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Increased intake of fruits, due to their high antioxidant capacity, is known to reduce the risk of many diseases.
The high antioxidant capacity of fruits is attributed by the presence of phenolics. The aim of the present study
was to evaluate how solvents affect the extraction of phenolic and flavonoid substances and the antioxidant
activity of fruit extracts of A. chaplasha and C. carandas. The fruits were extracted using water and various
concentrations (50%, 70% and pure) of methanol, ethanol and acetone in water as solvent. Phenolic and
flavonoid contents were measured by Folin-Ciocalteu method and aluminum trichloride method respectively.
Antioxidant activity was measured by DPPH free radical scavenging assay. The efficiency of solvents in
extracting phenols varied considerably for both fruits. Phenolic content and antioxidant activity was highest in
70% acetone extract and lowest in 100% acetone extract whilst flavonoid content was highest in pure ethanol
extracts of both fruit. Strong correlation was found between the phenolic contents and antioxidant activities.
Between the two fruits, C. carandas had higher phonolic content and antioxidant activity in all solvents

suggesting the fruit could be a potential source of natural antioxidant for food and nutraceutical applications.

1. INTRODUCTION

Free radicals such as reactive oxygen species (ROS) and
reactive nitrogen species are normally generated in human as part
of its metabolism. The endogenous production of free radicals is
enhanced by many external factors such as environment, food
and medicine or by exposure to many pathological states.
Antioxidants are molecules that neutralize free radicals by
scavenging activity and reduce cellular damage [1]. Some of such
antioxidants e.g. glutathione, ubiquinol and uric acid are
produced during normal metabolism in the body [2]. When
produced in increased concentration, free radicals particularly
ROS damage important biomolecules and cellular constituents
and hence are responsible for producing many life threatening
diseases including cancer, hypertension, diabetes, atherosclerosis,
inflammation, and premature aging [3, 4].

Recent research has confirmed that a high intake of fruits
reduces the risk of some types of cancer and prevents heart
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pathologies and Alzheimer's disease, owing to their high content
in bioactive antioxidants such as polyphenols, vitamin C, and
carotenoids, which limit the available oxidation potential [5, 6].
Interest in using these antioxidative agents in food, cosmetics and
pharmaceutical products is increasing to replace synthetic
antioxidants which are being restricted due to their carcinogenicity

[7].

There are many techniques to recover antioxidants from
plants, such as soxhlet extraction, maceration, supercritical fluid
extraction, subcritical water extraction, and ultrasound assisted
extraction. However, extraction yield and antioxidant activity not
only depend on the extraction method but also on the solvent used
for extraction. The presence of various antioxidant compounds
with different chemical characteristics and polarities may or may
not be soluble in a particular solvent [8]. Different solvent systems
have been used to extract antioxidants from plant materials such as
fruits, vegetables, legumes, and other foodstuffs. Water, aqueous
mixtures of ethanol, methanol, and acetone are commonly used to
extract antioxidants from plant foods [9]. The best solvent for
extraction anthocyanins was 70% methanol whereas it was 70%
acetone for the extraction of total phenolics, flavonoids
and tannins from the eggplant [10]. Highest phenolic content and
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antioxidative activity was found in the extract of pineapple with
absolute methanol [11] and the extract of black mulberries,
blackberries and strawberries had the highest antioxidative activity
with the mixtures of ethanol/water (50/50, v/v), acetone
water/acetic acid (70:29.5:0.5, v/v/v) and 50% acetone/water
(50/50, v/v), respectively [12].

