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Abstract
Citrus processing industry generates the large amount of byproducts,
which are rich in polyphenols that have high antioxidant properties.

In present investigation, comparative study was undertaken using
maceration (M) and ultrasound assisted extraction (UAE) for the efficient
extraction of polyphenols from citrus peels of different cultivars such as
‘kinnow mandarin’ (Citrus reticulata) and ‘mousambi’ (Citrus limetta).
The total phenols (28.30 mg/GAE g dw), flavonoids (4.40 mg/CE g
dw) and DPPH radical scavenging activity (48.23%) were attained
from kinnow mandarin peels whereas total phenols (21.99 mg/GAE
g dw), flavonoids (2.07 mg/CE g dw) and DPPH radical scavenging
activity (39.73%) were obtained from mousambi peels using UAE
method. Therefore, the results indicated the efficiency of UAE method
as compared to maceration technique for the extraction of polyphenols
in terms of high yield and their antioxidant properties.

These polyphenols can be extracted and utilized in different applications.
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Introduction

India produces varied range of fruits and vegetables
and is second largest vegetable as well as third
largest fruit producer in the world. Therefore, the
processing of fruit and vegetable play a significant
role in the growth of Indian food processing sector.
However, this large quantities of waste is generated
throughout the year in the form of peel, pulp,

seeds and rags."® Amongst all, peel is the main
byproduct and constitutes abundant quantities of
various bioactive components such as carotenoids,
flavonoids and phenolic acids etc.*

Natural products from biological origin, such as
extracts from plants have potential role in the
development of various drugs and in the prevention
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of different diseases such as cancer, obesity and
atherosclerosis etc. It was reported that bitter
melon extract had an anti-tumor activity and
anti-proliferative effect on the breast tumor and
cancer cell growth.5® Moreover, bitter melon extract
also have therapeutic effects in HNSCC (Head and
neck squamous cell carcinoma) by enhancing the
effector functions of immune system.”#

Among all fruits, citrus fruits are the third most
important fruit crop grown in tropical and subtropical
regions of the world. According to US Food
and Agriculture Organization report 2017, the
annual production of citrus fruits is approximately
124 million tonnes. Citrus fruit processing generates
large quantities of waste which accounts for
approximately 50% of their weight. Flavonoids are
the major category of phytochemicals present in
citrus peels.® These bioactive compounds in natural
products have various health properties such as
anti-inflammatory, anti-carcinogenic activity,
antioxidant and anti-allergic, etc., which can add
value in food, pharmaceutical and nutraceutical
industry.’® Moreover, these functional compounds
have benefits in food industry e.g. inhibiting the
oxidation of lipids and rancidity."!

Extraction of these compounds as a natural product
from peels is the suitable alternative for valorization of
wastes generated from different processing industry;
thereby leading to the development of cost effective
processes.' Various research studies have been
conducted on extraction of bioactive compounds
by conventional and non-conventional methods
(green techniques) such as maceration, soxhlet
extraction, microwave, supercritical fluid extraction,
ultrasound extraction etc., each having its own
advantages as well as disadvantages. For example
the extraction of bioactive components at the
optimal UAE condition provided the maximum vyield
(26.52%) and total phenolic content (15,263.32 mg
Eq gallic/100 g DW) from Citrus reticulata Blanco cv.
Sainampueng peel. Therefore, under same extraction
conditions, UAE showed higher extraction efficiency
in terms of yield, which was 1.77 times higher
than MAE."® Moreover, different combinations of
non-conventional techniques such as extraction
based on ionic liquids through simultaneous
ultrasonic and microwave assisted extraction have
higher efficiency than conventional heat-reflux
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extraction method for phenolic compounds from
burdock leaves. In addition, blanching was carried
out by conventional and ultrasound methods as the
pretreatment method before drying. The highest
retention of vitamin C (37.5-85%) was obtained by
conventional method at high temperature whereas
organoleptic quality was maintained by ultrasound
method.” Another study showed that phycocyanin
yield from Spirulina platenis was found higher
(18.61%) using UAE as compared to conventional
technique (11.13%).'¢ It was reported that ultrasonic
parameters such as temperature, time and power
had a profound effect on the total phenolic content
and antioxidant capacity of Euphorbia tirucalli leaf
which revealed that ultrasonic time had least impact
for extraction of TPC and antioxidant capacity.'”
Similarly, the extraction of glycryrrhizic acid from the
Clycyrrhiza glabra L. showed that ultrasound method
was better than mechanical stirring method.®

