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ABSTRACT

Pectins are polysaccharides composed up of small chains made of neutral hexoses and pentoses that are stretched by a
long linear segment of a-(1,4) linked d-galactopyranosyluronic acids interrupted by B-(1,2) linked I-rhamnoses. In all
dicotyledonous plants, pectin is a heterogeneous hydrocolloid that is found in the primary cell wall and middle lamella; it
is more frequently found in the outer fruit cover or peel than in the inner matrix. Currently, pectins are widely employed
as texturizing, emulsifying, stabilizing, and gelling agents in the food, pharmaceutical, and cosmetic sectors. In the
pharmaceutical field, pectin is frequently used for the manufacture of medications that treat cancer, lower blood
cholesterol, and treat gastrointestinal issues. Pectin is known to quickly break down by colonic microbes; it may be used
as a vehicle for the administration of drugs specifically intended for the colon. Formulations based on pectin have
demonstrated great potential as innovative biomaterials for the creation of prosthetic and implantable devices. Pectin is
also used in many other industries, including the production of edible coatings and films, foams, and alternatives to
paper. According to the wide range of applications for which pectin is used, it is essential to investigate novel sources of
pectin or alter those that are already available in order to acquire pectin that possesses the desired quality qualities.
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INTRODUCTION

Biopolymers are highly attractive once they are renewable and have relatively low manufacturing
expenses. These are the organic substances present in natural sources. The term "biopolymer" originates
from the Greek words "bio" and "polymer,” which represent nature and living organisms [01]. Due to
their abundance and natural availability, biopolymers are currently receiving a lot of interest in the food
and pharmaceutical industries [02, 03]. Biopolymers such as pectin, chitosan, cellulose, agarose, agar, and
alginate are currently hot study areas [04]. Biopolymers are highly relevant due to their wide range of
therapeutic applications, low manufacturing costs, and renewable nature [01]. According to their
extensive occurrence, biopolymers are classified into three types and abundances: (i) polynucleotides, (ii)
polypeptides/poly amino acids, and (iii) polysaccharides [05]. Pectin is a heteropolysaccharide present in
plant cell walls that promotes cell growth and extension [06]. Pectin comes from plants and can be used
as a bioplastic material in a variety of applications [07]. Pectin is a group of galacturonic acid-rich
polysaccharides that includes homogalacturonan, rhamnogalacturonan [, and the substituted
galacturonans rhamnogalacturonan II (RG-1I) and xylogalacturonan (XGA) [08]. It is also a naturally
occurring biopolymer, and it has been used successfully for many years in the food and beverage industry
as a thickening agent, a gelling agent, and a colloidal stabilizer. Because of its gelling characteristics,
bioadhesivity, biocompatibility, and non-toxicity properties, pectin is also a promising polymer for use in
the delivery of pharmaceuticals [09]. Additionally, pectin possesses a variety of distinctive characteristics
that make it an excellent choice for use as a matrix in the retaining and/or conveyance of different drugs,
proteins, and cells.
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Structure of pectin

As a multifunctional component of plant cell walls, pectin is a linear polysaccharide consisting of a
monomer of a-galacturonic acid. Its molecular weight is approx. 60,000-130,000 g/mol. The presence of
the free carboxyl groups in pectin gives it its acidic nature. Pectin is both polydisperse and polymolecular
(Fig.1). Pectin is exceedingly difficult to isolate because it depends on the storage, process, and source

where it comes from [10].
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Figure 1: Structure of pectin
In pectin, salt, ammonia, and potassium ions entirely or partially neutralise the carboxylic groups in
galacturonic acid, whereas methyl groups partially esterify the acidic groups. Pectin is made up of a
subdomain called rhamnogalac (Table 1). Pectin's complex structure (Figure 1) is made up of three sub-
domains: rhamnogalacturonan I (RGI), rhamnogalacturonan II (RGII), and xylogalacturonan (XG), which
are connected to the homogalacturonan (HG) skeleton [11].

Table 1: Structural composition of pectin
Amount of

Sub-domains component | Structural composition Reference
(%)
Homogalacturonan 65 Linear homopolymer of GalA partially esterified with | [12,13]
(HG) methyl esters (a1-4 bonded) at the C-6 position and acetyl
esters at the 0-2 and/or O-3 positions.
Rhamnogalacturonan | 20 -35 Repeated disaccharides composed of GalA residues and | [14, 15]
I (RGI) rhamnose (Rha); Rha residues (20% to 80%) can be

placed by neutral sugar side chains (galactose, arabinose,
xylose and apiosis).

Rhamnogalacturonan | <10 HG backbone composed of GalA (7 - 9 units) where | [08, 16]
(RGID) complex ranches made up of 12 types of monosaccharides
(including monomers such as apiose, fucose, acetic acid,
DHA or KDO) can exist.

Xylogalacturonan <10 Highly complex branched structure linked through a B- | [15]
(XG) glycosidic bond with GalA’s 0-3 in HG.

STRUCTURAL CLASSIFICATION

Degree of Methylation

Pectins can be classified according to their degree of methylation (DM), which is expressed as a
percentage based on the number of methylated carboxylic functions per 100 units of galacturonic acid in
the main chain [17].

According to their degree of methylation:

1. High-methoxyl (HM) pectin (Figure 2A) with a DM>50%, mostly present in nature as native pectin.

2. Low-methoxyl (LM) pectin (Figure 2B) with a DM of 50%.

The methoxyl content reflects the dispersibility of pectin in water and its ability to form a hydrogel.
Pectins containing low and high methoxyl content differ based on their physico-chemical characteristics,
resulting in a diversity of uses. The degree of methylation of the extracted pectin depends on the type of
plant, its age, and degree of maturation (notably for fruits) [18, 19].

Degrees of Acetylation and Amidation

The degree of amidation (DA) represents the proportion of carboxylic groups in the amide form. The
degree of acetylation (DAC) is defined as the proportion of galacturonosyl residues esterified (on the
hydroxyl group) with acetyl (Figure 1). Acetylation inhibits gel formation while increasing the stabilising
and emulsifying properties of pectins [21-22]. The presence of numerous acetyl groups on sugar beetroot
pectin gives it surfactant properties that can be exploited to stabilise emulsions [23, 24]. Amidated
pectins are formed by the interaction of pectin carboxymethyl groups (-COOCH3) with ammonia [25, 26].
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The degree of amidation (DA) represents the proportion of carboxylic groups in the amide form. [t mostly
addresses weakly low-methoxy amidated pectin (LMAP). It also boosts pectin's water solubility. [26].
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Figure 2: Partially methylated galacturonans. (A) Low-methoxyl and (B) high-methoxyl pectin
structure [20].

