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Abstract

This study explored the untapped potential of green pea pods, a significant byproduct of pea
processing, as a valuable resource. Conventional solvent extraction and ultrasound assisted extraction
(UAE) were employed to obtain methanolic extracts. Varying sonicator power and time revealed
distinct antioxidant activities in eight extracts (UAEIL-8). In vitro tests, including metal chelation,
DPPH scavenging, and FRAPS methods, were conducted. UAE5 was the most potent extract
and demonstrated the highest antioxidant activity. This research suggests a promising avenue for
repurposing green pea pods, addressing food waste concerns, and potentially contributing to functional
food and pharmaceutical applications.
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Introduction

Vegetable sources and agro-industrial residues are
frequently overlooked as potential reservoirs for phenolic
compounds. The extraction of bioactive compounds is
a separation process aimed at recovering and purifying
plant materials, making them applicable in various fields
[1, 2]. Traditional methods of phytochemical extraction,
such as maceration and Soxhlet extraction, have drawbacks,
such as high usage of organic solvents and prolonged
extraction times, resulting in elevated energy consumption
and increased costs [3—5]. To decrease the time required
for extraction, as well as lower energy consumption
and production costs, innovative extraction technologies
such as microwaves, ultrasounds, supercritical fluids (SF),
etc. can be used for extraction [6, 7]. A possible replacement
that uses less energy and solvent is ultrasonic-assisted
extraction (UAE). Moreover, they are affordable, safe,
and easy to use. The core idea behind UAE is cavitation by
the sonic process, which releases bioactive compounds by
dissolving the plant matrix’s cell walls [8]. It is frequently
used to extract different phytochemicals [9]. Utilizing
the mechanical effects of ultrasound to improve mass
transfer and enable better solvent penetration into cellular
materials, UAE greatly improves bioactive compound
extraction with higher yields [9-11].

Antioxidants are a class of chemical compounds that
have the ability to stabilize free radicals by donating free
electrons and thus combat the il effects of oxidative reactions.
They are essential for the elimination of free radicals,
making a substantial contribution to an individual’s health
and wellbeing, and preserving the acceptability of food
products [12]. The food industry is primarily concerned with
the neutralization of free radicals by incorporating antioxidants
in a food product and has an emphasis on the development
of newer products that will help stabilize free radicals
in the body when consumed. Polyphenolic and flavonoid
compounds constitute a major class of antioxidants. As the food
industry is concerned with the incorporation of antioxidants
in various food products, new techniques for the extraction,
identification, purification, and recovery of antioxidants
continue to emerge [13, 14]. In this study, pea pods, which
are typically thrown in trash cans or utilized as animal feed,
were utilized for their advantageous properties. The possibility
of utilizing green pea peels for applications other than standard
animal feed is increased by research showing them to be a great
source of nutritional fiber and antioxidants [15]. The current
study focused on the harnessing of green pea peel waste for
extraction of phenolic compounds using ultrasonic assisted
extraction technique.

Experimental
Materials
Fresh green peas were procured from a local market

in Nagpur, India. The peels were sorted, cleaned,
and washed thoroughly to remove dirt and impurities.

Chemicals and reagents used in this study were purchased
from HiMedia (Mumbai, India).

Preparation of Extracts
Conventional Solvent Extraction (CSE)

The fresh green pea peel was washed and cleaned. After
cleaning and washing, the peels were ground in a grinder
(Jaipan JBU-05 750 W) to obtain a paste to reduce the particle
size, as a smaller particle size (300 pm) facilitates the effective
extraction of polyphenolic compounds. Ten grams of the paste
were soaked in 100 mL of methanol for 48 h with stirring
intervals of 24 h at a controlled temperature of 37°C. Whatman
filter paper no. 42 was used to filter the extract, ensuring
that the extract was particle-free. The extract obtained
was clear and free of solid particles. The extract was then
concentrated using a Superfit R150 rotary vacuum evaporator
until the volume was halved. The temperature of the rotary
vacuum evaporator was controlled at 50°C, and the solvent
(methanol) was evaporated at 200 rpm. The concentrated
extract was stored in dark-colored bottles in an LG refrigerator
at 4.4°C. Exposure of the extracts to bright light was avoided
to a possible extent during the extraction, concentration,
and storage processes.

