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Abstract
Pectins are natural complex heteropolysaccharide which comprise a
functionally significant moiety of the primary cell walls of terrestrial plants.
Pectin is a carbohydrate found in all fruits and vegetables and is necessary for
plant growth. Industrially, it is extracted from citrus peels or apple pomace,
and is used as a thickener, water binder and stabilizer in foods,
etc. Considering this review sheds a light on the various extracting conditions,
characterization, varying time, temperature, pH, functional properties and
applications of pectin based polymer techniques.
Keywords: Pectin, food additives, degree of esterification, methoxyl content,
Waste Utilization.

INTRODUCTION
Food waste is considered only for products that are directed to a part of food chains
leading to "edible products planning to human consumption", [1]. About 18% of the
fruit and vegetables production value Rs. 13,300 crores are expected waste annually
in India (2014 data). Fruit and vegetables comprises of carbohydrates like sugars,
dietary fibres, vitamins and minerals [2].
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FOOD ADDITIVES
Food additives are substances which are added to food which either can improve the
flavor, texture, colour, taste, appearance as processing aid. Food additives as nonnutritive substances added purposely to food, normally in small quantities, to get
better appearance, flavor and storage properties. Food Additives can be classified as
colors, flavors, chelating, thickening agents etc., is shown in fig. 1 [3] and
(*source:www.intechopen.com).

Fig. 1: Classification of Food Additives

PECTIN
Pectin is a structural heteropolysaccharide contained in the primary cell walls of
terrestrial plants. It was first isolated and described [4]. Pectin is present not only
throughout primary cell walls however in the middle lamella between plant cells [5].
The schematic view of the structural design of the cell wall is shown in (Fig. 2).
Pectin is a important by-product that can be obtained from these fruits and vegetable
wastes [6].
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Fig. 2: Schematic demonstration of the structural design of the cell wall

History
The first quotation linking to pectin is found in an English article from 1750 about the
preparation of apple jelly [7]. As for commercial production, in the 1930's Hermann
Herbsthreith revealed the possible use and purpose of apple pomace, a hitherto
discarded by-product of the manufacture of fruit juice [8]. The content of pectic
substance vary depending on the botanical source of plant matter. There are four byproducts of the agro and food industries that are high in pectic substances such as
pomace from apples, sugar beet pulp, citrus fruits and sunflower rinds[9].

Chemistry
Pectin’s, also known as pectic polysaccharides, are high in galacturonic acid. Several
individual polysaccharides have been recognized and characterized within the pectic
group. Homogalacturonans are linear chains of α-(1-4)-linked D-galacturonic acid.
[10] studied the substitute galacturonans are characterize by the presence of
saccharine residues branching from a backbone of D-galacturonic acid residues.

Functional Groups
Pectins can contain nonsugar substituent's, normally methanol, acetic, phenolic acids
and amide groups. Acetyl groups are usually present in the 'hairy'
rhamnogalacturonan regions and only present in very low amount in
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homogalacturonan from apple and citrus fruits [11].

Classification of Pectins
Pectins can be classified according to their degree of esterification (DE). The degree
of methylation (DM) is defined as the percentage of carbonyl groups esterified with
methanol. If > 50% of the carboxyl groups are methylated the pectins are called highmethoxy pectins (HMP) and < 50% of the carboxyl groups are called low methoxy
pectins (LMP). LM pectins can also be further processed to produce amidated (AM)
pectins by de-esterification of the LM pectin in an ammonia medium.

a) High Methoxyl pectins (HMP)
HMP need the presence of a high concentration of solids (> 55%) before they can gel,
with sucrose used mainly for commercial pectin [12]. This limit the use of HM pectin
to sweetened products.

b) Low Methoxyl pectin (LMP)
LMP can gel in the existence of divalent cations, usually calcium. In these systems
gelation is due to the arrangement of intermolecular junction zones between
homogalacturonic smooth regions of different chains. The arrangement of junction
zone is normally attributed to the so called 'egg box' binding process [13]. LMP with a
blockwise distribution of free carboxyl groups are very sensitive to low calcium
levels. They do not require a low pH, but gel at a pH range of 2-6. Even though high
concentrations of solids are not required, the high calcium content results in a bitter
after-taste [12].

Sources and Production
The most important source of pectins are citrus peel and apple pomace. They not only
have rich pectin content, but are also by-products of the juice manufacturing company
[14]. Citrus peel contains high amount of pectin content (25-35% - dry basis), apple
pomace (10-15% - dry basis), sugar beet contains (10-20%) and sunflower (15-25% dry basis) [15].

Worldwide Production of Pectin
Worldwide, roughly 40,000 metric tons of pectin is produced annually and is shown
in (Fig. 3). At present the worldwide pectin marketplace expected at 319 million U.S.
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dollars. (*source:www.cctt.com.ua).

