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Abstract

Pectin is a naturally occurring biopolymer found in various plant tissues, such as fruits, vegetables, and some seaweeds. It is a
complex polysaccharide composed of a chain of galacturonic acid units that can form a gel when combined with sugar and
acid under certain conditions. This unique property of pectin makes it useful in many different applications in the
pharmaceutical and biotechnology industries. Pectin is a versatile biopolymer with a wide range of applications in various
industries, especially in pharmaceuticals, food and biotechnology. This study will discuss the origins and extraction of pectin
from the orange peel as well as its chemical structure and general characteristics. Furthermore, pectin-based hybrid materials,
composite materials and emulsions are synthesized, characterized and evaluated.
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1. Introduction

Pectin is a naturally occurring polysaccharide
found in the cell walls of most higher plants. It has
been used for centuries in food as a thickening and
gelling agent, and in the cosmetic and pharmaceutical
industries for its stabilizing properties. Orange peel is
often considered waste by orange juice producers and
is either discarded or used as animal feed or fertilizer.
However, the peel contains high amounts of pectin,
which can be extracted and sold for use in various
industries. Pectin extraction from orange peel is a
relatively simple process that involves boiling the
peel in water and then filtering and drying the
resulting solution [1]. The extracted pectin can then
be used as a gelling agent in food, as a binder in
pharmaceuticals, or as a natural thickener in
cosmetics. By extracting pectin from orange peel,
farmers and producers can create additional value
from what was once considered waste. This not only
reduces waste and environmental impact, but also
provides a new revenue stream for farmers and
producers.

The use of orange peel for pectin extraction is a
great example of sustainable and innovative practices
that can benefit both the environment and the
economy. Pectin's ability to form gels and stabilize

emulsions make it useful in a wide range of
applications. In the food industry, it is used to thicken
and stabilize jams, jellies and other fruit products, as
well as in the production of dairy products like yogurt
and cream cheese. Pectin is also used in the
production of baked goods, where it helps to improve
texture and extend shelf life. In the cosmetic industry,
pectin is used as a natural thickener and stabilizer in
creams, lotions, and shampoos. It is also used to
create gel-based products like face masks and hair
gels. In the pharmaceutical industry, pectin is used as
a binder and disintegrant in tablets and capsules. It
can also be used as a controlled-release agent for
drugs, as well as in wound dressings and other
medical products. The pectin's natural origin,
versatility, and safety make it a valuable ingredient in
a wide range of applications.

A variety of orange peel is left unused when an
orange juice producer is crushed it while squishing its
oranges. This peel is taken into consideration through
some farmers to be waste and to feed the cattle or
possibly as fertilizer. This orange peel serves as the
foundation of our system, via the usage of a variety
of devices; pectin may be extracted from the orange
peel, which can be sold later. The orange peel serves
a higher purpose in this way. The roots, branches,
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leaves, and cell walls of higher plants' oranges are
heavily populated with pectin. It is a polysaccharide
polymer complex and the main constituent of dietary
fibre, with strong gelling properties and emulsion
stability. Pectin is often wused in dairy,
pharmaceutical, chemical, and other particular
applications. As an orange waste, orange peel
contains a lot of pectin and can be utilised as a raw
material for pectin production [2].

In the presence of saccharine and small amounts
of organic acids [typically citric acid], pectin is
gelatinized and this property is utilised by the
agrochemistry and pharmaceutical industries for
pectin isolation. Pectin is made up of all the esterified
polygalacturonic acids at a wunique degree of
neutralisation. Pectin is also utilised in a number of
orange-focused products as a gelling ingredient,
including jams, marmalades, jellies, orange yoghurt,
and yoghurt preparations, Orange filling and desserts
for baking items [3]. Pectin is a species known as
complex polysaccharide mixtures that make up
polysaccharides, approximately one third of the dry
material of the cell-wall. Many plant form. In plants,
the work of pectin is to contribute structural strength
to the cell wall and to cell-to-cell adhesion [4]. A
plant's pectin can be water-soluble, soluble in
chelator or protopectin. For of unique plant type, the
methods of extraction will differ depending on the
actual composition. Pectin is increasingly utilised as
thickeners, stabilisers, and water binders. Used in
yoghurts, pastry glazes and as a stabiliser for milk
and orange juice blends and drinkable yogurts [5].

Pectin additionally serves as a deformed fat
substitute for imitate the taste of lipids in low-calorie
foods and short-chain galacturonic acid is considered
clarifying agent in orange juice. Pectin is too already
investigated its practicality in the pharmaceutical
industry. In certain cases, Pectin has also been
recommended as a carrier for drugs that they are
intramuscularly injected. The role of pectin is to
delay the drug's absorption to allow for a more
prolonged effect, for example in preparations of
insulin-pectin and preparations of pectin-penicillin.
Pectin and its derivatives also tend to have certain
therapeutic properties that are inherent, particularly in
certain cases of digestive tract malfunction. Pectin
preparations were used as a supportive measure in
Infant diarrhoea cases and other food tract disorders
[6]. In the food and beverage business, pectin has
been effectively utilised for many years as a
thickening agent, a colloidal stabilizer, and a gelling
agent. Pectin has been extensively researched and
published, however because the polymer is
heterogeneous, it is challenging to define as a model
system [7].

Pectin extraction has shown to be a difficult
process that hasn't yet been resolved utilising a
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variety of procedures. In recent studies, pectin has
been extracted utilising acids, enzymes, and
microwave assistance in an effort to capture the state
of the art in this field of study [8]. As a waste product
from the juicing industry, which processes hundreds
of tonnes of citrus [orange, lime, and lemon] yearly,
the current commercial pectin extraction procedures
are depend on fruit peel. Washing and drying the peel
before pectin extraction ensures the preservation
needed for storage and/or transport. Then, by use of
acid hydrolysis at a high temperature, commercial
pectin is extracted. The final product's GalA and
neutral sugar content, molecular weight, degree and
pattern of methylesterification, and intrinsic viscosity
all have a wide variety of uses [9].
1.1. Source of pectin

Pectin can be found in many fruits and vegetables,
with the highest concentrations found in citrus fruits,
apples, and berries. Apple pomace, citrus and orange
peels are currently the most common sources of
commercially viable pectin. They create somewhat
different pectin, making one or the other better suited
to specific applications. Sugar beet and sunflower
seed head residues have also been investigated as
pectin sources. The study also includes information
on the pectin levels of other fruits. In order to
conduct a viable pectin production business, a
significant quantity of high-quality raw material is
required. Pectin is a common component of most
plant tissues, acting as a thickening on the cell wall
and a cement in the middle lamella, however there
are very few sources that may be exploited to make
pectins for commerce. Since the ability of pectins to
produce gel depends on DM and the molecular size,
pectin from various sources does not gel as well as it
should as a result of variances in these factors [10].

As the polymer size lowers and the methoxy
concentration rises, pectin solubility in water
increases. Pectin powder quickly hydrates and forms
clumps in water. The solubility of these aggregates
proceeds slowly. When pectin molecules come into
contact  with  water, deesterification and
depolymerization of the pectin molecules proceed on
their own. The pH and temperature of the solution
have an impact on the rate of pectin decomposition.
The pH of the solution reduced with increased
temperature, which controlled the hydration and
repulsion of polysaccharide molecules and caused
molecular contact in the form of gels. Ionization of
carboxylate groups reduced as a result [11].
Additionally, pectin has been extracted from waste
biomass using novel techniques, aiding in the
management of waste in agriculture and the food
processing sector. Several sources of pectin include
juice leftovers, banana, mango, orange, lime, and
seeds and pomegranate peels [12].
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Table 1: shows different sources of pectin [11].