Ultrasound Assisted Extraction (UAE)

The paste was prepared using a method similar to
that of the conventional solvent extraction process.
The ultrasound-assisted extraction process was carried
out using a probe sonicator (PCI analytics, 230 V AC,
50 Hz), with variations in ultrasound power (20%, 40%,
60%, and 80%), while maintaining the time set at 10
min. The Total Phenolic Content (TPC) of the obtained
extracts was determined, and the extract with the highest
TPC (20% power for 10 min) was selected. Subsequently,
the ultrasound time was varied (5, 10, 15, and 20 min)
at a constant power of 20%, and the effect of these
parameters on the antioxidant activity was further studied.
The temperature of the sonicator was set at 37°C. Whatman
filter paper No. 42 was used to filter the extract, ensuring
that the final product was clear and devoid of solid
particles. The extract was concentrated using a rotary
vacuum evaporator (Superfit R150) until the volume was
reduced to half, maintained at a controlled temperature
of 50°C in a rotary vacuum evaporator, and the solvent
(methanol) was evaporated. The concentrated extract
was stored in dark-colored bottles in a refrigerator (LG
Appliances) at 4+1°C. Exposure of the extracts to bright
light was minimized to the greatest extent possible during
the extraction, concentration, and storage process.

Variations of UAE (Power Variations)

First, the power of the probe-type sonicator was
varied by maintaining the time constant, that is, 10 min.
The temperature of the sonicator was set at 37°C.
The formulated variations are presented in Table 1(a).
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Table 1(a). Variation in the powers used for the treatment.

Sample no Notation Power Time Temperature
1 UAEI1 20% 10
2 UAE2 40% 10 Temperature was set at
3 UAE3 60% 10 37°C
4 UAE4 80% 10

Table 1(b). Variation in the time used for the treatment.

Sample no Notation Power Time Temperature
5 UAES 20% 5
6 UAEG6 20% 10 Temperature was set at
7 UAE? 20% 15 37°C
8 UAES 20% 20

Time Variations in UAE

The samples obtained after the variation in power were
analyzed for total phenolic content, and it was observed
that 20% power gave the best results, that is, the TPC was
highest in UAE1. Therefore, 20% power was kept constant
and the time was varied from 5 min to 20 min, maintaining
the temperature of the probe at 37°C (Table 1b).

Antioxidant Activity

Owing to the complex makeup of phytochemicals,
evaluating the antioxidant activity of a plant extract
necessitates the application of several techniques.
Consequently, to assess the antioxidant capability of plant
extracts, it is imperative to use commonly recognized
assays. Many techniques have been developed to evaluate
antioxidant activity and clarify the mechanisms by which
antioxidants function.

Total Phenolic Content (TPC)

TPC of the peel extract of green peas was evaluated
with minor modifications [16]. A gallic acid calibration
curve (20-100 pg ml-1) was plotted to compare
the spectrophotometric absorbance and reported results
as mg/g of extract.

Metal Chelating Activity

We utilized specific modifications to determine
the chelation of ferrous ions by our sample, following
the process outlined by Dinis et al. [17]. We added known
volumes (90, 105, 120, 135, 150, and 165 pL) of | mM
Ethylenediaminetetraacetic acid (EDTA) to a final volume
of 2.7 mL in a set of six test tubes. We then added 2 mM

FeCl2.4H20 solution (0.1 ml) and 5 mM ferrozine
(0.2 ml) and carefully mixed the contents. The mixture was
incubated for 20 min and recorded absorbance at 562 nm
wavelength. The below equation was used to compute
the metal chelating activity of the extract.

Free Radical Scavenging Activity (DPPH Assay)

A DPPH (2,2-diphenyl, 1, picrylhydrazyl) assay was
employed to investigate the antioxidant activity of peel
extract using a spectrophotometer (517 nm) as described
by Raza et al. [18]. The activities were calculated using
the below equation, and results were reported as %
inhibition.

FRAP (Ferric Reducing Antioxidant
Power) Method.

One hundred 100 pL samples +900 pL distilled water
+2 ml FRAP (reagent) were added to a cuvette. The tubes
were then inverted and mixed. The samples were then
left to stand for 30 min in the dark. Transfer to cuvettes.
Zero spectrophotometer at 593 nm, using a blank. Read
at 593 nm. 1 mM FeSO,.7H,O was used as a standard to
prepare the standard curve, and the FRAP value of Dsamples
was determined relative to ascorbic acid (10 mM) [19].

Statistical Analysis

The measurements were performed three times,
and the outcomes are represented as the mean + standard
deviation. Statistical significance was evaluated by
employing GraphPad Prism software (version 8.0)
through one-way ANOVA. Moreover, the least significant
difference (LSD) test was conducted to analyze differences
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in mean values, with a significance level of 0.05 and a 95%
confidence interval (P < 0.05).