Fig. 3: Worldwide Manufacture of Pectin
“Pectin Market forecast: Worldwide Industry trend, shares, Growth, chance and
predict 2017-2022”, finds that the worldwide pectin marketplace has grown-up at a
Compound Annual Growth Rate of approximately 6% in 2009-2016 and is shown in
(Fig. 4 and 5). According to the study, the worldwide pectin requirement is currently
being determined by its ability to produce modified textures and its natural association
with fruit pulp (*source:www.imarcgroup.com).

Fig. 4: Worldwide Pectin Applications Market Forecast
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Fig. 5: Global Pectin Market: Breakup by Raw Material (in %), 2016

APPLICATIONS
Pectins are generally used as food additives (E440) with gelling and thickening
properties in jams, confectionery products, etc.,[16]. For conventional jams that
contains above 60% sugar and soluble fruit solids, high-ester pectin’s are used. With
low-ester pectin’s and amidated pectin’s less sugar is needed, so that diet foodstuffs
can be made [17].

Extraction of Pectin using Various Acids
Considerable literature pertaining to the extraction of pectin from fruit peels is
available.
Isolation of pectin from citrus peels using hydrochloric acid, organic acids, salts and
ion exchange resins as extractant [18]. The quality of isolated pectin is reported to be
strongly dependent upon the pH of the extracting solution. [19] Pectins were isolated
from grapefruit, orange and lemon waste with nitric acid during the 1975-76 Florida
citrus season. Temperature and time of isolations were varied while isolating acidity
remain constant at pH 1.6 ± 0.05. Parameters for the estimation of isolated pectin
from waste were yield, jelly grade and jelly units. Maximum yields of pectin
calculated to 150 grade obtained from lemon, orange and grapefruit were 11.0, 8.15
and 6.35%, while highest jelly grades were 254, 225 and 263, respectively. Highest
jelly units were found for lemon waste (16.5), followed by orange (12.2) and
grapefruit (9.5).
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Isolated pectin from firm ripe lawulu fruit using HCL followed by ethanol
precipitation yielded 7.3% pectin on wet weight basis and 26.1% on dry weight basis.
The isolated pectin contain 0.74% ash, 0.02% acetyl and 7.85% methoxyl content
with equivalent weight of 993.5. These values were similar with commercial HMP
[20]. [21]pectins from apple pomace with 5% (w/v) aqueous citric acid solutions
under different time and temperature according to an experimental design. The DE
determined by FT-IR spectroscopy, was linked with increasing temperature and time
of extraction.
Extraction of pectin from passion fruit peel using three different acids like citric,
hydrochloric or nitric at different temperatures (40 – 90°C), pH (1.2 – 2.6) and
extraction times (10 – 90 minutes), with and without skins using a 24 factorial design
[22]. It was concluded that the optimal conditions for maximization of pectin yield
increased from 10% to 70% on the use of citric acid at 80°C and pH 1 with an
extraction time of 10 minutes. [23] the isolation of pectin from watermelon rinds and
to characterize the best condition for acid extraction. The independent variables were
citric acid concentration (0.08 – 5 g/ml) and heating time (20 – 110 minutes). The
highest yields were obtain when watermelon rinds was dried and ground to obtain a
watermelon flour to be used as raw matter. It was concluded that the data variation
and considerably represent the actual relationship between the independent variables
and responses, with a correlation coefficient of (0.938) and a (44.9454 %) absolute
average percent error. [24] the characterization of apple pectin and its
oligogalacturonic fractions resulting from the autochthones apple variety Budimka.
After isolation, apple pectin was subjected to controlled enzymatic hydrolysis by
polygalacturonase (PG) and pectin lyase (PL) from Aspergillus niger and then
fractionated by ion-exchange column chromatography. The whole contents of neutral
saccharides in the original Budimka apple pectin was detected by HPLC analysis of
the 4-nitrobenzoyl derivatives of the sugar and amounted to 5.31 %. [25] the various
pre-treatment prior to pectin acid isolation from orange peel. The extraction process
involves subjecting the orange peel for a short time to steam pressure varying from
100 to 700 kPa, followed by an instantaneous decompression to vacuum at 5 kPa. The
optimal conditions were determined and also the responses surfaces were plotted from
the mathematical models using RSM. Moreover, the kinetics of pectin isolation
showed that the hydrolysis and the yield of pectins were thoroughly higher than that
of control sample of pectin is usually performed in 10-15 minutes.
Acid extraction of novel pectin from chickpea husk (CHP). CHP presented a 67%
(w/w) of galacturonic acid, an intrinsic viscosity of 374 mL/g and a viscosimetric
molecular weight of 110 kDa [26]. The results attained imply that chickpea husk can
be a possible source of a gelling pectin materials. [27] to extract pectin methylesterase
(PME) from Valencia orange peels. The pectin methylesterase extracted from orange
peels contains almost the same amount of heat stable and labile fraction, and the
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enzymes cannot be activated by mild heating. The extracts stabilized by Na-benzoate
and K-sorbate maintain more than 90% of their pectin methylesterase activity at 4°C
for at least 5 months. The pectin methylesterase was successfully used to prepare
LMP used in edible film formation in the presence of CaCl2 and to show the potential
of using Valencia orange peels as a source of commercial pectin methylesterase.
Pectin extracted from the apple pomace was evaluated for the in vitro inhibition of
pancreatic lipase and also pectin was extracted from two different varieties of apples,
i.e., Malus pumila and Spondias dulcis using two different extractants, i.e.,
hydrochloric and citric acid (CA), separately at pH 2.5. The lipase inhibition was
observed to be dependent both source as well as the extractant process used. The
maximum lipase inhibition (94.30%) obtained with the pectin extracted from Malus
pumila by CA process, which is similar to that of the commercial pectin, i.e., 94.15%