S.No Source parted used Extraction method Pectin Type of pectin Ref,
yield[%] [HMP/LMP]
1 Passion fruit Peel App 14.8% HMP [13]
2 Banana Peel App 5-21% HMP [DE, 50 — [14]
80%]
3 chick pea Husk Acid extraction, APP, 8% LMP [15]
and freeze dried [DE 10%]
4 krueo Ma Noy Leaves App, DPP 21 -28% LMP [16]
[DE 34 —42%)]
5 Yellow passion Fruit rind App, DPP, Mpp 3-16% HMP [DE 54 — [17]
59%]
6 Durian Rind App 2- HMP [DE 50 — [18]
10.25% 64%]
7 Mulberry Mulberry bark Extracted using [60 — 11.88% HMP [MP , DE [19]
With 100 %] 71.13%]; LMP
Epidermisfl MBE Isopropanol [MPE - DE,
] and without 24.27%]
Epidermis [MB]
8 Yuzu citrus Pomace Extracted with DPP, APP LMP [APP - DE [20]
family APP and Enzyme 7.3 -8% , 41%;DPP —
[Viscozyme L with DE,46.3%]
12x107
fungal B-Glucanase
9 Caco pods Husk Extracted with IN 73— LMP [DE 36.7% [21]
HNO:s at different pH 8.6% pH 1, DE 44.3%
and precipitated by pH 3]; HMP
ethanol and acetone [DE 52.4% pH
2]
10 Cashew apple Pomace AOP at different pH 10.7 - LMP [DE, 28 — [22]
[1.0, 1.5 and 2.0] 25.3% 46 %]
11 Cydea barbata Leaves Extracted with acid and 4-8% HMP [acid [23]
Miers [CBM] alkali , precipitated the treated: 65 —
pectin by ethanol 75%]
LMP [Alkali
treated: 36% DE
12 Dragon fruit Peel Extracted using HCl, 18.59% LMP [DE, [24]
precipitated and 46.95% ]
purified with 70 and
99.6% isopropanol.
13 Jackfruit Peel Ultrasonic- microwave- 21.5% HMP [DE, [25]
assisted extracted 62.5%]
[UMAE] pectin
14 Potato Pulp Extracted with different 4.08 — LMP [DE, 21.51 [26]
acids and precipitated 14.34% —37.45%)]

by ethanol

[APP (Alcohol-precipitated pectin), DPP
(Dialyzed precipitated pectin.), MPP (Metal ion-
precipitated pectin), HMP (High methoxyl pectins),
LMP (Low methoxyl pectins)]

1.2. Chemistry of pectin

Chemically, pectin is a heteropolysaccharide
composed of linear chains of galacturonic acid, a
sugar acid derived from glucose, linked together by
a-1, 4-glycosidic bonds. The chains may be modified
by the addition of other sugars such as rhamnose and
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arabinose, as well as acetyl or methyl groups, which
affect the properties of the resulting pectin. The
structure of pectin makes it a versatile molecule with
a range of functions in food processing. When heated
in the presence of sugar and acid, pectin forms a gel
that is commonly used in jams, jellies, and fruit
preserves. It can also be used as a thickener in
products such as sauces, dressings, and yogurts, and
as a stabilizer in beverages and dairy products. The
properties of pectin depend on factors such as its
degree of esterification, which affects its ability to
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gel, and its molecular weight, which affects its
viscosity. Understanding the chemistry of pectin is
important for the development of food products with
specific textural and sensory properties [27 — 29].

The capacity of pectins to create gel depends on
the degree of esterification [DE] and molecular size.
Therefore, a fruit's detection of a significant amount
of pectin by itself does not make it a source of
commercial pectin [30]. Commercial pectins are
currently almost exclusively made from apple
pomace or citrus peel, both of which are residues
from the production of juice [or cider]. Pectin makes
up 15-20% of the dry matter in apple pomace. Citrus
peel comprises 20-30% [31]. Pectin from various
sources will not gel the same manner owing to
variations in these qualities as the capacity of pectin
to form gel is determined by degree of esterification
[DE] and its molecular size. By boiling the raw
material with a hot, diluted mineral acid that has a pH
of around 2, pectin is commercially extracted. The
heated pectin extract is successfully purified of the
solid residue. This is difficult since the liquid phase is
viscous and the solids are already soft.

As pectin's molecular weight and concentration
rise, its viscosity also increases. By filtering the
pectin extract via a filter aid, it may be further
clarified. Next, a vacuum is used to concentrate the
cleared extract. An alcohol [usually isopropanol] can
be added to the concentrated liquid from either citrus
or apple to create powdered pectin. The pectin is
isolated as a stringy gelatinous material that is dried
and powdered after becoming pressed and washed to
remove the mother liquid. Around 70% of the pectin
produced by this technique is esterified [or
methoxylation]. Hydrolysis of some of the ester
groups is required to create other types. Acidic
activity is usually used to do this, either before or
during a protracted extraction, in the concentrated
liquid, or in the alcoholic slurry before separation and
drying. A variety of calcium-reactive low-methoxyl
pectins can be produced using this method. Certain
ester groups are changed into amide groups when
pectin is hydrolyzed with ammonia, resulting in
amidated low methoxyl pectin [32].

1.3. Chemical structure

The chemical structure of pectin makes it a
versatile molecule with a range of functions in food
processing. The properties of pectin depend on
factors such as its degree of esterification [DE],
molecular weight, and degree of branching, which
can be controlled through processing and
modification techniques. Pectin is polymolecular and
polydisperse, like the majority of other plant
polysaccharides, and its composition differs
according to the source and the isolation
circumstances. Any sample of pectin will include
variables that vary from molecule to molecule, like
the molecular weight or the content of certain
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subunits. Despite being discovered more than 200
years ago, the composition and structure of pectin are
still not fully understood. Because pectin can alter
during plant separation, storage, and processing of
plant material, it is exceedingly challenging to
determine the structure of pectin [33]. Furthermore,
the primary components may be accompanied by
impurities. Currently, it is believed that D-
galacturonic acid [GalA] units, linked together in
chains by a-[1 — 4] glycosidic linkage, constitute the
majority of pectin [34].

These uronic acids include a variety of carboxyl
groups, some of which are present naturally as
methyl esters and others of which are commercially
treated with ammonia to produce carboxamide
groups. Pectin has a chain-like structure with a
molecular weight range of 50,000 to 150,000 daltons
and a few hundred to about 1000 saccharide units.
Molecules within a sample and between samples
might vary greatly from one another, and estimates
may change depending on the testing method used
[32]. Pectin is a complex heteropolysaccharide that
serves several different purposes in the cell walls of
numerous terrestrial plants. It is frequently
discovered alongside other substances like cellulose,
polyphenols, or lignin that are existing in plant cell
walls [35].

The primary building blocks of pectin are
galacturonic acid units. The carboxyl groups of
uronic acid residues can exist in the polymer
structure in a variety of ways, such as free molecules
or as salts containing sodium, calcium, or other small
counterions. According to the pectin's source and/or
the extraction technique, they may occasionally also
be present as naturally-esterified groups, particularly
when combined with methanol. Since free carboxyl
groups are present, pectin solutions have acidic pH
levels. Depending on the kind of plant, galacturonic
acid makes up around 70% of pectin, and it is present
in all pectic polysaccharides via links at the O-1 and
0O-4 sites [36]. Pectin possesses a linear anionic
backbone, with "hairy sections" containing non-ionic
side chains and "smooth regions" exhibiting no side
chains [37, 12].

Figure 1: Repeating segment of the
protein molecules.
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1.4. Type of pectins

There are several types of pectin that differ in their
chemical structure, properties, and applications. The
main types of pectin are: High methoxy pectin [HM
pectin]: This type of pectin has a high degree of
esterification [DE > 50%] and is commonly used in
products that require firm gels, such as jams, jellies,
and fruit preserves. HM pectin requires the presence
of sugar and acid to form a gel. Low methoxy pectin
[LM pectin]: LM pectin has a low degree of
esterification [DE < 50%] and requires the presence
of calcium ions to form a gel. It is commonly used in
products that require soft gels, such as dairy products,
fruit preparations, and beverages. Amidated pectin:
Amidated pectin is modified by the addition of amino
groups to some of the carboxyl groups in the GalA
units. This modification reduces the sensitivity of
pectin to pH and calcium ions and makes it more
stable under a wide range of conditions.