Results and Discussions

Effect of Ultrasound Power on Total
Phenolic Content of Samples

The effect of sonication power was studied at 37°C
using methanol as the solvent for a constant time of 10 min.
The power of the probe sonicator was varied (20%, 40%,
60%, and 80%) and UAE1, UAE2, UAE3, and UAE4,
respectively, and the TPC of the samples was 1.06+0.01,
0.973+0.012, 0.939+0.012, and 0.938+0.014, respectively.
The results showed that at low power, the extraction
process is faster and more efficient as high power degrades
the bioactive compounds, and this may be a reason why
the TPC at powers of 60% and 80%, that is, UAE3
and UAE4, did not show significant differences. TPC was
the highest in UAE1 among the four extracts. Similar
findings were detected during the UAE of southern Algerian
potato cultivars, and the findings of the study agreed with
Lanez and Haoua [20], where the TPC of Clinacanthus
nutans leaves was found to be higher at low ultrasound
power [20, 21].

Effect of Ultrasound Time on Total
Phenolic Content of Samples

After obtaining the results of the power variations, it
was observed that UAE1 (20% power) showed the highest
phenolic content, and the power of 20% was kept constant
for further investigations. The power and temperature
were optimized first, and the extraction times (5, 10, 15,
and 20 min), that is, UAES, UAE6, UAE7, and UAES, were
varied to determine the total phenolic content of the extracts.
The results showed that the TPC of UAES, UAE6, UAE7,
and UAES8 were 1.33+£0.02, 1.06+0.01, 0.96+0.025
and 1.01+0.04. Beyond a 6-minute extraction time, no
notable differences in phenolic content were observed.
Optimum results were obtained at low ultrasound power for
a short period of time. In the present work, UAES extracted
with a power of 20% and a time of 5 min was found to have
a higher TPC. Sahurkar and Karadbhajne [6] presented
comparable results in their investigation of ultrasonic-
assisted extraction of polyphenols and antioxidants from
Nigella sativa seeds [22]. Fig. 1(a) shows the comparison
of the TPC of UAES with CSE, clearly showing that
the TPC in the extract UAES is greater than that obtained
by CSE. UAES is an extract with low ultrasonic power
and a short extraction time. Thus, it can be concluded that
ultrasonic-assisted extraction is a promising method for
the extraction of bioactive compounds. When the variables
associated with ultrasonic-assisted extraction (i.e., power,
temperature, and extraction time) are monitored within
limits, ultrasonic-assisted extraction provides a higher yield
of bioactive compounds. Similar findings were reported
in the Ultrasonic-Assisted Extraction and antioxidant

activity of flavonoids from Adinandranitida leaves
and the UAE of phenolic and flavonoid contents from
the phyllanthusniruri plant [22-24].

The United Arab Emirates (UAE) enhances the release
of extractable compounds and facilitates the movement
of these compounds by breaking down plant cell
walls, leading to increased swelling and a more rapid
rate of mass transfer. This process results in improved
extraction efficiency or a decreased extraction time. UAE
is a straightforward, cost-effective, and environment-
friendly method. The significant benefits of this process
include high yields and rapid extraction rates. The increased
extraction of polyphenols during ultrasound treatment is
likely linked to the breakdown of cell walls in green pea
peels into smaller particles as a result of the cavitation
power of ultrasound [25].

Metal Chelating Activity

The extracts were tested for metal chelating activity
in comparison with the standard EDTA solution at
various concentrations ranging from 33.48 pg/ml to
61.38 ug/ml. The highest metal chelating activity shown
by the standard was 96.35% at an initial concentration
of 33.484 pg/ml and 93.17% at a concentration
of 61.38 pug/ml. All formulated extracts of fresh green
pea peel were tested in the concentration range of EDTA.
CSE,UAEI, UAE2, UAE3, UAE4, UAES, UAE6, UAE7,
and UAES were tested for metal chelating activities against
a standard EDTA solution. The chelating activities of all
extracts were evident, showing a concentration-dependent
pattern. However, compared to EDTA, the results
of'the extracts were lower than the standard. From the iron-
chelating data, it is evident that the extracts may play
a noteworthy role in oxidative damage.

The metal chelating activity of CSE was 86.69+0.086
at lowest concentration and 73.94+0.23 at its highest
concentration. Among the power variations of UAE, i.e.,
UAEI1, UAE2, UAE3, and UAE4 the highest activity
was shown by UAEI, i.e., 88.74+0.3 at the highest
concentration and 85.22+0.31 at the lowest concentration
used, and among the time variations of UAE, i.e., UAES,
UAE6, UAE7, and UAES, the highest metal chelating
activity was exhibited by UAES at its lowest concentration,
92.96+0.23 and 76.75+0.43 at its highest concentration. It
can be estimated that UAES exhibited the highest metal-
chelating activity. Thus, the extract obtained at 20% power
for 5 min exhibited the highest metal-chelating activity.
The metal chelating activities of all extracts and standards
are presented in Table 2 (a, b, and c). Kanatt et al. [25]
investigated the UAE and antioxidant activity of flavonoids
from Adinandranitida leaves. Similar results were reported
for the determination of antioxidant activity in green pea
peel [26]. The metal chelating activities of the extracts were
determined by comparison with a standard EDTA solution.
The metal-chelating activity was estimated at different
concentrations of the standard and sample. Table 2 presents
the results. A comparison of the metal chelating activities at
different concentrations of EDTA, CSE, and UAES is shown
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Fig. 1. (a): Comparison of TPC of UAES with CSE, (b): A comparison of metal chelating activities at different concentrations for EDTA,
CSE and UAES, (c): Comparison of ICs, values of metal chelating activities of standard, CSE and UAES, (d): A comparison of metal
chelating activities at different concentrations for EDTA, CSE and UAES

