’s fortunella bioactive substances, 
and limonene is one of them. Additionally, limonene emits a sweet waxy scent and 
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a scent resembling Fortuınella peel (Liu et  al. 2012a, b). The distilled process 
includes a crucial component called deterpenation. Deterpenation improves flavour 
stability and resistance to oxidation. Additionally, it affects the amount of volatile 
chemicals. As the condensation increases, the terpene compounds decrease and 
hence an increase in the oxygenated compound is caused (Torres-Alvarez et  al. 
2017). While this study is supported, several physiological responses are indepen-
dent of a particular chemical. Different substances have combined effects that are 
more powerful than the impacts of any one ingredient by itself. In this study, the 
essential oils, flavonoids, and phytosterol compositions of the two fruits (calamon-
din and kumquat) were examined. The current study’s findings not only reveal the 
nutritious content of kumquat and calamondin when they are eaten as fresh fruits, in 
addition they serve as a foundation for evaluating their numerous by-products (Chen 
et al. 2017). 

Liu et al. (2019) conducted a study on the chemical contents of Fortunella crassi-
folia Swingle fruits at five different stages of development. Depending on how 
many days had passed since flowering, samples of fruits were taken from the top 
layer of the canopy at five different phases of development ((Stage 1 (S1): 30 days 
after flowering, Stage 2 (S2): 60 days after flowering, Stage 3 (S3): 90 days after 
flowering, Stage 4 (S4): 120 days after flowering, and Stage 5 (S5): 150 days after 
flowering). Each fruit’s flavedo portion of the peel was removed. Followed by head-
space solid phase micro-extraction gas chromatography mass spectrometry analysis 
of the fruits (HS-SPME-GC/MS). The samples were put in a tube for HS-SPME 
analysis. After that, samples were turned into a powder using a blender after being 
frozen in liquid nitrogen. Between the stages of fruit growth, various differences in 
volatile compounds were seen. However, abundance of a number of significant 
compounds was seen at a high level at fivephases. In five stages, limonene predomi-
nated, followed by myrcene and germacrene-D. This outcome is consistent with 
findings that have already been reported (Sicari and Poiana 2017). Additionally, 
some of the more plentiful components were linalool, γ-elemene, δ-cadinene, 
α-amorphene, geranyl acetate, 2-isopropyl-5-methyl-9-methylene, β-elemene, 
dec-1-ene, and α-cubebene were also among the more abundant components. The 
pattern of essential oil buildup and fruit growth were not in lockstep. According to 
the findings of this study, fruit growth and surface area gain occurred more quickly 
throughout fruit development rather than during the maturationstage. Also, they 
argued that the two key elements governing volatile oils production in nature were 
the distribution of carbohydrates and the biological role of volatile components. 
There are numerous competing needs for carbs during the developmental phase. As 
a result, photosynthesis primary role should continue to be the production of fruit 
peel. When a fruit is ripening, its growth progressively stops, and the production of 
chlorophyll finally stops altogether (Iglesias et  al. 2007). At every stage of fruit 
growth, limonene was consistently present in the highest concentration in the essen-
tial oils, with a steady ratio of roughly 70%. In the final phases of fruit growth, the 
amount of chemicals linked to disease resistance and rich aroma decreased (Liu 
et al. 2019). 
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In their study, Sicari et al. (Sicari and Poiana 2017). compared the principal com-
ponents of the EO obtained from the kumquat (Fortunella margarita Swingle) peel 
using solvent extraction, hydrodistillation, and supercritical carbon dioxide extrac-
tion. The hydrodistillate of kumquats was a colorless oil. The perfume of kumquat 
hydrodistillate essential oil is similar to that of the fruit. The extract of pentane was 
a reddish oil. The aroma of pentane extract essential oil is particularly potent. Red 
oils made up the supercritical extracts. White substance precipitates from the super-
critical extraction of EO. The substances discovered by GC/MS analysis. Six ter-
pene alcohols, one terpene ketone, one terpene aldehyde, four terpene esters, eight 
monoterpene hydrocarbons, and four sesquiterpene hydrocarbons were all quanti-
fied, for a total of 24 different substances. According to previous published papers, 
the main ingredient, limonene, has a high concentration in the essential oil made 
from kumquat peels (around 96%), followed by myrcene and germacrene-D (Chen 
et  al. 2013). In comparison to Fortunella japonica peel oil (Choi 2005) and 
Fortunella crassifolia peel oil (Wang et al. 2012), Fortunella margarita peel oil (in 
this study) had a higher limonene content. According to Schirra et al. (2008), mono-
terpene compounds were the most prevalent in the oils extracted using the four 
distinct procedures because of the high limonene concentration. Limonene inhibited 
the development and spread of human gastric cancer transplanted in mice via having 
antiangiogenic and proapoptotic effects (Lu et al. 2004). 

In comparison to essential oils derived through steam distillation and solvent 
extraction, those obtained through supercritical carbon dioxide extraction exhibit 
higher concentrations of linalyl acetate, neryl acetate, and geranyl acetate. This con-
dition is unquestionably brought on by these chemicals’ solubility in water. A com-
parable pattern for the sesquiterpene content may be seen. Consequently, the GC/
MS analysis of kumquat (F. margarita) essential oil revealed that monoterpenes are 
the class of component found in the oil in the greatest number, with a value of 
roughly 98% in all oils studied. The monoterpene component with the highest con-
centration is limonene. The variations in the extraction techniques utilized are not 
particularly evident in these statistics. The essential oil extracted by supercritical 
carbon dioxide has a higher concentration of esters and sesquiterpenes, in 
 comparison. The taste and scent of the extract may significantly increase as a result 
of the increasing ester concentration (Sicari and Poiana 2017). 

Fitsiou and et all. (Fitsiou et al. 2016) shared the findings of another research. 
For extracting the fruit peel from F. margarita fruits, they used hydro-distillation. 
They used GC/MS analysis. They found 45 different chemicals. The major compo-
nent (93.8%) was limonene. Other significant substances included myrcene (2.7%) 
and δ-germacrene (1.34%) (Fitsiou et al. 2016). 

Again, using the steam distillation process, Liu and et al. (2012a, b) extracted 
EOsfrom F. margarita leaves and fruits. The EOsfrom F. margarita leaves were also 
used to identify 27 chemical according to earlier research by compounds using the 
GC/MS method. 10 alcohol, 10 terpenes, 2 aldehydes, 3 esters, 1 ether, and 1 phenol 
are among the constituents. Linalool had the largest relative level in our experiment, 
at around 27%, followed by citronellal and elemi, at about 5% and 9%, respectively. 
Linalool is a key basic element of spice in the perfume business and is utilized 
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extensively in both every day and culinary perfume formulas. It also has certain 
therapeutic benefits, including antibacterial, antiviral, and sedative properties. 
Citronellal has inhibitory effects on fungi, Staphylococcus aureus Rosenbach, and 
Salmonella typhi in addition to acting as an insect repellent and perfume. Elemi is a 
brand-new non-cytotoxic anticancer medication that is now being used in clinical 
settings, particularly for the treatment of cerebroma, liver cancer, and lung cancer. 
Citral also effectively kills and drives away insects, preserves, and kills and depresses 
fungus. The pharmacological activity of F. margarita leaves depends on the afore-
mentioned chemical components that were previously discussed. 

A total of 34 chemical constituents were found in the essential oils found in the 
fruit peels of F. margarita. 4 terpenes, 12 alcohol, 4 aldehydes, geranyl acetate, 
carvol, pentylcyclopropane, and palmitic acid are among the constituents. Wherein 
terpenes made up 89% of the total and were the predominant constituents. 
D- limonene, p-myrcene, a-pinene, p-caryophyllene, and linalool were among those 
present in them, with respective contents of around 73%, 7%, 2%, 2%, and 1% 
being higher than 1% and others being below 1%. D-limonene has a number of 
therapeutic properties, including cholagogue, gallstone dissolving, energy regulat-
ing, appetite stimulating, pain relieving, and tumor preventing actions. Myrcene, 
which has anacidic flavor of pine, is frequently used to make tropical fruit juices like 
papaya, mango, carrot, bergamot, orange, and orange juice. 

In this study, when the essential oil components from leaves and fruits were 
compared, 13 chemicals were found to be the same in terms of content, but their 
amounts were different. These compounds: α-pinene, linalool, geranyl acetate, 
p-elemene, geraniol, terpene, 3-caryophyllene, α -caryophyllene, 6-cadinene, α -ter-
pinol, aristolene, α -cadinol and citral. 

In comparison to F. margarita leaves, the relative number of other components 
was lower in the fruit peels. D-limonene concentrations in essential oils from 
F. margarita fruit peels were greater than those found in citrus fruit peels, which is 
consistent with previous findings. D-limonene was not discovered in the essential 
oils extracted from F. margarita leaves, though. Linalools relative concentration in 
F. margaritaleaf essential oils was 26.55%, compared to just 1.62% in fruit peels. 
The chemical composition and relative concentration of fruit peels and leaves of 
F. margaritaalso differed significantly (Liu et al. 2012a, b). 

According to Nabaweya et all (Ibrahim et al. 2015). study, hydrodistillation was 
used to create the essential oils from the fresh F. margarita Lour. Swingle (Family: 
Rutaceae) leaves and fruits. Twenty substances, or 86.96% of the total leaves oil, 
were found in the oils of both organs after their oils underwent GC/MS analysis. 
The principal chemicals were eudesmol, murolene, and gurjunene. There were dis-
covered to be fourteen fruit oil-derived chemicals in the oil of the fruits. Terpineol, 
t-carveol, limonene, muurolene, and cadinene are some of these ingredients that are 
important ones. Terpineol has been obtained from a number of naturally occurring 
monoterpene alcohols, including petitgrain oil, cajuput oil, and pine oil. Alpha-, 
beta-, and gamma-terpineol are its three isomers, with the final two changing only 
in where the double bond is located. α-terpineol is often the main component of 
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terpineol, which is typically a combination of these isomers. It is frequently used as 
a component in tastes, cosmetics, and fragrances because of its lovely lilac-like 
aroma (Yao et al. 2005). There were 27 chemicals found in the leaves of F. mar-
garita, according to earlier research by (Liu et al. 2012a, b), while 34 compounds 
were found in fruit peels. Both parts differed in their primary structural elements. 
Using headspace solid phase micro-extraction in combined with GC/MS, the vola-
tile contents of 3 types of kumquats (F. crassifolia, F. japonica, F. margarita) were 
identified. The 3 kumquat types had 28 different ingredients. The amount of 
D-limonene, which is the major component, is F. margarita, F. japonica, F. crassi-
folia, from largest to smallest. Also present in all sample essential were α-pinene, 
β-elemene, D-limonene, δ-cadinene, cis-α-cadinene, iso-caryophyllene, and acetic 
acid esters. Additionally, each type of kumquat has its own parts. i.e., F. crassifolia 
Swingle includes 4-carene; F. margarita Swingle includes D- germacrene, cedrene 
and linalool; F. japonica Swingle includes ocimene, isopropyl palmitate, 
2,6,10,14-tetramethyl-heptadecanoic, 2,6-ditert-butyl-4-butyl phenol, cubaene, and 
limonene (Ibrahim et al. 2015; Zhonghai et al. 2009). 

In this work (Al-Saman et al. 2019), hydro distillation was used to get EOs from 
the peels of kumquat fruit. To identify the volatile compounds of the essential oil, 
GC/MS analysis was performed. Six substances were recognized and categorized as 
monoterpenes and sesquiterpenes based on their chemical configurations. Four 
monoterpenes (limonene, α-myrcene, α-pinene and sabinene) and two sesquiter-
penes (D-germacrene and bicyclogermacrene) were present in the essential oil (Al- 
Saman et al. 2019). 

In another study (Güney et al. 2015), one of the significant tropical fruit species 
which already lately been invented to Turkey is the kumquat. It fits the Turkish 
Mediterranean region beautifully. Quite several researches have concentrated on the 
kumquats chemical components; the majority of early study on this fruit focused on 
adaptability and pomological features. Farmers in Turkey began their farms after 
realizing the nutritional benefits of kumquats. Accordingly, the lipids, fatty acid, 
and volatile components of the fruits of five different kumquat species F. crassifolia 
Swingle, F. hindsii (Champ. ex Benth.) Swingle, F. margarita (Lour.) Swingle, 
F. obovata Hort. ex Tanaka, and limequat [Citrusaurantifolia × F. japonica 
(Thumb.)] were compared in this study. Gas chromatography with flame ionization 
detection (GC/FID) and headspace gas chromatography mass spectrometry (HS- 
GC/MS) techniques were used to identify volatile patterns. By using a headspace 
approach, the volatile components of kumquat fruits were extracted. As a result, 39 
substances were discovered, and terpenes emerged as the dominant chemical class 
across all kumquat genotypes (Table  9.3). Additionally found were esters, alde-
hydes, alcohols, and ketones. The results of the current study showed that the kum-
quat fruit genotypes varied according to their fatty acid, lipid, and volatile ingredient 
compositions, and that the fruit had a significant amount of wellbeing chemo- 
preventive effects (Güney et al. 2015).   
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Table 9.3 Major compounds and groups of essential oils obtained from kumquat species cultivated 
in Turkey

Compounds
Fortunella 
crassifolia

Fortunella 
hindsii

Fortunella 
japonica 
(Thumb.)

Fortunella 
margarita

Fortunella 
obovata

Hydrocarbons Methylbutenol + + − + +
n-decanal − − − − +
n-Decyl acetate − + − − +
n-Hexanal + + − + +
n-nonanal + − − − +
n-Octanal − − − − +
n-Pentanal − + − − +
Octyl acetate − − + − −
Octyl alcohol − − − − −
Pent-1-en-3-one − − − + −
Trans-2- Pentenol − + − − −
1-Pentene-3-ol − + − − −

Monoterpenes Camphene − + + + +
Carvol + + − − +
Cymenene + + + + −
D-limonene + + + + +
Linalyl acetate − − + − +
Linalyl alcohol + − − − +
Perillyl acetate − − − − +
Pinene + + + + +
Trans-Carveol − + − + −
Terpinolene + + + + +
𝛼-Phellanderene − − + + +
𝛼-Terpinene + + − + +
𝛼-trans-
 Bergamotene

+ − + − −

𝛽-Bisabolene + − + − −
𝛽-Myrcene + + + + +
𝛽-Phellandrene + + + + +
𝛾-Terpinene + + + + +
(−)-𝛽-Pinene + − + + +
4-Terpineol + + − + +

Sesquiterpenoids Aromandendrene − − + + −
Caryophyllene − − + − −
D-GermacreneN + − + − +
Neryl acetate − − + − +
𝛼-Cubebene − − + − −
𝛽-Elemene + − + + −
𝛿-Cadinene + + + + +
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9.8  Biological Activities of Kumquat  

The scavenging of free radicals and the regulation of oxidation processes, both of 
which are linked to cellular aging and the emergence of most diseases, are activities 
that naturally take place in the human body and are aided by food antioxidants. Over 
the last few decades, new information has been available regarding the function of 
fruits and vegetables’ radical scavenging activity in the variety of chronic 
diseases‘treatment and prevention. Studies have found that kumquat extracts have 
important antioxidant and antibacterial effects. In addition to their capacity to influ-
ence numerous enzyme systems’ productiveness in a positive way, phenols and fla-
vonoids in particular demonstrate a variety of biological consequences, such as 
antioxidant activity. The primary ingredients in kumquat extracts that contribute to 
the free radical scavenging activity are flavonoids. This is supported by the observa-
tion that during the ripening process, antioxidant activity falls at the same rate as 
flavonoid concentrations. Antioxidant capabilities are also present in essential oils, 
but the relative contributions of the various components vary greatly. For instance, 
the radical scavenging activity of limonene and myrcene was low, whereas that of 
α-terpinene, citral citronellal, geraniol, nootkatone, and terpinolene was higher. 
Despite making up a small portion of the essential oils from kumquats, the terpenes 
γ-terpinene and terpinolene are thought to be significant contributors to the fruit’s 
overall capacity to scavenge free radicals (Palma and D’Aquino 2018). 

Despite recent scientific evidence supporting the kumquat‘s anti-aging proper-
ties and the healthful effects of its many bioactive compounds, traditional medicines 
in areas where kumquats are commonly grown, like China, have long recognized 
the fruit’s role in promoting health and lowering the risk of disease. These proper-
ties have been linked to the prevention of cancers, infectious diseases, cardiovascu-
lar disorders, as well as antiallergic, antiinflammatory, antibacterial, and vasodilatory 
properties. Kumquat extract also appears to normalize metabolic issues brought on 
by obesity, indicating intriguing potential usage as a nutritional supplement. (Palma 
and D’Aquino 2018). 

The presence of active substances like terpenes, carotenoids, flavonoids, and 
many others is what gives kumquat fruit its biological activity. The primary chemi-
cal constituents of essential oils, monoterpenes, exhibit a wide range of pharmaco-
logical properties, including antioxidant, antibacterial, antifungal, anticancer, 
antiaggregating, antiarrhythmic, local anesthetic, anti-inflammatory, antinocicep-
tive, antispasmodic, and antihistaminic activities. (Koziol et al. 2014) Carotenoids 
are a group of naturally occurring, lipid-soluble pigments. Epidemiological studies 
have shown a link between eating a diet high in carotenoids and a decreased risk of 
numerous diseases, including certain malignancies and eye conditions. Carotenoids 
are vital elements of the antioxidant network, and this is supported by compelling 
research. The most prevalent carotenoids thought to act as photoprotectants are 
lutein and zeaxanthin (Krinsky and Johnson 2005). 

Biological activity exhibited by flavonoids range greatly. From a therapeutic per-
spective, their antioxidant capabilities and ability to block the many enzymes are 
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most crucial. Inhibiting cyclooxygenase and lipoxygenase, as well as scavenging 
superoxide anions, appear to be crucial from a pharmacological perspective. 
Flavonoids work as both antithrombotic and anti-inflammatory substances (Robak 
and Gryglewski 1996). 

Due to the widespread cultivation of this plant, medical uses for kumquats have 
been developed based on traditional Chinese medicine and are now being used in 
other nations as well, providing the necessary circumstances for acquiring high- 
quality raw materials. Even though this tree’s leaves also contain essential oils, only 
its fruits are employed for certain applications (Pawełczyk et al. 2021). 

Only EOs, mostly their active terpene compounds, water extracts and water- 
alcohol extracts, and other natural substances are employed as ingredients in phar-
maceutical and parapharmaceutical products for technological and functional 
reasons. Owing to their large quantity of difficult to extract fiber, whole fruits are 
utilized as a solution that regulates and promotes digestion, enhances digestive tract 
function, and eliminates gas and constipation. The beneficial qualities of the fruit 
that aid in weight loss are determined by the same nutritious component, which has 
a low sugar level. Kumquat fruit extract has a positive impact on maintaining a 
healthy blood cholesterol concentration and, in particular, recovers and keeps the 
ratio of HDL to LDL in check by encouraging the production of beneficial HDL 
cholesterol. It can be applied to help treat metabolic illnesses (Kawaii et al. 1999; 
Tan et al. 2014). 

Although the EOsfrom the kumquat fruit contain lipolytic capabilities, their 
tempo of this range of activity is comparable to that of other Citrus fruits (Choi 
2006). Due to its unique composition and the ratios between the numerous active 
ingredients, such as its low sugar and sodium content, minimal fat content, and 
complete lack of cholesterol, it has the ability to lower the risk of developing diabe-
tes. Kumquat fruits are suggested as a beneficial nutritional element in both forms 
of diabetes for the aforementioned reasons (Allam et al. 2015; Zeng et al. 2016). 

The body regulates the ratio of potassium to sodium ions because potassium ions 
are far more abundant than sodium ions, which lowers blood pressure. In addition, 
foods with high iron contents help the body make more red blood cells, which has a 
preventative effect on anemia. 

The kumquat fruit is a good source of vitamins A and C. The former impacts 
vision quality along with β-carotene (found in just two varieties) (Jayaprakasha 
et al. 2013), while the latter works in tandem with flavonoids and polysaccharide 
percentage (Zeng et al. 2015).Vitamin C has a specific function in the body, acting 
as an antioxidant to stop the onset of many diseases, including those caused by free 
radicals (Sadek et al. 2009) and as a stimulant of the immune system to stop many 
types of inflammation. 

The kumquat fruit peel contains carotenoid compounds that function as immune 
system activators by increasing the synthesis of γ-interferon (IFN- γ). Both in vivo 
and in vitro experiments show this impact. The chemical working in this way that 
proved to be most effective was β-cryptoxanthin (Nagahama et  al. 2015; Terao 
et al. 2019). 
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Several writers have reported that the EOsextracted from kumquat fruits and, a 
lesser frequency, leaves exhibit average or moderate antibacterial activity. Its anti-
fungal action has been seen against Candida fungus as well as Aspergillus nigerand 
Saccharomyces cerevisiae (Bunrathep et al. 2015; Fitsiou et al. 2016; Quijano and 
Pino 2009b) Pseudomonas aeruginosaandEscherichia coli are unaffected, although 
it prevents the growth of both gram negative and positive bacteria (Bunrathep et al. 
2015; Wang et al. 2012). Due to the presence of phloretin and, to a lesser extent, its 
glycosidic derivatives (such as phlorizin and its isomer), it prevents the growth of 
Listeria monocytogenes, Salmonella typhimurium, and Staphylococcus aureus 
(Terao et al. 2019). Whole fresh fruit EOsexhibit notable antiviral action, particu-
larly against the H5N1 influenza virus, perhaps as a result of their high α-terpineol 
concentration (Sicari and Poiana 2017). It has been determined that the essential 
oils taken from the fruit are far more potent than those extracted from the leaves in 
terms of their antibacterial activity (Barreca et  al. 2014; Bunrathep et  al. 2015; 
Quijano and Pino 2009b). 

The limonene concentration and cell line used to make the determination, as well 
as other factors, all play a significant role in the antiproliferative activity of kumquat 
EOs, which can be characterized as moderate. Its antioxidant and anti-free radical 
activity is, however, more potent than that of other essential oils derived from her-
baceous plants that have a comparable effect. It inhibits DPPH in 34.5% when used 
at a dosage of 43 mg/mL (Fitsiou et  al. 2016). The entire spectrum of chemical 
compounds found in essential oils work as both an expectorant and a remedy for a 
variety of ailments, including sore throats and upper respiratory tract infections 
(Choi et al. 2000; Jayaprakasha et al. 2013). 

Kumquat fruits are essential for aiding weight loss in obese individuals, as a 
cardioprotective agent, and as a digestive aid, especially in the course of metabolic 
illnesses, according to findings derived from “traditional medicine”(Rodrigues et al. 
2018). They are also employed as an antidepressant and a detoxifying agent in 
Asian nations where alcohol consumption is prominent. (Pawełczyk et  al. 2021; 
Zhang et al. 2009). 

9.8.1  Cosmetic Potential 

Kumquats are utilized in cosmetics, just like many other Citrus fruits. The effect of 
the pulp and the peel on kumquat fruit, however, can hardly be distinguished from 
that of the other Citrus fruits, unlike with the other Citrus fruits. Whole fruits are 
utilized to make pulp for cosmetic treatments, and essential oils acquired via the use 
of various techniques are also used. 

Regarding the use of these fruits in the production of cosmetics, several of the 
vitamins and minerals also play a significant role (Pawełczyk et al. 2021). 

Most frequently, water and glycerol are combined as the solvent to create an 
extract for cosmetic applications. These extracts are typically put to cosmetics at a 
concentration of 5–10% that are created as moisturizing tonics, creams, or lotions. 
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Even at higher concentrations, it can be used to deodorize (Choi et al. 2000) and 
odorize. The International Fragrance Association (IFRA) recommends that the con-
centration of EOsderived from whole fruits in products intended for use on the skin 
not exceed 5%. 

Flavonoids are multi-functional ingredients that are mostly employed in conven-
tional cosmetics for their calming and antioxidant properties. The primary benefits 
of kumquat fruits for skin care are their antioxidant activity, which prevents indi-
vidual skin cells from aging negatively. The presence of dihydrochalcone phloretin 
and flavonoids in high concentrations is primarily responsible for this action. The 
actions of the enzymes are improved by these compounds (Rodrigues et al. 2018). 

The complete kumquat fruits, but especially the essential oils that are produced 
from them, are a great source of carotenoids, and the Brazilian and Hong Kong 
types also have vitamin A and β-carotene. The materials used as raw are employed 
as ingredients in hair care treatments because they include these compounds, which 
work by lowering sebum production and improving hair moisturization (Jayaprakasha 
et al. 2013). 

As antioxidants, the flavonoids and carotenoidsfound in the parts of kumquat 
fruitare important components of nutricosmetics and other products that enhance 
the natural beauty of the skin, nails, and hair. 
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Chapter 10
Kinnow Mandarin (Citrus reticulate L.)

Isha Dudeja, Arashdeep Singh, Ramandeep Kaur Mankoo, Avneet Kaur, 
and Sukhvinder Singh Purewal

10.1  Introduction 

Kinnow is a citrus fruit that belongs to the “Mandarin” family and is widely grown 
in India and Pakistan. The fruit was first created in 1935 at the University of 
California Citrus Experiment Station and was first introduced in India in the early 
1940s (Mahawar et al. 2020). 

Kinnow is a cross between the citrus cultivars “King” (Citrus nobilis) and 
“Willow Leaf” mandarin (Citrus deliciosa) (Rattanpal et  al. 2017). In India, the 
orange family, comprising mandarin and kinnow, produced around 4.75 million 
tonnes from an area of 0.43 million hectares (Mahawar et al. 2019). After its discov-
ery, it was released for commercialization in 1935. However, the developed hybrid 
did not make a breakthrough in the United States, but when introduced in other 
citrus-producing countries like India, Pakistan and Bangladesh, a revolution in the 
citrus industry resulted owing to its stunning golden-orange colour, great yield and 
economic returns. Citrus cultivation is a successful enterprise that contributes 
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considerably to the economies of countries such as the United States, Mexico, 
Greece, China, Spain, India, and Iran, among others. India is fifth in the world in 
terms of citrus fruits production, with important fruits including oranges, limes, 
grapefruits, mandarins, lemons, and tangerines. Citrus fruits occupy 10% of the 
total production land among fruit crops in India, and their output ranks third  
behind mango and banana. Citrus fruits mainly Kinnow are mostly planted for 
juice extraction and processing. The citrus fruit processing business generates a lot 
of trash in the form of seeds, skins, and fruit peel and pomace.Citrus peels and 
seeds may include useful chemicals such as polyphenols, flavonoids, antioxidants, 
limonoids, carotenoids, and tocopherols. Citrus processing companies discard 
those Kinnow mandarin wastes, which contain a wealth of bioactive chemicals 
with antioxidant potential. Such organic matter has a significant potential for trans-
formation into nutritionally valueable commodities using a variety of extraction 
processes. The extraction of bioactive phytochemicals from byproducts, which 
may then be isolated and used as nutritional supplements in food production 
systems. 

10.2  Cultivation 

Citrus being the third most consumed fruit covers 1.078 million ha and accounts for 
12.5% of total fruit cultivation. Kinnow accounts for 4.6% of the citrus area and 
3.6% of total fruit production. H.B. Frost was the first to develop Kinnow(Citrus 
nobilis × Citrus deliciosa) (Rattanpal et al. 2017) and for cultivating Kinnow spe-
cific temperature, soil and nutrient conditions are requisite. The temperature neces-
sary for cultivation ranges in 10–35 °C. Kinnow can withstand temperatures as high 
as 40 °C in summer and as low as 0 °C in winter. An ideal site for Kinnow cultiva-
tion requires clay loam soils with a pH ranging between 6.0 and 7.5. It is usually 
propagated via budding onto specific rootstock around August–September and 
February–March. Irrigation is done using  the drip method and the frequency 
depends on the climatic factors (Kumar et al. 2016). 

10.3  Taxonomical Classification 

Kinnow is taxonomically classified with the scientific name Citrus nobilis x Citrus 
deliciosa, having common name Kinnow mandarin, and belongs to the domain of 
Eukaryota, Kingdom of Plantae, Phylum of Spermatophyta, Subphylum of 
Angiospermae and Class of Dicotyledonae. 
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10.4  Physiological Traits of Kinnow   

Kinnow fruit is oblate, flattened, and bright orange-yellow in color. The two main 
sections of the fruit are the pericarp (peel) and endocarp, while the pericarp branches 
into the epicarp (flavedo) and mesocarp (albedo). This mid-season cultivar has a few 
seeds adhering to 9–10 portions, a silky peel that becomes deep orange as it ripens, 
and tasty juice (Ladaniya 2008). When the total soluble solids (TSS)/acid ratio 
reaches 12:1–14:1 and the exterior color turns to orange, the fruit is considered fully 
mature (Table 10.1). The best time for Kinnow picking ranges from November to 
February (Anonymous 2018).   

10.5  Harvesting, Postharvest Losses, Waxing, and Packaging 

Kinnow is traditionally picked utilizing clippers, then dropped to the ground and 
gathered in boxes or bags, resulting in severe post-harvest loss. Fruit that has been 
damaged during harvesting is unsuitable for eating or marketing. Picking (19.6%), 
packaging (3.5%), carrying (2.2%), loading and transportation (7.1%) accounts for 
32.4% of Kinnow post harvest wastage (Ahmad et al. 2015). Total harvest and post- 
harvest losses in Kinnow, according to Singh et al. (2016), range from 25% to 30%. 
Waxing is an important unit process that is commonly utilised in industrial catch-
ment areas. As a result, Kinnow seems to have an extremely short shelf life of 
8–10 days in moderate environments, that can be prolonged to 20 days with appro-
priate planning. Fruits are typically manually packaged in corrugated fiberboard 
(CFB) racks or boxes with a capacity of around 10 kg per box. 

10.6 Varieties – Local, PAU Kinnow, Daisy, W. Murcott

Local  The fruits of this variety mature in December and January. They have char-
acteristic shapes and possess small furrowed necks at the base. It has excellent cad-
mium yellow color and contains 3–7 seed per fruit making it more convenient for 

Table 10.1 Characteristic of Kinnow at maturity

Characteristic Quality indices of Kinnow

Colour Golden yellow (peel), deep yellowish orange (pulp)
TSS/acid ratio 12:1–14:1
Size 5.0–9.7 cm
Shape Moderate to oblate; both base and apex flattened or 

slightly depressed
Appearance Very smooth, glossy and sometime faintly pitted
Firmness Firm, not soft and easily peel able
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Fig. 10.1 Varieties of Kinnow (Source: Rattanpal et al. 2017)  

out of hand eating. The acidity of juice is slightly high as compared to others. This 
is mainly cultivated in small regions in Hoshiarpur, Ropar and Gurdaspur districts 
of Punjab. 

PAU Kinnow It is reported to be produced via mutation breeding. The fruits appear 
as globose to oblate in shape. The color is usually golden orange after attaining 
maturity. The  Kinnow of this variety is said to have fewer seeds (0–9 to fruit) as 
compared to other varieties. The TSS and acidity value range between 10–11° Brix 
(B) and 0.7–0.9%. 

Daisy It matures in first to third week of November. The skin of fruit appears to be 
glossy reddish golden. It has high sugar to acid ratio and possesses good flavour. 
The fruits are medium to large in size. The daisy consists of a moderate number of 
seeds (10–14/fruit). 

W. Murcott  The fruits are small to medium size with flat shape and easily peel- 
able skin. The fruits are rich in flavour with perfect balance of sugars and acid. They 
contain less seed when self-pollinated as compared to cross pollinated. It is mid- 
season variety. 

The different varieties of Kinnow are shown in Fig. 10.1.

10.7  Parts of Kinnow- Peel, Pulp and Pomace, Juice,  
Seed and Leaves

The peel, pomace, seed and juice of Kinnow is filled with wide range of nutrients 
having role in functional properties. The following description of each part of 
Kinnow clearly justifies their role: 

Peel  Fruit juice extraction is done on the same scale as fresh fruit consumption. 
The peels and pith are byproducts of juice extraction or fresh consumption. The 
Kinnow peel waste several bioactive chemicals (flavanones, polyphenolic com-
pounds, and carotenoids) and essential oils that have applications in a variety of 
industries. Based to certain findings, the Kinnow peels, which account for 30–40% 
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of the total fruit, have more polyphenols and bioactive chemicals than the remainder 
of the fruit (Lim et al. 2007; Godara et al. 2020). As a result of the significant fea-
tures of Kinnow peel, researchers have decided to investigate its potential as a fun-
damental element for various industries (Babbar et  al. 2011; Rafiq et  al. 2018). 
Albedo (inner layer) and flavedo (outer layer) are the two tissues that make up the 
Kinnow peel. Polyphenolic compounds present in the peels possess anti- 
inflammatory and anti-cancer effects (Tripoli et  al. 2007; Xu et al. 2019). These 
bioactive components have a high nutritive value and are useful in industries such 
as pharmaceuticals, food processing, and biofuel production. The useful compounds 
can be extracted using various techniques. Albedo is primarily made up of different 
nutrients like sugars, proteins, minerals and fibre (Marin et al. 2007). 

Furthermore, the flavedo generates essential oils that are used in the flavour and 
fragrance industries (Bejar et al. 2012). They are abundant in carotenoids, terpenes, 
and linalool (Mondello et  al. 2005), and numerous studies have discovered anti- 
oxidant and antibacterial capabilities (Tepe et  al. 2006; Jayprakasha et  al. 2008; 
Viuda-Martos et al. 2008). Because the peel portion contains relatively more pheno-
lics and has a higher potential for useful substances than the pulp has led researchers 
to investigate further. Approx 32–33% peel portion was observed in Kinnow. 
Kinnow peel comprises of 22.45% total solids, 12.50  °B TSS, 1.38% acidity, 
41.57 mg/100 g vitamin C, 6.23% total sugars, 5.99% reducing sugars, 0.67% ash, 
13.65 mg/100 g carotenoids, 7.43 mg/100 g β-carotene, 1.85% pectin, 0.420 mg/g 
naringin, 4.69 mg/g limonene and 0.77% fat content (Aggarwal and Sandhu 2003; 
Prem et  al. 1994). The yield of ascorbic acid, pectin, naringin and limonin in  
Kinnow peel was reported to be 47.52 mg/100 g, 18.56%, 358μg/g and 60.75μg/g, 
respectively (Sidhu et al. 2016). Fresh Kinnow peel had 40.7 mg/100 g ascorbic 
acid and 374 g naringin, according to Maan et al. (2013). In Kinnow peel, Aggarwal 
and Michael (2016) observed 459 ppm limonin and 40.7 mg/100 g ascorbic acid. 
The total gallic acid, p-hydroxybenzoic acid, vanilic acid, p-Coumaric acid, Ferulic 
acid and the sum of other phenolic acid content in Kinnow peel was 252, 290, 664, 
823, 1556 and 3585 𝜇g/g, respectively. 

Pulp and Pomace The pomace, or byproduct of processing Kinnow fruits to gen-
erate juices and various products, is utilized to produce pectin and syrup. The 
Kinnow pomace includes a variety of physiologically bioactive constituents such as 
antioxidant properties, polyphenolic compounds, and flavonoids, although their 
quantity is lesser than that found in the peels (Yaqoob et  al. 2020). As a result, 
Kinnow pomace can be utilised as a primary component in the value addition of a 
variety of culinary items (Hayat et  al. 2010). Natural antioxidants are becoming 
more popular as an alternative to artificial antioxidants in foods and pharmaceuti-
cals. Considering chemical constituents have adverse health effects, the user’s 
safety issue promotes the concept of natural antioxidants (Dilas et  al. 2009). 
Consuming meals high in natural antioxidants helps to avoid illness induced by 
oxidative stress (Dilas et al. 2009). Oxidative damage is created by an unbalance 
among pro-oxidant and anti-oxidant molecules, that can be generated by an over-
abundance of pro-oxidant substances, a deficiency of antioxidants, or even both. 
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Kinnow pomace contains the most polyphenolic compounds in a confined state. The 
proportion of polyphenol content has indeed been found to be affected by geo-
graphical indication, cultivars, harvest time, warehousing, and processing parame-
ters (Mallavadhani et al. 2006). After juice processing, the pomace has a significant 
concentration of glycosylated flavones, flavones, flavonoids, and polyphenols.The 
juice extraction residue (pomace) is abundant in glycosylated flavones, flavones, 
flavonoid, and polyphenols. According to Hayat et  al., the Kinnow pomace pos-
sesses 18.4% and 30% in 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scaveng-
ing activity and hydroxyl radical scavenging activities, correspondingly (2010). 
Research have been conducted to investigate the link between antioxidant proper-
ties and polyphenols in fruits and vegetables, and a linear association has been 
established (Minatel et al. 2017). The bulk of the polyphenol chemicals in Kinnow 
pulp are flavonoids and their derivatives such as flavones, flavonols, flavanones, 
flavonols, and anthocyanidins. According to the studies of Singh et al. (2016), the 
Kinnow pulp had 354.9 mg GAE/100 DW total phenolic contents and 261.3 mg 
QE/100 DW of total flavonoid content. In terms of DPPH and 2,2′-azino-bis (3- eth
ylbenzothiazoline- 6-sulfonic acid (ABTS), the antioxidant activity (mM trolox 
equivalent or TE/g) was found to be 2.9–3 and 3.3–3.5, respectively. Caffeic acid 
(16.8 mg/100 g), ferulic acid (12.3 mg/100 g), sinapic acid (14.4 mg/100 g), and 
kaempferol acid (14.2 mg/100 g) are among the polyphenolic found in Kinnow pulp. 

 Juice The  Kinnow  fruit is famous throughout India but is particularly well-known 
in Punjab and Rajasthan due to its unusual flavour and the presence of significant 
phytochemical components that are linked to a variety of health advantages. The  
Kinnow fruit juice content typically depends on a number of attributes, including 
cultivar, environment, cultural practices, etc. The juice is typically extracted by 
hand operating the machine on a smaller scale, which involves dividing the fruits in 
two and reaming the juice from the halves onto an appropriate rosette. Typically 
conical in shape, the rosette comprises ribbed or grooved sides. The oil cells in the 
peel are not damaged, and neither are the seeds, hence this method of juice extrac-
tion is the best. Contrarily, mechanical juice extractors are also available for the 
extraction of juice, in which the peel of the Kinnow may occasionally be manually 
removed before being placed into the screw-type juice extractor. Mechanical juice 
extraction method may produce a yield of about 60% whereas the manual method 
can produce about 40% of the juice. Due to changes in taste preferences, dietary 
customs, and consumer behaviour in recent years, there has been a surge in demand 
for processed Kinnow  goods, primarily juice, as a result of increased Kinnow  
production in India (Bhardwaj and Pandey 2011). According to Bhardwaj and 
Mukherjee’s (2011) studies, Kinnow  juice was observed to possess 11.50°B TSS, 
0.76% acidity, 21.15 mg/100 ml ascorbic acid content, 7.50% total sugars, 0.22 mg/
ml limonin and 0.08 non-enzymatic browning. The total phenolic content, DPPH 
and ascorbic acid activity of Kinnow  juice was reported to be 91.8 mg/100 ml, 
59.19% and 52–53 mg/100 ml, respectively (Al Juhaimi et al. 2018). The physico-
chemical parameters of Kinnow juice are enlisted in Table 10.2. In developing the 
antioxidant potential of Kinnow juice, ascorbic acid also plays a crucial function in 
addition to phenolic components (Sun et  al. 2002; Ghafoor, Al-Juhaimi  and 
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Table 10.2 Physicochemical 
parameters of juice

Physiochemical parameters Quantity/100 gm

Vitamin C 31.0 (mg/100 ml juice)
Ca 40.0 (mg/ 100 ml)
Fe 0.4 (mg/ 100 ml)
P 18.0 (mg/ 100 ml)
TSS 11.5 (%)
Acidity 0.9 (%)
TSS/acid ratio 12.0–14.0:1

Choi  2011). Kinnow juice is packed with vitamins such as ascorbic acid 
(31.66  mg/100  g), B1 (0.12  mg/100  g), B2 (0.01  mg/100  g), and niacin 
(0.43  mg/100  g). Natural Kinnow juice drink is much more nutritional, calorie-
dense, and medicinal than manufactured drinks. Kinnow juice contains high levels 
of vitamin C, carotenoid, and polyphenols, as well as modest amounts of vitamin A, 
calcium, phosphorus, and iron, all of which assist considerably to the juice‘s total 
antioxidant potential (Peterson et al. 2006; Dhaka et al. 2016).Kinnow juice con-
tains vitamin C, which serves as an antioxidant in the epidermis by intercepting and 
absorbing free radicals created by UV rays and reducing their oxidative stress 
(Okwu 2008). Because Kinnow juice cannot be marketed in their truest form due to 
quick bittering, attempts have been made to utilise Kinnow as a basic ingredient in 
the production of mixed juices as well as other products with additional value. 
Processing and storage are also required to reduce post - harvest loss owing to the 
highly perishable crop and the abundance of output throughout seasonal peaks 
(Mahawar et al. 2020).   

 Seeds Throughout the processing of Kinnow fruit for the production of various 
food items, a substantial quantity of waste in the form of Kinnow seed was discov-
ered. Each Kinnow fruit has 20–25 seeds, and all these seeds can be utilised to 
produce limonin. These Kinnow seeds wreak havoc on the ecology and garbage 
handling (Matthaus and Ozcan 2012). Kinnow seeds are commonly accessible, and 
they possess biologically active compounds which can be employed as antioxidants. 
Several scholars studied the composition of Kinnow seeds in order to properly com-
prehend how to utilize them. Anwar et al. (2008) determined that the oil, protein, 
fibre, and ash content of Kinnow seed were 31.15%, 9.56%, 6.50%, and 5.60%, 
respectively. Babbar et  al. (2011) determined that the antioxidant capacity of 
Kinnow seeds was 20.50 mg trolox equivalent or TE/g DW and total phenols were 
3.68 mg GAE/g DW. Liu et al. (2012) employed an alkaline environment to extract 
limonin in their investigation, and the ideal pH is close approximately 11, the ideal 
temperature was 70 °C, the alkaline solution/seeds ratio was 20:1, and the ultrasonic 
power requirements used were 800 W for 30 min. The yield of limonin from citrus 
seeds obtained with 98% purity was 7.5 mg/g. According to Al Juhaimi et al. (2018), 
Kinnow seeds are a substantial source of essential oils such as palmitic, stearic, 
oleic, linoleic, arachidic, linolenic, behenic, and arachidonic in proportions of 
15.77, 2.62, 23.53, 45.92, 0.36, 4.92, 0.29, and 0.10%. Essential oils are utilised in 
the culinary, pharmaceutical, and beauty sectors. Polyphenols, carotenoids, and 
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Table 10.3 Elemental 
composition of Kinnow seeds

Elements mg/kg DW

Microelements
Ca 7619
Mg 1186
K 10,334
P 3119
S 1132
Microelements
B 12.91
Cr 0.396
Cu 9.30
Fe 40.50
Mn 6.08
M 0.318
Ni 0.51
Zn 14.67

tocopherols are also abundant in these seeds.The main phenolic chemicals identi-
fied in Kinnow seed were kaempferol, isorhamnetin, catechin, and 1, 2-dihydroxy-
benzene (Al Juhaimin et  al. 2018). Kinnow seeds‘antioxidant activity and total 
phenolic content were reported to be 20.50 mg TE/g-DW and 3.68 mg GAE/g-DW, 
respectively. Furthermore, macroelements and microelements were observed to be 
present, as shown in Table 10.3. Furthermore, the estimated sugar content was 5.30, 
5.83, 4.86, 5.59, 5.29, and 3.59 g/kg for glucose, fructose, raffinose, staxioz, sac-
charose, and galactose, respectively. In comparison to other fruit parts, the largest 
concentrations of limonoids, an important class of compounds, have also been 
detected (Yaqoob et al. 2020).   

 Leaves  Owing of their possible central nervous network involvement, natural 
compounds can be employed as a reservoir of biomolecules to generate new analge-
sics that operate versus discomfort and include characteristics such as pungency, 
tingling, and needles. Although the leaves of C. reticulata Blanco (Rutaceae) are 
often swallowed to flavour the palate and produce this sort of impact on lips and 
tongues, the natural compound’s composition may function as the foundation for 
various types of analgesics. Sharma and Tyagi (2019) tested numerous solutions 
extracted from different Kinnow preparations for phytochemical activity. The con-
tent of alkaloids, cardiac glycosides, flavonoids, steroids, saponins, and tannins was 
investigated in Kinnow leaf, peel, and pulp extracts. 

10.8  Chemical Components – Pectin, Polyphenols  
and Flavonoids, Carotenoids, Essential Oil, Seed Oil

The chemical composition of Kinnow fruit is summarized in Table 10.4. Kinnow is 
rich in bioactives and fibres detailed information is presented below:   
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Table 10.4 Chemical composition

Part Properties Content Reference

Whole fruit Weight 177.62 g Mahawar et al. 
(2019)Volume 218.40 ml

Peel 29%
Pomace 25%
Juice 38%
No. of Seed 19.40
Firmness 5.86 kgf

Peel Thickness of peel 4.01 mm Mahawar et al. 
(2019)Weight of flavedo 51.30 g

Weight of Pomace 44.20 g
Pectin 16.1% Sharma et al. 

(2013)
Total solids 22.5%
TSS 12.50°B
Acidity 1.38%
Ascorbic acid 41.57 mg/100gDW
Total sugars 6.23%
Reducing sugars 5.99%
Ash 0.67%
Carotenoids 13.65 mg/100 g DW
β- carotene 7.43 mg/100 g DW
Naringin 0.420 mg/g
Limonene 4.69 mg/g
Fat 0.77%
Total phenolic content 28.30 mg GAE/g DW Saini et al. 

(2019)Total flavonoid 
content

4.40 mg QE/g DW

Antioxidant capacity 81.5% Rafiq et al. 
(2021)

Pulp Total phenolic content 345.9mgGAE/100gDW Singh et al. 
(2016)Total flavonoid 

content
261.3mgQE/100gDW

Antioxidant capacity 50% Mathur et al. 
(2011)

Seeds Oil 31.15% Anwar et al. 
(2008)Protein 9.56%

Fibre 6.50%
Ash 5.60%
Antioxidant capacity 20.50 mg TE/gDW Babbaret al. 

(2011)Total phenolic content 3.68 mg GAE/gDW
Juice TSS 11.50°B Mahawaret al. 

(2019)Acidity 0.90%
Turbidity 227.60 NTU
Vitamin C 23.50 mg/100 ml juice
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Pectin Pectin is a structural heteropolysaccharide that is typically derived from 
citrus fruit peels and is used primarily in the food industry as a gelling agent and 
stabilizer. It is made up of 𝛼-(1–4)-D-galacturonic acid units joined in a linear fash-
ion. It finds its application as a biodegradable polymer in film formations, viscosity 
modifiers, coating agents, emulsifiers and chelating agents (Kanmani et al. 2014). 
Pectin appears as a white or brown powder with no odor. Pectin derived from the 
Kinnow peel has a wide variety of uses in the worldwide food business due to its 
usage in the creation of various food items such as jams, jellies, and preservatives. 
Pectin is typically removed chemically or enzymatically. Pectin separation is a 
multi-step procedure in which the material mixture is acidified with a powerful acid, 
the combination is maintained in a shaker, and pectin in the precipitate is produced 
when ethanol (96%) is added to the filtrate obtained in the shaker. Pectin was also 
recovered from Kinnow peel under various experimental circumstances such as 
temperature, time and pH using HNO3. 

The yield of pectin obtained varied with these conditions and the highest yield 
observed was 16.1% in Kinnow peel at a temperature 60 °C, pH 1.75 and extraction 
time of 70 min. Pectin obtained from pomace (6.2%) was less at the same experi-
mental conditions (Sharma et al. 2013). Ghoshal and Negi (2020) extracted pectin 
from Kinnow peel by ethanol precipitation method. The properties of pectin were 
assessed as a function of temperature, time and pH. pH was reported to be the deter-
mining factor for pectin yield and properties. The optimum pH observed was 5 and 
the yield obtained was 6.13%. In another study, Khule et al. (2012) reported  the 
extraction of pectin peel and its utilization as a binding agent in paracetamol tablets. 
18.21% pectin was extracted from Kinnow peel using ethanol treatment at pH 2 
after 120 min of extraction. In vivo dissolution studies showed that 81.88% drug 
release was observed in pectin-bound paracetamol, indicating the potential use of  
Kinnow  peel pectin as a binder. Pectin was isolated from pre-harvest fallen Kinnow 
by Bhatlu et  al. (2016). The moisture, methoxyl content, ash content, equivalent 
weight, anhydrounic acid, and degree of esterification of the recovered pectin were 
all determined. The resultant pectin recovery yield of 57.5%, moisture 9.6%, 
methoxyl content 5.9%, degree of esterification 53.3%, and anhydrouronic acid 
concentration were 70%. 

 Polyphenols and Flavonoids Polyphenols are natural antioxidants by nature and 
are present in fruits, vegetables and some of their residues such as Kinnow peel. 
These are very beneficial for human health as it chelates with pro-oxidant ions pres-
ent in the human body and acts as free radical scavengers (Wojdylo et al. 2007; 
Osman et  al. 2009). Polyphenols are usually extracted by conventional methods 
such as solvent extraction method involving maceration with methanol, ethanol, etc. 
as solvents. However, as technology advances, many novel techniques of phenolic 
extraction, such as microwave- Assisted extraction (MAE), ultrasound-assisted 
extraction (UAE), supercritical fluid extraction, and accelerated solvent extraction, 
are being investigated for improved yield. Flavonoids, that are polyphenolic com-
pounds, have a phenyl benzopyrone structure that consists of two benzene rings 
(C6) joined by a linear three- carbon chain (C3) with a carbonyl group at the C posi-
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tion. While flavonoids are commonly considered non-nutritive agents, they have 
piqued the attention of many researchers due to their possible significance in the 
prevention of significant chronic illnesses. Citrus flavonoids comprise polymethox-
ylated flavones (PMFs) such as nobiletin and tangeretin, which are comparatively 
two common ones, as well as a family of glycosides known as hesperidin and nar-
ingin. Citrus fruit peels contain the greatest quantities of PMFs when compared to 
other palatable segments of the fruit. According to Liu et al. (2012), for the recovery 
of flavones from C. reticulate using accelerated solvents extraction, methanol 
appears to be the most efficient extraction solvent when compared to ethanol 
and water. 

Sharma et al. (2016) studied the pattern of polyphenol constituents with antioxi-
dants activity in Kinnow mandarin juicy sacs, both granular and non-granulated. 
Based on their observations, granulated Kinnow has a low concentration of poly-
phenol components (4.3 mg GAE/100 ml), ascorbic acid (16.2 mg/100 ml), and 
antioxidant activity (1.78 mol Trolox/g). Nongranulated Kinnow extracts, on the 
contrary hand, indicated significantly greater levels of polyphenol components 
(11.3 mg GAE/100 ml), ascorbic acid (28.6 mg/100 ml), and antioxidant activity 
(9.51 mol Trolox/g). MAE of polyphenols from Kinnow peels was performed in 
research (Hayat et al. 2009), and the results were matched to UAE and rotational 
extraction. The best extraction parameters were discovered to be 152 W microwave 
power, 49 s extraction duration, a liquid -to -solid ratio of 16, and a level of 66% 
methanol (solvent). Gallic acid, p-hydroxybenzoic acid, vanillic acid, p-coumaric 
acid, and ferulic acid were amongst the polyphenols acids recovered. These pheno-
lics were examined for antioxidant efficacy and matched to various traditional pro-
cedures such as ultrasound and rotary extraction, with MAE being shown to be the 
most efficient approach due to its low time utilization and high efficiency. 
Polyphenols were extracted from Kinnow peel using maceration and UAE methods 
using different solvents and results showed that maceration was least competent 
than UAE procedure in extraction of polyphenols. In extracts prepared using mac-
eration methanol (80%) extract had a higher content of polyphenols than ethanol, 
while ethyl acetate extract (80%) had the lowest polyphenol content. Safdar et al. 
(2017a, b) showed that when polyphenols were extracted from kinnow peel that 
80% ethanol produced hesperidin and ferulic acid at concentrations of 92.9 and 
65.2  g/g dry sample, respectively. Tumbas et  al. (2010) identified hesperidin 
(80.9  mg/g extract) and narirutin (15.3  mg/g extract) in mandarin peel extract, 
which displayed high DPPH and hydroxyl free radical scavenging capabilities of 
0.179  mg/ml and 0.415  mg/ml, respectively. The total polyphenolic content in  
Kinnow  peel and pulp recorded was 148 and 76 𝜇g/g GAE, respectively. The super-
oxide anion radical scavenging capability is maximum for ethanol extract of  
Kinnow  peel (87%) and pulp (50%) among extracts prepared in water and chloro-
form (Mathur et  al. 2011). Hayat et  al. (2011) discovered phenolic components 
were found in concentrations ranging from 32.9 to 63.2 mg GAE/g in different kin-
now cultivers among which ponkan variety showed maximum concentration while  
Kinnow  had lesser phenolic and flavonoids compounds. The total flavonoid content 
observed in mandarin peel was 4.20 mg QE/g of extract powder. The mandarin peel 
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extract possessed 84.61% nitric oxide scavenging capacity at 200μg/mL and 73.9% 
at 800μg/mL DPPH scavenging capacity (Olyad et al. 2020). Safdar et al. (2017a, 
b) in their study revealed presence of eleven polyphenolic compounds from  Kinnow  
peel extract and the most abundant were ferulic acid and hisperdin. Rafiq et  al. 
(2021) in their study reported that total phenols and flavonoids present in the extract 
were 24.51 mg GAE/g and 9.12 mg QE/g, respectively while the freeze-dried peel 
extract has DPPH radical scavenging capacity of 81.5%. Microwave heating 
increased the yield of flavanone glycosides from  Kinnow  peels having 4975.4 g/g 
DW of naringin, 820.7  g/g DW of naringenin, and 53.0  g/g DW of hesperidin, 
whereas non-heated Kinnow peel powder was 3915.8 g/g DW of naringin, 655.3 g/g 
DW of naringenin, and 42.5 g/g DW of hesperidin (Hayat et al. 2010). Saini et al. 
(2019) estimated polyphenolic content, flavonoids content and antioxidant activity 
from citrus peels. The extraction was done using maceration and UAE; it was 
observed that the higher yield from Kinnow peel was obtained via UAE method 
(5.85%) rather than maceration (5.20%) furthermore the phenolic and flavonoid 
contents was maximum in UAE sample (28.30 mg GAE/DW and 4.40 mg CE/g 
DW, respectively) and lowest when extraction was done using maceration (23 mg 
GAE/g DW, 3.75 mg CE/g DW, respectively). 