Amidated pectin is commonly used in acidic dairy
products, fruit preparations, and beverages. Modified
pectin: Modified pectin is produced by modifying the
structure of the pectin molecule through chemical or
enzymatic treatments. Examples of modified pectin
include low methoxy amidated pectin, highly
branched pectin, and enzymatically hydrolyzed
pectin. Modified pectin can have specific properties
that make it suitable for particular applications, such
as thickening or stabilizing. The choice of pectin type
depends on the desired texture, stability, and
processing conditions of the final product. The type
of pectin, along with other ingredients such as sugar,
acid, and calcium, can be optimized to achieve the
desired texture and sensory properties of the product
[38 —40].

The percentage of carboxyl groups that are
esterified and exist in the pectin structure is the
degree of esterification [DE], a crucial characteristic
for defining the pectin uses. DE is frequently used to
categorise the wvarious pectin types [Figure 2].
Different emulsifying, texturizing, and gelling
capabilities are shown depending on the DE. Because
the long hydrocarbon chains of esters have a
hydrophobic nature, the water solubility often
decreases as DE increases. On the other hand, as the
DE rises, the rate of gelation likewise improves,
leading to pectins that rapidly gel [41]. Additionally,
pectins' total molecular weight, neutral sugar content,
and quantity all have a significant impact on the
rheological characteristics of pectins [42]. Because of
its ability to thicken and gel, high methoxyl pectin
[HMP] is mostly employed in the food industry.
According to reports, HMP is highly sensitive to
acidity and necessitates a large amount of sugars to
gel [43]. Because of the existence of hydrophobic
interactions and hydrogen bonding among the pectin
chains, HMP gels at low pH levels and high
concentrations of soluble solids.

As a neutral sugar, sucrose can regulate
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hydrophobic interactions or directly interact with
polymer chains in HMP to facilitate gelation. Three-
dimensional crystalline networks are formed when
HG fragments cross-link to form gels [44]. The
process of HMP gel formation is intricate, and
throughout the past few decades, it has been the focus
of numerous studies. The production of HMP gels
has been explained using the glass transition theory.
Due to the high viscosity of the molecules, the
system kinetics are slowed, which causes the co-
solute concentration to rise and water content to
decrease, resulting in the formation of gel. The
combined effects of HMP and sucrose cause the
behavior to change from sol to gel at pH 3, and three-
dimensional networks may develop when excluded
volume effects and attractive contacts are excluded
[45].

MeOH H,0
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Figure 2: Low and high methoxyl pectin structures
[12]

LMP gel strength was studied by Han et al using
calcium, soluble solids, pH, and pectin concentrations
[46]. Using the rheological characteristics of pectin
gels, they hypothesized various processes. As
calcium concentrations and pH levels around the
isoelectric point [pH = 3.50] increased, calcium
bridges were formed at dissociated carboxyl groups,
which increased the gel's storage modulus and
strength. Additionally, hydroxyl groups in neutral
sugars like sucrose stabilize the gel and contribute to
hydrogen bonding that immobilizes free water [47,
12].

1.5. General properties of pectin

Pectin is a complex polysaccharide with a range of
properties that make it useful in a wvariety of
applications. Here are some general properties of
pectin: Gelling ability: Pectin can form gels in the
presence of sugar and acid [in the case of high
methoxy pectin] or calcium ions [in the case of low
methoxy pectin]. The degree of esterification of
pectin affects its ability to form a gel. Thickening
ability: Pectin can thicken liquids due to its high
molecular weight and its ability to bind water
molecules. Stabilizing ability: Pectin can stabilize
emulsions and suspensions due to its ability to bind to
proteins and other molecules. Solubility: Pectin is
soluble in water and forms viscous solutions at low
concentrations. pH sensitivity: Pectin is sensitive to
pH, with a lower pH promoting gel formation in high
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methoxy pectin and a higher pH promoting solubility.
Temperature sensitivity: Pectin gels can be affected
by temperature, with higher temperatures leading to
weaker gels and lower temperatures leading to
stronger gels. Compatibility with other ingredients:
Pectin is compatible with a wide range of other
ingredients, including sugars, acids, calcium,
proteins, and hydrocolloids. The properties of pectin
can be modified through processing and modification
techniques, such as varying the degree of
esterification, degree of branching, and molecular
weight. Understanding the properties of pectin is
important for the development of food products with
specific textural and sensory properties [48].

Pectins are commonly dissolved in pure water.
Typically, pectinic and pectic acid salts with
monovalent cations readily dissolve in water, while
those with divalent and trivalent cations are either
insoluble or only slightly soluble. When dry pectin
powder is introduced to water, it tends to quickly
absorb moisture and form clumps. These clumps
consist of partially hydrated pectin particles
surrounded by a highly hydrated outer layer. To
prevent the formation of these clusters, one can either
mix dry pectin powder with a water-soluble carrier
substance or use specially treated pectin that has
improved dispersibility [49 — 50]. Although pectin
solutions at intermediate concentrations exhibit non-
Newtonian, pseudoplastic behavior, pectin solutions
at dilute concentrations are Newtonian.

Similar to solubility, the viscosity of a pectin
solution is influenced by factors such as its molecular
weight, pH, degree of esterification (DE),
concentration, and the presence of counterions.
Gelation, solubility, and viscosity are often
interrelated. For instance, factors that enhance gel
strength tend to increase gel formation propensity,
reduce solubility, and elevate viscosity, and vice
versa. Pectins possess several characteristics owing to
their linear polyanion-like structural composition
(polycarboxylate). Because of coulombic repulsion
and the distribution of ionic charges across the
molecule, monovalent cation salts of pectin become
highly ionized when in a solution [51].

The polymer chains are prevented from
aggregating by the same coulombic repulsion
between the carboxylate anions. [The DE of course,
decides how many negative charges there will be]
Each polysaccharide chain will also be highly
hydrated, particularly each carboxylate group. Each
polymer chain in solutions of monovalent salts of
pectins is hydrated, extended, and independent,
resulting in solutions with stable viscosity [32].

1.6. Gel formation properties of pectin

Pectin's capacity to create gels is the basis for its
most significant use. HM-pectin gels with acid and
sugar. There are several distinct restrictions imposed
by the pectin's unique structure. While other ions like
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aluminium or copper can precipitate under specific
circumstances, HM-pectin, unlike LM-pectin, does
not have sufficient acid groups to gel or precipitate
with calcium ions. According to Oakenfull, hydrogen
bonds and hydrophobic interactions are significant
forces in the synthesis of molecules of pectin [52].
The free carboxyl groups on pectin molecules and the
hydroxyl groups on nearby molecules produce
hydrogen bonds, which are what causes gel to form.
The majority of the unesterified carboxyl groups are
present in the pectin molecules as partly ionised salts
in a neutral or very slightly acidic dispersion. The
carboxyl ions are transformed into unionised
carboxylic acid groups when acid is added. This
reduction in negative charges reduces the repelling
forces between pectin molecules, and also the
attraction amongst pectin and water molecules.

Sugar competes with water, causing the pectin to
become even less hydrated. These circumstances
make it harder for pectin to keep in a dispersrd state.
A continuous network of pectin holds the aqueous
solution when the unstable dispersion of less
hydrated pectin cools, and it creates a gel. The degree
of esteriication has an impact on the rate of gel
formation as well. A greater DE results in a quicker
setting. In comparison to slow-set pectins [i.e. pectin
with a DE of 58 — 65%] , rapid-set pectins [i.e. pectin
with a DE of above 72%] gel at lower soluble solids
and higher levels [53].

2. Extraction of pectin

Pectin can be extracted from various plant sources.
There are different methods for the extraction of
pectin from plant materials, and the choice of method
depends on the type of plant material, the desired
properties of the pectin, and the available equipment
[Figure 3].

Ultrasound
extraction method
(UE)

<
B = E d
b nlyme»asslsm
4 extraction method
7 . (EAE)
| 53 -
Pecti

Subcritical water

extraction method
B )
Steam injection heating
extraction method

Figure 3: Extraction of pectin with different
methods.
2.1. Dielectric barrier discharge plasma extraction

[DBD]

Dielectric  barrier discharge [DBD] plasma
extraction is a method that can be used to extract
pectin from various plant sources. In DBD plasma
extraction, a gas such as helium or argon is passed
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through a narrow gap between two electrodes,
creating a plasma discharge. The plasma generates
reactive species such as radicals, ions, and photons
that can break down the cell walls of the plant
material and release the pectin. Increased interest in
non-thermal plasma extraction's use in food
processing has been observed during the last few
decades. In the operation of food processing, the non-
thermal plasma known as dielectric barrier discharge
[DBD] plasma has been extensively used in
microbiological ~ decontamination or  enzyme
inactivation. By utilizing the various chemically
active components present in the plasma, DBD has
the capacity to break specific bonds to disrupt the
secondary structure or to bring about chemical
alterations in side chains [54].

