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Abstract

This study aimed to investigate the effect of different extraction solvents and determine the optimum solvent concentration
(in the range of 0-100%) for the recovery of total phenolic content, total flavonoid content and antioxidant capacity of peel,
pulp and seed kernel of Mangifera odorata fruit. The total phenolic (TPC) and total flavonoid content (TFC) were determined
using Folin—Ciocalteu and aluminum chloride assays, respectively. The highest level of TPC was found in 60% and 80%
(v/v) acetone for pulp and seed kernel while peel showed the highest TPC at the concentration of 80% (v/v) acetone. The
optimum total flavonoid content was achieved at 100% (v/v) methanol for all fruit parts. Antioxidant activity was measured
using ferric reducing antioxidant power assay, and the result showed the highest activity at 60% (v/v) ethanol for all parts
of M. odorata fruit. The highest scavenging activity was shown at 60% (v/v) acetone for pulp and seed kernel, respectively.
Peel exhibited the highest scavenging activity at 40% acetone. It can be concluded that the recovery of phenolic compounds
was dependent on the polarity of the chemical constituents in the different parts of fruit as well as the polarity of the solvent
systems used. Seed kernel had the highest TPC, TFC and possessed excellent antioxidant capacity compared to peel and pulp
of M. odorata. Therefore, the seed kernel can be incorporated into food products as a functional ingredient for the prevention
of oxidative-stress related diseases.
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Introduction

Overproduction of free radicals or reactive oxygen species
(ROS) in the human body can lead to the development of oxi-
dative stress. This event causes biomolecules damage and it
has been implicated in various pathological and physiological
incidents including diabetes, cancer, and numerous other dis-
eases. In Malaysia, 17.5% adult suffered from diabetes melli-
tus in 2015 (Institute of Public health 2015), while 13.9% and
2.3% of deaths in 2018 were due to ischaemic heart disease
and lung cancer, respectively (Mahidin 2018). Antioxidants
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are capable of scavenging ROS and protecting against oxida-
tive stress-induced diseases. The protection can be enhanced
by increasing intake of the dietary antioxidants. Even a lower
concentration of antioxidants than oxidants had a significant
impact on delaying oxidative damage (Ahmadi et al. 2007).
Numerous epidemiological studies have reported that plant
sources contain varieties of compounds that exhibit antioxi-
dant properties (Xu et al. 2017). These include micronutrients
such as vitamins and minerals as well as phytochemicals.
The major group of phytochemicals is phenolic compounds
which can be found in all plant parts. They do not only act as
defence to the plants but possess biological activity. As an
antioxidant compound, they act as reducing agents, hydro-
gen or electron donors, metal cations chelators, and singlet
oxygen quenchers (Rice-Evans et al. 1996).

Extraction procedures are essential for the recovery
and isolation of polyphenols from plant materials (Boeing
et al. 2014). Phenolic compounds are diverse in structures
(Z1otek et al. 2016). Therefore, solvent polarity plays a
crucial role in influencing phenols solubility (Naczk and
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Shahidi 2006), which may have a significant impact on
the extraction yield and their activity. Solid-liquid extrac-
tion is the most commonly used method for extracting and
isolating the bioactive constituents from plant sources
(Cottica et al. 2011). Typically, acetone is the best solvent
for extracting proanthocyanidins and tannins; ethanol effi-
ciently extracts flavonoids and their glycosides, catechol,
and tannins; whereas phenolic acids and catechin were bet-
ter extracted with methanol (Chirinos et al. 2007; Tabart
et al. 2007). Antioxidant activity is also dependent on the
solvent compositions (Dhanani et al. 2017). An aqueous
mixture of acetone, ethanol, and methanol has been widely
used for extracting bioactive compounds from botanical
materials, especially medicinal plants (Tabart et al. 2007;
Wang et al. 2008). However, some studies reported that the
optimal solvent selection and condition is typically varied
with different food matrices analysed (Rababah et al. 2010;
Michiels et al. 2012). Thus, it is vital for investigating the
ideal extraction solvent for respective sample type.