[28]. The extracted pectin has promising use in the anti-obesity formulations and
other applications like personal care products.
Pectin from unshiu orange peels was subjected to chemical alteration by hydroxamic
acid. It was found that derivatisation using hydroxamic acid improved the solubility
of pectin [29]. [30] evaluate the effect of Celluclast 1.5L concentration on the
physicochemical characterization of Gold Kiwifruit pectin. Celluclast 1.5L with
medium concentration exhibit the highest viscosity. Varying the different enzyme
concentration also influenced the molecular weight distribution. Overall, the study
clearly reflects the significance of taking into consideration the amount of cellulytic
enzyme added in order to establish the final quality of pectin.
Optimization of nitric acid-mediated and CA extraction of pectin from cacao pod
husks (Theobroma cacao L.) using RSM [31 & 32]. An initial screening study tested
the main parameters influencing yield and uronic acid content by a factorial fractional
33−1 design. Yield was optimized by increasing temperature. From the results obtained
experimental value for the pectin yield was 10.1 ± 0.3g/100g dry cacao pod husks
using CA extraction as a solvent, with the pectins containing 65.1 ± 0.8g uronic acid,
the fraction behaved as a concentrated solution and presented a non-newtonian shearthinning behavior, well described by Cross Model. [33] the extraction of pectin from
different fruits such as orange, apple, guava and grapes using different acids.
Hydrochloric, sulphuric and nitric acid were used for extraction of pectin from dried
fruit pieces. The resulting pectin content of fruits was compared with different drying
methods.
Optimization of pectin extraction from steam distillated orange peels through an
experimental factorial design using two different acids; an organic acid (CA) and a
mineral one (sulfuric acid) were investigated by RSM [34]. Extraction parameters
which are employed in this study are temperature of extraction (X1: 50°C - 80°C),
acid concentration (X2: 0.05M - 0.1M) and acid hydrolysis time (X3: 30min -
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60min). While results showed, in the case of the sulfuric acid, that all the
combinations have a significant effect on pectin yield, however the combined effect
of the 3 factor is the most significant followed by the combined effect of time and
temperature extraction. Pectin yields varied from 11.32% to 28.23% using CA and
from 11.6% to 30.30% using sulfuric acid. [35] chemically modified pectin
derivatives by partial esterification of its hydroxyl moieties with various fatty acids
(FA: oleic, linoleic and palmitic acid), as well as the initial apple peel pectin were
compared and to characterized using diffuse reflectance infrared Fourier transform
(DRIFT) spectroscopy. DRIFT spectra determined from pectin to its FA esters are
related to the corresponding chemical modifications of a comparable materials
measured in KBr / NaCl matrices has revealed noticeable shifts of many polar
functional groups. The results secured have implications for careful structural
analyses of biopolymers with hydrophilic functional groups by different FTIR
spectroscopic methodologies. [36 & 37] extraction and characterization of pomace
pectin from gold kiwifruit (Actinidia chinensis) using CA, water and enzyme
(Celluclast 1.5L) in terms of physicochemical properties, viscosity and degree of
branching. Enzyme extracted pectin showed the highest yield (~ 4.5% w/w) as
compared with the acid and water extraction methods (~ 3.6–3.8% w/w). Pectin
obtained from several extraction methods showed different degree of branching.
Results showed that gold kiwifruit pomace pectin has potential application in various
food products. [38] drying operating conditions on the chemical characteristics of the
CA extracted pectins from ‘pera’ sweetorange (Citrus sinensis L. Osbeck) albedo and
flavedo using CA. The highest yield value obtained was 38.21%w/w for dried albedo
at 70°C and 0.1 ms-1 of air velocity. The pectin was assessed for its molecular weight
by the method of gel permeation chromatography. [39] extraction and characterization
of pectin from red and green grapefruit peels. Grapefruit peels were treated with
alcohol and the obtained AIS were subjected to a sequential extraction with hot water
and hot 0.5% HCl. Comparative investigation were carried out with purified
commercial citrus pectin. The yield of grapefruit peel pectin was 25% (dwb)
respectively. [40] evaluated the various functional properties of pectin from dragon
fruit (Hylocereus polyrhizus) peel from the juice industry and its application in jam
processing were investigated. Water holding capacity of the pectin was similar to
apple pectin which was 5.50 and 5.45 g/g respectively. For sensory attributes, no
significant (p <0.05) differences were observed between the mean scores of the jam
produced using dragon fruit peel pectin and apple pectin except for the colour
attribute. [41] physicochemical and antimicrobial properties of Cocoa Pod Husk
pectin (CPHP) proposed as a flexible pharmaceutical excipient and nutraceutical.
Pectin had good microbiological quality and high swelling capacity in aqueous media.
CPHP exhibited good physicochemical properties and highly acetylated LMP.
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Effect of pH, Temperature and Time for the Extraction of Pectin from Various
Fruit Peels
Studies on optimizing the extraction of pectin from grapefruit, orange and lemon
peels with time and temperature as variables and using nitric acid [42]. The maximum
yield amount of pectin considered to 150 grades and the highest jelly units were found
to be 16.5%, 12.2% and 9.5% for lemon, orange and grapefruit respectively. [43]
optimum conditions for extraction and precipitation of pectin from mango peels. Due
to various changes in pH scale, temperature and time significantly affect the
extraction of pectin. Maximum pectin yield was 21.0% was obtained on soaking
finely ground and defatted mango peel in H2SO4 solution of pH 2.5 at 800C for 120
minutes. The chemical characteristic values of mango peel pectin were within the
accepted limit of good quality pectin.
Optimization and characterization of pectin through the peel of passion fruit