Additionally, DBD may be used to break down
biomacromolecules such protein, chitosan and
polysaccharides [55]. By introducing a high-energy
electron from DBD colloids into water, hydroxyl free
radicals attack the pectin chains, leading to the
degradation of pectin into smaller molecules. RSM
has been employed to optimize the conditions for
extracting pectin from pokan peel using DBD [56].
Under specific conditions involving an input voltage
of 40 V, pH 2.0, a duration of 5.5 minutes, and a
solid-to-liquid ratio of 1:30 (g/mL), it is possible to
achieve a maximum pectin yield (27%). However,
prolonged exposure to plasma or excessively high
energy levels within the system can lead to pectin
degradation, which occurs over time. Consequently,
extraction durations exceeding 5.5 minutes or
voltages higher than 40 V can limit both recovery and
pectin yield. Subsequently, the DBD treatment was
adjusted to target pectin degradation, primarily
affecting the HG region and to some extent degrading
the side chains in the RG-I region.

The [GalA + Ara]/Rha ratio was somewhat
reduced to 1.4 compared to the original 2.4, also the
pectin had lower linearity and a substantially larger
RG-I content of 71.3% compared to 36.5%.
Moreover, the DE was decreased from 54.7% to
37.3%. The DBD plasma-induced oxidative cleavage
targets the breakdown of GalA hitting the HG region
while leaving the RG-I domain intact. Additionally,
RG-I enriched pectin with low molecule weight
preparation benefits from high input voltage because
it creates an improved electric field intensity that
allows for more high-energy electron colliding into
water molecules, which results in the production of a
greater amount of hydroxyl free radical. But, further
research is still needed to figure out the specific
mechanism of this breakdown.

There is not much study on this subject since the
use of DBD plasma for pectin extraction has not
garnered much interest. The selectivity of HG
domains and the retention of RG-I domains after
oxidative breakdown by DBD plasma are the most
intriguing features. DBD plasma degradation uses
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less energy and doesn't require any extra chemical
agent. As a result, it is seen to be a very promising
technique for extracting RG-I enriched pectin from
plant sources. But there are several issues that need to
be fixed that prevent the practical application of DBD
plasma, namely the high cost and short lifetime of the
plasma power supply as well as the alteration of
physicochemical properties during the remediation
technique [57].

2.2. Hand-pressure extraction

During the hand-pressure procedure, an external
pressure is applied to the orange peels [a sort of
pressure extraction method], which causes the cell
walls to break and release pectin. Along with the
pectin, orange peel oil is also produced from the peel.
Pectin extraction with this method is typically
unfavourable but is typically good for peel oil
extraction.

1. Chopped flavedo was weighed and then rinsed
three times in deionized water.

2. The cleansed flavedo was wrapped in an 80-
mesh piece of fabric.

3. The cloth-wrapped flavedo was manually
pressed and deionized water leached.

4. The solvent volume was adjusted to a certain
volume in order to that pectin calculations and
analysis are based on the same data.

5. The residue was gathered for the further
examination.

The pressure technique was employed in various
ways, either in conjunction with or separately from
microwave extraction, as a pre-processing step in a
series of steps for producing pectin from citrus peel.
To assess the size of chopped flavedo and albedo in
ten different samples, a Vernier Caliper with a
precision of £ 0.01 mm was used to measure each
particle individually. In this study, "particle size"
refers to the length of the granular peel particles,
which is the longest of their three dimensions. In
order to measure the protein content, a crucial
nutrient in food manufacturing, the total nitrogen in
the extracted products was examined. The
determination of total nitrogen content was
performed using the Merck Method 140, which
involves the total nitrogen round-cell test carried out
with the Merck spectroquant analytical system,
comprising a Merck SQ 118 Photometer and a Merck
Thermoreactor TR 300. Based on the research
conducted by Kennedy, it is possible to estimate the
quantity of crude protein by multiplying the total
nitrogen content by a factor of 6.25 [58].

The IFJU Method 26 was used to determine the
pectin content. The method's basic premise is that
pectin is a polymer of a-galacturonic acid, that
carbazole ethanol may condense [144]. A constant
temperature water bath [Model: Thermoline
BTC9090] was used to coagulate the pectin with 95
percent ethanol for 10 minutes at 85 degrees. The
pectin was reacted with 5% naphthol-ethanol after
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being rinsed with ethanol many times until no sugar
was left after discarding the supernatant. When the
mixture became purple, it meant there was sugar in
the mixture.

Pectin from the products was gathered in a 100 ml
volumetric flask with 5 ml of 1 M NaOH after
coagulation and purification. 0.5 ml of 0.1%
carbazole-ethanol indicator was used to flocculate
one millilitre of the pectin mixture. The mixture was
white in colour. The mixture was combined with 6 ml
of 1 M H2SO4 and then placed in an 85°C water bath
for 5 minutes. Following a 15-minute cooling period,
the concentration of pectin was measured using a
spectrophotometer  (Varian Model: Cary 50
Spectrophotometer) with a 1 cm cell at a wavelength
of A = 525 nm. In the preparation phase, pure pectin
powder (Sigma product code P9135) obtained from
citrus fruit was utilized to create a standard
absorption curve for pectin, facilitating the
determination of pectin concentration in the extracts
using the carbazole spectrophotometer method. The
average of the three absorbance readings was
calculated. To assess the proportion of extraction in
this experiment, the weight difference between the
dried raw sample and the dried residue was divided
by the weight of the dried raw sample. Subsequently,
the weight of the dried residue was determined after
heating the samples to a constant weight in a drying
oven at 100 °C for 48 hours [59].

2.3. Soxhlet extraction

On a mass of orange albedo, a Soxhlet extraction
was carried out to contrast with the microwave
extraction. The conical flask served as the
experiment's solvent and contained 200 ml of
deionized water. A heater [Heidolph, MR30001] was
used to heat the solvent until it reached the boiling
point. A Whatman single thickness cellulose thimble
[33 mm external diameter x 80 mm external length]
was filled with 16 g of albedo tissue. When the
orange colour of the solution in the Soxhlet
extraction chamber matched that of the solution in
the flask, the extraction was thought to be finished.
At the water's boiling point, the extraction was
permitted to continue for 6 hours. The extraction
residue and the product were chilled after six hours
before undergoing further chemical analysis. Later
heating samples to a constant weight in a drying oven
at 100 °C for 48 hours, the total solids content of
albedo and flavedo [on a wet basis] was determined
for both techniques of extraction [59]. The following
equation was used to determine the solid contents of
flavedo or albedo per unit mass of dried orange peel:

Solid content of flavedo [albedo][% of dried peel]

W1 x T1%
W2 XT2Z+W3 XT3
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Where W1 is the weight of flavedo [albedo], W2
is the weight of flavedo, W3 is the weight of albedo,
T1 is the total solids of flavedo [albedo], T2 is the
total solids of flavedo and T3 is the total solids of
albedo.

2.4. High pressure extraction method

The pectin compounds from plant substrates are
extracted using high pressure in this approach. Three
steps make up the high-pressure extraction
procedure: an immediate rise in pressure, pressure
maintenance, and pressure release. The plant
substrates are subjected to a fluid pressure of 100 —
1000 MPa in the initial step while they are at room
temperature. The tissues and cells of the plants are
harmed by the high pressure, which also accelerates
the mass transfer of solvents from the environment
into the plants [60]. Simple mechanical equipment is
required for this extraction technique, which
increases extraction safety and speeds up the process
[61]. Using high hydrostatic pressure and high
pressure homogenization of 200 Mpa for 5 min, the
pectin extraction from potato peel was assessed.
Their results indicated that extracted pectin had a low
esterification degree and a high concentration of
galacturonic acid. They came to the conclusion that
utilising high hydrostatic pressure creates de-
esterification because the C-O bond is so highly
vulnerable [62].

