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Abstract: Citrus fruits are grown commercially throughout the world. They are widely consumed
due to their nutrients, use in energy supplements, and numerous health benefits. There is significant
interest among consumers about this naturally available source, rich in flavonoids and antioxidants.
However, underutilized citrus varieties remain unexplored due to the lack of information about
the pool of nutritive properties they confer. Ten underutilized citrus varieties were collected from
Nokrek Biosphere Reserve, West Garo Hills, Meghalaya, India, identified by UNESCO as a Biosphere
reserve, to study the diversity in terms of limonin, ascorbic acid, carotenoids, browning, flavonoids,
total phenol, and antioxidant activity, the contents of which varied significantly among different
citrus cultivars. The results indicated that Citron and Pomelo were good sources of ascorbic acid
(29.50 and 45.09 mg/100 mL), and that Khasi papeda was found to contain lower limonin content
(9.21 ppm). However, in terms of flavonoids, Khasi papeda and Pomelo were found to exhibit a
higher naringin content (189.13 ppm and 32.15 ppm), whereas the hesperidin content was highest
in Kachai lemon, Khasi papeda, and Chinotto, at 199.51 ppm, 148.04 ppm, and 135.88 ppm, respec-
tively. Antioxidant activity was assessed by three antioxidant assays (ABTS+ (radical cation azino-
bis [3-ethylbenzthiazoline-6-sulfonic acid]) (ABTS), 2,2-diphenyl-1-picrylhydrazyl radical (DPPH),
and Ferric Reducing Antioxidant Power (FRAP)). Khasi papeda (7.48 mM L−1 Trolox), Chinotto
(7.48 mM L−1 Trolox), and Pomelo (7.48 mM L−1 Trolox) exhibited the highest reducing power with
DPPH radical scavenging activity, and Khasi papeda (15.41 mg GAE L−1) possessed a higher phenolic
content, whereas the antioxidant activity when assessed with ABTS and FRAP assays was highest
among the underutilized species of Khasi papeda (4.84 mM L−1 Trolox, 1.93 mM L−1 Trolox) and
Ada Jamir (4.96 mM L−1 Trolox, 2.03 mM L−1 Trolox), respectively. To the best of our knowledge,
this is among the very few papers presenting comprehensive data on the metabolic diversity of
flavonoids and antioxidant potential to characterize the underutilized citrus species. This study also
demonstrated that Khasi papeda, Pomelo, Chinotto, and Kachai lemon can serve as potential sources
of functional components, bioactive compounds, and antioxidants, which can be explored for further
application in the processing industry for nutritional security.

Keywords: hesperidin; naringin; ABTS; DPPH; FRAP; limonin; total phenol; dietary supplements

1. Introduction

Citrus fruits belong to the genus citrus and the family Rutaceae and are one of the
most traded horticultural crops [1,2]. Citrus fruits have tremendous nutritional content and
have potential demand in both the fresh and the processing markets [3]. These fruits are a
treasure trove of phytochemicals and are an active source of functional components and
bioactive compounds, including ascorbic acid, pectin, folic acid [4], flavonoids, carotenoids,
total phenols, limonoids [2], and antioxidants [3]. The consumption of citrus fruits reduces
the incidence and lowers the risk of several diseases such as cancers, cardiovascular and
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coronary heart disease, and stroke, and they exhibit other promising health benefits due to
their anti-inflammatory, anti-tumor, and strong antioxidant activity [4–6].

The taxonomy of the genus citrus is not clear [1]. There are 16 and 144 species in the
genus Citrus such as Swingle and Tanaka. Apart from the commercially available citrus
fruits, viz. mandarin (C. reticulata Blanco), lime (C. aurantifolia Christm.), sweet orange
(C. sinensis L. Osbeck), grapefruit (C. paradisi Osbeck), and lemon (C. limon L. Brn. F.) [7,8],
India is bestowed with remarkable genetic diversity, including both wild and cultivated
varieties [9] such as Indian wild orange (C. indica Tanaka), Kachai lemon (C. jambhiri
Lush.), Ada jamir (C. assamensis Dutta and Bhattacharya), Chinotto (C. myrtifolia Raf.),
Melanesian papeda (C. macroptera Montr.), Khasi papeda (C. latipes (Swingle) Tanaka),
Citron (C. medical Linn.), Gajanimma (C. pennivesiculata (Lush.) Tanaka), Pomelo (C. grandis
(L.) Osbeck or C. maxima (Burm.) Merr.), Galgal (C. pseudolimon Tanaka), karna or khatta
orange (C. karna Raf.), C. reshni, C. unshiu, Citrus (x paradisi) x trofilate, C. sinensis x poncirus
trifoliate, C. depressa, etc., which are grown in orchards or fruit gardens [6,10]. Different
citrus types have originated due to mutations occurring spontaneously, natural selection,
and hybridizations, thus leading to genetic modifications in the cultivars [1].

Although India is a reservoir and the natural home of various citrus species, these
underutilized citrus fruits have not been explored on a commercial scale due to a lack
of popularity and, at the same time, a lack of information among consumers about their
nutritional value, in terms of bioactive compounds present and the antioxidant potential
they exhibit [11]. Many underutilized wild citrus fruits that originated in north-east
India prove to be predominant sources of carbohydrates, vitamins, minerals, and other
phytochemicals [12], thus providing health benefits to humans. Systematic studies for
the collection, characterization, and conservation of citrus genetic diversity are still far
behind [10].

Looking to the dearth of information available and the importance of the varieties, an
attempt was made to quantify the functional components, bioactive compounds, and an-
tioxidant potential of wild and underutilized citrus species, which prove to be an alternative
source to commercial citrus varieties in terms of nutritional security.