(Passiflora edulis f. flavicarpa Degener) and the extracting agents on the pectin of the
dry peel of passion fruit. The content of pectin was investigated through the method
of acid hydrolysis under the following extracting conditions like pH: 3.0, temperature:
90-95ºC and heating period: 90 minutes. The peel of the passion fruit in the yellow
state of ripeness showed the highest content of pectin and the greenish-white state of
ripeness showed the best gelling properties [44]. Comparative aspects of pectin
extraction from different peels of different variety of citrus fruits like Feutral,
Musambi, Malta and Kinnow were optimized according to the standard procedures.
pH, temperature and time significantly affected the extraction of pectin [45]. The
Feutral yielded maximum pectin followed by Mosambi (18.5%), Malta (15.29%) and
Kinnow (14.01%) respectively. In another study pectin was extracted from apple
pomace [46], the authors have used a 22 factorial design for optimizing the extraction
of pectin, time and temperature as variables. Maximum yield of 16.8% pectin was
obtained using higher temperature at 100°C for 80 minutes. [47] the effect of different
variables including pH (2.5 & 3.5), temperature (80°C & 90°C) and time (60 & 120
minutes) on the yield and quality of pectin from sour orange peels. These parameters
affected the extraction significantly and a maximum yield of 16.10% was obtained, at
a pH 2.5 temperature of 80°C for 120 minutes. In another study [48], apart from time,
pH and solvent as the parameters, the mode of extraction was also used as a variable.
Extraction of pectin from orange peels and the effect of different extraction periods,
like pH’s, types of solvent systems using Microwave and Soxhlet extraction methods.
It was concluded that the maximum yield of pectin was found to be 5.27% for
15minutes in a microwave extraction method.
In the case of banana peels, it is reported that the pH of the extraction solution
inclined the yield of pectin due to its chemical composition with lower pH values
negatively affecting the galacturonic acid content of pectin whereas increasing the
yield [49]. In a study conducted on the extraction of pectin from different varieties of
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apple from Kashmir [50], it was concluded that the yield of pectin content extracted
was maximum in the variety of Maharaj – ji at 20.04% followed by Delicious
(14.40%) and American apples (11.60%) respectively. [51] pectin extraction from
ripened sugar palm meat and young sugar palm meat using different temperature and
pH. The ripened sugar palm could give pectin as high as 20% yield at extraction
condition of pH 2, 80oC, while the young sugar palm gave only 8.1% yield at pH 3.
On the other hand, the extraction of young sugar palm meat at microwave power 800
W at pH 2 with 3 minutes of duration yielded as high as 23.5% of pectin. The results
show that sugar palm meat had high potential as a new pectin source. [52] estimate
the solutes in orange peel liquid extract used for pectin production based on the
optimum extraction conditions. An experimental design was used to examine the
influence of the extracting conditions on the yield of the studies. Moreover, the
variables were analyzed for significance and optimized, to obtain an optimum solutes
yield. [53] optimization of extraction conditions for colchicine from Gloriosa superba
tubers using RSM. Optimum levels of the significant variables were determined by
using Box-Behnken Design (BBD). The most suitable condition for extraction of
colchicine was found to be single step isolation at temperature 35°C, pH 7, time 70
minutes, solvent-solid ratio 50:1, mean particle size 0.5 mm and solvent composition
70% ethanol in ethanol-water mixture. At these optimum levels of isolation
parameters, the maximum yield of colchicine obtained experimentally was found to
be very closed to its predicted value of 0.97% dry weight of tubers.
Extraction and Characterization of gelling and emulsifying pectin fractions from
Cacao Pod Husk using different extraction conditions (pH 1.0, 2.0 and 3.0). The
results obtained, with respect to yield, chemical, and macromolecular characteristics,
showed that 3.7-8.6% cacao pod husk pectin, with 50.9-74.8% galacturonic acid
content; 36.7-52.4% methylation degree; 3.2-9.8% acetylation degree, [54]. In another
study, [55] various extraction conditions were applied to the effect of temperature,
extraction time and substrate – extractant ratio on pectin extraction from cocoa husks.
Pectin was extracted from cocoa husks using water, CA at pH 2.5 or 4.0, and
hydrochloric acid at pH 2.5 or 4.0. The highest yield of pectin (7.62%) was obtained
using citric acid at pH 2.5 at 950C for 3.0 hours. [56] extraction of pectin from
cladode flour of Opuntia ficus indica was extracted at different
ethylenediaminetetraacetate concentrations, temperatures, pH and time. The results of
the extracting conditions on the yield, purity and chemical composition of pectin were
assessed. The highest pectin yield was observed for pectin obtained under alkaline
conditions and 20 % of EDTA. The tested extraction conditions caused only slight
changes in the molecular weight of the extracted pectin as a function of time. [57]
various effects of extraction parameters and its properties of pectin from pomelo
(Citrus maxima) affecting pectin yield and its various properties by using single factor
and CCD methods. The extraction temperature showed strong influence on the yield
and molecular weight, but not on the DE, under the various optimal conditions, then
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the pectin was measured to be 23.19% and it’s DE and MW values were
approximately 57.87% and 353kDa. [58] evaluated the various extracting conditions
of pectin from lemon pomace under different solvents, temperatures (70, 80, 90 and
1000C), times (30, 60, 90 and 120 minutes) and maturity stages (premature, mature
and over ripen). Preliminary results showed that optimum conditions for the
extraction of pectin were found at a temperature of 1000C by 60 minutes on the basis
of pectin yield and equivalent weight extracted with water. Therefore, the premature
lemon pomace can be considered as rich source of pectin in terms of yield, methoxyl
