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The production of a large volume of agricultural residue during the processing of fruits has resulted in
environmental problems. Therefore, the production of bioactive compounds from agricultural residue will provide
a direction to overcome these issues. These residues are a potential source of many bioactive compounds, such
as pectin. The present study deals with the extraction and characterization of pectin from the Bael pulp residue
produced during the processing of Bael fruit. Pectin was extracted by using hot acid extraction methods and
evaluated for its physicochemical properties by using Fourier transform infrared spectroscopy (FTIR), scanning
electron microscope (SEM), X-ray diffractometer (XRD), and the values of moisture content, ash content,
equivalent weight, methoxyl content, total anhydrouronic acid content, and degree of esterification. The results
were compared with those of commercial pectin. Bael pulp residue yielded 24.02 * 0.63% of pectin by using HCI
and 22.1 + 0.7% by using H.SO,. The physicochemical characterization of extracted pectin, such as equivalent
weight (852.32 + 8.43), methoxyl content (8.28 + 0.35%), total anhydrouronic acid (67.69 * 0.35%), and degree of
esterification (69.39 + 0.57%), was within the acceptable range and comparable with the commercial pectin. The
values of moisture content (4.62 + 1.14%) and ash content (5.22 + 0.66%) indicated that the extracted pectin was
in pure form. SEM and XRD patterns observed the rough and amorphous nature of extracted pectin. The
antioxidant activity of pectin and total phenolic content were also observed. The ICso value was found to be 15.74
pug/mL, showing an adequate amount of antioxidant activity in isolated pectin with a total phenolic content of
58.5 mg Gallic acid equivalent (GAE)/g. Additionally, the prebiotic potential of extracted pectin was confirmed by
the viability assay of two probiotics (Bacillus clausii and Saccharomyces boulardii). Based on these results, Bael
pulp residue could be a good alternative source of high-value pectin that could be used to make health products
and other biological applications.
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Introduction to many environmental problems. The maximum

food waste is produced by beverage industries

During the processing of fruits, a large number of [1]. The proper utilization of these solid wastes
solid wastes are produced, which are a potential can not only expand the number of sources for
source of bioactive compounds and are generally numerous valuable nutraceutical and bioactive
discarded by food processing industries and lead substances but also aid in the eradication of
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environmental problems.

Bael also known as Aegle marmelos is one of the
traditional, underutilized, medicinal, and
nutritive fruits, majorly cultivated in the
southeast region of Asia [2]. The edible portion of
Bael fruit is processed for the production of
various products like jam, squash, refreshing
beverages, toffee, and syrup [3]. Bael fruit juice is
a traditional drink with lots of nutritive value and
rejuvenates the body with its cooling effect. The
processing of Bael fruit juice generates a large
amount of non-edible Bael pulp waste/residue,
and unsystematic dumping and burning of these
residues may create many environmental
problems. The Bael pulp leftover includes several
beneficial biomaterial and nutraceutical
chemicals, as well as a high concentration of
antioxidants and dietary fibers [4], and it has
significant potential to be utilized as a valuable
resource by extracting these crucial compounds
from the residues. It was reported that Bael pulp
contains approx. 8.8 g of pectin per 100 g. Pectin
is one of the essential natural biomaterials
present in Bael pulp residue. Pectin is a valuable
bioactive polysaccharide used as gelling agent
and stabilizer in the food and pharmaceutical
industry [5]. The limited sources of commercial
pectin make it difficult to achieve the high
demand for pectin which is increasing from time
to time. It is estimated that the consumption of
pectin may increase up to 48,735 metric tons by
the year 2026 [6]. So, proper utilization of Bael
pulp waste may become one of the potential
sources of pectin while also reducing
environmental concerns. The structure and
characteristics of pectin are based on the source
and method used for the extraction of pectin [7].
The variation in properties increases the
application of pectin to be used in food, cosmetic,
pharmaceutical, and nutraceutical industries,
and also used as a natural edible coating in
packing perishable foods [8].

Hot acid extraction is the most convenient and
widely used technique for the industrial
production of pectin [9]. The international pectin
producer association also describes that pectin is
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produced by using mineral acids as a processing
aid in water [10]. Apparently, no data is available
on the physicochemical characterization of
pectin together with its structural, functional
group analysis, and prebiotic potential extracted
from Bael pulp residue. In order to give
information on the distinctive properties of
pectin that can be used as a functional bioactive
ingredient in the nutraceutical, medicinal, and
non-medicinal industries, the current study
intended to extract the most valuable and
demanding biomaterial pectin from the novel
source Bael pulp residue. It also planned to
evaluate the antioxidant activity, total phenol
content, and structural morphology by using
Fourier-transform infrared spectroscopy (FTIR),
scanning electron microscope (SEM), and X-ray
diffractometer (XRD), as well as prebiotic
potential.

Materials and methods

Sample collection

Bael pulp residue was collected from the local
Bael juice stall in Delhi, India. Collected pulp
residue was washed thoroughly and strained for
a few hours in open to eliminate excess water
and then was placed in a hot air oven maintained
at 60°C for 22-24 hours for complete removal of
moisture followed by milling into fine powder by
using a mixer grinder. The powdered sample was
kept in a small air-tight container and stored at 3
to 5°C for further use.