2.5. Subcritical water extraction method

In recent times, researchers have been exploring the
eco-friendly process of subcritical water treatment as a
method for degrading pectin. Subcritical water exists
between the typical boiling point of water (100 °C) and
its critical point (374 °C) [63]. According to
Klinchongkon et al., subcritical water has proven
effective in hydrolyzing pectin in passion fruit, leading
to an increase in galacturonic acid content
[64]. Our previous investigations revealed that
subcritical water generated through high-temperature,
high-pressure sterilization, commonly used in food
processing, significantly alters the macromolecular
structure of citrus pectin and gradually reduces its
molecular weight. Consequently, while increasing the
galacturonic acid content in citrus pectin
hydrolysates, subcritical water can efficiently break
down pectin into smaller molecules, thereby
enhancing its functional properties and bioactivities
[65].

The term "subcritical water" refers to heated water
that is kept in its liquid condition at a critical
temperature [between the boiling point at 100 °C and
the critical point at 374 °C] and critical pressure
[around 1 — 22.1 MPa]. Pectic substances are
extracted using this water [60]. Water, a solvent that
is environmentally friendly, non-toxic, non-
flammable, affordable, and easily accessible, is used
in this method of extraction. Some heat-sensitive
chemicals may be thermally degraded by this
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extraction technique since it requires high
temperatures. The subcritical water extraction
process is less expensive and quicker because it just
needs basic equipment [66]. Lately, the subcritical
water extraction has been thoroughly examined and
published by [Zhang et al] [67]. This technique was
used in a study by to extract pectin from citrus peels
[65]. Pectin from orange peels was extracted using
this process. Galacturonic acid had a greater
concentration and a lower molecular weight in the
extracted pectin. Additionally, compared to pectin
that is traditionally derived from citrus peels, this
pectin showed better functional bioactivities.
Furthermore, some research on pectin extraction
using this technique is revealed in Table 2.

In a study conducted by Chen et al., citrus pectin
was provided by Yantai Andre Pectin Co., Ltd. in
Yantai, China [62]. To achieve a final pectin
concentration of 1.5% (w/v), citrus pectin powder
was dissolved in distilled water at 45 °C for 30
minutes and subsequently filtered through filter
paper. The pectin solution was then subjected to
hydrolysis in subcritical water at 120 °C for 40
minutes, as described in reference [62], using a D-1
high-pressure pump from Beijing Fa'en Technology
and Trade Co., Ltd. The resulting degraded pectin
solution was collected and subjected to freeze-drying
using an SCIENTZ-18N freeze dryer from Ningbo
Scientz Biotechnology Co., LTD in Ningbo, China.
Prior to use, the dried pectin was stored at -18°C
[65].

2.6. Ultrasound extraction method

A frequency range of 20 kHz is used to describe
ultrasound waves. The cavitation bubbles produced
by these waves serve as the basis for ultrasonic
extraction. These bubbles compromise the integrity
of the cell wall and promote the penetration of the
solvent into the cell. Combining shock waves and
ultrasound causes the cell to inflate and become more
hydrated, which results in the formation of pores in
the cell wall [68]. This process is rapid, efficient, and
requires less amount of solvent. Additionally, it uses
little energy and operates at low temperatures,
making ultrasonic extraction a sustainable method,
because of the significant energy savings [60, 69].
The use of ultrasound to extract pectin from
grapefruit and tangerines was improved by [70]. The
ultrasound extraction method demonstrated more
pectin recovery from grapefruit [26.05%] and
tangerine [13.46%] in 30 and 15 min, respectively,
when compared to the conventional method. They
claimed that the extracted pectin has good rheological
and functional characteristics.

In a different work [Minjares-Fuentes et al], used
ultrasound extraction method to extract pectin with a
high average molecular weight [110 to 205 kDa]
from grape pomace [71]. To improve the extraction
procedure [temperature, extraction time, and pH],
they used RSM and BBD as tools. According to their
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studies, at optimal conditions [75 °C, 60 min, and pH
2.0], the ultrasound extraction method produced an
increased yield of extracted pectin [20% more] in
comparison to the conventional extraction approach.
Additionally, several analyses on pectin extraction
utilising this technique are shown in Table 2 [62].

2.7. Microwave assisted extraction [MAE]

An electromagnetic wave called a microwave
[MW] consists of two perpendicular oscillating
fields, electric and magnetic fields. MWs have
electromagnetic spectrum frequencies between 300
MHz and 300 GHz. MWs are frequently employed as
energy vectors or information carriers, with the latter
application typically making use of frequency bands
at 0.915 and 2.450 GHz; The majority of housechold
microwave ovens run at 2.450 GHz [12.2 cm
wavelength; 0.94 J/mol energy] [72]. A matrix and/
or solvent that has been exposed to MW radiation
rotates its polar molecules at such a frequency,
producing heat in the process. But only if the material
has dielectric losses, or if any of the energy is
absorbed, can heat be produced. Later, the equation
for the dissipation factor [d] is used to calculate the
absorbed energy:

tand = g" /€

Where ¢ and €' are the real [dielectric constant]
and complex [dielectric loss factor] part of dielectric
permittivity, [e*= &’ — je"], respectively [73]. The
capability of an irradiation molecule to get polarised
by an electric field is shown by ¢, and the efficiency
with which electromagnetic energy is converted into
heat is indicated by &” [73].

Throughout the medium, there is a homogeneous
temperature distribution that is one benefit of this
type of heating whereby, as Venkatesh and Raghavan
noted, unlike in typical thermal processing, there is
no temperature gradient [73]. Dipole rotation, which
involves polar molecules' dipoles reversing, and ionic
conduction, which involves the displacement of
charged ions present in the solvent, are the two
methods by which energy is transferred in microwave
heating [74 — 75].

2.8. Enzyme-assisted extraction [EAE] Enzyme-

assisted extraction [or EAE] is one

technique that has been promoted as a potential
solution for the unexpected but among other
advantages, the inevitability of trace chemical
solvents in products from solvent-based extraction
techniques [76]. It has become crucial to find
alternate solvent-conservative techniques for these
processes, like this one, as demand to produce
sustainable chemical processes [including extraction]
on the food and pharmaceutical sectors grows. In
order to clarify juice, enzymes are frequently used.
Moreover, Carrageenan, alginate, and agar hydro-
colloids were reviewed, highlighting the varied
implications that this procedure has on the physico-
chemical characteristics of  the marine
polysaccharides [77]. The ability of enzymes to
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catalyse processes like a very selective kind of
hydrolysis mostly because of the way they work, that
either decreases the quantity of solvent/chemical
required or increases yield for the same amount of
solvent [78].

To an extent that is impossible with acid-based
hydrolysis The cellulose/xyloglucan network is set in
a matrix of pectin along with a protein network; the
plant cell wall is made up of an entangled network of
polysaccharides containing cellulose, hemicellulose
[like xyloglucan], and pectindand protein [79] .
Cellulases, hemicellulases, and proteases are
selective cell wall component-degrading enzymes
with low pectinolytic activity that are widely utilised
to cause hydrolytic activities in the corresponding
non-pectin plant cellwall components. This calls for
thorough understanding of the chosen enzyme[s]'
catalytic function as well as the ideal EAE conditions
under which they should be used [80].

It is possible to distinguish among two methods of
extracting pectin by EAE: [i] utilising enzymes which

employing enzymes that can break down plant cell
walls and isolate pectin [81]. Although the latter
strategy is widespread, examples of the former are
also found at the work by [Zhao et al]. He
investigated the de-esterification of commercial HM
pectin into LM utilising the enzyme pectin methyl
esterase [PME] and high hydrostatic pressure [HHP]
in combination [82]. Additionally, [Zykwinska et al]
showed that the EAE method may produce LM
pectin from a source of HM pectin by directly adding
PME together with cellulases and proteases [76, 83].