content, DE and AUA content. [59] various extraction temperature on different
properties of the pectin. The maximum yield of citrus peel pectin (CPP) and apple
pomace pectin (APP) were 21.95% and 16.68%. Moreover, both CPP and APP
scavenged more than 60% DPPH radical and 80% ABTS radical in vitro and the
highest proliferation inhibition rates of colon cancer cell HT- 29 by CPP and APP
were 76.45% and 45.23% respectively. [60] extraction and characterization of pectin
from Saba banana peel wastes. Pectin extraction was carried out by using
hydrochloric acid (0.5N, pH 1.5) and (0.5N, pH 1.7). Highest pectin yield was
obtained using HCl extracted for pH 4 (17.05% dry basis). The extracted pectin was
employed in the process of strawberry jam in order to assess its possible as a gelling
agent.
Optimization of fermentation conditions of pectin production from Aspergillus
terreus and its partial characterization [61]. An optimum fermentation condition of
pectin production was obtained through a central composite rotatable design in RSM
as follows: fermentation time - 30.09 hours, temperature - 25°C and the initial pH in
the fermentation medium - 6.9 and the pectin yield reached the maximal value
0.449g/g. The investigation can make it expensive to utilize persimmon peel to
produce high methoxyl pectin for food industry, pharmacy and cosmetic manufacture.
[62] optimize the aqueous extracting conditions such as solid-liquid ratio (1:5 1:15g/ml), pH(2 - 3), extraction time (20 - 60minutes) and extraction temperature (75
- 95°C) on maximum extraction of pectin from durian rinds using 4 factors, 3 levels
BBD. The optimum extracting conditions was found to be as follows: SL ratio of
1:10g/ml, pH of 2.8, extraction time (43 minutes) and temperature (86°C). Under the
optimal conditions, the experimental pectin yield (9.1%) was well correlated with
predicted yield (9.3%) respectively. [63] optimization of processing conditions for the
extraction of citrus peel. The dried peel was ground and then subjected to pectin
extraction using H2O as solvent. Three treatments with different levels i.e., pH (1, 2,
2.5, 3, 3.5, 4, 4.5 and 5), temperature of solvent (70, 85 and 95°C) and extraction time
(0.5, 1, 2, 3, 4 and 5 hours) were evaluated. Development of an cost-effective
processing method for pectin extraction from citrus peel, that offer energetic
properties nearly identical to those prepared by soxhlet and microwave method using
other substrates. Dried citrus peel contains about 30% pectin It has been found that 30
minutes heating at 70°C and pH level 2.5 resulted in 21% pectin extraction followed
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by 1 hour heating at 85°C at pH level 3.0 and a similar pectin yield. [64]
standardization of eco-friendly technique for the extraction of pectin from apple
pomace for different time intervals like 15, 30, 45 and 60 minutes at 121°C for 60
minutes followed by precipitation with ethanol was found to be optimum with pectin
yield of 13.01% on dry weight basis and AUA content of 43.21%. The standardized
method can be used to substitute the chemical extraction procedure for commercial
pectin from apple pomace. [65] have investigated the extraction and characterization
of pectin from orange peels by using different temperature and time to determine their
effects on the % of yield. 10g of orange peels produced 3.5g % yield of pectin at 40˚C
in 5 minutes and 4.2g at 80°C in 7 minutes. The results concluded that, the higher
extraction time and temperature shows the higher pectin yield. [66] aqueous
extraction of pectin from sour orange peel and its preliminary physicochemical
properties using various effects of temperature (75-95°C), time (30-90 minutes) and
liquid-solid ratio (20-40, v/w) on pectin yield, methoxylation degree and galacturonic
acid content using a BBD and RSM. The highest extraction yield (17.95±0.3%) was
obtained at temperature of 95°C, time of 90 minutes and liquid-solid ratio of 25 (v/w)
respectively.
Passion fruit is one among the popular fruits in Brazil and its annual production
represents 70 % of the world production. About 60 % of fruit is mesocarp and epicarp
(peel) and contains high levels of pectin that can be extracted using alternative
technologies. The aim of the current work was to research the potential of high
pressure to extract the pectin from passion fruit peel [67]. The results showed that the
extraction yield nearly doubled (from 7.4 to 14.34 %) when at high pressure was used
as a pretreatment. High pressure as a pretreatment was found to be an effective and
eco-friendly methodology for the extraction of pectin from passion fruit peel. In
another study [68] optimization of pectin extraction from banana peels with CA by
using RSM. A CCD was used to determine effects of pH (2.0 - 4.5), extraction
temperature (70-90°C) and time (120 - 240 minutes) on the yield of pectins extracted
from banana peels. The optimized extraction conditions, maximum yield of
galacturonic acid while keeping degree of methoxylation at a minimum of 51%, were
87°C , 160 minutes and pH 2.0 respectively. [69] optimization of pectin extraction
from pistachio green hull as a new source and the influences of different pH (0.5–2.5),
temperature (50–90°C), time (30–150 min) and liquid/solid ratio (10–50 v/w) on the
acidic extraction yield and DE of pistachio green hull pectin were studied by using
CCD. The optimization of pectin extraction condition showed that the optimal
condition was pH of 0.5, temperature (90°C), time (30 min) and liquid/solid ratio (50
v/w). In this condition, the experimental yield (22.1 ± 0.5%) was fine accord among
predicted yield (23.42%) respectively. [70] optimization of extraction and
physicochemical properties of pectin from carrot pomace and to determine the various
effects of pH (0.5 - 2.5), temperature (50 - 90°C), time (30 - 150minutes) and
liquid/solid ratio (10 - 50 v/w) on the yield and degree of esterification by CCD for
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four variables. The results showed that the pectin yield ranged from 5.0 to 15.2% and
also, this pectin is classified as LMP. Under the optimal extraction conditions, the
galacturonic acid content and emulsifying activity were 75.5 and 60.3% respectively.

