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ABSTRACT

Citrus seeds contain high amounts of limonoids which prove their role in health
promoting properties. In this study, total limonoid aglycones, limonin content and
antioxidant capacities of the extracts of three kinds of citrus seeds including Dao lime, Vinh
orange and Thanh Tra pomelo were investigated. The limonoids were extracted with ethyl
acetate, acetone, methanol and dichloromethane using the conventional extraction method.
The total limonoid aglycones was quantified by a colorimetric method using DMAB
indicator reagent, while the antioxidant activies were determined by both DPPH and ABTS
radical scavenging assays. The results indicated that pomelo seeds contained the highest
amount of total limonoid aglycones (44.04 pg/g) when extracting with ethyl acetate,
followed by those of orange seeds (27.96 pg/g) and lime seeds (27.66 pg/g). The limonoid
contents of the methanol-based extracts from lime, orange and pomelo seeds were higher
than other solvent-based extracts (19.06, 12.44 and 13.72 pg/g, respectively). The results
also indicated that the extracts of pomelo seeds had higher DPPH and ABTS radical
scavenging activities than those of lime and orange seeds, whereas the extracts of the orange
and lime seeds exhibited no significant difference in antioxidant capacities. The methanol
showed the best extraction yield, whereas the dichloromethane was the least effective solvent
among all solvents.

Keywords: Citrus seeds, limonoids, limonin, antioxidant capacity.

1. INTRODUCTION

Citrus fruits have been recognized as one of the most healthful sources in human diet.
While citrus health-promoting properties are conventionally associated with their vitamin C
content, recent studies on bioactive compounds, specifically limonoids, have proved their
major role in preventing chronic diseases. Citrus limonoids are a group of highly oxygenated
triterpenoid compounds found in plant species of Rutaceae and Meliaceae family. They
occur in high concentrations as aglycones and glucosides in fruit tissues and seeds [1, 2].
Limonoid glucosides are water-soluble and more abundant in juices and pulps, whereas
limonoid aglycones are mainly responsible for a bitter taste of the citrus fruits because they
are fat-soluble and present in seeds and peels [1, 3]. Significant progress has demonstrated
the number of biological activities of these compounds including anti-inflamatory, antiviral,
anti-proliferative and anticarcinogenic activities in vivo system. Structural features that make
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an impact on cholesterol reduction in blood have been identified [4]. Limonoids are reported
to be nontoxic to animals and noncancerous cells of mammals [5, 6].

Limonoids of citrus seeds have been also considered as natural antioxidants, which
interfere in free radical reactions associated with tumorgenesis in mammalian systems [7-10].
Among 56 limonoids have been identified in citrus, limonin is the first characterized
compound of these phytochemicals knowing as a constituent of citrus since 1841 [11]. The
studies in vivo and in vitro indicated that limonin is a potential bioactive compound and it
exhibits a number of significant biological activities. Limonin has been involved in the
inhibition of development of oral tumors in hamster cheek pouch model and has been found
to influence GST enzyme activity in liver and small intestine mucosa of rodent models.
Treatment with limonin has showed a considerable effect in inhibition of DMBA-induced
neoplasia in experimental mice [12]. Besides anticancer activity, limonin has antimicrobial
activities, cholesterol lowering, antiviral activities and acts as protective agent against low-
density lipoprotein (LDL) oxidation [13, 14].

There are a variety of methods used to extract limonoids in citrus seeds including
supercritical fluid [15], microwave-assisted process [16], ultrasound [17], and solvent extraction
[18, 19]. However, solvent extraction is more popular than another one based on its advantages.
Firstly, several solvent extractions can be performed in parallel. Secondly, it required a little in
training and can extract more sample mass than other methods. For those reasons, the solvent
extraction method was preferred to extract phenolic and antioxidant compounds [20, 21].
Regarding extraction of citrus limonoids, little information in effectiveness of different
solvents used for extraction has been reported. Moreover, little information in the limonoid and
limonin contents of seeds of different citrus species grown in Vietnam have been found [22].
Therefore, the objective of this study is to investigate the total limonoid aglycones, limonin
content and antioxidant capacities of extracts from different kinds of citrus varieties (Dao
lime, Vinh orange, Thanh Tra pomelo) using the solvents having different polarity including
ethyl acetate, acetone, methanol and dichloromethane.

2. MATERIALS AND METHODS
2.1. Materials

Fresh seeds of three kinds of popular citrus fruits in Vietnam (Dao lime, Vinh orange,
Thanh Tra pomelo) were collected and dried under the sunlight for 3 days to achieve
moisture content of below 10%. The dried seeds were ground and stored in air-tight plastic
bag, and then placed in a desiccator for further analysis.

