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Abstract
Pectin, a complex polysaccharide present in the middle lamella of plants, may appear in different structures depending on 
its origin and extraction techniques. Citrus and apple fruits are among the main sources of pectin extraction, but there is 
ongoing research on alternative fruit sources and fruit waste from processing industries. In the food industry, pectin is widely 
used as an additive in jams, jellies, low-calorie foods, and stabilisers for acidified milk products. To meet the increasing 
demand and reduce waste, it is best to explore other non-conventional sources or modify existing sources to obtain pectin 
with the desired quality attributes. This review aims to cover various extraction methods, including the potential of green 
solvents such as ionic liquids and deep eutectic solvents, to extract pectin. Finally, this review discusses the role of pectin in 
the development of innovative pectin-based food products.
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Introduction

In 2016, almost 34 thousand metric tons of pectin was 
used globally in various industries, such as the food, phar-
maceutical, cosmetic, and dietary industries. According 
to Yuldasheva et al. [1], pectin consumption worldwide is 
expected to increase by 3.7% by the end of 2026, reaching 
48,735 metric tons. Pectin is a versatile ingredient that has 
gained significant attention in the food industry owing to 
its unique properties. The Food and Agriculture Organi-
zation of the United Nations/World Health Organization 
(FAO/WHO) committee considers that pectin is safe to 
be consumed without any limits that are accepted across 
nations, underscoring its critical role in food manufac-
turing [2]. Pectin can be extracted from various plant 
sources including fruits, vegetables, and agricultural waste 
by-products [3]. However, the food processing industry 
is confronted with the challenge of obtaining pure pectin 
from native plants as an ingredient in food products. This 
is due to the variability in pectin content and composition 
among different plant species, including plant genotype, 
ripening stage, and extraction method. In addition, the 
extraction process requires precise selection of raw materi-
als, optimisation of extraction conditions, and purification 
steps [4, 5]. The properties of pectin, including molecular 
weight, degree of esterification, and gelation behaviour, 
vary depending on the source, extraction method, and con-
ditions used. This property is important for determining 
their suitability for different food applications. For exam-
ple, pectin with a high molecular weight and low degree 
of esterification (< 50%) is suitable for gelling applica-
tions, whereas pectin with a low molecular weight and 
high degree of esterification (> 50%) is more suitable for 
emulsifying applications [6, 7].

Previous studies have focused on the emulsion proper-
ties of pectin, comparisons between various pectin extrac-
tion methods, and the impact of different extraction param-
eters on pectin yield and characteristics [8–11]. Recently, 
issues have arisen concerning the limited understanding 
of the origins of pectin, inadequate extraction parameters, 
and lack of standardised methods for evaluating and char-
acterising pectin attributes. Therefore, this review aims to 

address this gap by providing a comprehensive overview 
of pectin, including its sources, extraction methods, prop-
erties, and potential applications in food products. The 
scope of the study encompasses various plant sources and 
extraction techniques, with a particular focus on the con-
ventional method towards a more environmentally friendly 
approach. This study contributes to the existing body 
of knowledge on pectin and serves as a comprehensive 
resource for researchers, industry professionals, and other 
stakeholders with an interest in pectin, particularly within 
the food industry.

Overview of pectin

Pectin is a high molecular weight carbohydrate naturally 
found in all plant cell walls. Pectin is indeed a complex 
group, as illustrated in Fig. 1, composed of alpha-1,4-linked 
D-galacturonic acid (GaIA), which is partly methyl esteri-
fied, and its stereochemistry encompasses several neutral 
sugars such as galactose, rhamnose, and arabinose [12]. 
Variations in the number of GaIA zones in pectin structure 
may significantly affect the physicochemical characteristics 
of pectin, depending on the botanical origin and maturity of 
the source material. For example, the monosaccharide com-
position of pectin varies among oranges, lemons, lime, and 
grapefruit, as reported by Kaya et al. [13]. They found that 
lime had the highest GaIA content (29.74%) among the oth-
ers, whereas orange, lemon, and grapefruit only had GaIA 
contents of 24.08%, 24.33% and 25.91%, respectively. These 
variation in monosaccharide composition between the four 
citrus sources indicated the minor heterogeneity in pectin 
structure. The variation in molecular weight of pectin from 
orange and grapefruit was clearly observed by Sayah et al. 
[14], with a molecular weight ranging from 1.544 × 105 to 
2.472 × 105 g/mol for orange and a molecular weight rang-
ing from 1.639 × 105 to 2.405 × 105 g/mol for grapefruit. 
Notably, the obtained molecular weight of pectin from 
grapefruit was slightly decreased in comparison with pectin 
from orange. This is because the high GaIA content within 
grapefruit pectin structure contributes to a lower degree of 
methylation (DM), thereby reducing its average molecular 
weight.

Fig. 1   Molecular structure of 
pectin adapted from Patil et al. 
[15]
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Pectin can be classified as poor methoxy (PMP) or 
high methoxy (HMP). PMP requires the presence of cal-
cium ions and acids to form a gel through calcium cross-
linking, whereas HMP forms a gel through a combination 
of sugar and acid content [16]. Both PMP and HMP have 
unique properties that make them suitable for various 
applications in the food industry. The choice between 
PMP and HMP depends on the specific requirements of 
the food product and the desired pectin functionality. For 
instance, PMP is preferable as a food additive to improve 
the texture and stability of products and for the develop-
ment of biocomposite films for food packaging applica-
tions [17, 18]. HMP is a highly suitable gelling agent, sta-
biliser, emulsifier, and thickener for marmalades, sauces, 
milk, and low-fat products [19–21]. Thus, the integrated 
utilisation of plant waste is crucial for minimising chemi-
cal residues.

The structure and sources of pectin

The structure of a plant cell wall, as shown in Fig. 2, 
can be divided into four layers: plant cell, secondary cell 
walls (S3, S2, and S1), primary cell wall, and middle 
lamella. The primary cell wall is the outermost layer of 
the cell wall and is composed of cellulose, hemicellulose, 
and pectin. Secondary cell walls are found in some plant 
cells and are composed of cellulose, lignin, and other 
compounds. The middle lamella is a thin layer that sepa-
rates adjacent plant cells, primarily pectins. According 
to Hassan et al. [22], pectin is responsible for cohesion 
between adjacent plant cells and plays a critical role in 
plant growth and development by forming a gel-like sub-
stance that firmly holds adjacent cells. Overall, the struc-
ture of plant cells is complex, with multiple layers of cell 
walls containing different compounds.

Commercial and non‑commercial sources

Commercial sources of pectin, such as citrus fruits and apple 
pomace, are characterised by their ability to produce pectin 
with high galacturonic acid content (GaIA) (> 65%) and high 
degree of esterification (DE) (> 50%) [25, 26]. Citrus is a 
genus of flowering trees and shrubs belonging to the Ruta-
ceae family. The plants in this genus produce citrus fruits, 
which are juicy, have a rough outer skin, and come in shades 
of yellow, green, and orange, which can be sour or sweet. 
Oranges, lemons, lime, and grapefruit are examples of citrus 
fruits, as their peels are the main sources of commercialised 
pectins. The pectin yields from orange peel, lemon peel, 
lime peel, and grapefruit peel were reported to be within 
the range of 12.93–29.05%, 16.45–16.60%, 5.20–23.59%, 
22.09–30%, respectively [6, 27–29]. This indicates that even 
among the fruits consists of same genus, the pectin yields 
were different, probably due to the different recovery tech-
niques, parameters and solvent used. Apple pomace refers 
to the solid residue that remains after milling and pressing 
apples to produce cider, juice, and purees. It is a byprod-
uct of apple processing and is composed of a mixture of 
peel, core, seed, calyx, stem, and pulp. This waste was a 
natural source of pectic substances. The maximum pec-
tin yield for apple pomace has been reported to be in the 
range of 15–20% [30]. Thus, pectin from apple pomace is 
widely extracted as an important commercial source of food 
products.