2.9. Steam injection heating

Conditions for extraction P: 188.7 kPa; T: 95 —
100 °C; HCI solution with pH 2.0 as solvent; sample
to solvent ration: 1 — 25; sequential extraction three
times with 3 min each. Raw material used in this
method is Albedo. Result that came from this process
as follow, Sequence 1: 6.9% pectin; sequence 2:
7.5% pectin; sequence 3: 2.5% pectin; total: 16.9%
pectin; all on dried albedo Base [84, 59].

break down pectin and aid in the isolation of pectin
fragments, such as galacturonic acid, and [ii]

Table 2: Conditions of pectin produced from ligocellulosic wastes using new techniques [62].

Substrate Main process condition Yield in Extraction method Ref.
recovery%o
Apple pomace 120 s, 560 W, Citric acid, pH 2.2 23.32 Microwave [85]
orange peel 7 min, 400 W, 0.1 M HCI, pH 1.2 28 Microwave [86]
black carrots pomace 5 min, 900 W, Acetic acid, pH 2.5, - Microwave [87]
110 °C
Walnut processing 10 min, 200W, Citric acid, pH 1.5 12.78 Ultrasound [89]
wastes
lime peel 3 min, 700 W, 0.05 M HCI 15.91 Microwave [90]
dragon fruit peel 65 min, 800W, HC1, pH 2.07 18.5 Microwave [91]
sweet lemon peel 3 min, 700 W, Citric acid, pH 1.5 25.31 Microwave [92]
oranges peel 3 min, 500 W, 59.83° C, pH 2 24.2 Microwave [93]
pomelo peel 390 - 650 W, 3 — 7 min, pH 1-3 0.05-2.93 Microwave [94]
sour orange peel 300 -700 W, 1 —3 min, pH 1.5-3 52-264 Microwave [95]
orange peel 160 —-480 W, 1 =3 min, pH 1-2 7.42 —18.59 Microwave [96]
watermelon rind 160 —480W ,1 -3 min, pH 1-2 13.09 - 24.18 Microwave [97]
banana peel 300 -900W , 1.5—5min,pH 1-3 1.09 -2.17 Microwave [98]
passion fruit peel 356 —450W ,3 -9 min, pH 2 30 Microwave [99]
custard apple peel 18.04 min, 20 KHz, 63.22 °C, 1 M 8.93 Ultrasound [100]
HCI, pH 2.3
sour orange peel 10 min, 150 W, Citric acid, pH 1.5 28.07 Ultrasound [101]
pistachio green hull 24 min, 150 W, pHIL.5 12 Ultrasound [102]
dragon fruit peel 120 min , Citric acid, pH 2, 132 kHz 28.20 Ultrasound 103]
,70°C
mango peel 20 min, 20 kHz, 50% Ethanol - Ultrasound [104]
fresh sunflower heads 8 Bar, 120 °C, 20 min - Subcritical water [105]
berg fruits 150 Bar, 120 °C 5.70 Subcritical water [106]
passion fruit peel Celluclast 1.5L,35-85°C,0.5-2h 2.59-9.17 Enzymatic [107]
passion fruit peel protopectinase- SE, 30 U/ml, 37 °C, 6 - Enzymatic [108]
h, pH 3; solid-to-liquid ratio,15 g/60
ml

artichoke waste Celluclast, 7.8U/g, pH 5, 50 °C, 48 h 22.1 Enzymatic [109]
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2.10. Hybrid extraction methods

During the pectin extraction, there has been a
rising tendency toward the synergistic application of
two or more cutting-edge methods. For instance,
improvement of ultrasound-subcritical water [110],
Improving microwave-ultrasound [111], ultrasound
enzyme improvement [112]. They were applied to
extract the pectin. During the extraction process, the
ultrasound may boost mass transfer and the
microwave can enhance heat transfer. Pectin-rich
pulp from sugar beets was extracted by subcritical
water and ultrasonic-assisted treatment [110]. In
comparison to pectin [Rha content of 0.4% — 0.7%],
which extracted using just subcritical water, the
extract pectin [with 54.6% HG region and 35.9%
RG-I] featured substantially more neutral side chains
and Rha [4.5%]. The ideal circumstances for a
reaction of L/S ratio 44.03, extraction pressure 10.70
MPa, and extraction duration 30.49 min led to the
highest yield [24.63%)].

The decreased Mw and greater neutral sugar
[30.9% — 68.2%] indicate that the HG region of the
pectin backbone might be attacked by ultrasonic
pretreatment. To make it possible for the selective
recovery of pectin, it is imperative to optimise and
standardise the integration of two or more specific
innovative  extraction  processes.  Sequential
ultrasound-microwave were applied in order to
extract pectin from pomelo peel [UMAE]. In
comparison to UAE [yield 14.3%, DE 64.4%] , MAE
[yield 27.7%, DE 64.1%], and microwave-ultrasound
assisted extraction [yield 30.5%, DE 67.0%], assisted
extraction technique has the greatest yield [36.3%]
and lowest DE value [59.8%]. In addition, pH has a
far bigger effect on pectin production than
microwave power does on DE [111]. Ultrasound and
hemicellulase were used to extract pectin from
wasted carrots. The greatest yield was 27.1% as
opposed to only using cellulose, which only helped to
liberate the pectin from the cellulase matrix [12.4%].
With a gelling capability, the extract pectin has a low
DE [24.0 — 49.9%] [113]. While it has been
demonstrated that the hybrid extraction increases
pectin production, few studies have illustrated how it
affects the RG-I region, which calls for more research
[57].

2.11. Conventional extraction method

Conventional pectin extraction methods involve
the use of various chemicals and are water-based.
The most commonly used industrial method for
pectin extraction is direct boiling, but it requires
many hours to achieve a satisfactory yield [114].
Prolonged heating in this process can lead to thermal
degradation of pectin through beta-elimination of the
HG backbone and significant debranching, resulting
in lower-quality pectins. Therefore, heating is often
supplemented with the addition of several chemicals
to facilitate the release of pectin from the cell wall
and reduce the extraction time. Numerous studies
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have examined how the composition of the extraction
solvent affects the structure of pectin [115].

Confirmation of the structural variations in
pumpkin extracts obtained using different solvents
has been reported [116]. To isolate pectins, the
researchers employed hot water, diluted HCI,
ethylenediaminetetraacetic acid (EDTA), as well as
diluted and concentrated NaOH solutions. Previous
studies have shown that the first three solvents yield
pectins with significant levels of polymolecularity
and lower RG-I content (ranging from 1.4% to
28.0%) compared to pectins extracted using alkali
(ranging from 39.3% to 49.6%) [117]. A high xylose
content in alkaline-extracted pectin allows co-
extraction of hemicelluloses such as xyloglucan and
glucuronoxylan. Using citric acid concentrations
ranging from 0.05 to 1.0 M, Kurita, Fujiwara, and
Yamazaki extracted citrus peel pectin from water
with citric acid [118].

The highest percentage of RG-I, which reached
57.5%, was achieved when using 0.5 M citric acid at
neutral pH conditions and a temperature of 65 °C. It
was observed that citric acid did not degrade pectin,
as indicated by the lower degree of methylation (DM)
at 8.4% and wider molecular weight distributions
(ranging from 50 to 2000 kDa) in pectin extracted
with the acid [118]. Oxalate is another chelating
agent capable of solubilizing high-molecular-weight
pectin with a high DM [119-121]. The quantity of
ionic linkages in plant tissue pectin, which is
associated with the concentration of Ca2+ and the
distribution of free acid groups in the HG pectin
domain, influences the extraction process with
chelating agents. There is a positive correlation
between pectin yield and lower pH levels, indicating
hydrogen bonding between pectin and cellulose-
hemicellulose.

Hydrochloric acid extraction yields a higher
amount of pectin (15.59%) compared to water
extraction (0.95%) or sodium hexametaphosphate
extraction (5.17%) [122]. At different pH levels,
uronic acid residues and their linkages have different
stabilities, leading to distinct structural characteristics
of pectin obtained by alkaline or acid extractions.
Additionally, Ara, Gal, and Rha sugars are
increasingly susceptible to acid hydrolysis, while
GalA is the most resistant, resulting in less stable
GalA-Rha or Rha-GalA linkages compared to GalA-
GalA linkages [119]. Links between uronic acid
residues are more resilient than linkages between
neutral sugars and uronic acid under high
temperatures (> 65 °C) and highly acidic conditions
(pH 2.0) [123]. In contrast to strong acid extraction,
pectin extracted with an alkaline solvent at low
temperatures contains a significantly higher RG-I
content while preserving neutral side chains.