in Fig. 1(b). The Figure clearly shows that ultrasound-
assisted extraction improves the yield of antioxidants.
The CSE and UAES graphs are below the standard graph.
The metal-chelating activity of CSE was lower than that
of UAES, as clearly seen in the graph.

Also, the ICsy values were determined for the standard
and sample. Usually, this concentration has been reported
in studies related to the determination of metal-chelating
activity. Fig. 1 (c) shows a comparison between the 1Csg
values of EDTA and CSE. The CSE value was higher
than that of the standard. The ICs, of the extract CSE for
chelating activity was 24.57+0.03 pg/ml, which is higher
than the positive standard EDTA, i.e., 20.22 pg/ml.
Similar results were reported on the antioxidant activity
of Habbe Sara [27]. Considering the power variations
of UAE, that is, UAE1, UAE2, UAE3, and UAE4,
the ICs, values of the extracts were compared with those
of EDTA. The ICsj of the extract UAE1 for chelating
activity was 23.22+0. pg/ml, which is lower than that
of'the positive standard EDTA, i.e., 20.22 pg/ml. The values

of ICs for extracts UAE1, UAE2, UAE3, and UAE4 were
23.22+40.08 pg/ml, 23.69+0.05 pg/ml, 24.96+0.04 pg/ml,
and 24.82+0.036 pg/ml. The ICs values for UAE1, UAE2,
UAE3, and UAE4 were higher than those of the standard.
The ICs, value of UAE1 was higher than that of the other
extracts.

The ICs, values of UAES, UAE6, UAE7, and UAES were
compared to those of the standard. The values were higher for
the extract than for EDTA. It was noted that the extract UAES
showed the highest value of ICs. The IC50 values of UAES,
UAEG6, UAE7, and UAES for chelating activity were
22.163+0.07 pg/ml,23.224+0.08 pg/ml, 23.294+0.02 pg/ml,
and 23.43+0.070 pg/ml, respectively, which were lower than
that of the positive standard EDTA, i.e., 20.22 ng/ml. Values
close to the standard represent effective chelating activity
comparable to that of the standard. A comparison of the ICs,
values of the metal chelating activities of the standard, CSE,
and UAES is shown in Fig. 1(c). It can be observed that
the ICs value of UAE;5 was close to standard. Values close
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Table 2(a). Metal chelating activity of CSE.

Concentration Metal chelating activity (%)

(ng/ml) Standard CSE
33.48 96.35 86.69+0.086*
39.06 95.90 86.74+0.22°
44.64 95.44 86.29+0.08°
50.22 94.68 77.1240.06

55.8 93.77 75.82+0.17*
61.38 93.17 73.94+0.23*

Table 2(b). Comparison of metal chelating activity of standard and power variations of UAE.

Concentration Metal chelating activity (%)

(ng/ml) Standard UAEI UAE2 UAE3 UAE4
33.48 96.35 88.74+0.3° 87.55+0.45* 84.66+0.15° 88.36+0.22°
39.06 95.90 88.16+0.3° 86.43+0.38* 84.01+0.17° 84.52+0.3*
44.64 95.44 87.23+0.15° 85.82+0.16° 83.5+0.35° 81.78+0.3"
50.22 94.68 86.48+0.45° 85.37+0.23% 81.63+0.15° 81.78+0.3?

55.8 93.77 85.48+0.22° 85.02+0.34% 80.47+0.22? 81.78+0.3?
61.38 93.17 85.22+0.31* 84.36+0.79° 79.51+£0.76° 74.65+0.4°
Table 2(c). Comparison of metal chelating activity of standard and time variations of UAE.
Concentration Metal chelating activity (%)

(ng/ml) Standard UAES UAE6 UAE7 UAES
33.48 96.35 92.96+0.23° 88.74+0.3° 90.38+0.23% 89.57+0.53°
39.06 95.90 91.244+0.38* 88.16+0.3° 88.41+0.31° 87.95+0.43?
44.64 95.44 89.17+0.17° 87.23+0.15° 85.78+0.22° 85.47+0.38°
50.22 94.68 86.18+0.3° 86.48+0.45° 82.59+0.35° 84.46+0.46°

55.8 93.77 82.14+0.37° 85.48+0.22° 82.09+0.39° 80.67+0.08°
61.38 93.17 76.75+0.43% 85.22+0.31% 73.99+0.53° 78.34+0.46%

to the standard represent an effective chelating activity
comparable to that of the standard.