Naringin  Naringin is a flavonoid found in Kinnow peel, especially in young fruits; 
it, together with other compounds such as limonene, is chiefly accountable for the 
bitterness of Kinnow peel. It is widely used in the pharmaceutical and food sectors. 
Naringin has antioxidant and anticancer characteristics, which make it useful in the 
pharmaceutical sector. It is said to lower levels of cholesterol, defend from carcino-
genic compounds, and fight against poisons during chemo (Gorinstein et al. 2006; 
Jiang et  al. 2006). Researchers employed solvent extraction (Bhatlu et  al. 
2017; Bhatlu et al. 2016), supercritical carbon dioxide extraction (Yu et al. 2007), 
precipitation technique (Tripodo et al. 2007), and adsorption techniques to retrieve 
naringin from peels (Jiang et al. 2006). Because the naringin concentration in imma-
ture fruits is higher, pre-harvest fallen fruits may be used in the recovery method, 
which is commercially favourable to producers. Researchers looked at removing 
bitterness from Kinnow peel and pomace by separating naringin and limonene 
(Singla et al. 2021). The acetone solventogenesis approach yielded the maximum 
yield of naringin and limonene from Kinnow peel and pomace. This technique 
employs a by-product and offers a long-term remedy (Singla et al. 2019). In Kinnow, 
pre-harvest dropping is an issue, and the fruit that drops off might be utilised to 
recover pectin and naringin (Bhatlu et  al. 2016). The unripe Kinnow pulp was 
boiled, and the resultant liquid was passed across Indion PA 800, a native raisin, 
whereupon naringin is captured. After desorbing the immobilized naringin with 
ethanol, the mixture was screened and naringin was obtained by boiling the residue. 
The naringin retrieved was 52% pure, with an eventual purity of 91–93%. In a 
research on the chemical characterisation of naringin retrieved from Kinnow peel 
waste, Puri et al. (2011) discovered that rhamnose (an essential component for the 
food industry) can be generated from naringin using α-l-rhamnosidase. These stud-
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ies demonstrate the usefulness of naringin in a variety of industries, as well as a 
method for using Kinnow pulp waste. 

 Carotenoids Kinnow mandarin accumulates carotenoid in a similar but more com-
plicated pattern than orange fruit. Mandarin peel and pulp contain more than twenty 
different carotenoids and xanthophylls at maturity, which is higher than oranges. 
Clementine mandarin peel contains four times less total carotenoids than Satsuma 
peel. Mandarins, like orange fruits, accumulated carotenoids primarily in the peel 
(up to 94% of total carotenoids in Dancy mandarin), with β,β-xanthophylls being 
the main constituents (68–90% of total carotenoids). The violaxanthin concentra-
tion varied between cultivars and tissues, with the cis-isomer outnumbering the 
trans-isomer. 

The chloroplastic carotenoids were the most prevalent in the green fruit peel, 
while the concentration of β,β-xanthophylls rose following the colour break in both 
the peel and the pulp. The increased accumulation of xanthophyll β-cryptoxanthin 
and apocarotenoids in mandarin fruits distinguishes it from oranges. β-Cryptoxanthin 
accumulates in the peel and pulp of mandarin fruit, contributing to their strong 
colouring. The C-30 β-apocarotenoids β-citraurin and β-citraurinene are especially 
plentiful in the peel, which gives mandarin fruits their unique orange-reddish colour. 
The relative proportions of red β-citraurin and orange β-cryptoxanthin are regarded 
to be the key contributors to the colour in Dancy mandarin, despite the fact that 
violaxanthin accounted for more than half of total carotenoids (Gross 1987). 
Another example of rich colouring is Michal mandarin juice, which appears to be 
due to high levels of β-cryptoxanthin and zeaxanthin in the pulp (Farin et al. 1983). 
It is worth noting that the differences in carotenoid composition between flavedo 
and pulp are more pronounced in mandarin fruits than in orange fruits. Carotenoids 
isolated from Kinnow peels utilising a cellulolytic enzyme and improved carot-
enoids stability (Nadeem et al. 2018). The combination of CMCase and pectinase 
(250 IU/100 g peel) produced the maximum carotenoid production (8.60 mg/100 g 
peel). Furthermore, the recovered carotenoid pigments were highly stable in the 
darkness at 30 °C compared to the open, and because resilience diminishes with 
rising temperature, freeze-drying the pigments culminated in better durability. The 
lutein was recovered utilizing the UAE technique with methanol as the extraction 
solvent, with the optimal parameters being 43.14 °C, 6.16 mL/g solvent/solid ratio, 
and 33.71 min time duration (Saini et al. 2021). These circumstances resulted in the 
highest lutein output (29.70 g/g). 

 Essential Oils Several research findings have advocated various ways for obtain-
ing essential oils from Kinnow peel. Hydro distillation, centrifugation, hydrodistil-
lation of fresh peel, hydrodistillation of manually dried peel powder, and 
hydrodistillation of sun dried peel powder are all methods of extracting oil from 
Kinnow peel. Javed et al. (2014) extracted essential oils from fresh Kinnow peel 
using the hydro-distillation method, yielding 0.33% and taking 210  min. Kamal 
et al. (2011) employed the hydro-distillation procedure to extract essential oils in a 
comparable manner. Their research revealed that the essential oil content ranged 
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from 0.30 to 0.50 g/100 g in fresh peels, 0.24–1.07 g/100 g in ambient peels and 
0.20–0.40 g/100 g in oven-dried peels. 

The mechanically dried peel powder obtained by hydro-distillation contains the 
highest oil concentration and comprises higher essential oils than fresher peel, most 
probably due to oil pore bursting through the powdering process. It also meant that 
a physical process such as centrifugation created a high redness value in a short 
period of time. 

Terpenes were the compounds present in the oil of C. reticulate leaves that give 
kinnow and other leaves of citrus plants their pungent flavor and it was discovered 
to be a methyl-N- methyl anthranilate compounds as confirmed by 1D and 2D NMR 
spectroscopy, which is responsible for this bitterness. This chemical resembles 
another type of molecule with antinociceptive effects. These compounds with this 
action might be utilised to discover new analgesics for pain relief (Correa et  al. 
2016). The essential oil obtained from hydro-distillation of C. reticulate Blanco var.  
Kinnow (seedless and seeded) leaves revealed that oil contains 62.00% of β- phel-
landrene, 6.53% of β-pinene, 2.81% of β-myrcene and limonene both and 0.51% of 
caryophyllene as the prime components. In another study, its was reported that the 
essential oil obtained from low-seeded kinnow contains 37.35% β-phellandrene, 
2.79% α-pinene, 3.26% β-pinene, 4.16% β-myrcene, 5.77% limonene and 1.41% 
caryophyllene as the main component when quantified by GC-MS. These were the 
five main components that accounted for about 100% of the total oil composition. 
Furthermore in their study, the researchers showed that microwave-assisted hydro-
distillation (MAHD) had higher extraction efficiency of 6.8%, followed by micro-
wave extraction (ME) having an extraction efficiency of 5.5% and hydrodistillation 
(HD) with the least extraction efficiency of 3.6%, when all the techniques were 
compared. While there were some quantitative differences, all three techniques 
appeared to yield essential oils with a composition that was qualitatively similar. 
Mandarin peel essential oil has five distinct components, the majority of which were 
monoterpene hydrocarbons. While computing the data by GC-MS their results 
revealed oil compositions had 0.54%, 0.375% of 𝛼-pinene,0.414%, 0.284% of 
β-pinene, 1.405%, 1.461% of β-myrcene, and 97.64%, 97.88% of limonene as the 
major four compounds when extraction was performed by for HD and ME, respec-
tively. Whereas, when oil was extracted using a combination of techniques, the oil 
contains 0.518% of 𝛼-pinene, 0.317% of β-pinene,1.104% of β-myrcene, 97.94% of 
limonene, and 0.122% of sabinene as major five components found in mandarin 
peel essential oil. The findings revealed that the combination approach dealing with 
MAHD was a feasible alternative solution to HD for shortening the time since it 
seemed to generate essential oils with a greater yield and comparable chemical 
characteristics and value to those generated using conventional techniques. 
According to reports of Sultana et al. (2012) essential oil recovered from Indian 
mandarin by hydrodistillation method showed limonene as the prime component 
(87.45%). 

Caryophyllene oxide, caryophylla-3 (Correa et  al. 2016), 7(14)-dien-6-ol, 
𝛼-pinene and 2,6-dimethyl-1,5,7-octatrien-3-ol are the major compounds of 
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essential oil obtained via hydrodistilled from Nigerian C. reticulata Blanco and 
Citrus aurantifolia Swingle leaves (Lawal et  al. 2014), whereas the chemical 
composition of C. aurantifolia (Ikotun) essential oil comprises of limonene and 
geranial. While the primary ingredients detected in the C. reticulata oil sample 
from Ikotun were 38.1% of citronellal, 25.9% of (Z)-β-ocimene, 14.5% of lin-
alool, and 12.2% of limonene (12.2%), while the oils from Ijanikin included 
22.7% of pinocarvone, 20.0% of trans-pinocarveol acetate, and 12.8% of β -thu-
jone. The essential oil from C. reticulata Blanco cv. Kinokuni peels by mechani-
cal pressing method under optimized conditions yield 0.689% that closely 
resembles the predicted value with limonene as the prime constituent having 
56.76% configuration. GC-MS was also used to identify 64 components, account-
ing for 96.34% of the total oil. These essential oil at a concentration of 7.5–60 mg/
mL as minimum inhibitory concentration exhibits broad-spectrum antimicrobial 
effects against different microorganisms with a zone of inhibition values ranging 
from 9.24 to 16.35  mm. C. reticulata (Kinnow), Citrus sinensis (Mussammi), 
and Citrus x sinensis (Red Blood Orange), yield 0.86, 1.70, and 1.07%, respec-
tively of essential oils, when extracted using Hydro-distillation extraction method 
and furthermore the chemical composition of these extracted essential oils 
revealed that they comprise of 46.30–54.57% of limonene, 10.02–24.00% of gera-
niol, and 10.05–14.00% of citraniol as major components of essential oils from 
three different citrus cultivars peels as stated above along with great antimicrobial 
effect with higher zone of inhibition against tested bacterial strains (Qadir et al. 
2018). The steam distillation process extracted 0.34% of the essential oil from the 
huge Kinnow fruits’ green peel. GC identified 24 compounds among the different 
oil components, which were made up of 15.33% of 6-methyl-5-heptene-2-one, 
13.8% of carvone, 10.04% of cis-carveol, and 4.55% of thujanol, while the other 
twenty identified chemicals, accounting for 35.84% of the total oil, were only 
found in trace levels. The percentage of limonene in the Kinnow orange green 
peel oil was relatively low (2.76%), compared to the bulk of citrus oils (35–85%) 
(Mahmud et al. 2005). 

 Seed Oil Kinnow seeds are recognised as a possible oil resource due to unique 
fatty acid profile and substantial tocopherol content (Juhaimi et al. 2016). Moreover, 
since it is high in protein, minerals, and fibre, it might be utilised to make high-value 
items in addition to culinary purposes. Among the fatty acids, pammitic, stearic, 
oleic, cis-vaccenic, linoleic, linolenic, arachidic, elcosenoic, and behenic acid com-
prise 98.6% of its total fatty acid content. The seed oil exhibited an iodine value of 
104.80 g of I/100 g, 1.4650.927 mg/ml of density, saponification value of 186 mg  
of KOH/g of oil, an unsaponified matter of 0.48%, acid value of 1.30 mg KOH/g of 
oil, color red color value of 2.50 and yellow value of 20.00. The oil had excellent 
oxidative stability of 2.64 at 232 nm and 0.81 at 270 nm as measured by specific 
extinctions along with 3.15 of p-anisidine value and 2.40 mequiv/kg of oil of 
peroxide value.
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10.9  Antimicrobial Effect 

Mathur et al. (2011) investigated the antibacterial properties of different peel and 
pulp extracts of Kinnow, orange, and shaddock against A. niger, C. albicans, 
S. aureus, and S. pyogens. The most effective antibacterial agent against S. pyogens 
was determined to be an aqueous extract of Kinnow pulp (zone of inhibition, 
ZOI = 25 mm), which was superior to aqueous extracts of pulp from orange and 
shaddock. In comparison to chloroform extracts of orange and shaddock, extract 
from  Kinnow  pulp was shown to be the utmost effective antibacterial agent against 
S. pyogens (ZOI = 17 mm), whereas Kinnow peel chloroform extract had the high-
est antimicrobial bacterial activity against S. pyogens (ZOI = 18 mm). The mini-
mum inhibitory concentration (MIC) and inhibitory effect of the various solvent 
extracts of the leaves, pulp, and peel of Citrus nobilis and Citrus sinensis were 
evaluated against bacteria and fungi species. The MIC was found to be 18 g mL−1 
for B. cereus, 25 g mL−1 for P. aeruginosa, and 30 g mL−1 for C. albicans in the 
ethanolic extract of Kinnow peel. The MIC was found to be 18 g mL−1 for S. epider-
midis and 40 g mL−1 for P. vulgaris, in ethanolic extract of leaves; 20 g mL−1 and 
25 g mL−1 for S. typhimurium and T. viride, respectively, in ethanolic extract of 
pulp; and 25 g mL−1 for E. coli, respectively, in benzene extract of  Kinnow  (Sharma 
and Tyagi 2019). 

10.10  Debittering

Kinnow  peels and seeds contain the main bitterness-producing substances (Naringin 
and Limonin). Development of limonin is the cause of delayed bitterness. In acidic 
circumstances, an enzyme (limonoate-D-ring lactone hydrolase, found predominantly 
in seeds) catalyses the conversion of limonoate A-ring lactone, a non-bitter precur-
sor, to bitter limonin, resulting in prolonged bitter taste of juice after 3–4  h of 
extracting. Fruit elements such as the peel and seeds include varying quantities of 
bitter chemicals. Premi et al. (1994) reported that the peel has highest level of nar-
ginin order with concentration of 0.422 mg/g, followed by juice having narginin 
concentration of 0.230 mg/g while seed exhibits the lowest levels of narginin having 
a concentration of 0.134 mg/g, while seeds showed highest levels of lignin with a 
concentration of 9.50 mg/g followed by peel with lignin concentration of 4.69 mg/g 
and lowest in with juice lignin concentration of juice 0.218 mg/g. Ilame and Singh 
(2018) identified the hollow fibre membrane with a molecular weight of 30 kDa as 
the best choice for increasing the storage period of ultra-filtered Kinnow juice 
beyond 60 days without any usage of extra regulators. This showed that by physi-
cally removing seeds and peel (albedo + flavedo) prior to juice extraction, bitter 
taste levels might be reduced owing to less tissue disturbance. Around the globe, 
genuine attempts have really been undertaken to reduce or eradicate the bitter taste 
that is now found in Kinnow juice. A variety of compounds, such as naringin 

I. Dudeja et al.



335

dihydrochalcone and neohesiperidin dihydrochalcone, have indeed been identified 
to hide bitterness of juice through their sweetening index. Debittering could be per-
formed by absorbing bitter compounds on vinyl-dodecylbenzene resins. Upon run-
ning bitter taste juice of Kinnow through sheets of polymeric adsorbent resins, 
Singh et al. (2009) noticed enhanced sensory qualities during storage. Kaur (2017) 
investigated the enzymatic debittering and fragrance improvement of Kinnow juice 
using the enzymes limonin dehydrogenase, naringinase, and b-glucosidase. The 
results showed an increment in glucose levels by up to 4.38 lg/ml, acidity by 30.13%, 
and total sugar content by 42.97 lg/ml, whereas there is a significant drop in the bit-
terness components such as limonin by 87.34% and naringin by 58.41%. Singla 
et al. (2021) investigated the debittering of pulp residue from C. reticulata  (Kinnow). 
Naringin, a substance that causes bitterness, was converted by an enzymatic process 
into naringenin, a substance that does not cause bitterness, to track the optimization 
of debittering. 

The naringinase enzyme was found to be successful in reducing the bitterness of 
Kinnow pulp residue in which naringin content was decreased by 66.19% along 
with an increase in naringenin content a non-bitter compound by 52.38%, when 
enzymes were used at concentration of 1 U/mg, and incubated for4 h at 50 °C tem-
perature range, at pH of 4.5. A Naringinase immobilisation test on various matrices 
such as alginate, k-carrageenan and polyacrylamide at varied concentration was 
done (Puri et al. 1996) to ensure its applicability in Kinnow juice debittering. The 
results showed that the optimal matrix was 2% sodium alginate. The expansion of 
pH optima gave desired versatility for debittering Kinnow juice of varied pH, and 
temperature gradients showed enhanced thermo-stability, which may be advanta-
geous if debittering costs decreased. After immobilisation, 30  U of naringinase 
hydrolyzed 82% of the naringin in 3 h. Alginate enabled simple homeostasis with 
no impediments to naringin inflow or naringenin/prunin outflow, in addition to good 
physical durability, indicating the possibility of its industrial use. Debittering was 
decreased by 60% once kinetic models were introduced to Kinnow juice and opti-
mised with pure naringin. The immobilisation of naringinase on glutaraldehyde- 
coated hen egg white (1 g HEW beads, 10 U of naringinase, 37C, pH 4.0, and 48 h) 
was accomplished by optimising a technique including 1% glutaraldehyde cross- 
linking. Immobilisation was 140% efficient under optimum circumstances (5 U = g 
HEW, pH 3.0, 60C, and 5 h), but soluble naringinase gave 91% efficiency for con-
ventional naringin hydrolysis. It delivered a 68% efficient debittering when used to 
debitter Kinnow mandarin juice (Puri et al. 2001). 

10.11 Applications

10.11.1 Food Applications 

The valorization of Kinnow in food products such as jams, fruit bars, bakery prod-
ucts is well pronounced and it is summarized as below (Fig. 10.2):  
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Fig. 10.2 Food applications of Kinnow  

Bakery Products  Kinnow residues (peel and pomace) and their phytochemicals 
were used to make functional cookies in place of wheat flour. The flour was replaced 
with dry peel and pomace powder at 5–20% levels, respectively, while  phytochemicals 
were added at 1–4% levels. Cookies containing 10% peel, 5% pomace, and 4% 
phytochemicals received the highest sensory evaluations. The addition of Kinnow 
peel and pomace to cookies increased the crude fibre, ash, and L* value while low-
ering the spread ratio. Because of their strong DPPH and FRAP scavenging activity 
values, supplemented cookies performed better. Cookies containing peel phyto-
chemicals had the greatest levels of phenolics 12.02 0.11 mg GAE/g, 0.47 0.06 mg 
QE/g flavonoids, and 0.76 0.03 mg/100 g carotenoids,. The produced cookies were 
more oxidatively stable than the cookies containing chemical antioxidants such as 
Butylated hydroxyanisole (Yaqoob et al. 2021). Similarly, Yaqoob et al. (2019) pre-
pared muffins incorporating Kinnow peel and pomace by replacing wheat flour at 
concentrations viz 5, 10, 15, and 20%. In comparison to BHA substituted muffins 
(control), the supplemented muffins showed high levels of crude fibre i.e., 3.57% 
(peel) and 2.82% (pomace). Phytochemicals incorporating muffins were also 
prepared and at 4% phytochemical concentration higher phenolics content 
(12.34 mg/g of GAE), flavonoids (0.50 mg/g of QE), carotenoids (0.82 mg/100 g), 
and antioxidant activities i.e., DPPH (59.71%) and FRAP (23.46%). 

Rafiq et al. (2022) studied the techno-functional, sensorial and nutritional char-
acteristics of freeze-dried  Kinnow  peel powder incorporated soup sticks and it was 
observed that as the substitution level of the peel powder was increased in wheat 
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Table 10.5 Food applications

Part Application Reference

Peel and pomace Cookies and muffins
   Improved crude fibre and ash
   Decreased spread ratio
   High DPPH scavenging and FRAP power
   High phenolic, flavonoid and carotenoid content
   Better oxidative stability

Yaqoob et al. (2019, 
2021)

Peel (blanched 
and unbalanced)

Ice cream
   Better appearance, taste and overall acceptabilty.
   High contents of naringin, total soluble solids 

(TSS) and ascorbic acid

Mann et al. (2013)

Peel Soup sticks
   Increased breaking strength, ash content, 

yellowness, visco-elasticity, baking and storage 
stability

   Decreased moisture content, crude protein, crude 
fat, pasting parameters, physical parameters, L* 
(lightness), and a* (redness) values.

Rafiq et al. (2022)

Peel Candy
   Less bitterness development
   Appreciable content of bioactive components

Sidhu et al. (2016) 
and Sogi and Singh 
(2001)

Segments Jam
   Less bitternes
   High overall acceptability

Sogi and Singh 
(2001)

Juice Fruit bars
   High overall acceptability
   Good economic viability

Kaur (2017)

flour from 0 to 9% caused notable increase in properties such as breaking strength, 
ash content, yellowness, visco-elasticity, baking and storage stability. Furthermore, 
there was a significant decrease in moisture, protein, fat, pasting characteristics, 
physical properties, L* (lightness), and a* (redness) values. Furthermore, the digest-
ing time for the prepared sticks was longer than that of the reference, and a study of 
the look and composition demonstrated a decrease in pore diameter. Raising the 
substitution amount boosted the strength of scent and colour but decreased taste, 
according to the sensory attributes. The application of Kinnow in food products is 
summarized in Table 10.5.   

 Candy According to Sidhu et al. (2016), osmotically dried Kinnow peel candy 
has ascorbic acid content of 30 mg/100 g, naringin content of 170 g/g, and limonin 
content of 38 g/g while peel powder had 40 mg/100 g of ascorbic acid 165 g/g of 
naringin, and 38 30  g/g of limonin content. According to Aggarwal and Michel 
(2016), sugar and fructose were utilised to turn the whole Kinnow with peel into 
candy. Kinnow candy has an ascorbic acid content of 11.2–11.4 mg/100 g and a 
limonin value of 410–412  ppm. Candied kinnow segments were placed in 30 B 
syrup and slowly cooked to 80 B in a study conducted by Sogi and Singh (2001). 
After being drained of the syrup, the sections were dry (at 55 °C for 5 h) and sprin-

10 Kinnow Mandarin (Citrus reticulate L.)



338

kled with icing sugar. The stated quality criteria for the generated product were TSS 
(83.50 °B), acidity (0.65%), ascorbic acid (18.34 mg/100 ml of juice), total sugars 
(63.45%), reducing sugars (2.82%), and overall acceptability (7.73). There was no 
bitterness accumulation in candied portion during the storage time. Alam et  al. 
(2019) utilised the osmotic drying process to make sweets from entire Kinnow fruit. 
The optimal configuration of more loss of moisture and lesser osmotic absorption 
was found to be the osmotic process temperature of 65 °C, sugar solution concentra-
tion of 65–75 °B, solution to fruit ratio of 5:1, and immersion duration of 270 min. 

Beverages and Ice Cream Market-available blended juice are made from the con-
centrates of two or more different varieties. Kinnow juice is combined with citrus 
juice that is less acidic and bitter. The idea of blending juice has become popular 
recently, and there are numerous studies available in the same direction. A study con-
ducted by Bhardawaj and Mukherjee (2011) showed the production of Kinnow:  
amnla: ginger (92:5:3) blended juice which possessed 12°B, 0.80% acidity, 
45.30 mg/100 g ascorbic acid and 7.44% total sugars. The bacterial, yeast and mould 
population recorded was 7.69 × 103, 3.49 × 103 and 2.99 × 103 cfu/ml of juice, respec-
tively. Mann et al. (2013) investigated the creation of ice cream using frozen Kinnow 
peel (unblanched and blanched) at concentrations of 1, 3, and 5%. Sensory and chemi-
cal evaluations revealed that ice creams with Kinnow peel supplements had a higher 
look, flavour, and overall acceptability. The levels of naringin, TSS, and ascorbic acid 
in made ice cream were high and increased as the amount of peel added increased. 
According to sensory assessment, the optimal concentrations of frozen Kinnow peel 
in ice cream were 3% for unblanched and 5% for blanched-5%. 

 Jam Sogi and Singh (2001) created jam from unpeeled and lye peeled Kinnow 
chunks and the prepared jams was concentrated to 70°B and stored at room tem-
perature (16–20 °C) for 105 days in airtight glass jars. According to the sensory 
data, bitterness did not occur in jam created using lye-peeled segmentation until 
105 days, although bitterness did show up in jam prepared from unpeeled segments 
after 30 days and increased with time. The jam has TSS of 70°B, acidity of 1.34%, 
ascorbic acid content of 26.33 mg/100 ml, total sugars content of 61.05% and sen-
sory scores of 8.33 for flavour, 8.13 for colour, and 8.33 for overall acceptability. 

Fruit Bars  Kaur (2017) created a composite fruit bars with residual Kinnow, 
grape, and guava juice in various ratios, such as 100% Kinnow, 50% Kinnow and 
grapes, 50% Kinnow and guava, and 50% Kinnow and grapes. The juice waste was 
concentrated in an open pan technique at 80 °C till 40 °B using 20% sugar and 0.2% 
citric acid. The resultant mixture was spread in a thin layer (4–5 mm) on an alumi-
num tray and dried for 12–18 h at 50 oCto a moisture content of 17–18%. Fruits bars 
prepared from Kinnow, grape, and guava were demonstrated to be good for storage 
for up to six months (14–32 °C). The average cost of the manufactured product was 
determined to be Rs 60/kg, confirming its economic feasibility from the perspective 
of both makers and consumers. The developed bar moisture content of 17.63%, total 
solids content of 82.37 °B, TSS of 69.97 °B, acidity of 1.30%, 64.95% of total sug-
ars, 11.12% of crude fibre, 275.20 mg/100 g ascorbic acid, 920 mg/100 g of total 
phenolics, 4.60 mg/100 g of total anthocyanins. 
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Powdered Juice and Concentrates  Due to its many benefits in terms of ease of 
handling, transportation, and storage, the production of fruit juice powder has grown 
significantly in recent years. A useful auxiliary for the ice cream, bread, and con-
fectionery sectors is juice powder. The most popular technique for drying liquid 
foodstuffs is spray drying. Juyal et al. (2015) investigated the spray drying tech-
nique’s capacity to create Kinnow juice powders and found recovery factor of 
36.45% at a 60:40 (Kinnow juice: maltodextrin) ratio at 146.5 °C inlet temperature, 
and 26  °C feed temperature. The powder recoveries were 37.66% in a 40:10:50 
mixture of maltodextrin, sucrose, and juice. The final optimized powder has 
4.60–5.74% moisture, 86.07–87.24% of dispersibility, L* value of 85.01–85.89, a* 
value of 1.61–2.06, b* value of 12.48–13.88, colour change value of 52.31–53.18. 

Concentrating liquid foods lower the costs associated with handling, storage, and 
transportation activities. The procedure also makes sure that fruit juice is used and 
accessible all year long. The concentration of Kinnow juice was carried out in 
a rotary vacuum evaporator at temperature of 50–60 °C under vacuum pressure of 
27–28 inch Hg. The 72 °B juice concentrate was packed in a glass container with 
700 ppm SO2 and kept at −18 °C without experiencing any noticeable changes in 
its physicochemical properties, nor did it exhibit any signs of fermentation or an 
off-smelling odour (Thakur et  al. 2000). Khamrui and Pal (2002) used reverse 
osmosis to concentrate Kinnow juice while optimising temperature (40  °C) and 
operation pressure (40 bar). The resultant concentrated Kinnow juice has TSS of 
23 °B, pH of 3.20, acidity of 2.49%, total carbohydrates content of 17.25%, reduc-
ing sugars content of 5.85%, sucrose content of 6.79%, viscosity of 6.21 cP, and 
sugar-to-acid ratio 9.23. The following percentages of acid components, total solu-
ble solids, total carbohydrates, reducing sugars, and sucrose were recovered during 
the concentration process: 89.68%, 96.02%, 95.50%, 94.32%, and 98.22%, respec-
tively. Reverse osmosis (RO) and vacuum thermal evaporation were used to concen-
trate Kinnow  juice (Thakur et  al. 2004). They also examined the effects of 
centrifugation (CF) and ultrafiltration (UF) (VTE). They indicated that juice may be 
clarified with UF and condensed with RO up to 26°B before being clarified with 
CF. Juice could also be clarified with UF up to 24–26°B. The corresponding quality 
parameters for VTE treatment were 43°B of TSS, 2.33% acidity, 56.48 mg/100 ml 
of ascorbic acid content, 19.0% reducing sugar, of total sugar and 1.79 mg/100 ml 
of carotenoid content. The statistical difference in the sensory properties of juice 
concentrate obtained using various methods was insignificant. 

10.11.2  Green Catalyst 

The powdered kinnow peel is said to be a cost-effective, environmentally benign, 
and long-lasting catalyst for the synthesis of Schiff base. N-Benzalideneaniline and 
its descendants were synthesised from benzaldehyde and aniline variants using 
powder of Kinnow peel acting as a catalyst. In tidy circumstances, the reaction yield 
was 78–85%(Verma et al. 2022). 
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10.11.3  Bioethanol Production 

Ethanol was produced from Kinnow garbage and banana peels in 4:6 ratio at 30 °C 
temperature, with 6% of inoculum using concomitant saccharification and fermen-
tation with cellulase and co-culture of Saccharomyces cerevisiae G and 
Pachysolentannophilus MTCC 1077 for incubation time of 48 h, and agitation for 
the first 24 h were shown to be optimum for ethanol production employing two 
byproducts. Following enzymatic saccharification, the pretreated steam exploded 
biomass containing 63 gL−1 reducing sugars were fermented under optimised reac-
tion situations both with hexose and pentose fermenting yeast strains, yielding 
26.84 gL−1 of ethanol, a yield of 0.426 g/g, and fermentation efficiency 83.52%, 
respectively (Sharma et al. 2007). 

In a step of producing ethanol from Kinnow peel via simultaneous saccharifica-
tion of crude filtrate extract produced by Aspergillus oryzae and fermentation with 
Pichia kudriavzevii revealed that pre-hydrolysis of Kinnow peel with crude filtrate 
extract at three cellulase filter paper units/g dry substrate (FPU/g-ds) at 50  °C 
resulted in glucose (24.870.75 g/l), fructose (21.980.53 g/l), sucrose (10.860.34 g/l), 
and galacturonic acid (6.560.29 g/l) and galacturonic acid (6.560. After 12 h, etha-
nol production declined, culminating in ethanol levels of 33.87 g l-1 and efficiency 
of 2.82 g l-1 h-1, respectively. 

10.11.4  Other Applications – Cellulase Production, Reducing 
and Capping Agent, Nanocellulase Production, 
Animal Feed

 Cellulase Production An research was conducted to see whether Trichoderma 
reesei Rut C-30 could manufacture cellulases from Kinnow pulp. Amongst some of 
the different permutations assessed, dehydrated Kinnow pulp blended with wheat 
bran in a 4:1 ratio generated the highest filter paper cellulase (FPase) activity of 
13.4  IU/gds, but the better endo-1, 4-glucanase (CMCase) activity was revealed 
once Kinnow pulp was accompanied with wheat bran in a 3:2 proportion utilising 
Mandel Weber (MW) mode. The 3:2 ratio of Kinnow pulp to wheat bran in MW 
media resulted in the maximum amounts of β-glucosidase activity (18 IU/gds). In 
the case of pretreatment lignocellulosic substrate, an FPase:-glucosidase ratio of 
roughly 1:1 was deemed to be the most optimal for reaching the ideal saccharifica-
tion effectiveness, which was achieved when water was employed as a vehicle with 
wheat bran to Kinnow pulp ratio of 3:2. The findings of this study explored the 
feasibility of employing Kinnow pulp for cellulase production and demonstrated 
that a substrate with little economic relevance and that causes environmental con-
tamination due to inappropriate management may be utilised to make cellulases 
(Oberoi et al. 2011). 
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 Reducing and Capping Agent for Nanoparticle Production Naz et al. (2017) 
demonstrated an effective approach for manufacturing nanoparticles (AgNPs) using 
Kinnow peel extracts as a reducing and capping agent in their study. AgNPs were 
synthesised utilising dilute and concentrated peel extract. For nano-particles (NPs) 
produced from diluted and concentrated extracts, ultra-violet- visible spectroscopic 
technique revealed different absorption maxima at 425 and 400 nm, respectively. 
The X-ray diffraction investigation of nano-fabricated silver revealed a pure face-
centered cubic crystal structure with dimensions determined using the Scherrer for-
mula of 27.4 and 18.1  nm. The synthesised NPs had a constant spherical form, 
according to SEM analysis. Antioxidant, bioactive components, and antimicrobial 
investigations indicate that the these AgNPs could be employed well in biological 
purposes. The AgNPs that were created have excellent anti - oxidative, phytochemi-
cal, and antibacterial activities. An ecologically benign approach was used to gener-
ate silver nano-particles by using Kinnow mandarian aqueous peel extract as the 
reducing and capping agents (AgNPs). A simple process was utilised to manufac-
ture persistent silver nano-particles at ambient temperature using organic wastes 
from fruit peel. The shampoo containing synthesised AgNPs was developed, and its 
physical characteristics such as foaming ability, surface tension, pH, solid content, 
dirt dispersion test, and anti-microbial action against Escherichia coli and Candida 
albicans, two harmful microorganisms, were evaluated (Bala et al. 2017). 

 Nanocellulose Production Cellulose was extracted by immersing Kinnow peels in 
toluene: ethanol (2:1) solvent system followed by bleaching with H2O2 and alkaline 
treatment with 6% NaOH. The cellulose was converted into nanocellulose by acid 
hydrolysis with a mixture of HCl and H2SO4 and thee formed nanocellulose was 
characterized using XRD and SEM.  The crystalline behaviour of nanocellulose 
obtained from  Kinnow  peel extract was evaluated using X-ray diffraction method 
and it was revealed that a single diffraction peak at 2Ɵ value of 22.34° confirmed 
the crystallinity of nanocellulose. The SEM micrographs revealed the dense arrange-
ment of cellulose in the form of nanorods and needle-like structures depending upon 
acid mixture concentrations. 

 Animal Feed  Kour et al. (2016) investigated the effect of Kinnow mandarin waste 
(KMW) added in the diet on feed consumption and nutrient absorption in goats. It was 
revealed that 40% Kinnow trash incorporation expanded the Ca: P ratio because of its 
high calcium content, demonstrating that preserving the ratio required careful thought 
when administering. Kinnow waste incorporation in the diet showed no detrimental 
impacts on the goats’ general health, according to blood biochemical indicators. 

10.12  Development of Natural Coatings for Kinnow   

Edible coatings are less harmful to the ecosystem and people’s health than petro-
chemical waxes. Baswal et al. (2020), performed research to examine the influence 
of different edible coatings on the fruit freshness and cold rooms lifetime of 
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‘Kinnow‘mandarin. On Kinnow fruit, uncoated (control) fruits were contrasted to 
treatment options with 1–2.0 g/L carboxymethylcellulose (CMC), 0.5–1.5 g/L chi-
tosan, and 5–15 g/L beeswax. Both coated and untreated fruit were kept in refriger-
ated stores for a maximum of 75 days (5–7 °C and 90–95% RH). Fruit samples were 
collected following 30, 45, 60, and 75 days of cold storage and evaluated for several 
quality attributes on the peel surface employing SEM. The results demonstrate vari-
ance among the polymer coatings in terms of fruit’s physical quality parameters, 
compositions, bioactive compounds and sensory attributes characteristics. All coat-
ing techniques increased fruit’s shine, however, when the cold storing duration was 
prolonged, the chitosan and carnauba wax fruit exhibited rind breaches. In refriger-
ated temperature, the CMC (2.0 g L−1) coating excelled overall in terms of maintain-
ing fruit quality metrics such as SSC total soluble solids, acidity, ascorbic acid, and 
olfactory qualities, in addition to postponing the activity of cell wall-degrading 
enzymes such as pectin methylesterase and cellulase. The impacts of CMC and 
guar  gum-based coatings incorporating silver nano-particles on the post-harvest 
preservation sustainability of Kinnow mandarin was studied for 120 days (85–90% 
relative humidity) at 4 °C and 10 °C (Shah et al. 2015). Physiological and microbial 
characteristics were assessed every 15 days during storage. Total solids, sugars, and 
loss of weight all rose generally, but in coated fruits held at 4 °C, the rise was less 
evident. Wrapped fruits with 4 °C storage exhibited considerably greater amounts 
of vitamin C, phenolic content, and antioxidant properties. In contrast to coated 
Kinnow stored at 4 °C, titrable acidity reduced dramatically. Positive control held at 
10  °C showed significant levels of fruit withering but no chilling harm. Aerobic 
plate thermophilic microbes, fungi, and molds were discovered in all storage set-
tings, although proliferation was low in coated fruits at 4 °C. Kinnow fruit may be 
maintained in excellent condition over 4 months at 4 °C and 2 months at 10 °C after 
coating. A research looked at the use of cellulose coatings with Calcium and 
Magnesium ions for Kinnow. The results revealed that by utilising 5% cellulose 
covering and 1% Ca and Mg salts, optimum conservation was accomplished, and 
Kinnow‘s quality and durability were superior to the control. The films deposited 
samples had the lowest physiology loss of weight, juice %, and chilling damage, as 
well as higher vitamin C, acidity, and lower total solids. In addition, fruit firmness 
was also maintained inhibiting ethylene production (Randhawa et al. 2018). 

10.13  Conclusion 

Kinnow production grows year after year, and it is distributed around the world due 
to its nutritious benefits. Because the fruit is high in bioactive components, it may 
be used in a variety of ways to maximise its value. New extraction procedures are 
being investigated in order to increase the yield and productivity of bioactive com-
ponents that may be used in food items. However, debittering research is still in its 
early stages, and researchers are looking for new ways to remove bitterness. The 
current research trends using Kinnow or its byproducts are mostly focused on the 
extraction of fibres and bioactives found in it and their use in diverse industries. 
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Chapter 11
Post Harvest Handling of Citrus Fruits

G. Rajiv, K. Elango, M. Kalaimani, R. P. Jegadeeshkanth, M. Kannan, 
and P. Arunkumar

11.1  Introduction

A product is harvested when it is separated from the mother plant at the right matu-
rity stage, using the right technology, as quickly as possible, and with the least 
amount of loss or damage to the commodity. This procedure is done at a relatively 
cheap cost. Hand harvesting is the optimum method when quality, not price, not 
speed, and not time, is the main factor. Fruits meant for the fresh market are often 
hand-harvested. When a crop is harvested, the process of deterioration begins; the 
longer it is held (stored) until usage, the worse the crop will be. Exceptions can be 
granted for fruits that reach their best quality after a ripening time. Produce is 
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extremely perishable, so there will always be some loss. Postharvest loss levels vary 
depending on the crop, handling process, storage, and environmental circumstances. 
Some products cultivated in remote locations could never even make it to the mar-
ket, while others might only suffer a very little loss if they are consumed nearby. 
The most commonly used projections for postharvest losses of the most widely 
consumed fruits and vegetables range from 25% to 30% (Ramaswamy 2015).

The actual pipeline of food from harvest to consumer may be more precise or 
complex than that depicted. Still, it represents a loss during handling operations like 
preprocessing, transportation, storage, processing, packaging, and marketing. 
Estimating the magnitude of food losses has been a contention for decades. However, 
there is very little reliable information on perishable produce postharvest losses 
(Chakraverty and Singh 2014). Post harvest operations in citrus fruits are depicted 
in Fig. 11.1.

Their wide-scale cultivation evidence of the value of citrus in the global econ-
omy under tropical and sub-tropical climate conditions, where oranges (Citrus 
sinensis L.), mandarin orange (Citrus reticulata L.), lime and lemons (Citrus auran-
tifolia and Citrus limon L.) exist the more cultured citrus groups. Citrus has a sig-
nificant socioeconomic and cultural impact on society as a whole. The fruit’s 
numerous nutritional and medicinal properties make it widely regarded as being 
necessary. Citrus is mainly valued as a fruit that can be consumed raw, juiced, or 
added to dishes and beverages. Citrus comprises many species of economic com-
mercially cultivated groups including lemon, limes, sweet oranges, mandarins and 
grape fruit. Citrus group fruits are having more amounts of Vitamins C, A, B and 
phosphorus. Citrus rind (pericarp) is divided into two parts: the exocarp (flavado) is 
the exterior, pigmented region with oil glands, while the albedo is the interior, white 
section. The cuticle, a thin continuous polymer composed of waxes, is the flavedo’s 
outermost constituent. Before applying postharvest wax, it serves as the main bar-
rier between the fruit and its surroundings. In addition, it also contributes signifi-
cantly to gas exchange and keeps tissues high water content, both of which are 
essential for regular metabolism (Maria et al. 2017).

Citrus fruits are popular among consumers for their flavor and health benefits, as 
they are high in bioactive substances like vitamin C and phenolic compounds like 
hydroxycinnamic acids and flavonoids. Flavanones and anthocyanins are the most 
important flavonoids in citrus and are mostly found in pigmented varieties. 
Anthocyanins provide important sensory input and play an important role in their 

Storage (CA/MA)Preparation/PackingHarvesting

Transportation RetailingHome preparation 
and Consumption 

Fig. 11.1 Post harvest operations in fruits
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pharmacological and antioxidant properties. In addition to their salutistic proper-
ties, fresh fruit consumption is associated with a reduced risk of cardiovascular 
disease, stroke, and cancer (Ramaswamy 2015). Citrus fruits have the unique char-
acteristics of being highly seasonal, perishable, and bulky. As a result, citrus fruits 
require special attention during the harvest and post-harvest periods. As the product 
moves from citrus growing to the final consumer reach, citrus fruit post-harvest 
losses are estimated to be between 25% and 35%.

Citrus fruits does not respond to climate, so they are different from fruits that do 
(like mango, sapota, and bananas) in as they mature, they don’t produce more eth-
ylene or take in more oxygen. Compared to other tropical fruits, they have a rela-
tively prolonged shelf life, but if handled and stored properly, they would be suitable 
for marketing. Fruits’ perishability is inversely correlated with their rate of respira-
tion and the amount of heat they emit, which impacts postharvest technology deci-
sions like estimating the need for refrigeration and ventilation. Fruits degrade 
consequently due to the loss of nutritional value, textural softening, and wilting and 
shriveling in appearance. Cultural practices, including harvesting technique, timing, 
and pre- and postharvest elements, influence citrus fruit’s postharvest decay (Beghin 
2014). The transpiration rate is influenced by rinsing injuries, maturity level, and 
environmental factors. Surface coatings are employed to regulate the procedure and 
the storage environment (low temperatures, high relative humidity, and control of 
air circulation). Diseases, physiological problems, fruit senescence, and physical 
damage are the primary causes of postharvest losses (Kassim et al. 2020). Citrus 
postharvest decay causes considerable waste and quality degradation, and because 
it renders fresh fruit unsuitable for eating, it causes enormous economic losses. In 
developed and developing nations, losses can amount to 30–50% of total produc-
tion. Various factors, including high storage temperatures, increased respiration and 
transpiration, as well as harvesting and postharvest handling stress causes physio-
logical disorders and fruit senescence. Because they hasten water loss, increase res-
piration and ethylene production, and promote the growth of pathogens, rinsing 
injuries and impact bruising affect fruit deterioration (Youssef et al. 2014). Currently, 
citrus is picked by hand to minimize fruit damage, lower the chance of early decay, 
and improve postharvest quality (Sanders 2005). Because it requires more flexibil-
ity and the ability to select specific fruits, mechanical harvesting has not been widely 
used in the citrus industry. The desired selection criteria for specific citrus fruits are 
now used in more automated systems that have been developed. Yellow to orange 
fruit is ready for picking (Beghin 2014).

Fruits must be fully ripe before being picked. A sour fruit may lose acidity after 
being picked, especially if allowed to dry out, but it will still have a bland flavor. 
Immature fruits have poor quality and erratic ripening when they are harvested. On 
the other hand, delaying harvesting increases their susceptibility to decay, leading to 
poor quality and a low market value. For the fruits to have a good flavor, they should 
be allowed to mature on the tree. Citrus fruit maturity can be assessed using a vari-
ety of indices. The two most important characteristics used by small orchards to 
assess maturity are fruit color and size. Fruit size and color are the two most 
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important factors to consider when determining maturity. However, this technique 
is only effective with certain citrus species (Kassim et al. 2020).

11.2  Harvest of Citrus Fruits

Citrus fruits are harvested and handled carefully to maintain their quality. Injuries 
and bruising provide entry points for microorganisms, which lead to rotting. The 
idea that citrus fruit can withstand rough handling is a common misconception. 
Compared to many other fruits, citrus is more resilient to bruising. In addition, 
Citrus bruises may not show up for a few days, by which time the fruit is typically 
transported. Fruit harvesting avoids inappropriate handling and pulling from the 
branches because the skin at the stem end can rupture. More importantly, stems left 
on the fruit can damage other fruits, decreasing packing efficiency and resulting in 
spoilage and fruit loss. Fruits born on high branches are challenging to harvest. 
Such fruits are harvested using a long pole with a curved blade. Inappropriate fruit 
handling accelerates physiological deterioration, which is reflected in increased 
microbiological activity, accelerated ripening, and accelerated decay. This can have 
other market-related impacts, such as lower farm income and a negative importer 
perception of exporting countries. The most harmful post-harvest fungal pathogens 
for citrus have been identified by research as Penicillium digitatum and Penicillium 
italicum (Ashebre 2015).

11.3  Physical Quality and Chemical Quality Parameters

11.3.1  Skin Colour

The color perception of citrus fruit influences a customer’s willingness to purchase. 
Color can be measured subjectively or objectively, just like firmness. The eye deter-
mines subjective color measurement (Ladaniya 2008). The colour scale system 
divides samples into deep green, light green, yellowish-green, greenish-yellow, 
yellowish-orange, orange, and deep orange. Depending on the citrus cultivar, this 
scale may differ (Singh and Reddy 2006).

11.3.2  Weight Loss

Loss of weight, which frequently results in a loss of firmness, is a significant con-
tributor to citrus fruit deterioration (Chien et al. 2007). The pulp and peel of citrus 
fruits contain a lot of moisture. After harvest, moisture is rapidly lost through tran-
spiration and respiration, which encourages fruit decay (Ghanema et al. 2012).
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11.3.3  Firmness

Fruit firmness is a mechanical characteristic indicated by resistance to piercing and 
deformation. Fruit firmness is frequently used as a standard to assess the effects of 
storage and shelf life (Singh and Reddy 2006). Citrus fruit firmness is primarily 
controlled by cell turgidity, which is linked to moisture content.

11.3.4  Total Titratable Acid

The organoleptic properties of citrus fruit are influenced mainly by organic acids. 
Citric acid accounts for approximately 80–95% of citrus fruit’s total titratable acids 
(TTA). The TTA of citrus fruit typically decreases as it ripens, depending on the 
cultivar (Ladaniya 2008).

11.3.5  Total Soluble Solids

Citrus fruit, which makes up about 10–20% of the fresh weight, comprises total 
soluble solids (TSS). Carbohydrates make up roughly 70–80% of the TSS. Organic 
acids, proteins, lipids, and minerals are additional minor components of TSS. TSS 
is computed using a refractometer and the fruit juice’s refractive index (Iglesias 
et al. 2007; Olmo et al. 2000).

11.3.6  Maturity Index

To choose the ideal time for harvest, commercial maturity indices are crucial. 
Nevertheless, this depends on the citrus species and varieties as well as external ele-
ments like growing regions and destinations (Lado et al. 2014). The ratio of TSS to 
TTA can be used to calculate the maturity index (Iglesias et al. 2007).

11.4  Challenges for the Citrus Handler

• The causes of peel damage are unclear.
• Damage caused by low temperature, high temperature, methyl bromide fumiga-

tion, and other factors is frequently similar.
• It is challenging to determine how physical injury interacts with other posthar-

vest treatments.
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Postharvest physiological problems are brought on by the climate, transportation, 
treatment, and storage conditions that fruits are subjected to.Citrus fruit loss when 
maintained over several months or exported over large distances are mostly caused 
by the low temperatures required for cold storage. Chilling injury (CI) can occur 
when citrus fruits are stored at low, non- freezing temperatures (0–10 °C). It depends 
on the crop’s location, cultivar, season, and maturity stage. Temperature and expo-
sure duration have an impact on CI severity. Recent studies show that oxidative 
stress and CI are related (Lafuente and Zacarias 2006). The symptoms of these 
physiological disorders included a variety of signs and symptoms. Still, the ones 
that were most frequently present were areas of the rind that collapsed and darkened 
to form pits (unrelated to the oil glands) and areas of brown color. The mold devel-
opment on the fruit surface may have increased due to CI. The shriveling and col-
lapse of the button tissue, brought on by prolonged storage at low temperatures, are 
physiological symptoms of aging.

11.5  Storage Temperature Requirement to Citrus

 1. Varies depending on the variety and citrus species (Fig. 11.3)
 2. Degrees from roughly 0 to 15 °C

11.6  Citrus fruit Handling and Preventions

Citrus fruits transported from the orchard to the packing house are exposed to field 
heat and ambient temperatures, raising the fruit’s temperature and promoting the 
growth of microorganisms, which hasten the decay process (Brosnan and Sun 
2001). Citrus fruit was given pre-packaging treatments like hot water, surface coat-
ings, ultraviolet irradiation, chlorinated water, biocontrol agents, carbonate, and 
bicarbonate salts to enhance the quality of the fruit after harvest (Porat et al. 2000; 
Njombolwana et al. 2013). Because heat shock proteins have evolved, heat treat-
ments have been used to help fruit become more resistant to cold damage and patho-
gens. The fruit’s shelf life is improved by surface coatings or wax coatings, which 
enhance its aesthetic appearance and reduce moisture loss (Johnston and Banks 
1998). Due to its germicidal properties and capacity to increase the fruit’s tolerance 
to deteriorate, ultraviolet irradiation prevents corrosion in citrus fruit. Citrus treated 
with carbonate and bicarbonate salts have a defense mechanism that can delay post-
harvest deterioration (Youssef et al. 2014). Similar to this, the citrus fruit industry 
uses chlorine (hypochlorite) extensively as a disinfectant to increase the shelf life of 
citrus fruits.
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11.7  Packinghouse Practices and Treatments Reduce 
Decay By

• Eliminating the microorganism on the fruit surface
• Impeding the development of invisible disorders
• Prevention of pathogens that invade wounds infection
• Fruit surface protection through wounding against a subsequent infection
• Preventing the sporulation and spread of disease from infected to healthy fruit

Mechanical injury has the following adverse effects; therefore, care should be 
taken when harvesting fruit in the field:

• Risen decay
• A more significant loss of water
• Peel breakdown in ensuing handling

The most common type of injury was made by the clippers many were injured by 
stem punctures, while others showed scratches from thorns. Other common injuries 
were from gravel and twigs in the bottom of boxes and cuts by the finger nails of the 
pickers.