After processing the orange peel residue with
0.6% NaOH at 32 °C for 10 min while stirring, the
pH level was adjusted to (6 — 7). Pectin treated with
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HCI at pH 3 - 4 contained 44% RG-I region, compared
to 82.5% in the resultant pectin measured by
monosaccharide analysis and AFM [124]. Ara and Gal
side chains are less degraded by KOH treatment, and
under extreme alkaline conditions, Ara side chains
debranch more significantly than Gal side chains,
indicating that Ara residues are more sensitive to
changed conditions than Gal residues [125]. Pectin that
has been extracted using an alkaline method has a lower
molecular weight and often has a 2 — 5 times higher RG-
I region concentration than pectin that has been
extracted using more traditional [126]. The f-
elimination reaction, that breaks the glycosidic links
amongst the methylated galacturonic acid units, results
in a reduction in molecular weight [127].

As a result of various extraction methods and
plant materials, RG-I content and neutral side chains
vary. Sugar beets, oil pumpkins, citrus peels, and
potato pulp are ideal plant materials for recovering
RG-I. Acid-extracted pectin has a high HG content
[GalA > 65%] and a high DM and DA. Hydrolysis of
protopectin occurs in environments with a low pH
[128], increases protopectin's solubility and

stimulates Ca®’ and Mg2+ elimination, therefore
allowing for larger isolated pectin yields with HG
enrichment. Alkaline-extracted pectin often contains
low DM [due to saponification reaction], high RG-I
content [49.6% — 82.5%, based on temperature and
pH], and low yields. RG-I oligomers with branching
arabinan and galactose side chains are more abundant
in the extracted fractions as a result of alkali-induced
GalA instability. Pectin breakdown brought on by
alkaline treatment prevents the product from being
precipitated with alcohol, which results in lower
yields [129]. Pectin that has been extracted using an
organic acid or chelating agent has a high molecular
weight and a low DM. Organic acids are less capable
of hydrolyzing than mineral acids because of their
lower dissociation constant. Pectin extracted using
organic acids frequently has the RG-I content that
falls among pectins extracted using strong acids and
by alkaline condition [130].
3. Application of pectin

Pectins have long been a fundamental component
of foods for humans. It is legal everywhere in the
globe. Pectin was recommended as a safe ingredient,
According to the united FAO/WHO committee on
food additives, with no upper limit on tolerable daily
consumption other than that set by good
manufacturing practise. Pectin serves as a gelling
agent, texturizer, thickening, emulsifier, and stabiliser
in a wide range of foods. Pectin has recently been
utilised in low-calorie meals to replace fat or sugar.
Pectin's ability to be assimilated into many food
systems is made possible by the polar and nonpolar
portions of its molecules, which give rise to its
multifunctionality. Several parameters, including the
degree of methoxylation and molecular size, affect
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the functioning of the pectin molecule. Functionality
is assessed by pectin grades for commercial use since
these criteria are too difficult to ascertain in the
industrial application of pectins. Under typical
settings of pH 3.2 to 3.5, sugar 65 to 70%, and pectin
at the ranges of 1.5 to 2.0%, pectin grades are
determined by the number of parts of sugar that one
part of pectin will gel to an appropriate firmness. The
market offers pectins in grades ranging from 100 to
500.

Their major basis for use as a food hydrocolloid
is their capability to gel [110]. Pectin selection for a
certain food is influenced by a variety of variables, as
well as the desired texture, pH, the presence of ions
and proteins, processing temperature, and the
anticipated shelf life of the product. The need for
functional/active packaging materials is growing as a
result of the globalisation of the food market and the
rising need for processed foods that are shelf-stable
and maintain the nutritional value of the food [131].

One of the most important natural renewable
polymers, pectin is present everywhere in nature and
serves as the primary building block for all biomass.
Pectin and its derivatives, which are flexible by
nature and act as oil, moisture, and aroma barriers as
well as decrease food oxidation and respiration rate,
are utilised in a variety of biodegradable packaging
materials [132].
3.1. Industrial application of the green extraction

techniques

Despite the fact that green extraction methods
have demonstrated a number of benefits in small-
scale laboratory investigations, upscaled production
problems have made it difficult for industry to
implement many of these methods for orange peel.
First, replacing traditional extraction methods with
modern green strategies like ultrasound requires a
substantial  financial investment. Second, In
comparison to conventional processes, several of the
newly developed green extraction techniques needed
professional operators, which may make the
production cost enhanced. Third, the use of some
green extraction processes is restricted to academic
and research institutions because to the absence of
ongoing large-scale production designs. Future
economic and engineering research may overcome
the aforementioned issues and lead to increased
industrial use of green extraction methods globally
[133].
3.2. Pectin's effect on human health

Pectin's broad use in health promotion may be
influenced by its probiotic transport capacity as well
as by its prebiotic and nutraceutical properties.
Today's market is flooded with medications designed
to treat pancreatic inflammation and pathologies of
the stomach, many of which have a variety of
unfavourable side effects. Below is a list of other
effects of pectin on health:
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— Lowering liver fat and blood cholesterol.

— Retards the absorption of glucose and stabilizing
blood pressure.

— The intestines are where toxic substances, in
particular heavy metals, are absorbed.

— Pancreatic exogenous hormones are impacted.

— It attaches to harmful bacteria and their toxins in
the intestine, holding them back from taking action
[134].

A component of the microbial population that
resides in the human intestine breaks down the non-
digestible carbohydrate pectin [135].

3.3. Pectin and structurally modified pectin in
pharmaceuticals

Pectin, a naturally occurring polysaccharide, has
various pharmaceutical applications due to its unique
properties. Some of its applications include: Pectin
can be used to formulate drug delivery systems, such
as nanoparticles and hydrogels, due to its ability to
form gels in the presence of divalent cations like
calcium ions. This property makes pectin an excellent
candidate for targeted drug delivery to the colon,
where calcium ions are abundant. Pectin can be used
in wound healing applications due to its ability to
form a protective film on the wound surface,
reducing the risk of infection and promoting healing.
Pectin hydrogels have been shown to accelerate
wound healing in animal models. Pectin can bind to
bile acids in the gut, reducing the amount of
cholesterol that is absorbed by the body. This
property makes pectin a potential natural therapy for
managing hypercholesterolemia. Overall, pectin and
structurally modified pectin have a wide range of
potential pharmaceutical applications, and further
research is needed to fully explore their potential in
these areas [136].

3.4. Pectin in the regulation of blood cholesterol

level

Pectin, a soluble dietary fiber found in fruits and
vegetables, has been shown to have a cholesterol-
lowering effect when consumed as part of a healthy
diet. Pectin works by binding to bile acids in the gut,
which are made from cholesterol and released into
the intestine to aid in digestion. When pectin binds to
bile acids, they are excreted in the feces, reducing the
amount of cholesterol that is reabsorbed into the
bloodstream. The cholesterol-lowering effect of
pectin is dependent on several factors, including the
type and amount of pectin consumed, as well as the
individual's overall diet and lifestyle. It is important
to note that while pectin can be beneficial in reducing
cholesterol levels, it should not be used as a
substitute for medical treatment in people with high
cholesterol or other cardiovascular risk factors. Pectin
can be a beneficial addition to a healthy diet for its
cholesterol-lowering effects, along with its other
potential health benefits [136].
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3.5. Uses of pectin in food industry

Pectin is widely utilized in the food industry for its
ability to thicken, stabilize, and gel food products. It
is frequently employed to give jams, jellies, and fruit
preserves their characteristic texture. When pectin is
combined with sugar and acid, it forms a gel that sets
the fruit mixture into a spreadable consistency. Pectin
can be used as a stabilizer in dairy products such as
yogurt, cream cheese, and sour cream. It helps to
prevent syneresis, or the separation of liquids from
solids and improves the texture and mouthfeel of
these products. It is often used in confectionery
products such as gummies, fruit snacks, and
marshmallows to provide a soft, chewy texture. Also,
it can be used as a thickener and stabilizer in
beverages such as fruit juices, smoothies, and fruit
nectars. It can help to improve the viscosity and
mouthfeel of these products. So, pectin is a versatile
ingredient in the food industry that can be used to
improve the texture, stability, and overall quality of a
wide range of food products [137].