2. Results and Discussion
2.1. Limonin, Carotenoid and Total Phenol Content

Limonin is one of the oxygenated triterpenoids present in citrus juice and is mainly
responsible for delayed bitterness. For the citrus juice industry, limonin is considered a
major concern [13,14]. The limonin content varied from 9.21 ppm to 13.92 ppm, as given
in Table 1.The limonin content was found to be significantly higher in Citron and was on
par with Ada jamir. The underutilized varieties of Khasi papeda and Gajanimma showed
the lowest values of 9.21 ppm and 10.01 ppm, respectively. On the other hand, Melanesian
papeda (12.40 ppm), Ada jamir (13.41 ppm), and Citron (13.92 ppm) showed the highest
limonin content. Limonin content was in the range of 6.82–32.40 ppm in different Pomelo
cultivars [15]. Similar observations were also recorded [7] when carrying out a study with
Kachai lemon, Citron, and Pomelo citrus varieties. Citrus varieties with low contents of
limonin are mostly preferred in juice processing industries [7]. The limonin concentration
varies with respect to species and is affected due to changing regional and cultural practices
and nutrition [14].

In phytochemicals, carotenoid is one of the major contributors found in citrus juices [16].
For determining citrus juice quality, fat-soluble pigments are considered one of the prin-
cipal parameters [17,18]. In the present study, carotenoid content revealed consider-
able diversity among the citrus species. The carotenoid content examined ranged from
0.10–0.86 mg/100 mL (Table 1). Even though most of the underutilized citrus varieties
displayed a carotenoid content from 0.10–0.19 mg/100 mL, higher contents were obtained
in three species, with Pomelo and Indian wild orange displaying potent antioxidant activ-
ity, i.e., the ability to scavenge reactive oxygen species harmful to the human body [19].
However, Chinotto and Citron contained almost identical amounts of carotenoid, and
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the rest of the species were found to be at par for carotenoid contents. Similar findings
have previously been reported [7]. Various factors such as varietal, growing conditions,
geographical origin, and the maturity of fruits influence the carotenoid content [18].

Table 1. Ascorbic acid, carotenoid, and browning content quantified in underutilized citrus varieties
collected from Nokrek Biosphere Reserve, West Garo Hills, Meghalaya, India.

Sr. No. Varieties Ascorbic Acid (mg/100 mL) Carotenoid (mg/100 mL) Limonin (ppm) Browning (O.D)

1 Indian wild orange 13.23 g ± 0.29 0.86 a ± 0.05 11.37 cd ± 0.32 0.17 cde ± 0.02
2 Kachai lemon 26.16 c ± 1.37 0.29 b ± 0.08 11.76 cd ± 0.50 0.22 bc ± 0.03
3 Melanesian papeda 25.90 cd ± 0.77 0.15 c ± 0.01 12.40 bc ± 0.25 0.52 a ± 0.03
4 Khasi papeda 21.87 ef ± 1.01 0.12 c ± 0.02 9.21 f ± 0.10 0.23 bc ± 0.03
5 Ada jamir 22.88 de ± 0.48 0.15 c ± 0.02 13.41 ab ± 0.28 0.29 b ± 0.02
6 Chinotto 23.91 cde ± 0.79 0.19 bc ± 0.01 11.63 cd ± 0.14 0.10 e ± 0.04
7 Citron 29.50 b ± 1.72 0.19 bc ± 0.04 13.92 a ± 0.19 0.18 cde ± 0.03
8 Pomelo 45.09 a ± 0.38 0.75 a ± 0.05 10.72 de ± 0.42 0.19 cd ± 0.02
9 Gajanimma 8.11 h ± 0.29 0.10 c ± 0.02 10.01 ef ± 0.48 0.14 cde ± 0.01
10 Galgal 19.58 f ± 0.83 0.11 c ± 0.01 11.61 cd ± 0.25 0.12 de ± 0.01

Tukeys HSD at 1% 3.2067 0.1253 1.1236 0.0875

The given values are in mean ± standard deviation (n = 3). According to Tukey HSD multiple range test, means
with superscripts in the columns followed by different letters are significantly different at p < 0.01. Means with
superscripts in each column with the same letter do not differ significantly at p < 0.01. Superscript letters denote
significant differences at p < 0.01 according to Tukey’s HSD test.

Total phenols are considered one of the major components depicting bioactive
compound-enriched components [7]. The results of total phenols among underutilized
citrus varieties are given in Figure 1 and are an average of three different replications. The
total phenolic content varied from 6.07 mg GAE L−1 to 16.37 mg GAE L−1. Among the
10 different underutilized varieties studied, low TPC values were found in Indian wild
orange (6.07 mg GAE L−1), Citron (7.64 mg GAE L−1), and Gajanimma (9.07 mg GAE L−1).
Moderate values were also found in Pomelo, Galgal, Ada Jamir, and Chinotto
(11.98–12.93 mg GAE L−1), whereas Kachai lemon, Khasi papeda, and Melanesian papeda
contained relatively high amounts of phenols (13.30 mg GAE L−1, 15.41 mg GAE L−1, and
16.37 mg GAE L−1, respectively). Phenolic compounds abundantly found in citrus fruits
are known to possess significant antioxidant activity. The differences in the total phenol
content observed in the results could be due to several environmental factors, namely cli-
mate, location, maturity period, temperature, rainfall, etc. [20,21]. The presence of different
phenolic compounds might also be one of the causes for variation in the TPC observed [22].

