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|ntroduction

Oxidative stress is a

condition,

state of physiological

induced by overabundance of

Abstract:

We aimed to evaluate the effects of solvents and different time infervals on the
extractions of phenolic compounds and antioxidant properties of the pulp of the
Citrus macroptera. The pulp of the fruit was extracted for one and two hours
separately with four types of solvent namely- methanol, ethanol, acetone and
water,

Total phenolic content was determined by using Folin-Ceucalteu method, while
ferric reducing antioxidant power (FRAP), total antioxidant capacity (TAC), 1,1-
diphenyl-2-picrylhydrazyl DPPH radical-scavenging activities, alpha amylase
inhibition assay, and the inhibition of the lipid per-oxidation were used to test their
antioxidant properties.

Both the acetone extractions showed better extraction efficacy in the phenolic
confent extraction whereas water extractions showed higher anfioxidant
properties in TAC and DPPH radical scavenging activities.

Our present study indicates that both time and solvent extractions played a vital
role in the extraction of phenolic contents and their antioxidant properties of C.
marcoptera. We propose water as more suitable solvent to extract this fruit
considering its extraction efficacy as well as its availability and use.

Keywords: Phenolic compound, Citrus macroptera, Antioxidant properties.

and catalase, can be generated in the body.
These are essential to prevent oxidative damage.
However, the amount of these antioxidants

generated in the body might be inadequate,
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oxidants, including reactive oxygen species such

as free radicals, oxygen ions and peroxide.
Oxidative damage by free radicals is associated
with many diseases; cancer and heart diseases is
(1-3).

micomolecules that act as an armor to inhibit

the most common Antioxidants are
apoptosis, mediated by reactive oxygen species.
Antioxidant such as glutathione, ubiquinone, uric
acid and the antioxidant enzymes such as

glutathione peroxidase, superoxide dismutase

particularly under conditions of oxidative stress or

inflammation when free radicals production
increases. Thus, adequate amount of antioxidants
is required to prevent building up of free radicals
and oxidative damage in our body (4).

herbal

ingredients are considered as alternative source

Fruits, vegetables, and other plant
of natural antioxidants, which are complement to
antioxidants, produced in human body. These
natural food products are enriched with vitamins

(A, E and C), phenolic compounds, including
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flavonoids, tannins and lignins, all these
compounds have antioxidant properties (5-6).
Natural antioxidants may act as free-radical
scavengers, chain breakers, chelators of pro-
oxidant metal ions, and quenchers of singlet
oxygen present in the environment (7), thereby
reducing oxidative damage to lipids, DNA, and
proteins. For these reasons over the past two
decades researchers have highlighted on natural
antioxidants and still new studies are on-going to
investigate phenolic compounds from edible
plant products due to their promising source of
the natural antioxidant.

Citrus macroptera Montr.,, commonly known as
Shatkara, is a semi-wild species of citrus, which is
naturally available to Malesia and Melanesia. It is
also widely available in the Sylhet region of
Bangladesh. The tree usually grows up to 5 m and
has thorns. Its fruit is about 6-7 cm in diameter, has
a fairly smooth, moderately thick peel, and is
yellow when ripe. The pulp of the fruit is greenish-
yellow and used in cooking due to its sour taste
and particularly to impart flavor to savory dishes.
In the rural areas people also use this to tfreat fever
and diarrhea. Malik et al, (8) reported Shatkara as
an endangered wild species, used by locals in
Northeast India as medicine for stomach pain and
alimentary disorder.

Previous studies on the bark and leaves of the
Shatkara  showed  the  antioxidant  and
antimicrobial activities (9), however there is not
available information on the other parts of the
plant or the effect of the various types of solvent
mixtures on the extraction of the antioxidant from
this plant. Considering the importance of Shatkara
in cooking and medicinal uses, we investigated
the antioxidant potential of the pulp of Shatkara

and aftempted to optimize the extraction
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procedure by using different solvents with one

and two hours of extraction.

Mqieriqls and Methods:

Chemicals and reagents

Sodium carbonate, disodium hydrogen
phosphate, potassium dihydrogen phosphate,
Folin—Ciocalteu’s  phenol reagent, sodium
salicylate, trichloroacetic acid, methanol, ethanol
and iron () sulfate-7-hydrate were purchased
from Merck Chemicals. DPPH was purchased from
Sigma Aldrich. All the reagents were analytical
and HPLC grade.