Recently, focus has been shifted towards the use
of green extraction technique due to their higher
extraction efficiency and less degradation of
phenolic compounds at much higher extraction
rate.’®2' Among all green extraction techniques,
ultrasound assisted extraction has gained more
attention because of their wide range of applications
in different sectors.?®

In view of the above, this study was focused on the
extraction of phytochemicals from the citrus peels
using two different techniques, viz. maceration as
well as ultrasound assisted extraction and their
antioxidant capacity.

Material and Methods

Citrus Peels

Peels of two different fully ripened citrus species,
viz. (Citrus reticulata) cv. ‘kinnow mandarin’ and
(Citrus limetta) cv. ‘mousambi’, were collected from
the local market in Longowal, India. Citrus peels from
two cultivars were dried separately in a tray dryer at
50°C and ground in fine powder and stored at -20°C

Chemicals

The various chemicals used in this study
(2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-
Ciocateu reagent, sodium bicarbonate (Na,CO,),
gallic acid, catechin and aluminium chloride) were
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procured from Sigma Chemicals (Germany),
HiMedia (India) and Merck (US).

Extraction

Powdered dried sample (20 g) was taken from
Citrus reticulata (kinnow mandarin) and Citrus limetta
(mousambi) peels, respectively. The extraction from
citrus peels was carried out by maceration and UAE
technique using acetone (100%, w/v). Samples
were mixed with acetone (1: 3) and kept for 30 min
at room temperature (37+1°C) until the clear extract
was obtained after sequenced filtration.?2 The extract
was filtered and evaporated by rotary evaporator.

Acetone was used as a solvent due to their strong
polarity and volatility in order to improve the yield and
concentrate the desired compounds. Various citrus
peels extracts (CPE) were dissolved in methanol and
kept at -20°C in benzene with air tight container for
determination of antioxidant properties.

Yield (%): The yield (%) of the samples was
calculated as:

% yield= (Final yield (g))/(Initial sample weight (g))
x100

Estimation of Polyphenols, Flavonoids and
Antioxidant Activity

Total phenolic content was estimated using
Folin—Ciocalteu regent.2® The total phenolic content
was calculated from a calibration curve with pure
gallic acid as standard. The results were expressed
as gallic acid equivalents (GAE), in mg/g dry extract.
Total flavonoids were determined by aluminium
chloride method.?* Results were expressed as mg
catechin equivalent per gram dry weight of the
samples. The DPPH radical scavenging activity of
citrus peels was measured.?®> The DPPH radical
scavenging activity was calculated from the following
formula:

% DPPH radical scavenging activity = (Abs.of
control-Abs. of sample)/(Abs. of control)x100

Statistical Analysis

In order to study the effect of multiple replicates, the
extraction treatment was carried out in triplicates
under the same conditions. The data obtained from
the analysis of extracts was analyzed by using
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GraphPad Prism (version 5.01, La Jolla, CA, USA)
software and results are expressed as mean +
standard deviation. Difference between the mean
values was tested for the statistical significance
using a two-way ANOVA (analysis of variance). The
significance level was set at 5% (P < 0.05) for all
calculations.

Results

The efficiency of both techniques, such as maceration
and UAE for the extraction of phenolic components
in terms of yield and its various properties has been
discussed in the following sections.