11.8  Post Harvest Manageable Strategic of Citrus Fruits

 1. Fruits wash with Sanitation solutions
 2. Conventional and alternative treatments
 3. Physical treatments
 4. General recommendation for fruit safe
 5. Wax Coatings
 6. Cold storages

11.9  Fruits Wash with Sanitation Solutions

The packing line and surroundings are thoroughly sanitized to benefit the fruits to 
reduce the spore inoculum density. Sanitizers used for fruit texture sterilization try 
to control the disease by lowering the initial high level of microbes in the products. 
The primary products used in packing houses right now are chlorine solutions. The 
classic cleaning approaches involve using sodium hypochlorite solutions 
(100–150 ppm) before rinsing with potable water (Rouissi et al. 2009). This method 
has some limitations because it requires constant adjustments to the amount of chlo-
rine available and monitoring the pH of the solution to ensure proper treatment. In 
addition, when reacting with organic materials, compounds that release chlorine can 
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create hazardous breakdown byproducts (halogenated) (Ladaniya 2010a, b). water 
disinfection methods used in citrus fruit packinghouses, including peroxyacetic acid 
(PAA), ozone, and electrolyzed water (EW). Hydrogen peroxide and acetic acid are 
combined to create peroxyacetic acid, a potent oxidizer effective against various 
microorganisms (Lanza 2006, 2007). Ozone is a potent oxidizing agent that occurs 
naturally and can kill various inoculums, including bacteria, viruses, and fungal 
spores. Citrus process water’s microbial pathogen population has decreased due to 
the use of electrolytic water, which is it was created by putting a liquid salt solution 
into an electrolytic cell (Fallanaj et al. 2011).

11.10  Conventional and Alternative Treatments

The current methods for controlling post-harvest decay rely on synthetic chemical 
fungicides, which are readily available, inexpensive, and have a wide range of ben-
eficial effects against pre-existing and newly emerging infections. Fungicide addi-
tion is the method of application that is most frequently used, such as imazalil (IMZ) 
to commercial fluid wax sprinkled on the fruit before the fruit storehouse. Also, 
when applying IMZ in a wax mixture, some issues can arise, such as nozzle obstruc-
tion, which reduces treatment effectiveness and uniformity of dispersion, and loss 
of fungicide and wax on brushes, which causes problems with waste treatment and 
spore accumulation in the brushes to the point where routine cleaning is required 
(Sapers 2011). The chemical makeup of wax is crucial because it includes some 
alkaline soluble compounds that may result in an ideal partition of IMZ in the wax 
and, as a result, minimal aqueous phase penetration through the peel. In light of all 
these issues, fungicide concentrations must be raised. When preventing decay, fruit 
dipping is more productive than wax dipping because pathogens can grow in tiny 
divots in the fruit’s skin and water solution can more easily penetrate than wax’s 
greater density. Further, as the amount of fungicide in a water emulsion slowly 
reduces and the number of microbes increases (Renzo et al. 2006), there is a chance 
that there will be issues with treatment uniformity, fruit cross-contamination, and 
fungicide stability in the actuality of sanitizing mechanisms. Only three fungi-
cides—IMZ, thiabendazole (TBZ), and sodium-orthophenylphenate (SOPP)—have 
received government approval for postharvest applications (Smilanick et al. 2006). 
These treatments leave a residue on fruit and the environment even though they are 
strictly regulated and thoroughly tested for side effects. To control postharvest dis-
eases in fresh produce, there is an increasing interest in creating and implementing 
eco-friendly, nontoxic methods that are effective and independent of standard fun-
gicide applications.

Recent registrations for more minimal-risk fungicides that pose a low risk to 
human and environmental health, including Trifloxystrobin, Azoxystrobin, 
Fludioxonil, Cyprodinil and Pyrimethanil, prevent citrus postharvest decay (Schirra 
et  al. 2005). It has been difficult to find both widely accepted and economically 
viable alternatives. Alternatives to fungicide treatments include physical treatments 
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with generally recognized as safe (GRAS) substances, biological control agents, 
and naturally occurring antimicrobial substances. Their inhibitory impact on degra-
dation control is primarily due to pathogen inhibition (Wisniewski et  al. 2016). 
Some of these techniques, though, have demonstrated the capacity to strengthen 
citrus fruit tissues’ defense mechanisms, resulting in the development of disease 
resistance and significantly contributing to the prevention of Penicillium decay. 
Nevertheless, it needs to be included in a comprehensive management strategy that 
can increase fruit shelf life and reduce postharvest decay.

11.11  Physical Treatments

Physical remedies are regarded as an intriguing and helpful alternative to chemicals 
because they have no effect on the outcomes of treatment and have the potential to 
create resistance to subsequent infections. While technological challenges can be 
resolved and understood to enable commercial applications, some antagonistic 
effects that could affect fruit quality could occur when not properly applied. The 
most common form of physical treatment used in postharvest applications is heat-
ing, They are applied through curing, hot dry air, and vapour heat (Fallik 2004).

A hot water dip involves completely submerging fruit for 2–3  min in water 
heated above 40 °C. Numerous researchers found that a hot water dip (HWD) on 
organic citrus fruits decreased rot growth without adversely affecting fruit traits 
related to appearance and quality. This technique in storage rooms, where it’s cru-
cial to process significant volumes of product quickly, could be improved by the 
length of the fruit immersion period. When it comes to stopping the germination of 
P. digitatum spores, treatments at 56 °C for 20 s are superior to those at 52 °C for 
more prolonged exposure times (Strano et al. 2014). Tap water is sprayed through a 
nozzle during SHWB (short hot water brushing). The fruits are wetted as they pass 
over brushes on the sorting and grading line, then flushed with pressurized, super-
heated water at a temperature (60 °C) for a brief period (20–60 s), after which they 
are dried with forced air (Fallik 2004). In Europe, superheated water application to 
apples (Malus domestica) and citrus fruit green mold has been reported to be con-
sistently reduced by applying SHWB at 60 °C for 20 s (Sapers 2011 and Lanza 
et al. 2006).

In recent years, promising technologies have gained interest in managing post-
harvest fruit diseases. The usage of microwave heating, hypobaric and hyperbaric 
pressure and physical mutagens such as ultraviolet-light therapy (UV-C irradiation) 
has also shown the potential to induce resistance in the fruits (Thompson 2011; 
Romanazzi et al. 2016).
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11.12  Wax Coatings

The anionic microemulsions used to make synthetic coatings contain petroleum, 
shellac, carnauba, beeswax, polyethylene, and other resins and waxes. Improvement 
of fruit gloss, reduction of weight loss, shrinkage, and chilling damages, as well as 
reduction of transpiration and respiration, are the main objectives of wax layering. 
Alternative, edible coatings and films have been created as environmentally friendly 
technology. Food is coated with edible wax or films, creating a semi-permeable bar-
rier to water vapor, oxygen and carbon dioxide between the food and the environ-
ment, preventing physical damage, chemical deterioration, and microbiological 
damage, which extends product shelf life (Dhall 2013). In the global citrus trade’s 
high economic value, much research is being done on creating novel edible antifun-
gal coatings for citrus fruit. More research has been done on biopolymers and cel-
lulose derivatives that are generally considered safe (GRAS) (Velásquez et al. 2014; 
El-Mohamedy et al. 2015).

11.13  Cold Storage

Temperature and relative humidity play a crucial role in regulating the rate of 
citrus fruit deterioration during the postharvest handling chain (Fig.  11.2). 
According to research by several authors, the primary method for extending shelf 
life during postharvest storage is to maintain the temperature level. The ideal con-
ditions for storing citrus fruit include a high relative humidity (RH) of 90–95% 
(Tables 11.1 and 11.2). RH regulates shrinkage by preventing host tissues from 
losing moisture. Different citrus species and varieties require different tempera-
tures for storage. Mandarins, lemons, limes and sweet oranges are among the 
citrus groups more sensitive to low temperatures, so store the fruit above 9 °C to 
prevent the resurgence of chilling damages. The majority of citrus varieties can 
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commission agent
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Fig. 11.2 Supply chain of citrus groups
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Table 11.1 Recommended temperature ranges, relative humidity (RH) values and approximate 
storage lives for citrus fruit species

Citrus species and variety Temperature range (°C) RH % Approximate storage life

Grapefruit 10–15 85–90 6–8 weeks
Lemon 10–13 85–90 1–6 months
Limes 9–10 85–90 6–8 weeks
Mandarin hybrids (fortune, Nova) 8–9 85–90 4–6 weeks
Mandarin, tangelo 5–6 90–95 2–4 weeks
Clementine, Satsuma 4–5 90–95 2–4 weeks
Kumquat 4–5 90–95 2–4 weeks
Pigmented orange 6–8 90–95 3–8 weeks
Blond orange 3–9 85–90 3–8 weeks

Table 11.2 Controlled atmosphere (CA) requirements for some citrus fruits

Species Temperature range (°C) Relative humidity (%)
CA
% O2 % CO2

Lemon 10–15 90–95 5–10 0–10
Lime 10–15 90–95 5–10 0–10
Orange 5–10 90–95 5–10 0–5

Most cold tolerant 
Least cold tolerant

Kumquats

Oranges

Limes, Citrons

Mandari
Lemons, Grapefruit

Fig. 11.3 Temperature 
requirements for different 
citrus fruits

withstand low temperatures during long storage (Lafuente et al. 2005). Typical 
chilling injuries include the emergence of a brown depression resembling a pit in 
the flavedo (in grapefruits and mandarins) and the development of a superficial 
burn in some oranges. Rapid cooling is necessary to reduce the temperature suit-
able for storage, cold treatment, and shipment to market, significantly reducing 
weight loss and deterioration. Various quick cooling systems are available with 
the heat removal system, including forced air cooling, hydro cooling (chilled 
water), vacuum cooling, and room cooling (chilled air). The most effective way to 
cool citrus fruits is with an air-cooling system, particularly when forcing air 
through the fruits as they are stacked on a pallet (Thompson et  al. 2008). The 
“room-cooling” system blows cold air directly into cold storage rooms. Fruits 
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packed in cartons, sacks, or bins are exposed to heat exchangers that transfer heat 
to the cool air at a speed of between 1 and 2 m/s. The room cooling system is still 
the most popular, primarily for economic reasons. This system, however, results 
in excessive water loss and inefficient cooling (due to the prolonged drying of 
citrus skin). The distance between box stacks within the storage room is critical 
for minimizing cooling time. Cold air can circulate between pallets or boxes at a 
maximum distance of 10–15 cm (4–6 inches). Furthermore, using vented boxes 
improves cooling efficiency over using unvented boxes. These factors indicate 
that a conventional cold storage room only suits already cooled products. The 
cooling mechanism is slow and inconvenient for the fast removal of “fruit heat.” 
A pre-cooling plant with fast cooling power is needed to quickly remove the “field 
heat” from fruit after harvesting. The forced ventilation system was created to 
improve citrus storage rooms’ temperature and cooling uniformity. When using 
forced air cooling, heat is removed from the product by chilled air from an evapo-
rator of a mechanical refrigeration system passing through the product mass 
through a fan commonly operating under pressure. After pre-cooling, keeping the 
area around the fruits humid is crucial. Plastic films play a particularly important 
role among the techniques used for citrus fruit preservation and commercial dis-
tribution. Such films can lead to carbon dioxide and oxygen decrease accumula-
tion, reducing respiratory activity and reserve substance degradation. Further, the 
fruits’ transpiration promotes the development of high moisture levels, slows 
aging processes and weight loss, restricts ethylene production, and lengthens the 
“shelf life.” (Thompson et al. 2008).

11.14  Modified and Controlled Atmosphere Storage

Reduced postharvest disorders in citrus fruits, such as stem-end rind breakdown 
and chilling injuries, may be achieved through modified atmosphere packaging 
(MAP), which uses different types of packaging materials, such as polyethylene 
(PE) and polyvinyl chloride (PVC) films. MAP replaces the air concentration 
with the O2 and CO2 levels required to reduce pathological rot and physiologi-
cal disorders in the fruit inside a sealed box (Techavises and Hikida 2010). MAP 
can be applied commercially to prolong the shelf life of citrus fruits by generat-
ing low O2 and medium to low CO2 partial pressures, which can slow respiration 
and prevent fungal growth, and maintaining high relative humidity, which pre-
vents water loss and weight loss. This keeps the fruit fresh and maintains its 
original fruit quality throughout storage (Dhillon et al. 2016). Selecting films 
with a low moisture transmission rate and selective permeability to O2 and CO2 
is essential to control pathological decay without causing physiological harm or 
injuries (Aquino et al. 2001). CA storage is generally used as an additional tech-
nology to refrigerated storage to extend the shelf life of fruits. Still, a more 
profound understanding is required for its application in producing citrus fruits. 
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Numerous attempts have been made to use CA to maintain the quality indices 
connected to flavor, odor and nutritive profile. Most citrus fruit postharvest 
pathogens must be controlled using CA storage and high CO2 concentrations, 
but fruit cannot tolerate this, leading to the growth of rind disorders or off-fla-
vors associated with the accumulation and threshold levels of anaerobic respira-
tion products (Ladaniya 2010a, b).

11.15  Fruit Quality Evaluation- Non-destructive Methods

Fresh citrus fruit must be of high internal and external quality from harvest to con-
sumption. The assortment of fruit qualities that affect consumer acceptance can be 
referred to as fruit attributes or characteristics. To ensure that they meet minimum 
requirements for maturity (internal quality) and grade (external quality), fresh citrus 
fruits are continually checked for quality control. Various laws specify minimum 
grade requirements, and minimum maturity requirements are unique to each type of 
citrus. Quality inspectors evaluate the product’s quality and determine its utility and 
marketability based on these standards. Quality assessment and control are also 
necessary when deciding on a fruit price. Both subjective and objective methods can 
be used to evaluate quality attributes. In contrast to subjective methods, which rely 
on human senses, accurate methods are precise and use instruments. Further, the 
most effective manual or automated systems for classifying citrus fruit quality are 
founded on some tried-and-true conventional techniques and methods for judging 
fruit quality. These procedures could be more laborious, sample-destructive, and 
time-consuming, restricting their usefulness in online and in-line quality checking. 
The need for novel tools in the industry has also grown: evaluating and monitoring 
citrus fruit quality can be done fast and affordably (Wang et al. 2016).

11.16  Grading of Citrus

• The fruit is examined and unripe, immature, undersized, damaged, or decayed 
fruits are discarded.

• Citrus fruits are divided into small, medium, and large grades depending on size 
for local markets (Table 11.3).

• The following list of recommended grades applies to the export of Nagpur 
mandarins.

Table 11.3 Grade size Grade size (mm) No. of fruits/10 Kg packing

50–55 115
50–60 98
60–65 84
65–70 76
70–75 64
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11.17  Packaging

Citrus fruits are packaged for shipment to local markets in sacks, bags, bamboo 
baskets, and wooden boxes. Fruits of the citrus family are packaged in telescop-
ing cardboard boxes for urban markets. When transporting fruits, corrugated 
trays are a good option for packaging. Because they can be reused, using such 
trays is economical.

For the export of Nagpur mandarin, two-piece, telescoping corrugated fiber 
board boxes with a three- or five-ply construction are typically used. The box size 
may vary depending on the requirements of the importing country. A box with 
dimensions of 49.5 × 29.5 × 17.5 cm and a capacity of 10 kg is usually recom-
mended. The containers must have 5% of their surface area punched as ventilation 
holes. To prevent the movement of the fruits inside the box, three-ply wax-treated 
dividers with ventilation holes are used.

11.18  Innovative Packaging

When citrus fruits are packaged properly, they may be more resistant to mechanical 
damage during storage and transportation, have a longer shelf life, and have a higher 
market value. Depending on the storage mode, citrus fruits are packaged in corru-
gated fiberboard (CFB) boxes and net or film bags (Berk 2016). Package design in 
the citrus industry because it significantly decreases the forced-convective precool-
ing time and improves citrus fruit quality by providing the fastest and most uniform 
cooling without chilling-induced damage. Packaging must combine mechanical 
strength for stacking containers and protecting fruit with the best ventilation.

An emerging technology called antimicrobial active food packaging extends the 
shelf life of food products by releasing encapsulated antimicrobial compounds 
under controlled conditions (Khaneghah et  al. 2018). Citrus fruits are frequently 
packaged using corrugated cardboard, an environmentally friendly material that can 
be used for both boxes and trays.

11.19  Conclusions

Citrus fruits are widely grown worldwide due to their beneficial health attributes, 
particularly their bioactive components, vitamin C, and phenolic compounds. Citrus 
fruits are frequently packaged using corrugated cardboard, an environmentally 
friendly material that can be used for both boxes and trays. Therefore, encapsulated 
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in cyclodextrin is added to produce antimicrobial active cardboard packaging and 
extend the shelf life of fruits and vegetables. Maintaining a high temperature and 
relative humidity when storing citrus fruits in the cold is important. Citrus fruit 
postharvest life is severely affected by fungi, especially if it is stored for a long 
period or is shipped far. There have been several applications that aim to reduce the 
risk of fungal inspections to both the environment and human health. In the posthar-
vest industry, identifying and using novel methods to assess citrus fruit quality is a 
fundamental focus. Based on the current understanding of citrus postharvest and 
extending fruit shelf life, the following issues may arise in the future: reducing 
mechanical damage during handling and packing operations; researchers to find 
non-chemical fruit treatments.
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Chapter 12
Citrus Based Food Products and Their 
Shelf Life

Monika Mahajan and Rohit Sadana

12.1  Introduction

Citrus fruits are most abundantly cultivated in subtropical and tropical regions glob-
ally. However, the authentic origin of citrus genus is reported to be southern slopes 
of the Himalayas in north eastern India and also along with Northern Myanmar. 
Even some species of citrus are reported to be originated in the Yunnan province in 
China (Gmitter and Hu 1990; Ziegler and Wolfe 1961; Liu et al. 2012a, b). The 
citrus fruits are of different sizes and shapes (round, oblong etc.). Citrus genus com-
prises of following species as sweet orange (Citrus sinensis) known to have 61.1% 
share, tangerine (Citrus reticulata) with19.9%, lime and limon (Citrus aurantifolia 
and Citrus limon) as 1% and grapefruit (Citrusparadise) has 5% share in global 
citrus production. There are other minor types of Citrus that includes sour orange 
(Citrusquarantium), Citrus (Citrus medica), Shaddocks (Citrus grandis) etc. and 
they constitute the remaining 2.0% share (Mamma and Christakopoulos 2014). In 
general citrus fruit mainly comprises of two portions i.e., peel and flesh along with 
seeds. The peel comprises of 30–35% of total fruit. Its skin ranges from rough to 
robust and bright skin colour from green to yellow. This peel which is also known 
as epicarp, covers the fruits to save it from external damages. The glands present on 
the peel are source of various essential oils that contributes to its fragrance. There is 
a thick white colored spongy mesocarp in between in the internal tissues and epi-
carp. This mesocarp and epicarp are collectively known as pericarp which is the 
peel of Citrus fruit (Alnaimy et al. 2017). The internal tissues comprise of 60–65% 
of total fruit. Basically, the internal tissues are the pulp divided into different 
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segments. These are also known as juice sacs. These sacs may be without or with 
seeds as per the varieties. They are also covered with a thick radical layer known as 
endocarp. These tissues are rich in ascorbic acid, soluble sugars, fibers, potassium 
salts, pectin and other organic acids. The citrine flavor present in the fruit is because 
of these chemicals. On the other hand, the seeds comprise 0–10% of total fruit. As 
per an estimate, out of total citrus fruit production globally 33% is used for the pur-
pose of juice production along with essential oils (Castro 2014). Citrus fruits are 
rich source of sucrose, fructose and glucose. There is immense quantity of dietary 
fiber present in fresh citrus fruits. This is helpful in prevention of gastrointestinal 
disease and also help in lowering cholesterol levels. The aroma of citrus fruit is very 
distinct and taste is delicious accompanied by low fat and low protein content. In 
addition to this, citrus fruits are having high nutritive value as they are rich in 
Vitamin C and Vitamin B (Niacin, Folate, Thiamines, Pantothenic acids, Riboflavin, 
Pyridoxines etc.). Certain, phytochemicals, such as flavonoids, limonoids and carot-
enoids are also present in citrus fruits (Ziegler and Wolfe 1961; Mamma and 
Christakopoulos 2014). These phytochemicals are reported to have anti- carcinogenic, 
antibacterial, antiviral, antifungal or antiinflammatory agents (Abobatta 2019). 
Citrus fruits are used for its juice and also as fresh goods globally. The juice can be 
converted into wine through fermentation. The candies, jam, jellies, cakes, squash, 
pies, marmalades, etc. are other processed food products made from citrus. Besides 
that, the large waste generated in the form of peel, seeds, pomace from citrus pro-
cessing industries has immense application in food sector. The peel is a significant 
source of antioxidant components. (Manthey and Grohmann 2001). Further, the 
Polymethoxy flavones (PMFs) which is a flavonoid and is also conveyed to be exist-
ing in citrus fruits. It is further reported that it contains having antioxidant properties 
well as anticancer properties. (Wang et al. 2014; Chen et al. 2017). During the pro-
cessing of citrus fruit, certain by products such as pectin, various enzymes, ethanol, 
antioxidants and essential oils are produced. Essential oils of citrus fruits can be 
represented as an alternate to the chemicals for industrial usage (Viuda-Mart et al. 
2008). Pectin which is a byproduct of citrus peel is having usage in manufacturing 
of jams, jellies as a gelling agent and further as an emulsifier, thickner and stabilizer 
in various dairy products. It is useful in cosmetic and pharmaceutical industry 
because of its jellifying properties (Pagan et al. 2001). The shelf life of the citrus 
juice, concentrates and its processed food products is of major concern. As improper 
storage temperature, packaging can lead to various spoilage that can be enzymatic, 
non-enzymatic, microbial, chemical and physical. This spoilage deteorates the taste, 
aroma, color and bioactive components of citrus products. The present book chapter 
compiles the phytochemical and nutritional significance of citrus genus fruits, the 
processing of its various parts into value-added products and as a rich source of 
functional compounds those are used food sector. Along with this, the type of pack-
aging and storage temperature through which the shelf life of citrus products can be 
extended is also considered.
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12.2  Citrus Genus Fruits

The family to which shelf life of citrus products belongs is Rutaceae. The genus 
citrus contains trees, shrubs as well as herbs in its species. Citrus is the globally 
cultivated as well as traded fruit variety as a garden plant. There are various species 
of Citrus fruit such as Pomelo (Citrus maxima (Burm.) Merr.), Mandarin (Citrus 
reticulata Blanco), Lemon (Citrus limon (L.) Osbeck), Orange (Citrus sinensis (L.) 
Osbeck), Grapefruit (Citrus paradisi Macfad.), lime (Citrus aurantiifolia (Christm.) 
Swingle) and Citron (Citrus medica L.) (Wang et al. 2019a) (Fig. 12.1).

All these species have been explained as follows:

 1. Citrus limon: It is a small thorny evergreen plant and usually cultivated in sub-
tropical regions. It contains an acidic juice that is a source of potassium, vitamin 
C, flavonoids and other essential oils (Garcia et al. 2017; Chekani et al. 2021; 
Ehiobu et al. 2021). Further to this, phytochemical components like terpenoid, 
saponin, alkaloid, steroid, flavonoid and cardiac glycosides, etc. are also found 
in its peel and leaf parts. These chemicals have antiviral, antioxidant, anticancer, 
antimicrobial, antifungal properties (Chekani et al. 2021; Ehiobu et al. 2021).

 2. Citrus grandis (L.) Osbeck and Citrus limetta Risso: These are cultivated in 
parts of Central and Southeast Asia. Further these are reported to contain vitamin 
C along with pectin, folic acid and potassium (Gupta et al. 2021).

 3. Citrus aurantium L.: It is commonly called bitter orange or sour orange also. It 
has commercial value and is mainly used for medicinal purposes or for nutri-
tional supplement. However, its usage as fruit is not common because of its bitter 
and sour taste. The reason behind its sour taste is mainly the presence of neohes-
peridin and naringin. It is used as a lemon juice alternative in vegetable salads 
and as an appetizer in Turkey. Further to this, its by-product which is its bark, is 
very commonly used as an animal feed component. Its fruits are used in jams and 

Fig. 12.1 Various citrus fruit species cultivated globally
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flavoring activities as they are of antioxidant nature and causes various cardio 
protective, anticancer, antiobesity and antidiabetic effects (Hosseini et al. 2016; 
Ersus and Cam 2007; Wang et al. 2019b).

 4. Citrus sinensis: It is commonly known as blood orange and this variety is com-
monly grown in Italy. It contains anthocyanins, Vitamin C, hydroxycinnamic 
acid and flavanones. In comparison to normal oranges, the quantity of these 
chemicals is much higher in case of blood orange (Rapisarda et al. 2001). As per 
reports, the main anthocyanins commonly found in blood oranges are cyanidin 
3-(600 malonyl)-glucoside and cyanidin 3-glucoside. Its higher antioxidant ratio 
in comparison to an ordinary orange is directly linked to the level of present 
anthocyanins. (Rapisarda et al. 2009)

 5. Citrus reticulate: Its common name is Mandarin orange. The fruit is consumed 
solo or along with salad. It is orange colored, oblate small. The taste is a little 
sweeter than the common orange and flesh is soft. The peel has little white meso-
carp, further it is loose and thin so, it is easy to peel (Morton 1987).

 6. Citrus paradise: It is commonly known as grapefruit and is the most consumed 
species of Citrus genus. The taste of grapefruit is little bit bitter, so its crossing 
with orange fruit, to reduce its bitterness was desirable, but as a result of this 
crossing, its ascorbic acid ratio is decreased however the fructose ratio was 
enhanced. Further to this, it contains high amount of flavonoids, naringenin and 
naringin (Sicari et al. 2018).

 7. Citrus clementina Hort. ex Tan.: It is also known as Clementine as this species 
of Citrus genus is grown in the southern Italy. It contains bioactive compounds 
like phenolic compounds and Vitamin C (Strano et al. 2021).

12.3  Phytochemical and Nutritional Profile of Citrus Fruits

 I. Nutritional Profile

Citrus fruits are the rich source of various natural chemicals; those are very valu-
able. Certain Vitamins such as Vitamin C, Vitamin B and other elements such as 
phosphorus, potassium etc. are also present in citrus (Nagy et al. 1980; Ting et al. 
1986; Waleed 2019). The chemical composition of citrus genus has been discussed 
in Table 12.1.

 II. Phytochemicals in Citrus Fruits

Phytochemicals are the compounds having high antioxidant activities and helps 
in scavenging of free radicals generated in the body. Phytochemicals are having 
antiviral, anti-carcinogenic, antifungal, antibacterial, anti-inflammatory or anti-
thrombotic properties (Fattouch et al. 2007). Further they are helpful in controlling 
the cholesterol levels (Samman et  al. 1996). The chemicals such as carotenoids, 
phenols, sulphides and phytoestrogen possess anti-oxidative potential and hence are 
regarded as health promoter because of their wide applicability in preventing risk of 
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Table 12.1 Citrus fruits chemical composition (quantity per 100 gm of its edible portion)

Particulars C. paradisi C. sinensis C. reticulate C. limon C. aurantium

Protein (g) 1 0.8 0.9 1 0.7
Carbohydrates (g) 10 9.3 10.6 11.1 10.9
Fibre (g) – 0.5 – 1.7 0.3
Fat (g) 0.1 0.3 0.3 0.9 0.2
Carotene, μg – – 350 – 1104
Iron (mg) 0.2 0.7 0.1 2.3 0.3
Phosphorous (mg) 30 30 20 10 20
Calcium (mg) 30 40 50 70 26
Vitamin C (mg) – 50 68 39 (in juice) 30

Data reported as per Waleed (2019); Nagy et al. (1980); Ting et al. (1986)

Table 12.2 Carotenoids in citrus fruits

Carotenoids (mg/100 g) C. paradisi C. sinensis C. reticulate C. limon

Cis β-carotene – – 11 –
Auroxanthin – 0.23 – –
Cryptoxanthin 3.3 – 20 –
α-Carotene 1 19–20 20 –
Lutein 9.5 27 20–50 –
β-Cryptoxanthin 150 – – –

Data reported as per Matsumoto et al. (2007)

chronic diseases in the human body (Kuo 1996). Citrus fruits are enriched in phyto-
chemicals (Marti et al. 2009). The various phytochemicals in citrus fruits are dis-
cussed as follows:

 (i) Flavonoids: Flavonoids are having certain physiological properties those are 
helpful in controlling anti-microbial and antiviral activity. They are present in 
citrus plants in good quantity. The glycoside is the main form of their presence. 
Further it contains certain glycosylic derivatives i.e., flavonoid glycosides that 
have various health benefits (Loizzo et al. 2012). This is helpful in repressing 
the infections and also controlling chronic diseases in human body. Polioviruses, 
parainfluenza and herpes virus are reported to be suppressed by Quercetin and 
Hesperidin (Kandaswami 1991). Further it is reported that naringin metabolites 
are very effective against the negative and positive bacteria because of natural 
antimicrobials activity present in them (Calomme et al. 1996). The highest fla-
vonoid content is reported in the mandarin fruit. Common oranges and grape-
fruit are also having some group of flavonoids but lemon fruit lacks it.

 (ii) Carotenoids: Basically, carotenoid pigments are helpful in protection from 
various human diseases. They are majorly found in grapefruits, mandarin and 
sweet oranges. Further, zeaxanthin and lutein are some of the carotenoids found 
in grapefruits (Matsumoto et  al. 2007). They are important for eyes and for 
boosting the immune system of the body. Table 12.2 depicts the comparison of 
carotenoids available in citrus fruits. It is evident that highest quantities are 
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present in mandarins followed by grapefruit and other citrus fruits. However, 
lemon is not having any carotenoids contents in them.

 (iii) Essential oil: Various aromatic compounds are present in in Citrus fruits peel. 
There are about 400 compounds of volatile and nonvolatile nature available in 
citrus fruits.Since ancient times, the essential oils are being used for aromatic 
as well as medicinal purposes. These days the usages of these compounds is 
notably increasing in pharmaceutical as well as cosmetic industries due to their 
antimicrobial and antispasmodic activities (Jung et al. 2004).

 III. Health Benefits of Citrus Fruits

Citrus fruits are very helpful in maintaining wide range of various biological 
activities of human body. Approximately 200 bioactive compounds, those are pres-
ent in lime juice are reported to regulate human body. Also, Majority of bioactive 
compounds are found in lemon and sweet orange which are reported to be helpful 
in controlling 60–70% of liver diseases (Sidana et al. 2013).

 IV. The Major Health Benefits of Citrus Fruits

 1. Anti-carcinogenic properties: Flavonoids present in citrus fruits are having 
anticarcinogenic as well as and antitumor properties (Li et al. 2006).

 2. Hyperglycemia: Hyperglycemia is a condition in which the level of glucose 
rises to undesirable levels. Citrus flavonoids helps in controlling its progres-
sion through binding with starch. Thus, they help in enhancing the hepatic 
glycolysis and thus results in lower down the hepatic gluconeogenesis pro-
cess (Shen et al. 2012).

 3. Cardiovascular properties: The antiaggregation and antiadhesive action of 
citrus flavonoids against red cell clumping are helpful in controlling cardio-
vascular diseases (Robbins 1974).

 4. Anti-microbial activity: Antiviral and antifungal properties of flavonoids in 
citrus are responsible for their physiological action in the body (Calomme 
et al. 1996).

 5. Antiallergic, Anti-inflammatory and Analgesic activity: The flavonoids 
reported in Citrus fruits e.g. diosmin, hesperidin, quercetin etc. are reported 
for their dose-dependent anti-inflammatory activity. This occurs because of 
their influence on arachidonic acid metabolism that helps in histamine 
release (Galati et al. 1994).

 6. Lipids control: The usefulness of citrus juice in controlling higher choles-
terol levels is reported in various studies. The presence of higher quantity of 
insoluble and soluble fiber in citrus fruit juice, is the main reason behind 
this. (Kurowska et al. 2000).

 7. Anti-depressant and Anti-anxiety: A flavoinoid named Apigenin present 
in citrus fruits is known to have antidepressant activity (Matsuda et al. 1991).
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12.4  Citrus Fruit Derivatives and Its Utilization 
in Food Sector

As per the report of 2019, global citrus production is reported as 91,879 thousand 
tons. Out of which, the orange comprises of 46,062 thousand tons. The share of 
tangerine is 31,568 thousand tons. The lemon worldwide production is 7550 thou-
sand tons and that of grapefruit is 6699 thousand tons. As per consumption data of 
citrus genus is concerned, it is 70,177 thousand tons during 2019, in which the share 
of oranges is 28,324 thousand tons and tangerine comprises 30,117 thousand tons in 
consumption. The consumption of lemon in whole world was reported to be 5664 
thousand tons whereas grapefruit is reported to be 6072 thousand tons. The total 
export of citrus fruits during 2019 was ten million tons. The highest share in exports 
is of orange fruits i.e. 45%. The share of other citrus fruits is also significant, as 
mandarin (27%), lemon (19%) and grapefruit (9%) are also exported worldwide 
(Ordu 2021).

Citrus fruits are being consumed in fresh form as well as processed citrus prod-
ucts. As per an estimate, 30% of citrus consumption is consumed through process-
ing. This proportion is a little higher in caser of oranges. The major processed citrus 
fruit product is in the form of orange juice.More than 40% of the oranges of world-
wide production are used in processing of different commercialized products such 
as jams, marmalades, juice dehydrated products and as a flavouring agent in bever-
ages (Fig.  12.2). There are three main derivatives of Citrus fruits namely Citrus 
Juice, Citrus pulp and citrus puree. These derivatives and their usages in food sector 
are explained as follows:

12.4.1  Citrus Juice

Because of higher Vitamin C content of Citrus fruits, its juice is recommended for 
body dehydration. There are two types of juices i.e., 100% natural fruit juices and 
concentrated forms of juices. In general, the natural juices are prepared from inner 
parts of fruits and the when these juices are evaporated after extraction, they become 
concentrated and lead to the formation of concentrated juices.

12.4.1.1  Processing

The technology being used globally for citrus juice processing is almost similar. 
However, there may be differences in equipment or processing systems as per their 
regional availability. Before the extraction of juice, washing of citrus fruits and their 
selection is done. Juice extraction is done at small scale through mechanical pro-
cesses. The juice is extracted from the juice sacs in the endocarp of citrus fruit 
(Vishal and Shreran 2009). In Line system of juice extraction is used for citrus 
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Fig. 12.2 Food products made from Citrus

fruits. In this system, fruits of uniform size are selected and then 3–8 fruits per cycle 
are processed. There are 3–8 lower as well as upper cups in the system. The upper 
cups are made movable and further are go downhill towards its adjacent lower cups. 
There are small knives of circular shape mounted on lower cups those are already 
fixed. The knives in the cups are of finger shape and on up down movement they 
intersect with each other. Further the cups when got fitted in each other the peel is 
removed from the fruit. The fruit pulp and remaining parts are collected in a collec-
tor for final operations. The juice extraction is also carried out with help of equip-
ment such as “Brown extractor”. In this extractor, the fruit is cut into two halves and 
then they are located into special cups designed for the purpose. The extraction is 
carried out with help of reamers i.e. special bulbs (Ikechukwu and Okonkwo 2014). 
These reamers revolve during the squeezing process. As per requirement, the dis-
tance between the reamers can be adjusted. The extraction pressure has impact on 
the composition of the juice but not on the quantity and yield. After this the extracted 
juice passes through the vibrating filter that removes the cells, seeds and other 
coarse materials. Thus, extracted juice is collected. The extracted juice is de-aerated 
that helps to control the oxidation of ascorbic acid present in the juice. The juice is 
usually pasteurized through tubular heat exchangers. This pasteurization helps to 
protect the juice from the microbial growth. Hence after this, the juice is preserved. 
For juice concentrate, evaporators are used with adequate temperature settings to 
perverse the aroma of juice (Domenico et al. 2010).
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12.4.1.2  Food Applications

Citrus fruit juice has various food applications as:

 1. Citrus fruit Juice: There are two forms of Citrus fruit juice i.e. 100% natural fruit 
juice and fruit juice concentrates. The fruit juices available in the market may 
contain added sugars as they contain small quality of real juice along with fruit 
juice concentrates which are prepared through evaporation. Citrus juice is very 
popular among the consumers that account for 2/3 of the global market. But 
undesirable bitterness is the major hindrance in its global acceptance. The bitter-
ness is either due to the flavonoids and their derivatives or it might be because of 
the conversion of non-bitter precursors into bitter compounds. So, researchers 
are focussing on debittering the citrus juices in order to increase their consumer 
acceptance (Kore and Chakraborty 2015; Purewal and Sandhu 2021).

Now a days, a novel product of citrus juice containing probiotics like 
Lactobacillus fermentium, L. casei, L. plantarum, and L. pentosus are coming in 
the market, which is received a huge attention. They have the properties of both 
citrus as well as citrus strains like antipathogenic, chronic disease prevention, 
immune regulation etc. (Yu et al. 2015; Yuasa et al. 2021).

 2. Jellies: The jellies are also prepared from citrus juice. Rubio-Arraez et al. (2016a, 
b) have replaced the sucrose in the orange jelly with other sweetners or their 
mixtures like oligofructose, isomaltulose, tagatose having low glycemic index. 
The jellies prepared with the different formulations were screened for TSS, pH, 
moisture, color, antioxidant capacity and mechanical properties. The results 
showed the reduced antioxidant activity during storage in all the formulations. 
The addition of low GI sweeteners produced the jellies with low a, b and crome 
values i.e. the product was lighter in color than the sucrose added product. The 
jelly prepared with either oligofructose or tagatose or with isomaltulose and 
tagatose mixture, have mechanical properties similar to that of the control and 
the later combination has got the maximum score in sensory analysis.

 3. Ice lollies: These are ice cubes formed from citrus juices. They are cool and tasty.
 4. Sweet Pastries: 100% citrus fruit juice forms are having their usage in manufac-

turing of cakes, biscuits etc. Orange burfi is also an example of barfi made from 
milk and orange juices in Nagpur (India).

 5. Blended juices are mainly manufactured by adding concentrates of two or more 
than two varieties. The blending gives the juice which is nutritionally and organ-
oleptically superior. For example: In grapefruit juice about 15–35% blending is 
possible. Wagner and Shaw (1978) showed that blending of grapefruit juice with 
orange and tangerine juice is less acidic and bitter. Grapefruit juice is also 
blended with other non-fruit juices. Inyang and Abah (1997) found that the 
orange juice blended with the steamed cashew apple juice is stable and have 
good sensory acceptance. Selinium enriched probiotic Streptococcus thermophi-
lus was added to the fermented juice blended with orange, carrot, apple and ber 
juice. A significant increase in of about 13-fold Se was observed in fermented 
beverage with unique flavour characteristics, aroma and nutrition (Xu et al. 2019).
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 6. Fortified juice: Fortification of commercial orange juice with encapsulated 
orange pulp extract is being carried out to increase the antioxidant potential of 
the final product. The fortification has increased total phenolic content from 
10–22% and improved the antioxidant potential of the final product. Islam et al. 
(2014) has evaluated the quality of mixed juice prepared by fortifying the orange 
juice with pineapple juice in different ratios during storage. The product was 
pasteurized for 5 min at 97 °C and stored in PET bottles for 35 days at 4 °C. The 
juice that was fortified in 1:1 ratio was found to have maximum acidity and 
ascorbic acid as 0.785% and 37.1 mg/100 ml respectively. The decrease in TSS, 
ascorbic acid and acidity was observed in the blended juice with storage and the 
aerobic plate count was found to be in range. The juice was stable for 3 weeks 
without any preservative and for 5 weeks after adding sodium benzoate at the 
conc. of 0.6 mg/L. The overall acceptability score was found to be more than 8, 
which suggests commercial scope of the mixed orange juice blended with pine-
apple juice.

Furthermore, Biancuzzo et al. 2010 have added Vitamin D in calcium fortified 
orange juice for minimizing the deficiency of vitamin D in school children and 
adults. They have compared the juice fortified with 1000 IU Vitamin D2 to that 
of vitamin D supplements and found that the blood serum vitamin D was more 
in adults who have taken this fortified orange juice rather than oral 
supplements.

 7. Fermented juices: Citrus juices can be used for preparing fermented beverages. 
Escudero-López et  al. (2013) prepared a product i.e. fermented orange juice 
through the process of alcoholic fermentation. The fermented juices have health 
beneficial properties as they have high flavonoid and carotenoid content. Nagpal 
et al. (2012) and Yuasa et al. (2021) have prepared citrus juice beverages through 
process of fermentation by making the use of probiotic bacteria Lactobacillus 
plantarum and L. pentosus. The viable cell count was found to be similar to the 
probiotic foods. As per chemical composition is concerned, the malic acid was 
found to decrease in fermented juice whereas lactic acid increased but no differ-
ence was observed in sensory evaluation before and after the fermentation.

Citrus wine is the another product made from citrus. It adds value addition to 
citrus and promotes citrus industry. Citrus wines hold the original flavour and 
functional component of citrus like flavonoids, polyphenols, carotenoids, pectins 
etc. and has low alcohol content (Selli 2007). These nutrients not only give 
unique flavour but also provide the nourishment and relaxing properties. From 
last so many years, citrus wine industry is gaining a lot of attraction. The unique 
flavour of wine is because of the substances which are produced during fermen-
tation by microbes. However the problem of bitterness in wines is also producing 
a problem during storage. Moreover, the blending of fermented wine with other 
fruits and vegetables such as apple, pineapple, ber, carrot etc. is also practiced in 
recent years. This blending produces the quality wines with multiple health ben-
efits (Archibong et al. 2015).

 8. Ready to serve beverage: Fruit intake in the form of beverages is liked by people 
of all age groups. Ready to serve beverages use the blending of two or more 

M. Mahajan and R. Sadana



377

juices with the purpose of making the final product better in terms of nutrition 
and organoleptic properties. Kausar et al. 2020 has prepared ready to serve bev-
erage containing aloe vera gel (0, 5, 10, 15, 20%) in orange juice with desirable 
quality, taste, physiochemical and microbial properties. It has been found that 
the addition of aloe vera gel to orange juice, increase the antioxidant activity, 
reducing power and phenolic content. The total plate count was also reduced 
after blending and RTS was acceptable even after 3 months of storage. The effect 
of storage of 3 months was also studied in resulted RTS beverage.

12.4.2  Citrus Pulp

Citrus fruit pulp is separated from seed and the peel portion of the fruit through 
mechanical or manual methodology. In general terms, that part of a citrus fruit 
which is neither fermented nor concentrated or diluted, is known as citrus pulp.
When a mixture of peel and pulp is available, it is considered very good for health 
as it provides health related benefits of both ingredients.

12.4.2.1  Processing

Citrus pulp is extracted from any fruit of citrus family i.e. limes, oranges, lemons, 
grapefruits etc. The main product of citrus processing is citrus juice and the co- 
product left after juice extraction is citrus pulp. In fact, the solid residue, left over 
after the extraction of juice from the fruit, is the citrus pulp. Pulp contains seeds, 
internal tissues along with peel. It is approximately 3/4th in weight to the total fruit 
weight. It is having very limited shelf life. It is high energy food and can be used for 
animal feed purpose. For making use of pulp, it is dried and then transported as per 
requirement. Sometimes pellets of pulp are also made. During drying of pulp, the 
moisture content of the pulp is reduced and further lime is also added to offset the 
acidity.

12.4.2.2  Food Applications

Pulp is considered as most versatile food derivative that can further be used for 
manufacturing various fruit products, those are as follows:

 1. Jam and Marmalade: Jam is a processed product made from fresh fruits by add-
ing sugar, thickners etc. This aims to reduce the post-harvest losses by extending 
the preservation life in the form of processed product. The main characteristic of 
citrus fruit jam is its unique flavor, bright color, taste and nutrition. Today orange 
and grapefruit jams are used in the breakfast, confectionary, bakery and dairy 
products. The sugar content of the jam has to be 50–70% in order to obtain the 
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better texture. But the high sugar content in jam is a matter of health significance. 
Therefore today, technologists are coming up with the idea of replacing sugar in 
jams with natural sweeteners like tagatose, isomaltulose (Rubio-Arraez et  al. 
2016a, b). It has been observed that during the conventional method of jam prep-
aration, there is a loss of beneficial nutrients due to heat that can be prevented by 
using novel ways of other processing methods like microwave and osmotic dehy-
dration (Igual et al. 2010; Igual et al. 2013).

 2. Ice Cream: These days, orange pulps are being used in manufacturing of ice 
creams. They are source of nutrients as well as vitamins. Thus ice cream manu-
factured from pulp by addition of milk are very healthier as well as nutritive.

 3. Frozen Citrus Pulp: This product is used in bakery, confectionary etc. This is 
used as raw material in many fruit products.

 4. Smoothies: It is kind of fruit shakes made from citrus pulp and is in demand 
these days

There are other products which are made from citrus pulp are salad toppings, sweet 
pastries etc.

12.4.3  Citrus Puree

Citrus puree (grapefruit, lemon, orange purees, etc.) is obtained by smashing the 
inner portion of the fruit. It is reported to be very versatile. It can be manufactured 
from different fruits. It is reported to be rich in Vitamin C, minerals, antioxidants 
etc. Fiber is also present in Puree that is helpful in combating constipation related 
problems.

12.4.3.1  Processing

In general, for preparation of puree from any citrus fruit, whether its lemon or 
orange, the procedure is almost similar. Firstly, the whole fruit is either crushed or 
sliced and pureed. Puree is basically a semi processed product useful in production 
of various bakery items. The main method to preserve this is through freezing. The 
puree produced from fruit is around 50–60% of its weight.

12.4.3.2  Food Applications

Citrus puree is used in manufacturing of various food items or as food ingredients. 
These can be explained as

 1. Citrus Puree: Citrus puree especially orange puree is very popular in children 
globally. These purees are natural and free from color preservatives.
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 2. Desserts: Citrus puree is used in various deserts because of its unique flavor 
and taste.

 3. Savoury dishes. Mixture of different flavours of citrus puree are being used by 
chefs to make different combinations to allure the food lovers.

12.5  Citrus Fruit Waste/By-products

The fruits of citrus genus are usually marketed as either fresh fruits or processed 
juice. This includes C. sinensis (sweet orange), C. reticulata (tangerine), C. auran-
tifolia (lemon and lime) and C. paradisi (grapefruit) while some are minor Citrus 
species as shaddock (C. grandis), citron (C. medica), sour orange (C. quarantium) 
etc. Citrus fruits are mainly fragmented into flesh and peel. The peel is further 
divided into Flavedo and albedo. The outermost layer of the fruit is flavedo which is 
also known as exocarp, consists of oil glands, cellulosic material, and various pig-
ments. Whereas, alvedo is the inner portion of the citrus fruit, that is next to flavedo. 
It is enriched with pectin and is removed before consuming the fruit. The endocarp 
is alienated into juice sacs segments or vesicles.

12.5.1  Citrus Peel

Large amount of byproducts and residues are generated by peels during the process-
ing of citrus fruits. About 40 million tons of citrus waste is produced world-wide 
every year and for 50% of the original mass of citrus fruits contributes towards the 
fruit residues (Ferguson et al. 1990). The main solid waste or residues produced 
during the citrus processing are peels, membranes and seeds. Liquid waste includes 
cannery effluents, fruit washing waste waters, peeling, table waste water during 
sectioning, and water during flushing the floor. Distillery effluents involve citrus 
molasses effluents, pectin and citric along with citrus oil plants. The other semisolid 
waste consists of residual membranes of endocarp, some extent of exocarp and 
albedo. Other wastes which are produced during citrus processing are pressed pulps 
generated by juice manufacturing industries, expired, different sizes and dam-
aged fruits.

Earlier these wastes disposal was a big issue as it was discarded on land and over 
the time the increasing putrefying bacteria on it increase the risk to the local water 
resources and also led to methane production which was uncontrollable. The direct 
discharge of wastes into lake water cause pollution and damage to the aquatic life. 
Therefore, citrus waste management is a big challenge. In recent years, researchers 
are focussing on developing the innovative methods to exploit the citrus waste into 
useful and value-added products (Tripodo et al. 2004; De Gregorio et al. 2002; Lo 
Curto et al. 1992). The solid and semisolid waste produced during the processing of 
citrus is rich in sugars, organic acids, amino acids, oils, minerals, fibers, flavonoids 
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and vitamins (Braddock et al. 1999). The different fractions of the waste has these 
compounds in the varied amounts. Also, the methods employed for the juice extrac-
tion affect the proportion of these components (Marin et al. 2002). The best use of 
citrus waste is to get fiber and other food ingredients like pectin and mucilages. In 
addition to this, many commercially important phytochemicals are also extracted 
from the citrus waste.

12.5.2  Citrus Seeds

The seed content in grapefruit and oranges is found to be 7% and 2% respectively. 
Finishers can easily separate seeds from the extracted juice. Seeds of citrus are very 
important source of oils and proteins. The oil is mainly extracted through pressing 
it in expeller or through solvent extraction method (Belshaw 1978; El-Adawy et al. 
1999). The citrus seed crude oil is used in making soaps because it is deeply bitter 
in taste. But, it is purified into edible oil which is quite healthy. The defatted seed oil 
contains about 43% protein. The flour prepared from orange seeds was found to 
have 28.5% carbohydrates, 3.1% crude protein, 5.5% fiber and also found to be 
enriched in calcium and potassium (Akpata and Akubor (1999). Studies have shown 
that 41.9% and 33.4% oil was extracted from citrus seeds grown in Iran and Kerman 
respectively. The main unsaturated fatty acid which is found in citrus seed oil is 
linoleic acid (33–36%). Thus, the results showed that citrus seed oil can be con-
sumed by human (Reazai et al. 2014).

12.5.3  Citrus Pomace

During the production of citrus juice, the solids that is separated from juice is known 
as pomace. During mechanical juice production, the adjustment of machinery 
parameters decides the yield of juice and dryness of citrus pomace. Citrus pomace 
mainly comprises of various essential components such as pectin, hemi cellulose, 
other sugars and cellulose (Zannini et al. 2021). The annual production of citrus 
pomace is estimated to be one million ton (approx.). Citrus pomace is also enriched 
in polyphenols that can be used as nutraceuticals in beverages as well as in various 
functional foods. The extraction conditions decide the quality of various oils pro-
duced from citrus pomace (Caballero et al. 2021).

12.6  Utilization and Valorisation of Citrus By-Products

The effective extraction methods that are being employed today for extracting valu-
able by-products from citrus waste include reflux, stirring, shaking, ultrasonic 
extraction (Jeong et al. 2004; Xu et al. 2008). Today, researchers are developing 
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more efficient extraction methods for industries that are energy saving, safer, com-
pact and sustainable. These include subcritical water extraction, supercritical fluid 
extraction, ultrasound extraction, controlled pressure drop method. Other extraction 
techniques like microwave assisted extraction, accelerated solvent extraction and 
ultrasonic extraction are also being used today and are emerged as the effective 
methods that also deals with various environmental problems. Amongst them, 
microwave assisted extraction is the best method for extraction as it uses microwave 
energy to carry out the extraction that ensures ease, high extraction rate, rapidity, 
less energy consumption and better production yield with less inputs (Spigno et al. 
2009). Another novel eco-friendly green technology is Microwave hydro diffusion 
and gravity. It is highly advantageous over the available conventional methods 
because of its economic viability and shorter extraction time. It is mainly used in 
polyphenols extraction from the onion (Bousbia et al. 2009). It works at atmospheric 
pressure under the principle of microwave and gravity without the involvement of 
solvents (Chemat et al. 2006). It involves the heating of fresh plant material at a 
certain temperature without adding any solvent. The direct interaction of biological 
water in the fresh plant material with microwaves led to the release of the phyto-
chemicals. These compounds come out in crude juice or hot water and then settle 
down in a spiral condenser under the effect of gravity.