Extraction and preparation of sample

The fruit was collected from the Sylhet region of
Bangladesh, as it is the native of Sylhet. After
collection the specimen was identified by the
plant taxonomist of the Natfional Herbarium of
Bangladesh, Mirpur, Dhaka, Bangladesh. The fruit
was cleaned in the running water and
subsequently peeled off to take the pulp. The pulp
was then extracted with the 50% fraction of the
acetone, methanol, ethanol and water,
separately for one hour and two hour. The extracts
were filtered through Whatman No. 1 filter paper
and used directly for the estimation of total
phenolic compound and assessment  of
antioxidant properties.

Total phenolic content

The total phenolic content (TPC) of the extracts
was determined according to the Folin-Ciocalteu
method (10). The total phenolic content was
expressed as gallic acid equivalents in mg/100g of
sample dried weight.

Ferric reducing antioxidant power (FRAP)

The ferric reducing antioxidant power (FRAP)

assay reported by Chu et al.(11) was adopted.
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FRAP of extracts was expressed mg ascorbic acid
equivalent/100g of sample dried weight.

Total antioxidant capacity

The total antioxidant capacity (TAC) of extracts
was evaluated by the method of Prieto et al. (12).
TAC of extracts was expressed mg ascorbic acid
equivalent/100g of sample dried weight.

DPPH radical scavenging activity

The 1,1-diphenyl-2-picrylnydrazyl (DPPH) radical
scavenging activity reported by Ranilla et al.(13)
was adopted. Radical-scavenging ability was
calculated as IC50.

Alpha amylase inhibition assay

The a-amylase inhibitory activity was determined
according to the method by Ranilla et al.(13). It
was expressed as the mg maltose/g.

Lipid peroxidation assay

A modified thiobarbituric acid-reactive species
(TBARS) assay (14) was used to measure the lipid
peroxide formed, using egg yolk homogenates as
lipid rich media (15).

Siqiisiicql analysis

Three replicates of each sample were used for
statistical analysis and the values were reported as
mean + SD. Data were also subjected to the
analysis of variance and mean values were
compared by Duncan’s

post-hoc  multiple

comparison tests. Differences at P<0.05 were

considered to be significant.

Results

Total phenolic content

Phenolic compounds contribute to overall
anfioxidant activities of Shatkara extracts. Total
(TPC) of the anfioxidant

extracts prepared from Shatkara samples were

phenolic contents
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examined and presented in Table 1. Shatkara
extracts differed significantly (P<0.05) in their total
phenolic contents among the different extractions
in two different tfime extraction periods. Acetone-
2H extracts contained the highest level of total
phenolics (91.30 + 4.07 mg GAE/100g), suggesting
that 50% acetone is a better choice for extracting
phenolics from Shatkara. Besides, ethanol 2H
(85.09 + 1.93 mg GAE/100g) and acetone-1H
(86.33 £ 0.54 mg GAE/1009) also showed very high
level of phenolic content.

FRAP

Table 1 shows the antfioxidant capacity of the

Shatkara using different types of solvent, which

ranged between 46.75 + 045 mg AAE/100g
(methanol-1H) to 556.65 + 0.16 mg AAE/100g
(ethanol-TH) and 5525 = 152 mg AAE/100g

(methanol-2H). Significant variation (P<0.05) was
found among the extraction methods. With the
exception of the acetone extraction, the
influence of time was observed between the two
different fime intervals in the same solvent.

Total antioxidant capacity

The total antioxidant capacity was determined by
the phosphomolybdenum method and the results
are shown in Table 1. Water-1H extraction
displayed the highest antioxidant capacity with
the value of 206.21 + 2.02 mg AAE/100g. followed
by water-2H extraction (201.52 + 13.30 AAE/100 Q),
ethanol-2H (182.77 + 3.51 AAE/100g), methanol-1H
(166.37 + 4.05 AAE/100g), acetone-1H (160.51 +
5.36 AAE/100g)., methanol-2H (158.17 + 3.51
AAE/100g), (158.17 + 351 mg
AAE/100g) and finally ethanol-1H (157.00 + 2.02

mg AAE/100Q). The antioxidant capacity can be

acetone-2H

divided info three major groups based on the
level of significance. Both the water extractions
are in the highest group. The medium group

comprised only ethanol-2H and the remaining five
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extractions methanol-1H, methanol-2H, ethanol-
1H, acetone-1H, acetone-2H were in the lowest
group.
significant difference (P<0.05) between the two

Only ethanol extractions showed
different fime intervals.