Sources of pectin

Pectin is a polysaccharide combination that makes up roughly one-third of higher plants' dry cell wall
material. The cell walls of grasses contain far fewer of these compounds. The middle lamella of the cell
wall contains the largest quantities of pectin, which gradually decreases as one proceeds through the
main wall towards the plasma membrane [27]. Although pectin is found in many plant tissues, there are
only a few sources that can be used to produce pectin for commercialisation. Since the degree of
esterification (DE) and molecular size influence pectins' ability to form gel, pectins obtained from
different sources have different gelling properties. due to variations in these parameters. Therefore,
detection of a large quantity of pectin in a fruit alone is not in itself enough to qualify that fruit as a source
of commercial pectin [28] (Table 2). Currently, citrus peel and apple pomace are the primary sources of
commercial pectins.

Table 2: Different sources of pectin

Source % yield Reference
Lime peel 23-26 [29]
Orange peel 24 -28 [30]
Pomelo peel 23.19 [31]
Mandarin 21.95 [32]
Grapefruit 27.3-33.6 [33]
Apple pomace 4.2-19.8 [34]
Sugar beet pulp 7.1-24 [35]
Banana peel 2-9 [36]
Chicory 12.2 [37]
Cubiu fruit 14.2 [37]
Eggplant peel waste 26.1 [37]
Citron peel 13.4-37.52 [38]
Beet pulp 20 -24.87 [37]
Watermelon rinds 19.3 [37]
Papaya peel 16 [37]
Ponkan peel 25.6 [37]
Potato pulp 14.34 [37]
Tomato 7.55-32.6 [39]
Watermelon peel 2.1-28 [40]
Passion fruit 10-14.8 [36]
Mango peel residues 1.36-20.9 [41]

Properties of pectin
Pectins are soluble in water, but they become insoluble in aqueous solutions where they would gel at that
same temperature [42]. Monovalent cation (alkali metal) salts of pectinic and pectic acids are usually
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soluble in water; di- and trivalent cation salts are weakly soluble or insoluble. Although pectin solutions
are not used as thickening agents, they exhibit the pseudoplastic, non-Newtonian behaviour found in
most polysaccharides. The viscosity of a pectin solution, like its solubility, is affected by the preparation's
molecular weight, DE, and concentration, as well as the pH and presence of counterions in the solution.
These physical features are determined by the structure of pectins, which are linear polyanions
(polycarboxylate). As a result, the monovalent cation salts of pectins become strongly ionised in solution.
Coulombic repulsion causes the distribution of ionic charges along the molecule to remain stretched.
When exposed to water, powdered dry pectin clumps together. The clumps are made up of partially dried
pectin packets encased in a moist outer envelope. It has been established that clump formation can be
avoided by increasing the dispersibility of pectin during manufacture by using a specific treatment or by
integrating dry pectin with water-soluble carrier material [43].

Extraction techniques of pectin

The extraction of pectin from natural sources is time-consuming and difficult. Extraction of pectin is
dictated by mass transfer into the extraction solvents, therefore the suitability of the extraction process
can be determined by both the yield of extracted pectin and the quality of the extracted material [44].
Pectin can be extracted from natural sources using a variety of techniques, including standard heat
extraction and novel approaches that include ultrasound, microwaves, and enzymes. Extraction
parameters such as particle size, pH, temperature, extraction duration, and solvent type all have a
significant impact on pectin yield [45] and drying processes [46]. The particle size of the raw material
affects the pectin yield, as in small particles of substrate, more protopectin is available as compared to
large particles [47].

Conventional extraction

The two primary steps of the conventional approach are the application of acids to hydrolyze proto-
pectin into pectin, later precipitated by ethanol. Pectin extraction takes several hours to obtain a good
yield using boiling water [48, 49]. During the extended heating process, low-quality pectins are produced
as a result of the beta-elimination and debranching thermal degradation of pectins. Therefore, pectin is
extracted in acidic (pH 1.5-3) aqueous medium between 75°C and 100°C for 1-3hours with constant
stirring. Acid-base extraction comes under liquid-liquid extraction, which separates biomolecules
depending on their acid-base proper ties [50]. In pectin extraction, the use of mineral acids has been
linked to higher expenses and environmental problems. The developing concepts of "green chemistry”
and "green technology" are currently centred on organic acids, notably acetic and citric acids. Organic
acids have poorer hydrolysis powers than mineral acids. Sulphuric acid, hydrochloric acid, and nitric acid
are among the most commonly utilised inorganic acids for pectin extraction. The quantity and quality of
extracted pectin are affected by a number of parameters, including extraction temperature, solid-liquid
ratio, pH, particle size, and extraction time. Pectin is extracted in an acidic aqueous medium and
separated from other components using alcohol precipitation after pretreatments including washing with
water, blanching with hot water to deactivate enzymes, drying, and grinding to maximise the exchange
surface (Table 3). After filtering the resultant coagulate to make the extract more transparent, it is
cleaned, vacuum-dried, and then crushed into a fine powder.

Table 3: Pectin extraction by using conventional extraction technique

Pectin sources Extraction conditions Yield (%) | Reference
Solvents | Temperature | pH
Grapefruit peel | HCI 80°C 1.5 23.50 [52]
Passionfruit HCI 98.7°C 2 14.8 [53]
Beet pulp HCI 80°C 1 20.0 [54]
Citron peels CesHsO7 950C 1.5 28.31 [55]
Pomelo peels HNOs 90°C 2 23.19 [56]
Papaya peel HCI 80°C 2.0 16 [57]
Potato pulp CesHsO7 90°C 2.04 14.34 [12]
Carrot pomace | - 90°C 1.3 15.2 [58]
Lime peel HCI 950C - 15.91 [59]
Ponkan peel HNOs - 1.6 25.6 [60]
Chicory - 80°C 1.5 12.2 [61]
Sugar beet pulp | - 80°C 1.5 7.1 [61]
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Non-conventional extraction

Common acidic extraction techniques result in poor yield and a significant environmental effect due to
their corrosive nature, longer processing times, and temperature. There are several green methods of
pectin extraction, including deep eutectic solvent-based, enzyme-based, microwave, ultrasonic, ohmic,
and subcritical water-based techniques.