2.2. Ascorbic Acid and Browning Content

Ascorbic acid is one of the major components to account for antioxidant activity
in citrus species [16,23]. The determination of ascorbic acid content is of significance
because the degradation of vitamin C leads to the formation of hydroxymethyl furfural
(HMF) due to non-enzymatic browning, resulting in the browning of juice, considered
unacceptable by consumers [24]. Variation in the amounts of ascorbic acid content is shown
in Table 1. Pomelo (45.09 mg/100 mL) was found to contain the highest level of ascorbic acid.
Chinotto (23.91 mg/100 mL), Kachai lemon (26.16 mg/100 mL), and Melanesian papeda
(25.90 mg/100 mL) also presented high levels of ascorbic acid. The remaining underutilized
citrus varieties had less ascorbic acid contents, which ranged from 8.11–25.09 mg/100 mL.
The ascorbic acid content ranged from 6.80–37.92 mg/100 mL among the ten accessions
of C. indica [25]. Similar results of ascorbic acid content in citron sp. were also reported
when analyzing peel and pulp extracts, respectively [26]. Several researchers reported a
wide variation in ascorbic acid (Vitamin C) content, not only in different citrus fruits but
also in different cultivars within citrus species [27–29]. Several parameters such as climate
and processing factors, cultural practices, and fruit quality, variety, and maturity, etc., are
responsible for the variability in the ascorbic acid content [30–32].



Plants 2022, 11, 862 4 of 12

Plants 2022, 11, x FOR PEER REVIEW 4 of 13 
 

 

maining underutilized citrus varieties had less ascorbic acid contents, which ranged from 

8.11–25.09 mg/100 mL. The ascorbic acid content ranged from 6.80–37.92 mg/100 mL 

among the ten accessions of C. indica [25]. Similar results of ascorbic acid content in citron 

sp. were also reported when analyzing peel and pulp extracts, respectively [26]. Several 

researchers reported a wide variation in ascorbic acid (Vitamin C) content, not only in 

different citrus fruits but also in different cultivars within citrus species [27–29]. Several 

parameters such as climate and processing factors, cultural practices, and fruit quality, 

variety, and maturity, etc., are responsible for the variability in the ascorbic acid content 

[30–32]. 

 

Figure 1. Total phenol compound content in underutilized citrus varieties. Significant ANOVA p < 

0.01. Letters a to f above mean (n = 3) bars denote significant differences at p < 0.01 according to 

Tukey’s HSD test. 

The browning index content (also known as non-enzymatic browning (NEB)) is one 

of the most important chemical reactions responsible for citrus juice quality, determining 

color changes occurring due to the heat or storage of citrus juice products [33]. The 

browning index content in the underutilized citrus varieties examined in this study 

ranged from 0.10–0.52 O.D (Table 1). Significant variations were observed in the un-

derutilized citrus varieties at p < 0.01. The highest browning index content was found in 

Melanesian papeda (0.52 O.D), followed by Ada jamir (0.29 O.D), Khasi papeda (0.23 

O.D), and Kachai lemon (0.22 O.D), in order. Degradation of the ascorbic acid content is 

also one of the reasons for non-enzymatic browning. However, a reaction between sug-

ars, amino acids, and ascorbic acid is also responsible for non-enzymatic browning [33]. 

2.2. Flavonoid Content 

Flavonoid constituents are found in substantial quantities in citrus species, some of 

which are characteristic of them [34]. Flavanone glycosides are specific to citrus and have 

been reported as stable bio-markers to differentiate citrus varieties [35]. The flavonoid 

contents, viz. hesperidin and naringin, in underutilized citrus species were quantified 

In
dia

n W
ild

 O
ra

nge

K
ac

hai
 L

em
on

M
el

an
es

ia
n P

ap
ed

a

K
has

i P
ap

ed
a

A
da 

Ja
m

ir

C
hin

ot
to

C
itr

on

Pom
el

o

G
aj

an
im

m
a

G
al

ga
l

6

8

10

12

14

16

18

20

m
g
 G

A
E

 L
-1

Underutilized Citrus Varieties

 Total Phenol Content

f

c

b

a

a

c

bc

e

c

d

Figure 1. Total phenol compound content in underutilized citrus varieties. Significant ANOVA p < 0.01.
Letters a to f above mean (n = 3) bars denote significant differences at p < 0.01 according to Tukey’s
HSD test.

The browning index content (also known as non-enzymatic browning (NEB)) is one of
the most important chemical reactions responsible for citrus juice quality, determining color
changes occurring due to the heat or storage of citrus juice products [33]. The browning
index content in the underutilized citrus varieties examined in this study ranged from
0.10–0.52 O.D (Table 1). Significant variations were observed in the underutilized citrus
varieties at p < 0.01. The highest browning index content was found in Melanesian papeda
(0.52 O.D), followed by Ada jamir (0.29 O.D), Khasi papeda (0.23 O.D), and Kachai lemon
(0.22 O.D), in order. Degradation of the ascorbic acid content is also one of the reasons for
non-enzymatic browning. However, a reaction between sugars, amino acids, and ascorbic
acid is also responsible for non-enzymatic browning [33].

2.3. Flavonoid Content

Flavonoid constituents are found in substantial quantities in citrus species, some of
which are characteristic of them [34]. Flavanone glycosides are specific to citrus and have
been reported as stable bio-markers to differentiate citrus varieties [35]. The flavonoid
contents, viz. hesperidin and naringin, in underutilized citrus species were quantified
using HPLC, and the results are reported in Figure 2. The variation has been observed to
be significantly higher in the species analyzed at p < 0.01. The highest flavonoid content
(hesperidin 199.51 ppm) was found in Kachai lemon, Khasi papeda (hesperidin 148.04 ppm
and naringin 189.13 ppm), and Chinotto (hesperidin 135.88 ppm and naringin 32.15 ppm).
However, Ada jamir and Galgal showed the lowest hesperidin contents, with 0.79 ppm
and 18 ppm, respectively. Further, naringin was not detected in these two underutilized
varieties. Our findings indicated that among the flavanone glycosides tested, hesperidin
was found in significant amounts in comparison to naringin. The results are in accordance
with those of a previous study of different citrus varieties [36]. Genetic and physiological
factors are the main causes for the variation in flavonoid content. In addition to these
factors, the selection of a genotype with high ascorbic acid content is reported to influence
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the variation more than climatic conditions and cultural practices [37]. The obtained results
indicated that three underutilized citrus species, namely Kachai lemon, Khasi papeda, and
Chinotto, contained higher flavonoid contents in comparison to the other varieties assessed.
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Figure 2. Flavonoid (a) hesperidin and (b) naringin content assessed in underutilized citrus varieties.
Significant ANOVA p < 0.01. Letters a to i for hesperidin and a to e for naringin above mean (n = 3)
bars denote significant differences at p < 0.01 according to Tukey’s HSD test.
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2.4. Antioxidant Activity