Many other non-commercial sources of pectin are less 
explored or not usually harnessed because of less knowledge 
of their characteristics regarding galacturonic acid content 
and degree of esterification, which may be higher or lower. 
Examples of non-commercial sources are guava, papaya, 
mango, and jackfruit waste. Guava waste, known for its high 
methoxylated pectin content, is a good source of antioxi-
dants. Although guava is reported to rich in pectin, however, 
the amount of pectin extracted reported in the literature were 

Fig. 2   Plant cell wall structure adapted from Picot-Allain et al. [23] and Chan et al. [24]
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not exceed 2.4% [31, 32]. The low pectin extracted from 
guava is expected to be due to its genetic makeup, ripening 
process, postharvest treatments, and storage conditions. For 
example, the ripening process of guava requires the action 
of pectinase, whereas postharvest treatments involve the use 
of hot water. The use of pectinase contributes to the hydroly-
sis of pectin, whereas hot water inhibits pectin solubility 
within guava, resulting in a relatively low pectin content 
[33, 34]. Papaya waste, including peels and seeds, can also 
be used to obtain pectin via various extraction methods. The 
pectin source in papaya waste is greater in the peel, rang-
ing from 2.8% to 16%, than in its seeds, with a maximum 
of 8.65% [35]. Mango peel possesses a pectin content of 
approximately 20–30%, which can vary depending on fac-
tors such as maturity stage, extraction time, and the method 
employed [36, 37]. The influence of maturity stage on pectin 
yield was demonstrated in a study conducted by Azad [38], 
which showed that pectin yield from mango peel was 4.6% 
for premature, 9% for mature, and 18.5% for overripe fruit. 
Hence, it is crucial to select samples from a store or farm 
based on their maturity grade, as different fruits may possess 
varying degrees of maturity.

Sunflowers and sugar beets are potential sources of pec-
tin, which can be obtained from their heads, stalks, and pulp. 
The pectin yield from these sources can vary significantly, 
ranging from 15 to 25% for sunflowers and 15–30% for 
sugar beets [39, 40]. These differences were attributed to 
variations in the extraction methods and the ability of the 
solvent to release pectin from the cell wall. Jackfruit is a 
tropical fruit belonging to the Artocarpus genus. Jackfruit 
is widely acknowledged for its distinctive sweet flavour and 
aroma. However, its potential as a source of pectin has been 

relatively unexplored despite the fact that the peel consti-
tutes a significant proportion of the fruit's overall mass. 
Thus, given the size and abundance of this fruit, it repre-
sents a promising resource for pectin extraction. According 
to Nidhina et al. [41], different parts of the jackfruit, such 
as seeds, kernels, and peels, were reported to have a range 
of 21–25%, 23–28%, 25–30% of pectin, respectively. Their 
study showed that the accumulation of pectin was higher in 
the peel than in other parts. In contrast, Xu et al. [42] and 
Wignyanto et al. [43] found that pectin content in jackfruit 
peels ranged from 4.7% under wet conditions to 22.5% under 
dry conditions. These studies indicate that drying reduces 
the moisture content within the peel, leading to a higher 
yield of pectin. Thus, the sample was dried before pectin was 
extracted from various sources, as listed in Table 1. 

Pectin extraction techniques

Extraction is an essential method to obtain a specific com-
pound from a source or origin. This process is commonly 
used in the food industry to retrieve pectin from natural 
plants and fruit wastes. As depicted in Fig. 3, the pectin 
extraction process comprises four major stages: selection of 
raw plant materials, sample preparation, choice of extrac-
tion methods, and post-extraction. The stages were nearly 
identical, and the differences were the types of solvents, 
technologies, and conditions used. Conventionally, pectin 
extraction from raw plant materials involves mixing, stir-
ring, and heating with acids at high temperatures. Although 
this approach is effective to some extent, it has several limi-
tations, including corrosive acid hazards, environmental 

Table 1   Pectin content from commercial and non-commercial sources

Commercial Part of sources Pectin content (%) References

Orange Peels 12.93–29.05 [27]
Lemon Peels 16.45–16.60 [6, 29]
Lime Peels 5.20–23.59 [6]
Grapefruit Peels 22.09–30 [28]
Apple Pomace 15–20 [44]
Sunflower Heads 15–25 [40]
Sugar beet Pulps 15–30 [39]

Non-commercial Part of sources Pectin content (%) References

Guava Peels < 2.4 [31, 32]
Papaya Peels 2.8–16 [35]
Papaya Seeds 8.65 [35]
Mangoes Peels 20–30 [36, 37]
Jackfruit Seeds 21–25 [41]
Jackfruit Kernel 23–28 [41]
Jackfruit Peels 25–30 [41]
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risks, and potential for pectin degradation [45]. To address 
these challenges, modern pectin extraction methods utilising 
enzymes, microwaves, ultrasonication, subcritical water, and 
green solvents have been developed to enhance extraction 
yields and efficiency, while preserving the functional prop-
erties of pectin and reducing solvent consumption [46–50]. 
The differences between traditional extraction methods 
and modern techniques are necessary to help researchers 
select the most suitable method according to their specific 
requirements.

Hot acid extraction

Hot acid extraction (HAE) is the most common and con-
ventional method used for obtaining pectin. As shown in 
Fig. 4, acids are used as extraction solvents because of 
their ability to degrade and solubilise various plant compo-
nents. Plant material, such as fruit peel or agro-industrial 
waste, is washed and dried to remove impurities and con-
taminants. The sample was heated in acidified water for 
a specific temperature and duration. Common acids used 
as extraction solvents include sulfuric, phosphoric, and 
hydrochloric acids. However, these acids show some limi-
tation because of their highly corrosive nature, potential 
environmental hazards, and thermal degradation via beta 
elimination and debranching, which lead to low-quality 

of pectin [35, 51]. The hydrogens from the acid react with 
the ionised carboxyl groups of pectin molecules, causing 
the pectin chains to become soluble and form gel-like sub-
stances [52]. After extraction, filtration of the hot acid 
extract was necessary to remove any solid particles or 
pulp. The addition of a precipitating agent, such as etha-
nol, to the cooled filtrate is important because it leads to 
the precipitation of pectin from the solution. Therefore, 

Stage 1: 
Selection of samples
•Conventional or 
non-conventional 
sources

•Type of wastes such 
as peels, seeds, 
kernel

•High pectin content

Stage 2: 
Sample preparation 
•Shading
•Cutting
•Freeze-drying 
•Grinding

Stage 3:
Extraction methods
•Hot acids  
•Enzymes 
•Microwave
•Ultrasonic
•Subcritical waters 
•Green solvents 

Stage 4: 
Post-extraction
•Centrifugating
•Filtering
•Separating
•Drying
•Milling
•Quality control

Extraction Process of Pectin

Fig. 3   Four major stages of pectin extraction process

Incubator

Glass bottle
Sample 

+
Acid

(e.g. H2SO4,
H3PO4, HCl) 

Stirrer

Stirrer controllerTemperature controller

Fig. 4   Schematic diagram of HAE
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separation processes such as filtration or centrifugation 
are vital to obtain the final product.

The percentage of pectin yield extracted using strong 
acids varies depending on the acid type, concentration, 
and extraction conditions. In a study by Jong et al. [53], on 
durian rinds, mineral acids such as hydrochloric, sulfuric, 
and nitric acids successfully recovered pectin ranging from 
0.93 to 9.95%. According to them, the stronger the acidity of 
the acid, the better the recovery yield. This is because strong 
acids have a better ability to break down plant cell walls and 
release pectin. Specifically, strong acids can donate more 
protons to pectin molecules, leading to the hydrolysis of 
pectin bonds. This process breaks down pectin molecules 
into smaller fragments, making them soluble in the extrac-
tion solution and increasing the yield. However, the extrac-
tion of pectin from grape pomace using sulfuric, nitric, and 
citric acids showed pectin yields of 5.80, 5.84, and 6.01%, 
respectively [30]. Studies conducted by Jong et al. [53] and 
Spinei and Oroian [30] showed that, even when using the 
same acids (e.g. nitric acid: 9.95% versus 5.84%), the recov-
ered pectin yields were completely different which might be 
due to the different sources used as the extraction medium. 
Therefore, selecting the appropriate plant and fruit sources 
is crucial for food researchers to obtain pectin with higher 
recovery yields.