Microwave-assisted extraction (MAE)

Microwave (MW) is an electromagnetic wave made up of two oscillating perpendicular fields: electric and
magnetic fields [62]. MAE is a fast extraction process that produces heat energy in the solvent by
electromagnetically radiating the sample at microwave frequencies. Particle movement is caused by an
electric field generated by the electrophoretic transfer of ions and electrons, which is activated by
microwave radiation; dipole rotation is caused by the alternating displacement of polar molecules [63].
Microwave radiation improves extraction efficiency as compared to conventional heating processes [64].
MWs have frequencies ranging from 300 MHz to 300 GHz on the electromagnetic spectrum. This
frequency produces a disorganised rotation of the polar molecules in a MW-irradiated matrix and/or
solvent, resulting in heat. However, heat is generated only in the event that the material undergoes
dielectric losses or significant absorption of energy. Hence, the absorbed energy is obtained from the
expression for dissipation factor (d):

tan& = ¥/ &Y

Where, ¢* and ¢V is the real (dielectric constant) and complex (dielectric loss factor) part of dielectric
permittivity, (e*=ex - je¥), respectively. Whereas ¢* is the ability of an irradiated molecule to become
polarized by the electric field, € is an indication of the efficiency of transformation of electromagnetic
energy into heat. In microwave heating, energy is transferred through two mechanisms: dipole rotation,
which involves the reversal of dipoles in polar molecules, and ionic conduction, which involves the
displacement of charged ions in the solvent. During acid extraction, pectin depolymerisation can be
restricted by MAE [65]. The effects of microwave radiation on the cell wall matrix cause the parenchymal
cells to be severed, which greatly exposes the skin tissues (Table 4). Therefore, the permeation of the
extracting solvent is increased [66], and extraction efficiency could be increased by increasing microwave
power [17, 44].

Table 4: Pectin extraction by using microwave-assisted extraction technique

Pectin sources Extraction conditions Yield (%) | Reference
Solvents Temperature | pH
Apple pomace HCI - 1.01 | 15.75 [67]
Dragon fruit CesHs07 750C 2.9 17.01 [68]
Jackfruit rinds Dist. H20 - - 17.63 [69]
Lime peel HCI 23.32 [59]
Banana peel HCI - 3.0 2.18 [70]
Pumpkin HCl 80°C 1.0 | 113 [71]
Watermelon peel | H2S04 - 1.5 19.6 [72]
Pomelo peel NaOH - - 24.2 [21]
Grapefruit HCI - - 27.81 [66]
Sour orange peel | CsHsO7 - 1.50 | 2838 [73]

Enzyme-assisted extraction (EAE)

Enzyme-assisted extraction is the process of releasing pectin by breaking down the cell wall matrix.
Enzymes used in enzyme-assisted extraction include cellulase, hemicellulase, xylanase, pectinase, a-
amylase, -glucanase, and endo-polygalacturonase, among others [74] (Table 5). Plant cell walls are made
up of a complicated web of various polysaccharides, including pectin. Enzymatic pectin extraction
employs cell wall degrading enzymes with low pectinolytic activity to hydrolyse non-pectin plant cell wall
components [75, 76]. In terms of pectin yield, enzymatic extraction is more efficient and environmentally
friendly. It depends on the enzyme concentration, reaction temperature, time, particle size of the plant
material, and the kind of enzyme [77].
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Table 5: Pectin extraction by using enzyme-assisted extraction technique

Pectin sources Extraction conditions Yield Reference
Solvents ET Temperature (%)
Citrate
Beetroot buffer Cellulase 300C - [78]
Citrate
Butternut squash buffer Cellulase - - [78]
Green tea leaf HCl Viscozyme 300C 8.5 [79]
Chicory root HCl Cellulase- 300C - [80]
protease
Sodium
Lime peel acetate ValidaseTRL 300C 26.3 [80]
buffer

Ultrasound-assisted extraction (UAE)

Ultrasounds (Us) are widely employed in the food industry because of their chemical and/or physical
properties. Without getting into too much detail, Us has many potential applications in the food business,
including extraction emulsification, filtering, cutting, and food preservation [81]. Ultrasound, which
typically ranges between 20 and 40 kHz, is used to extract pectin. [82, 83]. Despite electromagnetic
waves, they must travel through a medium (solid, liquid, or gas) via a series of expansions that separate
molecules. and compression cycles (which forces them together) [84]. When compared to traditional
procedures (hydrolysis in an acidic solution), ultrasonic-assisted extraction reduces extraction time while
increasing yield. Sound waves travel through a liquid medium, compressing and expanding [85].
Significant advantages of U-assisted extraction include shorter extraction times, smaller equipment, lower
energy usage, and higher extraction yields, as well as being more ecologically benign than the standard
approach [51] (see Table 6). Investigations into the efficacy of UAE for pectin extraction appear to be
increasing, most likely due to a greater understanding of ultrasound technology. In comparing three
distinct extraction procedures (CHE, MAE, and UAE) extracting pectin from grapefruit peels, they
discovered that intermittent sonication in a water bath rather than continuous sonication offered greater
yields [66].

Table 6: Pectin extraction by using ultrasound-assisted extraction technique

Pectin sources Extraction conditions Yield (%) | Reference
Solvents Temperature | pH

Apple peel HCI 63°C 2.36 | 893 [86]
Passionfruit peel | HNO3 850C 2.0 12.67 [87]
Eggplant peel CesHsO7 - 1.5 33.64 [88]
Grapefruit peel HCI 66.7°C 1.5 27.46 [52]
Pomegranate Citrate

peel buffer i > 24.8 [89]
Prickly pear HCI 700C 1.5 18.14 [90]

Subcritical water extraction (SWE)

Subcritical water extraction (SWE) is the most popular green and eco-friendly process employed to
extract natural resources. Subcritical water is water maintained in the liquid state at temperatures
between 100 °C and 374 °C under pressure. In this state, the dielectric constant and polarity of water can
be changed [91]. As water is nontoxic, inexpensive, readily available, and can be easily disposed of, using
subcritical water for extraction can be both cost-effective and environmentally friendly. Most of the SWE
studies on pectin have used extraction pressures and extraction liquid-solid ratios (LSRs) in the range of
20-180 bar and 10-70 mL/g, respectively [92]. The subcritical water can facilitate the extraction of
pectin from the plant residues. But also degradation of pectin occurs when the extraction temperature is
over a certain temperature threshold and this threshold depends on the composition of the pectin found
in the raw materials. Undesirable Maillard reactions may also take place at high temperatures, leading to
the browning of the pectin [93]. In the subcritical water extraction process, factors other than
temperature that are significant are the extraction time and the liquid/solid (L/S) ratio. Pectin extracted
from sugar beet pulp in a subcritical extraction system with ultrasonic treatment yielded 29.1%, which
was comparable or even higher than results produced by the conventional method [94].
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CHARACTERIZATION OF PECTIN

The characterization of pectin is important for its diverse applications as a gelling agent, thickener, and
stabilizer in various products. By analyzing its physicochemical properties, we can optimize texture and
consistency, ensuring high-quality outputs. Additionally, pectin offers health benefits, including digestion
and lowering cholesterol, making its characterization crucial for developing functional foods. Quality
control is enhanced through detailed analysis, enabling consistency in pectin extraction and application.
Methods such as calculating pectin yield, measuring moisture and ash content at 5500C at 6 hours [95],
and assessing alkalinity of ash by titration, methoxyl content, and galacturonic acid content using
sulfamate/m-hydroxydiphenyl method developed by Cozzi et al., 1991 [96] and Melton et al., 2001 [97].
These all contribute to a better understanding of pectin's characteristics. Color analysis, molecular weight
assessment, solubility tests, FT-IR analysis [41], thermal analysis using differential scanning calorimetry,
and rheological assessments also enhance the characterization process. Apparent viscosity is determined
through a controlled pectin solution, revealing its flow behavior under various conditions. Thorough
characterization of pectin maximizes its utility across industries while ensuring safety and efficacy.
BIOACTIVITIES

The pharmaceutical and medical industries can also use pectin as an inventive alternative as the
beneficial characteristics and bioactivities of pectin indicate potential for biomedical applications such as
drug delivery, tissue engineering, and wound healing.