In the present study, the in vitro antioxidant activity of underutilized citrus species
was evaluated by combining more than one method, as different antioxidants present in
food possess different mechanisms of action [24,38]. Therefore, the assays ABTS, DPPH,
and FRAP, which are commonly accepted assays, are employed to investigate antioxidant
activity. The ABTS, DPPH, and FRAP assays are based on an electron transfer, which
involves the reduction of a color oxidant. The results of antioxidant assays using ABTS,
DPPH, and FRAP scavenging are expressed in mM L−1 Trolox (depicted in Figure 3) and
were found statistically significant at p < 0.01. In a specific consideration, the ABTS assay
is based on the generation of a blue/green ABTS+ that can be reduced by antioxidants,
whereas the DPPH assay is based on the reduction of the purple DPPH to 1,1-diphenyl-2-
picryl hydrazine. The assays scavenge the free radicals of ABTS and DPPH, which leads to
the formation of colorless products. The greater the degree of discoloration, the greater the
scavenging of free radicals, and hence the greater the antioxidant activity of the samples [23].
The antioxidant activity measured by the ABTS method ranged from 2.99 to 5.25 mM L−1

Trolox. Concerning the DPPH assay, the values ranged from 4.46–9.44 mM L−1 Trolox.
Among the studied varieties, Chinotto showed the highest antioxidant activity, whereas the
lowest activity was observed in Indian wild orange when assessed with both the ABTS and
DPPH assays. The ABTS assay is applicable to hydrophilic antioxidant systems, whereas
the DPPH assay is applicable to lipophilic antioxidants. The FRAP assay is different from
the others as there are no free radicals involved, but the reduction of ferric iron (Fe3+) to
ferrous iron (Fe2+) is monitored. The FRAP assay measures the reduction capacity of the
antioxidant present when reacting with a complex of ferric tripyridyltriazine (Fe3+-TPTZ)
and leads to the formation of a colored ferrous tripyridyltriazine (Fe2+-TPTZ) complex [22].
The FRAP values in underutilized varieties varied from 0.95 mM L−1 Trolox (Indian wild
orange) to 2.03 mM L−1 Trolox (Ada jamir). The results of our antioxidant activity tests
showed that the varieties assessed can scavenge the oxygen reactive free radicals to a certain
extent. The antioxidant activity measured may differ depending on the geographical origin,
growing season, and agricultural practices.
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Significant ANOVA p < 0.01. Letters a to f above mean (n = 3) bars denote significant differences at
p < 0.01 according to Tukey’s HSD test.
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3. Materials and Methods
3.1. Fruit Material

Underutilized citrus fruits of different species, namely Indian wild orange (Citrus indica
Tanaka), Kachai lemon (Citrus jambhiri Lush.), Melanesian papeda (Citrus macroptera
Montr.), Khasi papeda (Citrus latipes (Swingle) Tanaka), Ada jamir (Citrus assamensis Dutta
and Bhattacharya), Chinotto (Citrus myrtifolia Raf.), Citron (Citrus medical Linn.), Pomelo
(Citrus grandis (L.) Osbeck or Citrus maxima (Burm.) Merr.), Gajanimma (Citrus pennivesiculata
(Lush.) Tanaka), and Galgal (Citrus pseudolimon Tanaka), were harvested at maturity from
Nokrek Biosphere Reserve, West Garo Hills, Meghalaya, India, identified by UNESCO as a
Biosphere reserve (Figure 4). The fruits were washed in running water to remove the dust
from the surface and then dried. The fruit juice was extracted after peeling and was stored
in airtight containers until analyzed. The common and scientific names and probable place
of origin of underutilized citrus varieties are given in Table 2.
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Figure 4. Underutilized citrus varieties collected from Nokrek Biosphere Reserve, West Garo Hills,
Meghalaya, India.

Table 2. Underutilized citrus varieties (common name, scientific name, and probable place of origin).

Sr. No. Common Name Scientific Name Centre of Origin

1 Indian wild orange Citrus indica Tanaka Northeast India
2 Kachai lemon Citrus jambhiri Lush. Northeast India
3 Melanesian papeda Citrus macroptera Montr. Southeast Asia
4 Khasi papeda Citrus latipes (Swingle) Tanaka Northeast India
5 Ada jamir Citrus assamensis Dutta and Bhattacharya Northeast India
6 Chinotto Citrus myrtifolia Raf. Southern China
7 Citron Citrus medical Linn. India
8 Pomelo Citrus grandis (L.) Osbeck or Citrus maxima (Burm.) Merr. Polynesia and Malay
9 Gajanimma Citrus pennivesiculata (Lush.) Tanaka South India
10 Galgal Citrus pseudolimon Tanaka India
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3.2. Chemicals, Reagents and Standards

The standards of ascorbic acid, limonin, carotenoids (β-carotene), flavonoids (hes-
peridin and naringin), Trolox, ABTS+ (radical cation azino-bis [3-ethylbenzthiazoline-
6-sulfonic acid]), 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), 2,4,6-Tri (2-pyridyl)-s-
triazine (TPTZ), and total phenols (Gallic acid), and solvents such as water and acetonitrile
of high-performance liquid chromatography (HPLC) grade were purchased from Sigma-
Aldrich (Mumbai, India). All other chemicals and reagents used in the study were of
analytical grade. Chemical structures of important compounds are depicted in Figure 5.
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naringin, and β-Carotene (ChemIDPlus database) [39].