Recently, many organic acids such as citric and acetic 
acids have been used for pectin extraction. Compared with 
mineral acids, organic acids are much safer and have been 
shown to achieve higher or equal yields of pectin [54]. For 
example, approximately 8.38% pectin was extracted from 
watermelon rind using citric acid at an extraction tempera-
ture of 80 °C for an extraction time of 3 h and a solid-to-
liquid ratio of 1:25 g/mL, compared to only 6.52% pectin 
extracted when hydrochloric acid was used [55]. In addi-
tion, these organic acids have been reported to have chelat-
ing properties, mild extraction, and less pectin degradation 
owing to their less corrosive nature. However, these acids are 
more expensive than common mineral acids, although their 
yields are nearly the same [56]. Overall, the extraction of 
pectin using acid is simple and requires minimal equipment. 
Both minerals and organic acids have good potential for 
pectin extraction; however, they have some drawbacks that 
need to be considered. Mineral acids are better for extract-
ing pectin, but their highly corrosive nature limits their use 
in large-scale industrial applications, whereas organic acids 
are more expensive than mineral acids.

Enzyme‑assisted extraction

Enzyme-assisted extraction (EAE) is a green approach for 
improving extraction yield. This method is utilised to release 
compounds that are bound on the interior side and are not 
accessible via conventional solvent extraction. EAE is based 

on the inherent ability of enzymes to catalyse reactions with 
exceptional specificity, hydrolyse cell wall components, and 
disrupt the structural integrity of plant cell walls. EAE can 
also be used to extract pectin from various plants using pec-
tinases, enzymes derived from fungi, or other sources [56]. 
Before treating the plant material with pectinases, the sam-
ples must be pre-treated to remove impurities and enhance 
the accessibility of pectin for extraction. This may involve 
washing, grinding, and drying of the sample [57, 58]. As 
illustrated in Fig. 5, an enzyme (pectinase) was mixed with 
the selected plant materials to extract pectin. Therefore, the 
extracted pectin is purified to remove unwanted components 
which may involve filtration, centrifugation, or other separa-
tion techniques. After the desired extraction time, pectinases 
are typically inactivated to inhibit their activity. This is typi-
cally achieved by heating a mixture to a high temperature 
for a short period [59]. In EAE, three main processes occur: 
depolymerisation of pectin, cleavage of glycosidic bonds, 
and a decrease in water-holding capacity after the disrup-
tion of pectin structure by pectinase. Pectinases break down 
pectin polymers via hydrolysis, trans-elimination, and de-
esterification [60]. These enzymes target the ester bond that 
holds pectin molecules together, leading to degradation of 
the pectin structure. By breaking these bonds, pectinases 
facilitate the breakdown of pectin polymers into monomeric 
sugars, such as galacturonic acid. This results in a decrease 
in the water-holding capacity of pectin, which helps to 
obtain a higher yield during the extraction process [52, 56].

Several studies have reported on the use of enzymes for 
pectin extraction. For example, Jiang et al. [61] showed that 
pectin from hawthorn pomace has a low molecular weight 
and high degree of esterification, with a pectin yield of 
21.57%. The EAE of pectin from passion fruit peels using a 
combination of pectinases and cellulases achieved 24.61% 
pectin by optimising enzyme dosage, pH, and extraction 

Incubator

Glass bottle Sample 
+

Enzyme  
(e.g. Pectinase)

Stirrer

Stirrer controllerTemperature controller

Fig. 5   Schematic diagram of EAE
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temperature [62]. In other studies, pectin yields of 18.95% 
and 17.86% obtained when enzymes celluclast and viscoferm 
were used, respectively [63]. These two studies showed that 
the selection of enzymes and their combinations affected the 
percentage yield of pectin. Surprisingly, a combination of 
two or more enzymes leads to an increased yield compared 
with the use of one type of enzyme alone [64]. In addition, 
commercial pectinase enzymes extract pectin from orange 
peels with a higher pectin yield (11.6%) than conventional 
hot acids (7.9%) [65]. Another study by Hennessey-Ramos 
et al. [66] showed a similar finding, in which the EAE of 
pectin from orange peels was found to be more effective with 
19.2% than the traditional hot acid method with 14.8% pec-
tin obtained. These studies suggest that EAE eliminates the 
major disadvantages of conventional acid extraction of pec-
tin, such as the high temperature and low pH of the extract-
ing solution. Overall, the EAE method for pectin offers sev-
eral advantages, including selectivity, efficiency, and green 
procedure with low energy consumption and safety [53, 58]. 
However, this method is time consuming, specific, sensitive, 
and expensive [35, 53, 67]. Therefore, further research is 
required to reduce these drawbacks.

Microwave‑assisted extraction

Microwave-assisted extraction (MAE) has been applied in 
various fields including analytical chemistry, natural prod-
uct isolation, and pharmaceuticals. MAE uses microwave 
energy to facilitate extraction of natural products from var-
ious matrices, particularly plant materials. This is a new, 
green, and efficient approach to extraction technologies. 
As shown in Fig. 6, the MAE of pectin involves subjecting 
a selected sample in contact with a selected solvent under 
microwave radiation, typically in the frequency range of 
0.915–2.45 GHz via heating and continuous dipole rota-
tion [68]. Theoretically, when microwave power is applied, 
the sample absorbs energy, resulting in enhanced solvent 
heating. This heat helps disrupt the cell walls and facili-
tates the diffusion of pectin from the sample matrix. The 

enhancement in the extraction process was attributed to an 
increase in the kinetic energy of the molecules, which sub-
sequently accelerated the mass transfer of pectin [69, 70]. 
This increased solubility of pectin led to a better recovery 
yield owing to improved process efficiency.

Research conducted by Karbuz and Tugrul [72] showed 
that pectin can be extracted from lemons and mandarins 
using MAE with pectin yields of 9.71% and 7.60%, respec-
tively. The extraction was conducted using nitric acid as 
the solvent at 360 W microwave power in a short amount 
of time, which was only 1 min. However, pectin extraction 
could not be performed for more than 3 min because the 
resulting mixture was very thick and could not be cen-
trifuged. This proves that longer exposure to microwave 
irradiation and a very high microwave power caused the 
pectin chain molecules to deteriorate, thereby affecting 
the pectin recovery rate and efficiency. Nevertheless, the 
efficiency of MAE was confirmed by Kute et al. [73], who 
compared the effectiveness of the two methods for orange 
peel powder with extraction yields of 15.76% and 8.78% 
for MAE and hot acid extraction, respectively. The MAE 
resulted in a higher penetrative power, which implies faster 
heating rates than conventionally using a hotplate stirrer. 
This high rate increases thermal efficiency, resulting in a 
very high yield of pectin.

Still, the quality of pectin obtained using MAE was 
comparable to that obtained using conventional acid 
extraction. This was clearly observed by Rodsamran and 
Sothornvit [74], who compared the degree of esterifica-
tion (DE) and galacturonic acid (GaIA) content of lime 
peels extracted using hydrochloric acid with and without 
microwaves. They reported that the DE value increased 
from 72.81% to 77.04%, and the GaIA content decreased 
from 95.53% to 79.29% when microwave irradiation was 
employed to recover pectin. The high DE was probably 
due to the successful demethylation and fragmentation of 
the polygalacturonic chains, whereas the low GaIA indi-
cated that the extracted pectin had a low purity. In contrast, 
Tran et al. [75] reported that the DE and GaIA contents 
of pectin extracted from jackfruit rags using the MAE 
method were 61.53% and 64.61%, respectively. These 
studies proved that pectin extracted from jackfruit rags and 
lime peels has different attributes based on their DE and 
GaIA contents. In conclusion, the MAE of pectin has sev-
eral advantages such as reduced extraction time, increased 
yield, lower energy consumption, and reduced solvent 
consumption [76, 77]. However, the specialised equip-
ment required for MAE may not be readily available in all 
laboratories, and pectin has a high potential for degrada-
tion at high temperatures and pressures during microwave 
heating. As a result, further research is needed to deter-
mine the scalability of MAE and evaluate its suitability 
for the extraction of pectin and other temperature-sensitive 

Sample + solvent

Time controller

Microwave power 
controller

Magnetic rotation

Condenser

Heat Microwave

Fig. 6   Schematic diagram of MAE adapted from Martins et al. [71]
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compounds. These limitations should be considered when 
selecting an appropriate extraction method.