Anticancer activity

Recently, pectin from various resources and its derivatives have been proven to have antiproliferative
effects on various cancer cell lines, such as colon cancer, prostate cancer, breast cancer, and pancreatic
cancer [98]. Modified pectins effectively reduce the occurrence and spread of malignant tumors (such as
colon and breast cancers) and are promising anti-metastatic agents. Gal-3 (Galectin-3) is a lectin that
interacts with cells, and its high expression promotes the proliferation, adhesion, and invasion of tumor
cells as well as tumor angiogenesis [99]. Pectin was pretreated by alkali and found that increasing content
of RG-I could significantly increase pectin bioactivity, and yet the DE seemed to present a slight influence
on anti-cancer activity [100]. The modified pectins exhibit a significant decrease in MW and DE as well as
an enormous rise in solubility as compared to natural pectin.

Anti-inflammatory activity

Inflammation is thought to be a normal bodily response to injury or infection that aids in the healing of
neurological disorders, cancer, metabolic diseases, and cardiovascular disease, and reducing chronic
inflammation is a primary strategy for preventing these diseases [101]. It is a defence mechanism in
which the immune system releases chemicals to combat infection and damaged tissue. Inflammation can
be either acute, subacute, or chronic. Polysaccharides found in plant cell walls improve the efficacy of
treating inflammatory conditions. Inflammation pathology is a complex process caused by microbial
pathogens such as viruses, bacteria, prion proteins, and fungi [102, 103]. Lipopolysaccharides (LPS) can
excite macrophages, however they are primarily employed as an inflammatory model.The LPS-induced
RAW 264.7 (cell lines mouse macrophages) is usually utilized as the anti-inflammation model detecting in
vitro [104]. Starfruit (Averrhoa carambola 1..) contains a water-extractable polysaccharide that has been
shown to possess antinociceptive and anti-inflammatory properties in a formalin model, also it has
potential health advantages, and may be useful in therapeutic intervention for the management of
inflammatory pain. The polysaccharides from S. fruticosa (SFP) can be a new source of an analgesic and
anti-inflammatory agent or antioxidant with promising merits for healthy nutrition and therapy [105].
According to study, the anti-inflammatory activity of citrus pectin shows in vivo after oral administration
in mice [106].

Immunoregulatory activity

Immunomodulators are natural or manufactured compounds that regulate the immune system [107].
They can elicit immunomodulatory activities by modifying or affecting immune cell systems, resulting in
the desired immunological response. They are classified as immunostimulants or immunosuppressives
based on their mode of action [108]. Immunomodulators are extracted from animal and plant tissues by
biosynthetic, chemical synthesis, and genetic engineering approaches (Fig. 3). Pectin is a critical factor in
determining the immunosuppressive activity. More than 80% of pectin contains galacturonic acid
residues, which inhibit macrophage activity and delayed-type hypersensitivity. Significantly, the
branching area of pectin activates phagocytosis while simultaneously increasing antibody synthesis
[109]. The degree of methyl esterification and extent of polymerization influence the immunomodulatory
activities of pectin, and these factors can be considered while utilizing it to enhance the immune status
[110].
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Anticoagulant activity

Pectin possesses anticoagulant activity, which is determined by the number of sulphate groups in the
pectin macromolecules (Fig. 3). Pectin sulphate and its derivatives have been investigated as an
alternative to heparin in biological applications. Multiple investigations have shown that the structure,
degree of sulphate substitution, and molecular weight of sulfated pectin all influence its anticoagulant
activity [111]. Sulfated pectins with identical structures but bigger MW demonstrate a higher anti-
coagulant efficacy in an in vivo assay [112].

Hypoglycemic activity

Pectin has the potential to improve diabetes problems by lowering oxidative stress, encouraging healthy
gut flora, and slowing carbohydrate decomposition. These processes reduce postprandial blood glucose
levels and increase glucose tolerance, lowering the development of AGEs [113]. Pectin can alter starch
digestibility in vitro by increasing the viscosity of digesta and decreasing amylase activity through
intermolecular interactions [114].

Reduction of LDL
Anticancer agent * Glycemic control
Anticoagulant activity w P 4 Binding agent
Immunoregulatory effect <« =P Encapsulating agent
Anti-inflammatory effect &» A\ Antioxidant activity
¥ X

Antihyperlipidemic activity * Stabilizer
Carrier in drug delivery system

Figure 3: Pharmacological activity of pectin

CONCLUSION

Pectin is widely used as a food additive, nutritive, thickener, emulsifier, and stabilizer in a variety of food,
pharmaceutical and cosmetic industries. Its use as a fat and sugar substitute with a rising need for low-
calorie foods is expected in the future. Although its presence in an abundance of plant species, pectin
offers limited commercial sources. Therefore, in order to obtain pectin of the desired quality at tributes, it
is essential to explore alternative sources of pectin or modify those that are currently available. Current
trends highlight significant advancements in the extraction, characterization, and bioactivities of pectin.
Pectin is currently more accessible for industrial uses through modern methods like enzymatic and
microwave-assisted extraction which enhanced its yield and efficiency. Extensive characterization
techniques like spectroscopy and chromatography have improved comprehension of the molecular
makeup and functional characteristics of pectin. Bioactivities of pectin, specifically its anti-inflammatory,
anti-cancer, anti-microbial, and antioxidant qualities have provided novel possibilities for its utilization in
the health and wellness domain. Additionally, pectin is potentially an eco-friendly and sustainable
substitute for synthetic polymers that fits in with the rising demand. Despite these developments, there
continue to be difficulties with scaling up manufacturing methods, improving the consistency of
bioactivity assessments, and optimizing extraction techniques. Future research should focus on
addressing these issues as well as investigating new and innovative applications of pectin in the domains
of drug delivery and environmental sustainability.

ABR Vol 16 [5] September 2025 149|Page © 2025 Author



ACKNOWLEDGEMENT
We would like to acknowledge Department of Pharmaceutical Technology, Brainware University for
inspiring this review article.

AUTHOR CONTRIBUTION
Both the authors have equally contributed in writing this review.