Gelling Characteristics and Rheological Properties of Pectin
Estimation of the influence of the degree of esterification on the hydrodynamic
properties of citrus pectin’s provides an easy demonstration of how chemical
difference will influence structural properties of polysaccharides [71]. Five different
citrus pectin’s with average degree of esterification 77.8, 65.0, 53.9, 37.8 and 27.9%,
were studied using capillary viscometry, sedimentation equilibrium and size exclusion
chromatography coupled to multi-angle laser light scattering. Hydrodynamic data
clearly indicates that increasing chain stiffness with decreasing degree of
esterification and electrostatic interactions are important in these conformational
changes. [72] isolation and characterization of Pectin from Peel of Citrus tankan with
a yield of 2.75%. The pectin was composed of D-GalA, D-Gal, L-Ara and L-Rha in
the molar ratio of 100:11.3:3.6:2.6. The molecular weight was estimated to be
approximately 9:2 - 104. [73] effects of LMP on physiochemical and sensory
properties of a reduced-calorie sorrel (Hibiscus sabdariffa) jam with sucralose. The
puree was processed to jam at 90ºC for 30 minutes, then at 100ºC for two minutes
upon the addition of 8% sucralose and three levels (1.5, 2.0, and 2.5%) of calcium
added LMP for gelation. This treatment was liked slightly too moderately in texture
and overall acceptance.
Comparison of structure and emulsifying activity of pectin extracted from apple
pomace and apricot pulp by solubilization at 80°to 82°C in acidified medium (HCl
0.5N) at pH 1.5 for 60mins. The emulsifying activity (EA) of the extracted pectin’s
showed that they were endowed with a surfactant power described by EA varying
between 37.03 and 45.87 [74]. Extraction of pectin from Pink Lady apples (Malus
pumila), which present at physiological maturity an average 50% of red color
coverage, to assess whether this variety is characterized by a high (HM) or low
methoxyl value (LM). The pectin was extracted with CA, which was tested under
three different pH conditions for 60 and 90 minutes and subjected to a constant
temperature of 90ºC [75]. The DE of the pectin was measured and then pectin was
dehydrated to evaluate its sensory attributes, such as color, flavor, texture and
acceptability. [76] extraction of oil, pectin and the physical characteristics of sweet
orange. The yield of essential oil obtained from flavedo peel layer is 3.02% and the
yield of pectin extracted by acid precipitation method from albedo peel layer was
20.12%. Further, the physicochemical characteristics of pectin were found to be color
(brown), moisture content (3.78%), ash (0.62%), degree of methoxylation (9.2%), gel
grade (150%) and calcium pectate (7.40%) respectively.