Study on the phenolic content and antioxidative
properties of Bangladeshi fruits has drawn considerable attention
now a day [13, 14]. Fruits of Artocarpus chaplasha Roxb. and
Carissa carandas L. are two underutilized fruits of Bangladesh. A.
chaplasha Roxb. (Synonyms: A. chama Buch.-Ham., Urostigma
chrysophthalmum Mig.; Bengali name: Chapalish) belongs to the
family Moraceae. It is a deciduous tree species. It is distributed
throughout the sub-Himalayan track and outer hills from Nepal
Eastwards ascending to Assam, Arunachal Pradesh, Bangladesh,
Myanmar and Andaman [15]. The methanol extract of leaf of
Artocarpus chaplasha Roxb. as well as its petroleum ether, carbon
tetrachloride, chloroform and aqueous soluble partitionates were
screened for antioxidant, cytotoxic, thrombolytic, membrane
stabilizing and antimicrobial activities by Chowdhury et al. [16].
In vitro antioxidant property of A. chaplasha fruits was evaluated
by Ahmed et al. [17] using methanol and petroleum ether as
solvent. C. carandas L., generally known as coromda, is an
ethnomedicinally important plant. The fruits, leaves, barks, and
roots of C. carandas have been used in the treatment of human
diseases, such as anorexia, intermittent fever, diarrhea, stomachic,
syphilitic pain, burning sensation, mouth ulcer and sore throat,
scabies, and epilepsy [18]. There are several studies on the
phenolic content and antioxidative activities of C. carandas using
absolute methanol [19], 70% methanol [20], 40% ethanol [21] and
80% acetone (for phenolic content) and methanol (for DPPH
radical scavenging assay) [22]. To our knowledge, study on the
effect of solvent in the phenolic compound extraction and
antioxidant activity of these two fruits has not been reported yet.
The purpose of this study is to determine and compare the
polyphenolic contents and antioxidant activity of these two fruits
as well as to select the solvent(s) that led to the extracts with
highest antioxidant capacity.

2. MATERIALS AND METHODS

2.1. Experimental sample

Fresh matured fruits without any physical and microbial
damage were collected from the markets of Chittagong,
Bangladesh and were identified consulting Ahmed et al. [23, 24].

2.2. Extract preparation

The collected fruits were washed first with tap water
thoroughly and then with deionized water. Edible parts of the
fruits were collected, dried in the shade and ground into powder.
Then, in a conical flask, 100 g of powder was mixed with 250 ml
of solvent using magnetic stirrer for 3 hr in the dark at room
temperature (25°C) and filtered under suction (Whatman No. 1
filter paper). The contents on filter paper again transferred to the

conical flask and the procedure repeated again. The two extract
were pooled and dried with rotary evaporator. The resultant crude
extract was weighed for yield calculation and stored at 4°C until
used. Methanol, ethanol, acetone and 50%, 70% aqueous solution
of each as well as water were used as solvent for extraction. The
crude extracts were dissolved in the respective extracting solvent
in an appropriate concentration for subsequent experiments. All
the analyses were done within three days of extraction.

2.3. Determination of total phenols

Total phenolic content in the fruit extracts was
determined according to the Phenol-Ciocalteu method [25]. A 20
pl of sample aliquot of extract was added to 2.58 ml distilled water
followed by addition of 100 pl of Folin-Ciocalteu reagent. After
mixing, 300 pl of 20% of sodium carbonate was added. The
samples were vortexed and incubated at room temperature for 2 hr.
The resulting blue colored solution was read at 765 nm. A
calibration curve was prepared, using a standard solution of gallic
acid (5-100 upg/ml, r* = 0.997). Samples were analyzed in
triplicates. The total phenolic content was expressed as mg gallic
acid equivalent (GAE)/100 g dry weight (DW) of sample.

2.4. Determination of total flavonoids

Total flavonoid content of each extract was determined
according to the colorimetric assay developed by Zhishen et al.
[26]. To 300 pl of extract, 4.8 ml of distilled water and 0.3 ml of
NaNO, (5% w/v) were mixed. After 5 minute, 0.3 ml of (10% w/v)
AICl; and 2 ml of 1 M solution of NaOH were added and the
volume was adjusted to 10 ml with distilled water. The mixture
was shaken vigorously and the absorbance was read at 510 nm. A
calibration curve was prepared using a standard solution of
catechin (20 - 100 pg/ml, r* = 0.988). Total flavonoid content was
expressed as milligram catechin equivalent (CE)/100 g of DW of
sample.