Extraction of pectin

Pectin from Bael pulp residue was isolated by
using hot acid extraction method described by
Maskey, et al. [11] with a slight alteration. Two
different acids, 1 M HCland 1 M H,SO4, were used
to identify the effect of particular acid on the final
extract. Initially, water was brought to a boil and
maintained at 90°C in the heating mantle flask.
The powdered sample was added in a 1:6 ratio in
hot water followed by particular acid and
brought the pH of the solution to 1.5. The
solution was continuously agitated for 60 min
and maintained at 90°C on the heating mantle.
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The solution was cooled down instantly by using
an ice water bath and brought to 50°C followed
by filtration using three layered muslin cloth. For
maximum precipitation of pectin, 1:2 volume of
96% ethanol was mixed with the filtrate and kept
overnight. The precipitate was obtained by
filtration process using cheesecloth and washed
with 70% ethanol followed by absolute alcohol to
eliminate impurities. The purified pectin was kept
in a hot air oven at 50°C till the complete removal
of moisture before being ground into a fine
pectin powder. The fine pectin powder was
packed in small airtight pouches and stored at 4-
6°C for experimental use. The following equation
was used to calculate the Yield % of isolated
pectin:

Weight of dried pectin powder (g)
X 100%

Pectin yield % =
Weight of Sample (g)

Physicochemical characterization of pectin
powder

(1) Equivalent weight (EW):

The EW of isolated pectin was determined by the
method of Ranganna [12]. In a nutshell, 5.0 g of
pectin was kept in a beaker and moistened with
5 mL of ethanol. 1.0 g of NaCl was mixed with a
moist solution followed by 100 mL of distilled
water. Further, six drops of phenol red indicator
were added to the mixture and titrated against
0.1 N NaOH until the color of the mixture turns
pink and remained for 30 sec. The EW was
calculated by using the below-given formula:

Weight of the sample (g) x 1000

EW=
Volume of alkali (mL) x Normality of alkali

(2) Methoxyl content (MeO):

The MeO of pectin was determined by the
method of Ranganna [12] with some
modifications. 25mL of 0.1 N NaOH was mixed
with the neutral solution obtained from
equivalent weight (EW) determination. The
mixture was stirred and kept undisturbed for 30
min. After 30 min, 25 mL of 0.1 N HCl was poured
slowly into the mixture with continuous stirring
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and titrated against 0.1 N NaOH to a similar
endpoint marked in EW determination. The MeO
of the sample was determined by using the
following formula:

Volume of alkali (mL) x Normality of alkali x 31

MeO (%) =
i Weight of the sample (g) x 1000

x100%

(3) Total anhydrouronic acid (total AUA):

The titter of EW and MeO was used to calculate
the total AUA content of isolated pectin by using
below given equation [13].

(176 x 0.1z x 100%) +(176 x 0.1y x 100%)
AUA %=

W x 1000

where 176 is the molecular unit of AUA (1 unit) in
gram. z is the titer of EW in mL. y is the titer of
MeO in mL. W is the weight of the Bael pulp
residue pectin.

(4) Degree of esterification (DE):

The values of methoxyl (MeO) and total AUA
were used to determine the DE of isolated pectin
by using the below given equation [13].

176 x MeO%

DE% = x 100%

31 xAUA %

Moisture content and ash content:

The moisture and ash contents of Bael pulp
residue pectin were determined by using the
Association of Official Analytical Chemists (AOAC)
method [14].

(1) Moisture content:

Approximately 1 g of pectin sample was placed
on a dried clean pre-weighted dish. The sample
was kept in a hot air oven at 105°C for overnight
and weighed after cooling in a desiccator. The
moisture content was calculated by the following
equation:

weight of dried sample

Moisture content (%) = x 100%

weight of pectin
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(2) Ash content:

Approximately 2 g of pectin sample was placed
into a tared crucible and kept in a muffle furnace
for 4-5 hours at 550°C and weighed after cooling
in a desiccator. The ash content was calculated by
using the following formula:

weight of ash

Ash content (%) = x 100%

weight of pectin

Antioxidant activity

The method given by Hendel, et al. [15] was used
to determine the antioxidant activity of isolated
pectin with slight modification. Briefly, 2 mL of
0.1 mM 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
solution was added to 2 mL of sample solution of
different concentrations and incubated at room
temperature for 30 min. The methanol was used
as a control and the absorbance was taken at 517
nm by using Shimadzu UV 1800 UV-Visible
spectrophotometer (Shimadzu, Kyoto, Japan).
The percentage of inhibition (I %) was calculated
by using the following formula.

A -
— L 100%
AO

| % =
where A; is the absorbance of the sample and Ao
is the absorbance of a control. The linear
regression curve was used to calculate the ICso
level of the samples.

Total phenolic content (TPC)

The TPC of Bael pulp residue pectin was obtained
by using the method of McDonald, et al. [16].
Briefly, 0.1 mL of 0.5 M Folin-Ciocalteu reagent
was added to 0.5 mL of extract solution and
incubated for 15 min. Further, 2.5 mL of
saturated sodium carbonate was mixed with the
solution and incubated at room temperature for
30 min. The absorbance was recorded at 760 nm
by using Shimadzu UV 1800 UV-visible
spectrophotometer (Shimadzu, Kyoto, Japan).
TPC was expressed in terms of Gallic acid
equivalent mg/g of the sample on a dry basis.
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Fourier Transform Infrared spectroscopy (FTIR)
analysis

The functional group of Bael Pulp residue pectin
was determined by using a Bruker Alpha FT-
IR spectrophotometer (Bruker, Germany). The
FTIR spectra were observed by using attenuated
total reflectance (ATR) mode in the frequency
range between 4,000-600/cm.