A Review - Pectin from Agro and Industrial Waste

1791

Extraction of pectin from Yuza pomace by using combined physical and enzymatic
(CPE) treatment and their characteristics were compared with those of chemicallyextracted pectin. The CPE extraction produced pectin with 55% of galacturonic acid
and the extraction yield was 7.3%. Also, the pectin obtained by CPE extraction
exhibited a higher degree of esterification (46%) than chemically-extracted pectin
(41%), which was confirmed by FT-IR [77]. [78] extraction and its characterization of
mango peel pectin, as the phytochemical screening was done and micrometric
properties like flow behavior, surface tension, viscosity and swelling index. Then, the
result shows that the water based extraction method had 25.26% yield of pectin was
obtained and it reveals that extracted mango peel pectin exhibited good flow
properties.
Extraction of HMP from the fruit peel of Citrus maxima. The appropriate condition
was the extraction at 80°C without pH adjustment (pH was about 4.5) in 20 times by
volume of water. Amberlite XAD-16 polystyrene was used to remove phenolic
compounds before concentration and precipitation of pectin [79]. The yield of the
obtained pectin was 7.23±0.19%, respectively. In another study, Rheological
Characterization of acid pectin samples in absence and presence of monovalent ions
due to its use as thickening and gelling agent in the pharmaceutical and food industry
[80]. The results obtained are interpreted such that the acid pectin in absence of
monovalent ions at pH close to pKa exhibit weak gel or entangled solution properties.
[81] have investigated the extraction of Novel Galactoarabinan-Rich Pectin with
Gelling Capacity from Soursop Pomace. The effect of the strength of nitric acidextractant (pH 1.2, 1.6, and 2.0) on the yield, sugar composition, molecular weight
and gelling ability of pectin from soursop (Annona muricata) and to find out the
optimum conditions for manufacturing marketable pectin. The results showed that the
yield (3.5-12.9%) of pectin (AMP) extracted from Annona muricata pomace was pHdependent. Partial structural analysis, by enzymatic degradations, suggested that AMP
was in the main branched with an unusual galactoarabinan side chain type rather than
with arabinogalactan-I. In another study, [82] physicochemical features and gelling
capability of cinnamon apple pectin’s were evaluated under different extraction
conditions. The results showed that the pectin yield (2.8-10.9%) and sugar
compositions. Cinnamon apple pomace appears to be a potentially viable source of
marketable pectin’s. [83] extraction and characterization of gelling pectin of the “noncomestible” fruit of Poncirus trifoliata using a relatively simple experimental design
for optimization, in which only the variable was the extraction pH (1.0, 1.5, and 2.0)
on the basis of our previous studies on diverse pectin sources. The results showed that
the yield of pectin (7.4% - 19.8%) was strongly influenced by the extraction pH,
temperature and time respectively. [84] extraction and characterization of low
methoxyl pectin from Cashew Apple pomace under different acid-extraction
conditions. The degree of methoxylation (DM) was in the range of 28%–46% and was
only slightly affected by the extractant strength, thereby indicating isolation of
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naturally LMP. [85] have studied on the yield of some structural and rheological
properties of acid-extracted pectin’s from cashew (Anacardium occidentale L.) apple
pomace showed that about 25% of pectin’s could be produced under various
optimized acid conditions. The DM of AOP was 41%, indicating extraction of LMP.
Cashew apple pomace, is an industrial cell membrane residue from the production of
cashew nut, appears to be a potentially viable source of production of marketable
LMP without the requirement for enzymatic and/or chemical demethylation. [86]
isolation and characterization of pectin from peel of Citrus tanakan. A pectin was
extracted from the peel of Citrus tankan with a yield of 2.75%. The uronic acid
content was 80.0%, and the degree of methoxylation was 63.2%. The molecular
weight was estimated to be around 9:2X104 respectively.
Rheological behavior of a high methyl-esterified pectic fraction from tamarillo was
evaluated at various concentrations in water and with sucrose (50% w/w, pH 3) [87].
The results suggested tamarillo can be a new source of pectin with potential
applications as gelling agents depending on solvent processes. [88] rheological and
chemical properties of pectin enriched fractions from different sources extracted with
CA from six new potential sources from fruit materials like peach, blackcurrant,
raspberry, strawberry, strawberry, plum and a vegetable source like carrot. The uronic
acid content of polysaccharides extracted in CA depended on pectinolytic enzymes
activity in fresh plant tissues and ranged between 16.5 and 37.1%; which are slightly
lower values than those of commercial pectins isolated from citrus and apple. Pectin
enriched fractions extracted from seasonal fruit and carrot with CA showed
considerable possible as thickening and gelling agents.