DPPH Scavenging Activity

The scavenging activity was quantified as
a percentage, representing the ratio of the decrease
in absorbance of the test solution to that of the DPPH
solution and methanol. The extracts were tested for
DPPH scavenging activity in comparison with a standard
ascorbic acid solution at different concentrations ranging
from 1.6 pg/ml to 8 pg/ml. The highest DPPH scavenging
activity shown by the standard was 94.11% at an initial

concentration of 1.6 pg/ml and 89% at a concentration
of 8 ug/ml ascorbic acid. All formulated extracts of fresh
green pea peels were tested in a concentration range
of'ascorbic acid. The extracts CSE, UAE1, UAE2, UAE3,
UAE4, UAES, UAE6, UAE7, and UAES were tested for
DPPH scavenging activity against a standard ascorbic
acid solution. All extracts demonstrated strong scavenging
activity in a concentration-dependent manner. Compared
to ascorbic acid, the results of the extracts were lower than
those of the standard. From the DPPH scavenging activity
data, it is evident that the extracts are good antioxidants
that may prevent oxidative damage.



Harnessing of Green Pea... 6233
Table 3(a). DPPH activity of standard and CSE.
Concentration DPPH scavenging activity (%)
(ng/ml) Standard CSE
1.6 94.11 86.92+0.56°
32 93.13 83.98+0.53°
4.8 92.15 79.41+0.98°
6.4 90.19 76.47+0.98°
8 89 73.25+0.98°
Table 3(b). Comparison of DPPH scavenging activity of standard and power variations of UAE.
Concentration DPPH scavenging activity (%)
(ng/ml) Standard UAEI UAE2 UAE3 UAE4
1.6 94.11 85.94+0.56° 88.23+0.98° 89.86+0.56° 75.48+0.98P
3.2 93.13 84.31+0.98° 86.27+0.98° 88.55+0.56° 73.53+0.9°
4.8 92.15 82.35+0.98° 85.61+0.56° 87.25+0.98° 69.59+0.96°
6.4 90.19 78.75+0.56° 83.33+0.98° 86.27+0.98° 67.31£0.91°
8 89 74.19+0.52° 80.39+0.98° 84.31+0.98° 63.72+0.98°
Table 3(c). Comparison of DPPH scavenging activity of standard and time variations of UAE.
Concentration DPPH scavenging activity (%)
(ng/ml) Standard UAES UAES6 UAE7 UAES
1.6 94.11 87.25+0.85° 85.94+0.56° 74.52+0.95° 80.39+0.98°
32 93.13 85.29+0.90° 84.31+0.98° 70.58+0.98" 72.71£0.56°
4.8 92.15 81.37+0.98° 82.35+0.98° 68.71+0.76" 66.65+0.9°
6.4 90.19 81.37+0.98° 78.75+0.56° 67.64+0.98° 64.04+0.56°
8 89 77.1240.56° 74.19£0.52° 63.72+0.98" 57.84+0.98P

DPPH activity of CSE was 86.69+0.086 at the lowest
concentration and 73.94+0.23 at the highest concentration.
Among the power variations of UAE, i.e., UAE1, UAE2,
UAE3, and UAE4, the highest activity was shown
by UAEI], i.e., 85.94+0.56 at the lowest concentration
and 74.19+0.52 at the highest concentration used, and among
the time variations of UAE, i.e., UAES5, UAE6, UAE7,
and UAES, the highest DPPH scavenging activity was
exhibited by UAES at its lowest concentration, 87.25+0.85
and 77.12+0.56 at its highest concentration. UAES
exhibited the highest DPPH scavenging activity. The extract
obtained at 20% power for 5 min showed the highest DPPH
scavenging activity. The DPPH scavenging activities for
all extracts and standards are presented in Table 3 (a, b,
and c). Similar results were reported for the antioxidant
activity of green pea peel in the Ultrasonic-Assisted
Extraction and the antioxidant activity of flavonoids from
Adinandranitida leaves [25, 26].