Scanning Electron Microscopy (SEM)

SEM imaging was analyzed by using a high-
resolution field emission scanning electron
microscope (HR- FESEM) (Sigma VP, Zeiss,
Germany). An accelerating voltage of 5 kV was
used to capture an image of the nanostructure of
Bael pulp residue pectin.

X-ray diffractometric analysis (XRD)

The X-ray diffraction (XRD) patterns were
acquired by an X-ray diffractometer (Rigaku
Smart Lab Guidance, Rigaku, Japan). X-Ray
Diffractometer was used to perform a diffraction
analysis of extracted pectin and record the
intensity and diffracted angle of x-ray radiation.
The scanning level was 2°/min at a 20 diffraction
angle which ranged from 5 to 90.

Prebiotic potential of pectin

The prebiotic effect of Bael pulp residue pectin
was determined by evaluating the viability of two
probiotics (Bacillus clausii and Saccharomyces
boulardii) at different concentrations of pectin.
Briefly, the Bacillus clausii and Saccharomyces
boulardii were isolated from Enterogermina
capsule (Sanofi S.p.A, Origgio, Varese, Italy) and
Econorm capsule (Biocodex, Beauvais, France),
respectively. The cultures were prepared by the
method described by Sarwar, et al. [17]. The cells
were harvested from the culture by
centrifugation at 10,000 rpm at 4°C for 5 min. The
supernatant was discarded, and the cell pellet
was suspended in 1 mL of autoclave water for
further use. Nutrient agar (sodium chloride,
peptone, beef extract, agar, and distilled water)
and potato dextrose agar (potato, dextrose, agar,
and distilled water) were prepared with different
concentrations of Bael pulp residue pectin (0.1-
0.5%) to examine the growth of B. cluasii and S.
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boulardii, respectively, and compared with

control (without pectin).

Statistical analysis

Statistical significance of the variables viz.,
equivalent weight, methoxyl content, total
anhydrouronic acid, and degree of esterification
were evaluated through one-way analysis of
variance (ANOVA) at P < 0.05 level by using
IBM® SPSS® Version 25 (IBM, Armonk, New York,
USA). The data was expressed as the mean *
standard deviation (SD) of the triplicate.

Results and discussion

Extraction of pectin

Heating the plant sample in hot acidified water is
the most frequent method for isolating pectin
from plant sources. Hydrochloric acid and
sulphuric acid were applied for the pectin
extraction from Bael pulp residue. The extraction
process resulted in light brown, odorless, fine
powder of pectin from Bael pulp residue. The hot
acid extraction process yielded 24.02 + 0.63% of
pectin by using 1 M HCl and 22.1 + 0.70% of
pectin by using 1 M H,SO,, respectively, by
maintaining a constant temperature of 90°C for
60 min. The yield was slightly higher in HCI as
compared to H,SO,4. Higher ionic strength acids
have a better ability to precipitate pectin because
of their increased affinity for cations like Ca?*
which stabilizes the pectin molecule. There is no
data exist on the amount of pectin isolated from
Bael pulp residue. The pectin isolated from
mango peel, banana peel, and apple pomace
yielded 8.8%, 2.8%, and 12.5% of pectin,
respectively, by using the conventional HCI
method [18], which were all lower than that of
pectin yielded from Bael pulp residue. The
maximum vyield was reported in citrus peel at
25.5% [18]. Other research found that dragon
fruit peel yielded 6.27% of pectin [19], and
watermelon rind yielded 12% of pectin [20].
Pectin could also be extracted from many other
organics as well as inorganic acids. However, HCI
is the most widely used reagent because it is cost-
effective as compared to other organic acids [21].
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Physicochemical characterization of pectin

The chemical properties of Bael pulp residue
pectin were evaluated based on different
parameters shown in table 1. The chemical
characteristics of pectin can vary depending on
the source, solvent, and method used for
extraction [22]. The EW of pectin indicates the
gelling properties of pectin. High EW implies
more gel-forming abilities [23]. The EW of Bael
pulp residue pectin was found to be 852.32 + 8.43
which was slightly lower than that of obtaining
from commercial pectin (931.74 + 10.08) and lies
between the range 368 to 1,632 reported by
Azad, et al. [24] in lemon pomace pectin and
higher than the EW of pectin extracted from
cocoa husk (510.68 to 645.19) [25]. Pectin with
high methoxyl content indicates high spreading
capacity and sugar-binding potential [26]. The
MeO of pectin usually ranges between 0.2-12%
based on the source used and the isolation
techniques [27]. The MeO of isolated pectin was
found to be 8.28 + 0.35% which was slightly
higher than that of commercial pectin. The
methoxyl content of extracted pectin was higher
than that of dragon fruit peel pectin which
ranged from 2.98-4.34% [28] and mature lemon
pomace pectin (4.24%) [24], and almost
consistent with the methoxyl content of banana-
papaya peel pectin (8.37%) [29] and mango peel
pectin (8.89%) [30]. The food chemical codex [31]
suggested that the total AUA (anhydrouronic
acid) content of pectin should not be less than
65%. The total anhydrouronic acid (AUA) of
isolated pectin was found to be 67.69 + 0.40%
which indicated the purity of extracted pectin
and relatively comparable to AUA content of
pectin isolated from different varieties of
pomegranate peel ranged from 47.71 to 68.51%
[32] and citrus peel ranged from 51.04 to 67. 89%
[33], and also similar to the AUA content of
banana-papaya mixed peel pectin (69.97%) [29].
The AUA content of commercial pectin was found
as 64.29 + 0.53%. The degree of esterification
(DE) of pectin can vary depending upon fruit,
ripeness of fruit, and extraction technique [34].
DE describes the gel-forming ability of pectin and
its application in the food industry [35] as DE >
50% defined as high MeO pectin and DE < 50%
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Table 1. Physicochemical characteristics of Bael pulp residue pectin and commercial pectin.