3.3. Physico-Chemical Analysis
3.3.1. Ascorbic Acid Determination by HPLC

Ascorbic acid was determined using HPLC according to the method described [40,41].
An amount of 5 mL of 2.5% o-phosphoric acid was added to 5 mL of juice and centrifuged
at 5000 rpm for 10 min. A 0.45 µm syringe filter (Millipore, Mumbai, India) was used for
filtering supernatant and then injected into the HPLC system. A stationary phase C-18
column Zorbax SB C-18, 4.6 mm × 250 mm, 5 microns was used in combination with a
mobile phase 20 mM Na2HPO4 at pH 2.5 for the elution of L-Ascorbic acid. The HPLC
system was equipped with a quaternary pump DAD detector (M/s. Agilent Technologies,
Bengaluru, Karnataka, India) (220 nm) with a flow rate of 1 mL/min. The ascorbic acid
content was expressed as mg/100 mL of the juice sample.

3.3.2. Browning Determination

Browning content was determined [42], and the results were expressed in optical
density (O.D). An amount of 10 mL of the juice was centrifuged at 3000 rpm for 15 min. The
juice supernatant was diluted with an equal amount of ethyl alcohol (95%) and centrifuged
again at 10 min until a clear extract was obtained. The absorbance of the supernatant was
read at 440 nm using a UV-spectrophotometer (UV-1650 PC Shimadzu, Kyoto, Japan).

3.4. Biochemical Analysis
3.4.1. Limonin Determination

The limonin content was quantified [43] and was reported in parts per million (ppm).
A total of 25 mL of juice was centrifuged at 3000 rpm for 10 min. An amount of 5 mL
of supernatant was taken, and to this 10 mL of chloroform was added. Then, 4 mL of
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lower layer was taken out and 6 mL of freshly prepared Burncham reagent was added.
The reaction mixture was kept at room temperature for 30 min, and the observation was
recorded at 503 nm using a UV-spectrophotometer (UV-1650 PC Shimadzu, Kyoto, Japan).

3.4.2. Carotenoid Determination

Carotenoid as β-carotene was determined according to the method [44]. Total carotenoid
content was expressed as mg/100 mL of juice. An amount of 10 mL of the sample was
mixed with 20 mL of methanol and 0.5 g celite and filtered with a Buchner funnel under
vacuum pressure. The residue after filtration was blended with 20 mL of acetone in a
mortar and pestle for 1 min for extraction of any colored particles. The extraction with
acetone was repeated until the residue no longer contained any colored particles. The
filtrate was collected in a separating funnel. An amount of 5 mL of n-hexane was mixed in
and water was added until the layer separated. The aqueous acetone layer, i.e., the lower
layer, was drained and discarded, and the hexane layer, i.e., the upper layer, was washed
twice with water. Hexane solution was added to the colored hexane solution to make up
10 mL. n-hexane was used as a blank, and the absorbance was read at 450 nm using a
UV-spectrophotometer (UV-1650 PC Shimadzu, Kyoto, Japan).

3.4.3. Total Phenol Content Determination

The Folin-Ciocalteu assay [45] with some slight modifications was used for the de-
termination of the total phenol content present in underutilized citrus varieties. In an
Eppendorf microtube (1.5 mL), Milli-Q water, the sample, and the Folin-Ciocalteu reagent
were added at a ratio of 790:10:50 µL and then vortexed. After exactly 1 min, 150 µL of
20% solution of sodium carbonate was mixed in, vortexed again, and allowed to stand
for approximately 60 min under dark conditions. Absorbance was taken at 750 nm and
quantified using a standard curve of gallic acid and reported as gallic acid equivalents
(mg GAE L−1).

3.5. Flavonoids Determination using HPLC

For the quantification of flavonoids [46], samples were analyzed by a reverse phase
HPLC system. An amount of 1 mL each of 15% (w/v) Carrez I (potassium hexacyanoferrate)
and 30% (w/v) of Carrez II (zinc acetate dihydrate) solution was added into juice and
centrifuged further at 6000 rpm for 10 min. The prepared samples of extracts and standards
filtered through a 0.45 µm syringe filter (Millipore, Mumbai, India) were used for HPLC. A
binary system (M/s. Agilent Technologies, Bengaluru, Karnataka, India) equipped with a
PDA detector connected to a system processor was used for analysis. The HPLC solvents
of 5mM ammonium acetate and acetonitrile (75:25 v/v) were run at a 284 nm wavelength
using a reverse-phase C-18 column Zorbax SB C-18, 4.6 mm × 250 mm, 5 microns. During
the run, a flow rate of 1mL/min was maintained using binary mode. In order to identify
the compounds, standards of flavonoids (hesperidin, naringin) were used. The peaks were
identified by comparing the retention time (RT) of the standard compounds with that of
the different peaks obtained in the HPLC analysis of samples. Flavonoids, i.e., hesperidin
and naringin contents, were expressed as mg/100 mL of juice sample.

3.6. Antioxidant Activity Determination by ABTS, DPPH, and FRAP Assay

To scavenge the ABTS+ radicals, the ABTS assay was adapted [24]. The absorbance
was recorded at 414 nm. Results were expressed as mmol L−1 Trolox.

The DPPH activity was estimated [24]. The absorbance of the reaction mixture was
read at 515 nm. The results were expressed as mmol L−1 Trolox.