The graphs of DPPH scavenging activity vs. concentration
are plotted for the standard, and samples are shown in Fig. 1(d),
and the graphs for the extracts CSE, UAEL, UAE2, UAE3,
UAE4, UAES, UAE6, UAE7, and UAE8 were obtained
below the graph of standard ascorbic acid. The graphs
obtained agree with the previous reports on the antioxidant
activity of Habbe Sara [27]. The graph of UAES was closer
to that of the standard and exhibited DPPH scavenging
activity that was comparable to that of the standard. Thus,
the methanolic extracts of fresh green pea peel can be
important from the point of view of antioxidant activity
and are good antioxidants. In addition, the results agree with
those in the antioxidant activity determination of crocus
mathewii [28].

The IC50 values of the extract, or the concentration at
which half of the DPPH radical can be scavenged. The ICs,
values were determined for the standard and sample.
Usually, this concentration is reported in studies where
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Fig. 2. Comparison of (a): ICs, values of DPPH scavenging activities of standard, CSE and UAES, (b): FRAP values for ascorbic acid.

DPPH scavenging activity is determined. ICs, of the extract
CSE for DPPH scavenging activity was 3.75+0.005 pg/
ml, which is higher than that of the positive standard
ascorbic acid, i.e., 3.22 pg/ml. Considering the power
variations of UAE, thatis UAE1, UAE2, UAE3, and UAE4,
the results of the ICsy values of the extracts were compared
to those of ascorbic acid. The ICs, of the extract UAE1 for
scavenging activity was 3.7+0.02 pg/ml, which is lower
than the positive standard ascorbic acid, i.e., 3.22 pg/ml
[27]. The values of ICs, for extracts UAE1, UAE2, UAE3,
and UAE4 were 3.7+0.02 pg/ml, 3.463+0.098 pg/ml,
3.39340.028 pg/ml, and 4.314+0.065pug/ml. The ICs, values
for UAE1, UAE2, UAE3, and UAE4 were higher than
those of the standard and were comparable. The ICs, values
of UAES, UAE6, UAE7, and UAES were compared to
those of the standard. The values were higher for the extract
than for ascorbic acid. A comparison of the time variations
of UAE and ascorbic acid is shown in Fig. 1(d). It was noted
that the extract UAES showed the highest value of ICs,.
Then IC;s, of the extracts UAES, UAE6, UAE7, and UAES
for chelating activity was 3.566+0.015pg/ml, 3.7+0.02
pg/ml, 4.346+0.02, and 4.56+0.0321 pg/ml, respectively,
which are higher than the positive standard ascorbic acid,
i.e., 3.22 pg/ml. Values close to the standard represent
effective scavenging activity comparable to the standard.
The metal-chelating activity of the extracts was determined
by comparison with the standard EDTA solution. The metal-
chelating activity was determined at different concentrations
of the standard and sample. The results obtained are listed
in Tables 3(a), 3(b), and 3(c).

A comparison of the ICs, values of DPPH scavenging
activities of the standard, CSE, and UAES is shown in Fig.
2(a). It can be observed that the ICs, value of UAEs was
close to standard. Values close to the standard represent
effective scavenging activity comparable to the standard.

FRAP Assay

The FRAP value of ascorbic acid determined from
the standard curve was reported to be 6.84 ug. The FRAP
values of the extracts were determined relative to those
of the standard ascorbic acid solution. The FRAP value
of CSE was observed to be 8.53+0.017ug. Among
the power variations of the UAE, that is, UAE1, UAE2,
UAE3, and UAE4, the lowest FRAP value was exhibited
by UAEI], that is, 7.58+0.020pg, and among the time
variations of UAE, i.e., UAES, UAE6, UAE7, and UAES,
the lowest value was shown by UAES, i.e., 7.37+0.068ug.
Fig. 2(b) shows a comparison between the FRAP values
of CSE and ascorbic acid. CSE exhibited a higher FRAP
value than ascorbic acid did. Fig. 2(b) shows a comparison
of the FRAP values for ascorbic acid and power variations
of UAE. UAE1, UAE2, UAE3, UAE4, and UAE1 showed
a low FRAP value and were found to be close to that
of standard ascorbic acid. Fig. 2(b) shows the comparison
of FRAP values for ascorbic acid, and time variations
of UAE, UAES, UAE6, UAE7, UAES, and UAES5 were
found to be close to the standard. Similar findings were
reported by [29], who studied the antioxidant activity
of guava fruit extracts. A comparison of the FRAP values
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for ascorbic acid, CSE, and UAES is shown in Fig. 2(b).
It can be concluded from the figure that the FRAP value
of UAES is closer to that of the standard, that is, UAES5
has reducing power.