The seed powder was deffated with n-hexane using a Soxhlet system for 8 h at 80 °C.
The deffated residue was dried and used for limonoid extraction.

2.2. Extraction methods

The extraction method was carried out based on the report of Soong and Barlow [23].
One gram of each seed powder was refluxed with 20 mL of each solvent (ethyl acetate,
acetone, methanol or dichloromethane) using a water bath at 70 °C for 20 min. The mixture
of sample and solvent was then centrifuged at 4 °C with a speed of 5,000xg for 15 min. The
supernatant was filtered and kept while the residue was repeatedly extracted for two more times.
All supernatants were combined and made up properly to get exactly 60 mL of solutions.
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2.3. Measurement of total limonoid equivalents using DMAB reagent

The colorimetric methods using a DMAB indicator reagent for quantification of total
limonoid was employed by method of Andrew and Phil [24].

The DMARB indicator reagent was prepared as follows: 24 mL of 70% perchloric acid
was combined with 30 mL of acetic acid (glacial) to prepare stock acid solution. The DMAB
reagent was freshly prepared by dissolving 0.56 g of DMAB in 15 mL of stock acid solution.

Measurement of total limonoids: 330 uL of DMAB indicator and stock acid solution
were added into 220 uL of sample and then incubate at room temperature for 30 min. Next,
the absorbance was measured at 503 nm by a UV-Vis spectrophotometer. Limonin standard
was prepared in acetonitrile (0.1 mg/mL). The results were expressed as pg/g.

2.4. HPLC analysis of limonin

The reconstituted sample (20 pL) in acetonitrile was injected to C18 reversed phase
column and eluted isocratically at 1 mL/min flow rate using a mobile phase composed of 3 mM
phosphoric acid (solvent A) and acetonitrile (solvent B). The gradient elution was conducted,
starting at 85% of solvent A, reduction to 77% in 5 min, to 74% after 25 min, further
reduction to 60% at 30 min and completing the gradient at 54% at the end of 45 min. The column
was equilibrated for 5 min with 85% solvent A and 15% solvent B before next run [25]. The
elution was monitored at UV wavelength 210 nm and carried out at room temperature.

2.5. Antioxidant capacity by DPPH radical scavenging assay

The DPPH radical scavenging activity was measured using a method reported by
Liyana-Pathirana and Shahidi [26]. Briefly, 3.9 mL of 0.075 mM DPPH solution prepared in
methanol was mixed with 0.1 mL of sample. The mixture was vigorously vortexed and kept
under subdued light at room temperature. The absorbance was recorded at 515 nm after
exactly 30 min of reaction. The reduction was recognized by the color of solution faded
overtime. Blank solution was prepared from 0.1 mL of methanol and the absorbance was
read at t = 0. Each sample was measured in triplicate. The scavenging of DPPH was
calculated according to the following equation:

% DPPH scavenging = {(AbS=o0 — AbSi=30)/ Absi=} x 100
where:  Absio = absorbance of DPPH radical + methanol att = 0 min
Absi=30 = absorbance of DPPH radical + phenolic extracts at t = 30 min.

2.6. Antioxidant capacity by ABTS cation radical-scavenging assay

The ABTS radical-scavenging activity was carried out according to the previous report
by Robert et al. [27]. ABTS cation chromophore was generated by reacting 7 mM ABTS
with 2.45 mM potassium and allowing the mixture to stand in the dark for at least 16 h at
room temperature. The mixture was then diluted with absolute ethanol and measured at 734 nm
to give an absorbance of 0.70 + 0.02. After addition of 1 mL of ABTS ethanolic solution to
10 pL of sample, the absorbance was taken exactly 1 min after initial mixing and up to 6 min.
All the assays were carried out in triplicate. Ascorbic acid was used as positive standard
under the same condition. The antioxidant activity of the extracts was calculated as
concentration of ascorbic acid equivalents (mM) at 1 and 6 min. The percentage inhibition of
absorbance was plotted and calculated by the following formula:

%ABTS scavenging = (1 — At/A,) % 100
5
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Where: A, = absorbance of solution without the presence of sample/standard
As = absorbance of solution after addition of sample/standard.

2.7. Data analysis

All values shown were the means of triplicate measurements. All statistical analyses
were performed by the SPSS (Statistical Package for Social Sciences) version 22.0 to
determine difference in means at 5% significance level. The difference among samples were
evaluated by One-way ANOVA and Post-hoc’s multiple tests. All data were reported as the
means + standard deviations.