3.6. Pectin gels in wound healing patches

Pectin gels have been investigated as potential
wound healing patches due to their ability to form a
protective film over the wound surface and promote
healing. Pectin is a natural polysaccharide that is
commonly found in the cell walls of fruits and
vegetables, and has been used in the food and
pharmaceutical industries for its gelling and
thickening properties. When pectin is mixed with
water and heated, it forms a gel that can be applied to
the wound surface. The pectin gel can adhere to the
wound and form a protective film, reducing the risk
of infection and promoting healing. Pectin gels also
have the ability to absorb excess wound exudate and
maintain a moist wound environment, which has
been shown to promote faster healing.

Several  studies have investigated the
effectiveness of pectin gels as wound healing
patches. For example, a study in rats with skin
wounds found that a pectin gel patch applied to the
wound surface promoted faster healing compared to a
control group. Another study in diabetic mice found
that a pectin gel patch promoted faster healing of foot
ulcers compared to a standard wound dressing. Pectin
gels have the potential to be a natural and cost-
effective alternative to traditional wound dressings.
Further research is needed to fully explore the
potential of pectin gels as wound healing patches,
including optimizing the formulation and evaluating
their effectiveness in clinical trials [138].

3.7. Pectin gel as a fat replacer

Food producers are under pressure to cut back on
the quantity of fat in the diet as a result of the
reported health issues [139]. As a result, there is a
growing market demand for low-fat meals, and
producers are always exploring for new components
that can substitute fat in meals. A "fat replacer" or
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"fat mimic" is a term used to describe a component
that may be used in food items to completely or
partially replace fat, especially triglycerides. Studies
have shown that pectin microgel may substitute fat in
food products. Early studies only regarded pectin that
was ionically bonded, or calcium-gelled pectin, to be
eligible for use as fat substitutes. Subsequently, it
was demonstrated that covalently cross-linked pectin
may serve as both an emulsifier and a fat alternative
[140]. By adding more viscosity to the liquid phase in
the mouth, pectin gel can simulate the mouthfeel of
lipids, which is essential to its function as a fat
substitute [141].

The degree of tangly [twisted or entangled]
interaction among oil granules and the 3D structure
of pectin gel determine the rise in product viscosity
[Figure 4]. The particle size of fat mimics is another
element that affects the function of replacing fat. The
production of pectin microgels employing an
acceptable size reduction technique was required
since the particle size of the pectin gel should be
comparable to that of the oil granules in order to be a
superior fat substitute. The softness and deformability
of the microgel particles, which are similar to those
of fat particles, allow them to replicate the physical
and sensory properties of emulsified fat [142 — 143].

Lfp2/LfW
f Lfpl Weak pectin gel e/

1

/

0il granule Oil granule § —

Microparticulated pectin gel/

Combination of Wpl/ Pectin

Figure 4: Pectin hydrogel like a fat substitute: a
graphic illustration of the theory on how an oil-in-
water emulsion and a fat imitation interact [144].
3.8. Pectin hydrogel as a food texturizer

In the food business, granulated starch is a
common texture modifier, fat substitute and
thickening agent. Granulated starch works well for
the aforementioned purposes, but too much of it can
cause diabetes. Pectin is effective in changing the
texture of food and can take the role of starch
granules, according to several researchers. To create
hydrogel microspheres, pectin [0% — 0.2% wt/wt]
and gelatin [0.5% wt/wt] were combined at a pH
higher than the isoelectric point of gelatin [pH 9, 30
°C]. Cationic gelatin and anionic pectin are attracted
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to one other electrostatically, which achieved by
complicated coacervation caused the aforesaid
combination to spontaneously form micron-sized
particles when the pH was decreased to 5. The main
problem was adjusting hydrogel particle size to
match starch particle size. The creation and
characteristics of hydrogel particles are influenced by
the gelatin-to-pectin ratio, which also impacts the
biopolymer charge stoichiometry and strength of
electrostatic interactions [145 — 146]. The ratios of
gelatin and pectin were selected for the preparation of
hydrogel particles according to the following
requirements: [i] to confirm that the hydrogel
microspheres produced were true coacervates among
pectin and gelatin and not simply the result of
gelation of gelatin molecules [147]; [ii] to achieve a
final mixture in a fluid form instead of a gelled form
and [iii] to suit structure of the starch granules and its
size.

On the contrary hand, the concentration of pectin
present had a significant impact on the coacervates'
produced distribution of particle sizes and mean
particle diameter. Particles in the mixture were
discovered to agglomerate at 0.1% [wt/wt] pectin.
However, the mixture included discrete, transparent,
spherical particles with a comparable morphology
and size to swollen starch granules [D3, 2 23 Im] at
0.01% [wt/wt] pectin. To imitate microstructure and
the size of starch granules, coacervates were created
by combining 0.01% [wt/wt] pectin with 0.5%
[wt/wt] gelatin [143].

4. Conclusions

In conclusion , pectin is a natural polysaccharide
found in the cell walls of fruits and vegetables that
has a wide range of applications in various industries,
including food, pharmaceuticals, and cosmetics. The
extraction of pectin from plant sources can be
achieved through various methods, including hot acid
extraction and enzymatic extraction. The choice of
extraction method depends on factors such as the
source of pectin, the desired quality and quantity of
pectin, and the economic viability of the method. In
the food industry, pectin is commonly used as a
gelling, thickening, and stabilizing agent in a variety
of products, including fruit preserves, dairy products,
confectionery, and meat products. Structurally
modified pectin can also be used as a fat replacer, and
pectin oligosaccharides have potential health benefits
as prebiotics. Pectin is a versatile and valuable
natural ingredient with numerous applications in
various industries. Ongoing research into the
extraction and modification of pectin will likely lead
to even more innovative and useful applications of
this important polysaccharide in the future
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Table 3: Various pectin-based materials are employed in food packaging applications [12].

Type Polymer Matrix Additive Application Ref.
Film LMP-bitter vetch protein Transglutaminase Drug delivery [148]
system
Film LMP Ascorbic acid AO system [149]
Film HMP Clove EO AM system [150]
Film HMP Marjoram EO AO system [151]
Film HMP-Gluconaman Tea Extract AO/ AM system [152]
Film Pectin — pullulan AgNPs AM system [153]
Film HM-apple pectin Chia seed hydrocolloid AO system [154]
Film Chitosan-Starch-Pectin Mint and rosemary oils AO/ AM system [155]
Film Fish gelatine-HMP Nisin Preservation of [156]
beef meat
Film HMP Red cabbage extract pH indicator [157]
Film Chitosan-HMP Anthocyanin pH indicator [158]
Nanocomposite Pectin AgNPs , laponite Coating [159]
polypropylene to
improve barrier
/AM Properites
Nanocomposite Pectin Ag/AgCl — ZnONPs AM system [160]
Nanofiber HMP AgNPs Reinforcement , [161]
LMP AM
Nanofiber Polyethylene oxide - Reinforcement [162]
Acrogel Amidated pectin TiO2 , NPs AM under dark and [163]
UV illumination
conditions
Hydrogel LMP-Chitosan Garlic and holy basil Incorporate to [164]
Eos cellulose bag to
Camelia oil improve AM
properites
Oleogel HMP Tp-palmitate Drug delivery [165]
system
Emulsion HMP Clove EO Bream fillets [166]
coating
Microemulsion Chitosan-HMP Cinnamaldhyde AM system [167]
Nanoemulsion Food-grade pectin Curcumin and garlic Coating chicken [168]
Eos fillets
Nanoemulsion HMP Oregano , thyme AM system [169]
Jlemongrass
mandarin Eos
Nanoemulsion HMP Lemongrass EO Addition in [170]
Cassava starch film
to improve
biodegradation
properties
[EO: essential oil; AM: antimicrobial; AO: project (reference number: PRIMA-EU- 2019-

antioxidant]
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