12.6.1  Source of Bioactive Compounds

The waste from citrus fruits is rich in bioactive compounds like phenolics, flavo-
noids etc. These compounds have high antioxidant i.e. free radical scavenging activ-
ity, anti-inflammatory, anticarcinogenic and antilipid peroxidation properties 
(Ghasemzadeh and Ghasemzadeh 2011; Kumar and Goel 2019). Mainly two groups 
of flavonoids are reported in citrus fruits. First are the glycosylated flavones such as 
luteolin, apigenin and diosmin glucosides and the other is polymethoxylated fla-
vones. The amount of these flavonoids varies among the citrus species. The glyco-
sylated flavanones are convertible into dihydrochalcones and further they are the 
strong natural sweeteners. Hesperidin, naringin, eriocitrin and narirutin are the 
major flavonoids reported in citrus species. It has been observed that the peel and 
solid waste of lemon contains only hesperidin and eriocitrin whereas the liquid resi-
due has naringin and eriocitrin as predominant flavonoids (Zhao et al. 2017). In the 
same way, the seed waste of citrus is also enriched in flavonoids and phenolics, but 
the amount is more in peel compared to seeds. The amount of these flavonoids var-
ies in peel and seeds.The lemon peel is reported to be rich in naringenin, neohes-
peridin and neoeriocitrin, whereas seeds have principal amount of hesperidin and 
eriocitrin. The major phenolic acids reported in citrus peel of are ferulic, caffeic, 
p-coumaric and sinapic acids. An oprimized microwave assisted extraction method 
is utilised for phenolic compounds extraction from citrus peels (Hayat et al. 2009).
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12.6.2  Application in Food Industry

Pectin
Pectin is one of the valuable products of citrus processing industries. It is used as 
gellifying agents in jams and stabilizer in many food products. About 40–50 thou-
sand tones production of pectin occurs worldwide and 85% of its production come 
from citrus waste and only 15% is contributed by apple pomace. Mainly fresh or dry 
peels of lemon, grapefruit and oranges are used for pectin production. About 9–18% 
and 1–3% pectin is obtained from dried and fresh citrus peels. It is further reported 
that the lemon albedo dried peel has highest pectin content about 30–40%.The pro-
cess of dehydration of citrus peel for pectin extraction is quite different from dehy-
dration done for animal feed where peels are limed. For extraction of pectins from 
peel, firstly leached fresh or dehydrated peels portion are dipped in acidified boiling 
water. During this the pectin get solubilized and thus the viscosity of the extract is 
increased. The extract is then filtered and the process is repeated again. Ultimately 
the pressed cake obtained after filtration is dried, grinded and sell as insoluble fibers. 
The extract is further concentrated by evaporation and the pectin is precipitated by 
adding alcohol to 60%. The pectin obtained as fibrous mass is dried and grinded to 
fine powder.

Citrus Fiber
It is a dietary supplement and is in a great demand today because of its beneficial 
physiological effects. Consumers want to take a diet rich in fibers for a healthy well- 
being. So, industries are including more and more fibers in their formulations. 
Fibers are important in food products because of its functional properties and citrus 
fiber is best known for its functional action (Lundberg et al. 2014). Two types of 
fibers are there. One is soluble fibers which include pectin, alginates, inulin, gums 
etc. and the other is insoluble fibers that include cellulose, chitin, lignin etc. Several 
food products are available in the market that include citrus peel fiber as their ingre-
dient where most of the fiber is contributed by albedo (Marín et al. 2007). The study 
conducted by Larrauri et al. (1997) has shown that the fiber content in citrus peel 
decrease with the maturation of fruit. They observed uronic acids, galactose, arabi-
nose, glucose, and xylose as the main soluble fibers present in grapefruit peel. The 
residues which are left after pectin extraction are good source of insoluble fibers 
that have excellent fat and water absorption capacity. It has its main utilization in 
meat and bakery products (Vergara 2013). Citrus fiber is also used as fat replacer in 
many food products like ice-creams. Orange fiber can replace about 70% fat in ice-
creams. The another use of citrus fiber is its utilization in emulsion foods and salad 
dressings as an emulsifier or stabilizer (Chatsisvili et al. 2012). Studies have reported 
that the products rich in citrus fiber have a probiotic effect produces healthy bacteria 
by fermentation during digestion. It is also reported to reduce the blood glucose and 
cholesterol level.
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Essential Oils
Citrus peel as well as juice are rich source of essential oils and they can be extracted 
from both of them. The monoterpene d-limonene, a colorless liquid is the main 
component of various essential oils those are extracted from citrus peel and Juice. 
About 90% of orange oil mass is represented by essential oils. These essential oils 
are reported to be extracted simultaneously along with juice and mainly marketed as 
“cold pressed oils”. A study conducted by Tongnuanchan and Benjakul (2014) has 
emphasize the role of citrus essential oils as food preservative having good antioxi-
dant activity. The cols pressed oil extracted from lemon peel is quite expensive 
compared to that extracted from orange peel. The essential oils are concentrated by 
vacuum distillation where more volatile components gets separated from terpenes. 
The solvent partition method using aqueous ethanol is used for limonene from ter-
pene less oil. These essential oils are degraded easily during storage, so they are 
packed in small metal containers with no headspace or purged with nitrogen gas. 
Exposure to sunlight also causes the flavor deterioration in essential oils, so they are 
often encapsulated to prevent oxidation (Liu et al. 2012a, b; Tackenberg et al. 2014). 
Steam distillation is used to recover essential oil from peels and frit (Chemat 2010; 
Kashiwagi and Sawamura 2010). This oil is used for the production of food grade 
limonene and in toiletry. Food grade Limonene has an orange like odor and is used 
in pharmacy, foods and beverages. Removal of d limonene from the essential oil 
increase its stability as d limonene has a property to get oxidise and racemize to 
other compounds that have terpentine like odor. Such oils with no d limonene are 
called terpeneless oils (Schmidt 2010) and are known to be more expensive than 
originals. D limonene has other applications like they are used as cosmetic solvent 
and cleanser.

12.6.3  Animal Feed

In citrus industries, the citrus pulp waste is used for animal feed after alkaline or 
enzymatic treatment. It has a good digestibity because of the ruminant’s ability to 
sollublize the fibers present in the pulp by fermentation process (Tripodo et  al. 
2004). It has a high energy content but lower in nitrogen content which is supple-
mented by urea, liquid ammonia and ammonium salts. Citrus peels addition to the 
silage ingredients like legumes and grass help to enhance its performance (Bampidis 
and Robinson 2006). Citrus waste is also used as an organic fertilizer in agriculture 
industry. Lim & Matu 2015 reported the production of citrus waste fertilizer using 
fermentation technology. But the main concern with these fertilizers were their low 
pH which increase the acidity of the soil. Therefore, in orange peels, the pH, mois-
ture and C/N ratio was adjusted to 6.3; 60%; 24:1 respectively before it was used as 
a fertilizer. Another study has used citrus peel powder with high nitrogen along with 
alkaline peel powder with high phosphorous and potassium content of 4.2 mg/g and 
2.1  mg/g respectively. The acidic peel powder reduces the soil salinity whereas 
alkaline citric powder minimizes acidity content of soil.
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12.7  Shelf Life of Citrus-Based Products: Storage 
and Packaging

Shelf life is the length of time (post harvesting) until the safety and quality of the 
food product is reduced under a quantified level. Further, spoilage is the process that 
reduce the safety and quality level of any food item or product. The spoilage may be 
physical, chemical, enzymatic or microbial. In case of Citrus fruit products, the 
main spoilage is of chemical nature that may occur because of color changes, non- 
enzymatic browning, deterioration of aroma and taste and loss of ascorbic acid etc. 
Further texture-related spoilage is also reported in products those are in solid form 
e.g. softening of food products.The shelf life of citrus based products in terms of 
storage and packaging has been discussed as:

12.7.1  Single Strength Juices

Citrus is seasonal fruit and principle of not-from concentrate (NFC) production for 
juice is followed. There is demand for the product full year around. So, storage of 
NFC juice for long term is the demand of the industry (WFLO 2008). As for storage 
a enormous quantity of citrus juices, large storage facilities are required. During 
earlier times, for storage of juices, technique used was freezing the juice and this 
freezed juice was stored as large frozen slabs till they are required for processing 
purpose. This method is difficult to perform and costly. So to overcome these diffi-
culties, large sized refrigerators were used for juice storage to enhance its shelf life. 
Further, the juice was pasteurized, then deaerated. After this the juice is chilled to 
0–1 °C before pumping into presterilized refrigerated tanks.in general the capacity 
of the storage tanks is approx. 3500 cub. meters (one million gallons) or more. 
These tanks are made up of carbon steel that is lined with epoxy resin. The group of 
tanks is known as tank farms. In these tanks the temperature slightly above the 
freezing point is maintained and oxygen availability is competently omitted. This 
system guarantees a shelf life of one year.

Many studies have shown the processing and storage effect on the citrus juice 
shelf life (Perez-Cacho and Rouseff 2008). The quality of hot filled bottled and 
aseptic bottled orange juice was compared by Mannheim and Havkin 1981 and has 
been found that aseptic juices had better quality but degraded after storage. Another 
research conducted by Sandler et al. (1992) has compared the microbial, enzymatic 
and biochemical composition of orange juice store at 4 °C with no pasteurization, 
with little pasteurization and with full pasteurization. They found that the permea-
bility of oxygen did not affect the un pasteurizated juice. The studies reported that 
the low or fully pasteurized juice had little microbial growth, had better retention of 
ascorbic acid and less cloud loss even after 21 days of storage. There was not much 
difference observed in low or fully pasteurizated juice. UV treatment of orange 
juice and grapefruit juice was studied by Uysal Pala and KırcaToklucu (2013); La 
Cava and Sgroppo (2015) followed by refrigeration. This treatment increases the 
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storage stability of juices. Other studies have shown that the packaging films con-
taining silver and titanium compounds also enhance the shelf life of citrus juice 
(Peter et al. 2015). Further the impact of packaging practices on the shelf life of 
single strength orange juice was also studied. Multilayer and monolayer PET bottles 
are also used for storing orange juice. It has been found that monolayer PET bottles 
showed less retention of ascorbic acid, but use of other protective agents like addi-
tion of oxygen scavengers, purging with liquid nitrogen, can extend the shelf life of 
citrus juice in monolayer PET bottles to the level that is found with multilayer or 
glass bottles. Packaging usually consists of four layers. First layer is of polythene 
present internally for sealability. Second layer is the layer of aluminium foil for 
light and gas impermeability. Third layer consists of paper for printability and 
mechanical strength and the last layer is of polythene for external protection. The 
storage behaviour of reconstituted orange juice processed by either conventional 
thermal processing or by high hydrostatic pressure stored in polypropylene bottles 
or laminated pouches was studied at 0–15 °C. The juice given hydrostatic pressure 
treatment retain more ascorbic acid compared to conventional heat treatment. The 
retention was more i.e. 65% at 0 °C compared to 11% at 15 °C. In pouches it was 
57% and 24% at 0 °C and 15 °C respectively.

Addition of thiols (glutathione, N acetyl L cysteine and L cysteine) in pasteur-
ized orange juice reduce the formation of p-vinyl guaiacol which degrades the taste 
of orange juice. Addition of thiols also prevent the ascorbic acid degradation during 
storage. Non enzymatic browning of orange and grapefruit juice is quite common 
during the storage as it produces the off flavour. They investigated browning in 
juices stored in Tetra brick cartons. They found release of carbonyl compounds due 
to the degradation of ascorbic acid is responsible for browning not Millard reaction. 
Nagy et al. (1990) has studied browning in canned/bottled grapefruit juices stored 
for 18  weeks at 10–50  °C.  They observed that reducing power of tin at acidic 
medium prevents the browning in canned juices that were stored at 10, 20 °C.

Colorimetry method using CIELAB system to detect the change in color and deg-
radation of carotenoids which is mainly affected by non-enzymatic browning. Kenedy 
et al. (1992) evaluated the rate of vitamin C degradation in blood orange juice stored 
in Tetrabrik cartons. Amount of dissolved oxygen affects the aerobic and anaerobic 
deteoration of ascorbic acid. Finally L-ascorbic acid aerobic degradation occurs till 
the dissolved oxygen reaches the equilibrium. Soares and Hotchkiss (1999) reported 
that the aerobic degradation is inversely proportional to oxygen permeability. 
Therefore, juices are deaerated before they are aseptically stored in tanks. The loss of 
aroma due to the adsorption during packaging is a matter of concern. About 19% and 
10% compounds of aroma are lost during polyethylene and polypropylene.

12.7.2  Citrus Concentrates

Aseptic packaging is commonly used to store the concentrated citrus juices. 
Burdurlu et al. (2006) investigated the storage effect (28–45 °C) on the stability of 
vitamin C in lemon, orange, grapefruit, tangerine juice concentrates. It was found 
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that the retention of vitamin C after 2 months of storage at 28 was 55–84% whereas 
24–27% and 15–20% retention in vitamin C was found at 37 and 45 °C respectively. 
Ascorbic acid loss was correlated with Hydroxymethyl furfural accumulation in all 
juice concentrates at different storage temperatures (Kanner et  al. 1981). It was 
found that furfural formation was quite rapid in orange juice (12oBrix) compared to 
its concentrate (58oBrix) stored for 3 months at 17 °C. Other finding was the non- 
enzymatic browning was found to be less in concentrates stored below 12 °C. Further 
the flavour change in concentrates (58oBrix) was quite low even after 12 and 
10 months of storage at 5 °C and 12 °C respectively. So, it has been concluded that 
aseptic citrus juice concentrates can be stored at 5 °C for 1 year without the need of 
freezing. In industries, the juice concentrates are stored in refrigerated tanks with 
huge capacity. During transport, these concentrates are filled aseptically in steel 
drums with polymer lining, refrigerated tanks and in Scholle bag pouches. These 
pouches come in different sizes, are multi-layered, presterilized and have aseptic 
filling nozzles. They have standalone version as well as come in bag-in-the box ver-
sion. For retail selling, these concentrates are store at sub-freezing temperature 
packed in plastic cups or small cans.

12.7.3  Citrus by Products

As it is already discussed in previous section, that essential oils undergo oxidation, 
racemization, polymerization that degrades its pharmaceutical and sensory quality. 
The main factors responsible for its quality loss is oxygen, light and some catalysts. 
But it has been found through studies that the effect of these factors decreases when 
low temperature is used for oil is storage (Turek and Stintzing 2013). Citrus essen-
tial oils are generally stored in tin and aluminium containers or in dark colored glass 
bottles and stored at low temperature even for a year. Studies have shown that the 
fresh orange aroma can be restored with any significant change by storing at 0 °F 
with shelf life of approx. 3 months (Guadagni et al. 1970). So low temperature is 
important for retaining the essence and aroma of oranges. Other products like pectin 
and citrus fibre are usually maintained as dry powders which are shelf stable. Only 
dry and cool places are recommended for their storage.

12.7.4  Other Miscellaneous Products

The segments of grapefruit when canned are shelf stable even for one year when 
stored at low temperature. High temperature storage can cause the rapid browning 
of the segments and can degrade its quality. Many packaging is tried for grapefruit 
segments like mono and multilayer plastic trays, tinplate cans etc. But the best pack-
aging for grape fruit segments are plain, non-lacquered cans (Miltz et al. 1995). For 
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candied fruit and peels, hermetic containers or polymer pouches impermeable to 
water are suggested. Because at high humidity stickiness, caking and attack by mold 
can occur. Jams and jellies are hot filled in presterilized/sanitized glass or plastic 
jars in order to prevent the sugar crystallization and severe browning.

12.8  Future Directions

Citrus fruits are being used in various manners such as citrus juice, puree, other 
waste by products globally. In spite of the probable usage of citrus fruits and its 
waste products, still there is much scope through valorization for production of 
various essential oils and cattle feed pellets etc. These innovative ideas need struc-
tural changes in the existing phenomenon as well as adoption of useful implemen-
tations. Cost effective, eco-friendly and sustainable procedures for extraction of 
biochemical such as Vitamins, essential oils etc. is the need of hour. Further, there 
is an urgent requirement for improvement in process optimization and production 
efficiency of enzymes and other chemicals of citrus fruit ingredients. Improvement 
in conversion efficiency, cost reduction, along with prohibition of intermediate may 
be the futuristic options available. For sustainable societal development, process 
efficiency need to be improved. The implementation of valorization of citrus waste 
in future biorefineries can be a great invention. Usage of citrus waste as biomanure 
can be a future source of fertilisation, advanced research in this regard must be car-
ried out. Collaborations in between different industrial partners as well as Govt 
Agencies along with advanced research, awareness, legislation can be helpful in 
building new era of sustainable society and more specifically a bio-based devel-
oped economy.

12.9  Conclusion

Citrus genus fruits are one of the most commonly consumed commodities globally. 
The genus includes various species that are enriched in Vitamin, Minerals, fibers 
and antioxidants, important for human wellbeing. Every part of citrus fruit can be 
processed into value added products. The flesh can be juiced and the pulp which is 
left can be used for the production of jams, jellies, marmalades, cakes, pies, smooth-
ies etc. Even the waste part of the fruit in the form of peel, seeds and pomace, can 
also be processed into valuable products like pectin, essential oils, fiber etc. 
Furthermore, proper storage at low temperature and deaerated or aseptic packaging 
is very important to maintain the quality of citrus based products for longer duration 
of time.
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Chapter 13
Citrus Waste: A Treasure of Promised 
Phytochemicals and Its 
Nutritional- Nutraceutical Value in Health 
Promotion and Industrial Applications

Chidanandamurthy Thippeswamy Swamy , Kurra Sivadurga, 
M. Prathapa Reddy, Gokul Marimuthu, Chakra Siddappa Prashantkumar, 
Chelladurai Premkumar, and Sukhvinder Singh Purewal

13.1  Introduction

The improvement in life quality over the past few decades has resulted in a constant 
rise in the global population, resulting in excessive resource consumption and, as a 
result, a sizeable creation of garbage. Anything that is underutilised or not fully 
utilised is referred to as “waste”. Therefore, excessive waste products may be caused 
by ineffective waste management. Due to the high expenses associated with this 
procedure and the fact that garbage is either dumped in landfills or burned to create 
energy, it may also harm the environment and the health of living things. Therefore, 
a recycling/reuse approach is required to decrease generated waste volume and 
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associated socio-economic costs. This might reduce the overuse of raw materials 
and enable the trash’s potential economic and biological worth to be used.

Fruit and vegetable-rich diets are highly recommended for good health due to 
various phytoconstituents, vitamins, minerals, electrolytes, fibres, and antioxidants 
(Slavin and Lloyd 2012). Citrus culture or citriculture has been observed for more 
than 4000 years, and it has been assumed that it is originated from South East Asia. 
Various kinds of citrus fruits and their varieties are reported worldwide (El-Otmani 
et al. 2011). Citrus, Clymania, Microcitrus, Poncirus,Fortunella, and Eremocitrus 
are the six genera in the Rutaceae family. Among six genera, only three genera, such 
as Citrus, Poncirus, and Fortunella, produce fruits of commercial importance 
(Ramana et al. 1981).

Citrus is a genus exhibiting characteristic features of evergreen aromatic shrubs 
and small trees, mostly branched, distributed throughout the tropical and temperate 
regions. Among the citrus fruits, mandarin, sour oranges, and sweet oranges are the 
most important as fresh fruits, and they contribute to roughly 80% of the world’s 
citrus fruit production (Anonymous 1992). According to a recent Food and 
Agriculture Organization (FAO) report, around 143755.6 thousand tonnes or 
~143  million tonnes of citrus fruits are produced worldwide. Further, Oranges, 
Tangerines, Lemons and Limes, and Grapefruits were reported to produce 76292.6, 
37429.3, 20529.5, and 9504.1 thousand tonnes, respectively in the year 2019. The 
zone-wise production of citrus fruits is illustrated in Fig.  13.1 (FAO 2021). The 
demand for citrus fruits is increasing massively due to the rising global population 
(Sharma et al. 2017). The different major citrus fruit’s world region-wise production 
is illustrated in Fig. 13.2 (FAO 2021).

Citrus fruits are a rich source of phytochemicals that play a vital role in health 
promotion. Fruit processing produces significant volumes of waste that are either 
used as fodder for animals or dumped, which increases the environmental burden 
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Fig. 13.1 Total production of citrus fruits worldwide
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Fig. 13.2 Major citrus fruit types area-wise production

(Suri et al. 2022). Various food and non-food industries use citrus waste, such as 
peel, seeds, pome, pulp, etc., due to its valuable bioactive compounds. Citrus waste 
contains naturally occurring bioactive substances that can be used as food additives, 
encapsulating materials, nanoparticle synthesis, prebiotics, pectin sources, essential 
oils extraction, polyphenols, carotenes, or dietary fibre. Additionally, it can be uti-
lised as a natural component in packaging, medications, cosmetics, and synthetic 
fuels. Whatever the case, citrus waste is regarded as an ecological danger due mas-
sive pile-up of untreated waste, producing an unpleasant odour by colonising micro-
organisms, including pathogens. Recently, some tactics to lessen its adverse effects 
have been developed in light of this concern (Suri et al. 2022).

The citrus fruits extraction or processing industry utilises the fruits to develop 
value-added products like juice. Every year, the citrus industries process citrus fruits 
and produce enormous amounts of trash. Among these, citrus peel alone was found 
to be half of the wet fruit mass. With an annual yield of 110–124 million tonnes, 
citrus is the world’s most widely produced fruit crop. Food processing companies 
often discard 45–55% of the whole fruit after processing as waste (Mahato et al. 
2021). The major citrus wastes such as peel, seeds, and pulp are produced in large 
amounts by the food processing industries as byproducts. Citrus peel consists of 
pectin, essential oils, flavonoids, carotenoids, vitamin C, and phenolic acids. 
Polyphenols and other bioactive compounds of citrus waste are well-known antioxi-
dant substances and helpful for developing natural antioxidant formulations. 
Phenolic compounds of citrus waste are used in various fields like preparation of 
balanced diet products, cosmetic production, and pharmaceuticals manufacturing 
(M’hiri et al. 2017).

Citrus peel is also rich in pectin content; therefore, it is a potential alternative 
source for the lignocellulose compounds in biofuel production (Jeong et al. 2021; 
Saini et  al. 2022). Another waste product in the bioprocessing of the citrus fruit 
industry is seeds. Due to specific compounds, seeds are bitter and effective against 
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insects, and seeds contain oils, protein, fibre, ash, and other compounds. Due to 
their fatty acid composition, significant tocopherol & sterol content, and potential 
for usage in the development of goods with added value, citrus fruit seeds are 
thought to be a promising source of seed oil (Matthaus and Özcan 2012). The seeds 
of citrus fruit consumption help deworm parasites like threadworms. Lemon seed 
and sprouted seed extracts showed strong antioxidant activities (Silva and Jorge 
2019; Falcinelli et al. 2020) and inhibited the growth of cancerous cells by inducing 
apoptosis. These findings imply that MeOH: water extract contains aglycones and 
glucosides of limonoids and flavonoids, which may act as a chemopreventative 
agent for breast cancer (Kim et al. 2012). Citrus pulp is another waste byproduct 
generated in the food or juice processing industry and used as feed for ruminant 
organisms, broiler chickens, and pigs. The supplement of pulp with regular feed 
improves the milk yield and fat concentration in the milk (Belibasakis and 
Tsirgogianni 1996).

The pulp of citrus fruits is a rich source of macro and micronutrients. 
Macronutrients such as potassium, sodium, phosphorus, calcium, and magnesium; 
micronutrients like iron, zinc, copper, manganese, and selenium are more affluent 
than fruit (Czech et al. 2020). Citrus waste (Peel) is used in the production of bio-
gas, bioethanol, and biodiesel. The raw material pretreatment is done with physical, 
chemical, and biological methods. Hydrolysis processes such as chemical and enzy-
matic hydrolysis were commonly used to convert complex polysaccharides to sim-
ple sugars, and fermentation of simple sugar will give bio-ethanol (Mahato et al. 
2021). A citrus fruit diet supplement in the feed of lactating Ewes at 30% reduces 
the milk fat and total solids only but not the coagulation property of milk (Jaramillo 
et al. 2009). Citrus aurantium L. flowers are a novel source of milk coagulants used 
in the cheese industry instead of calf rennet. Extract of citrus flowers enhances the 
ripening time and flavour of cheese (Nasiri et al. 2020)The citrus fruit processing 
industry produced a lot of waste and was used as manure. Organic manure used in 
the study increases the crop yield by up to 400%, as reported by Mediterranean soil 
(Tuttobene et al. 2009).

In this chapter, we discussed the application of significant citrus waste. Herein, 
we covered a brief discussion about phytochemical compounds present in citrus 
waste, followed by extraction methods used to obtain phytochemical compounds 
from citrus waste. Furthermore, this chapter covers nutritional and nutraceutical 
aspects, health benefits, asunder applications, and the importance of citrus waste.

13.2  Phytochemicals of Citrus Waste

Phytocompounds are naturally present in citrus juices, grouped into diverse chemi-
cals, and play a role in the human body’s physiological functions and metabolic 
changes. Plants rely on phytochemicals to protect them from environmental stress 
by producing proactive molecules. A broad range of phytochemicals and their 
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distribution are reported in asunder parts of citrus. A few vital phytochemicals 
found in citrus waste are shown in Figs. 13.3, 13.4 and 13.5. Citrus waste comprises 
of diverse phytochemicals such as phenolic compounds, essential oils, pigments, 
carotenoids, limonoids, etc. Thus, this section briefly discusses various phytochemi-
cals present in citrus waste.

Fig. 13.3 Major flavonoids found in citrus waste
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Fig. 13.4 Major phenolic acids and vitamins found in citrus waste

13.2.1  Phenolic Compounds

Phenolic compounds are well reported in the citrus peel than in other citrus waste, 
such as pulp and seed (Sir Elkhatim et al. 2018). The citrus peel contains phenolic 
acids such as p-coumaric, sinapic, ferulic, and caffeic acids. Flavanones and 
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Fig. 13.5 Major carotenoids found in citrus waste

polymethoxylated flavones are another class of phenolic compounds consisting of 
naringin & hesperidin and nobiletin & tangeretin (Singh et al. 2020). Phenolic com-
pounds (PCs) are chemicals found in all parts of plants, including fruits and vegeta-
bles, and are made through the shikimic acid and phenylpropanoid pathways (de la 
Rosa et al. 2019). These are a type of organic compounds that contains an aromatic 
hydrocarbon ring with one or more hydroxyl groups attached to it. They can be 
found in various natural products and are commonly used as dietary supplements or 
food additives. The most common phenolic compounds include flavonoids, pheno-
lic acids, tannins, stilbenes, and lignans (Ayad and Akkal 2019). Hydroxy benzoate 
and hydroxy cinnamate derivatives of phenolic acids & flavonoids such as flavonols, 
flavanones, flavones, isoflavones, flavanols, and anthocyanins are found in citrus 
waste majorly.

The phenolic compounds are found in different varieties and concentrations in 
citrus waste. The individual phenolic compounds in citrus waste comprise of Gallic 
acid, Chlorogenic acid, Syringic acid, p-Coumaric acid, Sinapic acid, Ferulic acid, 
Ellagic acid, Catechin hydrate, Rutin, Amentofavone, Myrcitrin, Kaempferol 
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3-rutinoside-7-galactoside, Isorhamnetin-3-O-rutinoside, Luteolin-7-O-glucoside, 
Myricetin, Quercetin, Naringenin, Kaempferol, Isorhamnetin, Apigenin, and 
Cirsimaritin (Lamine et al. 2021).

Among the citrus fruits, grapes reported higher total phenolic content compared 
to other citrus fruits. Among the citrus wastes, the grapefruit peel has the highest 
reported phenolic content equivalent to gallic acid, which is 77.3 mg/g, whereas 
lemon and orange peel have 49.8 mg/g and 35.6 mg/g, respectively (Sir Elkhatim 
et al. 2018). Methanol extract of citrus waste such as orange peel, citrus pulp, and 
grape marc reported the phenolic content equivalent to tannic acid is 1583.0 ± 154.35, 
565.6 ± 106.80, and 4480.5 ± 886.58 mg/100 g, respectively (Castrica et al. 2019). 
In another study, the TPC (Total Phenolic Content) in control samples of fresh peel 
extracts of lemon, lime, mandarin, and orange peel was found to be 222.76, 362.98, 
530.05, and 284.19 mg GAE/100 g, respectively. This study concludes that out of 
the four fruits, the orange peel had the least amount of TPC while the lime peel had 
the most (Casquete et al. 2015).

The UPLC-PDA (Ultra-Performance Liquid Chromatography coupled Photo 
Diode Array) mediated quantification of macerated citrus waste showed diverse 
phenolic compounds such as catechin (0.20 mg/g), eriocitrin (5.12 mg/g), p-cou-
maric acid (0.63 mg/g), sinapic acid (0.71 mg/g), diosmin (2.00 mg/g), hesperidin 
(2.01  mg/g), neohesperidin (0.27 mg/g), naringin (0.25  mg/g) in (dry weight). 
Further, UAE (Ultrasound-Assisted Extraction) of same citrus waste analysed in 
UPLC-PDA record catechin (2.92 mg/g), eriocitrin (20.71 mg/g), p-coumaric acid 
(2.86 mg/g), sinapic acid (3.67 mg/g), diosmin (18.59 mg/g), hesperidin (7.30 mg/g), 
neohesperidin (1.63 mg/g), naringin (0.44  mg/g) in dry weight (Medina-Torres 
et al. 2019).

13.2.1.1  Phenolic Acids

Phenolic acids, such as hydroxycinnamic and hydroxybenzoic acid derivatives, are 
present in citrus peels. Seven phenolic acids were reported from the citrus waste 
(huyou peel); these included benzoic acids (p-hydroxybenzoic acid, vanillic acid), 
cinnamic acids (caffeic acid, p-coumaric acid, ferulic acid, sinapic acid), and chlo-
rogenic acid (a representative of phenolic esters) (Xu et al. 2007).

Chlorogenic acid, p-coumaric acid, and caffeic acid are reported from citrus 
waste by employing the ultrasound-assisted extraction (UAE) method. In the UAE 
approach, decreasing the sample particle size increases the recovery of the phenolic 
acids from citrus waste (Papoutsis et al. 2018). Benzoic acid, Protocatechuic acid, 
p-coumaric acid, Ferulic acid and Gallic acid are reported in Kumquat peel. Benzoic 
acid, Ferulic acid, Protocatechuic acid, p-coumaric acid, Chlorogenic acid, Caffeic 
acid, and Gallic acid were reported in sweet orange. In addition, Benzoic acid, 
Protocatechuic acid, Chlorogenic acid, & p-coumaric acid were reported in lemon. 
From Mandarin peel, Benzoic acid, Protocatechuic acid, Chlorogenic acid, Ferulic 
acid, & p-coumaric acid were reported (Chen et al. 2021).
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13.2.1.2  Flavanoids

A class of phenolic compounds known as flavonoids is extensively distributed. It 
has various biological effects, including inhibiting vital enzymes involved in mito-
chondrial respiration, defence against coronary heart disease, and anti- inflammatory, 
anti-cancer, and antibacterial actions (Im et al. 2014). The colourimetric-based esti-
mation procedures were employed to determine the total flavonoid content in the 
citrus fruits and wastes. The total flavonoid content is rich in the peel of grapefruit 
(80.8 mg/g) and orange (83.3 mg/g) compared to lemon (59.9 mg/g) (Sir Elkhatim 
et al. 2018). The main flavonoids in citrus waste reported are hesperidin, narirutin, 
and rutin. The hesperidin content in citrus waste reported 305.7 mg/100 g as one of 
the significant flavonoid contents in the citrus peel (Im et al. 2014). The most com-
mon flavonol compounds in citrus waste or peels of lemon and sweet orange are 
rutin, quercetin, and kaempferol, which are in the form of glycosidic in nature 
(Chen et al. 2021). A flavonol compound, rutin reported from citrus waste and its 
hydrolysed content (Im et  al. 2014). Around 3.3–4.7 mg/g of rutin flavonol was 
reported from the citrus peel (Gómez-Mejía et al. 2019). There are six flavanones: 
naringenin, hesperidin, naringin, neohesperidin, narirutin, and hesperetin, and one 
flavonol (rutin) were reported from the hydrolysed citrus peel extract (Im et  al. 
2014). Hesperidin is a prominent flavanone found in orange peel, mandarin peel, 
and kumquat peel, along with hesperidin, naringin, narirutin, and neohesperidin 
(Chen et al. 2021).

The flavanone glycosides such as narirutin, naringin, hesperidin, and neohesper-
din are reported from citrus peel, and the thermal treatment of peel showed the 
reduced content of these compounds (Xu et  al. 2007). The ultrasound-assisted 
extraction (UAE) method was employed to recover the hesperidin, where the size of 
peel particles was 2.00 and 1.40 mm, yielding 6.44 and 6.27 mg/g of hesperidin, 
respectively (Papoutsis et al. 2018). The highest hesperidin content reported from 
citrus peel is 280–673 mg/g (Gómez-Mejía et al. 2019).

Diosmetin-6, 8-di-C-glucoside (Lucenin-2,4′-methyl ether), Apigenin-6,8-di-C- 
glucoside (vicenin-2), Eriocitrin, Chrysoeriol-6,8-di-C-glucoside (stellarin-2), 
Vitexin 2″-xyloside, Diosmetin-7-neohesperidoside, Rhoifolin-4-glucoside, 
Quercetin-3-O-neohesperidoside, and others are reported from citrus waste by using 
UPLC-PDA instruments (Sanches et al. 2022). Citrus and mandarin peels reported 
flavone glycosides or aglycones such as diosmin, rhamnosylvitexin, and accetin. 
Polymethoxylated flavones such as nobiletin and tangeritin were found in the man-
darin peel (Chen et al. 2021).

13.2.2  Essential Oils (EO)

Citrus waste is a significant source of essential oils commonly used in the food 
industry as flavouring agents. EO’s are found mostly in oil sacs or glands of fruit 
peel. EOs are extracted by steam distillation, solvent extraction with hexane or CO2, 
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and cold pressing (Ángel Siles López et al. 2010). Pomelo (Citrus maxima) peel 
wastes are rich in essential oils and yield 0.58% of EOs obtained through hydro- 
distillation (Teigiserova et al. 2021). Further, EO reported from various citrus peel 
wastes such as orange peel, tangerine peel, sweet lemon, and sour lemon contained 
1–15% non-volatile and 85–99% volatile components (Patsalou et al. 2020). Five 
major classes of compounds are present in citrus essential oils, namely Monoterpene 
hydrocarbons, Oxygenated Monoterpene hydrocarbons, Sesquiterpene hydrocar-
bons, Oxygenated Sesquiterpene hydrocarbons, and other hydrocarbon constituents 
(Badalamenti et al. 2022).

13.2.3  Pigments

Natural colouring substances called pigments or biochromes are abundant in citrus 
wastes, with wide industrial applications such as food additives, colouring agents, 
and preservatives. The pigments are extracted using conventional (cold press, mac-
eration, solvent extraction, etc.), nonconventional methods (ultrasound-assisted 
extraction, supercritical fluid extraction), and other methods (Boukroufa et  al. 
2017). Citrus peels are rich in phytopigments like chlorophyll, carotenoids (Costanzo 
et al. 2020), Anthocyanins, Hydroxycinnamates (Scordino et al. 2005), and beta-
lains (Sharma et al. 2021). Anthocyanin pigments present in citrus waste include 
Malvidin, Delphinidin, Cyanidin, Petunidin, Petunidin, andpelargonidin (Fabroni 
et al. 2016; Sharma et al. 2021). A pigment anthocyanin content reported from cit-
rus waste such as orange peel, citrus pulp, and grape marc are as follows 5.2, 3.4, 
and 29.6 mg/100 g respectively (Castrica et al. 2019). Narirutin, neoeriocitrin, hes-
peridin, poncirin, and naringin are the few glycosylated flavones considered as pig-
ments present in citrus plants (Lu et al. 2021). Carotenoids like α and β-carotene, 
antheraxanthin, lutein, violaxanthin, and β-cryptoxanthin from the citrus peel 
wastes are the few pigments isolated belonging to this class (Lu et al. 2021).

13.2.4  Vitamins

Citrus waste contains a considerable amount of water-soluble and fat-soluble vita-
mins. Vitamin A & E (fat-soluble vitamins), Vitamin B complexes & Vitamin C 
(water-soluble vitamins) (Khan et al. 2021) are found in citrus wastes. Precursors of 
Vitamin K1 are reported to be found in citrus wastes (Costanzo et al. 2020). Further, 
in the Vitamin B complex, Vitamin B1 (thiamin), Vitamin B2 (riboflavin), Vitamin 
B3 (niacin), Vitamin B6 (pyridoxine), and Vitamin B9 (folic acid) are reported to be 
present in citrus waste (González-Molina et al. 2010). The 110 mg/100 g of vitamin 
C was reported from the citrus peel (Sir Elkhatim et al. 2018). Vitamin B12 can  
be produced by the mediation of Propionibacterium freudenreichii and 
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Propionibacterium shermanii via anaerobic digestion of citrus waste (Pérez- 
Mendoza and García-Hernández 1983).

13.3  Extraction Techniques

Extraction separates medicinally active organic material using specific solvents and 
established processes. This process aims to isolate the dissolvable vital phytocom-
ponents from the insoluble cellular debris. In the crude extracts, these procedures 
produce plant metabolites such as terpenoids, alkaloids, phenolics, flavonoids, and 
glycosides.

13.3.1  Conventional Extraction Techniques

Traditional techniques have been practised for traditional medicine preparations for 
centuries. With industrialisation, extraction gained solid ground in the isolation and 
production of phytocomponents. Through research, various extraction alterations 
and innovations have been introduced to make the process more effective and sus-
tainable. This section of the chapter will focus on applying conventional extraction 
techniques used in research and industry for separating and identifying phytochemi-
cal components from citrus waste. The main conventional techniques include mac-
eration, cold press, soxhlet, and hydro-distillation are widely used to extract the 
bioactive compounds in citrus waste.

13.3.1.1  Maceration, Percolation, Infusion, and Decoction

Maceration is a technique that has been used for a long time to prepare tonics. It is 
composed of several steps. First, plant samples are ground into tiny particles. 
Second, a suitable amount of solvent is poured into a closed vessel. The liquid is 
discarded in the third step of this process, and a larger yield is achieved by pressing 
the solid residue (Sagar et al. 2018). Percolation is also based upon a similar prin-
ciple involving the percolator equipment. The procedure is usually performed at a 
moderate rate for 2–3 h before evaporation to obtain concentrated extracts.

Moreover, decoction and infusion also share the same principle as maceration. 
For decoction, boiling of the sample is carried out for a period of time in a specific 
volume of water, whereas, for infusion, the soaking period is short. Additionally, the 
decoction is suitable only for thermostable substances and hard plant materials like 
barks and roots.

These are the most straightforward methods. On the other hand, organic waste 
becomes challenging because of the increasing volume of solvents, demanding 
appropriate waste administration. Using different temperatures and solvents may 
improve the extraction process and reduce time.
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13.3.1.2  Soxhlet Extraction

The soxhlet extraction method is one of the old conventional types of extraction 
procedures in this large quantity of solvents required to extract the desired com-
pound and time-consuming process. However, it is still used to compare with the 
modern mode of extraction techniques. Commonly a known quantity of samples is 
mixed with solvent and run for hours to extract the compounds. In a study, the 2 g 
of dried citrus peel was mixed with hexane solution in a ratio of 1:25 (matrix: sol-
vent) at solvent boiling temperature for 04 h (Lopresto et al. 2014; Sagar et al. 2018).

Although this approach used a tiny amount of solvent, it had several drawbacks, 
including exposure to flammable and hazardous organic solvents and poisonous gas 
emissions during extraction. Additionally, this approach requires high purity of sol-
vent, which adds to the high cost. Furthermore, a dry and fine coarse solid is the 
perfect sample to be used for Soxhlet extraction, along with several factors such as 
solvent-sample ratio, agitation speed, and temperature.

13.3.1.3  Cold Press

The cold press method employs to extract the bioactive components from citrus 
waste. Here, the best way for isolating heat-labile compounds from substrates is not 
to heat the substances at higher temperatures. The cold-pressed extract of lemon 
seeds at the laboratory-scale cold-press machine. The seed moisture content was 
first adjusted (12%) before cold pressing, and cold pressing was applied at 30 rpm 
rotation speed, 10  mm exit die at 40  °C temperature of oil exit (Guneser and 
Yilmaz 2017).

13.3.1.4  Hydro-Distillation

The oldest and easiest method for obtaining essential oils from plants is hydro- 
distillation. Before dehydrating the plant sample, the traditional method of hydro- 
distillation is used to extract significant oils and different bioactive components 
from plant sources. There are three different methods of hydro-distillation: direct 
steam distillation, water distillation, and water and steam distillation (Sagar et al. 
2018). Packing the plant sample in a still compartment is the first stage of hydro- 
distillation. After that, enough water is added and cooked. The substitute is steam, 
which is also an option. Steam and hot water are efficient in removing bioactive 
substances from plant cells. Indirect water cooling is used to condense the vaporised 
mixture of water and oil. The condensed mixture is sent to a separator from the 
condenser. Here, the water and bioactive compounds spontaneously separated from 
the oil. Heat-induced breakdown, hydrolysis, and hydro diffusion are the three sig-
nificant physicochemical processes involved in hydro-distillation. Heat-labile 
chemicals may be lost or damaged due to the high extraction temperature, which is 
bad for them (Sagar et al. 2018).
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13.3.2  Nonconventional Extraction Methods

Several process modifications have been reported to improve the performance of 
simple extraction techniques. The application of such nonconventional methods for 
the extraction of phytocompounds from citrus waste is discussed in this segment.

13.3.2.1  Ultrasound-Assisted Extraction (UAE)

UAE is widely used to extract phenolic compounds or polar compounds from citrus 
waste. In the ultrasound-assisted extraction process, place citrus waste in a beaker 
with ethanol at a 1 gm: 10 ml ratio and immerse it in ice to not exceed 40 °C during 
the ultrasonic process after different watts of ultrasonic power at the different times 
employed based on nature of the sample (Montero-Calderon et al. 2019). Another 
study used a temperature-controlled ultrasound bath at 37 kHz with an ultrasonic 
power of 50 W to extract bioactive components from citrus waste (Orange peel). 
Remove 01 g of the solid residue of supercritical CO2 extraction was collected and 
mixed with ethanol in different ratios to obtain phenolic compounds (Jokić et al. 
2020). This practice is easy and cost-efficient. Ultrasound energy more significant 
than 20 kHz, on the other hand, may affect active phytochemicals by forming free 
radicals.

13.3.2.2  Microwave-Assisted Extraction

Microwaves are electromagnetic radiation with a frequency range of 300 MHz to 
300 GHz. The heating principle that microwaves use is based on their immediate 
effects on polar materials. When microwave energy hits these materials, it’s trans-
formed into heat through dipole rotation and ionic conduction mechanisms (Sagar 
et  al. 2018). Since the transmission of microwave energy is only conducted via 
dielectric absorption, the nonpolar solvents conduct poor heating of the samples. 
This method required less time, a low quantity of solvent, and significant reproduc-
ibility and recovery of analytes were observed. Nevertheless, it favours polar mol-
ecules, requires a solvent with a high dielectric constant, and is usually beneficial 
for extracting phenolic compounds.

13.3.2.3  Sequential Ultrasound-Microwave Assisted Acid 
Extraction (UMAE)

In the UMAE method, 10 grams of sample (dried pomelo powder) was weighed and 
mixed with 290 mL of distilled water. The pH of the mixture was then adjusted by 
using citric acid before being placed in an ultra-sonic bath at 40 kHz. The solution 
was left to sit for varying periods of time before being transferred to a microwave 
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oven. The extraction process is always performed three times to ensure accuracy 
(Liew et al. 2016).

13.3.2.4  Supercritical Fluid Extraction

Supercritical CO2 extraction is important for obtaining nonpolar essential oil com-
pounds from citrus waste. For each experiment, citrus waste, such as mandarin peel 
100 g, was freeze-dried and used for further experimentation. The peel is milled in 
a laboratory mill for making a powder and placed into a stainless-steel extractor 
vessel with a bar, an outer diameter of 100 mm, and a height of 500 mm. The extrac-
tion may carry out under different pressure conditions (100 and 300 bar) at a con-
stant temperature of 40 °C and a CO2 mass flow rate of 2 kg/h controlled through a 
flowmeter. The extraction process was carried out for 90 min to collect the total 
extracts (Šafranko et al. 2021).

13.3.2.5  High Pressure – High-Temperature Extraction (HPTE)

The HPTE Instrument reactor (100 mL) is employed to extract bioactive compounds 
in a study. The reactor has equipped with a mechanical stirrer, high-temperature 
fabric heating mantle, and sturdy aluminum shell. Hexane was used as the solvent, 
lemon peels as the matrix, and extractions were performed at different extraction 
times (30, 105, and 180  min), temperatures (100  °C, 150  °C, and 200  °C), and 
matrix/solvent ratios (1:4, 1:10, and 1:15 w/w). The study was conducted under a 
nitrogen atmosphere to avoid limonene oxidation (Lopresto et al. 2014).

13.4  Nutritional and Nutraceutical Aspects of Citrus Waste

The development and survival of living things are significantly influenced by nutri-
tion. Because of the high antioxidant, anti-mutagenic, and anti-cancer activities, 
nontoxic phytochemicals are crucial for human health. Citrus extracts, for instance, 
have proved to minimise the chances of diseases including heart disease, cancer, 
and diabetes. With the help of antioxidants’ actions on the body, they stop tissue 
damage, inflammatory process, and oxidative stress. Citrus fruit byproducts such as 
squeezed secondary juices, seeds, pulp, leaves, and peel, contain proteins, organic 
acids, polyphenols, lipids, sugars (namely glucose, sucrose, and fructose), monoter-
penes (linalool and limonene), dietary fibres, vitamins, and carotenoids (Mohanty 
et al. 2015). The kind of cultivar, the technique of cultivation, the time of harvest, 
and the level of maturity of the fruit can all affect the molecular composition of the 
byproducts. After the juice is extracted, citrus fruit peel accounts for over half of the 
fresh fruit mass (Sharma et al. 2017). It is notably rich in dietary fibres, polyphe-
nols, aromatic compounds, pectin, and natural pigments (Rafiq et al. 2018).
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Plants produce a wide variety of flavonoids to protect themselves from pathogens 
or UV radiation (Russo et al. 2021). Phenolic acids can be found in small quantities 
and are reported to exhibit free radical scavenging action. p-Coumaric acid, sinapic, 
ferulic, and caffeic acids are the various examples of hydroxycinnamic acids & 
vanillic, gallic, and syringic acids are examples of hydroxybenzoic acids (Kim and 
Kim 2016; Kumar and Goel 2019). Juice extraction separates the seeds, which are a 
valuable source of phenolic substances, proteins, oil, limonoids, and especially the 
flavonoids eriocitrin and hesperidin (Rosa et al. 2019).

Citrus fruit essential oils can also be found in much lower amounts in the leaves, 
seeds, and oil sacs of the peels and cuticles. Essential oils are composed of oxygen-
ated derivatives (like esters, aldehydes, alcohols, and ketones), monoterpenes, and 
sesquiterpenes (whose structure has two to three isoprene units). β-ocimene, sabi-
nene, and β-pinene are the constituents of essential oils extracted from citrus leaves, 
while the primary component of essential oils produced from citrus byproducts is 
limonene (Chi et al. 2020). For years, citrus fruit essential oils have been employed 
as flavourings in food making and medicinal & cosmetic items and recently under-
gone a new evaluation for their health-promoting qualities (Dosoky and Setzer 
2018; Bruni et  al. 2019). Exhausted citrus fruit peels possess dietary fibres and 
pectin, which can also be found in pulp and juice (Dimopoulou et al. 2019). Pectin, 
gum, and a small amount of cellulose are soluble forms of dietary fibres, whereas 
hemicellulose, cellulose, and lignin are insoluble forms. Dietaryfibres are a group of 
non-starch polysaccharides having at least ten carbohydrate molecules; they are 
challenging to digest and problematic for the gut to absorb (Dimopoulou et  al. 
2019). Pectin is made up of D-galacturonic acid groups connected by α-1,4glycosidic 
bonds and is also known as a complex polysaccharide that is partly esterified with 
methanol or acetic acid. Since it is a naturally gelating substance, it is employed to 
thicken, emulsify, texturise, and stabilise confectionery, jams, jellies, and biode-
gradable products. It often appears in complex or insoluble forms, and its colour is 
between white and light brown.

Carotenoids and flavonoids found in peels are abundant in secondary citrus fruit 
juices. Carotenoids, the biosynthetic pigments widely present in many vegetables 
and fruits, are categorised into two groups: Xanthophylls and Carotenes. Lutein and 
Violaxanthin are examples of oxygenated carotenoids generally referred to as 
“Xanthophylls”, whereas Lycopene and β-Carotene are examples of hydrocarbon 
carotenoids generally referred to as “Carotenes” (Saini and Keum 2018; Sharma 
et al. 2021). They are precursors to vitamin A, which improves vision, strengthens 
the immune system, and encourages the growth of epithelial tissues (Widjaja-Adhi 
et al. 2018).

Waste products from the processing of citrus waste, such as peels, and seeds, can 
be effectively employed as a source of phytochemicals that are essential to nutra-
ceuticals. The development and production of functional and nutraceutical products 
is a developing trend in the food market today. Due to rising customer interest in 
“healthy” foods, this new category of food items has garnered much demand in the 
food sector. Therefore, the mutual interest of both the food and pharmaceutical sec-
tors is to obtain novel and naturally derived bioactive compounds that could be 
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employed as nutraceuticals, medicines, and functional food additives or ingredients 
(Kumar et al. 2017). Citrus waste may be utilised to develop functional foods and 
nutraceuticals since it includes bioactive components that can be extracted.

13.5  Application of Citrus Waste in Human Health

Numerous studies have demonstrated that consuming foods like fruits and vegeta-
bles, which are high in flavonoids and low in fatty acids, can help to lower the preva-
lence of metabolic illnesses in people (Espín et  al. 2007). Citrus fruits are the 
world’s most produced fruit sector;waste is the predominant byproduct of the indus-
tries that process citrus (Raimondo et al. 2018). These leftover citrus fruit compo-
nents, which are typically thrown away as waste, could serve as resources for 
nutraceuticals. These wastes have the potential to provide essential low-cost nutri-
tional supplements due to their wide availability and low price. Using such bioactive- 
rich citrus leftovers can offer a productive, affordable, and environmentally 
sustainable basis for implementing new nutraceuticals or advancing existing ones. 
Thus, we discussed citrus waste’s biological activities and potential advantages in 
this segment.

13.5.1  Antimicrobial Activity

Hesperetin and naringenin exhibited the most substantial antibacterial effects, as per 
researchers’ study on the antimicrobial effects of flavonoids on Helicobacter pylori 
strain (Moon et al. 2013). Another study indicated that bergamot extract’s antibacte-
rial effects are more potent against Gram-negative bacteria (Zhang et al. 2013). A 
lime leaf extract has shown an in vitro antibacterial action against Bacillus, 
Streptococcus faecalis, Escherichia coli, Salmonella spp., and Staphylococcus 
aureus (Oboh and Abulu 1997),while the development of antimicrobial drugs is 
aided by the discovery that oil from the orange seed and non-oil extracts exhibit 
promising antifungal and antibacterial characteristics in addition to antioxidant 
properties (Oikeh et  al. 2020). Other studies have validated that naringin and its 
analogues’ showed antimicrobial efficacy on Gram-positive bacteria (Değirmenci 
and Erkurt 2020). In China, citrus fruits were discovered to be a powerful antioxi-
dant, tyrosinase inhibitor, and antibacterial agent (Guo et al. 2020).

Notably, the recycled C. limetta pulp has antibacterial action toward Gram- 
negative and Gram-positive bacteria, making it a valuable resource for the economy 
(Thakur et al. 2019). Lemon leaf essential oils, which are high in citronellal, limo-
nene, and citronellol, have antibacterial action against pathogenic bacteria and pos-
sess insecticidal potential also (Asker et al. 2020; Wu et al. 2021). The majority of 
bacterial pathogens were shown to be susceptible to silver nanoparticles produced 
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from C. lemon peel waste (Alkhulaifi et al. 2020). Additionally, it was observed that 
yellow lemon peel worked well against Klebsiella pneumonia (Saleem and Saeed 
2020). This indicates that citrus waste is beneficial in developing a successful ther-
apy for some multidrug-resistant microorganisms. More studies and clinical trials 
are still advised, though.

13.5.2  Neuroprotective Activity

Neurological problems are becoming an increasingly significant and widespread 
issue. Ischemic brain damage, Huntington’s disease, Parkinson’s, and Alzheimer’s 
diseases are the most prevalent neurological problems, and it has been shown that 
the pathogenesis of these disorders is caused by neuroinflammation and oxidative 
stress (Gaur et al. 2011). In experimental models using both cell-based and cell-free 
models, orange juice extract was investigated for its antioxidant activity and found 
to be rich in a flavonoid (Barreca et al. 2014; Ferlazzo et al. 2015). Moreover, the 
orange essential oil was shown to have promising anti-anxiety characteristics 
(Mannucci et al. 2018), while orange juice extract exhibited anti-epileptic proper-
ties in in-vivo studies (Citraro et  al. 2016). It is reported that hesperidin has the 
ability to prevent the formation of Reactive Oxygen Species, increase intracellular 
free calcium levels, and open mitochondrial permeability transition pores may all be 
employed in combination to prevent mitochondrial malfunction (Gaur et al. 2011).