REFERENCES

1.

2.

3.

®

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

Baranwal ], Barse B, Fais A, Delogu GL, Kumar A (2022). Biopolymer: A Sustainable Material for Food and
Medical Applications, Polymers. 14, 983. https://doi.org/10.3390/polym14050983

Gomes LP, Paschoalin VMF, Aguila EMD (2017). Chitosan nanoparticles: production, physicochemical
characteristics and nutraceutical applications, Rev. Virtual Quim. 9 (1) 387-409.

Setiowati AD, Rwigamba A, Van der Meeren P (2019). The influence of degree of methoxylation on the
emulsifying and heat stabilizing activity of whey protein-pectin conjugates. Food Hydrocoll. 96, 54-64.

Taylor P, Ghai K, Gupta AK, Gupta PK (2015). Pectin: A Versatile Biopolymer with Numerous Health Benefits and
Medical Uses. Journal of Biologically Active Products from Nature 2(4) 37-41.

Augustine R, Rajendran R, Cvelbar U, Mozetic M, George A (2013). Biopolymers for health, food, and cosmetic
applications. Handb. Biopolym. Mater. From Blends Compos. to Gels Complex Networks 801-849.

Sharma K, Porat Z, Gedanken A (2021). Designing natural polymer-based capsules and spheres for biomedical
applications—a review. Polymers. 13 (24) 1-41.

Wankhade V (2020). Animal-Derived Biopolymers in Food and Biomedical Technology. Elsevier. pp. 139-152.
Mohnen D (2008). Pectin structure and biosynthesis. Curr. Opin. Plant Biol. 11, 266-277.

Nguyen S, Alund SJ, Hiorth M, Kjgniksen AL, Smistad G (2011). Studies on pectin coating of liposomes for drug
delivery. Colloids and Surfaces B: Biointerfaces. 88 664- 673.

Srivastava P, Malviya R (2011). Sources of pectin, extraction and its applications in pharmaceutical industry- An
overview. Indian Journal of Natural Products and Resources. 2(1):10-18

Ma X, Chen W, Yan T, Wang D, Hou F, Miao S, Liu D (2020). Comparison of citrus pectin and apple pectin in
conjugation with soy protein isolate (SPI) under controlled dry-heating conditions. Food Chem. 309, 125501.
Yang JS, Mu TH, Ma MM (2018). Extraction, structure, and emulsifying properties of pectin from potato pulp.
Food Chem. 244, 197-205.

Wicker L, Kim Y, Kim M], Thirkield B, Lin Z, Jung ] (2014). Pectin as a bioactive polysaccharide extracting tailored
function from less. Food Hydrocoll. 42, 251-259.

Ngouemazong ED, Christiaens S, Shpigelman A, Loey AV, Hendrickx M (2015). The emulsifying and emulsion-
stabilizing properties of pectin: A review. Compr. Rev. Food Sci. Food Saf. 14, 705-718.

Maxwell EG, Belshaw NJ, Waldron KW, Morris V] (2012). Pectin an emerging new bioactive food polysaccharide.
Trends Food Sci. Technol. 24, 64-73.

Wang D, Yeats TH, Uluisik S, Rose JKC, Seymour GB (2018). Fruit softening: Revisiting the role of pectin. Trends
Plant Sci. 23, 302-310.

Maric M, Grassino AN, Zhu Z, Barba F], Brncic M, Brncic SR (2018). An overview of the traditional and innovative
approaches for pectin extraction from plant food wastes and by-products: Ultrasound-, microwaves-, and
enzyme-assisted extraction. Trends Food Sci. Technol. 76, 28-37.

Rosenbohm C, Lundt I, Christensen TI, Young NG (2003). Chemically methylated and reduced pectins:
Preparation, characterisation by 1HNMRspectroscopy, enzymatic degradation, and gelling properties. Carbohydr.
Res. 338, 637-649.

May CD (1990). Industrial pectins: Sources, production and applications. Carbohydr. Polym. 12, 79-99.

Williams PA (2011). Renewable Resources for Functional Polymers and Biomaterials: Polysaccharides, Proteins
and Polyesters. The Royal Society of Chemistry. https://doi.org/10.1039/9781849733519

Wandee Y, Uttapap D, Mischnick P (2019). Yield and structural composition of pomelo peel pectins extracted
under acidic and alkaline conditions. Food Hydrocoll. 87, 237-244.

Stephen AM (1995). Food Polysaccharides and Their Applications; CRC Press: Florida, FL, USA, 67: 752.

Garti N, Leser ME (2001). Emulsification properties of hydrocolloids. Polym. Adv. Technol. 12, 123-135.

Phillips GO, Williams PA (2009). Handbook of Hydrocolloids; Elsevier. 30.

Merino LM, Lau K, Dickinson E (2004). Effects of low-methoxyl amidated pectin and ionic calcium on rheology
and microstruc ture of acid-induced sodium caseinate gels. Food Hydrocoll. 18, 271-281.

Chen ], Niu X, Dai T, Hua H, Feng S, Liu C, McClements D], Liang R (2020). Amino acid-amidated pectin:
Preparation and characterization. Food Chem. 309, 125768.

Kertesz ZI (1951). The Pectic Substances. New York Interscience, 41, 648.

Thakur BR (1997). Chemistry and uses of pectin - A review. Crit Rev Food Sci Nutr, 37, 47-73.

Munarin F, Tanzi MC, Petrini P (2012). Advances in biomedical applications of pectin gels. International journal
of biological macromolecules. 51:681-689. DOI: 10.1016/].I]BIOMAC.2012.07.002

Smith DA (2003). Jams and preserves. Methods of manufacture. In: Caballero B. Elsevier. pp. 3409-3415. DOI:
10.1016/B0-12-227055-X/00660-X.

ABR Vol 16 [5] September 2025 150|Page © 2025 Author


https://doi.org/10.3390/polym14050983
https://doi.org/10.1039/9781849733519

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Cui SW, Chang YH (2014). Emulsifying and structural properties of pectin enzymatically extracted from
pumpkin. LWT - Food Science and Technology. 58:396-403. DOI: 10.1016/].LWT.2014.04.012

Vincken JP, Schols HA, Oomen RJFJ (2003). If Homogalacturonan were a side chain of Rhamnogalacturonan 1.
implications for Cell Wall architecture. Plant Physiology. 132:1781-1789. DOI: 10.1104/PP.103.022350

Ke ], Jiang G, Shen G (2020). Optimization, characterization and rheological behavior study of pectin extracted
from chayote (Sechium edule) using ultrasound assisted method. International Journal of Biological
Macromolecules. 147:688-698. DOI: 10.1016/j.ijbiomac.2020.01.055

Su DL, Li PJ, Quek SY (2019). Efficient extraction and characterization of pectin from orange peel by a combined
surfactant and microwave assisted process. Food Chemistry. 286:1-7. DOI: 10.1016/].FOODCHEM.2019.01.200.
Bayar N, Friji M, Kammoun R (2018). Optimization of enzymatic extraction of pectin from Opuntia ficus indica
cladodes after mucilage removal. Food Chemistry. 241:127-134. DOI: 10.1016/j.foodchem.2017.08.051
Millan-Linares MC, Paz SM, Martin ME (2021). Pectins and Olive Pectins: From Biotechnology to Human Health.
Biology. 10, 860.