Mangifera odorata belongs to the family Anacardiaceae
and is classified as an underutilized fruit. It is primar-
ily cultivated in Southeast Asia. The fruit is known as
kuini in Malaysia and is commonly consumed by local
communities (Lim 2012). The fruit is a hybrid between
M. foetida (bacang) and M. indica (mango) (Teo et al.
2002). It has green to yellowish-green colour, and usu-
ally sparingly spotted with dark brown lenticel. The flesh
is orange—yellow, firm, fibrous, sourish-sweet, juicy with
a pungent smell and taste of turpentine (Lim 2012). The
fruit is highly nutritious, whereby it contains higher pro-
tein and calcium than the other Mangifera species as well
as an acceptable amount of carotenoids (Khoo et al. 2008;
Mirfat et al. 2015). Besides, our recent findings showed
that the M. odorata peel rich in fiber and minerals, while
the seed kernel rich in protein and fat (Lasano et al. 2019).
Interestingly, M. odorata contains higher isoflavones and
polyphenols compared to M. pajang and M. foetida (Khoo
and Ahmad 2008; Ikram et al. 2009;). The fruit also had
higher antioxidant activity than M. pajang (Mirfat et al.
2015).

Antioxidant properties of several species of Mangifera
had been studied in previous research (Khoo et al. 2008;
Ikram et al. 2009; Mirfat et al. 2015), however, to the best
of our knowledge none of these reports cover the antioxi-
dant activity of the other fruit parts. On the other hand,
it is not clear which solvent systems provides the optimal
condition for extracting bioactive constituents from M.
odorata fruit. Hence, this study aimed to investigate the
effect of different extraction solvents on polyphenols and
antioxidant activity of peel, pulp, and seed kernel of M.
odorata fruit. Besides, the total phenolic content and anti-
oxidant activity of different fruit parts were also examined
and compared.
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Materials and methods
Chemicals

Methanol, ethanol and acetone were purchased from Sigma-
Adrich Company, USA. Folin—Ciocalteu reagent, DPPH
(2,2-diphenyl-1-picrylhydrazyl), gallic acid, quercetin, alu-
minum chloride were from Merk (Darmstadt, Germany). All
chemicals and reagents used were of analytical grade.

Plant materials and sample preparation

Mangifera odorata fruit was obtained from the fresh market
in Serdang, Selangor, Malaysia. The fruit was authenticated
by Mr. Mohd Hafizi Adzmi Hanafi, a botanist at Institute of
Bioscience. The voucher number is SK 3179/1. The fresh
fruits were then washed with tap water and wiped using tis-
sues. The peel and seed kernel was separated from the pulp
and cut into small pieces. The initial weight of the fruits
before the peel was separated is 176.97 +18.91 g. The sam-
ple were dried using freeze dryer and further ground into a
fine powder using the electronic grinder at room temperature
(24 +3 °C). The powder was kept in an airtight opaque con-
tainer and stored at — 20 °C until further analysis.

Sample extraction

The extraction procedures were conducted according to
the method described by Addai et al. (2013). The extrac-
tion was carried out by mixing 1.0 g of freeze-dried sample
with 10 ml of solvent under magnetic stirring for 1 h in the
dark at room temperature (24 +3 °C). Then, the solutions
were centrifuged for 15 min at 6000 rpm and the superna-
tant was collected. The procedure was repeated by washing
the sediment using 5 ml of the same solvent. The extract
was shaken for 15 min and centrifuged again for 15 min at
6000 rpm. The supernatants were pooled and stored in the
airtight container and kept at —20 °C until further analysis.
Three solvent—water extraction systems were used (metha-
nol, ethanol and acetone) at five different concentrations
(20%, 40%, 60%, 80% and 100%). All analyses were per-
formed in triplicate.

Determination of total phenolic content (TPC)

Total phenolic content was determined by using Folin—Cio-
calteu reagent which was adapted from Velioglu et al. (1998).
300 ul extract was mixed with 2.25 ml of Folin Ciocalteu
reagent (previously diluted 10 fold (1:9) with distilled water)
and allowed to stand at room temperature (24 + 3 °C). for
5 min. Then, 2.25 ml of sodium carbonate (60 g/L) solution
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was added to the mixture. After 90 min incubation at room
temperature (24 +3 °C), absorbance was measured at
725 nm using spectrophotometer. The standard curve was
plotted using gallic acid monohydrate at the concentration
of 0.05- 0.25 mg/ml. The results were expressed as mg gallic
acid equivalent (GAE) per g dry extract using the prepared
standard curve. All measurements were conducted in the
triplicate analysis.