Ultrasonic assisted extraction

Ultrasonic-assisted extraction (UAE) is a nonthermal extrac-
tion technique used to recover pectin from diverse plant 
sources. This method employs ultrasonic baths or probes 
conducted at low frequencies (> 20 kHz) and high power 
of generator (80–200 W), as shown in Fig. 7. The extrac-
tion method is based on the cavitation process, which cre-
ates bubbles by disrupting and collapsing the cell walls to 
free target molecules and allowing solvent diffusion. This is 
because ultrasound waves generate rapid movement of sol-
vents, resulting in a higher mass transfer speed and acceler-
ated extraction. This reduces the extraction time and lowers 
the required process temperature, which reduces the chances 
of undesired pectin modifications and preserves pectin qual-
ity in terms of a narrow molecular weight distribution range, 
orderly arrangement, and a high degree of esterification [72].

The percentage yield of pectin extracted using the UAE 
method varied depending on ultrasound power, pH, and 
extraction time. For instance, pectin from sour orange peel 
was extracted via UAE at a microwave power of 150 W, 
pH 1.5, and an extraction time of 10 min, with a maximum 
yield of 28.07% [79]. In contrast, a low pectin yield of 6.2% 
was obtained from chayote under the optimised conditions 
of a liquid-to-solid ratio of 50 mL/g, extraction temperature 
of 70 °C, and an extraction time of 40 min [80]. According 
to Abidin et al. [81], the highest pectin yield obtained from 
watermelon rind using UAE in sulfuric acid is approximately 
10.60%. However, 9.87% of pectin was recovered using only 
sulfuric acid. This trend is comparable to that reported in a 
study on sugar beet pectin, with yields of 20.85% obtained 
using the UAE method and 20.75% obtained using conven-
tional acid-heating methods [39]. The two studies showed 
that there was not much difference in pectin yields between 
the two methods. However, the effect of ultrasound was 

clearly observed in a study on mango peel residue, with 
yields of 50% and 31% with and without ultrasonic treat-
ment, respectively [82]. This significant difference in pectin 
yield highlights that ultrasound effectively enhanced the 
extraction process, as the cell wall of the mango peel resi-
due was successfully disrupted which later facilitated the 
release of more pectin.

UAE provides several benefits such as increased yield, 
better extractability, and enhanced pectin quality. This state-
ment is supported by a study conducted by Siddiqui et al. 
[83], who successfully extracted pectin from sweet lime peel 
with 36.4% yield, equivalent weight of 740.3 mg and meth-
oxyl content of 7.1%. The reported methoxyl content which 
falls within the standard range of 2.5–7.2%, proved that UAE 
enhanced the number of methyl alcohols within the pectin 
structure, which means that the extracted pectin has a high 
ability to form gels. In addition, ultrasonic treatment can 
significantly affect the extraction yield, galacturonic acid 
content, and degree of esterification of the extracted pectin. 
Dranca and Oroian [84] used UAE to extract pectin from 
apple pomace and obtained a recovery yield of 9.18%, a 
galacturonic acid content of 98.127 g, and a degree of esteri-
fication of 83.20% at optimum conditions of 100% ampli-
tude, a pH of 1.8, and a solid-to-liquid ratio of 1:10 g/mL 
within an extraction time of 30 min. This study proved that 
the extracted pectin has a good attribute owing to a high 
degree of esterification, and the use of ultrasound treatment 
was quite efficient.

Despite the highly advantageous value of UAE, there are 
some limitations that need to be considered when imple-
menting this method to recover pectin from fruit peels. The 
UAE instrument is expensive and sometimes causes undesir-
able changes in pectin molecules owing to intense mechani-
cal and cavitation effects. As Yeh and Lai [85] noted, the 
use of UAE led to a significant decrease in the intrinsic 
viscosity (25.72 dL/g) and molecular weight (6.69 × 105 g/
mol) of pectin compared to the citrate buffer-extracted pec-
tin, which had a molecular weight of 19.03 × 105 g/mol and 
intrinsic viscosity of 108.64 dL/g. This suggests that strong 
cavitation effects may promote the release of proteins, which 
could modify the charge density, conformation, and phys-
icochemical properties of extracted pectin. Therefore, UAE 
shows great potential as a method for recovering pectin from 
plants and fruit peel. However, this process is complex and 
expensive, and requires expertise. Thus, the optimisation 
of the extraction parameters is crucial for each application 
to achieve the desired results, as failure to do so can lead to 
lower yields, lower quality, and reduced functionality.

Subcritical water extraction

Subcritical water extraction (SWE) is a green extraction 
technology that uses water at temperatures and pressures 

Temperature controlled water bath

Sample + solvent

Ultrasound probe

Ultrasound generator

Fig. 7   Schematic diagram of UAE adapted from Martins et  al. [71] 
and Zahari et al. [78]
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below its critical point to extract less polar compounds from 
various sources such as fruits, vegetables, and herbs [86]. 
Subcritical water is maintained in a liquid state under high 
pressure at temperatures between 100 and 374 °C [86]. This 
technique is relatively new and is considered a promising 
alternative to conventional acid-extraction methods. The 
process involves three important steps: diffusion of solutes 
through particles, distribution, and convection of solutes 
through the layer of stagnant fluid outside the particles. The 
key elements of SWE are temperature and pressure. The 
temperature of the SWE process can be adjusted to target 
specific compounds, which a higher temperature used for 
extracting less polar substances and a lower temperature 
used for extracting more polar compounds [86]. The pres-
sure of the SWE system is regulated using a pressure regu-
lator, typically constructed from stainless steel, and must 
be set above the vapour pressure at a given temperature to 
maintain the water in the liquid state [87].

Figure 8 shows a schematic of the SWE method which 
has been used in several studies. For example, fresh sun-
flower heads had a maximum yield of 6.57 ± 0.6% under 
optimal conditions of extraction pressure of 8 bar, at a tem-
perature of 120 °C, extraction time of 20 min, and a liq-
uid–solid ratio of 7 mL/g [88]. In contrast, pectin extracted 
from jackfruit peel waste using SWE at an extraction tem-
perature of 138 °C for an extraction time of 9.15 min and 
a liquid–solid ratio of 7.03 mL/g had a yield of 149.6 g/
kg (w/w) [89]. These studies showed that a variety of 
pectin sources exhibit different pectin yields, qualities, 
and extraction conditions. Additionally, SWE of pectin 
from sugar beet pulp was effective for up to an extrac-
tion time of 20 min, as the pectin yield decreased beyond 
this time, indicating that the extraction time achieved 
its optimum value [39]. The decline in pectin yield after 
20 min proved that pectin began to degrade and lose its 
nature, resulting in a lower yield value. In comparison of 
SWE to conventional acid extraction, SWE is obviously 
more efficient with a highly significant yield in a reason-
ably short extraction time, owing to the high reactivity of 

the ions generated from the dissociation of water under 
subcritical conditions. This aligns with the findings of 
Muñoz-Almagro et al. [90], who obtained 10.9% and 8.3% 
using SWE and conventional acid extraction, respectively. 
They mentioned that the high difference in pectin yield 
was related to the high dielectric and solubility proper-
ties of subcritical water, as it significantly increased the 
diffusion, vapour pressure, and mass transfer rate, lead-
ing to a reduction in the energy for division in solute-to-
matrix interactions which later increased the extraction 
efficiency. However, the quality of pectin extracted using 
SWE is generally low compared to that extracted using 
other methods. For example, pectin from sugar beet pulp 
extracted through SWE has a significantly lower molecular 
weight (23.51 kDa) than the molecular weight of pectin 
(102.27 kDa) extracted through conventional acid extrac-
tion [91]. The decrease in molecular weight was probably 
attributed to the hydrolysis and decomposition of pectin 
under subcritical temperatures and pressures.

Overall, the SWE method for pectin extraction is advan-
tageous because of the nature of the water. Water is non-
toxic, inexpensive, readily available, and easily disposed 
of, making it a cost-effective and environmentally friendly 
solvent for extraction [80, 93, 94]. SWE has been shown 
to have a high extraction rate, is suitable for heat-sensitive 
materials such as pectin, and can behave like an organic 
solvent [86, 89]. However, there are major drawbacks that 
need to be considered, such as pectin degradation at high 
temperatures, energy-intensive processes, and inconsistent 
pectin quality owing to inconsistent extraction conditions 
[80, 87]. Therefore, the extraction parameters should be 
carefully optimised to obtain the maximum pectin yield 
without compromising pectin quality.