DPPH radical scavenging activity

We investigated the influence of solvent and fime
on DPPH scavenging activities of Shatkara
samples. The ethanol-2H extract exhibited the
highest DPPH radical scavenging activity (0.28 +
0.02 mg/mL), and followed by acetone-2H (0.34+
0.02 mg/mL), water-2H (0.39+ 0.02 mg/mL), water-
TH (0.41+ 00 mg/mL), ethanol-1H (0.45 + 0.02
mg/mL), methanol-2H (0.52 + 0.01 mg/mb),
acetone-1H (0.57 £ 00 mg/mL) and methanol-1H
0.61 = 00 mg/mL) under the experimental
conditions. Significant difference (P<0.05) was
found among the solvents as well as within the
same solvent between the two time periods.
Alpha amylase inhibition activity
Alpha inhibition

calculated in mg maltose/g. The more maltose

amylase activities  were
liberated, the less the amylase inhibition. Both the
water-1H and the methanol-1H showed the
highest inhibition (31.20 + 1.24 mg maltose/g and
31.21 + 2.17 mg maltose/mg respectively) and the
acetone-2H displayed the lowest (60.56 + 1.43 mg
maltose/Qg). Besides, the methanol-2H (36.84 + 1.67
mg maltose/g) and the ethanol-1H (38.96 + 5.69
mg maltose/g) also displayed the considerable
alpha amylase inhibition activity. From the graph,
it is evident that the inhibition activities decreased
in the second hour extraction.
reduction (P<0.05) of

observed in each solvent group with different

Significant

inhibition activity was

extraction times.
Lipid peroxidation inhibition activity
Lipid peroxidation inhibition activity was measured

by using the TBARS method, where the egg yolk

. _______________________________________________________________________________________________________________________________________________|
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was used as the lipid rich media. The findings of
this method were quite similar to the results of the
alpha amylase inhibition assay. In case of
methanol and the ethanol extractions, second
hour extractions showed less activity compare to
the first hour, whereas the other two solvents
showed the increased activity in the second hour.
Overall the activity ranged between the 20.50%
(water-TH) to 60.10% (ethanol-1H) (Fig-2). Besides
the water-2H, both the methanol extractions, and
the water-2H fraction showed the potential
inhibition activities. Based on the inhibition activity
of lipid, which was: water > acetone > methanol >

ethanol, the choice of solvents can be preferred.

Discussion

Total phenolic content
Phenolic compounds are secondary plant
metabolites with beneficial biological effects, e.g.
as anti-bacterial, anti-inflammatory and anti-
allergic agents (16). In this study, all of the
extractions showed potential content of the
phenolic compound. Here in this study, the
Shatkara content differed significantly (P<0.05) in
most of the solvents indicating the possible time
infuence among them. These results were in
agreement with previous studies which showed
that solvent nature exert a great power in
phenolic extraction capacities in many species
(17,18). Besides, the study by Michiels et al., (19)
showed that the extraction conditions can greatly
influence antioxidant capacity assays in plant
food matrices.

Ferric reducing antioxidant power (FRAP)

FRAP assay provides a simple and effective
method for measuring the ability of antioxidants in
plant samples to act as reducing agents. From the

Table-1, it was evident that all the solvent
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extractions showed significant difference among

them as well as the different fime intervals,
although the range is not as high as compared to
the TAC or TPC. In most instances, the methanol
extracts of the different plant parts contained
substantial ferric reducing activities compared to
the other extracts (4).

Total antioxidant capacity

The phosphomolybdenum  method is a
quantitative assay for the analysis of the total
antioxidant capacity and it is expressed as the
number of equivalents of ascorbic acid.
Phosphomolybdenum method measures the
antioxidant activity of the flavonoids, ascorbic
acid and citric acid. As it is evident from the results
displayed in the Table-1, only the ethanol
extractions showed the influence of fime in the
antioxidant activity. Besides, the time influence
was not found in other extraction methods.

DPPH radical-scavenging activity

DPPH

scavenged by an antioxidant that can act as a

is a nitrogen containing free radical,
proton radical scavenger or nitrogen donors. In
this study, all the extractions showed potential
antioxidant power with the significant difference
(P<0.05) among the different extractions as well as
within the same extraction solvent between the
two different fime periods. A dose dependent
relationship, ranging between 0.1-2.56 mg was
observed. Previous study by Chowdhury et al., (8)
reported DPPH radical scavenging activity of the
bark of 178.96pg/mL.