Parameters Bael Pulp Residue Pectin Commercial Pectin
Equivalent weight (EW) 852.32+8.43 931.74 + 10.082
Methoxyl content (MeO %) 8.28 £ 0.35° 7.99 +0.62°

Total anhydrouronic acid (AUA %) 67.69 + 0.40° 64.29 +0.53°
Degree of esterification (DE %) 69.39 + 0.57° 70.61+0.11°

Note: values were expressed as means of triplicate measurements. Means with different alphabets (a: higher; b: lower) in the same row were

significantly different at P < 0.05.

defined as low MeO pectin [36]. The isolated
pectin with the DE value of 69.39 + 0.57% could
be used as high MeO pectin which was
comparable to the DE of commercial pectin
(70.61 £ 0.11%). The DE of pectin extracted from
varied types of banana peels was between 63.15-
72.23% [37] and banana-papaya peel pectin was
67.91% [29]. A significant difference was
observed (P < 0.05) among all the parameters
between Bael pulp residue pectin and
commercial pectin. The statistical means of EW
and DE of Bael pulp residue pectin were
significantly lower than that of commercial
pectin, while the statistical means of MeO % and
AUA % of Bael pulp residue pectin were
significantly higher than that of commercial
pectin. Similarly, Khamsucharit, et al. also
observed a significant difference (P < 0.05)
among all the parameters between varied types
of banana peels, citrus peel, and apple pomace
pectin [37].

Purity of pectin

The moisture content of any product describes
the shelf life of that product. Low moisture
content implies to longer shelf life by decreasing
the microbial activity, which may degrade the
pectin quality [38]. High water content increases
microbial growth, which may stimulate the
production of pectinase enzyme that can
decrease the value of pectin [39]. For longer shelf
life and carefree storage, the moisture content of
pectin should not be more than 12% [40]. The
moisture content of extracted pectin was found
to be 4.62 * 1.14%, which indicated that
extracted pectin had a longer shelf life and low
water content as compared to many other
reported values such as mixed banana-papaya
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peel pectin (7.2%) [29], papaya peel pectin (7.3%)
[34], banana peel pectin (8.94%), mango peel
pectin (8.82%) [30], different citrus peel pectin
(6.4-10%) [41], white dragon fruit peel pectin
(5.02-7.3%) [42], and similar to Vietnamese
mangosteen rind pectin (4.64%) [43]. The ash
content indicates the presence of inorganic
contaminants in the product. According to IPPA
[10], the acceptable range of ash content is > 10%
to define its purity level. The ash content in the
present study was 5.22 + 0.66%, which was under
the acceptable range of purity. Many researchers
reported more or less ash contents as compared
to the present study, which might be because of
different sources of pectin and extraction
techniques. However, the present value was
almost consistent with the ash content of
Indonesian mangosteen rind pectin (3.91
0.17%) [44], cocoa peel pectin (1 to 5%) [38],
orange peel pectin (2.45 - 6.66%) [45], and
papaya peel pectin (4.8%) [34]. Some other
researchers reported 1.2-3.2% of ash content in
soya hull pectin [46] and 3.3% in lemon peel
pectin [47]. Hence the moisture and ash contents
of Bael pulp residue pectin found in the present
study were considered pure and good-quality
pectin.

Antioxidant activity (DPPH Assay)

The antioxidant activity of extracted pectin was
determined by using the DPPH method. In this
method, the antioxidant compound scavenged
the free radical of DPPH due to which the color of
the sample changed from purple to yellow [48].
The antioxidant activity of standard ascorbic acid
and Bael pulp residue pectin were determined in
different concentrations and illustrated in Table
2. The results showed that inhibition percentage
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Table 2. Antioxidant activity of ascorbic acid and Bael pulp residue pectin.

Concentration Ascorbic Acid Bael pulp residue pectin
(ng/mL) % Inhibition ICso % Inhibition ICs0
12.5 51.95+0.94 496 +1.28 48.17 £0.12 15.32+£0.40
25.0 54.63£0.73 54.43 £0.18
50.0 63.33£0.30 61.38 £ 0.07
100.0 81.42 +0.93 70.60 £ 0.24
150.0 90.24 +1.21 90.93 £ 0.25

of extracted pectin was found to increase with
the increase in concentration and maximum at
150 pg/mL with 90.93 + 0.25% scavenging
activity. The ICsg value of Bael pulp residue pectin
was calculated by the linear regression method
and found to be 15.32 + 0.40 pg/mL, which
implied that Bael pulp residue pectin had an
adequate amount of antioxidant activity. The
lower the ICso indicated higher scavenging
activity. However, sour orange peel pectin also
has approximately 90% of inhibition at 25 mg/mL
concentration [49], whereas fig pectin has 79.8%
of scavenging activity at 20 mg/mL [50].