Applications of Pectin
[89] extraction of pectin from pumpkin pulp, using an enzyme preparation from
Aspergillus awamori. In contrast to pumpkin pectin obtained by digestion with cellfree culture medium formed gels with 60% sucrose at pH 3 and the yield was < 14%
in comparison with 22%. The main action of the enzyme complex from Aspergillus
used in this investigation of 3 hours reduction in DE at longer times with a higher
content of pectin yield is at (53%) of unesterified galacturonate residues and it's
capable of binding lead and other heavy metal cations. [90] the extraction of pectin
from orange fruit peel powder was subjected to simple water based soxhlet extraction
and pectin was isolated using ethyl alcohol as precipitating agent as a binding
property of pectin from pre-compression and post compression for every formulation.
It can be concluded for all pre-compression and post compression parameters were
found within acceptable range of pharmaceutical purposes. [91] the characteristics of
three different pectin’s and to see which one is more suitable for industrial
applications. Pectin was extracted using alcohol precipitation technique from peels of
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lemon, grape and sweet orange. It was characterized using both qualitative and
quantitative analysis to determine and compare the color, solubility in cold and hot
alkali, pH as well as sugar and organic acid. The result showed that the colors of the
pectin from these 3 sources were the same i.e., Brown they were all soluble in hot and
cold alkali and water, the moisture content, the methoxyl content and the ash were all
higher in the pectin extracted from peels of sweet orange with 95.25, 5.79 and 35%,
respectively.
[92] extraction of pectin from orange and lemon peels and its utilized in the
production of jam. The quantity of pectin content was extracted from orange and
lemon peels on fresh basis was 15.25% and 20.75%. The sensory analysis indicated
that all types of jams were accepted by panelists. It's recommended to support the
production of jam at home level using local raw materials under strict conditions as
well as the using of natural pectin from local fruits for the production of jams. [93]
evaluated the influence gelling substance on sensory quality for four blueberry jam
formulations. For gelling the following were used: synthetic HMP; synthetic high
methoxyl pectin obtain from passion fruit skin isolation; synthetic LMP, and synthetic
low methoxyl amidated. Results from the sensory analysis showed clearly, the tasters'
preference for the jelly elaborated with synthetic HMP and synthetic low methoxyl
amidated pectin. Thus, the results revealed good perspectives for the application of
this fruit in the food industry. [94] characterization of pectins extracted from
pomegranate peel and their gelling properties, pomegranate peels yielded between
6.8% and 10.1% pectins using (86°C for 80 minutes) nitric acid. The extracted pectins
were low methylated and characterized by the majority of homogalacturonan regions.
The variations in the pectin gel formation between varieties was recognized to
difference in pectin characteristics mainly the hydrodynamic volume and the neutral
sugar content.

CONCLUSION
Pectins are likely to play a major role in future. Many studies were performed for the
identification of promising techniques to extract, modify and to recover pectin from
agro-industrial waste with good quantitative characteristics. So further research is
needed to expand new innovative method for the recovery of pectin to overcome the
boundaries of existing processes. The need for a more sustainable manufacture of
various polysaccharides like pectin and its derivatives based on agro-industrial waste
for food processing and production could contributes to the concern of waste
management.
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