The procedure [47] with minor modifications was performed for the Ferric Reducing
Antioxidant Power (FRAP) assay as a measure of antioxidant power. In this method, the
antioxidants in the samples are reduced to blue ferrous form, which has absorption maxima
at 593 nm. The working reagent of FRAP was prepared freshly by adding 300 mM of
acetate buffer, TPTZ solution (0.3123%), and ferric chloride (FeCl3) (0.54%) solutions at a
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ratio of 10:1:1. An amount of 2 µL diluted extract of the sample and 250 µL of the FRAP
reagent were added to each well. The absorbance of samples was recorded at 593 nm. The
Trolox standard was used for the quantification and preparation of the calibration curve.
The results were expressed in mmol L−1 Trolox.

3.7. Statistical Analysis

The results obtained are the means of three replicated trials. The values are given in
means ± standard deviation for verifying the statistical significance among the param-
eters. A multiple range test (Tukey’s HSD test) and an analysis of variance (ANOVA)
were carried out to determine the significance of the test. The probability values of the
laboratory experiments, which are usually calculated with (p < 0.01), were adopted as
statistically significant.

4. Conclusions

The study of the diversity of phytochemical profiling and antioxidants among under-
utilized citrus species revealed significant diversity. The underutilized varieties, namely
Khasi papeda, Pomelo, Chinotto, and Kachai lemon, have tremendous potential in the
citrus industry because these varieties exhibit a range of functional components and bioac-
tive compounds with antioxidant capacity. These citrus varieties are underutilized and
unexplored, besides being a natural supply of phytochemicals and antioxidants. The an-
tioxidant assays of ABTS, DPPH, and FRAP can be considered useful tools for determining
antioxidant activity. The results of the study showed that the underutilized citrus species
can be regarded as potential resources that are unexplored and capable of offering dietary
supplements to the processing industry, as they are rich in nutrients at a significantly lower
cost. Future studies can also be undertaken by other researchers to characterize the exotic
and wild citrus germplasm from native locations, and to determine their promise in the
food industry by providing natural sources and real benefits of inherent nutrients.

Author Contributions: D.K.: Conceptualization, Investigation, Writing—original draft, review, and
editing; M.S.L.: Project administration, Supervision; S.K. and S.M.: Resources; M.G. and S.M.: Formal
analysis; M.G.: Software statistical analysis, Data curation. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Samples of the data are provided by the corresponding author on request.

Acknowledgments: Authors gratefully acknowledge the guidance and necessary facilities provided
by M. S. Ladaniya (Director, ICAR-CCRI, Nagpur) during the course of the investigation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Franch, P.C.; Belles, V.V. Citrus as functional foods. Curr. Top. Nutraceutical Res. 2010, 8, 173–184.
2. Goulas, V.; Manganaris, G.A. Exploring the phytochemical content and the antioxidant potential of citrus fruits grown in Cyprus.

Food Chem. 2012, 131, 39–47. [CrossRef]
3. Canan, I.; Gundogdu, M.; Seday, U.; Oluk, C.A.; Karasahin, Z.; Eroglu, E.C.; Yazici, E.; Unlu, M. Determination of antioxidant,

total phenolic, total carotenoids, lycopene, ascorbic acid, and sugar contents of citrus species and mandarin hybrids. Turk. J. Agric.
For. 2016, 40, 894–899. [CrossRef]

4. Ramful, D.; Bahorun, T.; Bourdon, E.; Tarnus, E.; Aruoma, O.I. Bioactive phenolics and antioxidant propensity of flavedo
extracts of Mauritian citrus fruits: Potential prophylactic ingredients for functional foods application. Toxicology 2010, 278, 75–87.
[CrossRef]

5. Ramful, D.; Tarnus, E.; Aruoma, O.I.; Bourdon, E.; Bahorun, T. Polyphenol composition, vitamin C content and antioxidant
capacity of Mauritian citrus fruit pulps. Food Res. Int. 2011, 44, 2088–2099. [CrossRef]

http://doi.org/10.1016/j.foodchem.2011.08.007
http://doi.org/10.3906/tar-1606-83
http://doi.org/10.1016/j.tox.2010.01.012
http://doi.org/10.1016/j.foodres.2011.03.056


Plants 2022, 11, 862 11 of 12

6. Sidana, J.; Saini, V.; Dahiya, S.; Nain, P.; Bala, S. A review on citrus—“The boon of nature”. Int. J. Pharm. Sci. Rev. Res. 2013, 18,
20–27.

7. Kumar, D.; Ladaniya, M.S.; Gurjar, M. Underutilized citrus sp. pomelo (Citrus grandis) and Kachai lemon (Citrus jambhiri) exhale
in phytochemicals and antioxidant potential. J. Food Sci. Technol. 2019, 56, 217–223. [CrossRef]

8. Zarina, Z.; Tan, S.Y. Determination of flavonoids in Citrus grandis (pomelo) peels and their inhibition activity on lipid peroxidation
in fish tissue. Int. Food Res. J. 2013, 20, 313–317.

9. Malik, S.K.; Chaudhury, R.; Kumar, S.; Dhariwal, O.P.; Bhandari, D.C. Citrus Genetic Resources in India: Present Status and
Management; National Bureau of Plant Genetic Resources: New Delhi, India, 2012; pp. 1–184.

10. Hazarika, T.K. Citrus genetic diversity of north-east India, their distribution, ecogeography and ecobiology. Genet. Resour. Crop
Evol. 2012, 59, 1267–1280. [CrossRef]

11. Khairul Ikram, E.H.; Eng, K.H.; Mhd Jalil, A.M.; Ismail, A.; Idris, S.; Azlan, A.; Mohd Nazri, H.S.; Mat Siton, N.A.; Mohd Mokhtar,
R.A. Antioxidant capacity and total phenolic content of Malaysian underutilized fruits. J. Food Compos. Anal. 2009, 22, 388–393.
[CrossRef]

12. Hegazy, A.K.; Mohamed, A.A.; Ali, S.I.; Alghamdi, N.M.; Abdel-Rahman, A.M.; Al-Sobeai, S. Chemical ingredients and
antioxidant activities of underutilized wild fruits. Heliyon 2019, 5, e01874. [CrossRef] [PubMed]

13. Hasegawa, S.; Berhow, M.A.; Manners, G.D. Citrus limonoids. In ACS Symposium Series; American Chemical Society: Washington,
DC, USA, 2000; pp. 1–8.