Determination of total flavonoids content (TFC)

Total flavonoid content was estimated by using aluminum
chloride colorimetric method (Bhaigyabati et al. 2014).
The assay was conducted by mixing 0.5 ml of each sample
extract, 1.5 ml of methanol/ethanol, 0.1 ml of 10% aluminum
chloride solution, 0.1 ml of 1 M potassium acetate solution
and 2.8 ml distilled water. The mixture was incubated for
30 min and the measurement of absorbance was conducted
at 415 nm using a UV-Vis spectrophotometer. Distilled
water was used as a sample blank. A calibration curve of
quercetin (0—100 pg/ml) was prepared and the TFC was
expressed as mg quercetin equivalent (QE) per g dry extract.
The samples were assayed in triplicate.

Determination of antioxidant activity by the ferric
reducing antioxidant power (FRAP) assay

Antioxidant activity of samples was analysed by using FRAP
assay described by Benzie and Strain (1996). The working
FRAP reagent was prepared by mixing 300 mM acetate
buffer (pH 3.6), 10 mM 2, 4, 6-tripyridyl-s-triazine (TPTZ)
solution and 20 mM FeCl;-6H,0 in a ratio of 10:1:1. The
mixture solution was heated at 37 °C in a water bath prior
to use. A total of 3 ml FRAP reagent was added to a cuvette
and blank reading was taken at 593 nm using a UV-Vis
spectrophotometer. A total of 100 ul of plant extract and
300 ul of distilled water were mixed in a test tube, followed
by the addition of freshly prepared FRAP reagent. The sec-
ond reading was performed after 90 min of incubation at
37 °C in a water bath using a UV—Vis spectrophotometer
at the same wavelength. The changed in absorbance after
90 min from the initial blank reading were compared to a
standard curve. The standard curve of known Fe(II) concen-
trations was prepared using several concentrations ranging
from 0.1 to 1.5 mM. The result was expressed as the con-
centration of antioxidant having a ferric reducing ability in
1 g of sample (mM/g).

Determination of radical scavenging activity
by the DPPH assay

The scavenging activity of the extract was measured by
using 1,1-diphenyl-2-picrylhydrazyl (DPPH) as a free

radical model. The method was adapted from Magalhaes
et al. (2006). An aliquot of 500 ul of samples or control (sol-
vent) at different concentrations were mixed with 500 pl of
500 pm (DPPH) (5.9 mg/100 ml methanol) in 24-well micro-
plates. The mixture was left to stand at room temperature
(24 +3 °C) for 30 min in the dark. The mixture was meas-
ured spectrophotometrically using the microplate reader at
517 nm. The free radical scavenging activity was calculated
using the following formula:

Scavenging effect (%)
= [1 — (absorbance of sample /absorbance of control)]
x 100

The % inhibitions were plotted against the respective con-
centrations used and IC, was calculated based on the graph.
The ICs,, of ascorbic acid and butylated hydroxytoluene
(BHT) as positive control were also determined.

Statistical analysis

All experiments were carried out in triplicates, and data were
reported as mean =+ standard deviation. The differences of
mean values among solvent systems were determined using
analysis of variance (ANOVA) followed by Tukey’s HSD
tests at the significant level of p < 0.05. Correlation analysis
was performed between TPC, TFC, and antioxidant activity
of sample extracts using Pearson’s correlations coefficient.
All statistical analyses were conducted using Minitab ver-
sion 16.0.