3. RESULTS AND DISCUSSION
3.1. Total limonoid aglycone of citrus seeds

Total limonoid aglycone of citrus seeds is indicated in Table 1. The limonoid aglycones
extracted from the lime and orange seeds using methanol were higher than those of other
solvents (27.66 pg/g and 27.96 pg/g, respectively), whereas the limonoid aglycones
extracted from the pomelo seeds using ethyl acetate (EtOAc) were higher than those using
other solvents (44.01 ug/g). In contrast, dichloromethane (DCM) was the least effective one
applied for limonoids extraction. The total limonoid aglycone extracted with DCM was the
lowest as compared to those using EtOAc, acetone (AcOH) or methanol (MeOH). In
addition, the total limonoid aglycones extracted with MeOH was higher than those extracted
with AcOH. Ethyl acetate was considered to be the best solvent to extract some of the
medium polar compounds, whereas the acetone and methanol were widely used for the
extraction of medium polar and polar compounds like aglycons and glucosides [28, 29].
Therefore, the ethyl acetate and methanol could extract more compounds than other solvents
resulting in higher total limonoid contents of the extracts using these solvents. Among three
kinds of citrus varieties, pomelo seeds contained the highest amounts of limonoid aglycones
(44.04 ng/g), followed by the orange seeds (27.19 ug/g) and lime seeds (24.01 pg/g) when
extracting with EtOAc. Hasegawa et al. [1] reported that the limonoid aglycones
concentrations in citrus seeds were higher than the limonoid glucosides, which is likely to
significantly contribute to antioxidant capacity of limonoids. According to Miyake et al. [29],
the predominant aglycones in citrus seeds was limonin followed by nomilin. Besides, some
predominant acidic limonoids like nomilinic acid and diacetylnomilinic acid occupy
approximately 20% of total aglycones in citrus seeds [1].

Table 1. Total limonoid contents of citrus seeds (ug/g limonin equivalent, LE)*2

Total limonoids (1g/g)
Sample
EtOAC AcOH MeOH DCM
Lime 24.01 £1.63® | 24.79+1.63"8 | 27.66+2.39°2 | 17.49 +1.20°
Orange 27.19 £ 1.55°A | 2537+1.62°6 | 27.96+0.78°A | 20.45+1.19%
Pomelo 44.04+£2.79%A | 3992+£248%8 | 41.73+1.55% | 19.58+£1.61%

'EtOAC, ethyl acetate; AcOH, acetone; MeOH, methanol; DCM, dichloromethane.

2Values (Means = SD, n = 3) followed by different superscript letters in the same column
or by capital letters in the same row are significantly different (p < 0.05).
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3.2. HPLC analysis of limonin in pomelo’s seeds

Amounts of limonin found in the seeds of three kinds of citrus are given in Table 2.
Overall, methanolic extracts were accounted for the highest limonin concentration as
compared to other solvent-based extracts. Although pomelo sample demonstrated the highest
total limonoid content in ethyl acetate extracts, its limonin content (8.32 pg/g) appeared to be
the lowest among all citrus seed extracts. The extraction method was important to obtain the
limonin content of citrus seeds. In this study, the solvent-based immersion method was used,
which resulted in lower total limonoids and limonin contents obtained from Thanh Tra
pomelo as compared to the results reported by Phuong et al. [22], who used the Soxhlet
system to extract. The limonin contents of the DCM-based extracts were also the lowest as
compared to other solvent-based extracts and there was not significantly different between
limonin contents of the EtOAc-based and AcOH-based extracts. The lime seeds had the
highest amount of limonin (19.06 ng/g), whereas there was not significantly different
between the limonin contents of the orange seeds (12.44 ng/g) and pomelo seeds (13.72 ug/g).
The different amounts of total limonoids and limonin might affect antioxidant capacity and
bioactivities of the extracts.

Table 2. Limonin contents of citrus seeds analyzed by HPLC system?2

Limonin content (ng/g)
Sample
EtOAC AcOH MeOH DCM
Lime 10.71 +0.20%® 10.47 +0.50%® 19.06 + 0.30%4 3.66 +0.20°¢
Orange 9.04 + 0.408 8.72 +0.20°8 12.44 +0.22¢A 3.08 £0.10°¢
Pomelo 8.32+0.25%® 8.03 +0.10°8 13.72 £ 0.15%A 4.16 +0.30%

'EtOAcC, ethyl acetate; AcOH, acetone; MeOH, methanol; DCM, dichloromethane.