14. Pichaiyongvongdee, S.; Hruenkit, R. Comparative studies of limonin and naringin distribution in different parts of pummel
[Citrus grandis (L.) Osbeck] cultivars grown in Thailand. Nat. Sci. 2009, 43, 28–36.

15. Wattanasiritham, L.; Taweesuk, K.; Ratanachinakorn, B. Limonin and Naringin in Pummelos (Citrus grandis (L.) Osbeck). In
Proceedings of the 31st Congress on science and technology of Thailand, Suranaree University of Technology, Nakhon Ratchasima,
Thailand, 18–20 October 2005.

16. Marti, N.; Mena, P.; Canovas, J.A.; Micol, V.; Saura, D. Vitamin C and the role of citrus juices as functional food. Nat. Prod.
Commun. 2009, 4, 677–700. [CrossRef] [PubMed]

17. Fanciullino, A.L.; Mayer, C.D.; Luro, F.; Casanova, J.; Morillon, R.; Ollitrault, P. Carotenoid diversity in cultivated citrus is highly
influenced by genetic factors. J. Agric. Food Chem. 2006, 54, 4397–4406. [CrossRef] [PubMed]

18. Louaileche, H.; Khodja, Y.K.; Bey, M.B. Phytochemical contents and in vitro antioxidant activity of Algerian orange juices. Int. J.
Bioinform. Biomed. Eng. 2015, 1, 107–111.

19. Okwu, D.E. Citrus fruits: A rich source of phytochemicals and their roles in human health. Int. J. Chem. Sci. 2008, 6, 451–471.
20. Shan, B.; Cai, Y.Z.; Sun, M.; Corke, H. Antioxidant capacity of 26 spice extracts and characterization of their phenolic constituents.

J. Agric. Food Chem. 2005, 53, 7749–7759. [CrossRef]
21. Zheng, W.; Wang, S.Y. Antioxidant activity and phenolic compounds in selected herbs. J. Agric. Food Chem. 2001, 49, 5165–5170.

[CrossRef]
22. Rajurkar, N.S.; Hande, S.M. Estimation of phytochemical content and antioxidant activity of some selected traditional Indian

medicinal plants. Indian J. Pharm. Sci. 2011, 73, 146–151. [CrossRef]
23. Almeida, M.M.B.; De Sousa, P.H.M.; Arriaga, A.M.C.; Do Prado, G.M.; De Carvalho Magalhaes, C.E.; Maia, G.A.; De Lemos, T.L.G.

Bioactive compounds and antioxidant activity of fresh exotic fruits from northeastern Brazil. Food Res. Int. 2011, 44, 2155–2159.
[CrossRef]

24. Mena, P.; Garcı’a-Viguera, C.; Navarro-Rico, J.; Moreno, D.; Bartual, J.; Saurab, D.; Mart, N. Phytochemical characterisation for
industrial use of pomegranate (Punica granatum L.) cultivars grown in Spain. J. Sci. Food Agric. 2011, 91, 1893–1906. [CrossRef]
[PubMed]

25. Chetry, S.; Suresh, C.P.; Chaurasiya, A.K.; Lyngdoh, J.P. Morpho-Physico-Chemical characterization of Indian wild orange (Citrus
indica Tanaka) grown in Nokrek Biosphere Reserve, Garo Hills, Meghalaya, India. Int. J. Curr. Microbiol. App. Sci. 2021, 10,
1910–1922. [CrossRef]

26. Pallavi, M.; Ramesh, C.K.; Krishna, V.; Parveen, S.; Swamy, L.N. Quantitative phytochemical analysis and antioxidant activities of
some citrus fruits of South India. Asian J. Pharm. Clin. Res. 2017, 10, 198–205.

27. Gardner, P.T.; White, T.A.C.; McPhail, D.B.; Duthie, G.G. The relative contributions of vitamin C, carotenoids and phenolics to the
antioxidant potential of fruit juices. Food Chem. 2000, 68, 471–474. [CrossRef]

28. Xu, G.; Liu, D.; Chen, J.; Ye, X.; Ma, Y.; Shi, J. Juice components and antioxidant capacity of citrus varieties cultivated in China.
Food Chem. 2008, 106, 545–551. [CrossRef]

29. Yoo, K.M.; Lee, K.W.; Park, J.B.; Lee, H.J.; Hwang, I.K. Variation in major antioxidants and total antioxidant activity of Yuzu
(Citrus Junos Sieb ex Tanaka) during maturation and between cultivars. J. Agric. Food Chem. 2004, 52, 5907–5913. [CrossRef]

30. Kumar, R.; Vijay, S.; Khan, N. Comparative nutritional analysis and antioxidant activity of fruit juices of some Citrus spp. Octa J.
Biosci. 2013, 1, 44–53.

