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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
e Order: Sapindales
e Family: Rutaceae
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e Sub-family: Aurantiodeae

e Genus: Citrus L.

e Species: Citrus reticulata; Citrus cavaleriei; Citrus maxima; Citrus sinensis;
Citrus medica, Citrus micrantha; Citrus japonica; Citrus hystrix

e 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 0-4mg/100g

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 ¢/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 (x-carotene
and p-carotene), essential oils (D-limonene, o-pinene, P-pinene, limonoids,
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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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Fig. 14.2 Polyphenols
found in citrus fruits
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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 2™
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-vitroCu?* 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



14 Bioactive Compounds in Citrus Fruits: Extraction and Identification 435

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 etal. 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 y-terpinene and
B-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 a-carotene, 3-carotene and lycopene.
(b) Oxygenated derivatives of hydrocarbon carotenoids viz;, P-cryptoxanthin,
lutein, xanthophyll-neoxanthin, and violaxanthin.

However, p-carotene, -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 B-carotene. Further, citrus fruits also comprise
of large amounts of carotenoids for example lutein, zeaxanthin, and f-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
[-carotene content; Other citrus fruits contain high carotenoid content, such as zea-
xanthin, lutein, and B-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/cm?, 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. 20006).

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 Is) 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 CO,was 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, a-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 (Ibafiez 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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