Total phenolic content (TPC)

The TPC of Bael pulp residue was estimated by
the Folin-ciocalteu method. The phenolic
compound of any extract holds redox properties
and is responsible for scavenging activity [51].
The result was derived from a calibration curve of
Gallic acid having R*= 0.985. The TPC of isolated
pectin was 56.83 * 2.88 mg Gallic acid equivalent
per gram (mg GAE/g) of pectin powder. The
literature reported the variation in TPC of the
pectin from a different source such as
persimmon waste streams pectin had 53.3 +2.27
to 111.7 + 9.4 mg GAE/g [52] of TPC, which was
almost similar to extracted pectin. However,
Tamarindus indica L. pectin contained 79.66 *
4.71 mg GAE/g [53] of total phenolic content.

FTIR spectral analysis of extracted pectin

The functional group identification of Bael pulp
reside pectin and commercial pectin was
accomplished by using Fourier transform infrared
spectroscopy (Figure 1). All polysaccharides
showed visible peaks approximately at 3,400,
2,939, and between 990-1,200/cm, representing
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O-H stretching, C-H stretching of CH, CH, and CH;,
saccharides, respectively [54]. The extracted
pectin showed the major peak at 3,281/cm,
which corresponded to the O-H group. Similarly,
one major peak at 3,309/cm has been observed
in pomegranate peel pectin due to inter and
intramolecular hydrogen bonds caused by O-H
stretching [29]. Another major peak of extracted
pectin was observed at 2,923/cm corresponding
to C-H stretching and bending vibration of CH,
groups. Similarly, peaks at 2,919, 2,920, and
2,929/cm have been identified in Terminalia
puree pectin, Terminalia powder pectin, and
apple pectin, respectively [55], and peak at
2,925/cm has been found in mixed banana-
papaya peel pectin [26].

The extracted pectin demonstrated a strong
band centered at about 1,738/cm assigned to
stretching of the C=0 ester carbonyl group, which
was similar to the commercial pectin that also
showed a band at 1,729.28/cm. The second band
of extracted pectin was observed at around
1,630/cm corresponds to stretching mode of
COO' carboxylate ion [56]. Terminalia puree and
powder pectin showed two major peaks at 1,735
and 1,619/cm, and apple pectin demonstrated at
1,732 and 1,608/cm [55]. The mixed banana-
papaya peel pectin also showed a peak centered
at 1,740/cm [26], and a pomegranate peel pectin
peak centered at 1,731 and 1,619/cm [29]. The
quince pectin spectrum showed a less intense
band at 1,384/cm corresponding to symmetrical
stretching vibrations due to the COO" group of
polygalacturonic acid [57], which is similar to the
extracted pectin with a less intense band
approximately at 1,368/cm.
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Figure 1. Fourier transform infrared spectroscopy (FTIR). A. Bael pulp residue pectin. B. commercial pectin.

The regions within 800-1,200/cm are assigned as
‘fingerprint’ regions and notify complex and
unique  functional groups of  specific
carbohydrates [58]. Thus, it is difficult to assign
any particular vibration in this region [55, 59]. All
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peptic polysaccharide corresponds mainly by the
bands at 1,104 and 1,000/cm, which shows the
presence of galacturonic acid [57]. The extracted
pectin showed the band approximately at 1,095
and 1,022/cm, while commercial pectin was at
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Figure 2. Scanning electron microscopy (SEM) images. A. Commercial pectin. B. Bael pulp residue pectin.

1,011/cm. The Terminalia puree and powder
pectin also showed the major bands around
1,019/cm, while apple pectin showed the band at
1,011/cm [55]. The result suggested that the FTIR
spectra of isolated pectin were similar to the
commercial pectin and were consistent with the
literature data. The fingerprint region suggested
that extracted polysaccharide was pectin.

Scanning electron microscopy (SEM) analysis of
extracted pectin

The SEM technique was used to analyze the
nanostructure of Bael pulp residue pectin and
compared with the commercial pectin (Figure 2).
The surface of commercial pectin was smoother
than that of Bael pulp residue pectin. The SEM
image of extracted pectin demonstrated the
roughness of the surface and relatively smaller
particle size in contrast with commercial pectin.
Commercial pectin may show different structural
morphology due to the addition of sugar which
modifies its structure [44]. This result was
consistent with the micrograph of mango peel
pectin [60], mangosteen rind pectin [44], and fig
pectin [50]. The irregularities in particle size were
also observed in jackfruit slimy sheath pectin
[61].
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X-ray diffractometric (XRD) analysis of extracted
pectin

XRD diffractogram of the extracted pectin was
presented in Figure 3. The XRD diffractograms
technique is used for the structural analysis of
biomolecules. The sharp peaks in XRD analysis
indicate the crystalline nature of the product,
whereas the broad background pattern indicates
the amorphous nature of the product [62]. In the
present study, the XRD pattern showed that the
pectin extracted from the Bael pulp residue was
more amorphous and less crystalline due to the
broad background pattern, which was similar to
the XRD of Persea americana peel pectin that
also showed the pattern of the broad peaks due
to the high amount of carboxylic group presented
in galacturonic acid, which indicated the
amorphous nature of pectin [63]. The amorphous
structural nature has also been detected for
pectin extracted from waste of golden variety of
apple (Spondias dulcis) [64]. Non-crystalline XRD
pattern has also been determined for pectin
extracted from the common fig (Ficus carica L.)
skin [50], mangosteen (Garcinia mangostana L.)
rind [44], melon rind, pomegranate, and orange
peel [65].
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Figure 3. X-ray diffraction of Bael pulp residue pectin.
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Figure 4. Viability of (A) B. clausii and (B) S. boulardii on different concentration of pectin and compared with control (without pectin).