However, the comparison with the previous study

C. macroptera was

was not possible as different parts of the plant
were analyzed.

Alpha amylase inhibition activity

Alpha amylase hydrolyzes the starch, which results
in the release of glucose and the rapid increase of

blood glucose level, which is characterized by the

Covered in Scopus & Embase, Elsevier

type-2 diabetes. This may be controlled in the
inhibition of enzymes involved in the digestion of
carbohydrates. The consumption of inhibitors from
the naturally occurring diets could be an effective
way for managing post-prandial hyperglycemia
with  minimal side effects in contrast to the
traditional treatments with drugs like acarbose
(20).

water

Unlike the previous antioxidant methods,
did not
it did

antioxidant methods. Each solvent showed better

extractions show as much

antioxidant power as in the previous

efficacy in the second hour of extraction
indicating that the longer extraction time is better
for the alpha amylase inhibition. A previous study
by Ranilla et al., (13) on some medicinal plants,
herbs and spices found diminished or no activity
which is not concordant with our study.

Lipid peroxidation inhibition activity

Lipid peroxidation inhibition activity is an important
parameter for the food industry as it contributes to
the flavor of the food and subsequently
deteriorates the food quality. Some of them are
aldehydes and cause serious health concerns.
Therefore, the some synthetfic anfioxidants are
added in the food to prevent oxidation. Here we
found the effect of both extraction time and
affected the inhibition of the

peroxidation, thus conftributing to the food from

solvents

the deterioration.

Conclusion

The recovery of phenolic compound and its
corresponding antioxidant properties are largely
dependent on the choice of solvent as well as the
extraction fime, which is evident from this study.
No single extraction method showed the best
extraction and the antioxidant properties, i.e.,

acetone displayed the highest vyield for the
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phenolic content and the dadlpha amylase findings, we would like to suggest the use of the

inhibition properties whereas water displayed the water for the extraction of phenolic compound

O

q“, better total antioxidant capacity, DPPH and the and determination of antfioxidant properties, as it

e

8- anti-lipid peroxidation activity. Based on our is non-toxic, cheap and easily available.

Ry

O

g Table 1: Total phenolic content, ferric reducing antioxidant power and total antioxidant capacity of the
Shatkara

S

z-:) Time (Hour) TPC (mg GAE/100g) | FRAP (mg AAE/100g) | TAC (mg AAE/100g)

— Methanol 33.85 £ 3.42¢ 4675 +0.45@ 166.37 +4.059

2 2 77.84 £4.17° 55.25 + 1,52 be 168.17 £ 3.51@

9 Ethanol 1 62.73 +3.49¢ 55.65+0.16 157.00 + 2.022

—

a', 2 85.09 £ 1,93bd 5091 +1.114d 182.77 +3.51P

8— Acetone 1 86.33 +0.54pd 53.48 +0.74 ¢ 160.51 + 5,369

'Q'_ 2 91.30 +4.07¢ 53.67 £0.51¢ 168.17 £ 3.51@

'E Water 1 51.14£11.12¢ 47.15+1.85¢ 206.21 £2.02¢

.8 2 82.19 £2.810d 50.02 +0.744 201.52 + 13.30¢

% n=3, Duncan p <0.05

;,‘—2 Table 2: IC50 values of Shatkara

c

e (C50(mg/mL)

= Methanol 1 0.61 +009

c 2 0.52 £0.01p

g Ethanol 1 0.45 +0.02¢

= 2 0.28 +£0.02d

:'; Acetone 1 0.57 + 009

o 2 0.34 +0.02¢

O Water 1 0.41 +00¢f

2 2 0.39 +0.02"

-3 n=3, Duncan p<0.05
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g Fig 1: a-amylase inhibition activity of the C. macroptera in different solvents in one and two hour

£~ extractions. MeOH, EtOH and AcOH represent methanol, ethanol and acetone respectively. Number 1

i and 2 represent one hour and two hour extractions respectively. Vertical bars represent the standard

:_(3 deviation of each data point. Values marked by the same letter are not significantly different (P < 0.05).
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Fig 2: Inhibition of lipid peroxidation activity of the C. macroptera in different solvents in one and two hour
extractions. MeOH, EtOH and AcOH represent methanol, ethanol and acetone respectively. Number 1
and 2 represent one hour and two hour extractions respectively. Vertical bars represent the standard
deviation of each data point. Values marked by the same letter are not significantly different (P < 0.05).
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