Results
Total phenolic and total flavonoid content

Total phenolic contents of peel, pulp, and seed kernel of M.
odorata fruit extracted by using different concentrations of
acetone, ethanol and methanol are presented in Fig. 1. The
results showed that the recovery of phenolic compounds is
significantly varied depending on the type and ratios of the
solvents used. The TPC of acetone-based extract ranged
from 9.13 mg GAE/g to 959.16 mg GAE/g, from 13.79 mg
GAE/g to 693.43 mg GAE/g for the ethanol-based extract
and from 21.86 mg GAE/g to 906.50 mg GAE/g for the
methanol-based extract, respectively. Besides, all the water
extracts of peel, pulp, and seed kernel showed the lowest
amounts of TPC. For acetone extract, the highest amounts
of TPC were obtained with 60% and 80% acetone for pulp
and seed kernel, and 80% acetone for peel, respectively
(p <0.05). In the case of ethanol extract, the highest level of
TPC was achieved by using 60% ethanol for all fruit parts.
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However, there was no significant difference between 40%
and 60% ethanol for seed kernel (p > 0.05). For methanol
extract of the peel, 60% and 80% solvents gave similar values
and showed no significant difference between TPC values
of the two extracts (p >0.05). Nevertheless, all fruit parts
extracted using 60% and 80% methanol showed the highest
value of TPC compared to other methanol ratios. Our results
clearly showed that the order of the extracts with the high-
est level of TPC in pulp was as follows: 60% and 80% ace-
tone > 60% ethanol > 80% methanol > water extract. In the
case of peel, the order was as follows: 80% acetone > 60%
ethanol > 80% methanol > water extract. On the other hand,
the highest level of TPC in the seed kernel was found in 80%
acetone, closely followed by 80% methanol, 60% ethanol and
water extract, respectively.

The total flavonoid contents of peel, pulp and seed ker-
nel of M. odorata fruit extracted using different ratios of
acetone, ethanol, and methanol were examined and pre-
sented in Fig. 2. The results were expressed as mg quercetin

@ Springer

Methanol (%)

equivalent (QE) per gram dry extract. The TFC of acetone-
based extract, ethanol-based extract, and methanol-based
extract ranged from 2.17 mg QE/g to 43.95 mg QE/g, from
3.67 mg QE/g to 45.21 mg QE/g and from 2.17 mg QE/g
to 53.09 mg QE/g, respectively. Among the combination of
acetone—water mixtures, peel and pulp extracted using 80%
acetone showed the highest amount of TFC. On the hand,
the seed kernel extracted using 60% acetone had the high-
est amount of TFC. For ethanol, the maximum amount of
TFC was obtained with 40% ethanol for peel and seed kernel
while 80% ethanol for pulp. In the case of methanol, the
highest level of TFC was achieved by using 100% methanol
for all fruit parts. Among the solvents, the order of high
TFC were 100% methanol > 80% ethanol > 80% acetone for
pulp; 100% methanol >40% ethanol > 80% acetone for peel;
and 100% methanol > 40% ethanol > 60% acetone for seed
kernel. Similar to TPC, the water extracts of peel, pulp, and
seed kernel showed the lowest amounts of TFC in compari-
son with other solvents. In addition, it was found that the
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Fig.2 Effect of different (a)
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TPC and TFC of seed kernel were the highest among the
fruit parts irrespective of the solvents used. Whilst, pulp
contained the lowest amount of TPC and TFC compared
to peel.

Antioxidant activity

In the present study, ferric reducing/antioxidant power
(FRAP) and DPPH free radical-scavenging assays were used
to determine the antioxidant capacity of different parts of the
fruit extracts. FRAP assay is widely used to determine the
antioxidant activities of various plant extracts (Ztotek et al.
2016). The method is based on the donation of a hydrogen
atom to the ferric complex by the antioxidant compounds
that act as reducing agents. This leads to the breakage of
radical chain reaction (Halliwell 1991). The reducing power
of the extracts was compared to ascorbic acid as a positive

40 60 80 100
Methanol (%)

control. The results were expressed as mM Fe/g dry extract
and presented in Table 1. The FRAP value for ascorbic acid
was 2350.93 mM Fe/g. The FRAP values for acetone-based
extract, ethanol-based extract, and methanol-based extract
ranged from 140.7 mM Fe/g to 1076.5 mM Fe/g, from
520.6 mM Fe/g to 1377.8 mM Fe/g and from 425.2 mM
eF/g to 1100.8 mM Fe/g, respectively. Acetone extract at
concentration of 60% showed the highest values of FRAP for
peel and seed kernel while pulp had the highest FRAP value
at a concentration of 20% acetone. For ethanol, all fruits
parts extracted with 60% ethanol exhibited the highest FRAP
value. Among methanol extracts, 100% methanol showed
the highest FRAP value for peel and pulp while seed kernel
obtained maximum FRAP value at concentration of 60%
methanol. Overall, it can be seen that peel, pulp and seed
kernel extracted using 60% ethanol demonstrated the high-
est antioxidant activity compared to other solvent extracts.
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Table 1 Reducing power of peel, pulp and seed kernel of M. odorata
extracted by different solvents