2Values (Means + SD, n = 3) followed by different superscript letters in the same column or
by capital letters in the same row are significantly different (p < 0.05).

3.3. DPPH radical scavenging capacity of limonoids extracting from citrus’s seeds

DPPH radical scavenging activity was approached to investigate the reaction between a
nitrogen-center radical and sample antioxidants. The discoloration rate indicated the
scavenging potential of the extracts. The results given in Table 3 showed the different
antioxidant activities among the solvent-based extracts and among the citrus seeds. The
MeOH-based extracts exhibited the highest antioxidant capacities than those of other
solvent-based extracts. In contrast, the DCM-based extracts had the lowest antioxidant
capacity. The antioxidant capacities of the EtOAc-based extracts and AcOH-based extracts
were not significantly different. Haroen et al. [28] reported that the different biological
activities of citrus extracts were due to the difference in the phytochemical composition of
various crops and due to the extraction method. Considering that limonoid aglycones
concentrations in citrus seeds are higher than limonoid glucosides [1] and limonin is
a predominant aglycone followed by nomilin [30], which is likely to significantly
contribute to antioxidant capacity of limonoids. In this study, the antioxidant capacities
of the extracts were also consistent with the limonin contents rather than the limonoid
aglycone concentration. The extracts from pomelo seeds had the highest antioxidant activity
(38.53%), whereas, the antioxidant activities of the orange seeds (37.21%) and lime seeds
(36.75%) were not significantly different. Previous study demonstrated that limonin had
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relative stronger antioxidant activity than others, especially in LDL oxidation assay system [1].
Therefore, with higher limonoid aglycones and limonin contents, the pomelo seeds had the
higher antioxidant activity compared to other citrus seeds.

Table 3. Antioxidant capacity (% inhibition) of citrus seed extracts using DPPH assay?

DPPH scavenging (%)
Sample
EtOAc AcOH MeOH DCM
Lime 20.46+0.71°8 | 20.55+0.70®® | 36.75+£0.71°* | 18.58 £0.52%
Orange 21.23+£0.34°¢ | 22.98+0.52°8 | 37.21+0.26" | 18.76+0.48%
Pomelo 23.10+0.07%¢ 25.65 + (.58 38.53 £0.45%4 | 18.84+0.32%®

IEtOAC, ethyl acetate; AcOH, acetone; MeOH, methanol; DCM, dichloromethane.

2Values (Means + SD, n = 3) followed by different superscript small letters in the same
column or by capital letters in the same row are significantly different (p < 0.05).

3.4. ABTS cation radical scavenging assay

ABTS decolorization assay was applied to evaluate the relative antioxidant ability in
aqueous phase. The antioxidant components having lower redox potential than that of ABTS
cation were able to scavenge the color of the radical proportionate to their amount. The
measurement was compared with ascorbic acid used as positive standard compound. Table 4
illustrates effects of the citrus seed extracts on the suppression of ABTS radical cation upon
the duration of 6 min. Similar to the results of the DPPH radical scavenging, the MeOH-
based extracts exhibited the highest antioxidant capacity, whereas the DCM-based extracts
had the lowest determined by the ABTS scavenging assay. The methanol-based extracts of
the pomelo seeds had the significant ABTS radical scavenging activity (50.77%), whereas
the antioxidant capacity of the lime seed and orange seed extracts were 32.26% and 33.75%,
respectively.

Table 5 shows the amounts of antioxidants of the citrus seed extracts expressed in mM
ascorbic acid equivalent corresponding to their inhibition at 1 min and 6 min. The trend of
these concentrations increased over time due to the rise of the ABTS scavenging ability.
While the methanol-based extracts of lime and orange seeds indicated the similarity in the
inhibition of absorbance, their concentrations were significantly different (p < 0.05) after 6 min.
Apart from dichloromethane extracts, pomelo seeds performed its domination in all fraction
results in comparison with other citrus seeds. The ethyl acetate-based and acetone-based
extracts of orange seeds were observed with similar concentration at 1 min (p < 0.05) and
maintained their similarities after 6 min (4.94 mM and 5.26 mM, respectively). As discussed
above, the different antioxidant capacities of the extracts were due to the different
phytochemical compounds in the extracts, in which the limonin played an important role
with higher concentration and biological activities than other limonoids of citrus seeds [30].
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Table 4. Antioxidant capacity (% inhibition) of citrus seed extracts

after 6 min of reaction using ABTS assay?