2.5. Radical scavenging activity using DPPH method

Radical Scavenging activity of the fruit extracts were
determined according to the method described by Hossain et al.
[13]. Different concentration of each fruit extract was prepared in
1.5 ml 50% ethanol (v/v) to which 0.5 ml of 0.5 M acetic acid
buffer solution, pH 5.5 and 1 mL of 0.2 mM DPPH in ethanol
were added and mixed vigorously. The reaction mixtures were
incubated at room temperature in dark for 30 minute. A control
was prepared as above without any extract. Change in the
absorbance was measured at 517 nm and the results were
expressed as inhibition percentage, calculated by the following
formula:

% radical scavenging activity = (Control OD- sample OD/Control
OD) x 100.

The half-maximal inhibitory concentration (ICsy) was
reported as the amount of antioxidant required to decrease the
initial DPPH concentration by 50%.



Dhar et al / Journal of Applied Biology & Biotechnology 5 (03); 2017: 039-044

Table 1: Extraction yields, total phenol and flavonoid contents of fruits extracted with different solvents.

A. chaplasha C. carandas
Solvent Extraction ngﬁltg)nfle&?llc corlggil(ﬂa\gg?llgo Extraction ngﬁisntleggllc Total Flavonoid content
Yield (%) GAEN00g D%N) D\/gV) Y Yield (%) GAB/004 D%N) (mg CE/100 g DW)

Methanol (%)

100 36.6 263+24 619+28 325 841+65° 848+33°

70 47.0 364+13% 92+10° 29.5 756+33° 686+79°

50 47.7 413+12° 95+8% 35.0 992+53 639+40°
Ethanol (%)

100 30.03 1735 1071+38 26.8 533+25° 1070+81

70 47.0 375+4° 1044 46.0 1082+106 874+40%

50 49,5 396+9° 97462 41 1273+50° 789+47%%
Acetone (%)

100 12.3 64+1 513+53 16.0 236+42 534+44

70 50 491+33 179+4 54.0 1957+54 905+24%

50 40.5 367+14¢ 273+18 35.0 1315+71° 770+40%

H,0 475 356+2 101+11% 32.0 529+38° 273+15

Values (except extraction yields) are averages + standard deviation of triplicate analysis. Values with same superscripts are not statistically significant at 5% level.

2.6. Statistical analysis

Data were as mean * standard deviation of triplicate
measurements. Data were statistically analysed using SPSS
version. Statistical comparisons were performed with one-way
analysis of variance (ANOVA) and the significant difference was
set at p< 0.05.

3. RESULTS AND DISCUSSION

3.1. Extraction yield

Extraction of phytochemicals depends on the plant
materials, solvent type, particle size and extraction technique. It is
also influenced by the polarity of solvent, pH, extraction time,
temperature, sample-to-solvent ratio, no of repeats of extraction as
well as by the chemical composition and physical characteristics
of the plant sample. There is no single method for extracting all
phenolic compounds from any particular plant sample [27, 28]. In
this study, three different concentrations of methanol, ethanol,
acetone in water (50%, 70% and 100%) and water were used as
solvent to obtain extracts of A. chaplasha and C. carandas fruits.
The extraction yields of two fruits with different solvents are
shown in Table 1. It is clear from data that extraction yields varied
with solvents for both fruits. The extraction yield varied from
12.3% (with 100% acetone) to 50.0% (with 70% acetone) for A.
chaplasha and from 16% (with 100% acetone) to 54% (with 70%
acetone) for C. carandas. For both fruits it was found that the
extraction yield increased with the polarity of the pure solvents.
The result also showed higher extraction yield with aqueous
solvent than the pure solvent. This might be due to extraction of
both polar and nonpolar substances with aqueous organic solvents.
Moreover, water can extract proteins and carbohydrates in addition
to polar secondary metabolites. Similar pattern of change of
extraction yield with solvents of different polarity was found with
selected medicinal plant extracts [29], and with the extracts of
Limnophila aromatica [8]. It was also found from the data that
extraction yield of fruit A. chaplasha with water was very close to
the yield by aqueous solvent whereas for fruit C. carandus the

extraction yield was quite higher in aqueous solvent than water.
This variation may be due to the difference in chemical
composition of two fruits.