Bael pulp residue pectin as prebiotic difference in the number of viable cells observed
The effect of different concentrations of Bael in B. clausii and S. boulardii. This implied that the
pulp residue pectin on viable cells was reported Bael pulp residue pectin could stimulate the
in Figure 4. The viabilities of B. clausii and S. growth and multiplication of the probiotic cells
boulardii were improved by increasing the and could be used as a potential prebiotic in
concentration of pectin. There was a slight functional foods.
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Conclusion

Even though pectin is found in a wide variety of
plant species, commercial pectin sources are
scarce. As a result, new sources of pectin must be
explored to obtain pectin of desired quality
attributes. In the present study, the underutilized
Bael pulp residue, a new source, was used for the
extraction of highly valuable and natural
polysaccharide pectin and various parameters
were used to authenticate the quality
characteristics of pectin. Our study supports the
first-time utilization of Bael pulp residue for
pectin extraction. The results showed that hot-
acid extraction by using HCl at constant
temperature (90°C), time (60 min), and pH (1.5)
had more yield as compared to H;SO.. In these
conditions, Bael pulp residue pectin was
categorized as high methoxyl pectin. Also, total
anhydrouronic acid confirmed the purity of
pectin along with the moisture and ash contents
of extracted pectin. The adequate antioxidant
activity and total phenolic content were
attributed to biomedical applications.
Additionally, XRD and SEM analysis explained the
amorphous nature and rough surface of pectin,
respectively. The FTIR spectral pattern was also
comparable with commercial pectin. The effect
of pectin on the viability of B. clausii and S.
boulardii validated the prebiotic potential of
isolated pectin. The antioxidant activity of Bael
pulp residue pectin as well as its physicochemical
and structural studies suggested that it could be
used as a functional, new high-value bioactive
ingredient in the food, pharmaceutical, and
cosmetic industries.

Acknowledgements
We would like to express our deep gratitude to

the Management of Galgotias University for the
accomplishment of this research work.

References

257

10.

12.

13.

14.

15.

16.

17.

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

Sonawane A, Pathak S, Pradhan RC. 2021. Bioactive compounds
in Bael fruit pulp waste: ultrasound-assisted extraction,
characterization, modeling, and optimization approaches.
Biointerface Res Appl Chem. 11(2):9318-9334.

Singh A, Sharma HK, Kaushal P, Upadhyay A. 2014. Bael (Aegle
marmelos correa) products processing: A review. Afr J Food Sci.
8(5):204-215.

Das AK, Rajkumar R, Verma AK. 2015. Bael pulp residue as a new
source of antioxidant dietary fiber in goat meat nuggets. J Food
Process Preserv. 39(6):1626-1635.

Liu L, Cao J, Huang J, Cai Y, Yao J. 2010. Extraction of pectins
with different degrees of esterification from mulberry branches
to bark. Bioresour Technol. 101:3268-3273.

Sundarraj AA, Vasudevan RT, Sriramulu G. 2018. Optimized
extraction and characterization of pectin from jackfruit
(Artocarpus integer) wastes using response surface
methodology. Int J Biol Macromol. 106:698-703.

Zaid RM, Mishra P, Tabassum S, Ab Wahid Z, Sakinah AMM.
2019. High methoxyl pectin extracts from hylocereus polyrhizus
peels: Extraction kinetics and thermodynamic studies. Int J Biol
Macromol. 141:1147-1157.

Surolia R, Singh A. 2022. Underutilized sources of pectin as
edible coating. Lett Appl NanoBioScience. 12(3):83.

Oliveira TIS, Rosa MF, Cavalcante FL, Pereira PHF, Moates GK,
Wellner N. 2016.
banana peels with citric acid by using response surface
methodology. Food Chem. 198:113-118.

International

Optimization of pectin extraction from

Pectin Producers Association (IPPA): Pectin
commercial production and pectin in organic food products.

IPPA. Neuenbuerg, Germany; 2014.

. Maskey B, Dhakal D, Pradhananga M, Shrestha NK. 2018.

Extraction and process optimization of Bael fruit pectin. Food
Sci Nutr. 6:1927-1932.

Ranganna S: Handbook of analysis and quality control of fruit
and vegetable products. New Delhi, India: Tata McGraw Hill
Publishing Co. Ltd; 1986.

Ania AO, Mustapha M, Barau OA, Mamman Amina Z, Hauwa H,
Hauwa MSU, et al. 2012. Extraction and characterization of
pectin from peels of lemon (citrus limon), grapefruit (citrus
paradise) and sweet orange (citrus sinensis). Br J Pharmacol.
3(6):259-262.

A.O.A.C.: Official methods of analysis. 16th Ed. Association of
Official Analytical Chemists, Inc. U.S.A; 1995.

Hendel N, Larous L, Belbey L. 2016. Antioxidant activity of
rosemary (Rosmarinus officinalis L.) and it’s in vitro inhibitory
effect on Penicillium digitatum. Int Food Res J. 23(4):1725-
1732.