The important factor in the antioxidant activities of extract made from C. sinen-
sis peel is the phenolic and flavonoid components and other phytochemicals (Liew 
et al. 2018). A flavonoid, quercetagetin, was already found to be a radical scavenger 
with the ability to lower ROS levels and protect against H2O2-induced DNA damage 
in Vero cells. This flavonoid was extracted from the methanolic extract of the pow-
dered peel of “Satsuma Mandarin” (Yang et al. 2011). Natal, Perario, Valencia, and 
Hamlin orange species residual seeds are rich in essential oils, and this byproduct 
exhibits free radical scavenging activity due to the high availability of carotenoids, 
tocopherols, phytosterols and phenolic compounds (Jorge et  al. 2016). Citrus 
aurantium’s major essential oils are limonene (97.83%) and mirsen (1.43%), which 
are found in around a tenth of these quantities and can fight against central nervous 
system depression (Guillon and Champ 2000). Bergamot juice extract in one study 
suppressed both lipopolysaccharide-induced inflammatory responses by controlling 
the NF-κB system through the AMPK/SIRT1 axis and β-amyloid-induced inflam-
matory responses by controlling MAPK/AP-1 pathway in THP-1 monocytes 
(Risitano et al. 2014; Currò et al. 2016; Maugeri et al. 2019). Citrus waste can aid 
in the treatment of neurological disorders; however, more in-vitro, in-vivo, and spe-
cific research is highly recommended.
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13.5.3  Anti-cancer Activity

Uncontrolled cell division and proliferation are the main causes of the large group 
of disorders known as cancer. The aberrant energy metabolism of these abnormal 
cells requires a source, and glucose is thought to be their preferred metabolic sub-
strate. Oxidative stress and its effects, such as DNA alterations and the emergence 
of cancer, can be avoided by consuming foods high in antioxidants that contain vari-
ous types of antioxidant phytochemicals in addition to phenolic compounds. 
Hypoglycemic, antimicrobial, anti-cancer, antioxidant, anti-inflammatory, and 
hypolipidemicfunctions of pomelo peel extracts have recently been mentioned in a 
summary of the health advantages and therapeutic potential of this fruit (Tocmo 
et al. 2020). Waste from C. maxima, including the carpels, flesh, essential oil, and 
peels, can treat metabolic diseases, including obesity and hyperlipidemia. Indeed, 
research involving the AMPK-SREBP-PPARS pathway in Wistar rats indicated its 
anti-lipogenic capabilities. Additionally, important phytonutrients from pomelo, 
including γ-terpinene, β-sitosterol,limonene,hesperidin, and p-synephrine decreased 
the crucial enzyme activityin HepG2 cells, which are essential in the de novo forma-
tion of cholesterol and triacylglycerides (Lin et al. 2020).

Citrus oils have been shown to exhibit an anti-proliferative impact in murine 
B16F10 melanoma cells as well as an inhibition action on the activity of the enzyme 
tyrosinase in mushrooms (Rosa et al. 2019). Waste from C. limon has previously 
been thought of as a potential resource for reuse. The reduction of plasma and 
hepatic cholesterol in hybrid F1B hamsters by lemon peel waste stream has been 
proven in this sector (Terpstra et al. 2002). A study showed citrus flavonoids’ ability 
to suppress oral carcinogenesis and their anti-cancer effects in hamsters. Further, 
naringin and naringenin were found to be active against oral carcinogenesis, whereas 
hesperetin, neohesperidin, tangeretin, and nobiletin were not found effective in the 
same study (Aranganathan et al. 2008). Previous studies have shown hesperetin’s 
ability to prevent several cancer types, including breast and colon cancer (Mulder 
and Ouwerkerk-Mahadevan 1997). Cancers connected to inflammation, namely 
colon cancer and skin cancer, have been treated utilising citral as a chemopreventive 
medicine for cancer (Beecher 2009). Additionally, it has been confirmed that dietary 
fibre and vitamin C have a positive impact on cancer prevention and therapy 
(Diplock 1993; Platz et al. 1997; Fuchs et al. 1999; Moon et al. 2013).

In research, flavonoids in Citrus aurantium L. extract caused human leukaemia 
cells to undergo apoptosis by inhibiting protein kinase B (Han et al. 2012). In a dif-
ferent investigation, the same fruit extract triggered apoptosis and cell cycle arrest 
in non-small-cell lung cancer cells (A549) (Han et  al. 2012). Two flavonoids, 
namely hesperetin and naringenin, were attributed to the anti-cancer activities of 
this fermented extract, according to a more thorough in-silico investigation (Kim 
et al. 2017). Regarding seed debris, the extract from C. aurantiifolia Swingle seeds 
has cytotoxic effects on the L5178Y human lymphoma cell line (Castillo-Herrera 
et al. 2015). Though clinical trials are going on to evaluate the use of citrus waste 
for treating cancer, still more research is required for prominent knowledge.
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13.5.4  Cardioprotective Effect

A major cause of mortality worldwide is cardiovascular disease. Hesperidin’s anti-
oxidant, lipid-lowering, antihypertensive, anti-inflammatory, and insulin- sensitivity- 
improving activities have been proven to show significant cardiovascular therapeutic 
potential. Numerous epidemiological research studies have revealed a clear correla-
tion between dietary fibre intake with a lower risk of numerous diseases, particu-
larly cardiovascular diseases (Ellegård and Andersson 2007). By enhancing both 
bile acids and cholesterol defecation, soluble dietary fibre might lower the absorp-
tion quantity of cholesterol (Akiyama et al. 2010). Hesperidin can be used to pre-
vent and cure cardiovascular disease because, in diabetic rats, it can raise both 
diastolic and systolic blood pressure and can modulate vasomotor function. 
Hesperidin’s hypotensive effects are connected with increased NO bioavailability, 
endothelial malfunction correction, and NADPH oxidase expression (Yamamoto 
et al. 2008).

Furthermore, researchers observed that hesperidin protected diabetic rats from 
experimentally induced myocardial infarction (Kakadiya et al. 2010). Additionally, 
the orange essential oil was considered to have significant anti-anxiety characteris-
tics (Mannucci et  al. 2018) whereas; orange juices shown anti-epileptic (Citraro 
et al. 2016) and anti-inflammatory (Fusco et al. 2017; Cirmi et al. 2021) character-
istics in in-vivo models. In a similar manner, a lemon and red-orange extract derived 
from pulp manufacturing waste showed promising antiallergic efficacy, primarily 
by lowering basophil activation, degranulation and also reducing the release of 
inflammation-causing mediators triggered by allergic stimuli (Caruso et al. 2021). 
In a mice model of dextran sulphate sodium-induced colitis, various waste products 
of the commercial isolation of orange juice exhibited anti-inflammatory effects 
(Pacheco et al. 2018). In HepG2 cells, hesperidin and β-sitosterol suppress crucial 
enzymes involved in the de novo production of triacylglycerides and cholesterol 
(Lin et al. 2020). Even though there have been many studies on using citrus waste 
to treat cardiac disorders, more direct investigations are still needed for a clear 
understanding.

13.5.5  Miscellaneous Biological Activities

Dietary fibre-rich byproducts of the lemon industry have an important role in reduc-
ing the growth of variety of digestive diseases, including constipation, haemor-
rhoids, hypercholesterolemia, and colorectal cancer (Lipkin et al. 1999; Ferguson 
et al. 2004). Citrate’s inherent capacity to suppress urine crystallisation makes it 
possible to employ citrus fruit acid, citric acid to treat calcium (Pfaltzgraff et al. 
2013). The flavonoids melitidin and brutieridin have been proven to be helpful in 
the treatment of hyperlipidaemia, albedo is a byproduct produced by bergamot 
industries that could be recycled (Nauman and Johnson 2019). Using mice infected 
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with Plasmodium berghei as well as LPS-stimulated macrophage cells, a lime peel 
extract is said to have the ability to combat malaria even more and this ability attrib-
uted to the both anti-inflammatory and antioxidant activities of its flavonoid con-
tents (Mohanty et al. 2015). Food fibres, both soluble and insoluble, have a number 
of positive benefits on human health. Both soluble and insoluble citrus fruit fibres 
are good for health and offer advantages including toxin clearance, improved nutri-
ent absorption in the gastrointestinal tract, reduced energy absorption, and support 
healthy liver and bile duct function (Fouad Abobatta 2019). In one study, inflamma-
tion in mice’s ear produced by TPA (12-O-Tetradecanoylphorbol-13-acetate) was 
lowered when lime essential oils were applied topically (Maurya et al. 2018). Leaf 
fraction of a hybrid species of C. reticulate and C. sinensis tends to possess gastro-
protective as well as anti-ulcerogenic actions against stomach ulcers in rats caused 
by alcohol because of its anxiolytic, anti-apoptotic, anti-inflammatory and anti-oxi-
dant actions (Hamdan et al. 2020).

According to the research reviewed, citrus waste is an effective antibacterial, 
anti-cancer, anti-inflammatory, antidiabetic, cardioprotective, and neurological 
agent. However, much clinical trial and in-vivo research are still needed to gain a 
deeper understanding. Researchers should also prioritise the creation of unique 
methods for investigating various uses for the compounds obtained from cit-
rus waste.

13.6  Citrus Waste Used in Various Ways

According to the FAO, a total of 1,43,755.6 thousand tons of citrus fruits are pro-
duced. In India alone, 13,314.3  thousand tons of citrus fruits are produced (FAO 
2021). After using citrus fruits, the waste produced worldwide is around 117.9 mil-
lion tons. In India, eight million tons of citrus waste is produced, which, when 
dumped without proper treatment, leads to environmental pollution. Besides that, if 
citrus waste is appropriately valorised, it can be utilised in different ways to reduce 
pollution and boost the economy. The residue of citrus fruits such as pulp, peel, and 
seeds can be used for production of biogas, bioethanol, cosmetics, essential oils, 
coloring agents, and medical product (Chavan et al. 2018). This section of the chap-
ter contains various other applications of citrus waste.

13.6.1  Biofuel Production

Due to the increase in population and energy demand, the use of fossil fuels causes 
the emission of a high level of carbon which leads to drastic changes in climate. 
Therefore, there is a severe need to replace fossil fuels with biofuels which are 
much more eco-friendly with fewer emissions. Worldwide citrus waste can be 
refined to obtain biofuels like bioethanol, biodiesel, and biogas. A massive amount 
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of simple sugars and complex polysaccharides with less lignin in citrus waste peel 
(CPW) makes it for biofuel production using the anaerobic digestion and fermenta-
tion technologies (Ángel Siles López et al. 2010; Mahato et al. 2021).

13.6.1.1  Bioethanol Production

Bioethanol is a promising alternative to petrol, or it can be used by mixing with 
petrol, which reduces the carbon emission due to its high-octane number. It can be 
easily produced by fermenting sugar biomass using citrus peel as a fermenting sub-
strate (İçöz et al. 2009). However, D-limonene in the peel, about 0.8–1.6%, acts as 
an inhibitor of yeast fermentation. Thus, pretreatment is required to reduce the 
D-limonene content to 0.21–0.01% (John et  al. 2017). Pre-treated CPW using a 
steam explosion process (CPW was subjected to steam in a continuous tube reactor 
for 2–3 min at 150–160 °C) leads to a reduction of D-Limonene up to 90% (Wilkins 
et al. 2007).

Similarly, another study found a pretreatment technique called biomass-popping 
pretreatment. The popping reactor was modified, and the reaction time was increased 
to 10 min, with a pressure of 15 kgf/cm at 150 °C. This study reduced the D-limonene 
concentrations to 0.01%, and using Saccharomyces cerevisiae, fermentation was 
accomplished, yielding an ethanol concentration of about 46.2 g/L from raw peel 
concentration of 39.8 g/L (Choi et al. 2013). Further, another study reports that in 
comparison Kluyveromyces marxianus, and Saccharomyces cerevisiae, Pichia 
kudriavzevii showed the highest ethanol production (Patsalou et al. 2019).

13.6.1.2  Biodiesel Production

Biodiesel is the long chain fatty acid of monoalkyl ester, which can be produced by 
transesterification of methanol catalysed by acid, alkali, or enzymatic treatment 
with vegetable oil, seed oil, animal oil, etc. Recently oils made from citrus byprod-
ucts, primarily seeds, are often trans-esterified with alcohol to create biodiesel, a 
nontoxic biofuel. This eco-friendly biorefinery product has gained significant atten-
tion. Due to its high biodegradability, it can be used directly in an existing engine or 
blended with Diesel and other fuels. When biodiesel is produced, the bottom layer 
of the reactor contains crude glycerol with a purity of 55%, which can be used for 
making soap and other organic products (Taghizadeh-Alisaraei et al. 2017; Kumar 
et al. 2019). The following study reported biodiesel production from Citrus sinen-
sis, in which the seeds were dried, dehulled, and the oil was extracted using an oil 
expeller. The extracted oil was mixed with methanol in various ratios. They found 
that methanol to oil ratio (6:1) is optimal with 1.0 wt.% of potassium hydroxide to 
give the maximum yield at a temperature of 60 °C. They compared the Fatty acid 
methyl esters (FAME) of produced biodiesel with the European Committee for 
Standardization (EN 14214), which satisfied the fluidity nature of fuel (Dhanasekaran 
et  al. 2016). Biodiesel production from the Mandarin (Citrus reticulata) was 
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reported, which has around 24–34 seeds per fruit with rich oil content and non-
edible seeds, which were dried. Oil was extracted and mixed with 98% n-Hexane 
solution. The biodiesel produced 96.82% conversion productivity from oil to bio-
diesel, and the biodiesel showed 84.48% energy efficiency from total biomass. They 
matched the physicochemical parameter concerning American Society for Testing 
and Materials standards (ASTM D6751) and European Committee for 
Standardization (EN 14103), respectively (Azad 2017).

In one study, a new biodiesel production method was reported to overcome the 
problems faced during the batch, continuous process, high-cost purification steps, 
and complex equipment. In their proposed approach, high energy consumption was 
tamed using a new nanohybrid electrocatalytic biodiesel production. Here, they 
used the trimetallic nanoalloy of Platinum, Iridium, and Ruthenium (PtIrRu) on the 
lemon seed oil, with methanol to oil ratio of 10:1 with 0.3 wt% of NaCl at 20 °C 
with the conversion value of 98.2% and yield of 80% is recorded and compared with 
EN14214 standards (Sarno and Ponticorvo 2020).

13.6.1.3  Biogas Production

Biomass, when digested with an anaerobic fermentation process, leads to the forma-
tion of a combination of gases like Methane (CH4), Hydrogen (H2), Hydrogen sul-
fide (H2S), carbon dioxide (CO2), and oxygen (O2). Biogas is the anaerobic or 
thermochemical breakdown of biomass that produces biogas, an energy-rich gas. 
Methane and carbon dioxide makes up most of the biogas. Another great advantage 
of producing biogas is the digested sludge (rich in nitrogen) which can be treated 
and used directly onto the soil to increase its nitrogen content. This is also used to 
make the soil fertile. In this regard, the CPW is the best suitable material for produc-
ing biogas. Alternatively, pollution from citrus peel waste is reduced with the usage 
of biogas which is clean energy leading to the reduction of carbon emission (Mahato 
et al. 2021). An evaluation of the co-digestion of sludge with citrus waste (CW) by 
adding biochar positively affected methane production. Adding biochar can benefit 
us by reducing the costs of pretreatments to remove microbial inhibitors. On the 
other hand, biochar acts as an immobilising agent and provides a greater surface 
area for digestion. In its anaerobic digestion of 20–30  days, there was a 60% 
improvement in methane yields of standards above 500 L CH4 kg VS−1 at an OLR 
of 1.49 kg VS m−3 d−1 (Martínez et al. 2018). Another study used orange peels (OPs) 
and extracted limonene first from Ops and then subjected to Anaerobic digestion at 
a pilot scale for 1 week at 37 °C, which produced a yield of 365 LCH4/kgTVS methane 
(TVS- volatile solids) (Battista et al. 2020).

Further, one study also focused on bypassing the pretreatment and removal of 
limonene. It employed a strategy where the polyvinylidene difluoride (PVDF) 
membrane in a biogas reactor was used limonene is hydrophobic. A hydrophilic 
PVDF membrane repels it; thus, Archaea producing more sensitive methane were 
encapsulated in the PVDF membrane. The other digesting bacteria were left to 
digest the CW and produce soluble compounds that can pass through the PVDF 
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membrane. Encapsulated archaea utilise it and produce biogas. The membrane bio-
reactor yielded about 73% of the theoretical methane production (Wikandari 
et al. 2014).

13.6.2  Biofertilizer Production

Farmers use chemically manufactured fertilisers, which have disastrous impacts on 
the environment. As mentioned, the total waste generated by the consumption of 
citrus fruit can also be used as fertiliser with proper treatment because it is rich in 
nutrients. Similarly, the sludge produced by the anaerobic digestion of CPW for 
biogas production is also rich in nitrogen. It can be used as manure to increase soil 
fertility after treatment (Durán-Lara et al. 2020).

Muhammad Aon et al. (2015) evaluated the efficacy of citrus peel biochar with 
green waste biochar. They found the ratios C: N, C: P, and C: S was greater than 
green waste biochar. Both biochars tested the improvement of maise crop growth in 
calcareous soil. Indeed, maise growth, physiology, N and P uptake, and recovery are 
all improved by CPB more effectively than green waste biochar. A laboratory scale 
study was conducted by (Stella Mary et  al. 2016) on three different biochars of 
wastes from leaf (Brassica oleracea), pod (Pisum sativum), and peel (Citrus sinen-
sis) wastes. Biochar was produced at temperatures ranging from 100 °C to 600 °C 
for 1 h. They found an increase in levels of mineral content, water retention capac-
ity, total surface anions, and organic carbon in all three biochars. However, citrus 
peel had less amendment than the other two biochars, but this approach can be used 
and eliminate the citrus waste with the additional benefit of soil fertility.

Another study was conducted using olive waste and citrus pulps different mixed 
proportions of manure, maise silage, and milk serum were evaluated. Firstly, they 
were subjected to biogas production. Later the digestate, which can be used as a 
biofertiliser, was checked for phytotoxicity, chemical, and biological composition. 
They suggested that according to the digestate composition, the nutrient value and 
microbial population depend, so one must keep all these parameters in check and 
correlate with the plant or the optimal crop growth enhancing digestates used 
(Panuccio et al. 2016).

13.6.3  Citrus Waste in the Food and Dairy Industry

The waste produced after using citrus fruits serves as a cheap source of nutritional 
bioactive compounds with disease alleviating traits as they have wound healing, 
antimicrobial properties, vitamins, and dietary fibers and are rich in antioxidants. 
This makes citrus waste suitable for valorising these compounds and use in food and 
dairy supplements (Ademosun 2022). Different food products have been introduced 
into the market due to their potential other beneficial properties. Flavouring agents 
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made from citrus essential oils can be directly used in food and diluted to drink. 
Similarly, granules of dried citrus peel are used for culinary purposes. Chocolates 
containing orange peel or orange oils are also present in markets (Wedamulla 
et al. 2022).

A study focused on isolating pectin from red and white grapefruit peels which 
were treated with 95% alcohol, hot distilled water, and acid. This study reports pro-
ducing 25% of high ester pectin with more than 7% methoxy content, and the 
obtained pectin can be used in gelling, similar to commercial pectin (Mohamed 
2016). A comparative study on producing pectin from Citrus maxima peel from dif-
ferent extraction methods were assessed. They conclude that UME is the best 
method of extracting HM pectin, and SWE is better for extracting LM pectin, which 
is good grade pectin (Liew et al. 2019).

The diversified plant fibers can play asunder role in production of prebiotics and 
probiotics. As discussed in this chapter, CPW is a rich source of dietary fibers, and 
the pectic oligosaccharides derived from citrus fruit waste can also be used as pre-
biotics. In research reports, POS made from low-methoxy apple pectin, high- 
methoxy citrus pectin, and orange peel promotes the growth of lactobacilli and 
bifidobacteria while inhibiting the growth of pathogenic genera (Mamma and 
Christakopoulos 2014).

Antioxidants fortified panzer, a fat-rich dairy product, antioxidants from three 
different fruit peels of lemon, orange, and pomegranate, enhance the shelf life of 
paneer by preventing the peroxide activity and preventing rancidity. Thus, using 
bioactive compounds from waste helps protect and increases the shelf life of fat and 
oil-rich foods (Singh and Immanuel 2014). Nasser (2022) conducted similar 
research who used lemon peel to enhance the yogurt drink with immune booster 
vitamin C and other compounds were analysed. The discharge of wastewater from 
industry leads the pollution. The biological means of wastewater treatment are eco- 
friendly and cheaper. The bio-enzymes produced from citrus waste can be used to 
treat dairy wastewater. Before reusing it in farmlands, they found that 6% crude 
bio-enzyme was sufficient and made the wastewater with permissible parameters 
(Srimathi et al. 2020).

13.7  Conclusion and Future Outlook

Processing citrus waste helps to save the environment from pollution risks, lower 
the cost of manufactured products, and utilise less synthetic chemicals. Additionally, 
it will benefit the developing economies of tropical and subtropical nations, which 
are the emerging markets for nutraceuticals, as well as the stressed global market 
following the recession. The pharmaceutical, nutraceutical, food, health beverage, 
and various other sector say all benefit from the important chemicals found in citrus 
byproducts, which are regarded as a cost-effective and renewable resource. Plant- 
derived value-added chemicals are used as natural additives and flavouring agents in 
all of these systems. Additionally, these plant-derived bioactive chemicals are 
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effectively included into both therapeutic and pharmaceutical formulations with the 
intention of offering humans a high degree of protection.

However, there are several difficulties and problems that must be resolved or 
handled in the next research on citrus. Future citrus resource exploitation should be 
focused on the premise of precise phytochemical and nutritional substance profiling 
due to the vast changes in chemical composition between citrus varieties, fruit por-
tions, maturation, and production regions. More research on the conservation of 
these bioactive substances is crucial for increasing the economic value of citrus 
since citrus firms are now faced with the conundrum that its phytochemicals and 
nutrients are sensitive when consumed and absorbed by humans. Additionally, clini-
cal research on citrus now focuses mostly on the structure-activity connections of 
certain chemicals isolated from citrus, but overall, citrus’ positive impact on human 
health deserves more attention. To address the market’s increasing demand for high- 
quality there is a citrus goods need to create unique farming practises and process-
ing methods that preserve the fruit’s taste, phytochemicals, and nutritional qualities 
to the fullest extent possible. The foundation for a more effective circular economic 
system to create wealth from waste will be laid by industry and research working 
together because one man’s trash is another man’s treasure.
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Chapter 14
Bioactive Compounds in Citrus Fruits: 
Extraction and Identification

Shweta Suri, Anupama Singh, and Prabhat K. Nema

14.1  Introduction

Citrus fruits are the widely cultivated and consumed fruits all around the globe. 
Orange (Citrus sinensis), Grapefruit (Citrus paradisi), Mandarin/Tangerine (Citrus 
reticulate), Lemon (Citrus limon), as well as Lime (Citrus aurantiifolia) are 
cultivated worldwide because of their high commercial value (Suri et al. 2022a). 
The origin and history of the production of citrus fruits are still unknown. It is 
believed that the tropical, as well as subtropical climates of the Asian Island and the 
Malaysian Archipelago, started citrus planting at least 4000 years ago, but the exact 
beginning of citrus farming remains unclear (Berk 2016).

Annual citrus fruit production has ascended rapidly around the world in recent 
years, increasing from about 51.48 MT in 1975 to 158 MT in 2020. Maximum citrus 
fruits are produced in Asia (47.7%) then Africa (43.7%), United States of America 
(8.1%), followed by Europe (0.4%), and Oceania (0.1%). In context to the citrus 
producing nations, China occupies the first position with 44.63 million tonnes of 
citrus fruits produced, which is equivalent to 28.16% of the global overall citrus 
fruit produced in the year 2020. Among other nations, Brazil, India, and Mexico are 
some important nations, with each nation producing above 5% of the world’s total 
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citrus production. Approximately 10.07 million hectares of land worldwide are used 
to produce citrus fruits. China, India, Brazil, Nigeria, and Mexico are the world’s 
largest producers of citrus fruits (FAOSTAT 2022). Besides, these citrus fruits are 
highly adaptable to a variety of climates and soil diversities, contributing towards 
their vast production in tropical and subtropical areas and also in mild temperature 
areas (Suri et al. 2021).

Citrus fruits are recognized throughout the globe for their pleasant taste and 
abundance of bioactive substances and nutrients. Citrus fruits provide health bene-
fits by stimulation of the immune system, cardiovascular as well as digestive organs. 
These fruits also possess anti-bacterial, anti-inflammatory, anti-atherosclerosis, and 
anti-cancer effects. These effects are partly because of the existence of many bioac-
tive compounds (Czech et al. 2021). These citrus fruits are a rich source of bioactive 
compounds, particularly polyphenols viz; flavonoids & phenolic acids, terpenoids 
(limonoids & carotenoids), essential oils, dietary fiber, and pectin. Besides, citrus 
fruits comprise of other nutrients for example vitamins viz.; vitamin B-complex, 
vitamin C, vitamin E (tocopherols & tocotrienols), and micronutrients (iron, zinc, 
copper, selenium, and manganese) (Saini et al. 2022). Many of the bioactive com-
ponents found in citrus fruits possess antioxidative, regulatory, and metabolic-stim-
ulating action that guards the body’s tissues as well as fluids from damage related 
with the occurrence of reactive oxygen species (Czech et al. 2021). The amount as 
well as the type of bioactive components, and their antioxidant activity, depend 
broadly on the type of fruit, its cultivar or part of the fruit, and the climate and grow-
ing conditions (Bermejo et al. 2011).

Extraction, segregation/isolation, as well as characterization of biologically 
active components from fruits/vegetables are the important steps for obtaining bio-
active compounds from plant matrix. Appropriate measures should be taken to pre-
vent destruction, loss or deterioration of the potent biologically active ingredients 
during the extraction process. Furthermore, the adequacy of the extraction tech-
nique used to recover exact bioactive components should be verified. The use of 
non- traditional green extraction techniques has become very important due to 
increased efficiency, little or no use of organic solvents, and reduced consumption 
of time, energy, and other resources (Anticona et  al. 2021). Microwave-assisted 
extraction, pressurized liquid extraction, enzyme-assisted extraction, ultrasound-
assisted extraction, supercritical fluid extraction, and pulsed electric field extraction 
are among the green extraction methods used by the scientists (Suri et al. 2021).

14.2  Citrus fruits: Taxonomy

Citrus fruits are the member of Rutaceae family with taxonomical description:

• Kingdom: Plantae
• Order: Sapindales
• Family: Rutaceae
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• Sub-family: Aurantiodeae
• Genus: Citrus L.
• Species: Citrus reticulata; Citrus cavaleriei; Citrus maxima; Citrus sinensis; 

Citrus medica; Citrus micrantha; Citrus japonica; Citrus hystrix
• Hybrids Species: Citrus limon; Citrus sinensis; Citrus paradisi; Citrus tanger-

ine; Citrus latifolia; Citrus aurantifolia; etc.

Taxonomy of citrus fruits is complex and debatable. The citrus family includes 150 
genera and 1600 species including mandarin (Citrus reticulata L.), lemon (Citrus 
limon L.), sweet orange (Citrus sinensis L.), and grapefruit (Citrus paradisi L.) is 
the further most marketable species and is favored for its attractive color, aroma and 
taste (Karn et al. 2021; Ledesma-Escobarand and de Castro 2014).

Cultivated citrus fruits are derivative of several citrus species present in nature. 
Some are just assortments from the original wild type of citrus fruits, various other 
citrus fruits are produced through hybridization amongst two or more original citrus 
fruit species, while other are backcrosses between the cross and one of the parent 
species of the hybrid. Citrus plants simply cross amongst species with entirely 
diverse morphology, and citrus fruits that look alike can have pretty different ances-
tors (Wu et al. 2014; Velasco and Licciardello 2014). Most of the marketable citrus 
fruits varieties are derived from one or more “core species” such as mandarins, cit-
rons, as well as pomelos, which contributes a composite floral structure that leads to 
a more complex fruit. These major core citrus fruit species have led to the develop-
ment of many hybrid citrus species (Curk et al. 2014).

14.3  Nutritional Characterization of Citrus Fruits

Citrus fruits comprise of excellent nutritional value and have many health-promot-
ing effects, for instances their action on aiding the digestion process, averting car-
diovascular ailments and lowering inflammation (Maugeri et al. 2019; Yamada et al. 
2011). The nutrients as well as bioactive phytochemical found in citrus fruits con-
tributes towards their excellent health benefits. Major portion of citrus fruits (more 
than 80%) comprise of water, however citrus fruits are also good source of many 
other nutrients, for instance simple sugars (glucose, fructose, and sucrose), other 
carbohydrates (fiber, pectin, cellulose, and hemicellulose), fats & essential oils 
(D-limonene), vitamins (vitamin B-complex, vitamin C and vitamin E), minerals 
(potassium, phosphorus and calcium) and plant pigments (carotenoids, and 
xanthophyll) (Putnik et al. 2017). Citrus fruits also different enzymes like pectinase, 
pectinestarase, phosphatase etc. The composition, nutritional content and bioactive 
substances in citrus fruits varies widely on the basis of the variety of citrus fruit, 
fruit part and stage of growth (Albertini et al. 2006). This might be attributable to 
variances in hereditary genes, expression of gene, as well as ecological conditions.

The nutritional as well as bioactive components also differed amongst diverse 
portions of citrus fruit. The pulp is considered to be rich in nutrients viz; ascorbic 
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Table 14.1 Nutritional content found in citrus fruits

Nutrients Quantity

Macronutrients (g/100 g)
Protein 0.1–1.3
Lipid 0.07–0.42
Carbohydrate 6.4–13.3
Vitamins (mg/100 g)
Vitamin A 0–0.058
Vitamin B-complex 0.25–1.38
Vitamin C 19.36–71.00
Vitamin E 0.12–0.22
Minerals (mg/100 g)
Calcium 04–57
Potassium 102–239
Magnesium 06–14
Phosphorus 07–25
Sodium 0–4 mg/100 g

Source: USDA (United States Department of Agriculture, 2018)

acid and sugars, however majority of biologically active substances (e.g., polyphe-
nols, flavonoids, essential oils and pectin) mainly accrue in the fruit peel and pom-
ace (Tocmo et al. 2020). The seeds of citrus fruits contain high essential oil content 
in the form of limonoids.

Among nutrients, the carbohydrate present in citrus fruits varies from 6.4 to 
13.3 g/100 g. Carbohydrates like simple monosaccharides (glucose, fructose etc.) 
and disaccharides (sucrose) contribute towards the sweetness of citrus fruits. The 
protein found in the citrus fruits range from 0.1 to 1.3 g/100 g. Out of all protein 
found in citrus fruits, most of the proteins consists of enzymes that exhibit wide role 
in metabolic processes. The lipids present in the citrus fruits vary from 0.07 to 
0.42 g/100 g. The lipids content of citrus fruits includes fatty acids, phospholipids 
and complex fats (USDA 2018). Citrus fruits are rich source of different micronu-
trients like minerals, water-soluble as well as fat-soluble vitamins. It contains large 
amounts of minerals like calcium, phosphorus, potassium, sodium, and magnesium. 
The major water-soluble vitamins found in citrus fruits are ascorbic acid/ vitamin C 
and vitamin B-complex, whereas the vitamin E and vitamin A are the main fat-sol-
uble vitamins (USDA 2018) (Table 14.1).

14.4  Bioactive Compounds Present in Citrus Fruits

Citrus fruits comprise of beneficial phytochemicals for example polyphenols (phe-
nols and flavonoids- naringin, nobiletin, and hesperidin), carotenoids (α-carotene 
and β-carotene), essential oils (D-limonene, α-pinene, β-pinene, limonoids, 

S. Suri et al.



431

synephrines etc.), pectin, minerals, vitamins viz;vitamins A, E, C, coumarins, and 
other components. Several biological properties of citrus fruits including antioxi-
dants, anti-carcinogen, anti-mutagenic, anti-inflammatory, and anti-aging proper-
ties are attributable to these phytochemicals found in them (Rajendran et al. 2014; 
Zhang et al. 2015; Ke et al. 2015).

14.4.1  Polyphenols

14.4.1.1  Phenols

Citrus fruits contain many naturally occurring bioactive components such as poly-
phenols, largely phenolic acids as well as flavonoids (Sharma et al. 2017). The phe-
nol content of citrus fruits differs depending on different sections of citrus fruit. 
Remarkably, citrus by-products encompass greater amounts of polyphenols than the 
edible portion of citrus (Balasundram et al. 2006). In a study, the maximum amount 
of phenol was observed in the albedo portion of unripe sweet orange (10,910 mg/
kg) and it reported for about half of the total cumulative phenol content found in 
albedo, flavedo and juice sacs. However, in orange and lemons, major phenol 
content was observed in flavedo portion while in pummelo, albedo of unripe fruit 
possesses highest total phenol content (Multari et al. 2020). Further, the polyphenol 
content of citrus fruit varies depending on different extraction techniques, extraction 
conditions, solvent used for extraction etc. Phenol contained in citrus fruits can be 
roughly divided into 2subcategoriesnamely, (1) hydroxybenzoic acid and (2) 
hydroxycinnamic acid (Ignat et  al. 2011). Figures  14.1 and 14.2 presents the 
chemical diagram showing the basic structure of flavonoids and polyphenols 
contained in citrus fruits.

14.4.1.2  Flavonoids

Flavonoids belongs to a group of lower molecular mass naturally occurring pheno-
lic components that are broadly dispersed in the plant domain including their exis-
tence in fruits, vegetables, flowers, tea leaves etc. This plant based secondary 

Fig. 14.1 Basic structure 
of flavonoids
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metabolites which are commonly known as flavonoids are related to a variety of 
health aids and remain vital ingredients in different dietary supplements, nutraceuti-
cal, medicine, pharmaceuticals and cosmetics sector. This is owing to their antioxi-
dant, anti- carcinogenic, anti-mutagenic, and anti-inflammatory effects, in addition 
to their capacity to control main cellular enzyme activity. As per the chemical struc-
ture, flavonoids are made up of fifteen carbon body (C6-C3-C6) with two 6-carbon 
phenyl rings associated with an embedded oxygen-containing heterocycle. 
Flavonoids may be further subdivided on the basis of the carbon atom of the C-ring 
to which the B-ring is joined and based on the degree of unsaturation and the oxida-
tion of the C-ring. Those flavonoids whose B-ring is joined at the 3rd position of the 
C-ring are termed isoflavones, while flavonoids having B-ring attached at fourth 
position are referred to as neo-flavonoids, and those with the B-ring attached at 2nd 
position are further categorized into diverse sub-groups based on the structural char-
acteristics of the C-ring. The sub-groups formed are flavonols, flavanones, flavones, 
flavanonols/catechins, isoflavonoids anthocyanins, and chalcones (Panche et  al. 
2016). Citrus fruits comprise of significant amounts of flavonols for example; rutin, 
quercetin, and kaempferol; flavanones like naringin, hesperidin, narirutin, and 
eriocitrin; flavones for example vitexin, rhoifolin, and diosmin; polymethoxylated 
flavones commonly abbreviated as PMFs such as tangeritin, nobiletin, and 
5-demethyl nobiletin; as well as anthocyanin such as cyanidin and peonidin gluco-
side (Saini et al. 2022).

Citrus fruits comprise of good amounts of natural flavonoids particularly PMFs 
which shows a variety of biological as well as physiological functions that are useful 
not only for plants but also for humans. Citrus PMFs acts as an important barrier to 
pathogenic attack (Luo et al. 2015). Eighty-one PMFs were noticed in the Citrus 
reticulata leaves, some of which are well-defined by specific names or structures. 
Thirty-Nine PMFs were recognized in 62 citrus germplasm flavedo, sweet orange 
and mandarin showed the maximum PMF levels, and lemons and pomelo exhibited 
lower quantities (Wang et al. 2017). High levels of PMF, for example tangeretin, 
nobiletin, and sinensetin, were spotted in 4 tissues of 11 citrus genotypes (Durand- 
Hulak et al. 2015).

Flavonoids show an eminent effect in the removal of reactive oxygen species. 
Amongst the different flavonoids present in citrus fruits, the antioxidant action of 
the hesperidin, naringin, and naringenin have been extensively studied (Nakao et al. 
2011). Naringin in citrus fruits can greatly improve the immune system’s efficiency 
to prevent organ as well as tissue damage or diseases triggered due to the oxidation 
by enhancing the action of certain enzymes like glutathione peroxidase, superoxide 
dismutase, catalase, paraoxonase and further antioxidative enzymes (Mamdouh and 
Monira 2004). Naringenin is present in major amounts in citrus fruits. Naringenin is 
usually observed as an aglycone and/or a glycoside (Erlund 2004). Among different 
flavonoids in citrus fruits, naringin and narirutin are specifically abundant. 
Naringenin is helpful in inhibiting fatty acid oxidation in the liver by means of 
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regulating fatty acid oxidation enzymes, for example plasma antioxidant enzymes, 
carnitine palmitoyl transferase, 3-hydroxy3-methylglutaryllCoA reductase, and 
PON (Jung et al. 2006; Zou et al. 2016).

Hesperidin possess DPPH radical scavenging capacity and may dose- dependently 
hinder the in-vitroCu2+ induced oxidation of low-density lipoprotein thereby pro-
moting pancreatic B-cell rejuvenation and preventing oxidative stress in pregnant 
diabetic rats’ embryo (Toumi et al. 2009). The hesperidin present in candied oranges, 
lemons and grapefruit were 11 mg/100 g, 22 mg/100 g and 4.37 mg/100 g, corre-
spondingly (Zhou 2016). In a study, 11 major PMFs in fruit flavedo or citrus leaves 
of 116 citrus plants were assessed in combination with UPLC–DAD–ESI-
QTOF-MS/MS and HPLC-DAD examination. All studied citrus plants and their 
natural or else artificial hybrids have been reported to comprise of enough measur-
able PMF, particularly in the flavedo portion of wild as well as early grown manda-
rin which are in the initial periods of fruit development (Peng et al. 2021).

Structural characterization of flavonoid present in pulp of Shatianyu (Citrus 
grandis L. Osbeck) showed that the flavonoids viz; naringin and rhoifolin exhibited 
maximum oxygen radical absorbance ability while melitidin, naringin, and 
bergamjuicin were main supplier of the ORAC in fruit extract (Deng et al. 2022). 
Nevertheless, current research has revealed that in citrus fruit albedo (which is inner 
layer of citrus peel), flavonoids accounted for 89.34% of the polyphenol portions, 
subjugated by flavanones viz; hesperidin and eriocitrin as important components, 
accounting for 52.81% and 31.31% of total flavonoids (Smeriglio et al. 2019).

Flavonoid concentration in the citrus fruits also vary based on the stage of polli-
nation. Citrus fruit contains higher levels of most of the flavonoids in the intermedi-
ate stages of development for example; 60–80  days after pollination. Also, the 
flavonoid content decreases all through full ripening. This is perhaps because of the 
higher expression of certain rate limiting enzymes carrying out the biosynthesis of 
flavonoids viz; chalcone synthase-1 and chalcone isomerase (Ledesma-Escobar 
et al. 2018). In ripened fruit or in the later stages of development, the hesperidin 
content peaks in the lemon juice sac (Citrus Akragas) with a concentration of 
2213 mg/kg while in different orange varieties the hesperidin content of 1957 and 
1975 mg/kg were observed. However, the flavanone narirutin was abundantly found 
in grapefruit (292 mg/kg). A substantial quantity of eriocitrin flavanone was noted 
in lemons (913 mg/kg). Also, larger numbers of flavonoids are found in albedo and 
flavedo portion of citrus fruit peel in comparison to the citrus juice (Multari 
et al. 2020).

14.4.2  Essential Oils

Essential oils are those aromatic liquids that have lack of affinity for water and are 
composed of volatile substances generally present in oil sacs of peels and cuticle of 
citrus fruit (El Asbahani et al. 2015). Essential oils recovered primarily from the 
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citrus fruit are economically significant with health-promoting action owing to the 
occurrence of terpenes especially monoterpene i.e., D-limonene and limonoids, 
sesquiterpenes along with other bioactive ingredients such as flavonoids, carotenoids 
and coumarins. Citrus fruit essential oil usually has more than 90% volatile content. 
Citrus essential oil possesses analgesic, antioxidative, anxiolytic, anti-inflammatory, 
neuroprotective and anti-microbial action. Owing to the properties of citrus essential 
oil, this could have applicability in food, cosmetics, pharma and perfumery industry 
(Suri et al. 2021). Because of the intense antimicrobial activity lately, citrus essential 
oil, has gotten huge consideration as a preservative for natural products, vegetables, 
meat, and handled food items. Monoterpenes and sesquiterpenes are usually present 
in the volatile fractions, with limonene as the main component. Limonene is one of 
most abundant essential oil with a usual concentration ranging from 73.9% to 97% 
(W/W essential oils). The US Food and Drug Administration (US-FDA) has 
regarded limonene as a Generally Recognized as Safe (GRAS) material. D-limonene 
is the main terpenoid accounting for 45–90% of the total terpenoid in orange, 
mandarin, lemon, tangerine, and grapefruit. The terpenoids mainly γ-terpinene and 
β-pinene accounts for about 8–20% and 0.3–11% of the total terpenoid, 
correspondingly in the essential oil present in lemon and mandarin (Raspo et al. 
2020). D-Limonene comes from the citrus fruit peels and seeds. Limonene is a 
renewable organic compound and has many uses as an active ingredient in flavors 
and fragrances, and functionalized foodstuffs (Ciriminna et al. 2014). (+) Limonene 
(also R or D-Limonene) has a pleasing orange-like scent, and (−) Limonene (also S 
or L-Limonene) has a stimulating turpentine-like scent, so chirality of limonene is 
important aspect in flavor or fragrance (Jongedijk et al. 2016).

(+) Limonene could be simply attained from citrus peels and seeds in a cold 
pressed extraction procedure and thereafter obtained through the process of 
centrifugation or else steam distillation (Ciriminna et al. 2014). Another method for 
recovery of limonene is the conventional solid-liquid/ soxhlet extraction by means 
of pure and/or varied organic solvents. Amongst the cold pressed essential oil 
obtained from lemon, tangerine, clementine, sweet orange, bergamot, blood orange, 
bitter orange and grapefruit, the maximum limonin content (21.2 mg/L) was found 
in bergamot, whereas the limonin content of the essential oils of Blood Orange and 
Clementine was the lowermost (0.5–0.9 mg/L). Also, the green varieties of mandarin 
reported four-times greater limonin (4.5  mg/L) as compared to yellow and red 
mandarin variety (1.1 mg/L).

Meanwhile, various green extraction methodologies are utilized for retrieval of 
essential oil from citrus fruits for example, by use of supercritical fluid, microwave 
assisted extraction, steam explosion, and ultrasound assisted methods (Negro et al. 
2016). A larger amount of limonene was recovered from the orange byproducts in a 
shorter amount of time via microwave extraction technology as compared to 
conventional heating method. D-limonene extraction consisted of a preliminary 
extraction phase from the outside of the cell followed by transmembrane diffusion. 
Microwave extraction technology is reported to exhibit high transmembrane 
diffusivity thereby resulting in higher yields in comparison to conventional oil 
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extraction (Attard et  al. 2014). Apart from microwave extraction, microwave- 
assisted hydro-distillation is effectively used for obtaining of essential oils from 
moist citrus peel waste, thereby lowering the costs, evading the use of additives, and 
enhancing process yields (Bustamante et al. 2016).

14.4.3  Pectin

Citrus fruits and processing by-products like peels contain significant amounts of 
soluble sugars (glucose, fructose and sucrose) that can be effectively used to pro-
duce bio-alcohol. The cellular components of the citrus peel include cellulose, 
hemicellulose, pectin, galacturonic acid, galactose, and arabinose. The abundance 
of soluble as well as insoluble sugars indicates their ability to effectively utilize 
value-added goods by consequential biological procedures (Rivas et al. 2008).

Pectin is one of the complex polysaccharides located in the cellular walls of 
higher plants. The major components of pectin include D-galacturonic acid that is 
also termed as sugar acid and is attained from galactose. Pectin acts as an emulsifying 
agent, thickening agent, stabilizing agent, fat substitute and gelling compound in 
dairy industry, jams, jellies as well as fruit juices (Suri et  al. 2021). A literature 
review showed that with the advancement in the green chemistry, several scientists 
use the non-traditional green extraction methods to extract pectin from citrus fruits. 
For example, pectin yield of 27.81% was achieved upon microwave assisted 
extraction from grapefruit peel (Bagherian et al. 2011). In another research, micro-
wave-assisted extraction from Citrus medica peels yielded 23.83% pectin at power 
output (660 W) and time (9 min) (Quoc et al. 2015). In addition, a pectin yield of 
29.16% from the Citrus maxima peel by Bronsted acidic ionic microwave liquid-
based extraction (Liu et al. 2017).

14.4.4  Carotenoids

Carotenoids are a ubiquitous assemblage of isoprenoid complexes that take part in 
photosynthesis as well as signal transduction. As per their chemical configuration, 
carotenoids can be subcategorized into two chief classes namely,

 (a) Hydrocarbon carotenoids involving α-carotene, β-carotene and lycopene.
 (b) Oxygenated derivatives of hydrocarbon carotenoids viz; β-cryptoxanthin, 

lutein, xanthophyll-neoxanthin, and violaxanthin.

However, β-carotene, β-cryptoxanthin, lutein, lycopene, as well as zeaxanthin are 
the most significant carotenoids present in citrus fruits. Carotenoids are those 
pigments that impart different colors like red, yellow, and orange to flowers plus 
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fruits of different plant classes. Carotenoids are also known to offer the unique 
colors to birds, fishes and crustaceans (salmon, trout, lobsters, shrimp, pelicans, 
etc.). Nevertheless, the carotenoid pigment is not synthesized by plants and their 
color as well as carotenoid content vary depending on their diet (Fraser and 
Bramley 2004). Besides imparting the color, carotenoids also possess several 
important biological functions. They are considered as a vital source of vitamin 
A and can help in preventing the growth of degenerative illnesses viz; macular 
degeneration, metabolic disorder, cardiovascular diseases and cancer (Boukroufa 
et  al. 2017). Carotenoids are involved in photoprotection and light harvesting 
complex of photosynthetic apparatus (Merchant and Sawaya 2005) They  
also play a role as a light stabilizer and free radical scavenger (Fraser and 
Bramley 2004).

Carotenoids present in colored citrus fruits viz; yellow and green-colored fruits 
had gained further importance in food sector as a result of their health promoting 
action (including richness in provitamin A and anti-cancer effects) (Rao and Rao 
2007). Also, the antioxidative action of citrus fruits is mainly attributable to the 
occurrence of hydrophilic constituents in fruit (Cano et  al. 2002). Usually, the 
carotenoid content of citrus fruits is nearly double that of other fruits. Around 115 
different carotenoids are found in citrus fruits and their characteristic color is 
because of the carotenoid components found in citrus fruits (Tsai et al. 2007). Pink 
grapefruit contains good amount of β-carotene. Further, citrus fruits also comprise 
of large amounts of carotenoids for example lutein, zeaxanthin, and β-cryptoxanthin. 
The red colors of red navel orange and valencia orange are mainly because of high 
lycopene and cryptoxanthin content, respectively. Pink grapefruit contain high 
β-carotene content; Other citrus fruits contain high carotenoid content, such as zea-
xanthin, lutein, and β-cryptoxanthin (Lee 2001). The carotenoid content in the 
orange was observed to be 11.25 mg/L when the sample extraction was done using 
ultrasound technique at power of 208 W/cm2, temperature of 20  °C and time of 
5 min. It was revealed that the carotenoid content of orange was increased by 40% 
through ultrasound-based extraction in comparison to the conventional extraction 
(Boukroufa et al. 2017). In another research, carotenoid levels were observed to be 
significantly greater in tangerine species, such as Citrus unshiu and Citrus reticulata, 
as compared to those in the orange variety, Citrus sinensis and the hybrid, Citrus 
changshanensis (Abeysinghe et  al. 2007). Similarly, cultivar difference was 
observed among the carotenoid content of different citrus varieties (Fanciullino 
et al. 2006).

14.5  Extraction & Isolation of Bioactive Compounds

Qualitative and quantitative research on the bioactive components present in plant 
materials are primarily based on the selection of appropriate extraction methods. 
The extraction method is sometimes called “sample preparation technique”. In 
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most cases, two-thirds of the effort of analytical chemists is spent on sample prep-
aration techniques, but this part of the study is ignored and carried out by untrained 
personnel. It is true that the advancement of state-of-the-art chromatographical 
and spectrophotometric procedures makes the study of bioactive components sim-
pler than before, however the accuracy hinge on the type of extraction techniques, 
input variables, and the specific properties of the plant. Common parameters that 
affect the extraction process are the matrix features, solvent utilized for extrac-
tion, temperature, pressure, and time of the treatment. As a result of these tremen-
dous technological advancements; different food as well as non-food sectors are 
increasingly interested in bioactive compounds from natural resources (Azmir 
et al. 2013).

Extraction of plant material could be carried through several extraction meth-
ods. Many scientists have been conducting experiments on innovative, inexpen-
sive and effective ways of extraction. The extraction procedure performed to 
prepare and process the sample is of some interest to the scientific community. 
Extraction, separation/isolation, as well as description of bioactive ingredients 
from fruit/vegetables are the basic phases for obtaining bioactive components. 
Appropriate measures must be taken to prevent the destruction, loss or deteriora-
tion of potent bioactive components all through the extraction. Besides, the choice 
of solvent must be dependent on the properties of the bioactive compound of 
interest (Suri et al. 2022a). Over the last few years, environmentally friendly, non-
conventional green extraction methods have been developed that use less syn-
thetic plus organic chemicals, reduce treatment time, and improve yield and 
quality of extract. Ultrasonication, pulsed electric fields, supercritical fluids, 
enzymatic extraction, microwave extraction, extrusion, ohmic heating, high pres-
sure extraction and accelerating solvents are used to enhance the total extraction 
yield as well as selectivity of bioactive compounds obtained from sample (Lusas 
and Watkins 1988; Lakkakula et al. 2004; Gaur et al. 2007; Ghafoor et al. 2009; 
Azmir et al. 2013).

14.5.1  Traditional/Conventional Extraction Methods

Traditional extraction methods viz; Soxhlet extraction are taken as a standard/con-
trol technique for comparing the achievement of afresh established methods. There 
are quite a few technical reports and data, in which unconventional methods are 
critically studied (Smith 2003; Wang and Weller 2006). Existing traditional meth-
ods for recovering bioactive components from plants, fruits, vegetables etc. are 
soxhlet extraction, maceration, and steam distillation/hydro-distillation. To date, 
numerous traditional and innovative extraction methods for extracting phenol from 
citrus by-products have been described. The most commonly used method is 
maceration/immersion in a solvent. It is also considered appropriate at scale-up 
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levels. Nevertheless, this extraction method mainly needs high temperatures 
(50–150 °C), extended extraction periods (up to some hours), and highly polar sol-
vents such as ethanol (Khan and Dangles 2014). Other traditional methods includ-
ing soxhlet extraction, hydro-distillation etc. are also used to recover bioactive 
compounds from citrus fruits.

14.5.1.1  Soxhlet Extraction

A German scientist named Franz Ritter von Soxhlet was the first person who stud-
ied and researched soxhlet extractor in 1879. It was developed primarily for the 
recovery of lipids, yet with advancement it is used for isolation of many different 
components. Soxhlet extraction method is utilized to extract important bioactive 
components from a number of natural materials. Besides, it also serves as a model 
for comparing new/innovative extraction techniques. Usually, for extraction of com-
pounds in soxhlet extractor, a minute quantity of dry sample is positioned in the 
thimble. The thimbles are thereafter kept in a distillation flask comprising of the 
appropriate solvent. Later when the solvent reaches to the overflow stage, the thim-
ble holder solution is sucked out through the siphon. The siphon returns the solution 
to the distillation unit. This solution transports the recovered solute to a bulk liquid. 
The solute particles persist in the distillation unit and the solvent is returned to the 
permanent plant bed. This procedure repeats till the complete recovery happens 
(Azmir et al. 2013).