Solvents Reducing power (Fe mM/g dry extract)
M. odorata fruit
Peel Pulp Seed kernel

100% distilled ~ 300.2+0.002 22773+ 1.6' 285.7+49.7"

water
Acetone
20% 793.9+80.3¢ 753.9+133.8° 541.7+56.1°
40% 762.7+39.2¢ 59754179  731.3+33.0°
60% 945.1+81.0° 709.2+51.3* 1076.5+14.8°
80% 717.0+17.44 514.5+38.7¢  653.9+23.2¢
100% 487.5+54.3° 140.7425.1°  7402+22.5¢
Ethanol
20% 696.6+7.44 530.1+17.7°  742.4+10.1¢
40% 687.1+7.49 639.6+3.0¢ 690.1+17.8¢
60% 1377.8+£26.5° 13153+7.00  1172.9+58.4°
80% 806.8 +8.5¢ 763.4+3.5¢ 934.7+84.4°
100% 811.0+4.7 520.6+26.3°  901.9+13.7°
Methanol
20% 741.2+0.0° 530.8+13.2°  985.8+54.9°
40% 706.2 +0.0° 519.5+15.8° 1082.9+45.8°
60% 717.6£6.59 597.2+3.8°  1100.8+47.5°
80% 514.8+0.0 4252+185%  731.0+22.8¢
100% 766.6+6.7° 568.9+24.8"  989.8+54.9°
Positive control
AA 2350.93+12.85* 2238.09+0.00* 2382.98+0.00°

AA ascorbic acid

Values (mean + SD) with different superscript letters in the same col-
umn are statistically significant difference at p <0.05

DPPH radical scavenging assay measures the ability of
antioxidant compounds in the extracts to scavenge the DPPH
radicals. The antioxidant activity is usually expressed either
as percentage inhibition of DPPH or ICs),which indicates
50% inhibition of DPPH radicals. The lowest ICs, value
shows the most potent antioxidant activity. In the present
work, the scavenging activity was expressed as ICs, (mg/
ml). The values were compared to ascorbic acid (0.0052 mg/
ml) and BHA (0.0054 mg/ml) as positive controls. Table 2
shows ICs values of peel, pulp and seed kernel of M. odo-
rata fruit extracted by using different solvents. It can be seen
from the results that the seed kernel showed the lowest ICj
value, demonstrating high antioxidant activity, followed by
peel and pulp, respectively. Among seed kernel extracts, the
order of high antioxidant activity was 60% acetone > 60%
ethanol > 60% methanol. Similarly, the order of pulp extracts
with the highest antioxidant activity was as follows: 60%
acetone > 60% ethanol > 80% methanol. In the case of peel,
among solvents investigated the highest antioxidant activity
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was seen in 40% acetone, followed by 40% ethanol and 80%
methanol, respectively. Regardless of fruit parts, extracts
with a concentration of 60% acetone showed significantly
higher antioxidant activity as evidenced from the lower ICs
values compared to other solvent mixtures and their respec-
tive absolute ones.

Correlation between total phenolic content, total
flavonoid content and antioxidant activity

The correlation between the assays was analysed using
the Pearson correlation test and r-values were presented in
Table 3. It should be noted that the correlations between
polyphenols and antioxidant activity assayed by FRAP and
DPPH varied with different parts of M. odorata analysed.
The results demonstrated that correlations between TPC
and DPPH was negatively strong for peel (r=—0.738) and
seed kernel (r=0.803) (p <0.05) while negatively moderate
correlation was shown for pulp (r=-0.502) but not sig-
nificant (p > 0.05). The negative correlations were due to
the inverse relationship between ICs, value and antioxidant
activity whereby the present study used ICs, values for the
correlation analysis. On the other hand, a positively weak
correlation was obtained between TPC and FRAP value for
pulp (r=0.243) (p <0.05). In addition, positive moderate
correlations were found between TPC and TFC with anti-
oxidant activity assayed by FRAP for peel and seed kernel
(0.427 <r>0.382) (p <0.05). The lowest correlation was
found between TFC and scavenging activity assayed by
DPPH (r=-0.238) (p <0.05) and between TFC and FRAP
(r=0.041) (p>0.05) for pulp. These results indicated that
total phenolic and flavonoid contents are the important
contributors for antioxidant activity of peel and seed ker-
nel extracts but not in the pulp, suggesting the presence of
other significant antioxidant constituents in the pulp of M.
odorata.