Fig. 8   Schematic diagram of 
SWE adapted from Xiao et al. 
[92]
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Extraction of pectin using green solvents

Ionic Liquid extraction

In recent years, there has been increasing interest in the 
use of more ecologically friendly solvents for biomass 
extraction. ILs have been investigated as alternatives to 
traditional organic solvents or acids owing to their unique 
properties. ILs can be used to extract various compounds 
from various matrices, including pectin, natural products, 
metals, and organic pollutants. ILs are entirely composed 
of ions and typically consist of organic cations and inor-
ganic anions. Some common ILs are based on imidazo-
lium, pyridinium, and phosphonium cations [95]. Figure 9 
shows examples of ILs include 1-ethyl-3-methyl-imidazo-
lium acetate, and 1-butyl-3-methylimidazolium chloride. 
ILs have been studied as potential green solvents because 
of their negligible vapour pressure, high thermal stability, 
and recyclability [96]. However, their toxicity, non-bio-
degradability, and high cost have limited their application 
as green solvents.

In pectin extraction, IL disrupt the ionic bonds that link 
pectin polymers to the cell wall [96, 97]. The IL breaks the 

bonds, releases the pectin from the sample matrix which 
then solubilise in the ILs solution throughout the extrac-
tion process. Thus, separation is performed by filtration 
and centrifugation to obtain pure pectin. According to 
Xiao et al. [98], ILs offer a higher extraction efficiency 
and selectivity than conventional extraction methods. In 
addition, IL can reduce pectin degradation and denatura-
tion because they are thermally stable. Hence, extraction 
with IL can be performed at significantly lower tempera-
tures to increase efficiency. Despite the many advantages 
of ILs, there are some drawbacks that need to be consid-
ered. For example, ILs have the potential to interact with 
pectin molecules, subsequently altering their properties 
and affecting their processing and yield [99]. ILs have a 
high affinity for polar and charged molecules such as pec-
tin, which leads to a possible interaction between them, 
resulting in the formation of IL-pectin complexes. These 
interactions reduce pectin solubility and hinder its extrac-
tion from plant materials [100, 101]. This is because dif-
ferent IL have different pectin dissolution abilities owing 
to their polarities. Therefore, choosing ILs with the correct 
concentrations and compositions is crucial for obtaining 
pectin with a high recovery yield.
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A few studies have reported the extraction of pectin 
using ILs. For instance, Wang et al. [102] extracted pec-
tin from ponkan mandarin peels using a few of developed 
ILs that consists of cholinium cation with different amino 
acid-derived anions which were alanine, serine, cysteine, 
proline, aspartic acid, valine, leucine, and phenylalanine, 
respectively. Among the ILs, choline with leucine showed 
the best ability as a solvent extractor for pectin, with a 
maximum recovery yield of 13.42% under optimum condi-
tions of 54% IL solution, 100 min extraction time, and a 
solid-to-liquid ratio of 1:17 g/mL. However, the recovery 
of pectin using ILs can be coupled with MAE or UAE to 
enhance the extraction efficiency, as reported by Liu et al. 
[103]. They used 3-methyl-1-(4-sulfonylbutyl) imidazolium 
hydrogen sulphate as a solvent extractor for pectin from 
pomelo peels, with combined ultrasonic and microwave-
assisted extraction (UMAE) and obtained a maximum yield 
of 328.64 ± 4.19 mg/g at the optimal conditions of 10 mM 
IL concentration, 15 min extraction time, 360 W micro-
wave power, and a solid-to-liquid ratio of 1:27 g/mL. The 
pectin yield was significantly higher than that recovered 
via conventional heating (194.24 ± 5.71 mg/g) and UAE 
(269.31 ± 5.71 mg/g), both of which used aqueous hydro-
chloric acid. The high pectin content was attributed to the 
double acidic sites within the IL, which were capable of 
forming multiple pectin extractions. Therefore, it can be 
suggested that acidic IL is expected to increase pectin yield 
compared to non-acidic IL.

Deep eutectic solvents extraction

Deep eutectic solvents (DESs) are emerging as green and 
sustainable solvents for efficient pectin extraction. DES 
was first introduced by Abbott et al. [104], and its use as a 
solvent extractor for obtaining pectin was first reported by 
Liew et al. [105]. DES can be prepared by mixing hydrogen 
bond acceptors (HBA) with hydrogen bond donors (HBD). 
HBA commonly originates from quaternary ammonium 
salts, whereas HBD commonly originates from a group of 
polyamides (–CONH2), polycarboxylic acids (–COOH), and 
polyalcohols (–OH). DES exhibit properties similar to those 
of IL, including a wide liquid range, low melting point, and 
non-reactivity [106, 107]. Even so, DES offer a great advan-
tage over IL because they are non-toxic, cheaper, and easier 
to prepare. Figure 10 shows examples of HBA and HBD 
that can be used to prepare DES for extraction. Different 
structures of HBA and HBD can contribute to a variety of 
combinations, producing a wide range of DES polarities. For 
this reason, DES are said to be able to extract polar and non-
polar compounds. Therefore, numerous studies have been 
undertaken to examine the efficacy of DES in the extraction 
of pectin.

DES performs better than conventional hot acids as a sol-
vent extractor for pectin recovery. Shafie et al. [108] com-
pared the ability of ChCl-citric acid monohydrate (CAM) 
based DES with CAM in extracting pectin from Averrhoa 
bilimbi. They found that the pectin yield (14.14%) extracted 
using ChCl-CAM was higher than the pectin yield (9.34%) 
extracted using CAM only. From the reported results, it was 
noted that the enhancement in pectin yield extracted using 
DES was approximately 5% higher than CAM, demonstrat-
ing the efficiency of DES for pectin recovery. The reason 
for the more effective extraction with DES is attributed to 
its ability to induce a highly acidic condition that facilitates 
extensive hydrolysis, breaking the bond linkages between 
pectin and the cell wall constituents of plants, thus releasing 
the pectin molecules. Therefore, isolation and purification 
processes such as filtration or centrifugation can be utilised 
to obtain pure pectin, as it is more accessible to extraction. 
However, Shafie et al. [108] noted that the quality of pec-
tin extracted using CAM had better water holding capacity, 
emulsifying, and antioxidant activity than pectin extracted 
using ChCl-CAM. They suggested that this could be due to 
the more linear, less branched structure of DES-extracted 
pectin compared to CAM-extracted pectin. Thus, the choice 
of extraction medium, either DES or CAM, significantly 
influences not only the yield but also the structural and 
functional properties of the extracted pectin, necessitating 
further research on the new formulation of DES to optimise 
both yield and quality.

The combination of DES components is an essential fac-
tor affecting the extraction efficiency. For example, pectin 
extracted from Brazilian berry waste using citric acid–glu-
cose DES coupled with subcritical water extraction (SWE) 
improved pectin yield by enhancing pectin solubility in 
water [109]. This is because the addition of DES to SWE 
can modify the polarity of the solvent and the hydrogen-
bonding properties, which can increase its ability to dissolve 
pectin [90]. This modification leads to higher extraction effi-
ciency and improved pectin yield compared to conventional 
SWE. Previously, Zhang et al. [110] used ChCl-glycerol to 
extract pectin from shitake mushrooms and compared the 
extraction pectin yield based on hot water extraction (HWE), 
SWE, and SWE-assisted DES at the optimal conditions of 
147.23 °C extraction temperature, 1:40 g/mL as the solid-
to-liquid ratio, a water content of 39.76% and an extraction 
time of 15.58 min. According to them, the yield obtained 
using SWE-assisted DES (6.26 ± 0.08%) was higher than 
SWE (5.25 ± 0.05%) and HWE (5.35 ± 0.11%). Therefore, 
the utilisation of DES in conjunction with diverse method-
ologies represents a highly promising strategy for attaining 
a substantial yield of pectin during the recovery process.