3.2. Total phenolic content

Phenolic contents of two fruits in different solvents are
presented in table 1. The phenolic contents of A. chaplasha fruit
extracts were ranged from 64+1 mg GAE/100 g DW for pure
acetone to 491+33 mg GAE/100 g DW for 70% acetone. The
results clearly indicate that the phenolic compounds of this fruit
are hydrophilic. Whereas, phenolic contents of C. carandas were
ranged from 236142 mg GAE/100 g DW for pure acetone to
1957454 mg GAE/100 g DW for 70% acetone. In this study,
between the two studied fruits, the phenolic contents of C.
carandas were higher in all solvent extracts than the other fruit.
Moreover, the phenolic contents varied significantly with solvent
for both fruits indicating that the recovery of phenolic compounds
is dependent on the solvent used in the extraction and its polarity.
Like extraction yield, it was also found that the phenolic contents
were higher in the agueous solvent extracts than the pure solvent
extract and 70% acetone extract had the highest phenolic content
among the all extracts of the two fruits [491+33 mg GAE/100 g
DW for A. chaplasha and 1957+54 mg GAE/100 g DW for C.
carandus]. Extraction yield was also highest with this solvent from
both fruits (table 1). Again, among all solvents, pure acetone
extracts of both fruits showed the lowest phenolic contents (64+1
mg GAE/100 g DW for A. chaplasha and 236+42 mg GAE/100 g
DW for C. carandus) as well as extraction yield. Aqueous acetone
was found as efficient solvent for phenolic extraction in many
previous studies, e.g. Kchaou et al. [30] found 70% acetone as the
most potent solvent for extraction of phenolic compounds among
five different solvents from six Tunisian date varieties.
Furthermore, among the 19 different solvents, 70% acetone was
the best solvent in extracting phenolics from three different berries
[12]. Again Wijekoon et al. [31] showed that 50% acetone extract
had the highest phenolic content among seven different solvent
extracts of bunga Kantan inflrorescence. Thus acetone which
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found as the weakest solvent for phenolic extraction in this study
for both fruits, showed most efficient when mixed with water. This
happened due to increased solvation provided by the presence of
water [12]. However, the use of pure water as solvent is not
efficient to extract phenols because these compounds are often
more soluble in organic solvents less polar than water [32]. This is
in agreement with the results obtained in the present study (Table
1).

The only reported study on the phenolic content of A.
chaplasha fruit, extracted with methanol, by Ahmed et al. [17]
found 41.12 + 1.83 mg GAE/ g DW phenolic content which is
significantly higher than the value (26324 mg GAE/100g) found
in the present study. This difference might be attributed to the
ripening stage or geographical variation [33, 34]. On the other
hand, phenolic content of the ethanolic extract of leaf, unripe and
fully-ripe fruit extracts of C. carandas were 24.91+0.22, 1.29+0.16
and 4.67+0.41 mg GAE/g as found by Pewlong et al. [21] which
was 533+25 mg GAE/100 g in this study. Sarma et al. [20] found
188.75 £ 1.42 pg GAE/g) phenolic content in the methanolic
extract of C. carandas (84165 mg GAE/100 g in this study).