Belkheiri A, Forouhar A, Ursu AV, Dubessay P, Pierre G, Delattre C, Djelveh G, Abdelkafi S, Hamdami N, Michaud P
(2021). Extraction, Characterization, and Applications of Pectins from Plant By-Products. Appl Sci. 11, 6596.
Rivera SV, Pool IEH, Talavera TA, Jimenez MAL, Cruz UG, Bernardino JCC, Uc JMC, Pacheco N (2021). Kinetic,
Thermodynamic, Physicochemical, and Economical Characterization of Pectin from Mangifera indica L. cv. Haden
Residues. Foods. 10, 2093.

Hu W, Fries AC, DeMarcus LS, Thervil JW, Kwaah B, Brown KN, Sjoberg PA, Robbins AS (2022) Circulating Trends
of Influenza and Other Seasonal Respiratory Viruses among the US Department of Defense Personnel in the
United States: Impact of the COVID-19 Pandemic, Int. J. Environ. Res. Public Health 2022,19(10),
5942; https://doi.org/10.3390/ijerph19105942

Mendez DA, Fabra M], Mascaraque LG, Rubio AL, Abad AM (2021). Modelling the Extraction of Pectin towards the
Valorisation of Watermelon Rind Waste. Foods 10, 738.

Wang M, Huang B, Fan C, Zhao K, Hu H, Xu X, Pan S, Liu F (2016). Characterization and functional properties of
mango peel pectin extracted by ultrasound assisted citric acid. Int. J. Biol. Macromol. 91, 794-803.

Zhou M, Bi]J, Chen ], Wang R, Richel A (2021). Impact of pectin characteristics on lipid digestion under simulated
gastrointestinal conditions: Comparison of water-soluble pectins extracted from different sources. Food
Hydrocolloids. 112, 106-350.

Sriamornsak P (2003). Chemistry of pectin and its pharmaceutical uses: A review. Silpakorn University
International Journal. 3: 206-228.

Allain MCN, Ramasawmy B, Emmambux MN (2020). Extraction, Characterisation, and Application of Pectin from
Tropical and Sub Tropical Fruits: A Review. Food Reviews International. DOI: 10.1080/87559129.2020.1733008.
Yeoh S, Zhang S, Shi ], Langrish TAG (2008). A Comparison of Different Techniques for Water-based Extraction of
Pectin from Orange peels. Chem. Eng. Commun. 195:511-520. doi: 10.1080/00986440701707479.

Monsoor MA (2005). Effect of drying methods on the functional properties of soy hull pectin. Carbohydr.
Polym. 61:362-367. doi: 10.1016/j.carbpol.2005.06.0009.

Ma'Y, Luo ], Xu Y (2019). Co-Preparation of Pectin and Cellulose from Apple Pomace by a Sequential Process. J.
Food Sci. Technol. 56:4091. doi: 10.1007/s13197-019-03877-5.

Li DQ, Jia X, Wei Z, Liu ZY (2012). Box-Behnken experimental design for investigation of microwave-assisted
extracted sugar beet pulp pectin. Carbohydr. Polym. 88, 342-346.

Mao G, Wu D, Wei C, Tao W, Ye X, Linhardt R], Orfila C, Chen S (2019). Reconsidering conventional and innovative
methods for pectin extraction from fruit and vegetable waste: Targeting rhamnogalacturonan I. Trends Food Sci.
Technol. 94, 65-78.

Riyamol, Chengaiyan ]G, Rana SS, Ahmad F, Haque S, Capanoglu E (2023). Recent Advances in the Extraction of
Pectin from Various Sources and Industrial Applications. ACS Omega 8, 46309 - 46324, https://doi.org/
10.1021/acsomega.3c04010.

Freitas C, Sousa R, Dias M, Coimbra ] (2020). Extraction of Pectin from Passion Fruit Peel. Food Eng. Rev. 12, 460-
472.

Wang W, Ma X, Xu Y, Cao Y, Jiang Z, Ding T, Ye X, Liu D (2015). Ultrasound-assisted heating extraction of pectin
from grapefruit peel: Optimization and comparison with the conventional method. Food Chem. 178, 106-114.
Kulkarni S, Vijayanand P (2010). Effect of extraction conditions on the quality characteristics of pectin from
passion fruit peel (Passiflora edulis f. flavicarpa L.). LWT-Food Sci. Technol. 43, 1026-1031.

Mesbahi G, Jamalian ], Farahnaky A (2005). A comparative study on functional properties of beet and citrus
pectins in food systems. Food Hydrocoll. 19, 731-738.

Pasandide B, Khodaiyan F, Mousavi Z, Hosseini SS (2018). Pectin extraction from citron peel: Optimization by
Box-Behnken response surface design. Food Sci. Biotechnol. 27,997-1005.

Methacanon P, Krongsin ], Gamonpilas C (2014). Pomelo (Citrus maxima) pectin: Effects of extraction parameters
and its properties. Food Hydrocoll. 35,383-391.

Altaf U, Immanuel G, Iftikhar F (2015). Extraction and characterization of pectin derived from papaya (Carica
papaya Linn.) peel. Int. J. Sci. Eng. Technol. 3,970-974.

Jafari F, Khodaiyan F, Kiani H, Hosseini SS (2017). Pectin from carrot pomace: Optimization of extraction and
physicochemical properties. Carbohydr. Polym. 157, 1315-1322.

ABR Vol 16 [5] September 2025 151|Page © 2025 Author


https://doi.org/10.3390/ijerph19105942
https://doi.org/

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Rodsamran P, Sothornvit R (2019). Microwave heating extraction of pectin from lime peel: Characterization and
properties compared with the conventional heating method. Food Chem. 278, 364-372.

Colodel C, de Oliveira Petkowicz CL (2019). Acid extraction and physicochemical characterization of pectin from
cubiu (Solanum sessiliflorum D.) fruit peel. Food Hydrocoll. 86, 193-200.

Pi F, Liu Z, Guo X, Guo X, Meng H (2019). Chicory root pulp pectin as an emulsifier as compared to sugar beet
pectin. Part 1: Influence of structure, concentration, counterion concentration. Food Hydrocoll. 89, 792-801.
Routray W, Orsat V (2012). Microwave-assisted extraction of flavonoids: A review. Food Bioprocess Technol. 5,
409-424.