In addition, natural DES, such as ChCl-glycerol, 
ChCl-lactic acid, and potassium carbonate-glycerol, were 
studied by Chen et al. [111] to extract pectin from apple 
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pomace. Natural DES was used as a pretreatment prior to 
hot water extraction of pectin, assisting in loosening cell 
wall interactions for pectic polysaccharide extraction. This 
approach improved the subsequent water extraction yield 
up to five times (yield: 1.5% for hot water, 8.0% for ChCl-
glycerol, 7.8% for ChCl-lactic acid, and 9% for potassium 

carbonate-glycerol). Meanwhile, pectin extracted from Aver-
rhoa bilimbi using ChCl-citric acid at a molar ratio of 1:1 
was found to be 14.44% under optimum conditions of an 
extraction temperature of 80 °C, an extraction time of 2.5 h 
and a percentage of DES of 3.74% (w/v) [112]. It is worth 
noting that the DES-extracted pectin has qualities such as 

Fig. 10   Examples of a HBAs and b HBDs that can be combined to prepare DES
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oil holding capacity (2.40 g/g), foaming capacity (133.33%), 
and water-holding capacity (3.70 g/g), making it suitable for 
use as a food additive or a natural biopolymer.

Yield and quality of pectin are strongly affected by the 
mole ratio of DES. As studied by Fauzan et al. [113], chang-
ing the mole ratio of potassium carbonate-lactic acid (1:4, 
1:7, and 1:20) contributes to different yields, moisture con-
tent, galacturonic acid content, and methoxyl content of pec-
tin extracted from Kepok banana peels. They reported that 
potassium carbonate-lactic acid showed the highest abilities 
to extract pectin with a yield of 5.81% compared to other 
ratios. This is because at a mole ratio of 1:7 and 1:20, the 
pectin yield decreased to 0.15% and 0.00%, respectively, 
showing that at the right combination, DES can extract more 
pectin from the same number of peels. As a result, Fauzan 
et al. [113] extracted pectin at optimised conditions of a 
mole ratio of 1:4 for potassium carbonate-lactic acid and 
an extraction temperature of 90 °C, resulting in pectin with 
a moisture content of 99.8%, a galacturonic acid content 
of 75.56%, and a methoxyl content of 2.79%. Therefore, 
adjusting the mole ratio of DES is one of the key factors in 
maximising the quality and quantity of pectin.

In another study, nine types of ChCl-based DES were 
tested as extractors to recover pectin from dragon fruit peels 
using microwave ultrasonic-assisted extraction (MUAE) 
technique. Among these trials, only ChCl-glucose-water 
yielded 19.39% pectin, which is higher than that of other 
tested DES [114]. This pectin recovery was obtained 
under optimum conditions with a solid-to-liquid ratio 
of 35.25 mg/L, a DES-to-water ratio of 3.37 mL/mL, an 
extraction time of 14.26 min, a microwave power of 240 
W, and a sonication time of 46.07 min. In addition, sugar-
based acidic DES were compared with amino-based acidic 
DES to extract pectin from pomelo peel. Among the DES, 
only lactic acid–glucose-water yielded the highest pectin 
yield (23.01%) [105]. More studies have focused on using 

acid-based DES, as they have been shown to have a better 
extraction pectin yield. Recently, ChCl-malonic acid was 
found to be one of the best solvents for extracting pectin 
from pomelo peel compared to ChCl-glucose. This ChCl-
malonic co-solvent yielded 94% pectin and 52% degree of 
esterification after optimisation at an extraction tempera-
ture of 80 °C with a sonication time of 60 min at pH < 3.0 
[115]. Overall, it was noted that acid-based DES is a better 
choice for pectin extraction, implying that it breaks down 
the sample matrix more effectively. Table 2 summarises the 
reviewed studies regarding the use of DES in various pectin 
extraction techniques with their optimised conditions.

Application of pectin in food technologies

Gelling and thickening agent

Pectin is a versatile and unique fibre with wide applications 
in the food industry. Pectin is used as a gelling agent in 
canned jams and jellies. The formation of pectin gel is com-
plex and is mainly governed by the degree of esterification 
(DE), which leads to the production of high-methoxyl (HM) 
and low-methoxyl (LM) pectin, as illustrated in Fig. 11 
[116]. The benefits of HM and LM pectin differ in terms of 
their gelling and thickening capabilities. HM pectin, with 
a DE of over 50%, is capable of forming a sturdy gel and 
exhibits good thermal stability, making it suitable for a wide 
range of temperatures [117]. In contrast, LM pectin with a 
DE of less than 50% can form gels with weaker gel strength 
and a larger porous matrix, resulting in poor water-holding 
capacity. However, LM pectin possesses enhanced solubil-
ity and amphiphilicity, making it more suitable for food 
products that require solubility and emulsifying properties 
[118–120]. Thus, it is evident that HM and LM pectins offer 

Table 2   Yields of pectin extracted using green solvents under different optimised conditions

Green solvent Techniques Optimised conditions Pectin yield References

ILs Conventional 54% choline leucine, 100 min, 1:17 g/mL 13.42% [102]
UMAE 10 mM 3-methyl-1-(4-sulfonylbutyl) imidazolium hydrogen sulphate, 15 min, 

360 W, 1:27 g/mL
328.64 ± 4.19 mg/g [103]

DES SWE ChCl-glycerol, 147.23 °C, 1:40 g/mL, 39.75% water content, 15.58 min 6.26 ± 0.08% [110]
Conventional ChCl-glycerol, ChCl-lactic acid, potassium carbonate-glycerol, molar ratio of 

1:8, 40 °C, 1 h
8%, 7.8%, 9% [111]

Conventional 3.74% ChCl-citric acid, molar ratio of 1:1, 80 °C, 2.5 h 14.14% [112]
Conventional Potassium carbonate-lactic acid, molar ratio of 1:4, 90 °C 5.81% [113]
MUAE ChCl-glycerol-water, solid-to-liquid ratio of 35.25 g/mL, DES to water ratio of 

3.37 mL/mL, 14.26 min, 240 W, sonication time of 46.07 min
19.39% [114]

Conventional Lactic acid-glycerol-water at mole ratio of 5:2:5, 141.38 min, 88 °C, pH of 
1.80, 1:20 g/mL

23.01% [105]

UAE ChCl-malonic acid, 80 °C, sonication time of 60 min, pH < 3, 1:40 g/mL 94% [115]
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distinct properties and can be utilised based on the desired 
gelling and thickening characteristics.

In HM pectin, hydrogen bonds and hydrophobic interac-
tions bind the individual pectin chains together at a soluble 
solid sugar content above 60% and a pH value between 2.8 
and 3.6. These bonds are formed when water is bound to 
sugar and forces pectin strands to stick together in a three-
dimensional molecular net that creates a macromolecular 
gel [5]. However, if the gel formation is too strong, syner-
esis or a granular texture may occur, whereas weak gel-
ling leads to excessively soft gels. Syneresis in pectin gels 
refers to the expulsion of liquid from a gel structure. This 
phenomenon is a crucial parameter for determining pectin 
quality, with lower syneresis indicating better stability and 
gel strength. This agrees with Free-Manjarrez et al. [121], 
who reported that pectin gel strength increased from 55 to 
96 gf when the percentage of syneresis was reduced from 
4.20 to 2.71%. In contrast, LM pectin forms a gel in the 
presence of calcium ions and at a pH between 2.8 and 3.6. 
Gel formation of LM pectin was completely different from 
that of HM pectin. In LM, the gel results from an ionic 
connection between the carboxyl groups of the two pectin 
molecular chains through a calcium bridge and the joint 
action of hydrogen bonding [122]. Han et al. [123] used a 
mathematical model to demonstrate the influence of pH, 
calcium ions, sucrose, and pectin concentrations on the 
gelation of LM pectin. They revealed that the pectin gel 
was stable at a pH range of 3.5 to 5.0, and an increase in 
the concentration of calcium ions resulted in a strength-
ened gel owing to the formation of calcium bridges at the 
dissociated carboxyl groups of pectin. Furthermore, an 

increase in pectin concentration provided more hydropho-
bic interactions and crosslinking junctions between pectin 
chains, whereas an increase in sucrose content resulted in 
more hydroxyl groups stabilising the junction zones and 
promoting hydrogen bonds to immobilise free water.