3.3. Total flavonoid content

Table 1 reports the flavonoid contents of two fruits in
different solvent extracts. Unlike the phenolic content and
extraction yield, flavonoid contents of both fruits were higher in
the pure solvents than the aqueous solvents except the acetone
extract of fruit C. carandus. Again, like the phenolic contents,
flavonoid contents of fruit C. carandus were higher in all solvents
than the other studied fruit except in the pure ethanol extract. The
flavonoid content of different solvent extracts of fruit A. chaplasha
were ranged from 92+10 (in 70% methanol) to 1071+38 (in pure
ethanol) mg CE/100 g DW whereas it was ranged from 273£15 (in
water) to 1070481 (in pure ethanol) mg CE/100 g DW for C.
carandas. Moderate negative correlation was found (r= - 0.732)
between phenolic and flavonoid content of A. chaplasha whereas
the correlation was weak but positive (r = 0.418) for C. carandas
which is due to the different solubility of flavonoids from
phenolics in different solvents. The negative correlations also
indicate that the antioxidant activity of these fruits is attributed by
phenolic compounds other than flavonoids especially for the fruit
of A. chaplasha. Strong negative correlation between phenolic and
flavonoid content was also reported for the medicinal plant S.
scabrum [35].

3.4. Antioxidant activity

Antioxidant activity of the extracts of two fruits was
measured by DPPH free radical scavenging assay. a, a-diphenyl-p-
picrylhydrazyl (DPPH) free radical scavenging method offers the
first approach for evaluating the antioxidant potential of a
compound, an extract or other biological sources [36]. The %
scavenging activity of the extracts of two fruits were measured at
different concentrations and are shown in Figure 1a and 1b. From
the figures it is clear that all extracts of both fruits showed dose
dependency. The concentration of an antioxidant needed to

decrease the initial DPPH concentration by 50% (ICs) is widely
used to evaluate the antioxidant capacity [10]. ICs, values were
calculated from the dose dependency curve and are presented in
table 2. Here again, the 1C5, values varied with solvents and fruits
like phenolic content and extraction yield. The extracts of fruit A.
chaplasha had the ICs, value in the range of 0.79 mg/ml (in 70%
acetone extract) to 1.54 mg/ml (in 100% acetone extract), whereas,
the range was 0.09 mg/ml (in 70% acetone extract) to 0.37 mg/ml
(in 100% acetone extract) for the extracts of fruit C. carandas.
Thus, like the extraction yield and phenolic content, highest
antioxidant activity (lowest 1Cso) was found for 70% acetone and
lowest antioxidant activity (highest 1Cs,) was for 100% acetone of
both fruits. The ICs, values of C. carandas were lower than those
of A. chaplasha for all solvents representing former fruit as more
powerful in antioxidant capacity. Strong correlation between
phenolic content and 1/ICs, values were also found for fruit A.
chaplasha (R°=0.78, figure 2.A) and fruit C. carandas (R*=0.87)
indicating that the antioxidant activities of the studied fruits are
due to their phenolic contents.

Table 2: DPPH radical scavenging activity of different extracts.

Solvent 1Cso (mg/ml)
A. chaplasha C. carandas
Methanol (%)
100 0.96 0.17
70 0.93 0.13
50 0.92 0.143
Ethanol (%)
100 1.53 0.18
70 0.89 0.13
50 0.95 0.13
Acetone (%)
100 1.54 0.37
70 0.79 0.09
50 0.84 0.11
H,O 1.14 0.28

—+—Methanol100%
—#—Ethanol 100%
Acetone 100%
Methanol 70%
—#—Methanol 50%
—a—Ethanol 70%
—+—Ethanol 50%
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Fig. 1: Dose dependency of DPPH radical scavenging activity of (a) A.
chaplasha and (b) C. carandas fruit extracts in different solvents.
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Fig. 2: Correlation between total phenolic content and antioxidant activity of
studied fruit extracts.

4. CONCLUSIONS

The study clearly showed that solvents have great
influence on the phenolic compound extraction and antioxidant
capacity of the studied two fruits. Of all the solvents employed,
70% acetone was found to be the most efficient solvent in
extracting phenolics with highest antioxidant capacity from both
fruits and 100% acetone was the least efficient. Between the two
fruits, C. carandas showed higher antioxidant potential and may
be considered as a natural source of important phytochemicals
with high antioxidant capacity.
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