14.5.1.2  Maceration

Maceration has long been employed in the preparation of home-based tonics. It has 
become a common and reasonable method to acquire essential oils as well as 
bioactive components. For small use or laboratory type extractions, maceration 
usually comprise of different stages. Initially, the plant material is crushed to 
enhance its surface area for appropriate mixing of solvent. Second, during 
maceration, a suitable solvent known as menstruum is added to the bolted container. 
Third, the straining of liquid is done, however the solid filtrate left after this extrac-
tion procedure, ex-citrus pomace is pressed for recovery of huge amounts of trapped 
solution. The sieve obtained and the squeezed liquid are grouped together, and 
impurities are parted through filtration process. Infrequent shaking during the pro-
cess of maceration facilitates recovery of bioactive compounds in two ways. (A) It 
leads to an increase in process of diffusion, (b) It eliminate concentrated solution 
out of the surface of sample and bring new solvent into menstruum to increase 
extract yield (Azmir et al. 2013).
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14.5.1.3  Steam Distillation/Hydro-Distillation

It is a conventional technique of extracting bioactive components, essential oils etc. 
from plant sources. It did not contain organic solvents and this procedure can be 
conducted prior to dehydration of plant material. Hydro-distillation can be done 
through 3 different methods namely water-based distillation process, direct steam 
distillation and water coupled steam distillation.

In the hydro-distillation process, the plant material is first sealed in a booth, 
thereafter water is added, and plant material is boiled. Sequentially, steam is injected 
directly into the plant material. The major reason behind the release of bioactive 
components from plant tissues is hot water and steam treatment. The indirect 
cooling with water leads to condensation of the vapor blend of water plus oil. The 
mix obtained after condensation moves from the condenser to the separator, at that 
place the oil as well as bioactive components are involuntary separated from the 
water. Hydro-distillation process encompasses three major physicochemical 
processes, firstly hydro-diffusion, secondly hydrolysis and thirdly disintegration 
through heat. At higher temperatures, few volatile compounds can be destroyed. 
This limitation of hydro-distillation restricts the use of this method for the recovery 
of thermo-labile components (Azmir et al. 2013).

14.5.2  Non-traditional/Green Extraction Methods

14.5.2.1  Microwave Assisted Extraction

This type of extraction technology uses electromagnetic waves with frequencies 
between 0.3 and 300 GHz. This is a frequently used process for recovering bioactive 
compounds from citrus fruits. Microwave based extraction treatment is said to 
include 3 consecutive stages namely (a) the disassociation of solutes from the active 
sites of food material at higher temperature as well as pressure (b) the diffusion of 
the solvent through the food material (c) the liberation of solutes from the food 
material into the solvent (Alupului et al. 2012). The main benefits of using micro-
waves over different traditional used methods are it requires low energy consump-
tion, short time of extraction and low solvent usage (Suri et al. 2021). This recovery 
technique can extract bioactive components faster than traditional extraction meth-
ods and has a higher recovery rate. This is a selective method for recovering the 
intact organic plus organometallic complexes. It is likewise well-known green 
extraction technology to lessen the utilization of organic solvents (Alupului et al. 
2012). Interestingly, researchers have been working on recovery of pectin, polyphe-
nols, flavonoids, carotenoids, and dietary fibre from citrus fruit peels in a non- 
conventional way.

Pectin extraction from Citrullus lanatus peels using microwaves at different 
power (160–480 W), irradiation time (60–180 s) and liquid-solid ratio (1: 10–1:30 g/
mL). A total yield of pectin (25.79%) was achieved with power (477  W), time 
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(128 s), and solid-liquid ratio (1:20) (Maran et al. 2014). Besides, the recovery of 
pectin from the skin of citrus sinensis by surfactant-microwave-assisted extraction 
exhibited 28% pectin yield at time (7 min), power (400 W), and pH (1.2) (Su et al. 
2019). In addition to the recovery of pectin from citrus fruits, polyphenols were also 
recovered utilizing microwave extraction technique. Phenolic components found in 
the peel of Citrus inshiu was extracted by using microwaves. The study showed 
hesperidin content of 5860 mg/100 g and narirutin content of 1310 mg/100 g in skin 
extract of citrus fruit (Inoue et al. 2010). Citrus limon peels reported total phenol 
(1574 mg GAE/100 g) by extraction using microwaves (Dahmoune et al. 2013).

14.5.2.2  Ultrasound Assisted Extraction

Ultrasound is a distinct form of sound wave that goes over and beyond the human 
hearing. In the field of chemistry, ultrasound usually range from 20 kHz to 100 MHz. 
Like the other wave types, it penetrates the medium through producing firmness as 
well as expanding. The ultrasound treatment causes cavitation, which means the 
formation, development along with collapse of bubbles. By converting kinetic 
energy into heating of the bladder contents, a large amount of energy can be 
generated (Azmir et al. 2013). Advantages of the ultrasound method is the reduction 
in time of extraction, energy and solvent consumption. Ultrasonic energy for 
recovery of bioactive compounds provides further efficient mixing, quicker trans-
ference of energy, condensed temperature gradient and temperature of extraction, 
extraction of selective compounds, compact equipment size, faster start-up, pro-
mote improved production and eliminate processing stages (Chemat et al. 2008). 
The possible mechanism behind ultrasound assisted extraction is enhanced ultra-
sonic mass transfer along with accelerated solvent access to cellular components of 
the plant. The mechanistic action of ultrasonic extraction encompasses two physical 
phenomena’s, (a) diffusion through the cellular walls and (b) releasing of intracel-
lular substances subsequently after rupturing of wall (Mason et al. 1996). Sample 
moisture, sample particle size, degree of milling, as well as solvent are central fea-
tures for an effective and efficient extraction process. In addition, the extraction 
temperature, frequency, pressure, and duration of ultrasonic waves are the determin-
ing aspects of ultrasonic wave performance.

Ultrasound extraction has also been utilized with many classical systems as they 
are believed to improve the effectiveness of a traditional scheme. In the solvent 
extraction, an ultrasonic device is positioned in a suitable place to improve the 
effectiveness of extraction (Vinatoru et  al. 1998). The ultrasound extraction was 
lately used to recover hesperidin from peels of Penggan (Citrus reticulata) fruit (Ma 
et al. 2008) polyphenols and flavonone glycosides of Citrus unshiu Marc peels and 
total phenol content of Penggan peels (Ma et  al. 2009). Researchers recovered 
polyphenols from the skin of mandarin and sweet orange by maceration and 
ultrasound technology, and the efficacy of ultrasonically assisted extraction was 
greater to that of the previously used techniques. The extraction yields obtained by 
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ultrasonic treatment of mandarin and sweet orange were 5.85% and 12.95%, 
correspondingly, whereas the extract yields of 5.20% and 12.20% were obtained by 
the maceration technique (Saini et al. 2019). Recovery of polyphenols from fresh 
sweet lime (Citrus sinensis) peels by utilizing ultrasound treatment at power 
(200 W), frequency (40 kHz) and treatment time (20 min) exhibited the total phenol 
of 25.60 mg GAE/g and total flavonoid content of 18.85 mg QE/g (Suri et al. 2022b). 
Polyphenols obtained from three hybrid varieties of mandarin fruit (Clemenvilla, 
Ortanique, and Nadorcott) by means of ultrasonic assisted extraction techniques at 
power (400  W), temperature (40  °C) plus duty cycle (80%) was conducted. 
Ultrasound treatment for a shorter period of time (in between the first 5 & 15 min) 
caused the improved physicochemical characteristics, bioactive compounds, along 
with the antioxidative action of mandarin peel extract (Anticona et al. 2021). This 
depicts that ultrasonic extraction is an effective as well as sustainable extraction 
technology.

14.5.2.3  Pulsed Electric Field Extraction

This extraction technique depends on inducing electroporation of cell membranes, 
ensuing in an improved in extraction yield. In this method, the electric potential 
passes by the cellular membrane at a short period of time (1–2500 ls) and the par-
ticles separate on the basis of the inherent charge. Therefore, repulsive action leads 
to the establishment of pores and increases their porosity (Azmir et  al. 2013). 
Normally, pulsed electric fields are used to preserve food and extract intracellular 
components from plant matrices, agro-food waste and their by-products (Suri 
et al. 2021).

The influence of pulsed electric field on extraction of total phenols as well as 
flavonoids from orange peels were evaluated. The maximum disintegration index 
was observed when the time of processing was 60ls. Besides, an increase in the 
yield of extraction of total phenols by 20%, 129%, 153% and 159% from orange 
peel was observed following the pulsed electric field treatment at 1, 3, 5 and 7 kV/
cm, respectively. Also, in comparison with the untreated material, the pulsed elec-
tric field treated orange peels exhibited enhanced flavonoids namely hesperidin and 
naringin, and total antioxidant property (Luengo et al. 2013).

14.5.2.4  Supercritical Fluid Extraction

All matter has 3 fundamental states viz; solid, liquid, and gas. Supercritical state is 
definite and could only be reached when a material is exposed to temperatures and 
pressures above the critical point. The critical point is explained as the distinctive 
temperature as well as pressure beyond which the characteristic gas and liquid 
phases are absent (Inczedy et al. 1998). In supercritical conditions, certain attributes 
of gases and liquids are lost. In other words, supercritical fluids cannot be liquefied 
even if the temperature or pressure is changed. Supercritical fluids have gas-like 
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features such as diffusion, surface tension, viscosity, along with liquid-like density 
plus solvation (Sihvonen et al. 1999) These features make it appropriate for extract-
ing components in high yields in a quick span of time.

Supercritical extraction technique is considered as an environmental friendly 
substitution to traditional techniques of extraction. This supercritical method of 
extraction synthesizes fluids near the critical point at higher temperatures as well as 
pressures (Diaz-Reinoso et al. 2006). A number of scientists examined the effect of 
supercritical fluid on extract yield of bioactive components from the citrus fruits. 
The supercritical fluid process for extracting essential oil from citrus lemon zest led 
to higher yields of D-limonene (4.5%) (Lopresto et al. 2019). In analogous research, 
the process of extraction of D-limonene from tangerine peel (Citrus unshiu Kuno) 
using supercritical CO2was carried out, where a high yield of D-limonene (30.65%) 
at a pressure of 300 bar, however 13.16% yield was reported at a pressure of 100 bar 
(Safranko et al. 2021). Therefore, although the supercritical extraction technique 
was known to be advantageous for the extracting oil, the main problems in super-
critical fluid extraction were recognized as high maintenance and equipment cost 
(Suri et al. 2022a).

14.5.2.5  Enzyme Assisted Extraction

Usually some of the bioactive components and plant-based chemicals in the plant 
matrix are disseminated in the cytoplasm of the cell and few remained in the poly-
saccharide lignin arrangement by the help of hydrogen bonding or hydrophobicity, 
that are inaccessible to solvents in the extraction process. Several elements for 
example; concentration and composition of enzyme, plant particle size, solid-to-
liquid ratio, time of hydrolysis, etc. are considered important aspects for the extrac-
tion process (Niranjan and Hanmoungjai 2004). Enzymatic pre-treatment step is 
observed as an innovative and efficient technique for extracting bound compounds 
thereby improve total yield (Rosenthal et al. 1996). In this process, the utilization of 
specific enzymes for example cellulase, pectinase, α-amylase etc. in the extraction 
process improves retrieval by disrupting cell walls and hydrolysing structural plus 
lipid-soluble polysaccharides. There are 2 methods of enzyme-assisted extraction: 
(1) enzyme-assisted aqueous based extraction method, (2) enzyme-assisted cold 
pressed extraction method (Latif and Anwar 2009; Azmir et al. 2013). Traditionally, 
the enzyme-assisted aqueous extraction functions primarily to extract oil from var-
ied seeds. Enzyme-assisted cold pressing extraction technology uses enzymes to 
hydrolyze seed cellular walls as polysaccharide-protein colloids are not accessible 
in this system (Concha et al. 2004).
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14.5.2.6  Pressurized Liquid Extraction

This extraction technique is termed through different titles viz; pressurized fluid 
extraction, improved solvent extraction, accelerated fluid extraction, and high- 
pressure solvent extraction process (Nieto et al. 2010). The idea behind pressurized 
fluid extraction is to use high pressure to keep the solvent liquid above its usual 
boiling point. The peculiarity of pressurized liquid extraction is that its elevated 
pressure carries forward the process of extraction. Automated approach is the major 
reason for the further expansion of pressure based liquid extraction process, in addi-
tion to its benefits like reduced extraction times plus solvent requirements. This 
extraction technology requires a minimum quantity of solvent due to its high tem-
perature and pressure, which speeds up the recovery of plant materials. Higher 
extraction temperatures can increase the solubility of the analyte by enhancing both 
the solvability the mass transfer rate, reducing the viscosity plus surface tension of 
the solvent, thus increasing the extraction rate (Ibañez et al. 2012). Several studies 
have explained the applications of pressurized water-based extraction method to 
obtain bioactive components from citrus fruit peels, pomace etc. High-pressure 
based extraction of polyphenols from peels of lemon and orange was performed. 
Testing of pressure-treated citrus peels (300  MPa, 10  min, & 500  MPa, 3  min) 
showed higher levels of phenol and antioxidants than control. The total phenol 
present in the extract obtained from the fresh peels of lemon at 300  MPa and 
500 MPa was 265.95 mg GAE/100 g and 344.53 mg GAE/100 g, correspondingly, 
whereas for orange it was 364.57 and 378.90  mg GAE/100  g, correspondingly 
(Casquete et al. 2014).

14.6  Factors Influencing the Extraction of Bioactive 
Compounds from Citrus Fruits

14.6.1  Solvent

Solvents utilized for recovering plant bioactive components have a direct influence 
on the efficiency of phytochemicals like polyphenols, flavonoids, carotenoids etc. 
With a wide series of solvents from polar to non-polar, different components with 
respective polarities could be recovered into solvents based on the polarity of the 
solvent and the target plant material (Dailey and Vuong 2015). In general, coupling 
of polar as well as less polar solvents is further effective in the recovery of 
biologically active components from plant matrix (Vuong et al. 2013). Environmental 
friendly, non-toxic food grade organic solvents such as n-butanol, ethanol, and 
isopropanol are suggested by the United States Food and Drug Administration for 
recovery of bioactive constituents (Bartnick et al. 2006). The usage of ethanol in the 
ultrasound-based process has been known to be more efficient in recovering 
polyphenols from citrus fruit viz; orange peel waste than traditional solvent- based 
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method (Khan et al. 2010). In addition, the non-conventional methods like ultra-
sound, microwave etc. provided higher yields in natural product extraction than 
conventional methods, not only on a laboratory scale however also on a pilot plant 
scale (Boonkird et al. 2008).

14.6.2  Solid to Solvent Ration

Solvent volume or the plant material to solvent ratio have been studied to enhance 
the effectiveness of bioactive components from plant matrix. Hypothetically, the 
lesser volume of solvent utilized, the lower is the extraction efficiency that occurs 
due to saturation. Nevertheless, an appropriate plant material (solid)/solvent ratio 
must be useful for cost-effective purpose as further energy is required to heat the 
bigger mass. Moreover, greater energy is needed to eliminate the water for more 
concentrated or powdered production (AL Ubeed et al. 2022).

14.6.3  Extraction Conditions: Treatment Time, Temperature, 
Agitation etc.

Extraction temperature and time greatly influences the efficiency of extraction of 
bioactive complexes from plant materials (Fig. 14.3). Higher temperature with elon-
gated recovery time generally results in greater extraction efficiency. Yet, the 

Sample

Citrus fruit variety

Solid to Solvent Ratio 

Extraction method

Extraction Technique

Solvent utilized in the extraction process

Extraction conditions

Temperature & Treatment time

Frequency, Agitation & Pressure

Fig. 14.3 Factors influencing the extraction process
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stability of bioactive compounds may decline with prolonged exposure to high tem-
perature since major plant-based compounds are susceptible to heat. Hence, it is 
vital to regulate the extraction temperature and time to recover high concentrations 
of bioactive compounds with minimal deterioration.

Process agitation and pressure were observed to impact the proficiency of extrac-
tion of phytochemicals compounds from plant matrix. Research has proven that 
agitation prominently enhances the extraction competence of phytochemicals in 
comparison to processes where no agitation is used (Ahmed et al. 2020). The treat-
ment time or number of extractions has been shown to influence the effectiveness of 
extraction process. The larger the extraction time given to the same amount of sam-
ple, the greater bioactive compounds can be recovered (Vuong et al. 2011).

14.7  Conclusion

The present chapter gives an in-depth view of different bioactive compounds found 
in citrus fruits, their methods of extraction and important considerations during 
extraction processes. It sums up reports on the taxonomy, nutritional, and bioactive 
content of different varieties of citrus fruits. It can be proposed from the chapter that 
citrus fruits contain excellent repository of biologically active compounds viz; phe-
nols, flavonoids, carotenoids, essential oils, pectin, minerals, vitamins, coumarins, 
and other compounds that offers several health benefits to mankind. Extraction, 
isolation and characterization are the basic stages for efficient retrieval of bioactive 
compounds. Therefore, selection of a potential extraction techniques that can be 
used to effectively recover these bioactive compounds is utmost important. With the 
advent of green technology, certain non-conventional energy saving methods are 
extensively utilized for extraction of bioactive components from citrus fruits. These 
green extraction methods exhibit various benefits over traditionally used methods. 
Also, the chapter discusses the influence of extraction condition on the extract yield.
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15.1  Introduction

Grown in tropical, subtropical, and temperate climates, citrus is a perennial shrub or 
small tree in the Rutaceae family that includes lemons, tangerines, grapefruits, man-
darins, limes, oranges, and citrons, amid several other hybrids and variations. Citrus 
genus contains grapefruit (Citrus paradisi: 5%), limon and lime (Citrus limon and 
Citrus aurantifolia: 12.1%), tangerine (Citrus reticulata: 19.9%), sweet orange 
(Citrus sinensis: 61.1% of worldwide citrus percentage), tangerine, lime etc. In the 
Northern Hemisphere, fruits, especially oranges and grapefruit, achieve their peak 
maturity between mid-December and April. Among the fruit crops, the yearly pro-
duction of citrus fruits, which are grown in more than 64 nations worldwide, is 
105.4 million tons (Ahmed and Azmat 2019). The ascorbic acid, carotenoids, flavo-
noids, pectin, calcium, potassium, and other vital nutrients in citrus fruit make it the 
most significant fruits in the world. Citrus fruits are popular for their valuable origin 
of both soluble and insoluble fibre, which confers a number of health benefits, one 
of which is the removal of toxins from the body (Saeid and Ahmed 2021). A healthy 
bile duct and liver function are two of the many benefits that come from consuming 
dietary fibre. Additionally, those fibres ensure better gastric adsorption inside the 
small bowel, which slows the absorption of energy. These inefficacies are essential 
to human health and are evidenced by these active secondary metabolites, including 
anti-oxidative, anti-inflammatory, and anti-cancer qualities, as well as cardiovascu-
lar and neuroprotective features. Citrus fruits have a long history of use in tradi-
tional medicine across several countries in Asia (China, Japan, Korea, and India) 
(Lv et al. 2015; Sofowora et al. 2013). The Chinese Pharmacopoeia lists nine tradi-
tional Chinese medications from six citrus species for proper medical usage which 
includes Citrus aurantium L., Citrus reticulata Blanco, Citrus medica L. var. sarco-
dactylis Swingle, Citrus medica L., Citrus wilsonii Tanaka, and Citrus sinensis 
Osbeck. The peel or entire (mature or immature) fruits are effective in reducing 
blood pressure and treating ringworm infections, coughing up blood, dyspepsia, and 
skin inflammation (Lv et al. 2015; Nambiar and Matela 2012; Asgary and Keshvari 
2013). Hesperidin (7-O-rutinoside of hesperetin), a flavanone group flavonoids 
member, may be extracted in significant quantities from the various citrus species 
(Roowi and Crozier 2011). Recently, researcher extremely attracted to the bioactiv-
ity of hesperidin and its several biological characteristics (Kim et  al. 2019; 
Roohbakhsh et al. 2015; Parhiz et al. 2015; Cheng et al. 2021; Li and Schluesener 
2017). Hesperidin is found in significant quantities in several varieties of Citrus sp. 
like, grapefruit, orange, mandarin, lemon, and lime (Gattuso et al. 2007). Deficiency 
of it has been linked to nightly soreness in the hands, feet, and legs as well as abnor-
mal capillary leakiness (Hajialyani et al. 2019). Following the worrisome spread of 
COVID-19 around the planet, human health saw some significant repercussions 
(Das et al. 2022a, b; Kumar and Rathi 2020). Mental and physical health has been 
drastically impacted throughout the COVID-19 associated lockdown (Samanta 
et al. 2022a, b). In this regard, several study groups have found that various citrus 
species (lemon, orange, limes etc.) significantly able to boost human immunity 
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while also promoting the health of infected individuals (Khanna et  al. 2021; 
Zabetakis et al. 2020; Bhutada et al. 2020). We are attempting to outline the numer-
ous documented potential biological applications of various citrus fruit varieties in 
this chapter, as well as the effectiveness of these fruits in improving health.

15.2  Overview of Citrus Fruit: Emphasis on Phytonutrients

The tropical flowering plant named as citrus is a member of the Rutaceae family, 
Aurantioideae subfamily, Citreae tribe, and Citrinae sub-tribe. There are numerous 
sorts or kinds of species in the genus Citrus, and they differ in terms of their fruits, 
blooms, leaves, and twigs. Citrus taxonomy is complicated and contentious, owing 
to sexual diversity within species and genera, as well as polyembryony, which pre-
serves and reproduces maternal genotypes (Inglese and Sortino 2019). Citrus fruit 
is one of the world’s most important horticultural products, and it is also the widely 
traded commodity (Chavan et al. 2018; Liu et al. 2012). It’s unclear where citrus 
fruits came from exactly, but it’s generally accepted that it invented in Southeast 
Asia and extended throughout the globe. Mediterranean nations, Brazil, China and 
USA contribute for approximately two-thirds of the world’s total citrus fruit harvest 
(Langgut 2017). Over the past three decades, there has been a consistent rise in the 
amount of citrus fruits consumed on a per capita basis all over the world (USDA 
2022). There is a significant amount of variety in the kinds of citrus fruits that are 
grown in and consumed by people in the different regions of the world. Mandarins 
occupy the second largest share (26%) of global citrus production, behind sweet 
oranges (56%) (Ladaniya et al. 2021). The phytonutrient content of citrus fruits is 
unusually high compared to that of other fruit types. Phytonutrients are essential for 
both the elevation of health and the circumvention of disease. Vitamin C is widely 
known to be abundant in citrus fruits (Mditshwa et  al. 2017). In addition, citrus 
fruits provide a number of other health-promoting bioactive phytochemicals, such 
as polysaccharides, amino acids, phenolic acids, flavonoids, terpenoids, triterpenes 
etc. (Ye 2017) (Fig. 15.1). There are around 40 limonoids in citrus fruits, but the 
most important ones are limonin and nomilin. The bitterness of citrus is partially 
driven by these compounds that are found in elevated amounts in grapefruit and 
orange (Okwu 2008).

15.2.1  Phytochemicals in Citrus Fruits

The nutritive and secondary metabolites content of the five most popular citrus spe-
cies e.g. Citrus sinensis, Citrus reticulate, Citrus limonum, Citrus aurantifolia, and 
Citrus grandis was reported in the back-to-back studies of Okwu and Emenike 
(2006, 2007). These five citrus fruits are high source of crude protein (10.94–17.06%), 
crude fibre (5.84–7.10%), crude lipid (0.64–1.24%), magnesium (0.49–0.61%), 
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Fig. 15.1 2D Structures of different bioactive compounds present in several of Citrus fruits. All 
the 2D structures are collected from the PubChem databank (National Library of Medicine; https://
pubchem.ncbi.nlm.nih.gov/). Here, (a) Hesperidin; PubChem ID: 10621, (b) Myricitin; PubChem 
ID: 5281672, (c) Naringin; PubChem ID: 442428, (d) Quercetin; PubChem ID: 5280343, (e) 
Synephrine; PubChem ID: 7172, (f) Caffeine; PubChem ID: 2519, (g) Octopamine; PubChem ID: 
4581, (h) Tyramine; PubChem ID: 5610, (i) Lycopene; PubChem ID: 446925, (j) Neoxanthin; 
PubChem ID: 5282217, (k) Violaxanthin; PubChem ID: 448438, (l) Lutein; PubChem ID: 5281243

sodium (0.28–0.36%), phosphorus (0.24–0.41%), carbohydrates (70.86–77.10%), 
potassium (0.28–1.0%), calcium (2.0–3.20%) and food energy (347.04–363 g cal−1). 
Secondary metabolite concentrations include niacin (0.03–0.43  mg/100  g), alka-
loids (0.33–0.04  mg/100  g), phenols (0.01–0.42  mg/100  g), ascorbic acid 
(19.36–61.60  mg/100  g), flavonoids (0.19–0.57  mg/100  g), thiamine 
(0.06–0.12 mg/100 g), tannins (0.01–0.04 mg/100 g), and others (Raghavan and 
Gurunathan 2021).

15.2.1.1  Flavonoids

Flavonoids belong to the category of polyphenolic secondary metabolites that are 
frequently obtained from plants. They are an essential source of antioxidants in the 
human nutrition. Most of the colour in flowers and fruits comes from these metabo-
lites (Macheix et  al. 2018). Flavonoids are made up of a 15-carbon skeleton 
(C6-C3-C6), two 6-carbon phenyl rings, and a heterocyclic ring with an oxygen 
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atom in it (Kumar and Pandey 2013). Flavonoids can be split into other segments 
based on how the heterocyclic ring is changed. These subgroups include flavones, 
flavonols, flavanones, flavanonols, flavanols (flavan-3-ols), isoflavones, and antho-
cyanins (Tripoli et al. 2007). Numerous citrus fruits include large concentrations of 
flavones (serving as rhoifolin, vitexin, and diosmin), flavonols (such as quercetin, 
rutin, and kaempferol), flavanone-7-O-glycosides (such as naringin, eriocitrin, hes-
peridin, and narirutin), polymethoxylated flavones (such as nobiletin, tangeritin, 
and 5-demethyl nobiletin) and anthocyanin (cyanidin and peonidin glucosides) 
(Tripoli et al. 2007). Most citrus fruits have flavonoids like hesperidin, myricitin, 
naringin, tangeritin, rutin, and quercetin (Okwu and Emenike 2006).

15.2.1.2  Alkaloids

The indole ring is the primary building block from which alkaloids are derived. 
Alkaloids can be divided into two categories, non-hetrocyclic (also known as atypi-
cal) and heterocyclic (known as typical), according to their structural composition. 
Synephrine is one of the several alkaloids that are abundant in citrus species (Percy 
et al. 2010). Citrus aurantium (Bitter orange) also yielded various alkaloids includ-
ing octopamine, tyramine, and n-methyltyramine. Citrus paradidi (Grapefruit) and 
Citrus maxima (Pomelo) are the sources from which caffeine, a purine alkaloid, was 
derived (Kretschmar and Baumann 1999). Citrus reticulate Blanco (common man-
darin) High amount of acriquinoline A and acriquinoline B are found in Citrus 
reticulate Blanco (common mandarin) (Wansi et al. 2016). Especially in contrast to 
other Citrus sp., Citrus aurantium has a fair amount more active alkaloids, particu-
larly synephrine, which makes up with over 85% of the total protoalkaloid. 
N-methyltyramine has also been observed in large amount greater tiers as compare 
to octopamine, tyramine, or hordenine (Lv et al. 2015).

15.2.1.3  Carotenoids and Apocarotenoids

In addition to their role in photosynthesis and signalling, carotenoids are widely 
dispersed isoprenoid pigments (Saini et al. 2015; Saini and Keum 2018). Based on 
how they are constructed, carotenoids can be divided into two different categories – 
(a) hydrocarbon carotenoids like alpha-carotene, beta-carotene and lycopene and 
(b) Xanthophylls, aerated variants of hydrocarbon carotenoids like neoxanthin, vio-
laxanthin, lutein, and –cryptoxanthin (Saini et  al. 2015; Saini and Keum 2018). 
Since carotenes have a straightforward hydrocarbon structure, they can only be 
found in their free form. Fatty acids can be esterified with oxygenated functional 
groups in xanthophylls to produce free or esterified fatty acids. Saturated and unsat-
urated fatty acids such as caprate (C10:0), laurate (C12:0), myristate (C14:0), pal-
mitate (C16:0), stearate (C18:0), palmitoleate (C16:1) and oleate (C18:1) are 
commonly acylated to xanthophylls in citrus fruits (Etzbach et al. 2020; Lux et al. 
2019). Apocarotenoids are a different class of carotenoids in addition to carotenes 
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and xanthophylls. The fragmentation of carotenoids by the carotenoid cleavage 
dioxygenases, or (CCDs)/9-cis-epoxycarotenoid dioxygenase (NCED), produces 
the ecologically and nutritionally significant apocarotenoids (Zheng et  al. 2021). 
Over 115 carotenoids and derivatives are produced by citrus species. Yellow to red 
hues can be attributed to carotenoids like beta-carotene (Dugo et al. 2006). Wendun 
(Citrus grandis Osbeck), peiyou (Citrus grandis Osbeck), and ponkan (Citrus retic-
ulata Blanco) all have high concentrations of carotenoids in their peel extracts, 
which measure 2.04 ± 0.036 0.036 ± 0.0006, and 0.021 ± 0.0004 mg/g dried base 
(db), respectively (Wang et al. 2008). The most prevalent carotenoids in the pulp of 
Valencia oranges are esters of violaxanthin, antheraxanthin, beta-cryptoxanthin, 
and mutatoxanthin esterified mostly with laurate, myristate, and palmitate as mono-
esters or diesters. A tiny amount of free xanthophylls and carotenes, including alpha 
and beta carotene, are also present in citrus fruits. Carotenoids are more abundant in 
citrus fruit peel flavedo than juice sacs, similar to phenolic chemicals. Carotenoid 
concentrations increase with maturation in contrast to phenolic compounds. 
Additionally, the albedo only has a tiny quantity of carotenoids compared to pheno-
lic chemicals (Multari et al. 2020; Petry et al. 2019). In a study that compared dis-
tinct kinds of oranges (Washington navel and Tarocco), lemons (Akragas), and 
pummelos (Chandler), the flavedo of perfectly ripe Washington navel oranges con-
tained the highest amount of total carotenoids (159 mg/kg DW), whereas the juice 
sacs of ripened Tarocco oranges stored the maximum values of total carotenoids 
(63.7 mg/kg DW). Following the findings of this research, lutein was found to have 
a significantly higher concentration than any of the other carotenoids in the juice 
septa of the fruits that were investigated. In fact, lutein was found to account for 
83% of the overall carotenoids in the juice cysts of Tarocco oranges. In this contrast, 
violaxanthin, antheraxanthin, beta-cryptoxanthin, and beta-carotene have been con-
sidered as minor carotenoids.

15.2.1.4  Coumarins

Higher plants are the only known sources of the benzo-a-pyrones known as couma-
rins. Prenylation at C6 or C8, along with the closing of a furan ring, can result from 
a series of alterations that the abundant coumarins can go through (Bourgaud et al. 
2006; Dugrand-Judek et al. 2015). Citrus plants have the ability to create substances 
that performance as a defensive measure against herbivorous creatures and patho-
gens. These compounds include coumarins and furanocoumarins. An investigation 
employing spectrometry and ultra-performance liquid chromatography to deter-
mine whether coumarins are present in 61 citrus species is representative of the 
genetic diversity of the entire citrus family. The coumarin/furanocoumarin diversity 
and concentrations in citrus peel are generally higher than in the pulp of the same 
fruits. Based on the chemotypes discovered in the peel, which correspond to the 
four ancestral taxa (pommelo, mandarin, citron, and papedas) and their respective 
secondary species offspring, citrus species can be categorized into four categories. 
Mandarins appear to be lacking in the production of these chemicals, in contrast to 

S. Samanta et al.



457

the other three ancestral taxa (pummelo, citron, and papeda), which produce consid-
erable amounts of these compounds (Dugrand-Judek et al. 2015). Chromatographic 
spectra of peel samples from Colombian citrus fruits exhibited both qualitative and 
quantitative variances. The essential substances contained in citrus fruits have been 
provisionally identified as coumarins, furanocoumarins, and polymethoxylated fla-
vones. While sweet oranges primarily contain polymethoxylated flavones, Tahitian 
limes, Key limes, Mandarin limes, and mandarins primarily contain coumarins and 
furanocoumarins. Limettin, oxypeucedanin hydrate, bergaptene, bergamottin, and 
isopimpinellin are all examples of coumarins and furanocoumarins that have been 
identified from Tahitian and Key limes respectively (Ramírez-Pelayo et al. 2019).

15.2.1.5  Ascorbic Acid

Ascorbic acid is a water-soluble micronutrient that plays an important role in the 
diverse biological procedures occurs inside the human body. Multiple studies have 
found that consuming citrus fruits can help to reduce the risk of developing cancer 
and protect a wide range of different types of human cancers (Silalahi 2002; Rekha 
et al. 2012). It has recently been revealed that the presence of vitamin C is the factor 
that is accountable for bringing about this property (Du et al. 2012). When associ-
ated to the consumption of vitamin C, the ingestion of citrus fruits is strongly attrib-
utable to a decrease in total rate of risk. A prior study suggested the concentration 
of ascorbic acid varies in citrus sp. [Lemon (Citrus limon), Bitter Orange (Citrus 
aurantium), Sweet Orange (Citrus aurantium var. sinensis), Pomelo (Citrus max-
ima), Grapefruit (Citrus paradisi) and Citron (Citrus medica)] determined using 
iodometric titration, dye titration and spectrophotometric methods (Shrestha et al. 
2016). Lemon, bitter orange, grapefruit, and sweet orange each had about 
34.8  mg/100  ml, 29.89  mg/100  ml, 39.80  mg/100  ml, and 25.11  mg/100  ml of 
ascorbic acid, respectively. It was found that the average amount of ascorbic acid in 
pomelo was around 61.29 mg/100 ml, even as the citron’s average amount of ascor-
bic acid was determined 17.4 mg/100 ml (Shrestha et al. 2016). Total amount of 
ascorbic acid in 99.93 g of pomelo was 25.80 mg, the lowest weight to ascorbic acid 
ratio (3.87), while the amount in 180 g of citron was 7.2 mg, the greatest weight to 
ascorbic acid ratio (25.00) (Shrestha et al. 2016).

15.2.1.6  Essential Oils

Citrus’ various plant components, including its leaves, blossoms, fruits, and peels, 
are abundant sources of essential oils (Md Othman et al. 2016). Citrus essential oils 
have properties that make them anti-inflammatory, anti-diabetic, insecticidal, anti- 
fungal, and anti-bacterial. These properties are useful in the pharmaceutical, medi-
cal, cosmetic, agricultural, and food industries (Palazzolo et al. 2013; Wolffenbüttel 
et al. 2018). Aldehydes, ketones, esters, and organic acids are some of the functional 
groups found in Citrus essential oils. Citrus essential oils in particular are a blend of 
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complex hydrocarbons derived from both terpene and non-terpenoid sources. 
(Merle et al. 2004). The citrus essential oil‘s composition varies greatly according 
on the type, variety, season, and location of the fruit, as well as its degree of maturity 
(Fisher and Phillips 2008; Droby et al. 2008). These oils include a variety of chemi-
cals, 20 and 60 different molecules among 85–99% of these are made up of volatile 
molecules, and the remaining 1–15% is made up of nonvolatile compounds (Asadim 
2008). A variety of monoterpenes, sesquiterpenes, and sesquiterpenoids are found 
in the volatile chemicals (Smith et  al. 2001). Approximately, 97% of the citrus 
essential oils are monoterpenes consisting of two isoprene (C5H8) units, whereas 
between 1.8% and 2.2% of the citrus essential oils are alcohols, aldehydes, and 
esters. In addition, limonene is the most prominent ingredient. Its concentrations 
range from 32% to 98% depending on the variety, such as in bergamot, lemon, and 
sweet orange (32–45%, 45–76%, and 68–98% respectively) (Moufida and Marzouk 
2003). Citrus essential oils also have a huge quantity of monoterpene hydrocarbons. 
The peels of extract of C. microcarpa (94.0%), C. grandis (81.6–96.9%), and 
C. aurantifolia (39.3%) all have limonene as their most important ingredient. On the 
other hand, the peel of C. hystrix is mostly made up of sabinene, which makes up 
between 36.4% and 48.5% of the peel. Limonene, citronellal, sabinene, and pinene 
were found to be the most prevalent components in the essential oil from the Kaffir 
lime (C. hystrix), with concentrations of 24.62%, 22.06%, 19.29%, and 10.58%, 
respectively (Chhikara et al. 2018; Suwannayod et al. 2018; Al-Aamri et al. 2018).

15.3  Putative Activity of Citrus Bioactive Component 
Towards Various Health Complications

Beneficial biological applications of various Citrus spp. along with their molecular 
insights are described below. Protective or minimizing activities of some major 
alarming health threats are mentioned briefly in association with different kinds of 
citrus bioactive compounds (Figs. 15.1 and 15.2).

15.3.1  Cardiovascular Diseases (CVDs)

An estimated 17.9 million people die each year as a result of cardiovascular diseases 
(CVDs), making them one of the leading causes of death worldwide. CVDs are a 
collection of heart and blood vessel disorders that include coronary heart disease, 
congenital heart disease, cerebro vascular disease, aortic aneurysm, atherosclerosis, 
and a number of other conditions (Pala et al. 2020). The popularly known medicine 
can exert various side effects, including myalgia, organ toxicity, and rhabdomyoly-
sis. So, CVDs continue to be a medical and safety concern affecting the majority of 
people in the world. Recommendations have been made to reduce the social and 
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Fig. 15.2 Numerous disease-preventive applications of citrus fruits are depicted in this diagram, 
along with their health-promoting properties. The beneficial role of citrus fruit against major prev-
alent diseases was elaborated on in this figure. It mainly acted through the anti-oxidative, anti- 
inflammatory, metabolic pathways (lipid, glucose etc.), anti-apoptotic, anti-metastasis and many 
more against cardiovascular diseases, cancer, renal diseases, diabetes, osteoarthritis, respiratory 
diseases

financial impact of cardiovascular illnesses. Lifestyle and health interventions 
focusing on numerous risk factors have been suggested. The principle approach to 
controlling this major health problem is prevention of risk factors by modulating 
diet and lifestyle. Flavonoids, carotenoids, apocarotenoids, terpenes, and limonoids 
are the primary bioactive components found in citrus fruits. These components are 
implicated in the management and prophylaxis of cardiovascular diseases through a 
variety of different mechanisms. There are various signaling pathways by which 
these compounds exert protective activity against the CVDs; likewise, inhibition of 
oxidative stress, anti-inflammatory activity, inhibition of platelet aggregation, 
improvement in lipid metabolism, regulation of apoptosis and autophagy (Fig. 15.3).
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Fig. 15.3 The cardio-protective role of citrus bioactive compounds through various molecular 
signaling pathways. Here, the inflammatory pathway was altered through TLR-2 cell membrane 
receptor, which inhibits NLRP3 inflammasome formation and the platelet activation and aggrega-
tion also reduced. ROS production is neutralized through the activation of an antioxidant detoxify-
ing enzyme. Cholesterol metabolism was also regulated through the active component of citrus fruit

15.3.1.1  Inhibition of Oxidative Stress

Oxidative stress refers to a state in which the body is unable to maintain a balance 
between its capacity to detoxify intermediate products and reactive oxygen species 
(ROS). In general, the human body maintains a homeostasis towards oxidants and 
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antioxidants. Imbalance of the ratio leads to the creation of an enormous cellular 
ROS level, which induces free radical production and cell damage (Nita and 
Grzybowski 2016). Although the precise mechanism is unclear, lipid peroxidation 
damages cell membranes and changes intracellular charge and osmotic pressure, 
which results in cell death by swelling (Sun et al. 2015). Citrus flavonoids acted as 
free radical scavengers, such as superoxide anions, hydroxyl radicals, and peroxyl 
radicals (Cavia-Saiz et al. 2010). In previous studies with catechin, rutin, naringin, 
quercetin, and hesperidin, the cardiomyocytes’ survival was enhanced, antioxidant 
enzyme levels were increased, and malondialdehyde (MDA) levels were also 
reduced (Wang et al. 2021a, b). Citrus flavonoids have an antioxidative effect on 
gene expression that influences cellular cross-communication. Hesperidin increased 
nuclear factor erythroid-2 related factor 2 (Nrf2), which was linked to the antioxi-
dant defence system in senescent rat hearts (Elavarasan et al. 2012). Carotenoids 
also efficiently scavenge ROS molecules and play an antioxidant role in preventing 
CVDs. Atherosclerosis, one of the major CVDs, occurs due to ROS modified LDL 
oxidation, which leads to coronary heart disease. Carotenoids, especially β-carotene, 
α-carotene, lycopene, lutein, zeaxanthin, and β-cryptoxanthin had a positive corre-
lation with higher intake of carotenoids and prevention of morbidity and mortality 
by CVDs (Eggersdorfer and Wyss 2018). Another carotenoid, lycopene, showed its 
antioxidant role by lowering serum cholesterol in animal model, which magnified 
its role in CVDs (Müller et al. 2016). Increased intake of this carotenoid may reduce 
the risk of several heart diseases (Leermakers et al. 2016). In this case, left ventricu-
lar function reached its normal activity after intake of Moro and Pera orange juice, 
either in the case of enhancing antioxidant enzymes or improving metabolic com-
motion in an animal model. Ribeiro et al. (2021) found that Pera and Moro orange 
juice reduced the cytotoxic effect of DOX on the energy metabolism of the 
myocardium.

15.3.1.2  Anti-inflammatory Activity

Inflammation is directly connected to CVDs. Pathogenic, metabolic, and ischemic 
conditions all induced the release of proinflammatory cytokines such as IL-1, IL-6, 
IL-18, and TNF-𝛼 Previously, the Canakinumab Antiinflammatory Thrombosis 
Outcomes Study (CANTOS) and the Colchicine Cardiovascular Outcomes Trial 
clinically proved that anti-inflammatory treatments lowered the rate of CVDs 
(Ridker et al. 2017, Tardif et al. 2019). Adhesion molecules (ICAM-1, VCAM-1) 
can also cause inflammation. Arachidonic acid is metabolised by the enzymes 
cyclooxygenase 2 (COX-2) and lipoxygenase, which are also required for the for-
mation of prostaglandin, leukotriene, and thromboxane. They can all exaggerate the 
inflammatory response (Wang et al. 2020a, b). The 3′, 4′, or 4′-OH substitutions on 
ring B of flavonoids functioned as a selective inhibitor of lipoxygenase, but flavones 
having five or more methoxy groups had stronger phosphodiesterase inhibitory 
properties (Testai and Calderone 2017). Naringenin efficiently inhibited toll-like 
receptor 2 (TLR2) in adipose tissue (Yoshida et al. 2013). Furthermore, it reduced 
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TNF-𝛼 and IL-6 protein levels in LPS-induced murine macrophages BMDMs (Liu 
et al. 2016a, b). Qurectin another important component of citrus fruit exerted anti- 
inflammatory role in chronic systemic inflammation (Chekalina et al. 2018). In this 
case, proinflammatory response was decreased along with NF-κB transcriptional 
activity. Apigenin also improved cardiac dysfunction by lowering NF-κB in cardio-
myopathy (Liu et al. 2016a, b). Fisetin was found to protect against isoproterenol- 
induced myocardial injury by inhibiting the responsible markers, such as the 
proinflammatory cytokines TNF-𝛼 and IL-6 (Garg et al. 2019). In an experiment 
with LPS-induced rat cardiomyocytes, luteolin reduced TNF-expression while also 
inhibiting NF-κB (Lv et al. 2011).

15.3.1.3  Antithrombotic Activity

Platelet aggregation has been identified as a major factor in cardiovascular, brain, 
and peripheral vascular diseases. The intermediate and late phases of atherosclero-
sis, which encourage and exacerbate CVDs, are often when platelet accumulation 
and thrombosis occur. Adenosine diphosphate, thromboxane, and other active sub-
stances released will also promote the onset of atherosclerosis and have other nega-
tive effects. Citrus flavonoids abridged platelet aggregation and thrombosis, which 
reduced the risk of blood clotting (Faggio et al. 2017). Carotenoids significantly 
improved endothelial function (Di Pietro et al. 2020). Potential antiplatelet activity 
of hesperidin was observed in collagen and arachidonic-acid-induced platelet aggre-
gation. Here it intruded on collagen and arachidonic acid signal transduction via 
phospholipase C-gamma2 (PLCγ) and COX-1 (Jin et al. 2007). Naringin also par-
tially inhibited platelet aggregation through reduction of PLCγ and as a result 
Τhromboxane B2 (TXB2) and secretion of granules decreased (Kim et al. 2015).

15.3.1.4  Improvement in Lipid Metabolism

The lipid profile mainly Fatty acids, triglycerides (TG), and cholesterol play a valid 
role in the steady state maintained of the cardio-vascular system. A mild alteration 
of these profiles can be caused by the accumulation of fat and, as a result, athero-
sclerosis. The main flavonoids, namely hesperidin, hesperetin, naringin, naringenin, 
and quercetin, have been shown to protect against CVDs via lipid accumulation 
(Baselga-Escudero et al. 2015; Deng et al. 2021). These naturally occurring bioac-
tive compounds with great safety, can reduce dyslipidemia, treat metabolic condi-
tions brought on by a high-fat diet, and effectively prevent, treat, and even cure 
CVDs. Hepatic steatosis was prevented and attenuated plasma lipids in animal 
model by included citrus fruit in the diet (Park et al. 2013). Naringenin and hesper-
etin blocked translocation of triglycerides with inhibition of acyl-CoA: cholesterol 
acyltransferase (Lin et al. 2011). Hesperidin enhanced phosphorylation of the PI3K/
ERK1 cascade pathway to express the LDLR gene, which in turn lowers LDL levels 
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in plasma (Bawazeer et al. 2016). Citrus bergamia was a neglected citrus in com-
parison to others, but it also significantly exerted lipolysis activity in rats with 
hyperlipidaemia. These outcomes form the cornerstone of anti-atherogenic activity 
and are in charge of preventing cardiovascular disease. It also sped up the excretion 
process of sterols and bile. This reduced lipid levels in plasma and increased lipo-
protective profiles in hypercholesterolemic patients (Toth et al. 2016).

15.3.2  Cancer

After cardiovascular diseases, cancer is the second biggest cause of mortality world-
wide in 2020, accounting for ten million deaths overall. As a result, research is 
focusing on two main strategies: avoiding cancer-causing agents or using preventive 
mechanisms to reduce cancer morbidity. Although several popularly known drugs 
are available to treat cancer, undesired toxicity is a major burden for this purpose. 
Draw their attention for the purpose of developing an anticancer drug. Citrus fruit is 
full of bioactive components which can exhibit various mechanisms to protect and 
treat cancer (Fig. 15.4).

15.3.2.1  Inhibition of Cancer in Primary Phase

Previous studies have highlighted the anticancer role of bioactive components in 
citrus fruit against carcinogens and endogenous mutagens. In this context, narin-
genin and rutin avert DNA damage through free radical scavenging near DNA 
(Kootstra 1994). Quercetin protects liver cell lines against mercury-induced DNA 
damage by a mechanism similar to this (Barcelos et  al. 2011). The incidence of 
colon cancer was considerably reduced in rats treated with DMH and hesperetin as 
a supplement (Aranganathan et al. 2008).

15.3.2.2  Inhibition of Tumor Development via Apoptosis 
and Antiproliferative Mechanism

Many studies, both in vivo and in vitro, have shown that citrus extracts inhibit 
cancer cell proliferation. Human pancreatic cell death is mediated by the 
apigenin- induced GSK-3/NF-κB signalling cascade (Johnson and De Mejia 
2013). Human gastric cancer cell line SGC-7901 proliferation was significantly 
repressed in a dose-dependent manner by poncirin. Hydroxylated analogues of 
flavonoids exerted lower cytotoxicity in cancer cells in comparison to methoxyl-
ated flavonoids (Wesołowska et al. 2012). Although 5-demethylnobiletin showed 
an opposite effect on various cancer cells compared with nobiletin (Qiu et  al. 
2010), Polymethoxyflavones including neohesperidin, nobiletin, tangeretin, and 
5-demethylnobiletin exerted an apoptotic effect on three types of gastric cancer: 
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Fig. 15.4 Schematic representation of the anticancer mechanism through regulation of cell prolif-
eration, cell cycle, apoptosis, and metastasis by various bioactive components of citrus fruits. 
Intrinsic and extrinsic pathways of apoptosis were stimulated by p53, BCL-2, caspase proteins. 
Inflammatory response is activated through NF-κB and pro-inflammatory cytokines. Cell cycle 
arrest was also activated through cyclin proteins and anti-metastasis efficacy was found via 
Wnt pathway

AGS, BGC-823, and SGC-7901. This process increased the expression of the 
RARB gene, which then activated the caspase 9 and PARP1 proteins (Wang et al. 
2020a, b). Naringenin and its derivatized compound naringenin oxime exerted 
cytotoxic, genotoxic, and apoptotic activity against HT-29, PC-12, MCF-7, and 
L-929 cells by producing enormous ROS on cancer cells rather than normal cells 
(Kocyigit et al. 2016). Naringenin decreased the phosphorylation of ERK1/2 in 
prostate cancer cells, which stopped cell growth and caused apoptosis through 
the PI3K/Akt pathway (Lim et al. 2017). Limonoids are reported as an antipro-
liferative component against breast cancer cells, especially in estragon positive 
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breast cancer by caspase 7 dependent pathways (Kim et al. 2013). It showed a 
synergistic response with curcumin against SW480 by induction of apoptosis 
(Murthy et al. 2013). Hesperidin induced apoptosis in the NALM-6 leukaemia 
series by increasing p53 expression, PPAR- and inhibiting NF-κB activation 
(Ghorbani et al. 2012). Hesperetin stimulated apoptosis in HepG-2 cells through 
the elevated ROS level and by reducing the Bcl-2/Bax protein ratio, which stimu-
lated the mitochondrial apoptosis pathway (Zhang et al. 2015a, b).

15.3.2.3  Anti-metastasis Activity

Metastasis is a unique mechanism of cancer spreading from its primary neoplasm to 
a distant site for the formation of another tumour growth known as a secondary 
tumor, which increases the morbidity rate through cancer. Citrus derived bio ele-
ments exhibited antimetastatic activity through the inhibition of cell invasion and 
metastasis. Naringin reduced ZEB1, one of the key regulators of epithelial-to- 
mesenchymal transition (EMT) in osteosarcoma cells (Ming et al. 2018). Naringin 
inhibited matrix metalloprotease activity while also inhibiting ERK phosphoryla-
tion, p38, MAPK, and c-Jun. Ultimately, it interrupted and blocked the entire 
MAPK/ERK/JNK signalling pathway in human glioblastoma cells (Aroui et  al. 
2016). Nobiletin also inhibited TGF-induced catenin accumulation and induced 
SLUG protein accumulation in U343 glioma cells (Zhang et al. 2017). Tangeretin 
increased E-cadherin and decreased N-cadherin and vimentin. This may have 
stopped radiation from causing SGC7901 gastric cells to go through EMT (Zhang 
et al. 2015a, b).

15.3.3  Diabetes Mellitus

One of the most important non-communicable diseases receiving attention from all 
major stakeholders globally is diabetes mellitus which is being treated for its preva-
lence and accompanying consequences. About 1.6 million people die each year as a 
result of diabetes mellitus and its complications, making it the third biggest risk 
factor in early mortality. (Oguntibeju 2019). Citrus fruit has previously been shown 
to be a regulator of lipid, carbohydrate metabolism, and adipocyte differentiation, as 
well as a reduction in oxidative stress, insulin sensitivity, and glucose tolerance 
(Merola et al. 2017; Kou et al. 2019; Gandhi et al. 2020). Previous study reported 
that flavonoids, including 8-prenylnaringenin, cosmosiin, didymin, diosmin, hes-
peretin, hesperidin, isosiennsetin, naringenin, naringin and many more citrus flavo-
noids exerted a potential antidiabetic activity. 8-prenylnaringenin is a prenylflavonoid 
commonly found in oranges, lemons and grapefruits (Mukai et al. 2012).
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15.3.3.1  Lipid and Glucose Metabolism Modulation

Carbohydrate metabolism disorder was one of the most common reasons of DM 
which directly correlated with hyperglycemia and other common inadequacies like 
insulin secretion, insulin resistance and activity of insulin. These abnormalities of 
insulin lead to carbohydrate, protein and fat metabolism disoriented. Lipid alteration 
profile is responsible for hypertriglyceridemia which developed insulin resistance 
and β-cell dysfunction. Diosmin a known flavonoid in citrus food was exerted anti-
diabetic activity by improving glucose and lipid metabolism instreptozotocin (STZ)-
induced animal diabetic model. The biochemical marker was ameliorated included 
glucose level in plasma, C-reactive protein and glycosylated haemoglobin (HbA1c). 
On other way it was directly approached on lipid metabolism by declining plasma 
lipid level of triglycerides (TG), free fatty acids, phospholipids, low-density lipopro-
tein cholesterol (LDL-C) where asdiminished high-density lipoprotein cholesterol 
(HDL-C). In cholesterol biosynthesis one of the key enzymes is 3-hydroxy- 3-methyl-
glutaril-CoA reductase (HMG-CoA reductase) which was elevated in diabetic model 
and restored after treated with diosmin (Srinivasan and Pari 2013). Hesperidin also 
had a similar impact on streptozotocin-induced diabetic rats, lowering the plasma 
glucose levels considerably. Other related parameter such as insulin, glycosylated 
hemoglobin, hemoglobin alteration occurred in an antidiabetic way. Here the key 
enzyme expression was observed which involved in glucose metabolism. Experiments 
exerted elevated hexokinase and glucose-6-phosphate dehydrogenase levels were 
enhanced and glucose-6-phosphatase and fructose-1,6-bisphosphatase levels were 
decreased (Sundaram et al. 2019). A synergistic study was shown with limonene and 
linalool in Whistar diabetic rat model. In this case, the combination of those com-
pounds lowered blood glucose level effectively and also inhibited protein glycation 
(More et al. 2014). Cosmosiin or apigetrin was exerted antidiabetic role in 3 T3-L1 
adipocyte cells via stimulating adiponectin secretion. This secretion induced insulin 
receptor-β (IR-β) phosphorylation which gave positive signal for translocation of 
glucose transporter 4 (GLUT4). So, it can be beneficial for glucose uptake in muscles 
and adipocytes and managed diabetes (Fig. 15.5).