McDonald S, Prenzler PD, Antolovich M, Robards K. 2001.
Phenolic content and antioxidant activity of olive extracts. Food
Chem. 73(1):73-84.

Sarwar A, Aziz T, Al-Dalali S, Zhao X, Zhang J, Ud Din J, et al.
2019. Physicochemical and microbiological properties of



Journal of Biotech Research [ISSN: 1944-3285]

2022; 13:247-259

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

synbiotic yogurt made with probiotic yeast Saccharomyces
boulardii in combination with inulin. Foods. 8(10):468.

PS. 2017.
characterization of pectin from fruit waste. Int J curr Microbial.
6(8):943-948.

Chua BL, Tang SF, Ali A, Chow YH. 2020. Optimization of pectin
production from dragon fruit peels waste: drying, extraction

Panchami Gunasekaran S. Extraction and

and characterization studies. SN Appl Sci. 2:621.

Belkheiri A, Forouhar A, Ursu AV, Dubessay P, Pierre G, Delattre
C, et al. 2021. Extraction, characterization, and applications of
pectins from plant by-products. Appl Sci. 11(14):6596.
Sudhakar DV, Maini SB. 1995. Pectins from fruit processing
waste a review. Indian Food Packer. 49(1):39-45.

Rury I, Anang M, Legowo S. 2017. Characteristics of pectin
isolated from mango (Mangifera indica) and watermelon
(Citrullus vulgaris) peel. J Appl Food Technol. 4(2):31- 34.
Vaclavik VA, Christian EW: Pectins and Gums. In Essentials of
Food Science. Third edition. Food Science Texts Series. New
York: Springer; 2008:69-80.

Azad AKM, Ali MA, Akter MS, Rahman MJ, Ahmed M. 2014.
Isolation and characterization of pectin extracted from lemon
pomace during ripening. Food Sci Nutr. 2(2):30-35.

Ramli N, Asmawati. 2011. Effect of ammonium oxalate and
acetic acid at several extraction time and pH on some
physicochemical properties of pectin from cocoa husk
(Theobroma cacao). Afr J Food Sci. 5:790-798.

Madhav A, Pushpalatha PB. 2002. Characterization of pectin
extracted from different fruit wastes. J Trop Agric. 40:53-55.
Kanmani P, Dhivya E, Aravind J, Kumaresan K. 2014. Extraction
and analysis of pectin from citrus peels: augmenting the yield
from citrus limon using statistical experimental design. Iran J
energy environ. 5:303-312.

Ismail NSM, Ramli N, Hani NM, Meon Z. 2012. Extraction and
characterization of pectin from dragon fruit (Hylocereus
polyrhizus) using various extraction conditions. Sains Malays.
41:41-45.

Mada T, Duraisamy R, Guesh F. 2022. Optimization and
characterization of pectin extracted from banana and papaya
mixed peels using response surface methodology. Food Sci
Nutr. 10(4):1222-1238.

Girma E, Worku T. 2016. Extraction and characterization of
pectin from selected fruit peel waste. Int J Sci Res. 6(2):447—
454,

Food Chemical Codex. IV monographs. Washington, DC:
National Academy Press; 1996:283.

Abid M, Cheikhrouhou S, Renard CMGC, Bureau S, Cuvelier G,
Attia H, et al. 2017. Characterization of pectins extracted from
pomegranate peel and their gelling properties. Food Chem.
215:318-325.

Wonago W. 2016. Pectin development from citrus peels and the
effect of processing conditions on the extraction. Master thesis,
Addis Ababa University.

Altaf U, Iftikhar F. 2015. Extraction and
characterization of pectin derived from papaya (Carica papaya
Linn) peel. Int J Sci Technol Eng. 3(4):970-974.

Immanuel G,

258

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Daud N, Said B, Jafar F, Yasin H, Kusrini E, Usman A. 2019. pH-
dependent yield and physicochemical properties of pectin
isolated from citrus maxima. Chem EngJ. 10(1):1131-1139.
Mesbahi G, Jamaliana J, Farahnaky AA. 2005. Comparative
study on functional properties of beet and citrus pectins in food
systems. Food Hydrocoll. 19:731-738.

Khamsucharit P, Laohaphatanalert K, Gavinlertvatana P, Sriroth
K, Sangseethong K. 2018. Characterization of pectin extracted
from banana peels of different varieties. Food Sci Biotechnol.
27(3):623-629.

Sarah M, Hanum F, Rizky M, Hisham M. 2018. Microwave-
assisted extraction of pectin from the cocoa peel. Environ Earth
Sci. 122(1):012-079.

Muhamadzadeh J, Sadeghi A, Yaghbani M, Aalami M. 2010.
Extraction of pectin from sunflower head residues of selected
Iranian cultivars. World Appl Sci J. 8:21-24.

Begum R, Mohammad GA., Uddin MB, Yusof YA. 2014.
Characterization of jackfruit (Artocarpus Heterophyllus) waste
pectin as influenced by various extraction conditions.
Agriculture and Agricultural Science Procedia. 2:244-251.