Pectin can also be harnessed as a thickener in juices, 
bakery, confectionary and dairy products. The hydrophilic 
regions of pectin allow it to absorb and retain water, thereby 
increasing juice viscosity [124]. Pectin also binds to juice 
components, such as sugars and proteins, which allows the 
formation of a network that can trap water and thicken the 
juice [125]. Furthermore, pectin can work synergistically 
with other thickeners such as gelatin, locust bean gum, 
and guar gum to enhance juice stability [126]. This allows 
greater control over the texture of the juice and prevents the 
separation of solids and liquids from the juice. This reduces 
syneresis, which is the release of liquid from the gel, and 
helps maintain the desired consistency. Adjusting the con-
centration of pectin is of utmost importance, because it sig-
nificantly affects its thickening ability. For example, utilis-
ing concentrated pectin results in a viscous and stable juice, 
making it less likely to separate or become watery over time. 
According to Zhu et al. [127], there is a direct correlation 
between pectin concentration and viscosity as well as shear-
thinning resistance. They reported that increasing the pectin 
concentration from 1 to 4% of sea buckhorn high methoxyl 
pectin solution resulted in an increase in its viscosity from 
0.07 to 0.27 Pa at the shear rate of 1 s−1. This phenomenon 
occurred because a high number of pectin molecules led 
to an increase in intermolecular forces, resulting in more 
viscoelastic chain structures. Therefore, understanding the 

Fig. 11   Types of pectin a HM 
b LM adapted from Belkheiri 
et al. [56]
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relationship between pectin concentration and thickening 
properties is crucial to optimise its use in food applications.

Emulsifier and stabiliser

In low-calorie foods, pectin acts as an emulsifier by reducing 
the interfacial tension between oil and water, allowing it to 
easily mix and form a stable emulsion [116]. Emulsions are 
mixtures of two immiscible liquids, such as oil and water, 
which are held together by an emulsifier. The availability of 
hydrophilic and hydrophobic regions in pectin molecules 
allows them to interact with water and oil, and act as emulsi-
fiers. Additionally, pectin stabilises emulsions by forming a 
protective layer around oil droplets, preventing them from 
coalescing and separating from the aqueous phase [128]. 
Figure 12a shows that the pectin layer prevents the aggrega-
tion of oil droplets, whereas Fig. 12b illustrates the forma-
tion of a separate oil phase due to the absence of pectin as an 
emulsifier. Thus, pectin can act as a replacement for sugars 
or fat in food products because it mimics functionalities such 
as texture, mouthfeel, and sweetness, without adding sig-
nificant calories. In ice cream, pectin is used as a stabiliser 
to maintain the structure and firmness, prevent syneresis, 
hinder melting, and improve frozen stability [129]. Addition-
ally, the development of a functional ice cream with unique 
nutritional value, such as natural antioxidants, pigments, 
vitamins, low fat, and free from synthetic additives, is also 
possible, highlighting the versatility of pectin in conjunction 
with other ingredients [130, 131].

Structural differences in pectin significantly affect its 
emulsifying and stabilising ability in making a good qual-
ity product which is related to the degree of esterification. 
Schmidt et  al. [133] reported different monosaccharide 
composition contribute to different values of DE. From the 
analysis, they observed that apple had the highest content 
of arabinose with a value of 158.03 ± 2.79 mg/g, whereas 
carrot, onion and tomato has the highest content of galac-
tose which values of 66.95 ± 5.94 mg/g, 291.11 ± 8.57 mg/g, 
and 47.97 ± 5.03 mg/g, respectively, which the DE within 
apple, carrot, onion, and tomato samples, were reported 
to be 78.41 ± 0.83%, 63.02 ± 2.26%, 56.41 ± 0.21% and 
54.29 ± 0.32%, respectively. These values were greater than 
50%, indicating that the pectin samples had high potential 
for better emulsifying ability. This result was supported by 
Neckebroeck et al. [134], who performed a dynamic inter-
facial tension experiment and monitored the oil droplet size 
for 14 days. All samples were able to lower the interfacial 
tension and the oil droplet size remained constant, implying 
that neither coalescence nor flocculation occurred in these 
emulsions.

The pH and polarity of pectin play significant roles in 
the emulsifying and stabilising properties of pectin-based 
food products. Research conducted by Zhao et al. [135] 
demonstrated the effect of emulsifying capacity of citrus 
pectin based on acid treatment at various pH levels (1–7). 
They found that molecular size of citrus pectin aggregate 
and reduce to smaller size at pH 2–7, which improved its 
interfacial capacity and emulsifying ability. Hence, the dis-
tribution of pectin works well at the interface. The emulsions 

Fig. 12   Emulsification process with a pectin and b without pectin adapted from Jiang et al. [132]
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were found to be unstable at pH 1, owing to the electro-
static attraction caused by the partially positively charged 
citrus pectin. Crosslinking modification has been found to 
significantly affect the molecular weight and viscosity of 
pectin, which plays a critical role in enhancing its function-
alities. According to Lin et al. [136], the addition of genipin 
as a crosslinker to pectin has been reported to increase the 
molecular weight of sugar beet pectin from 582.6 ± 23.1 
to 1441.6 ± 32.7 kg/mol and viscosity from 14.12 ± 0.18 
to 23.2 ± 0.18 mPa.s, resulting in an increase in interfacial 
tension from 12.30 ± 0.38 to 14.14 ± 0.14 mN/m. Therefore, 
it is essential to select an appropriate pH range and add 
crosslinkers to maintain pectin functionality as an emulsi-
fier in food products to achieve good quality food products.

Dietary fibre

Fruits and vegetables contain pectin, which serves not only 
to maintain their structure but also to contribute to dietary 
fibre intake. Examples of fruits rich in pectin include apples, 
oranges, and carrots. Furthermore, certain whole foods, such 
as fruit by-products and yellow passionfruit peel flour, natu-
rally contain high levels of pectin. These can also function 
as sources of dietary fibre and have a positive impact on 
blood glucose levels [137–139]. Given that pectin is found 
in the cell walls of plants, consuming whole plant-based 
foods like legumes and certain grains can provide dietary 
fibre from pectin. This, in turn, aids digestion and helps 
regulate blood sugar levels in the human body. As a fibre, 
pectin increases the viscosity of digestive contents by form-
ing a gel-like substance. This makes it more difficult for the 
body to quickly break down and absorb sugars, resulting 
in a slower release of glucose into the bloodstream [140]. 
Consequently, consuming foods high in pectin can lead to 
increased feelings of fullness, better hunger control, reduced 
food intake, decreased risk of spikes that can trigger crav-
ings, and increased satiety.

Pectin offers various health benefits that extend beyond 
its utilisation in food processing. It possesses the ability to 
reduce cholesterol levels and support gut health. Being a 
dietary fibre, pectin remains undigested in the small intes-
tine and undergoes fermentation in the colon through the 
action of bacteria. This process of fermentation generates 
short-chain fatty acids (SCFAs) that exert positive effects 
on the gut microbiota, fostering a well-balanced microbial 
ecosystem and the proliferation of beneficial gut bacteria, 
notably bifidobacterial [141]. These bacteria play a critical 
role in preserving gastrointestinal health and functionality. 
By influencing the gut microbiota, pectin has the poten-
tial to enhance the functionality of the intestinal barrier, 
thereby mitigating the risk of gastrointestinal disorders and 
diabetes, while simultaneously improving digestive health. 
Moreover, pectin holds implications for allergies and body 

composition. It interacts with immune cells in the gut, rein-
forces the mucus layer, and fortifies the intestinal barrier, 
consequently restraining excessive immune reactions trig-
gered by allergens [142]. Through the reduction of aller-
gic sensitivities, pectin effectively alleviates inflammation 
within the body, subsequently curbing fat accumulation and 
contributing to an overall reduction in body composition. 
As a result, pectin is highly esteemed in the development of 
functional and health-oriented food products, such as yogurt, 
fruit gummies, and fibre supplements.

The natural fibre pectin has the potential to inhibit can-
cer development by transforming into a form that obstructs 
cancer-promoting proteins, particularly in the colon and 
breast. Emran et al. [143] demonstrate that a specific type 
of pectin known as modified citrus pectin (MCP) can impede 
the proliferation of cancer cells and possibly mitigate their 
harmful effects. This occurs because MCP enhances the 
functionality of natural killer (NK) cells and T helper cells, 
thereby bolstering the body's immune system and enabling 
more effective elimination of cancer cells. Consequently, 
MCP can effectively deter the formation of tumours within 
the human body. As a result, food manufacturers can con-
sider incorporating MCP into health bars and dietary sup-
plements, thereby targeting consumers seeking food prod-
ucts with supplementary health benefits. Moreover, MCP 
could be recommended for inclusion in bakery products and 
snacks, facilitating its consumption as part of a regular diet. 
This offers individuals a convenient means to potentially 
lower their risk of cancer through dietary choices.