% Inhibition
Sample
EtOAC AcOH MeOH DCM
Lime 25.03 £ 0.14C | 26.48 + 0.43°B 32.26 + 0.40°A 16.36 + 0.50%°
Orange 26.29+0.56"C | 27.83£0.50" | 33.75+0.43bA 16.41 +0.572°
Pomelo 30.91+0.37¢ | 33.61 +0.32% 50.77 £ 0.61%A 16.13£0.212P

'EtOAC, ethyl acetate; AcOH, acetone; MeOH, methanol; DCM, dichloromethane.

2Values (Means + SD, n = 3) followed by different superscript small letters in the same
column or by capital letters in the same row are significantly different (p < 0.05).

Table 5. Antioxidant activity as ascorbic acid equivalents (mM) at specific time points®?

Conc (mM) at 1 min
Sample
EtOAc AcOH MeOH DCM
Lime 4.61 £ 0.06C 4.90 = 0.08¢8 6.15+0.149% 2.95+(.128P
Orange 4.89 + (.12 5.21 +0.06"8 6.33 +£0.12%9A 2.80 +(.12¢P
Pomelo 577 +£0.10%¢ 6.31+0.12%8 9.50+0.12b 2.78 + 0.04¢P
Conc (mM) at 6 min
Sample
EtOAc AcOH MeOH DCM
Lime 4.68 £ 0.03¢C 4.98 +0.09B 6.19 £ 0.089A 2.86+0.11°
Orange 4.94 + (.12 5.26+0.11%8 6.50 £ 0.09°A 2.87+0.12°
Pomelo 5.91 +0.08%° 6.47 £ 0.07% 10.06 = 0.138A 2.82 + 0.04¢<P

'EtOAc, ethyl acetate; AcOH, acetone; MeOH, methanol; DCM, dichloromethane.
2Values (Means + SD, n = 3) followed by different superscript small letters in the same
column or by capital letters in the same row are significantly different (p < 0.05).

4. CONCLUSIONS

The total limonoid aglycones, limonin contents and antioxidant capacity of the extracts
from different citrus seeds using different organic solvents were investigated in the present
study. The results indicated that the extract from pomelo seeds had higher limonoid content
and antioxidant capacity, whereas the extracts from the lime and orange seeds showed no
significant difference. The methanol was found to be the best solvent for extracting the
limonoids from the citrus seeds, whereas the dichloromethane appears to be the least
effective among other solvents due to their low yield of limonoids. These information are
useful for futher developing an effective extraction method and investigating the biofunctional
properties of citrus seeds.
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TOM TAT

HAM LUONG LIMONOID TONG VA KHA NANG KHANG OXY HOA
TU DICH CHIET CUA CAC LOAI HAT CHI CITRUS
SU DUNG CAC DUNG MOI KHAC NHAU
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Hat cam quyt c6 chira mdt ham lugng 1én cac limonoid c6 hoat tinh sinh hoc cao c6 19i
ich suc khoé con nguoi. Trong nghién ctru nay, ham lugng limonoid aglycones, ham lugng
limonin va kha ning khang oxy hoé cua dich chiét tir ba loai hat ho cam quyt bao gdm chanh
Dao, cam Vinh va budi Thanh Tra dugc tién hanh nghién ciru. Limonoids dugc chiét xuat
bang cach st dung cac dung méi hitu co khac nhau bao gdm ethyl acetate, aceton, methanol
va dichloromethane. Ham lwong limonioid téng duogc xac dinh bing cic phuong phap do
mau bang cach st dung chat phan ung chi thi DMAB, trong khi d6 kha ning khang oxy ho4
dugc xac dinh boi ca hai phuong phép sir dung DPPH va ABTS. Két qua cho thay rang dich
chiét tir hat budi c6 chira ham lugng limonoid aglycones cao nhét (44,04 pg/g) khi chiét bang
ethyl acetate, sau d6 dén dich chiét hat cam (27,96 pg/g) va dich chiét hat chanh (27.66 pg/g).
Ham luong limonin cua dich chiét tir hat chanh, hat cam va hat buoi bang methanol cao hon
s0 Vi khi sir dung cac dung méi khac, twong Gng 19,06; 12,44 va 13,72 pg/g. Két qua ciing
chi ra ring dich chiét hat budi c6 kha niang khang oxy hoa cao hon so vé6i dich chiét hat
chanh va hat cam, trong khi d6 dich chiét cua hai loai ndy c6 kha nang khang oxy hoa khong
khac nhau. Dung méi methanol duoc coi 1a phii hop nhat dé tach dich chiét hat qua citrus,
trong khi d6 dung méi dichloromethane c6 kha ning tach dugc limonids 1a thap nhét trong sb
cac dung mdi da su dung.
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