Khan J, Gemerats M, Cassive N. 2017.
characterization of pectin from grapefruit (Duncan cultivar) and

Extraction and

its utilization as a gelling agent. J Biotechnol. 4(6):12-19.
Nguyen BMN, Pirak T. 2019. Physicochemical properties and
antioxidant activities of white dragon fruit peel pectin extracted
with conventional and ultrasound-assisted extraction, Cogent
food agric. 5(1):1633076.

Mai DS, Duy T. 2015. Pectin extraction from the fresh rind of
Vietnamese mangosteen (Garcinia mangostana). Acta Hortic.
1088:553-556.

Wathoni N, Shan CY, Shan WY, Rostinawati T, Indradi RB, Pratiwi
R, et al. 2019. Characterization and antioxidant activity of pectin
from Indonesian mangosteen (Garcinia mangostana L.) rind.
Heliyon. 5(8):e02299.

Devi W, Shula R, Abraham A, Jarpula S, Kaushik U. 2014.
Optimized extraction condition and characterization of pectin
from orange peel. IJREAT. 2(2):11-19.

Kalapathy U, Proctor A. 2001. Effect of acid extraction and
alcohol precipitation condition on the yield and purity of soy
hull pectin. Food Chem. 73(1):393-396.

Salam MA, Jahan N, Islam MA, Hoque MM. 2012. Extraction of
pectin from lemon peel: Technology development. J Chem Eng.
27(2):25-30.

Rha HJ, Bae IY, Lee S, Yoo SH. Chang PS, Lee HG. 2011.
Enhancement of anti-radical activity of pectin from apple
pomace by hydroxamation. Food Hydrocoll. 25:545-548.
Hosseini SS, Khodaiyan F, Kazemi M, Najari Z. 2019.
Optimization and characterization of pectin extracted from sour
orange peel by ultrasound assisted method. Int J Biol
Macromol. 125:621-629.

Gharibzahedi SMT, Smith B, Guo Y. 2019. Ultrasound-
microwave assisted extraction of pectin from fig (Ficus carica L.)
skin: Optimization, characterization and bioactivity. Carbohydr
Polym. 222:114992.

Soobrattee MA, Neergheen VS, Luximon-Ramma A, Aruoma Ol,
Bahorun T. 2005. Phenolics as potential antioxidant therapeutic
agents: mechanism and actions. Mutat Res. 579(1-2):200-213.



Journal of Biotech Research [ISSN: 1944-3285]

2022; 13:247-259

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Mendez DA, Fabra MJ, Odriozola-Serrano |, Martin-Belloso O,
Salvia-Trujillo L, Lopez-Rubio A, et al. 2022. Influence of the
extraction conditions on the carbohydrate and phenolic
composition of functional pectin from persimmon waste
streams. Food Hydrocoll. 123:107066.

Sharma R, Kamboj S, Khurana R, Singh G, Rana V. 2015.
Physicochemical and functional performance of pectin
extracted by QbD approach from Tamarindus indica L. pulp.
Carbohydr Polym. 134:364-374

Cui SW (Ed.): Food Carbohydrates: Chemistry, Physical
Properties, and Applications. 1st edition. CRC Press; 2005.
Chaliha M, Williams D, Smyth H, Sultanbawa Y. 2017. Extraction
and characterization of a novel Terminalia pectin. Food Sci
Biotechnol. 27(1):65-71.

Szymanska-Chargot M, Zdunek A. 2013. Use of FT-IR spectra
and PCA to the bulk characterization of cell wall residues of
fruits and vegetables along a fraction process. Food Biophys.
8(1):29-42.

Caglayan A. 2010. Extraction and characterization of pectin
obtained from quince fruits (Cydonia vulgaris pers) grown in
Turkey. Asian J Chem. 23(1):149-152.

Hosseini SS, Khodaiyan F, Yarmand MS. 2016. Optimization of
microwave assisted extraction of pectin from sour orange peel
and its physicochemical properties. Carbohydr Polym.
20(140):59-65.

Chen Y, Zhang JG, Sun HJ, Wei ZJ. 2014. Pectin from
Abelmoschus esculentus: Optimization of extraction and
rheological properties. Int J Biol Macromol. 70:498-505.
Malviya R, Kulkarni GT. 2012. Extraction and characterization of
mango peel pectin as pharmaceutical excipient. Polim Med.
42:185-190.

Kumar M, Potkule J, Tomar M, Punia S, Singh S, Patil S, et al.
2021. Jackfruit seed slimy sheath, a novel source of pectin:
Studies on antioxidant activity, functional group, and structural
morphology. Carbohydrate Polymer Technologies and
Applications. 2:100054.

Combo AMM, Aguedo M, Quievy N, Danthine S, Goffin D,
Jacquet N, et al. 2013. Characterization of sugar beet pectic-
derived oligosaccharides obtained by enzymatic hydrolysis. Int
J Biol Macromol. 52:148-156.

Sivamani S, Binnal P, Roy C, Al-Khaldi A, Al-Hamar F, Maran J, et
al. 2021. Optimization and characterization of pectin recovered
from Persea americana peel using statistical and non-statistical
techniques. Biomass Convers Biorefin.
https://doi.org/10.1007/s13399-021-01727-z

Kumar A, Chauhan G. 2010. Extraction and characterization of
pectin from apple pomace and its evaluation as lipase (steapsin)
inhibitor. Carbohydr Polym. 82:454-459.

Guzel M, Akpinar O. 2019. Valorisation of fruit by-products:
Production characterization of pectins from fruit peels, Food
Bioprod Process. 115:126-133.

259