Extraction Yield

The yield of each sample was recorded in the range
of 5.20 to 12.95% on the dry basis of sample weight
by using maceration and UAE method as presented
in Fig. 1. The maximum extraction yield of 12.95%
and 5.85% was obtained from mousambi and kinnow
mandarin peels, respectively by UAE method. In
contrast to the above, the maximum extraction yield
by using maceration technique was 5.20% and
12.20% for kinnow mandarin and mousambi peels
respectively.

Kinnow mandarin peel
15 1 Mousambi peel

M UAE

Fig. 1:Yield of citrus peels extract using
maceration (M) and ultrasound assisted
extraction (UAE). Results are expressed as
mean values = S.D along with error bars,
Different superscripts on the bars indicate the
significant difference (p < 0.05)

DPPH Free Radical Scavenging Activity

The DPPH scavenging activity of each sample was
investigated and scavenging activity was found in
the range of 22.46 to 48.23% on the dry basis of
sample weight by using maceration and UAE method
as presented in Fig. 2. The maximum DPPH activity
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of 48.23% and 39.73% was obtained from kinnow
mandarin and mousambi peels, respectively by
UAE method. In contrast to the above, the maximum
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DPPH activity using maceration technique was
42.96% and 22.46% for kinnow mandarin and
mousambi peels respectively.

Kinnow mandarin peel
Mousambi peel

UAE

Fig. 2: DPPH scavenging activity of citrus peels extract using maceration (M) and ultrasound
assisted extraction (UAE). Results are expressed as mean values * S.D along with error bars,
Different superscripts on the bars indicate the significant difference (p < 0.05)

Total Phenolic Content (TPC)

The total phenolic content was obtained in the
range of 19 to 28.3 mg GAE/g DW on the dry
basis of sample weight by using maceration and
UAE method as presented in Fig. 3. The maximum
phenolic content of 28.30 mg GAE/g DW and
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21.79 mg GAE/g DW was obtained from kinnow
mandarin and mousambi peels, respectively by
UAE method. In contrast to the above, the total
phenolic content using maceration technique was
23 mg GAE/g DW and 19 mg GAE /g DW for kinnow
mandarin and mousambi peels respectively.

Kinnow mandarin peel
Mousambi peel

UAE

Fig. 3: Total phenolic content of citrus peels extract using maceration (M) and ultrasound assisted
extraction (UAE). Results are expressed as mean values = S.D along with error bars, Different
superscripts on the bars indicate the significant difference (p < 0.05)

Total Flavonoid Content (TFC)

The total flavonoid content was found in the range
of 1.98 to 4.40 mg CE/g DW using maceration and
UAE method as presented in Fig. 4. The maximum
flavonoid content of 4.40 mg CE/g DW and 2.07
mg CE/g DW was obtained from kinnow mandarin
and mousambi peels, respectively by UAE method.

However, the maximum flavonoid content by
using maceration technique was 3.75 mg CE/g
DW and 1.98 mg CE/g DW for kinnow mandarin
and mousambi peels respectively. These results
showed that UAE method have given better results
as compared to maceration method at ambient
conditions.
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Kinnow mandarin peel
Mousambi peel

UAE

Fig. 4 : Total flavonoid content of citrus peels extract using maceration (M) and ultrasound
assisted extraction (UAE). Results are expressed as mean values * S.D along with error bars,
Different superscripts on the bars indicate the significant difference (p < 0.05)

Discussion

This study was undertaken to assess the efficiency
of maceration as well as ultrasound technique for the
extraction of polyphenols from the citrus peels, viz.,
kinnow mandarin and mousambi peels. Amongst
all, UAE proved to be the best method that resulted
in higher yield of phenolic compounds from kinnow
mandarin peels.