31. Nagy, S. Vitamin C contents of citrus fruit and their products: A review. J. Agric. Food Chem. 1980, 28, 8–18. [CrossRef]
32. Vanderslice, J.T.; Higgs, D.J.; Hayes, J.M.; Block, G. Ascorbic acid and dehydroascorbic acid content of foods-as-eaten. J. Food

Compos. Anal. 1990, 3, 105–118. [CrossRef]
33. Bharate, S.S.; Bharate, S.B. Non-enzymatic browning in citrus juice: Chemical markers, their detection and ways to improve

product quality. J. Food Sci. Technol. 2014, 51, 2271–2288. [CrossRef]

http://doi.org/10.1007/s13197-018-3477-3
http://doi.org/10.1007/s10722-012-9846-2
http://doi.org/10.1016/j.jfca.2009.04.001
http://doi.org/10.1016/j.heliyon.2019.e01874
http://www.ncbi.nlm.nih.gov/pubmed/31294093
http://doi.org/10.1177/1934578X0900400506
http://www.ncbi.nlm.nih.gov/pubmed/19445318
http://doi.org/10.1021/jf0526644
http://www.ncbi.nlm.nih.gov/pubmed/16756373
http://doi.org/10.1021/jf051513y
http://doi.org/10.1021/jf010697n
http://doi.org/10.4103/0250-474X.91574
http://doi.org/10.1016/j.foodres.2011.03.051
http://doi.org/10.1002/jsfa.4411
http://www.ncbi.nlm.nih.gov/pubmed/21480278
http://doi.org/10.20546/ijcmas.2021.1001.223
http://doi.org/10.1016/S0308-8146(99)00225-3
http://doi.org/10.1016/j.foodchem.2007.06.046
http://doi.org/10.1021/jf0498158
http://doi.org/10.1021/jf60227a026
http://doi.org/10.1016/0889-1575(90)90018-H
http://doi.org/10.1007/s13197-012-0718-8


Plants 2022, 11, 862 12 of 12

34. Nogata, Y.; Sakamoto, K.; Shiratsuchi, H.; Ishii, T.; Yano, M.; Ohta, H. Flavonoid composition of fruit tissues of citrus species.
Biosci. Biotechnol. Biochem. 2006, 70, 178–192. [CrossRef] [PubMed]

35. Dhuique-Mayer, C.; Caris-Veyrat, C.; Ollitrault, P.; Curk, F.; Amiot, M.J. Varietal and interspecific influence on micronutrient
contents in citrus from the Mediterranean area. J. Agric. Food Chem. 2005, 53, 2140–2145. [CrossRef] [PubMed]

36. Cano, A.; Medina, A.; Bermejo, A. Bioactive compounds in different citrus varieties. Discrimination among cultivars. J. Food
Compos. Anal. 2008, 21, 377–381. [CrossRef]

37. Lee, S.K.; Kader, A.A. Preharvest and postharvest factors influencing vitamin C content of horticultural crops. Postharvest Biol.
Technol. 2000, 20, 207–220. [CrossRef]

38. Perez-Jimenez, J.; Arranz, S.; Tabernero, M.; Diaz-Rubio, E.; Serrano, J.; Goni, I.; Saura-Calixto, F. Updated methodology to
determine antioxidant capacity in plant foods, oils and beverages: Extraction, measurement and expression of results. Food Res.
Int. 2008, 41, 274–285. [CrossRef]

39. National Institute of Health (NIH). ChemIDplus. Available online: https://chem.nlm.nih.gov/chemidplus/ (accessed on 7
March 2022).

40. Lee, H.S.; Coates, G.A. Liquid chromatographic determination of vitamin C in commercial Florida orange juice. J. Micronutr. Anal.
1987, 3, 199–209.

41. Lee, H.S.; Coates, G.A. Vitamin C in frozen, freshly squeezed, unpasteurized polyethylene-bottled orange juice: A storage study.
Food Chem. 1999, 65, 165–168. [CrossRef]

42. Meydav, S.; Saguy, I.; Kopelman, I.J. Browning determination in citrus products. J. Agric. Food Chem. 1977, 25, 602–604. [CrossRef]
43. Wilson, K.W.; Crutichfield, C.A. Spectrophotometric determination of limonin in orange juice. J. Agric. Food Chem. 1968, 16,

118–124. [CrossRef]
44. Ting, S.V.; Rouseff, R.L. Citrus Fruits and Their Products, Analysis and Technology; Marcel Dekker Inc.: New York, NY, USA, 1986.
45. Singleton, V.L.; Rossi, J.A. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol.

Vitic. 1965, 16, 144–158.
46. Marten, S. Determination of naringin and hesperidin in fruit juice. In Application Note ID-VFD2; Knauer: Berlin, Germany, 2007.
47. Benzie, I.F.F.; Strain, J.J. The ferric reducing ability of plasma (FRAP) as a measure of antioxidant power: The FRAP assay. Anal.

Biochem. 1996, 239, 70–76. [CrossRef] [PubMed]

http://doi.org/10.1271/bbb.70.178
http://www.ncbi.nlm.nih.gov/pubmed/16428836
http://doi.org/10.1021/jf0402983
http://www.ncbi.nlm.nih.gov/pubmed/15769147
http://doi.org/10.1016/j.jfca.2008.03.005
http://doi.org/10.1016/S0925-5214(00)00133-2
http://doi.org/10.1016/j.foodres.2007.12.004
https://chem.nlm.nih.gov/chemidplus/
http://doi.org/10.1016/S0308-8146(98)00180-0
http://doi.org/10.1021/jf60211a030
http://doi.org/10.1021/jf60155a013
http://doi.org/10.1006/abio.1996.0292
http://www.ncbi.nlm.nih.gov/pubmed/8660627

	Introduction 
	Results and Discussion 
	Limonin, Carotenoid and Total Phenol Content 
	Ascorbic Acid and Browning Content 
	Flavonoid Content 
	Antioxidant Activity 

	Materials and Methods 
	Fruit Material 
	Chemicals, Reagents and Standards 
	Physico-Chemical Analysis 
	Ascorbic Acid Determination by HPLC 
	Browning Determination 

	Biochemical Analysis 
	Limonin Determination 
	Carotenoid Determination 
	Total Phenol Content Determination 

	Flavonoids Determination using HPLC 
	Antioxidant Activity Determination by ABTS, DPPH, and FRAP Assay 
	Statistical Analysis 

	Conclusions 
	References