Conclusions

In this study, two extraction techniques were used to
evaluate the antioxidant activity of peel extracts. These
techniques include ultrasonic-assisted and conventional
solvent extraction. The results indicated that the amount
extracted from both total phenolic contents was remarkably
improved when using UAE. The antioxidant activity
of the extracts was tested using various antioxidant assays,
such as metal chelating activity, DPPH scavenging activity,
and the FRAPS method. The obtained results were compared
with those of standard antioxidants for a better understanding
of antioxidant activity. Ultrasonic-assisted extraction with
probe sonication at low power and time was found to be
the most effective in terms of antioxidant yield. Thus, it can
be concluded that ultrasonic-assisted extraction is a better
and more environmentally friendly technique that influences
the yield of phenolic compounds from green pea peel.

Funding

This research was funded by Taif University, Saudi
Arabia (Project No. (TU-DSPP-2024-79).

Acknowledgements

The authors extend their appreciation to Taif University,
Saudi Arabia, for supporting this work through project
number (TU-DSPP-2024-79).

Conflict of Interest

The authors declare no conflicts of interest.

References

1. GIL-CHAVEZ G.J., VILLA JAR. AYALA-ZAVA-
LA JF., HEREDIA JB, VEDA D.S., YAHIA EM.,
GONZALEZ-AGUILAR G.A. Technologies for extraction
and production of bioactive compounds to be used as nu-
traceuticals and food ingredients: An overview. Compre-
hensive Reviews in Food Science and Food Safety, 12 (1),
5,2013.

2. MONCLARO A.V., GOMES H.A.R., DUARTE G.C., DE
SOUZA L.R.M., FILHO E.X.F. Unveiling the Biomass
Valorization: The Microbial Diversity in Promoting
a Sustainable Socio-economy. BioEnergy Research, 1,
2024.

3. KUMAR N. Effect of ultrasonic assisted extraction on
the properties of freeze-dried pomegranate arils. Current
Nutrition & Food Science, 16 (1), 83, 2020.

10.

11.

12.

13.

14.

15.

16.

17.

MATHEWS A., ARBAL AV., KAARUNYA A., JHA
PK., LE-BAIL A., RAWSON A. Conventional vs modern
extraction techniques in the food industry. In Extraction
Processes in the Food Industry, Seid Mahdi Jafari, Sahar
Akhavan-Mahdavi., Woodhead Publishing: United
Kingdom, pp. 97, 2024.

NASEEM Z., ZAHID M., HANIF M.A., SHAHID M. En-
vironmentally friendly extraction of bioactive compounds
from Mentha arvensis using deep eutectic solvent as green
extraction media. Polish Journal of Environmental Studies,
29 (5), 3749, 2020.

SAHURKAR M.R., KARADBHAIJNE S.V. Antioxidants:
Extraction and application in food industry. International
Journal of Food Science and Nutrition, 3 (6), 272, 2018.
BOULOUMPASI E., SKENDI A., CHRISTAKI S., BILI-
ADERIS C.C., IRAKLI M. Optimizing conditions for
the recovery of lignans from sesame cake using three
green extraction methods: Microwave-, ultrasound-
and accelerated-assisted solvent extraction. Industrial
Crops and Products, 207, 1, 2024.

GOSWAMI M.J., DUTTA U., KAKATI D. Ultrasound-
assisted extraction for food, pharmacy, and biotech
industries. In Bioactive Extraction and Application in Food
and Nutraceutical Industries,Tanmay Sarkar, Siddhartha
Pati.Springer: New York, pp. 103, 2024.

ABBASSI F., HAMDI A., TLAHIG S., TRIKI T., NAGAZ
K., GUASMI FE. Phytochemical Analysis and Biological
Activities of Reamuriavermiculata Leaves, Stem and Roots
Extracts. Polish Journal of Environmental Studies, 33 (1),
31, 2024.

SORIA A.C., VILLAMIEL M. Effect of ultrasound on
the technological properties and bioactivity of food: a review.
Trends in Food Science & Technology, 21 (7), 323, 2010.
MANOHARAN D., RADHAKRISHNAN M., TIWARI
B.K. Cavitation technologies for extraction of high
value ingredients from renewable biomass. TrAC Trends
in Analytical Chemistry, 174, 1, 2024.

KUMAR N., PRATIBHA., PRASAD J., YADAV A,
UPADHYAY A., NEERAIJ, KIELISZEK M. Recent trends
in edible packaging for food applications—perspective for
the future. Food Engineering Reviews, 15 (4), 718, 2023.
KUMAR N., PRATIBHA, TRAJKOVSKA PA.,
KHOJAH E., SAMI R., AL-MUSHHIN A.A. Chitosan
edible films enhanced with pomegranate peel extract:
Study on physical, biological, thermal, and barrier
properties. Materials, 14 (12), 3305, 2021.