The mean yield of acetone extract was 12.20 % and
5.20 % by using maceration obtained from kinnow
mandarin and mousambi peels, respectively. These
results are in close agreement with the study carried
out by previous researchers.?6?” The mean yield of
kinnow mandarin peels extract was increased from
5.20 to 5.85 % while in mousambi peels extract;
mean yield was enhanced from 12.20 to 12.95 %
by using ultrasound assisted extraction.

Comparative studies were undertaken among
the fresh and concentrated juice of blood
orange; both stored at -20°C. The DPPH activity
of both concentrated and non-concentrated
juices varied from 39.16 to 33.75% and 53.39 to
42.55%, respectively. Although, the anthocyanain
content decreased in both the juices, however,
the concentration was found to be higher in
non-concentrated juice. The results indicated that
concentration and duration of storage had a profound
effect on the physicochemical properties of the blood
orange juice.?® Similarly, antioxidant properties of
the fresh and the frozen peels of the different citrus
species revealed that frozen peels of the citrus
species were rich in potent antioxidants. This may

be attributed to the fact that during freezing, bound
phenolic compounds are released from cellular part
from the peels at greater extent as compared to
fresh peels.930

The concentration of phenolic compounds of 28.30
mg GAE/g DW and 21.79 mg GAE/g DW was
obtained from kinnow mandarin and mousambi
peels, respectively using UAE method. Moreover,
maximum flavonoid content of 3.75 mg CE/g DW
and 1.98 mg CE/g DW was obtained from kinnow
mandarin and mousambi peels, respectively by
maceration method. Nevertheless, the maximum
flavonoid content of 4.40 mg CE/g DW and
2.07 mg CE/g DW was obtained from kinnow
mandarin and mousambi peels, respectively through
UAE method. The scavenging activity of 42.46%
and 22.46% has been recorded by maceration
while 48.23% and 39.73% was found via UAE from
various citrus peels. Therefore, in contrast to the
maceration, UAE increased the extract yield as
well as polyphenol content from citrus peels due
to cavitation effect which accelerates the release
of compounds and increases the mass transfer
process through distorting the cell wall of plants.26-3!
Extraction of flavonoids and ascorbic acid from
lemon fruits revealed that the techniques used for
the extraction also had an impact on the yield of
these compounds.®

Among these two citrus cultivars, the kinnow
mandarin peels have higher antioxidant properties
than mousambi peels with UAE, which can be due
to the variation in chemical composition, maturity
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level at harvesting, different cultivar (genotype)
like Castagnaro, Fantastico and Femminello and
conditions of soil and post harvest storage.®*3* The
experimental data have indicated that scavenging
activity of citrus peels extract varied significantly
among different cultivars. Among both cultivars of
citrus fruits, peels of kinnow mandarin have high
DPPH scavenging activity as compared to mousambi
using maceration as well as UAE technique. It may
be due to the degree of ripeness (ripe or unripe) that
has a strong influence on the presence of different
bioactive compounds such as phenolic acids,
flavonoids, etc.%®

Conclusion

The present investigation indicated the efficiency of
non-conventional (UAE) technique for the extraction
of the polyphenols from peels of different citrus
cultivars. In contrast to the maceration technique,
total extraction yield, DPPH scavenging activity,
phenolic content as well as total flavonoids was
found higher with UAE method. Being abundant
in phytochemicals with antioxidant properties,
these can be used as potential ingredients for the
development of functional foods. Thus, this study
indicates the potential of UAE over the maceration
technique in terms of yield, total phenols, total

683

flavonoids and antioxidant capacity of citrus
peels extract. Moreover, UAE is advantageous
because of its simplicity, reduced operational time,
less toxic, minimum energy as well as solvent
consumption; thereby leading to the development of
an economical process for the extraction of bioactive
compounds. Therefore, UAE technique has wider
applications in industrial sector as compared to
conventional techniques. In addition, valorization of
agro-industrial residues for the extraction of value
added products not only solves the disposal problem,
but also makes the process economical.
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