Hu W, Zhao Y, Yang Y, Zhang H, Ding C, Hu C, Zhou L, Zhang Z, Yuan S, Chen Y (2019). Microwave-assisted
extraction, physicochemical characterization and bioactivity of polysaccharides from Camptotheca acuminata
fruits. Int. ]. Biol. Macromol. 133, 127-136.

Fishman ML, Chau HK, Hoagland PD, Hotchkiss AT (2006). Microwave-assisted extraction of lime pectin. Food
Hydrocoll. 20, 1170-1177.

Fishman ML, Chau HK, Hoagland P, Ayyad K (1999). Characterization of pectin, flash-extracted from orange
albedo by microwave heating, under pressure. Carbohydr. Res. 323, 126-138.

Bagherian H, Ashtiani FZ, Fouladitajar A, Mohtashamy M (2011). Comparisons between conventional,
microwave-and ultrasound-assisted methods for extraction of pectin from grapefruit. Chem. Eng. Process.
Process. Intensif. 50, 1237-1243.

Wang S, Chen F, Wu ], Wang Z, Liao X, Hu X (2007). Optimization of pectin extraction assisted by microwave from
apple pomace using response surface methodology. J. Food Eng. 78, 693-700.

Dao TAT, Webb HK, Malherbe F (2021). Optimization of pectin extraction from fruit peels by response surface
method: Conventional versus microwave-assisted heating. Food Hydrocoll. 113, 106475.

Koh P, Leong C, Noranizan M (2014). Microwave-assisted extraction of pectin from jackfruit rinds using different
power levels. Int. Food Res. J. 21, 2091.

Swamy GJ], Muthukumarappan K (2017). Optimization of continuous and intermittent microwave extraction of
pectin from banana peels. Food Chem. 220, 108-114.

Yoo SH, Lee BH, Lee H, Lee S, Bae 1Y, Lee HG, Fishman ML, Chau HK, Savary BJ, Hotchkiss AT Jr (2012). Structural
characteristics of pumpkin pectin extracted by microwave heating. J. Food Sci. 77,C1169-C1173.

Jiang LN, Shang ]], He LB, Dan JM (2012). Comparisons of microwave-assisted and conventional heating
extraction of pectin from seed watermelon peel. Adv. Mater. Res. 550-553, 1801-1806. doi:
10.4028/www.scientific.net/amr.550-553.1801

Hosseini SS, Khodaiyan F, Yarmand MS (2016). Optimization of microwave assisted extraction of pectin from
sour orange peel and its physicochemical properties. Carbohydr. Polym. 140, 59-65.

Yuliarti O, Merino LM, Kelvin KT, Goh Mawson JA, Charles SB (2011). Effect of celluclast 1.5 L on the
physicochemical characterization of gold kiwifruit pectin. International Journal of Molecular Sciences. pp: 6407-
6417.

Puri M, Sharma D, Barrow C] (2012). Enzyme-assisted extraction of bio actives from plants. Trends in
Biotechnology. 30: 37-44.

Fissore EN, Ponce NM, Wider EA, Stortz CA, Gerschenson LN (2009). Commercial cell wall hydrolytic enzymes for
producing pectin enriched products from butternut (Cucurbita moschata, Duchesne ex Poiret). Journal Food
Engineering. 93: 293-301.

Poojary MM, Orlien V, Passamonti P, Olsen K (2017). Enzyme-assisted extraction enhancing the umami taste
amino acids recovery from several cultivated mushrooms. Food Chem. 234, 236-244.

Fissore EN, Rojas AM, Gerschenson LN, Williams PA (2013). Butternut and beetroot pectins: Characterization
and functional properties. Food Hydrocoll 31,172-182.

Zhang C, Zhu X, Zhang F, Yang X, Ni L, Zhang W, Liu Z, Zhang Y (2020). Improving viscosity and gelling properties
of leaf pectin by comparing five pectin extraction methods using green tea leaf as a model material. Food
Hydrocoll. 98, 105246.

Dominiak M, Sgndergaard KM, Wichmann ], Vidal-Melgosa S, Willats WG, Meyer AS, Mikkelsen JD (2014).
Application of enzymes for efficient extraction, modification, and development of functional properties of lime
pectin. Food Hydrocoll. 40, 273-282.

Guo X, Ye X, Sun Y, Wu D, Wu N, Hu Y, Chen S (2014). Ultrasound effects on the degradation Kinetics, structure,
and antioxidant activity of sea cucumber fucoidan. J. Agric. Food Chem. 62, 1088-1095.

Rutkowska M, Namiesnik ], Konieczka P (2017). Ultrasound-Assisted Extraction. In The Application of Green
Solvents in Separation Processes; Pena-Pereira. Elsevier. pp. 301-324. https://doi.org/10.1016/B978-0-12-
805297-6.00010-3

Li L, Fang Y, Vreeker R, Appelqvist I, Mendes E (2007). Reexamining the egg-box model in calcium-alginate gels
with X-ray diffraction. Biomacromolecules. 8, 464-468.

Adetunji LR, Adekunle A, Orsat V, Raghavan V (2017). Advances in the pectin production process using novel
extraction techniques: A review. Food Hydrocolloids. 62, 239 - 250.

Azmir ], Zaidul ISM, Rahman M, Sharif K, Mohamed A, Sahena F, Jahurul M, Ghafoor K, Norulaini N, Omar, A
(2013). Techniques for extraction of bioactive compounds from plant materials: A review. J. Food Eng. 117, 426-
436.

ABR Vol 16 [5] September 2025 152|Page © 2025 Author


http://www.scientific.net/amr.550-553.1801
https://doi.org/10.1016/B978-0-12-

86. Shivamathi, C; Moorthy, 1.G; Kumar, RV, Soosai, M.R,; Maran, ]J.P,; Kumar, R.S.; Varalakshmi, P (2019).
Optimization of ultrasound assisted extraction of pectin from custard apple peel: Potential and new source.
Carbohydr. Polym. 2019, 225, 115240.

87. Oliveira CF, Giordani D, Lutckemier R, Gurak PD, Cladera-Olivera F, Marczak LDF (2016). Extraction of pectin
from passion fruit peel assisted by ultrasound. LWT-Food Sci. Technol. 71, 110-115.

88. Kazemi M, Khodaiyan F, Hosseini SS (2019). Eggplant peel as a high potential source of high methylated pectin:
Ultrasonic extraction optimization and characterization. LWT 105, 182-189.

89. Talekar S, Patti AF, Vijayraghavan R, Arora A (2018). Complete utilization of waste pomegranate peels to
produce a hydrocolloid, punicalagin rich phenolics, and a hard carbon electrode. ACS Sustain. Chem. Eng. 6,
16363-16374.