15.3.3.2  Phosphorylation of Insulin Receptor Substrate (IRS)

Insulin is a key regulator for glucose homeostasis, whose reduction or resistance 
leads to diabetes. Insulin activity is initiated after binding with the receptor present 
in the plasma membrane of the target cell. Firstly, tyrosine kinase activity is started, 
which breaks down the insulin receptor substrate (IRS) by phosphorylation and, as 
a result, the downstream cascade pathway progresses. In this case, either phospha-
tidylinositol- 3 kinase (PI3-K) or the serine/threonine kinase (Akt/PKB) or both act 
on GLUT4 to move it to the plasma membrane. Translocation of GLUT4 opens the 
gateway for glucose entry into the target cell. Nobiletin increases glucose uptake in 
murine 3T3-F442 preadipocytes by the PI3K/Akt and the protein kinase A (PKA) 
signaling pathway (Onda et al. 2013). Didymin exerted a potent antidiabetic activity 
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Fig. 15.5 Potential anti-diabetic efficacy of citrus fruits by modulating glucose metabolism path-
way. Insulin release and insulin binding ability in muscle cell receptor was enhance and as result 
cellular homeostasis was maintained by activating PI3k/AKT/mTOR cascade pathway. Protein 
synthesis, glycogen synthesis and cell survival continue without any disturbance. Glucose channel 
was also triggered and glucose transport was sustained

by inhibition of human recombinant aldose reductase (HRAR), α-glucosidase, pro-
tein tyrosine phosphatase 1B (PTP1B) and advanced glycation end-product (AGE) 
formation. IRS was activated in insulin-resistant HepG2 cells, a downward cascade 
mechanism involving PI3K/Akt and glycogen synthasekinase-3 (GSK-3) boosted 
glucose absorption even in insulin-resistant cells (Ali et al. 2019). Citrus limonoids 
suppressed adipogenesis through the responsible PPARγ genes and phosphorylation 
of IRS in 3T3-L1 adipocytes of mice. Here, PI3K/Akt and fork-head transcriptional 
factor FOXO1 were responsible for the possession of antidiabetic effects by 
limonoids (Baba et al. 2016) (Fig. 15.5).

15.3.3.3  Antioxidative Property

From previous studies, it was clear that oxidative stress played a big part in how 
diabetes got worse and spread. As a result of the oxidation of glucose, protein glyca-
tion, and oxidative degradation, free radicals are formed quickly in people with 
diabetes. This caused cellular damage through damage of cell organelles, lipid per-
oxidation and diabetes development through modulation of insulin secretion and 
insulin resistance. The primary goal of antioxidants is to inhibit ROS production or 
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scavenge free radicals while increasing antioxidant defence enzyme ability. Despite 
the fact that processed orange juice contains more hesperidin and naringin than 
fresh orange juice (Gonçalves et al. 2017). Hesperidin directly stimulated the Nrf2- 
advanced glycation end products (ARE) signaling pathway, which regulates the 
antioxidant genes. ARE is accumulated and destroys extracellular protein. It is a 
by-product of the Maillard reaction, which is a complicated chain of processes 
involving interactions between the amino groups of proteins, enzymes, nucleic 
acids, and phospholipids and the carbonyl groups of reducing sugars. Hesperidin 
also scavenged free radicals to increase antioxidant activity (Parhiz et  al. 2015). 
Naringenin also takes part in the scavenging of free radicals and inducing antioxi-
dant venture of the enzymes superoxide dismutase (SOD), catalase, and glutathione 
levels were also increased (Zaidun et al. 2018).

15.3.4  Renal Diseases

Renal illnesses are extremely common, with acute kidney injury (AKI) and chronic 
kidney disease (CKD) being the leading causes of morbidity and mortality. Globally, 
the estimated prevalence of CKD is 13.4% (11.7–15.1%), with an estimated 
4.902–7.083 million individuals requiring renal replacement therapy (Lv and Zhang 
2019). CKD initially lessens the functional effects of nephron loss and then ulti-
mately has a negative effect by impairing the size selectivity of the glomerular bar-
rier and causing protein ultrafiltration. Accumulation of excess protein in Bowman 
space leads to tubulointerstitial damage which activates inflammatory and apoptotic 
pathways and promotes end-stage renal disease (Klaus et al. 2021).

15.3.4.1  Mineral Metabolism Disorder Modulation

CKD complications were exacerbated by vascular calcification (VC) and mineral 
metabolism disorders, both of which contribute to atherosclerosis. A decline in the 
frequency of glomerular filtration rate (GFR) was associated with VC. In VC, the 
muscular layer of arteries was thickened and lost their elastic nature. Along with 
VC, mineral metabolism disorder (MMD) also contributes to high mortality in end- 
stage renal disease (ESRD) patients. MMD was directly linked with phosphate, 
calcium, and parathyroid hormone metabolism and caused hyperphosphatemia, 
hypercalcemia, and hyperparathyroidism, respectively (Mehrotra 2006). Adenine- 
induced animal models were used to study the protective effects of quercetin. 
Qrectin inhibited VC by modulating the renal functional biomarkers uric acid (UA) 
and creatinine (CRE) via the p38/MAPK/iNOS pathway (Chang et al. 2017). In a 
recent study, diosmin reduced blood urea nitrogen (BUN), calcium, and phosphate 
levels in a CKD animal model. The production of vasodilators and an inhibitory 
effect on the rennin-angiotensin pathway improved sodium glomerular filtration 
rate. PTH was one of the minerals that regulated hormones, and it was significantly 
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higher in the diosmin-treated group compared to the untreated group. Diosmin 
could prevent hypocalcaemia effects by increasing levels of calcitriol (Sharma et al. 
2022a, b).

15.3.4.2  Chronic Inflammation Regulation

Inflammation is directly associated with renal disease, which is a complex network-
ing structure formed between the kidney’s parenchymal cells and occupant immune 
cells such as macrophages and dendritic cells, as well as circulate immune cells 
such as monocytes, lymphocytes, and neutrophils. Toll-like receptor and Nod-like 
receptor (NLR), nuclear factor κB (NF- κB), and the NLRP3 inflammasome are also 
members of the inflammation (Andrade-Oliveira et al. 2019). Tangeretin showed 
protective effects in nephrectomized rats by elevating levels of creatinine, urea, and 
targeting inflammatory pathways. It regulates inflammatory pathways by inhibiting 
TNF- and increasing phosphorylation of IB, IKK- α, and IKK- β, which is inhibited 
by NF- κB activation. This was followed by a decrease in immune cell infiltration in 
renal tissue as well as a decrease in TNF- α, NO, and the cytokines IL-1 and IL-6 
(Wu et al. 2018). In a study, umbelliferae showed an anti-inflammatory effect on 
streptozotocin (STZ)-induced diabetic nephropathy with a decreased level of uric 
acid, creatinine. It reduced hyperglycemia by downregulating TLR4, MyD88, 
p-NF- κB, and p-IB in the kidney tissues of the animal model’s treatment group via 
TNF- α, IL-1, and IL-6 cytokines (Han-Qing et al. 2019). In the same model of 
diabetic nephropathy induced by STZ or cadmium in the rat, nobiletin showed infil-
tration of neutrophils diminished in kidney tubules. It hampered the NF- κB down-
stream pathway and decreased p65 levels with increased Bcl-2 expression (Xu et al. 
2021). Citrus-derived flavonoids nobiletin, naringin, and hesperidin inhibited 
RAW-264 inflammation. TNF- α and IL-6 cytokines were inhibited in 7- macrophages, 
and NF- κB was also inhibited. LPS was used as a stimulator in this inflammation 
model. iNOS was suppressed along with the p-65 and MAPK signaling pathway 
(Kang et al. 2011).

15.3.4.3  Suppressing Oxidative Stress

In renal impairment patients, there was an increased level of oxidant activity and a 
decreased antioxidant level, which interrupted normal oxidative status and produced 
oxidative stress. Previous research in Wistar male rats expanded on naringenin’s 
protective role in arsenic trioxide-induced toxicity. There was an enormous amount 
of free radicals produced and a decreased GSH level after the treatment with arse-
nic. Naringenin showed antioxidant activity by maintaining elevated antioxidant 
enzyme levels (SOD, catalase, GPx) and mitigating the arsenic-induced toxicity in 
an animal model (Mershiba et al. 2013). Taurine (TR) and/or hesperidin (HES) also 
presented antioxidative activity against carbon tetrachloride (CCl 4)-induced renal 
toxicity. CCl4 was converted into CCl3, which increased MDA while significantly 
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decreasing CAT and GSH. This transformation directly interacts with DNA, pro-
tein, and other biomolecules of cells and causes increased oxidative stress, which 
may be the principle cause of kidney tissue damage. Taurine restores oxidative sta-
tus by regulation of cellular ions, free radical scavengers and stabilization of the 
membrane. Nitrosoglutathione was produced from GSH nitrosylation, which was 
triggered by taurine. Hesperidin showed its antioxidant property by augmentation in 
cellular antioxidant resistance.

15.3.5  Osteoarthritis 

Osteoarthritis (OA) is the most prevalent joint disease in the elderly population 
known as “wear and tear”, which is also a major disease responsible for morbidity 
and mortality in this age group. Some of the causes that lead to OA include trauma, 
loss of cartilage structure and function, and an imbalance of pro-inflammatory and 
anti-inflammatory pathways (Fig. 15.2). OA mostly affects the articular surfaces. 
Pain and stiffness in the joints are among the signs of OA. The defining feature of 
OA is the loss of articular cartilage. Articular cartilage cannot restore itself. Although 
costal chondrocytes are a rich source of donor cells, they have a great propensity for 
hypertrophy and calcification tendency. There is currently no remedy for OA since 
it is extremely challenging to replace the cartilage. The only existing treatments 
concentrate on decreasing symptoms (such as pain and inflammation), preserving 
joint movement, and preventing the loss of useful abilities. In order to manage OA, 
it is likely that lowering the production of oxidative stress and inflammation will be 
beneficial. Recent in vitro and preclinical experiments propose the defensive roles 
of dietary polyphenols in the expansion of OA, in terms of averting chondrocyte 
inflammation and additional cartilage damage/destruction, through their capacity to 
interact directly or indirectly with the joint-associated tissues (such as articular car-
tilage, bone, or synovium), resulting in the reduction of joint pain.

15.3.5.1  Regulating Oxidative Stress

Oxidative stress is directly connected with chondrocyte damage, which induces 
senescence and secretes inflammatory mediators. Hesperidin showed antioxidant 
activity against oxidative stress-induced chondrocytes. In this experimental study, 
hesperidin showed a protective effect by modulating mitochondrial activity, cell 
proliferation, survival and senescence. Total antioxidant capacity, antioxidant 
enzymes, and glutathione were restored (Tsai et al. 2019). Another study found that 
pre-treatment with hesperidin reduced MDA levels, cellular ROS, and inhibited 
hydrogen peroxide (Gao et al. 2018). Naringenin ameliorates cell damage and apop-
tosis by the influence of oxidative stress with the decreased expression of MDA 
(Pan et al. 2022). Induced oxidative stress in animal models was reduced by narin-
genin by lowering gp91phox, superoxide anion and lipid peroxidation, and the 
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expression of NADPH was elevated (Manchope et  al. 2018). Pomegranate peel 
extract demonstrated antioxidant activity in OA-derived patient erythrocytes, 
increasing SOD and GPX levels, serum TAC levels, and decreasing lipid peroxida-
tion (Haghighian et al. 2021).

15.3.5.2  Anti-Inflammatory Action

OA is directly related to inflammation. Cytokines and prostaglandin secretion ele-
vated matrix metalloproteinases through chondrocytes and led to inflammation. 
Tsai et al. (2019) discovered that hesperidin modulated COX-2, IL-1, TNF-α, and 
unregulated IL-10, TIMP-1, SOX9Foxo1, Foxo3, and Nrf2 cascade pathways. 
Hesperidin plays an important role in cartilage preservation by lowering IL-1 and 
TNF-α level while also modulating iNOS and another inflammatory component 
(Gao et al. 2018). Naringenin had a protective effect on cartilage damage in IOOA 
mice by lowering matrix metallopeptidase (MMP)3 and MMP13 and increasing 
NRF2 and hemo oxygenase 1 (HO-1) (Pan et  al. 2022). Nobiletin showed anti- 
inflammatory activity against IL-1β treated chondrocytes of mice. It represented an 
inhibitory NF-κB pathway in the mouse and lowered the inflammatory protein 
expression of thrombospondin motifs-5 (ADAMTS5)), cyclooxygenase-2, collagen 
II, metalloproteinase etc. The protein expression of inducible nitric oxide synthase, 
matrix metalloproteinase-3, matrix metalloproteinase-13, a disintegrin, and aggre-
can was analysed by western blotting (Lin et al. 2019).

15.3.6  Respiratory Diseases

Respiratory diseases, especially those affecting the airways and lungs’ related struc-
tures, are a key cause of rising mortality and morbidity rates around the globe. The 
widely emerging respiratory diseases, namely chronic obstructive pulmonary dis-
ease (COPD), occupational lung diseases, and asthma, carry a major burden as non- 
communicable diseases (NCDs). There are various key regulating pathways which 
are involved in respiratory disease development like various types of growth factors, 
Notch, Hedgehog, Wingless/Wnt etc., and they further show progressive develop-
ment by modulating oxidant and antioxidant balance in inflammation. ROS also 
plays a crucial role in the development of COPD and other respiratory diseases.

15.3.6.1  Regulating Inflammation and Oxidative Stress Against 
Respiratory Diseases

Inflammation is a defensive response against any pathological or microbial infec-
tion to protect vital organs. The main cause was inflammation caused by numerous 
ROS productions in the body and pathogen invagination in the airways. The primary 
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site of inflammation attracts other immune cells in the infection site, which is the 
main initiator of oxidative stress in the lungs. This result leads to long-lasting 
inflammation. In the past decades, natural components have been gaining interest 
and the individual components of citrus fruit have been studied in detail with respect 
to treating and combating the rising incidence of respiratory diseases. Citrus-derived 
bioactive component revealed potential anti-inflammatory activity. In asthma, 
inflammatory cells were increased and inflammatory mediator alteration, as well as 
mucus production, was noted. Airway hyperactivity was attenuated by naringenin in 
the ovalbumin-induced male Wistar model. In this study, IL-4 and IL-13 were 
reduced by naringenin with the increased expression of glutathione balance and 
MDA level was lowered (Jasemi et al. 2022). Naringenin lowered ROS levels in the 
LPS-induced BALF ling injury via regulating H2O2 and malondialdehyde (MDA) 
production (Zhao et al. 2017). An antioxidant enzymatic study was performed in 
COPD patients in comparison to controls and revealed that SOD, Cat, and GPx 
were significantly elevated Nrf2 and COX2 also prevent oxidative stress and 
inflammatory- mediated damage in the lungs and airways (Antus et  al. 2018). 
Flavonoids derived from bergamot and orange juice were tested against H2O2- 
induced oxidative stress in human A549 epithelial cells. The entire cellular antioxi-
dative system was enhanced, including lower levels of ROS and MDA, mitochondrial 
functional activity developed, and DNA remained intact without any cellular dam-
age (Ferlazzo et  al. 2015). Hesperidin also enhanced the antioxidant profile via 
activating matrix metalloproteinases (MMP) in the nicotine-induced rat model 
(Balakrishnan and Menon 2007). The mRNA expression was studied after being 
treated with hesperetin and naringenin for the TTF-1 expression in house dust mites. 
This phenomenon involved these two reducing lung damage by downregulating 
TNF- and TGF-1. Citrus alkanie was administered against bleomycin induced fibro-
sis in the C57BL/6 male rat model. Here, collagen secretion was inhibited, which is 
the main cause of pulmonary fibrosis and the inflammatory pathway was down- 
regulated through NF-κB and p38 (Wu et al. 2019) (Fig. 15.2).

15.3.7  Neuro-Degenerative Disease

There are significant medical and public health costs associated with degenerative 
disorders of the nervous system for people all over the world. The three principal 
neurodegenerative diseases are Alzheimer’s disease (AD), Parkinson’s disease 
(PD), and amyotrophic lateral sclerosis (ALS), whose prevalence has been raised 
with age. In neurodegenerative diseases, the molecular events at the cellular level 
include deposition of protein, impairment in mitochondria, oxidative stress and 
apoptosis are induced. Phytochemicals obtained from citrus fruit are capable of 
modulating this key regulator of these cellular events. Naringin was injected intra-
peritoneally in a mouse model, which exerted neuroprotective activity through its 
anti-inflammatory property and stimulated the mTORC1 cascade signaling path-
way. The loss of dopamine neurons in the substantia nigra pars compacta (SNc) and 
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the resulting striatal dopamine deficit is a defining feature of Parkinson’s disease 
(Blesa and Przedborski 2014). In a previous experimental study with naringenin 
against microglial cells, the cells exhibited lower expression of inflammatory mark-
ers such as NO, iNOS, COX-2, and stimulated suppressors of cytokine signaling 
(SOCS)-3. The entire protective activity of naringenin was regulated through modu-
lation of AMPKα and PKCδ pathway (Wu et al. 2016). Memory deficits associated 
with Aβ deposition and neuroinflammation In addition, Hesperidin significantly 
reduced ameliorated buildup Aβ deposition in transgenic APP/PS1 in vivo studies. 
Microglial cell activation was also restricted and TGF-1 expression in the cortical 
cortex and hippocampus was reduced (Li et al. 2015). Hesperidin also exerted its 
protective efficacy towards apoptosis in the cortical regions of the brain, especially 
the cerebrum and cerebellum, and also inhibited oxidative stress in the heavy metal 
(AlCl3) induced AD mice model (Justin Thenmozhi et al. 2017).

15.3.8  Antiviral

In March 2020, coronavirus disease was declared a pandemic by the World Health 
Organization (WHO). COVID-19 develops severe acute respiratory syndrome, 
which is responsible for the cause of multiple organ failure, toxemia, and death 
(Samanta et al. 2022a, b; Das et al. 2022a, b). A strong or well-built immune system 
is very much needed to provide defence against foreign pathogenic microorgan-
isms, whereas a fragile immune system can enhance sensitivity to infection or dis-
ease and make it more severe. Inflammation is the first step of the immune response. 
Excessive inflammation can cause uncontrolled cell damage and ROS generation. 
Healthy food is the main source of a well-built immunity. Healthy foods with differ-
ent dietary nutrients are needed to improve the immune system during this pan-
demic and have a beneficial effect on health. Foods can have different antiviral 
activities, which can develop the immune system and also protect cells from ROS, 
associated with disease or infection. A prior report showed that bio-flavonoids and 
vitamin C of citrus fruits are very effective for improving the immune boosting 
power of the human body. Citrus fruits like oranges, limes, mandarins, tangerines, 
and lemons have crucial nutritional value for improving human health. These fruits 
are also an abundant source of organic acids, vitamin C, amino acids, multiple min-
erals (Mg, Ca) and lots of other phytochemicals which are responsible for good 
health. Vitamin C can minimise viral infection, inflammation, and reduce oxidative 
stress-mediated cell damage. Regular intake of citrus fruits can reduce the severity 
of COVID-19 by improving our immune system and acting as powerful antioxi-
dants (Bellavite and Donzelli 2020; Alberca et al. 2020) (Fig. 15.6). Except vitamin 
C, citrus fruits also contain folate, which can improve the probity of overall immu-
nological barriers and modify the function of several immune cells like NK cells 
(natural killer cells), B-cells, T-cells, and phagocytes. There are different bioactive 
compounds or polyphenols present in citrus fruits like naringin, naringenin, hesperi-
din, narirutin, and narirutin, which all have strong anti-inflammatory effects. In 
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Fig. 15.6 Citrus fruits and their constituent bioactive compounds as treatment for viral infection 
like SARS-CoV-2. Hesperidin (or Hesperectin) inhibited viral attachment and internalisation into 
the cell. Citrus-derived vitamin C also prevented the formation of inflammation and restricted viral 
proliferation

in vivo studies (clinical trials), researchers found that hesperidin reduced inflamma-
tory markers and orange juice limited postprandial inflammation caused by a high 
fat diet meal and a carbohydrate diet meal in humans. Studies have also shown that 
drinking orange juice on a regular basis for several weeks can reduce inflammation 
markers such as C-reactive protein. According to different research studies, bioac-
tive compounds from orange juice can also have antiviral effects (Miles and Calder 
2021; Alberca et al. 2020). A prior report suggested that the bioflavonoid of citrus 
fruit called hesperetin has an important role as an efficient inhibitor of SARS-CoV 
3CLpro. Different experiments (in vivo and in vitro) suggest that naringin has the 
potency to decrease the expression of several pro-inflammatory cytokines (COX-2, 
IL-1β, IL-6 and iNOS) induced by lipopolysaccharide (LPS) in a cell line of raw 
macrophages, and may prevent cytokine by inhibiting the expression of HMGB1 in 
an in vivo experiment (mouse model). The results also showed that naringin has the 
potency to prevent cytokine storms. Citrus fruits contain several flavonoids which 
have potential anti-inflammatory activities and can act as effective agents in the 
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treatment of SARS-CoV-2 infection (Liu et al. 2022) (Fig. 15.6). According to sev-
eral research studies, it was found that bioactive compounds found in citrus fruit 
named hesperidin contain a shallow binding efficacy with the “spike” protein of the 
coronavirus and the major protease that can transform the premature or early pro-
teins of the virus (ppa1b and pp1a) into a complex sufficient for viral replication. 
The binding efficacy or energy of hesperidin to these compounds is lower than 
indinavir, ritonavir, lopinavir, and indinavir. So, hesperidin could be an effective 
antiviral agent and also prevent different infectious diseases, including COVID-19 
(Bellavite and Donzelli 2020). Citrus limetta (Sweet lime), popularly known as 
Mosambi or Mousambi in India, is very effective in immune boosting during 
COVID-19. The flavonones of this fruit block pp1b and pp1a (polyproteins), which 
are responsible for viral replication. Thus, sweet limes have been found to exert 
inhibitory and a reciprocal therapeutic activity against several RNA viruses, majorly 
SARS-CoV-2 (Banerjee and Pal 2021). Hesperetin is like an aglycone material or 
metabolite of hesperidin, having higher bioavailability. A docking simulation study 
revealed that hesperidin and hesperetin both demonstrated binding potency with 
cellular proteins, ACE2 (angiotensin-converting enzyme 2) and TMPRSS2 (trans-
membrane serine protease 2). Both proteins are required for SARS-CoV-2 cellular 
internalization. Both hesperetin and hesperidin were found to be effective in sup-
pressing contamination of VeroE6 cells with SARS-CoV-2 pseudo-particles 
(lentiviral- based) variants and wild types of SARS-CoV-2 with spike proteins by 
blocking or inhibiting the interaction between the ACE2 receptor and the S protein 
and reducing TMPRSS2 and ACE2 expression (Cheng et al. 2021). According to an 
analysis, it was identified that plant microRNAs could act against or inhibit the 
Omicron (B.1.1.529) variant of the coronavirus in several countries in the world. 
Several dietary plant miRNAs are found in different fruits like oranges (Citrus 
sinensis), peaches (Prunus persica), apples (Malus domestica), and grapes (Vitis 
vinifera) etc. The strong and effective interaction between the Citrus sinensis 
miRNA cluster (including miR169–3p family) and the CTGCCT conserved site has 
been noted in the SARS-CoV-2 genome and all Omicron variants from all over the 
world. This may become a promising therapeutic to induce viral genome silencing 
(Mangukia et al. 2022). Essential polyphenols (like flavonoids) are present in differ-
ent portions of citrus fruit, like juice, seed, pulp, skin, and peels. These flavonids 
have different types of biological activities like antibacterial, antifungal, antiviral 
etc. (Addi et al. 2021). According to a prior study, essential oil components and 
effective bioactivity of C. reshni ripe fruit peels (which contain limonene) can have 
an impact on the influenza virus (H5N1 subtype) (Nagy et al. 2018). Researchers 
also showed that B Sext (Citrus bergamia) and limonin can both inhibit HTLV-1 
and HIV-1 expression in affected or infected cells (Balestrieri et al. 2011). Studies 
also found that a bioflavonoid called quercetin found in citrus fruits can show sig-
nificant anti-DENV-2 dengue virus inhibitory activity and inhibit DENV-2 virus 
replication (Zandi et al. 2011). Several research studies have shown that citrus fruit 
peel can also be used as a green route for synthesis of nanoparticles to fight against 
viral infection and improve health. Different metallic nanoparticles like Fe, Ag, and 
Zn are green synthesized with citrus limetta peels. AgNPs, when combined with 
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them, demonstrated the greatest antiviral activity against CHIKV (Choudhary et al. 
2020). Citrus fruits, which are a wealthy source of vitamin C, are also effective 
against or prevent the occurrence of common colds and influenza by activating anti-
viral pathways in the human body. Flavonoids from citrus fruits, according to the 
study, may inspire the antiviral pathway mechanism due to their ability to modulate 
or activate the interferon stimulated response element (ISRE) (Fast et al. 2019). In 
vitro studies found that naringein could be a suitable candidate for ZIKV therapy 
because it contains efficient antiviral activity even if it is added several hours after 
infection. This activity of Naringein indicates that it can directly target viral replica-
tion. Naringein is effective against ZIKV lineages and can show inhibitory effects in 
the viral life cycle, probably as a non-competitive inhibitor of protease (NS2B-NS3) 
(Cataneo et al. 2019). Limonene, the major component found in essential oil of the 
bitter orange variety (Citrus x aurantium L), has also found effective activity against 
the H1N1 virus (Fadilah et al. 2022).

15.4  Heath Promoting Characteristics of Various Bio-active 
Compounds of Citrus Species

Health promotion is a progressive strategy of helping human beings to get a better 
lifestyle to move towards a state of optimal health. A healthy lifestyle always 
includes various types of effort, like change of behavior, awareness, and good health 
practises (Viner and Macfarlane 2005). In the 1970s, the concept of health promo-
tion first came out of the discipline of public health (Butler and Friel 2006). 
Nowadays, health improvement is getting more attention in all educational sectors 
to maintain the quality of life and literacy during COVID-19 (Merino-Godoy et al. 
2022). Good health always depends on health promoting activities (prevention of 
several chronic diseases like stroke, diabetes, heart disease, cancer etc.) and a 
healthy lifestyle. Disease prevention and health promotion are very important to 
educate people about infectious diseases, which are the leading causes of several 
deaths, population ageing, and the rapidly increasing cost of health care (Rimmer 
and Braddock 2002). Several types of health-promoting agents are present in the 
market, like ayurvedic products and different commercial products (Sharma et al. 
2007; Cardenas and Fuchs-Tarlovsky 2018). Several vegetables and fruits contain 
beneficial micronutrients, bio-flavonoids, polyphenols, and anti-oxidants. So, con-
tinuous consumption of fruits and veggies can help in the prevention of diabetes, 
obesity, cardiovascular diseases, even cancers and improve overall health 
(Hashemian et al. 2022; Atkinson et al. 2005). Among all the fruits Citrus fruits are 
widely grown, and they are among the most important fruits in the world, as well as 
among the commercially grown crops that are rich in useful biologically active 
compounds (biotic and abiotic), antibacterial properties, and phytochemicals with 
health-promoting properties (Suri et al. 2022; Dutta et al. 2022; Alvi et al. 2021). 
Citrus fruits are generous sources of different phytochemicals, including flavo-
noids, carotenoids (antioxidant and pro-vitamin A), ascorbic acid, terpenoids, 
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polyphenols, limonoids, etc., which have a great contribution to health-related 
improvements (Lado et al. 2018).

15.4.1  Obesity

In the twenty-first century, facing a global threat called obesity; its prevalence has 
been a multifaceted issue (Haaz et al. 2006; Lu et al. 2013). Adipose tissue serves as 
an endocrine organ, secreting adipokines, maintain major roles in the body. An 
excess amount of adipose tissue in the body, called obesity, which is related to a 
state of chronic pre-infection inflammation and life-threatening disease, affects the 
quality of life of an individual. According to epidemiology reports to WHO and the 
Organization for Economic Co-operation and Development (OECD), obesity and 
overweight are the fifth most common causes of global deaths (Karri et al. 2019; 
Feng and Wang 2018; Nakajima et al. 2014). The global burden of obesity has been 
growing rapidly, having a massive impact on overall human health worldwide due 
to the growing risk of different metabolic diseases (Lai et al. 2015). There are dif-
ferent conventional therapies for obesity like surgical procedures and synthetic moi-
eties, but these have dangerous side effects with chances of severe recurrence (Karri 
et al. 2019). Several antiobesity drugs or medications are available on the market, 
but they have no safety assurance and may have threatening side effects (Feng and 
Wang 2018). In the last few decades, scientists have found some alternative native 
medicines that have been strongly investigated. In natural therapeutics, citrus fruits 
(phytochemicals, p-synephrine, etc.) have shown huge potential to fight obesity 
through different mechanisms (regulating lipid metabolism, regulating energy 
expenditure and intake, and regulating adipogenesis) (Feng and Wang 2018). Citrus 
aurantium (Bitter orange) contains a variety of compounds like synephrine alka-
loids, a safe alternative alkaloid for the treatment of obesity (Haaz et  al. 2006). 
Some bioactive compounds of citrus, like polyphenols and flavonoids, have been 
assessed for the treatment and prevention of obesity (Nakajima et al. 2014). Citrus 
fruits have been shown in various scientific studies (in vivo and in vitro research 
studies) to be a powerful source of improving anti-obesity therapies (Feng and 
Wang 2018). Some cell culture assays indicate that the polyphenols of citrus fruits 
could help in obesity management by reducing lipid content in cells, adipocyte dif-
ferentiation, and also reducing programmed cell death. But the mechanism is not 
clear yet. Citrus polyphenols reduce adipose tissue, increase PPAR expression and 
target genes, and promote oxidation, lipid profile improvement, and glycemia and 
inflammation improvement by lowering pro-inflammatory cytokines (Nakajima 
et al. 2014). Citrange (a citrus hybrid of the trifoliate orange and sweet orange) is a 
kind of citrus fruit that contains neoeriocitrin, poncirin, and naringin as main flavo-
noid components. A recent in vivo (HF induced obese mouse) report suggested that 
citrange peel extract (CPE) was potently able to minimize the weight gain phenom-
enon and reduce glucose levels in blood serum along with the decrease of total 
serum cholesterol. This study also demonstrated that CPE blocked the different 
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mRNA expression of LXRβ, LPL, and ap2 in the mouse liver. Moreover, the citrange 
flesh and seed extract (CFSE) were found to lower serum glucose, mouse weight, 
total serum cholesterol level, and serum LDL-c ability. Naringin and poncirin, 
which are the main bioactive compounds of CPE and CFSE, could be the key bioac-
tive molecules achievable in this procedure (Lu et al. 2013). Previous reports sug-
gested that C. aurantium (Bitter orange) contains elements such as tyramine, 
m-methyltyramine, octopamine, and hordenine responsible for the reduction of 
body fat. A prior report shows that C. aurantium or ephedra, commonly combined 
with caffeine, also alter thermogenesis and increase RMR in control and obese sub-
jects (Haaz et al. 2006). Some studies demonstrated that nobiletin, a polymethoxyl-
ated flavone which is present in citrus fruits, has antiinflammatory, antitumor, 
insulin resistance effects, and obesity management. Nobiletin increases microRNA 
expression of PPAR-γ (peroxisome proliferator-activated receptor), sterol regula-
tory element-binding protein-1c, stearoyl-CoA desaturase-1, synthesis of fatty acid, 
uncoupling protein-2, carnitine (palmitoyltransferase-1) and adiponectin, and this 
research also showed that decreasement in microRNA expression of monocyte 
(chemoattractant protein-1) in WAT and TNF- α (tumor necrosis factor-α). Nobiletin 
can also up-regulate Akt phosphorylation, glucose transporter-4 protein expression 
and suppress IκBα degradation in white adipose tissue. Collectively, nobiletin could 
improve insulin resistance, hyperglycemia, dyslipidemia, and adiposity by regulat-
ing lipid metabolism-related expression, regulation of inflammatory maker’s expres-
sion, the insulin signaling pathway activity, and adipokine genes (Lee et al. 2013). 
Prior reports showed that if a human being can consume blood orange juice for 
approximately 2 weeks, then some beneficial effects on endothelial activities are 
shown in healthy men and women with obesity or over weight. This is the result of 
the combined action of flavanone and anthocyanin metabolites helping to enhance 
bioavailability (Li et al. 2020). As per the report, it was suggested that the yuzu peel 
contains anti-obesity activities through hepatic PPARα and adipocyte PPARγ path-
ways. Yuzu pomace can be a unique and novel application for anti-obesity (Zang 
et al. 2014).

15.4.2  Anti-ageing

Aging is an unavoidable and unprompted process in all living beings. Aging is a 
kind of natural phenomenon with different complexities that manifest a gradual 
decrease in homeostasis and physiological functions. It leads to age-related injuries 
and diseases (Parkinson’s disease, cardiovascular disease, cognitive declines like 
Alzheimer’s disease, diabetes type II, immune and inflammatory disorders) and ulti-
mately senescence. Numerous studies have been conducted to find ways to delay or 
even reverse ageing and age-related diseases (Xue et  al. 2021; Pan et  al. 2012; 
Howes et al. 2020). Skin is the major protective barrier of the human body and also 
an overall health indicator. Skin needs proper care and nourishment, which has led 
to a growing demand for antiaging products day by day. Skin is damaged by 
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different intrinsic and extrinsic factors. Prior research discovered several mecha-
nisms and theories of aging, such as telomere length reduction, decreased prolifera-
tive tendency, free radical generation, DNA mutations, and many others. There are 
different conventional therapeutics using phytocompounds (curcumin, resveratrol, 
Vitamin E) in cosmetics, liposomes, niosomes, transferosomes, ethosomes, solid 
lipid nanoparticles, nanostructure lipid carriers, and carbon nanotubes in anti-aging 
products (Sharma et al. 2022a, b). Continuous exposure to ultraviolet radiation is 
one of the main reasons for skin ageing (complicated bioprocess) (Amer et  al. 
2021). Solar radiation and oxidative stress are the probable causes of excess ROS 
production, which is the primary cause of skin damage (Kim et al. 2016). Although, 
prevention of ageing is quite impossible, slowing down the premature ageing rate 
could be possible (Shen et  al. 2017). Here, nutraceuticals and different natural 
dietary interventions played an important role via several mechanisms to stop age-
related diseases and received much more attention (Shen et al. 2017; Howes et al. 
2020; Pan et al. 2012). Citrus fruits are full of nutrition and different health-promot-
ing properties. Researchers found that it contains lots of photochemicals with sev-
eral biological functions (Zou et al. 2016). In this research, it was found that CSPE 
(ethanolic extract of Citrus sinensis L. fruit peels) showed a powerful anti-aging 
effect through down-regulation of mRNA expression of MMP1 along with anti-
inflammatory, anti-oxidant effects (Amer et al. 2021). As per the in vivo and in vitro 
study reports, liposomal encapsulated citroflavonoid complex (plant derived) is a 
safe use to reduce age-spots, brighten skin tone, and increase overall skin health. 
Citroflavonoids have potential anti-inflammatory and antiinflammatory properties, 
which is the reason for the rapid use of them in anti-ageing cosmetics (Tiedtke et al. 
2011). As per the study report, C. reticulate (Mandarin orange) peel can be used for 
an antiwrinkle skin care formula (Apraj and Pandita 2016). Several studies have 
shown that citrus- juice mixtures with their various bioactive compounds have pow-
erful anti-aging and antioxidant properties in hairless mice and human dermal fibro-
blasts, acting via the protein kinase pathway (mitogen-activated) and antioxidant 
enzyme regulation. Citrus juice could reduce intacellular ROS, H2O2 and prevent 
cell damage in human fibroblasts. Pretreatment with citrus-based juice suppressed 
the elevation of H2O2- directed MAPK signaling. Here, different anti oxidant 
enzymes like MnSOD, glutathione and catalase showed elevated expressions. In an 
in vivo study (UV-B exposed hairless mouse), it was shown that the oral uptake or 
administration of this juice mixture decreased wrinkle formation, skin thickness, 
and increased collagen content (Kim et al. 2016). Prior studies found that extended 
oral intake of nutroxsun (complementary nutrition) reduced the harming effects of 
sun exposure by inhibition of reactive oxygen species (UVR-induced), cytokines, 
and lipoperoxides (inflammatory markers) together with their straight action on sig-
naling pathways (intracellular) (Nobile et al. 2016). According to research, hesperi-
din, which is taken out from orange woodchips, has chelating, antiageing, and 
antioxidant properties. Hesperidin could reduce dark circles around the eyes, which 
is a very sensitive and thin skin region. It was also found that the aqueous extraction 
of hesperidin may be beneficial for human consumption. The nanoformulation of 
hesperidin was found to be skin-friendly and could be used in several cosmetic 
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products (Stanisic et  al. 2020). Studies also found that C. reticulata seed waste 
product is a key beneficial source of skin-improving and is also effective for wound 
healing at a coetaneous level (Al-Warhi et al. 2022).

15.4.3  Hypertension

Hypertension, diabetes mellitus, obesity, and dyslipidemia are major metabolic dis-
orders among global medical problems. In recent years, this type of illness has been 
expanding quickly (Siti et al. 2022). Hypertension is a major global public health 
issue that is influenced by a variety of complex factors such as the external environ-
ment, genetics, diet, and gut microbiota dysbiosis (Zhang et al. 2021; Rakib 2021; 
Ajeigbe et  al. 2021). People living in poverty, in particular, who have very poor 
health education and limited access to healthcare funds, are disproportionately 
affected by this problem. Management of hypertension is very important to main-
tain overall health, such as vision impairment, cardiovascular or cerebrovascular 
events, renal failure, and others. According to different pharmacological therapies, 
lifestyle modifications through exercise and diet are very effective in the manage-
ment of hypertension (Feyh et al. 2016). Different kinds of antihypertensive drugs 
are used for the management of hypertension, such as vasodilators, diuretics, sym-
patholytic drugs, angiotensin converting enzyme inhibitors and receptor blockers of 
angiotensin II (Ajeigbe et al. 2021). Research studies have detected that continuous 
consumption of vegetables and fruit decreases blood pressure (Reshef et al. 2005). 
Previous reports suggested that citrus fruits (lemons, oranges, tangerines, grape-
fruits, limes, mandarins, and others) contain lots of vitamin C, calcium, polyphe-
nols, potassium, flavonoids, pectin, and carotenoids, which have lots of health 
benefits and are used in the treatment of hypertension and heart diseases, so higher 
intake of several fruits can significantly decrease the risk of hypertension (Tsubota- 
Utsugi et al. 2011; Audu and Olu 2021; Khan et al. 2021; Mitra et al. 2022a, b). 
Citrus plant origins carry many advantageous nutrients and different bioactive 
materials which have anti-inflammatory, antiplatelet aggregation, antidiabetic, anti-
microbial, and anticancer activities (Khan et al. 2021). According to the research, it 
was found that continuous intake of plant-based flavoniods can decrease the risk of 
hypertension and cardiovascular disease in Australian women (do Rosario et  al. 
2021). Studies found that Citrus hystrix (kaffir lime) was beneficial in metabolic 
disorders. Different phytochemical compounds found in this plant, including pinene, 
citronellol, sabinene, and citronellal, which can show potential anti-obesity, antidia-
betic, and antihyperlipidemic activity as well as can decrease hypertension develop-
ment (Siti et al. 2022). Prior studies revealed that Citrus aurantifolia (Key lime) 
may carry hypotensive and antihypertensive effects through multiple pathways or 
mechanisms in in vivo experiments (rats). According to these findings, the major 
mechanism of the antihypertensive effects could be its vaso-relaxation effect. Citrus 
aurantifolia extract induces vasorelaxation via endothelium-independent mecha-
nisms by increasing cAMP and cGMP levels by inhibiting vascular PDEs (Bukhari 
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et al. 2022). A report suggested that hesperidin reduces blood pressure (systolic) 
and pulse pressure after prolonged consumption. Orange juice enriched with the 
bioactive compound hesperidin (Phytochemical) may be a useful co- adjuvant tool 
for pulse pressure and blood pressure management in early stage hypertensive 
patients (Valls et al. 2021). Naringin is also effective in treating pulmonary arterial 
hypertension. It inhibits NF-κB and ERK signaling pathways and EMT in pulmo-
nary arteries (Wu et  al. 2021). According to a prior study, high- flavonoid (HF) 
(narirutin and naringin) sweetie juice is more advantageous than low-flavonoid (LF) 
sweetie juice in decreasing blood pressure (diastolic) in people with an early stage 
of hypertension (Reshef et al. 2005). Studies also showed that Citrus limetta (Sweet 
lemon) leaf extract alienated the hypertensive effect caused by angiotensin II (Perez 
et al. 2010). In a research study, Citrus depressa Hayata extract was used in hyper-
tensive rats by spontaneous oral administration for blood pressure regulation. In 
vivo studies revealed that 6 weeks of continuous administration of the extract can 
lower MBP (average blood pressure), SBP (systolic blood pressure), and DBP (dia-
stolic blood pressure) (Chen et al. 2020). Grapefruit peel, essential oils extracted 
from orange peels and lemon peels also have a role in maintaining hypertension 
(Oboh and Ademosun 2011; Oboh et al. 2017). According to recent findings, aurap-
tene also has a standard hypotensive activity. More research is needed to know the 
proper effects of this phytochemical (Imenshahidi et al. 2013).

15.4.4  Improvement of Gastrointestinal Function

The GI (gastrointestinal) tract plays an important role in our body, including waste 
disposal, maintaining a proper balance of harmful and helpful microbes, body 
homeostasis, digestion, and nutrient absorption through intestinal motility and the 
peristalsis process (Collier et  al. 2022; Iswanti 2022; Shahsavari and Parkman 
2022). Disruption or abnormalities in GI motility could lead to alteration in GI func-
tion; resulting GI disorders (Collier et al. 2022). Several epidemiologic studies have 
shown that eating vegetables and fruits is good for GI nutrition and lowers the risk 
of cancers in the digestive tract (upper aero) (Boeing et al. 2006). Citrus flavanoids 
like, naringin, hesperidins have different beneficial effects like anti-inflammatory, 
anti-oxidative etc. Research studies shows that naringin and hesperidin effective in 
the intestinal microbiome. They are metabolized by the bacteria of the intestine, 
specifically in the proximal colon, and form aglycones of naringenin, hesperetin, 
and several small phenolic compounds. Researchers also found that citrus flava-
nonoids and their metabolites are helpful for the gut microbiota composition, have 
a beneficial effect on gastrointestinal inflammation, improve intestinal barrier func-
tion and overall gastrointestinal health (Stevens et  al. 2019; Arafah et  al. 2020) 
(Fig. 15.7). In vivo research studies found that rats treated with Fructus aurantii 
showed a higher number of VIP-immunopositive cells and 5-HT cells in the duode-
num, gastric jejunum, and antrum. So, it was found that Fructus aurantii could 
increase gastrointestinal flexibility by developing VIP and 5-HT expression levels 
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in the gut of rats (Jiang et al. 2014). Citrus aurantium L. (Au) and Citrus reticulate 
Blanco (Ci), local names are bitter orange and mandarin orange, which are com-
monly used as couplet prokinetics, and Bupleurum chinense DC (Bup) is used as an 
antidepressant in traditional Chinese medicine. Prior studies showed that AuCi 
(Citrus aurantium L. and Citrus reticulate Blanco) and AuCiBup together can 
improve the curative effect on DGE (delayed gastric emptying) related abnormali-
ties (Gong et al. 2022). Excessive oxidative stress and inflammation (physiological) 
harm the epithelial barrier of the intestine. Nutrients (immunomodulatory) like cit-
rus pectin, fatty acids (omega-3 polyunsaturated), and exosomes (milk-derived) pre-
vented inflammation of the intestinal barrier. These three nutrients helped in the 
improvement of tight junction protein expression, epithelial proliferation, immuno-
modulation, bioavailability and bioaccessibility (in the intestinal epithelium) and 
mucus layer enrichment. Studies have figured out that in the future, with the help of 
the ideal property of beneficial citrus pectin, it is possible to make a gel-forming 
matrix with the help of mucin. This could be beneficial for probiotic intestinal 
adherence and the regeneration of mucosal epithelium cells that are damaged during 
inflammation (infections), IBD, or antibiotic therapy (Sundaram et al. 2022). Citrus 
extract with 6.5% naringin and 88.2% hesperidin is very useful for the improvement 
of gut microbiota (Sost et al. 2021). Studies found that among citrus fruits, berga-
mot peel contains an essential oil that could be used as antibacterial, antiviral, anti 
inflammatory, anticancer, analgesic, antioxidant, neuroprotective, antiplatelet, etc. 
agents. Bergamot is a rich source of flavonoids like neoeriocithrin, neodiosmin, 
naringin, neoeriocithrin, neohesperidin, eriodictyol, and neodiosmin. According to 
studies, these flavanones can also affect gene expression, intestinal bacterial devel-
opment, and the induction of helpful bacteria for the appropriate creation of short- 
chain fatty acids (SCFAs), which operate as prebiotics. It was also found that 
bergamot fibre can improve lipid metabolism, increasing the bulk in stool and diges-
tive disorders (Maiuolo et  al. 2022). In accordance with in vivo research, it was 
found that ZBVO (the volatile oils of Citrus aurantium and Rhizoma atractylodis 
Macrocephalae) administration increased faecal water concentration, promoted 
intestinal peristalsis, controlled GAS and SP levels (gastrointestinal hormones), 
decreased the inflammatory response (IL-6 and TNF-α), and regulated brain- 
intestinal peptides (VIP and 5-HT). It also improved intestinal microbiota by reduc-
ing pathogenic bacteria and also helpful for slow transit constipation in patients 
(Wang et al. 2022). Citrus fruits contain large amount of pectin which strengthen GI 
immune barrier by direct interaction with several immune cells. The interaction of 
pectins with the GI immune barrier conducted through pattern recognition receptors 
(TLR-2/4 or Galectin-3). Prior research suggested that Citrus aurantium L. effective 
in IBD of rats. Oral intake of Citrus aurantium L. alleviated weight loss and diges-
tive disorder like, diarrhea, infiltration of colitis inflammatory cells and decrease. 
Flavonoids of Citrus aurantium L. like, naringenin, nobiletin, hesperetin all effec-
tive in inflammation and intestine contraction. From this study it was found that 
Citrus aurantium L and its bioflavonoids have different regulatory effects on inflam-
matory bowel disease (IBD) through intestinal muscle contraction and anti- 
inflammation (He et al. 2018) (Fig. 15.7).
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Fig. 15.7 Beneficial role of citrus bioactive compounds on GI function. Citrus fruit dietary fibre 
stimulates nonpathogenic bacteria in the gut, resulting in improved barrier integrity, mucus pro-
duction and inhibition of inflammation

15.4.5  Immune Boosting Effect

Having an immune system that is both well-developed and strong is very crucial for 
maintaining good health. Immunity refers to the capacity of organisms (multicel-
lular or unicellular) to avoid or fight off the harmful effects of pathogens. Our body’s 
immune system hangs on WBC or leucocytes, which build the power to make anti-
bodies to combat several disease-causing foreign pathogens. A robust immune 
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system is essential to maintaining a healthy lifestyle. Various bioactive compounds 
have the potential to strengthen human immunity in a number of different ways. 
They can assist in the rapid growth of lymphocytes; they can neutralize free radi-
cals; they can prevent platelets from aggregating; and they can attenuate anti- 
inflammatory mechanisms. In order to maintain a healthy immune system, every 
human being should make it a habit to consume particular foods that are rich in a 
variety of micronutrients and vitamins of varying types (including Vitamin C, 
Vitamin D, and others). The generosity of Mother Nature has bestowed upon us an 
abundance of nutritious fruits, plants, and trees, all of which are rich with compo-
nents that are beneficial to the immune system (Khan et al. 2021; Ganguly et al. 
2022; Maheshwari et  al. 2022). In the midst of the deadly ongoing pandemic of 
COVID-19 produced by coronavirus, “immunity” has emerged as an extremely 
vital tool for protecting ourselves and waging war against the unique virus. Today’s 
modern investigators are concentrating their efforts on finding a variety of dietary 
components containing micronutrients and trace elements that can assist in the acti-
vation of the immune system (Bandyopadhyay et al. 2020; Bellavite and Donzelli 
2020). Throughout the ongoing COVID-19 scenario, the people of India rely on a 
variety of traditional foods for the purpose of boosting their immune systems. These 
foods include citrus fruits, certain vegetables (broccoli, onion, garlic, and green 
leaves), honey, and herbal tea, among other things (Banerjee et al. 2020; Suchitra 
and Parthasarathy 2020). During a pandemic, a variety of citrus fruits, such oranges, 
are consistently included in the diet in order to strengthen resistance (Shehab et al. 
2022). Vitamin C has the potential to eliminate free radicals, which are the source 
of antioxidant, and to enhance the immune response of the body (Fig. 15.8). Raw 
apples, lemons, carrots, bell peppers, oranges, sweet potatoes, broccoli, papaya, bell 
peppers, kiwi, sweet potatoes, garlic, etc. also contain lots of vitamin C (Mishra 
et al. 2020). This vitamin is on the cutting edge of the trend of micronutrients that 
stimulate the immune response. In addition to this, it has the potential to stimulate 
the phagocytosis and chemotaxis processes (vitamin C accumulates in nutrophils). 
In order to achieve these effects, vitamin C is frequently used as an ingredient in 
commercial food products, powders, and beverages that are intended to strengthen 
the immune system. Researchers suggest supplementing this vitamin, liposome- 
encapsulated, as a vitamin C fortifier to raw milk and cottage cheese (Bandyopadhyay 
et al. 2020). It was noticed, however, that consistent orange juice consumption over 
a few weeks may be able to lower a number of inflammation markers, including 
C-reactive protein. Recent research has shown that the polyphenols present in 
orange juice may possess antiviral properties (Miles and Calder 2021; Thirumdas 
et al. 2021). Vitamin C can also be effective in the fight against inflammation by 
decreasing levels of histamine. Immune cells, including leukocytes and neutrophils, 
can be protected by the antioxidant effects of vitamin C. Neutrophils are needed for 
innate immunity and wound healing. It can protect neutrophils from neutrophil 
paralysis and improve their migration in response to chemotaxis. It also suppresses 
neutrophil extracellular traps (NETs) and reduces inflammation. It reduced LPS- 
induced pro-inflammatory cytokine production (TNF-α and IL-6) while increasing 
anti-inflammatory cytokine production (IL-10) (Basak and Gokhale 2022; Carr and 
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Fig. 15.8 Immune boosting role of vitamin C derive from citrus fruit. Chemotaxis and phagocy-
tosis along with the microbial killing were enhanced through WBC especially neutrophil. ROS 
expression was lowered which reduced activation of macrophage as well as B and T cells. 
Cytokines storm and dendritic cell activity also inhibited

Maggini 2017; Bozonet and Carr 2019). Studies have shown that grapefruit has 
powerful anti-inflammatory and wound healing qualities, making it a popular and 
healthy fruit. Grapefruit extracellular vesicles can reduce the amount of intracellular 
reactive oxygen species (ROS) formation in HaCaT cells, which results in increased 
cell motility and viability. The capacity of treated HUVEC cells to form tubes was 
improved after treatment with grapefruit extracellular vesicles (GEVs). Savcı et al. 
(2021) revealed that GEVs have beneficial plant-derived wound healing capacity 
and can operate as a biotechnological medium or agent in the process of wound 
healing. However, bioflavonoids found in citrus fruit contribute to the homeostasis 
of the immune system. Vitamin C has been reported to inhibit the expression of pro- 
inflammatory mediators such as IL-6 and TNF-α in mature blood cells. It has an 
effect on gene expression (LPS-induced) in human macrophages (via NF-κB). An in 
vitro research revealed that pretreatment with vitamin C of murine CD40/IgM- 
activated B cells inhibits apoptosis, whereas low concentrations of vitamin C 
improve the antioxidant efficacy of activated B cells without affecting cell accretion 
or the expression of well-defined surface molecules such as CD86 and CD80. 
Vitamin C also increases IgM and IgA levels and elevated the capacity of NK cells 
(Mitra et al. 2022a, b) (Fig. 15.8). In accordance with number of scientific findings, 
both C. aurantifolia and A. galangal have the potential to be effective anti- 
inflammatory treatments for asthama. Bioactive compounds from a mixture or 
extract of C. aurantifolia and A. galangal paused the expression of CD18/11a by 
blocking extracellular and intracellular mechanisms, such as those that cause 
inflammation and that turn on kappa B. Citrus fruits and plants include bioactive 
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substances that reduce COX-2 mRNA expression and block gene expression of pro- 
inflammatory cytokines (interleukin- 1β, 1α, and TNF-α, IL-6 in an in vivo mouse 
model) (Harun et al. 2015) (Fig. 15.8).