Fat replacer

Phosphates are used in meat products to improve texture, 
flavour, and water retention. However, excessive phosphate 
consumption can have negative effects on human health. 
According to Sharefiabadi et al. [2], a high intake of phos-
phates is associated with various health risks, such as heart 
disease and weakened bones. Therefore, it is important to 
limit phosphate consumption for good health. As a result, 
there is a growing trend in food formulation to reduce the 
use of phosphates or find natural alternatives that can rep-
licate their effects without the associated health risks. This 
emphasizes the significance of discovering safer alternatives 
for the well-being of consumers. One potential substitute for 
phosphates is pectin. Pectin can increase the pH value and 
enhance the water retention capacity of meat products, mak-
ing them safer and healthier to consume [2, 144]. By retain-
ing more moisture during cooking, meat products become 
juicier, more tender, and more cost-effective to produce. Pec-
tin can also serve as a fat replacer in meat products, reducing 
calorie content without compromising texture or taste, which 
fat typically provides. This was demonstrated in a study by 
Mendez-Zamora et al. [145], where a combination of 15% 
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pectin and 15% inulin effectively replaced animal fat in sau-
sages, thus presenting pectin as a potential ingredient for 
creating healthier meat options without sacrificing quality. 
Similarly, mango peel pectin has been found to preserve the 
physical characteristics of meat products, including vibrant 
colour, thereby enhancing their visual appeal and desirabil-
ity to consumers [138]. Consequently, the development of 
low-calorie meat products with favourable qualities becomes 
feasible, potentially contributing to weight management and 
reducing the risks associated with high-fat diets, such as 
obesity and cardiovascular diseases.

Food packaging and preservation

Pectin, a natural biopolymer, is gaining increasing recog-
nition for its potential applications in food packaging and 
preservation due to its biodegradable nature, non-toxic prop-
erties, and exceptional film-forming ability. Films based on 
pectin can be created using various techniques such as cast-
ing, spraying, and extrusion. Casting and spraying are part of 
the wet process, which requires careful control of microbial 
contamination and the use of non-toxic solvents to ensure 
the safety and quality of the film. In the casting method, a 
liquid form of pectin is spread onto a surface and allowed to 
dry, resulting in the formation of a film. On the other hand, 
spraying involves the application of a pectin solution onto a 
surface or directly onto food products, requiring specialized 
equipment capable of finely atomizing the pectin mixture to 
ensure the formation of an even and continuous film. Addi-
tionally, extrusion is a dry process that involves pushing the 
pectin mixture through a "die" tool to shape and form films. 
Among these three methods, casting is expected to be the 
most commonly used, simple, and cost-effective method for 
film preparation, particularly on a laboratory scale. In con-
trast, spraying and extrusion are less accessible to beginners 
due to their complexity and higher costs [146].

According to Pereira et al. [147], the combination of pectin, 
water, and glycerol produces a solution that can be dried to 
create thin, flexible films suitable for food packaging. In this 
context, pectin plays a crucial role as the primary component 
of the film, providing structure and flexibility by forming a 
gel-like network when mixed with water. The presence of 
water as a solvent allows for the dissolution of pectin, ensur-
ing the even distribution of all constituents and facilitating a 
consistent film formation process. Additionally, glycerol acts 
as a plasticiser, enhancing the film's flexibility and reducing 
its brittleness by minimizing the intermolecular forces within 
the pectin structure. However, Pereira et al. [147] also included 
Salicornia ramosissima as an additional additive to improve 
various properties of the pectin-based films. These properties 
include thickness (0.25 ± 0.01 mm; control 0.18 ± 0.01 mm), 
colour parameters a* (4.96 ± 0.03; control 3.29 ± 0.16) and b* 
(28.62 ± 0.51; control 12.74 ± 0.75), water vapor permeability 

(1.62 × 10–9 ± 1.09 × 10–10 g/m.s.Pa; control 1.24 × 10–9 ± 6
.58 × 10–11 g/m.s.Pa), water solubility (50.50 ± 5.00%; con-
trol 11.56 ± 5.56%), and biodegradation capacity (90% after 
21 days in soil). As a result, the developed films demonstrate 
improved abilities to protect food by establishing a stronger 
barrier, reducing translucency, and effectively managing mois-
ture without compromising structural integrity. These charac-
teristics contribute to the preservation of food freshness, while 
the films readily decompose in the environment, making them 
an environmentally friendly choice.

Pectin-based films have the potential to extend the fresh-
ness of food by incorporating specific ingredients such as 
antimicrobial and antioxidant agents. Antimicrobials like 
tetracycline, zinc oxide, and copper sulphide have the ability 
to create an inhospitable environment for bacteria and fungi 
[148–150]. They achieve this by breaking down the cell walls 
of these microorganisms or inhibiting their growth, thereby 
preventing food spoilage. On the other hand, antioxidants such 
as malic acid, acerola, and de-esterified oligogalacturonides 
safeguard food from oxidation, a process that leads to degrada-
tion as a result of oxygen exposure [151–153]. These antioxi-
dants neutralise free radicals and prevent them from reacting 
with the food, thereby preserving its quality and freshness. 
Bhatia et al. [154] conducted a study comparing pectin-based 
films with and without the addition of an antioxidant agent. 
They observed that the inclusion of 0.2% Melissa officinalis 
(MOEO) in 1.5% pectin-based films increased the DPPH and 
ABTS radical scavenging activity from 18.56% to 59.03% 
and from 64.31% to 73.75%, respectively. This increase was 
attributed to the high phenolic content in Melissa officinalis 
(MOEO), which is known for its radical-scavenging properties 
and enhances the antioxidant capabilities of the films. Mean-
while, Ngo et al. [155] incorporated nanochitosan as an anti-
microbial agent in pectin-based films to inhibit the growth of 
harmful microorganisms such as E. coli, S. cerevisiae, A. niger, 
and C. gloeosporioides. They found that the effectiveness of 
nanochitosan in suppressing microbial growth improved with 
higher concentrations. This can be attributed to nanochitosan's 
ability to disrupt the outer layer of microbes or interfere with 
their essential functions, thereby ensuring food safety. There-
fore, the inclusion of these two agents in pectin-based films is 
vital for the development of an active food packaging system. 
This innovative approach goes beyond simple barrier proper-
ties, actively working to prolong the shelf life of food.

Challenges and future directions of pectin 
extraction

Briefly, pectin can be extracted from various fruit wastes, 
including peel, pulp, and pomace. Nevertheless, new 
sources of fruit waste may yield higher or lower pectin 
levels, necessitating ongoing research to identify suitable 
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alternatives. Each source of fruit waste may also differ in 
pectin quality and yield. Pectin extraction methods involve 
the use of conventional acids, enzymes, microwaves, ultra-
sonics, and subcritical water. Each method has its own 
advantages and disadvantages, which differ in terms of 
efficiency, yield, and quality of the extracted pectin. It is 
anticipated that in the future, researchers will delve further 
into the development of methods for pectin extraction that 
are safe, non-toxic, environmentally friendly, and efficient 
with a high yield. This may involve the use of solvents 
and techniques, such as IL and DES, which are known for 
their sustainable properties. However, several challenges 
must be addressed, including the optimal integration of 
cations and anions in ILs, as well as the appropriate com-
bination of hydrogen bond acceptors and donors in DES 
at specific molar ratios. This is because each combination 
exhibits unique properties, particularly polarities that may 
or may not be suitable for pectin extraction. It is impera-
tive to note that the safety and quality of pectin utilised in 
food products are subject to strict regulations outlined by 
esteemed organisations such as the Food and Agriculture 
Organization (FAO). Industrial pectin must adhere to these 
guidelines and contain a minimum of 65% polygalactu-
ronic acid to attain the E440 level, which is mandatory 
for authorising its use as a food additive [143, 156, 157]. 
Thorough investigation of the physicochemical properties 
of green solvents before their use as pectin extractors is 
of utmost importance for food researchers. Therefore, the 
quality of the extracted pectin can be evaluated to ensure 
that it meets the standards set by FAO.
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