90. Bayar N, Bouallegue T, Achour M, Kriaa M, Bougatef A, Kammoun R (2017). Ultrasonic extraction of pectin from
Opuntia ficus indica cladodes after mucilage removal: Optimization of experimental conditions and evaluation of
chemical and functional properties. Food Chem. 235, 275-282.

91. Kruse A, Dinjus E (2007). Hot compressed water as reaction medium and reactant. J. Supercrit. Fluids. 39,
362-380.

92. Zhang JX, Wen CT, Chen M, Gu ]Y, Zhou ], Duan YQ, Zhang HH, Ma HL (2019). Antioxidant activities of Sagittaria
sagittifolia L. polysaccharides with subcritical water extraction. Int. J. Biol. Macromol. 134, 172-179.

93. Benn AR, Contador CA, Li MW, Lam HM, Hen K, Ulloa PE, Ravanal MC (2023). Pectin: An overview of sources,
extraction and applications in food products, biomedical, pharmaceutical and environmental issues. Food
Chemistry Advances. 2 100192, https://doi.org/10.1016/j.focha.2023.100192

94. Chen ], Liu W, Liu CM, Li T, Liang RH, Luo SJ (2015). Pectin modifications: A review. Critical Reviews in Food
Science and Nutrition. 55 (12), 1684-1698. 10.1080/10408398.2012.718722.

95. Owens HS, McCready RM, Shepherd AD, Schultz SH, Pippen EI, Swenso HA, Miers JC, Erlandsen RF, Maclay WD
(1952). Methods used at western regional research Laboratory for extraction and Analysis of pectic materials.
Western regional Research Laboratory, Albania calfornia AIC- 340.

96. Filisetti-Cozzi TMCC, Carpita NC (1991). Measurement of uronic acids without interference from neutral sugars.
Anal Biochem. 197,157-162.

97. Melton LD, Smith BG (2001). Determination of the uronic acid content of plant cell walls using a colorimetric
assay. Curr. Protoc. Food Anal. Chem. 00(1), E3.3.1-E3.3.4. d0i:10.1002/0471142913.

98. Bergman M, Djaldetti M, Salman H, Bessler H (2010). Biomed. Pharmacother. 64 (1) 44-47.

99. Pedrosa LF, Lopes RG, Fabi JP (2020). Int. J. Biol. Macromol. 164, 2681-2690.

100.Maxwell EG, Colquhoun IJ, Chau HK, Hotchkiss AT, Waldron KW, Morris V], Belshaw NJ (2016). Modified sugar
beet pectin induces apoptosis of colon cancer cells via an interaction with the neutral sugar side-chains.
Carbohydr. Polym. 136,923-929.

101.Leivas CL, Nascimento LF, Barros WM, Santos ARS, [acomini M, Cordeiro LMC (2016). Substituted galacturonan
from starfruit: Chemical structure and antinociceptive and anti-inflammatory effects. Int. J. Biol. Macromol. 84,
295-300.

102.Bezerra LI, Caillot ARC, Palhares LCGF, Santana-Filho AP, Chavante SF, Sassaki GL (2018). Structural
characterization of polysaccharides from Cabernet Franc, Cabernet Sauvignon and Sauvignon Blanc wines: Anti-
inflammatory activity in LPS stimulated RAW 264.7 cells. Carbohydr. Polym. 186, 91-99.

103.Vitaliti G, Pavone P, Mahmood F, Nunnari G, Falsaperla R (2014). Targeting inflammation as a therapeutic
strategy for drug-resistant epilepsies: An update of new immune-modulating. Hum. Vaccin. Inmunother. 10, 868-
875.

104.Zhang X, Sun ], Xin W, Li Y, Ni L, Ma X, Zhang D, Zhang D, Zhang T, Du G (2015). Anti-inflammation effect of
methyl salicylate 2-O-beta-D-lactoside on adjuvant induced-arthritis rats and lipopolysaccharide (LPS)-treated
murine macrophages RAW264.7 cells. Int. Inmunopharmacol. 25, 88-95.

105.Mzoughi Z, Abdelhamid A, Rihouey C, Cerf DL, Bouraoui A, Majdoub H (2018). Optimized extraction of pectin-like
polysaccharide from Suaeda fruticosa leaves: Characterization, antioxidant, anti-inflammatory and analgesic
activities. Carbohydr. Polym. 185, 127-137.

106.Popov SV, Markov PA, Popova GY, Nikitina IR, Efimova L, Ovodov YS (2013). Anti-inflammatory activity of low
and high methoxylated citrus pectins. Biomed. Prevent. Nutr. 3, 59-63.

107.Minzanova ST, Mironov VF, Arkhipova DM, Khabibullina AV, Mironova LG, Zakirova YM, Milyukov VA (2018).
Biological Activity and Pharmacological Application of Pectic Polysaccharides: A Review. Polymers 10, 1407;
doi:10.3390/polym10121407

108.Mashkovskij M (2012). Medicinal Preparations. 16th ed.; Novaya Volna: Moscow, Russia, ISBN 978-5-7864-0230-
9.

109.Daguet D, Pinheiro I, Verhelst A, Possemiers S, Marzorati M (2016). Arabinogalactan and fructooligosaccharides
improve the gut barrier function in distinct areas of the colon in the simulator of the human intestinal microbial
ecosystem. J. Funct. Foods 20, 369-379.

110.Alban S, Franz G (2000). Characterization of the anticoagulant actions of semisynthetic curdlan sulfate. Thromb
Res. 99:377-388.

111.Cipriani TR, Gracher AHP, De Souza LM, Fonseca R]C, Belmiro CLR, Gorin PA]J, Sassaki GL, lacomini M (2009).
Influence of Molecular Weight of Chemically Sulfated Citrus Pectin Fractions on Their Antithrombotic and
Bleeding Effects. Thromb. Haemost. 101, 860-866.

ABR Vol 16 [5] September 2025 153|Page © 2025 Author


https://doi.org/10.1016/j.focha.2023.100192

112.Zhu R, Hong M, Zhuang C, Zhang L, Wang C, Liu ], Duan Z, Shang F, Hu F, Li T, Ning C, Chen G (2019). Pectin
oligosaccharides from hawthorn (Crataegus pinnatifida Bunge. Var. major) inhibit the formation of advanced
glycation end products in infant formula milk powder. Food Funct. 10(12):8081-93.

113.Qi X, Al-Ghazzewi FH, Tester RF (2018). Starch - Starke 70 (9-10) 1700346.

114.Zaitseva O, Khudyakov A, Sergushkina M, Solomina O, Polezhaeva T (2020). Pectin as a universal medicine.
Fitoterapia. 146 104676.

Copyright: © 2025 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is

properly cited.

ABR Vol 16 [5] September 2025 154|Page © 2025 Author