AGRAWAL R.S., NIRMAL N.P. Technologies for Extrac-
tion of Bioactive Compounds and Its Applications. In Bio-
active Extraction and Application in Food and Nutraceuti-
cal Industries, Tanmay Sarkar, Siddhartha Pati. Springer:
New York, pp. 1, 2024.

ELKAHOUI S., JAMAL A., BEN ABBES W., GZARA
L., CHARRADI K., HADDAIJI N., BADRAOUI R.
Investigation of the Valorization of Methanolic Extract
of Punica granatum L. Peel in Terms of Phytochemical,
Trace Element, Antioxidant Activities and ADMET Profile
of Active Compounds. Polish Journal of Environmental
Studies, 33 (3), 2587, 2024.

KUMAR N. Study on physico-chemical and antioxidant
properties of pomegranate peel. Journal of Pharmacognosy
and Phytochemistry, 7 (3), 2141, 2018.

DINIS T.C., MADEIRA V.M., ALMEIDA L.M. Action
of phenolic derivatives (acetaminophen, salicylate,
and S-aminosalicylate) as inhibitors of membrane lipid
peroxidation and as peroxyl radical scavengers. Archives
of Biochemistry and Biophysics, 315 (1), 161, 1994.



6236

Karadbhajne S.V,, et al.

18.

19.

20.

21.

22.

23.

RAZA A., HANIF U, ALI S., ALI B.,, KHAN
M.N., FATIMA M., ULLAH R. Evaluation of Ethno-
Veterinary Grasses from Suburbs through Microscopic
Technique: Insights into Antioxidant Defense System
and Phenol. Polish Journal of Environmental Studies, 33
(3), 3367, 2024.

BENZIE LF., SZETO Y.T. Total antioxidant ca3pacity
of teas by the ferric reducing/antioxidant power
assay. Journal of Agricultural and Food Chemistry, 47 (2),
633, 1999.

LANEZ T, HAOUA K.B. The effect of soxhlet
and ultrasonic-assisted extraction on antioxidant compo-
nents and antioxidant properties of selected south Alge-
rian red potatoes cultivars. Scientific Study & Research.
Chemistry & Chemical Engineering, Biotechnology, Food
Industry, 18 (4), 435, 2017.

BAHARUDDIN N.AF., NORDIN M.FM., MORAD
N.A., ARIS N.LA., YUNUS M.A.C. Total phenolic,
flavonoid content and antioxidant activity of Clinacanthus
nutans leaves by water-based ultrasonic assisted
extraction. Malaysian Journal of Analytical Sciences, 22
4), 659, 2018.

GIMBUN J., ISHAK N.F., MUHAMMAD N.LS., PANG
S.F., KADIR M.A.A. RAMLI H., KHADISAH, Z. Ul-
trasonic Assisted Extraction Polyphenols and Antioxi-
dant from Nigella Sativa Seed. Journal of Engineering
and Technology, 5 (2), 17, 2014.

LIU B., GUO X., ZHU K., LIU, Y. Nutritional evaluation
and antioxidant activity of sesame sprouts. Food
Chemistry, 129 (3), 799, 2011.

24.

25.

26.

27.

28.

29.

NGUANG S.L., YEONG Y.L., PANG S.F., GIMBUN 1.
Ultrasonic assisted extraction on phenolic and flavonoid
content from Phyllanthus niruri plant. Indian Journal
of Science and Technology, 10 (2), 1, 2017.

KANATT S.R., ARJUN K., SHARMA A. Antioxidant
and antimicrobial activity of legume hulls. Food Research
International, 44 (10), 3182, 2011.

HADRICH F., EL ARBI M., BOUKHRIS M., SAYADI
S., CHERIF S. Valorization of the peel of pea: Pisum
sativum by evaluation of its antioxidant and antimicrobial
activities. Journal of Oleo Science, 63 (11), 1177, 2014.
ASJAD HM.M., AKHTAR M.S., ASAD M., DIN B,
GULZAR F., HASSNAIN F. In vitro antioxidant activity
of Habbe Sara [unani medicine] prescribed for febrile
convulsions. Journal of Pharmacy and Alternative
Medicine, 2, 30, 2012.

YILDIZTEKIN F., NADEEM S., EROL E., YILDIZ-
TEKIN M., TUNA A.L., OZTURK M. Antioxidant,
anticholinesterase and tyrosinase inhibition activities,
and fatty acids of Crocus mathewii—A forgotten endemic
angiosperm of Turkey. Pharmaceutical Biology, 54 (9),
1557, 2016.

IAMJUD K., BANYEN N., BOONPRAKOB U,
THAIPONG K. Ascorbic acid, total phenolics and anti-
oxidant activity of guava leaf extracts. Acta Horticulturae,
1024, 367, 2011.