15.5  Conclusion

Citrus species ought to continue to be grown all over the world and used as a signifi-
cant fruit source because of their high economic value and beneficial biological 
characteristics. Citrus fruits have been the subject of a great deal of research, with 
the end goal of establishing both their nutritive worth and the possible benefits they 
may offer to one’s health. Investigations have shown that these species could poten-
tially be used as a reservoir for the development of new medications due to the 
micronutrients that they contain. Citrus’ impending health benefits, however, have 
not yet been fully explored. From numerous citrus species, a large variety of sec-
ondary metabolites and functional metabolites with significant biological value 
have been identified and classified. Flavonoids, carotenoids, alkaloids, ascorbic 
acids, essential oils and many more bioactive substances are abundant in various 
citrus fruits. Together, these secondary metabolic products have the potential to be 
antioxidants with antibacterial, antiviral, cardioprotective, anticancer etc. applica-
tions. If Citrus spp. is successful, additional research is necessary to better under-
stand the mechanisms involved, lower the severity of sickness, and mitigate the 
negative effects of currently recommended drugs. For the use of bioactive com-
pounds to prevent diseases that pose a threat to human life, there is a need to increase 
awareness of these substances and their applications. Subsequently, by applying 
combinational procedures using commercial medications while mitigating the inev-
itable side effects, the vetting of these phytochemicals can be made significantly 
more efficacious. Although in vitro and in vivo investigations are the main tech-
niques used to study the beneficial benefits of citrus fruit bioactive components, 
their apothecary is still constrained because there is a lack of sufficient clinical data. 
This chapter describes the vital substances present in citrus that the body needs 
considerably and whose consumption has a substantial bearing on human health and 
disease prevention.
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Chapter 16
Citrus Diseases and Management

R. Arutselvan, Kalidas Pati, Aria Dolatabadian, and Sudip Kumar Dutta

16.1  Introduction

Citrus is a genus of flowering trees and shrubs belonging to the Rutaceae family. 
Citrus species grow across the globe, particularly in tropical and subtropical regions. 
Plants in the genus produce highly nutritive fruits containing vitamins A and C, 
amino acids, sugars, carotenoids, and organic acids. Citrus production is one of the 
world’s largest agricultural industries. It serves as a vital commercial commodity 
for many businesses in India and holds a standard position in the fruit processing 
industries. Citrus production contributes USD 6–8 billion to the global economy 
annually by giving people jobs (harvesting, handling, transportation, storage, and 
marketing). More than 125 nations in the region around 35° latitude north and south 
of the equator are known to cultivate citrus (Duncan and Cohn 1990).

Citrus fruits are one of the critical commercial and consumable fruit crops grown 
worldwide (Tao et al. 2009). Citrus originated in the Himalayas in the northeastern 
region of India. It slowly spread from the east of the Malayan Archipelago to China 
and Japan and eventually found its way to other parts of the world (Mabberley 2004; 
Ziegler and Wolfe 1975). The word citrus originated from the Greek word “Kedros”, 
meaning “Fruit of the godly tree”, which was Latinized to “Cedrus”, and finally 
“Citrus”. Citrus fruits and their products have been associated with human health 
for their varied aesthetic, medicinal, and consumption purposes since immemorial. 
Citrus is one of the most economically important fruit crops having extensive 
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cultivation under tropical and subtropical conditions. With its multifold nutritional 
and medicinal values, it is one of the leading fruit crops worldwide, including 
in India.

As per the statistics of 2016, it is commercially cultivated in more than 130 coun-
tries, with an annual fruit production of 124.25 million tonnes worldwide (Biswas 
2008). India is the third-largest producer of citrus fruits, with an annual production 
of 12.04 million tonnes. However, it still has one of the lowest yields among the top 
producers (Horticulture Statistics at a Glance 2018). Due to the varied altitudinal 
landscape and unique climatic conditions having characteristic high rainfall and 
humid conditions, the northeastern part of India is often called the “natural home for 
citrus” and “treasure house for citrus”. Out of the 27 Citrus species that are found in 
India, the region is home to (23) species, (1) subspecies, and roughly (65) varia-
tions. Citrus, one of India’s most essential fruits, is mainly grown in the northeastern 
part of the country and ranks third in both area and production. Meghalaya is India’s 
most productive and largest state, followed by Manipur, Assam, Tripura, Mizoram, 
Nagaland and Arunachal Pradesh. Khasi mandarin trees, the largest fruit-growing 
area in Meghalaya, are grown for trade and export (Das et al. 2009). The principal 
species of Citrus described by (Cooper and Chapot 1977) are as follows (Table 16.1).

Taxonomically, Citrus is a name for the genus in the family Rutaceae. It refers to 
all edible and rootstock species of Citrus and a few closely related genera. Common 
edible fruits in this group are sweet orange, mandarin, grapefruit, lemon, lime, 
pummelo, Poncirus & Fortunella spp. Citrus spp. are naturally deep-rooted plants 
(Ford 1954), and for optimum growth, it requires deep alluvial and well-drained 
soils. Mandarin orange is one of the most valuable and tasty fruit plants commer-
cially grown worldwide.

Table 16.1 List of principal species of Citrus genus cultivated worldwide

The common name of species Species

Citron Citrus medica L.
Sour orange C. aurantium L.
Sweet Orange C. sinensis Osbeck
Pummelo C. grandis Osbeck
Lemon C. limon (L) Burm. f.
Mandarin C. reticulate Blanco
Common lime C. aurantifolia Christm.
Grapefruit C. paradise Macf.
Tachibana C. Tachibana Tan.
Indian wild orange C. indica Tan.
Mauritius papeda C. hystrix CD.
Melanesian Papeda C. macrocarpa Mont.
Celebes papeda C. celebica Koord.
Ichang papeda C. ichangensis Swing
Papeda C. microntha Wester.
Khasi papeda C. latipes Tan.
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Citrus spp. possesses greater adaptability, so they are grown to different climatic 
conditions (tropical, subtropical and even in some favourable parts of the temperate) 
regions of the world. Citrus grows well under any rainfall regime, providing ade-
quate soil moisture can be maintained. South China and the Himalayan region are 
places of origin for most citrus fruits. Many Citrus species originate in India, and it 
is considered not less than 78 species of the family Rutaceae as natives of India. 
India is the leading citrus-growing country in the world and produced over an area 
of 8,43,000 hectares and contributed to total production and productivity of 
75,87,000 MT and 9 MT/ha, respectively (Indian Horticulture Database 2008).

Citrus fruits are a fantastic source of vitamin C and a variety of other vital ele-
ments the body needs. Citrus importance is attributed to its diversified use, nutri-
tional value and unique flavour (Goulas and Manganaris 2012). Phytochemicals that 
own many ecological and physiological roles in citrus fruits are flavonoids, alka-
loids, terpenoids, cyanogenic glycosides and phenolic compounds (Chose et  al. 
2002; Okwu and Morah 2004; Okwu 2005). Citrus plants synthesise and accumulate 
many phytochemicals in their cells, including low molecular weight compounds 
like acetophenones, flavonoids, terpenoids, hydroxy benzoic and hydroxycinnamic 
acids, stilbenes and condensed tannins (Rapisarda et  al. 1999; Okwu and 
Emenike 2006).

An extract of Citrus grandis tissue has shown antioxidant activity (Mokbel and 
Hashinaga 2006). Their extracts can be very useful in preventing oxidation in fruit 
juices, foods containing essential oils, and dietary supplements. Acetone extracts of 
Citrus maxima root bark revealed nine known coumarins, eleven acridone alkaloids, 
new coumarins, honyuzicins, new flavones, and honyucitrins (Kim et al. 2013). The 
antioxidant and antidiabetic effects of grapefruit extract have been confirmed when 
treated with Aspergillus saitoi (Kim et  al. 2009). Citrus maxima contain high 
flavanone glycosides such as neohesperidin and naringin (Sawamura and Kuriyama 
1988). Citrus fruits efficiently scavenge free radicals of various forms, including 
DPPH, superoxide anions and H2O2 radicals (Chung and Shin 2007) and are rich in 
antioxidants.

Fungal infections generate considerable challenges in citrus fruit production. 
Unlike certain systemic infections, these fungi do not cause tree deterioration or 
death. Some, however, lower yield and fruit size, and their impacts are not always 
merely ornamental. On the other hand, other fungi create primarily exterior defects 
on the fruit and must be managed exclusively on fruit going for the fresh market. In 
citrus-growing regions, heavy rainfall and temperatures lead to more severe fungal 
infections. Nonetheless, the particular fungus may infect citrus trees using just dew 
moisture, making them a threat even in semi-arid, winter-rainfall citrus-producing 
countries. This chapter covers the major citrus diseases to provide readers with 
essential information and the latest research findings.

16 Citrus Diseases and Management
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16.2  Emerging and Major Fungal Diseases of Citrus

16.2.1  Foot Rot or Gummosis (Phytophthora spp.)

Foot rot is a major disease in Indonesia and other parts of the world (Phytophthora 
spp.). The disease complex of foot rot and Diplodia (Botryodiplodia theobromae) 
has caused damage to about 35% of citrus orchards, mostly in marshes and irrigated 
fields (Dwiastuti 2020). Infected planting material is the primary cause of the 
disease. Yellowing of the foliage is the first sign, followed by bark splitting and 
heavy surface gumming. Citrus trees with severe gumminess eventually develop 
thoroughly rotten citrus bark, and the girdling action causes the tree to dry out. 
Blooms profusely and dies at a severe stage before the fruits are fully developed.

Control Effective preventive strategies include cultural and physical treatment 
(choosing a suitable location with sufficient drainage, using resistant rootstocks, 
and preventing water contact with the tree stem by using the ring technique of 
irrigation). Alternately, the diseased areas can be removed and cleaned using a 
cotton swab dipped in a solution of HgCl2 (0.1%) or KMnO4 solution (1%). 
Bordeaux is painted onto the portion of the stem 1  m above the ground to help 
suppress the disease. Ridomil MZ 72@ 2.75  g/l or Aliette (2.5  g/l) are the best 
treatments for the disease.

16.2.2  Ganoderma Root-Rot (Ganoderma lucidum)

One or more lateral roots develop the Root-Rot disease in the soil. There are indica-
tions of whitish strands of fungus covering the root bark, which eventually turn 
dark. Later, the fungus penetrates the main trunk’s base. Due to water buildup, the 
afflicted tissues become highly light, bloated, and spongy. Bracket-shaped fungal 
fructifications emerge at the base of the stem during the wet season.

Control The root rot disease is controlled by removing diseased roots from the 
field, drenching the base of those roots with a fungicide, and routinely collecting 
and destroying brackets close to the collar. Isolation of sick trees involves excavat-
ing a trench around the tree to keep the diseased roots from coming into contact 
with the healthy roots and mingling. The disease can be controlled by mixing 0.5 to 
1 kg of sulphur powder with the soil in the trench. The disease is effectively con-
trolled by applying Vitavax (500 ppm) and aureofungin solution (750 ppm) to the 
plant basin.
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16.2.3  Dry Root Rot (Macrophomina phaseoli, Fusarium spp. 
and Diplodia natalensis)

Early symptoms of this disease include moist rot of the citrus bark, while later 
symptoms include shredded, drying of barks and dead wood beneath. The affected 
tree loses its leaves and bears an abundant crop of tiny fruits—foul odours from the 
afflicted roots.

Control The diseased roots should be destroyed or swabbed with Bordeaux paste.

16.2.4  Pink Disease (Pellicularia salmonicolour)

The pink sickness typically manifests during or immediately following monsoon 
rains. Branch tips and leaves begin to wilt and perish early on. A silvery-white thin 
mycelium film has been applied to the damaged branches. The disease is fittingly 
called the “pink disease“because of the distinctive pink hue the fungus on the 
branches produces. When the bark becomes seriously affected, it shreds and exposes 
the timber. Branch breaking and gumming down the length of the branches is 
another possibility.

Control All the infected areas should be removed, and Bordeaux paste should be 
applied to the cut ends. The mycelium in the crotches is eliminated when  
Bordeaux mixture paste combined with crude oil emulsion is sprayed on the 
infected area.

16.2.5  Leaf Fall and Fruit-Rot (Phytophthora palmivora)

Leaf shedding begins on the tree’s lower branches. Water-soaked areas can be seen 
on the afflicted leaves. The damaged leaves fall off after the lesions cover the entire 
leaf. The fruits are also contaminated during various phases of development. The 
fruit’s rind initially becomes covered in wet areas, which later fall off and decay.

Control two sprays of Bordeaux combination at a 1% concentration can effec-
tively control the disease — one in June before the monsoon season begins, and the 
second in August or September after it has ended.

16.2.6  Scab (Elsinoe fawcetti)

Initially appearing as tiny semi-translucent spots on the underside of the leaves, the 
lesions eventually develop into sharply defined pustular elevations. Later phases 
frequently result in twisted, wrinkled, stunted, and malformed leaves. On the fruit, 
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lesions appear as a corky protrusion that frequently scabs over. There is a  circular 
depression with a pink to crimson centre on the surface opposite the warty growth.

Control Collect and destroy any infected fruit, twigs, or leaves. Spraying Blitox 
(0.3%) or the Bordeaux mixture is quite effective.

16.2.7  Powdery Mildew (Acrosporium tingitaninum)

Young leaves and twigs acquire a whitish powdery substance. Those leaves become 
deformed. The afflicted leaves drop off, and the twigs display symptoms of dieback 
when the disease is severe. The young fruits’ surfaces are also covered in fungus, 
which causes them to ripen too early, decreasing the yield.

Control Spraying Wettable Sulphur (1.5 kg/200 l of water) will eliminate powdery 
mildew. Early morning, sulphur dusting (20 kg/hectare) efficiently suppresses the 
disease. The disease can be controlled more effectively and for a more extended 
period using systemic fungicides like Bayleton (0.1%), Calaxin (0.04%), or 
Benomyl (0.05%).

16.2.8  Anthracnose or Wither Tip (Colletotrichum 
gloesporioides and Gloeosporium spp.)

Immature leaves, sensitive citrus fruit, and young shoots are frequently targets of 
the Colletotrichum fungus. Affected leaves display distorted necrotic areas. Dead 
branches of the twig start to look silvery grey. When impacted, flower buds do not 
develop into fruits. Fruit loss occurs when fruits are infected.

Control To maintain a healthy orchard, adequate irrigation, manuring, and trim-
ming of diseased twigs are necessary. The disease can be controlled by spraying 
Bordeaux mixture (1%) or Blitox (2.5%), or Mancozeb (2%).

16.2.9  Twig Blight (Diplodia natalensis and Fusarium spp.)

Citrus leaves with fusarium twig blight dry up and drop to the ground. Small twigs 
with viscous secretions at the base of the dead twigs die back from the tips. The 
damaged twigs in the Diplodia twig blight case exhibit pycnidial fructifications of 
the fungus. Unfavourable environmental factors and malnutrition are the disease‘s 
primary causes.

Control Twigs die-back disease can be controlled by pruning the dead twigs and 
applying Benomyl (2.5%) to the affected areas.
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16.2.10  Sooty Mould (Capnodium citri)

Sooty mould is a common problem in citrus orchards where aphids and scale insects 
cannot be effectively controlled. The disease‘s main symptom is a velvety black 
coating on the upper surface of leaves, branches and fruits. The packaging is shallow, 
and the citrus leaves come off quickly. In warm conditions, the affected leaves curl 
and drop.

Control Sooty mould can be controlled by pruning and removing infected 
branches. Disease-causing insects can be repelled with Wettasulphur 
(0.2%) + Metacid (0.1%) + Acacia Gum (0.3%). When the insect disappears, the 
sooty mould automatically disappears because there is no suitable environment for 
the mould to grow.

16.2.11  Melanose (Diaporthe citri)

Citrus melanosis affects citrus fruits and is found in various citrus-growing regions 
worldwide. It affects the young leaves and fruits of citrus seeds and cultivars and 
develops tissue in prolonged warm, damp weather conditions. The signs of this 
melanotic fungal infection range from small spots to crusty lesions, resulting in a 
teardrop damage pattern. It is one of the most common citrus diseases worldwide.

Control Prevention is better than cure, so restoration and removal of deadwood are 
important to eliminate the inoculum of melanin, especially in older citrus orchards. 
Applying the fungicide pyraclostrobin to citrus trees is much more likely than 
famoxadone or copper hydroxide to control melanosis, scab, and Alternaria brown 
spot. In China, mancozeb and fenbuconazole are effective in suppressing citrus 
melanosis.

16.2.12  Greasy Spot (Mycosphaerella citri)

Citrus grease spots caused by Mycosphaerella citri cause lesions on citrus leaves, 
leading to premature defoliation and failure of the pericarp, leading to reduced fruit 
appearance quality and, in turn, reduced marketability. Oil stains are most severe on 
grapefruit (Citrus paradisi Macf.) but also affect most citrus fruits. The primary 
source of inoculum is sexual ascospores produced from Pseudothesia fruiting bodies 
formed during the decomposition of leaf litter in orchard soils.

Controls Two sprays of copper fungicide can reduce the appearance, severity and 
defoliation of citrus greasy stains.
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16.3  Citrus Storage Rot

16.3.1  Green Mould (Penicillium digitatum)

Green mould enters citrus peels through wounds and natural openings. Symptoms 
show water-soaked areas on the outer surface of the fruit, followed by growth of 
colourless/white mycelium and sporulation (green).

16.3.2  Blue Mould (Penicillium italicum)

The blue mould penetrates the citrus peel without breaks and spreads from one fruit 
to the next in the storage box. Symptoms were similar to green mould, except the 
fungal spores were blue.

16.3.3  Alternaria Rot (Alternaria citri)

Alternaria enters the citrus fruit through the joints. Preharvest treatment of citrus 
fruits with gibberellic acid or post-harvest treatment with 2,4-D can delay bud 
senescence and subsequent decay by Alternaria fungi.

16.3.4  Management

Storage spoilage can be prevented by handling citrus fruits with care at harvest to 
minimise cuts, abrasions and bruises. Post-harvest fruit loss in citrus can be 
reduced by treating fruit with Bavistin (carbendazim) 1000 ppm, maintaining opti-
mal temperature range and relative humidity, and eliminating ethylene during 
transport.

16.4  Citrus Canker

16.4.1  Importance

Among various infectious diseases, fungi, bacteria, algae, viruses, and phytoplas-
mas play an important role. Citrus bacterial diseases [c.o.: Xanthomonas axonopo-
dis (formerly campestris) pv. citri (Hasse) are among the most severe threats of 
international economic importance. Citrus cankers mainly cause leaf spots and bark 
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spots. However, conditions favourable for disease development lead to defoliation, 
shoot death, and fruit drop (Gottwald et  al. 2002a). All citrus rootstocks are 
susceptible to Xanthomonas axonopodis pv. citri infection under field conditions. 
Xanthomonas axonopodis pv. citri (Xac) is probably native to India or Southeast 
Asia and is now found in over thirty countries. Xac is registered in regions of Asia, 
Africa, Australia, South America, and islands in the Pacific and Indian Oceans and 
is also found in warm temperate regions of Southwest Asia and the Middle East, 
including Oman, Saudi Arabia, Iran, Iraq, the United Arab Emirates, and Yemen 
(Stall and Seymour 1983; Whiteside et al. 1988; Stall and Civerolo 1991; Gottwald 
et al. 2002a, b, c). Under prevailing climatic conditions, the disease has different 
severity of canker infections. In India, citrus cankers were first reported in Punjab 
(Kalita et al. 1995). Between 1954 and 1960, outbreaks were documented in states 
such as Tamil Nadu, Andhra Pradesh, Karnataka, Madhya Pradesh, Rajasthan, 
Assam, Uttar Pradesh and West Bengal (Kalita et al. 1996). Among the commercial 
cultivars, acid lime [Citrus aurantifolia (Christm.) Swingle] is the most susceptible 
cultivar (Das and Dubey 1989), and it is difficult to find an orchard completely free 
of canker infection. It Is difficult. Yield reductions of up to 50–60% have been 
observed in citrus fruits in different parts of the world. The disease is mechanically 
transmitted by infection of the leaves of Phyllocnistis citrella Stainton (Lepidoptera: 
Gracillariidae), which has been reported to exacerbate citrus cankers in Australia, 
Brazil, Yemen and India (Sohi and Sandhu 1968; Cook 1988; Gottwald et al. 1997; 
Chagas et al. 2001; Belasque et al. 2005; Christiano et al. 2007; Das et al. 2012).

16.4.2  The Pathogen

Citrus canker is caused by a bacterial plant pathogen known as Xanthomonas axo-
nopodis pv. citri (Xanthomonas campestris pv. citri). Another synonym is 
Pseudomonas citri, Xanthomonas campestris pv. citri and Xanthomonas citri.

The scientific classification of the bacterium has presented in Table 16.2.

Table 16.2 Scientific 
classification of the bacterium

Kingdom Bacteria

Phylum Proteobacteria
Class Gammaproteobacteria
Order Xanthomonadales
Family Xanthomonadaceae
Genus Xanthomonas

Species X. axonopodis; 
Xanthomonas 
axonopodis

EPPO Code XANTCI
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The bacterium Xanthomonas axonopodis is a polar, rod-shaped Gram-negative 
bacterium. The bacterium’s genome is five megabase pairs long. Under natural 
circumstances, many pathovars and variations of the bacterium cause various citrus 
canker disorders (Gottwald et al. 2002a, b, c). Numerous countries that cultivate 
citrus are subject to strict international phytosanitary regulations about this 
bacterium, a quarantine pest. Different disease forms are linked to various pathotypes 
(Gottwald et al. 2002a, b, c). Citrus canker pathotypes can differ in severity, host 
range, and geographic location. The most severe type of the disease, citrus canker-A 
(Asiatic canker), which affects most citrus cultivars, is also the most prevalent and 
economically significant. The disease‘s most prevalent and harmful variety is called 
the Asiatic type of canker (canker A), which is brought on by a collection of strains 
first discovered in Asia. In Argentina, Paraguay, and Uruguay, citrus canker-B 
(cancrosis-B) severely impacts lemons and little to Mexican lime, sour orange, and 
pummelo.

Cancrosis B is a disease of lemons, Mexican limes (key limes), bitter oranges, 
and pomelo brought on by various X. axonopodis pv. aurantifolii strains that were 
first discovered in South America. Mexican limes are linked to citrus canker-C 
(cancrosis-C) in Brazil. Only key lime and bitter oranges are susceptible to cancrosis 
C, which is also brought on by strains of X. axonopodis pv. aurantifolii. Only key 
limes are infected by A* strains found in Oman, Saudi Arabia, Iran, and India 
(Vernière et al. 1998). Réunion and islands around the Indian Ocean have described 
an atypical form of strain A. It is resistant to some antibiotics to a high degree. D 
canker strain was reported in 1981 on Mexican lime in Mexico, but its identification 
remains in discussion (Medina-Urrutia and Stapleton 1985). Pomelos, Mexican 
lemons and oranges are susceptible to all kinds of citrus diseases. Oranges are 
moderately early, so they are susceptible to disease; Bitter oranges, lemons and 
sweet oranges are moderately sensitive; and they have moderate resistance from 
officials (Schubert et al. 2001).

The same international phytosanitary rules apply to all diseases. There are a vari-
ety of techniques that can be used to recognise and distinguish the pathogenic pat-
terns of Xac. You can inoculate the leaves of susceptible species, such as grapefruit 
and Mexican lime, and then monitor the lesions. Regulatory authorities often use 
serological methods, such as ELISA (enzyme immunoassay), protein electrophore-
sis, and DNA analysis, to confirm the diagnosis (Gottwald et al. 2002a, b, c). Leaf 
stomata, other natural openings and wounds are where bacteria are most commonly 
transmitted. The ability to spread the disease rapidly increases with wind and rain. 
Cyclones, hurricanes, and tropical storms can spread germs over long distances 
(Gottwald et al. 2002a, b, c; Polek et al. 2007).

16.4.3  Symptomatology

Broadbent, etc. (1992) Northern, spring-washed Pummeloe (Citrus maxima) leaves, 
twigs, and fruits with 4–5 mm diameter raised, rough, circular, typical citrus cankers. 
Found cork-like scab-like lesions: Territory, Australia. During an investigation 
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conducted in 1991 as part of the Australian Northern Quarantine Strategy, 
Xanthomonas campestris pv citri (Xcc) is responsible. In inoculated sweet orange, 
West Indian lime, tart orange, and Ducan grapefruit leaves, all strains produced 
white tissue lesions that looked like a callus. Lesions were more extensive and 
frequent than expected on seedlings or removed leaves of West Indian Lime, Sweet 
Orange, and Ducan Grapefruit.

Wet edges of characteristic citrus canker lesions caused by Xanthomonas axo-
nopodis pv. citri (Xac) (Lin et al. 2010). They often congregate in groups on leaf 
margins, leaf tips, or other places where water likes to collect. The age and type of 
host tissue at the time of infection influence the size of the lesion (Gottwald et al. 
2002a, b, c). As tissues age, they all develop a higher resistance to natural infection 
(Stall and Seymour 1983). When vulnerable cultivars are severely infected, 
defoliation may occur. They have a raised, wart-like surface and are the same colour 
as the branch when they develop on woody tissue. Similar symptoms can be found 
on fruit and twigs, including elevated, dark brown or black lesions that are corky in 
texture and have oily or wet edges. As the lesions mature, they appear scabby or 
corky (Zekri et al. 2011).

Mohammed et al. identified 76 Xanthomonas-like strains from various Citrus 
species and separated these strains into two groups based on symptoms produced 
on grapefruit leaves (Mohammed et  al. 2014). Citrus canker pathogens from 
Taiwan that caused flattened necrotic lesions with a water-soaked edge on the 
leaves of four Citrus species were discovered by Lin-Hsin Cheng et al. in 2008 
viz., Mexican lime  – Citrus aurantifolia, grapefruit  – C. paradisi, Liucheng  - 
C. sinensis and lemon  - C. limon (Lin et  al. 2008). Derso et  al. reported citrus 
canker on lime for the first time in Ethiopia. The bacterium causes defoliation, 
early fruit drop, and twig dieback by inducing erumpent, callus-like lesions  
(Derso et al. 2009).

16.4.4  Environmental Parameters Favourable for Canker 
Disease Development

Citrus canker can occur in dry climes, but it is more common in tropical and sub-
tropical regions with a lot of rainfall and warm temperatures. When damp weather 
conditions prevail during the stages of young citrus fruit‘s development and shoot 
emergence, citrus canker develops into a deadly disease (Schubert et al. 2001). The 
best conditions for disease development are between 20 °C and 30 °C with uni-
formly spaced showers (Ramakrishnan 1954; Reedy 1984). According to Palazzo 
et  al. (1987), rain and SE and NW winds at temperatures of 25  °C or higher 
encouraged the propagation of the citrus canker disease. According to Webb et al., 
the bacterium X. campestris pv. citri could survive in various pH (5.0–8.8) and 
temperature conditions (29–50  °C) (Webb et  al. 1988). Xanthan gum produced 
during infection protected the bacterial pathogen from an extended range of weather 
conditions, promoting severe infection.
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According to Kalita et al., research conducted in 1993 and 1994 revealed that 
August was the month with the highest incidence of citrus canker (X. campestris pv. 
citri/X. axonopodis pv. citri) (Kalita et al. 1995). June through September of both 
years had a consistently high disease incidence. The highest temperatures, rainfall, 
and relative humidity (R.H.) were observed in these months, indicating a positive 
association between these factors and the state’s high disease incidence. In their 
study, (Das et al. 2012) found that the disease incidence peaked in July and then 
declined in September. The month of March had the lowest incidence. They 
concluded that there is a positive association between the incidence of disease and 
the weather variables, particularly rainfall, temperature, and relative humidity.

To investigate the combined effects of different temperatures and leaf wetness 
duration on infection and development of Asiatic citrus canker (X. c. subsp. citri) on 
the Tahiti lime plant, (Christiano et  al. 2007) used growth chambers. The main 
component determining disease development was temperature. At the ideal range of 
temperatures (25–35  °C), disease incidence was 100%. Twelvefold increase in 
lesion density, a tenfold rise in lesion size, and a sixty-fold increase in disease 
severity, maximum disease progression was seen at 30–35 °C.

16.4.5  Host Resistance

The trifoliate orange [Poncirus trifoliata (L.) Raf.] and its hybrids, which are 
majorly used as rootstocks, grapefruit, some sweet oranges including Hamlin, 
Pineapple, and Navel, Mexican (Key) limes, and lemons are the citrus cultivars and 
rootstocks that are most severely affected by citrus canker (Table  16.3). Citrus 
canker has made it difficult or impossible for these cultivars to thrive in humid 
subtropical and tropical climates. Despite varying degrees of susceptibility, all other 
commercial citrus cultivars are vulnerable enough that when sick or exposed, they 
must be destroyed as part of an eradication campaign. Other than Citrus and 
Poncirus, (Civerolo 1984) provides a list of plants in the Rutaceae family that, in 

Table 16.3 Citrus canker resistance or susceptibility in citrus commercial cultivars and species

Rating scale Citrus commercial cultivars References

Highly 
resistant

Kumquats and Calamondin Goto (1992) and Leite Jr and 
Mohan (1984)

Resistant Mandarins – Cleopatra, Ponkan, SunChuSha, 
Sunki, Satsuma, Tankan

Goto (1992) and Sarkar et al. 
(2007)

Less 
susceptible

Tangerines, Tangors, Tangelos (all selections); 
Sweet oranges and Sour oranges

Zubrzycki and de Zubrzycki 
(1981)

Susceptible Sweet-oranges, Pummelo, Limes, Palestine 
sweet lime, Trifoliate orange, Citranges or 
Citrumelos

Leite Jr. (2002) and 
Zubrzycki and de Zubrzycki 
(1981)

Highly 
susceptible

Grapefruit, Mexican or Keylime, Lemons and 
Pointed leaf Hystrix

Gottwald et al. (2002a, b, c)
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experimental settings or under severe disease pressure in the wild, can act as Xac 
hosts. These plants could pose a difficulty as inoculum reservoirs in an eradication 
or suppression programme, even though they are not anticipated to have any 
significant impact on citrus canker epidemiology in areas where the disease is 
endemic (Gottwald et al. 2002a, b, c).

16.4.6  Management

One of the most feared citrus diseases, citrus canker, affects all major Citrus spe-
cies. Citrus crops are severely affected by this disease, and the severity of infection 
varies by species, variety and local climate. The disease originates in Southeast 
Asian countries such as India and Japan, and from there has spread to all other con-
tinents where citrus fruits are grown, except Europe. However, the disease is preva-
lent in many places, posing a continuing threat to lemon cultivation, especially in 
cancer- free areas. Cancer control measures include quarantine or regulatory pro-
grams to ban the importation of diseased citrus plant material or fruit and continued 
rigorous field testing, including rapid eradication of trees. The fundamental goals of 
various technologies are to prevent, eliminate or destroy pathogens, reduce the 
amount of inoculum that can become infected, reduce the spread of disease, and 
protect vulnerable tissues from infection (Civerolo 1981).

A new policy recently enacted in the United States, the “1900 Foot Rule,” 
requires removing and destroying all diseased citrus trees and all healthy citrus 
plants within 1900  feet of diseased trees (Gottwald et  al. 2001). However, such 
eradication techniques are not considered practical in endemic situations (such as 
those in India). Most of the year contributes to disease outbreaks in this area. The 
development of cankers under these circumstances can be prevented by (i) the use 
of canker-free seedlings, (ii) pre-monsoon pruning and burning of all infected 
branches, and (iii) regular spraying and appropriate copper-based sterilisation. 
Pesticides (to control insect damage), and (iv) some precautions (Das and 
Singh 1999).

16.4.6.1  Cultural and Regulatory Measures

Exclusion is the first and best line of defence against citrus canker. Strict regulations 
on importing fruit and propagation material from cancer-affected areas to cancer- 
free areas are essential to eliminate harmful bacteria. Eradication is the second line 
of defence against citrus canker. Delayed removal of affected trees due to litigation 
allowed the infection to spread deeper into the country (Gottwald et al. 2002a, b, c). 
Identifying all potential hosts of a target pest or pathogen is critical for eradication 
programs. A recent study by Kalita et al. showed that Xac inhabits the Indian horny 
goat weed (Ageratum conyzoides L.) (Pabitra et al. 1997). Hygiene plays a vital role 
in preventing the spread of cancerous bacteria (Timmer 2000). Windshields around 
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citrus orchards can limit or minimise the natural transmission of wind-borne dis-
eases, especially when the wind direction is predominant, but the disease is highly 
prevalent during stormy weather (Gottwald et al. 2002a, b, c).

16.4.6.2  Biological and Botanical Measures

The early stages of research into the biological treatment of citrus cankers are still 
underway. Some citrus bacteria, such as Pseudomonas syringae, Erwinia herbicola, 
Bacillus subtilis, and Pseudomonas fluorescens, are hostile to canker in vitro (Goto 
et al. 1979; Ota 1983; Unnamalai and Gnanamanickam 1984; Kalita et al. 1996). 
According to (Mukherjee and Biswas 1984), the disease was reported to be 
controlled by spraying an emulsion of elasis and hydrocarpus. According to 
(Takeuchi et  al. 1988), bacteria isolated from actinomycete species. It was 
successfully regulated by benaomycin A and B. They revealed the composition of 
her body. In addition to their antifungal effects, they also inhibited bacteria that 
damaged two of her plants, including her Xanthomonas citri. (Masroor and Chandra 
1989) Aspergillus clavatus, A. flavus, and A. niger claimed antibiotic antagonist 
activity against Xanthomonas campestris pv citri. (Akhtar et al. 1997) found that 
most forest trees, plants, and shrubs had an inhibitory effect on bacterial strain 
XC-100. The potential antimicrobial agent from the diffusion of higher plants could 
be used in treating citrus canker disease. Using the paper disc agar diffusion method 
on nutrient glucose agar, (Tongin et  al. 2013) Study Terminalia catappa Linn. 
Ethanol leaf extract for its ability to inhibit the growth of Xanthomonas axonopodis 
pv. Citri (Xac) causes calcification cancer. The growth of the calcific bacterial 
carcinoma strain Xci12 was inhibited by T. catappa leaf extract (140 mg/ml).

16.4.6.3  Chemical Measures

Numerous chemicals have been sprayed in various locations for a considerable 
time. According to Beniwal and Chaubey, the most effective antibiotic and fungicide 
for treating Xanthomonas citri was thiram, which controlled the disease up to 
500  ppm and above (Beniwal and Chaubey 1976). Thiram was as effective as 
agrimycin, streptomycin sulphate, and streptocycline. According to Leite Jr., 
Xanthomonas campestris pv. citri cannot survive for long periods in soil, near 
nonhost plants, or in plant debris (Leite Jr. 1990). Windbreaks and copper-based 
fungicides can significantly slow the spread of disease. According to Kale et  al. 
(1994), 100 ppm streptocycline and his 0.1% foliar application of copper oxychloride 
were used to treat his Xcc infection in his 6-year-old Kagji limonene in Maharashtra 
and India rice fields. Sprays were used at 7, 15, and 21-day intervals, with spraying 
every week or 2 weeks yielding the least expensive chemical control. In Argentina, 
in 1990 and 1991, Gottwald and Timmer observed the effects of windbreaks and 
copper-based fungicides, alone or in combination, on citrus canker incidence and 
spread (Gottwald and Timmer 1995).
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Although not as efficient as windbreaks, copper-based bactericides did lessen the 
incidence and spread of disease. In trials done by (Chen et al. 2000) in 1997 and 
1999, Skaggs Bonanza navel orange trees were exposed to various quantities of 
chemicals, including 56% cuprous oxide, agro-streptomycin, 77% copper hydroxide 
(WP), and 50% Shajunwang (WP). According to the findings, the optimum treatment 
was 50% Shajunwang (WP), which produced a controlled rate of up to 94.5%. For 
the control of Xanthomonas citri (X. axonopodis pv. citri), (Zhang et al. 1996) tested 
copper hydroxide (as Koshad), carbendazim, sulfuric acid, streptomycin, and a 
bordeaux mixture on Robertson Navel trees that were 6 years old. The best disease 
control was achieved with copper hydroxide at an 800-times concentration. Copper- 
based solutions are often used as a regular strategy for treating citrus cankers. 
According to (Del Campo et al. 2009), copper treatment confers a viable but non- 
cultivable (VBNC) state in Xac, but does not protect vulnerable plants from symp-
tom development. However, copper spraying at 28-day intervals reduced the 
incidence of citrus canker on leaves and fruits (Behlau et al. 2010).

16.5  Citrus Tristeza Virus

Many viral diseases affect citrus fruit, but ‘tristeza’ caused by CTV severely impacts 
worldwide (Moreno et al. 2008). CTV is widespread in India’s citrus cultivating 
geographical zones, with disease incidence ranging from 10% to 90% (Ahlawat 
1997; Biswas 2008).

16.5.1  History

The virus is believed to originate in the Citrus species. H. Southeast Asian region 
(Bar-Joseph et al. 1989). Initially, citrus fruits were brought to different regions as 
fruits or seeds. This suggests that CTV is not seed-transmissible and, therefore, 
virus-free in citrus growing in importing regions (McClean 1957). Finally, in the 
nineteenth century, the establishment of maritime trade between Asia and the rest of 
the West and the growing botanical and commercial interest in citrus fruits led to the 
migration of numerous exotic Citrus species, some of which is an asymptomatic 
carrier of CTV, leading to its worldwide spread. CTV (Roistacher 1981).

Under different weather conditions, large-scale distribution of CTV favoured 
interactions with new host cultivars/rootstocks. The disease killed a hundred million 
sour oranges grafted citrus trees (Moreno et al. 2008). Tristeza 1930 (Argentina), 
1937 (Brazil), 1939 (California), 1951 (Florida), 1957 (Spain), 1970 (Israel), 1980 
(Venezuela), 1989 (Cyprus), observed in 1992 (Cuba). 1995 (Mexico), 1996 
(Dominican Republic), 1997 (India), 2002 (Italy) (Bar-Joseph et al. 1989; Kyriakou 
et al. 1996; Gottwald et al. 1998; Garnsey et al. 2000; Gottwald et al. 2002a, b, c; 
Davino et  al. 2003). CTV outbreaks have necessitated using CTV-resistant 
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rootstocks to re-establish citrus cultivation in affected countries. The causative 
agent of Tristeza was unknown worldwide during the epidemic. It was later reported 
to be of pathogenic origin due to its ability to be transmitted by aphids and transfer 
infected grafts (Fawcett and Wallace 1946). It was later reported to be associated 
with filamentous virus particles 2000 nm long and 12 nm in diameter (Kitajima 
et  al. 1964). Inoculation of isolated virions into citrus trees confirmed that these 
abnormally long particles play a role in causing citrus wilt disease (Garnsey et al. 
1977; Garnsey and Muller 1988). Early breeding of sour orange citrus was 
unsuccessful in South Africa and Australia. As a result, this rootstock did not 
become widespread and evaded the Tristeza epidemic.

However, another pathogenic interaction was found between citrus bark and 
CTV in these regions, known as stem attack (SP). This was later observed in several 
countries where citrus was replanted as Tristeza-resistant rootstocks, followed by 
Tristeza epidemics (Hughes and Lister 1949; McClean 1956; Muller et al. 1968; 
Rocha-Peña et al. 1995; Wallace 1978). Regardless of the rootstock, infected trees 
showed poor fruit yield and quality. CTV SP variants were initially restricted/
isolated to Asia, Australia, South Africa, and South America but have since been 
reported to be present, albeit less frequently, in Florida, California, and the 
Mediterranean Sea (Ben-Ze’Ev et al. 1989; Kyriakou et al. 1996; Yang et al. 1999; 
Ruiz-Ruiz et al. 2006).

16.5.2  Symptoms

CTV exhibits three distinct manifestations: (i) quick decline (QD) or tristeza, (ii) 
stem pitting (SP) and (iii) seedling yellows (SY) in all Citrus species and hybrids, 
viral strains or scion-rootstock combinations. Damages caused by severe QD and 
SP isolates can be highly severe; however, trees with mild viral isolates show 
productivity for a certain period (Bar-Joseph et al. 2002).

The infected trees accumulate or produce excessive non-functional phloem and 
necrosis of the sieve tubes due to CTV infection, leading to scion overgrowth at the 
bud union and progressive reduction of root mass (Schneider 1957). The scarce 
supply of water and minerals results in the tree’s wilting, leaf chlorosis resembling 
nitrogen deficiency, unmarketable pale-coloured small fruit, dull greenish-yellow 
thin foliage, leaf shedding and dieback symptoms in the citrus orchard (Moreno 
et  al. 2008). The Quick decline occurs slowly over several decades and is more 
available in mature trees. The tristeza syndrome can be reversed or avoided if the 
tree is grafted onto the decline-tolerant rootstock, upon which it recovers immediately 
(Atta et al. 2012). The commonly quick decline affected tree species include sweet 
oranges (C. sinensis), mandarins (C. reticulata), grapefruits (C. paradisi) and limes 
(C. aurantifolia) propagated on sour orange rootstock.

Other syndromes showed by citrus cultivars upon infection by different CTV 
strains include vein clearing and symptomless expression. Mexican lime is a 
principal indicator that develops vein clearing and leaf cupping symptoms in 
response to CTV isolates (Bar-Joseph et al. 1989). But sometimes vein clearing also 
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occurs in sweet orange, Persian lime and other hosts. The intensity of vein clearing 
is higher in young leaves and decreases with leaf hardening.

16.5.3  Host Range

The genera Citrus and Fortunella members are natural hosts of CTV, although the 
virus has been reported to infect other citrus relatives upon experimental inoculation 
(Moreno et al. 2008). The artificial transmission was achieved using aphid vectors 
in the non-Citrus species Passiflora gracilis and P. coerulea (Kitajima et al. 1974; 
Muller et  al. 1974), and agroinfiltrated leaves of N. benthamiana (Gowda et  al. 
2005). Poncirus trifoliate (L.) Raf., a preferred rootstock, and some trifoliate orange 
hybrids are resistant to most isolates of CTV, whereas Fortunella crassifolia Swing., 
pummelos and sour orange exhibit resistance to specific CTV strains (Garnsey et al. 
1996; Mestre et  al. 1997a, b). However, CTV could multiply in P. trifoliata, 
pummelo or sour orange protoplasts by indicating the movement of CTV (Albiach- 
Marti et al. 2004).

16.5.4  Transmission

CTV is transmitted readily to long distances via infected graft and locally with vari-
able efficiency by aphid species in a semi-persistent manner (Bar-Joseph et al. 1989; 
Moreno et al. 2008). The aphids acquire the phloem-limited virus upon feeding for 
a minimum of 30 min up to 24 h. The virus cannot replicate or circulate inside the 
vectors and can infect a healthy plant within 48 h of virus acquisition (D’Onghia 
et al. 2009). Acquisition of virus through feeding on infected citrus trees by aphid 
species is confirmed by ELISA (Cambra et al. 1981), RT-PCR (Mehta et al. 1997) 
and real-time RT-PCR (Bertolini et al. 2008), but only a few species can success-
fully transmit to a healthy one. Certain aphid species transmit some CTV isolates 
much more efficiently than others or vice versa (de Mendoza et al. 1984; Raccah 
et  al. 1980). Several factors that influence the spread of CTV in a specific area 
include the susceptibility of the citrus varieties towards the aphid fauna (Marroquı́n 
et al. 2004), the transmissibility of the CTV viral isolates by the aphid population 
(Yokomi and Garnsey 1987) and favourable environmental conditions for aphid 
build up and new flush (Bar-Joseph and Loebenstein 1973).

16.5.5  Diagnosis

The emerging diversity of CTV genotypes led to the quest for more advanced and 
new differentiation techniques contributing to complicated diagnostic measures. 
Multiple options/assays are available to detect CTV, and no single technique could 
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be ideal for easy application. These methods should be specific and available with 
equipment, appropriate raw materials and skilled personnel for handling.

16.5.5.1  Bio-indexing

Bio-indexing is a vital component of control procedures for CTV in citrus. In Israel 
and California, this method includes indexing thousands of trees annually for CTV 
infection species or rootstocks to maintain the eradication system (Raccah et  al. 
1976; Roistacher 1976). The lime test procedure for CTV was significant progress 
in virus detection, and since then, it has been a critical element in CTV indexing for 
many years (Wallace 1951). But its limitation is that it takes considerable time 
(4–6 weeks minimum), requires extensive plant material, insect-free temperature- 
controlled greenhouse facilities and skilled personnel to grow the host plants on 
indicator plants and interpret the symptoms critically (Wallace 1951). It does not 
allow quantitative measurement or detection of CTV from in vitro samples, and it is 
difficult to detect mild isolates that do not induce symptoms on indicator plants 
(Wallace 1951).

16.5.5.2  Microscopy

Attempts have been made to find more efficient methods to detect CTV, as the bio-
logical index is an unreliable and conventional method for detecting CTV. Negatively 
stained viral extracts in electron microscopy (EM) were used in an eradication sys-
tem (Bar-Joseph et al. 1974). It is proved to be of limited application due to the need 
to concentrate tissue extracts, and he found very few CTV particles in Valencia 
oranges. Detailed information on the relative titres of his CTV in different tissues at 
different ages (Bar-Joseph et al. 1979; Garnsey et al. 1979). Debrick developed a 
technique for detecting plant viruses and named Debrick’s serologically specific 
electron microscopy (SSEM) in 1973 (Debrick 1973). Using SSEM, virus particles 
are bound to virus antibodies, adsorbed to filmed electron microscope grids, and 
visualised by electron microscopy. SSEM was reliable because of the development 
of CTV-specific antisera (Gonsalves et al. 1978).

16.5.5.3  Enzyme-Linked Immunosorbent Assay (ELISA) Based Detection

Successful CTV purification procedure produced a variety of antisera, and it was 
first shown in 1979 that his CTV could be serologically detected using his ELISA 
(Bar-Joseph et al. 1979). Several variants of the ELISA method have been developed 
to improve detection sensitivity. However, DAS-ELISA remained the preferred 
choice for routine CTV detection and infection screening in large citrus orchards. 
First monoclonal antibody (mAb) to detect heavy strains of CTV produced by 
hybrid cells (Vela et  al. 1986). Polyclonal antibodies (pAbs) are produced by 
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injecting an antigen into animals such as mice, rabbits, goats, and chickens. 
Production of pAbs requires large amounts of antigen for subsequent booster 
administration, including an immunisation schedule (Nolasco and Sequeira 2002). 
Therefore, bacterially expressed CTV-CP was an excellent source of abundant CTV 
antigens for producing pAbs.

16.5.5.4  Nucleic Acid-Based Detection

A diagnostic CTV assay that combines the simplicity of ELISA with the advantages 
of a DNA-based technique called immune-capture or reverses transcription- 
polymerase chain reaction (IC/RT-PCR) was developed by (Nolasco et al. 1997). 
Finally, bidirectional (BD)-RT- PCR techniques have been developed (Cevik et al. 
1996; Roy and Ramachandran 2012). However, (Yokomi et al. 2010) reported that 
MCA-13 does not distinguish between isolates that cause regression only and those 
that cause pitting or mild symptoms and MCA13-reactive isolates. This suggests the 
need for more selective probes to identify the CTV strains that produce them rapidly. 
A multiplex RT-PCR technique was developed (Roy et  al. 2010) to simplify the 
identification of CTV genotypes. CTV (175) isolates from 29 citrus-growing 
countries were successfully analysed using S- and H-RT-PCR (Roy et  al. 2010). 
H-RT-PCR, CTV genotype detection, provided a sensitive, specific, reliable, and 
rapid method for screening CTV genotypes.

Recently, an immunocapture reverse transcriptase loop-mediated amplification 
assay (IC-RT-LAMP) was developed to detect heavy strains (Selvaraj et al. 2019). 
Rapid on-site detection of VT strains was facilitated by modifying RT-LAMP, which 
uses CTV-IgG to capture his CTV virions from raw citrus leaf juice. The RT-LAMP 
assay allows real-time fluorescence monitoring with the Genie III fluorometer. 
Overall, IC-RT-LAMP is reported to be more straightforward, specific, reliable, and 
economical than RT-qPCR (Selvaraj et al. 2019).

16.5.6  Micro Shoot Tip-Grafting In Vitro

Micrografting is an in vitro transplantation technique involving the aseptic produc-
tion of seeds or micro propagated cultures by firmly placing meristematic or shoot-
tip explants on grown decapitated rootstocks. This method has great potential for 
fruit tree improvement, large-scale propagation, and successful large-scale produc-
tion of virus- and viroid-free plants in citrus. (Fifaei et al. 2007) determined various 
parameters of micro implantation using ELISA and biological indexing and its abil-
ity to produce her CTV-free citrus seedlings with shoot sizes of 0.1–0.2  mm. 
(Hančević et al. 2009) described the effectiveness of CTV removal from infected 
mandarin oranges by hyperthermia, followed by apical transplantation of citrus 
fruits with 0.15–0.19 mm buds from the bark into the cambium region of the plant. 
Make an L-shaped notch. The absence of CTV pathogens in produced seedlings was 
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confirmed by DAS-ELISA and immunocapture (IC/RT-PCR). (Abbas et al. 2008) 
used his chip micrograft technique to successfully establish basal blocks of tangerine 
and sweet his orange without CTV infection. Chung and Shin demonstrated the 
elimination of the Indian citrus ringspot virus (ICRSV) from kinnohis mandarins 
using shoot sizes ranging from 0.2 to 1.0 mm and micrografted plants using the 
0.2 mm technique and verified that no viruses are present (Chung and Shin 2007). 
Sharma et al. also showed that the highest number of ICRSV-free plants (36.84%) 
obtained by screening using indirect ELISA and RT was due to hyperthermia 
followed by micrografting of nodal segments in a 50 °C water bath. It was shown to 
be the number of ICRSV (Sharma et al. 2007).

Sharma et  al. also used chemotherapy in combination with micrografting to 
eliminate his ICRSV from Kinnow mandarin strains (Sharma et  al. 2007). 
Furthermore, (Vijayakumari et al. 2006) reported on producing virus-free and type- 
appropriate planting material by micro transplantation. Two hundred three plants 
from 245 STG transplants were found to be virus-free by biological and serological 
indexing.

Rapid identification is essential to identify the presence or absence of a virus 
created by meristematic culture, heat treatment, introduced cultivars, or dubious 
field sources. (Kapari-Isaia et  al. 2008) have typically carried out micrografting 
utilised for citrus viroids micro indexing and shown that micro transplantation could 
be successfully diagnosed after 12  days and established that micro indexing in 
grafted cuttings was more straightforward and more accurate than micro indexing in 
seedlings or cuttings via injection.

16.6  Conclusion

Citrus fruits offer a wealth of vital nutrients, including a fantastic supply of vitamin 
C that the body needs. Widespread nutritional advantages result from dietary 
recommendations that promote the intake of citrus fruit and its by-products. Citrus 
diseases caused by fungi, bacteria, and viruses endanger citrus production and cause 
massive economic losses to the growers. Large citrus-growing regions worldwide, 
including India, are affected by plant disease. The most effective methods for 
managing the disease are typically integrated approaches that include both general 
cultural practices and phytosanitary measures, such as eradicating the source of the 
disease, removing the inoculum, installing suitable windbreaks, and applying 
protective copper/antibiotic sprays when necessary.
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