Discussion

The present work investigates the effect of solvents (ace-
tone, ethanol, and methanol) concentrations (in the range
of 0-100%) on the recovery of polyphenols and antioxidant
activity of different parts of Mangifera odorata, namely peel,
pulp and seed kernel. The selection of an appropriate sol-
vent is very important for extracting bioactive compounds
especially in the development of functional food products.
Difference solvent has difference polarities that might influ-
ence the solubility of the chemical constituents in a sample
(Naczk and Shahidi 2006; Dhanani et al. 2017; Moham-
medelnour et al. 2017). Generally, solvents with similar
polarities to phytochemicals able to penetrate and extract
the compounds from the plant cell walls (Nurul and Asmah



Effects of different extraction solvents on polyphenols and antioxidant capacity of peel,... 283

Table 2 .DPPH. rgdical Solvents 1Cy, (mg/ml)

scavenging activity of peel, pulp

and seed kernel of M. odorata M. odorata fruit

extracted by different solvents

Peel Pulp Seed kernel

100% distilled water 0.9958 +0.0890° 2.4416+0.0203° 0.0552+0.0011°
Acetone
20% 0.1403 +0.0042¢ 0.8002+0.0157¢ 0.0140+0.0013¢
40% 0.0947 +0.0021°¢ 0.3365 +0.0089° 0.0240 +0.0026°
60% 0.1261+0.0057¢ 0.1972+0.0135° 0.0119+0.0011¢
80% 0.2211 +0.0079° 0.8617 +0.0095° 0.0145+0.0023¢
100% 1.5559+0.0150* 3.9178 +0.0087° 0.1296 +0.0098*
Ethanol
20% 0.2837 +0.0081° 3.6715+0.0101° 0.0240+0.0011¢
40% 0.2024 +0.0056° 1.8104 +0.0087° 0.0187 +0.0003°
60% 0.2351+0.0087¢ 1.2467 £0.0049" 0.0171£0.0007¢
80% 0.3257 + 00069¢ 1.5202+0.0117° 0.0241 +0.0005°
100% 1.6390+0.2110% 1.6383+0.0301¢ 0.0964 +0.0053*
Methanol
20% 0.4217 +0.0058° 5.3508 +0.0079° 0.0367 +0.0006°
40% 0.32448 +0.0072° 4.0047 +0.0098° 0.0218 +£0.0005¢
60% 0.3503+0.0081¢ 3.0224+0.0073¢ 0.0206 +0.0004°
80% 0.2862 +0.0047" 2.9233+0.1090° 0.0213 +0.0005%
100% 0.5540+0.0083° 3.1815+0.0089° 0.0409 +0.008°
Positive control
BHA 0.0052 +0.00¢ 0.0052 +0.00¢ 0.0052 +0.00°
AA 0.0054 +0.00¢ 0.0054 +0.00¢ 0.0054 +0.00f

BHA butylated hydroxyanisole, AA ascorbic acid

Values (mean +SD) with different superscript letters in the same column are statistically significant differ-

ence at p<0.05

Table 3 Pearson’s correlation test (r-values) between total phenolic content (TPC), total flavonoid content (TFC) and antioxidant capacity
(FRAP and DPPH assay) for peel, pulp and seed kernel extracts of M. odorata

Sample TPC/TFC TPC/DPPH TPC/FRAP TFC/DPPH TFC/FRAP
Peel 0.834* —0.738* 0.427* —0.844% 0.382*
Pulp 0.501* -0.502 0.243* —0.238* 0.041

Seed kernel 0.319 —0.803* 0.405* —0.404* 0.406*

*Correlation is significant at p <0.05

2014). Hence, this study would be beneficial for the selec-
tion of the most suitable solvents for optimum recovery of
antioxidant compounds. Methanol, ethanol, acetone, ethyl
acetate, and their water mixture, acidified or not are the most
commonly used solvents for extracting phenolic compounds
(Pinelo et al. 2004; Lafka et al. 2007). The polarity of pure
acetone, ethanol, and methanol is 0.355, 0.654 and 0.762,
respectively (Tan et al. 2013). The present results demon-
strated that acetone—water mixtures (60% and 80% for pulp,
whilst 80% for peel and seed kernel) were the best extract-
ing solvent for TPC from peel, pulp and seed kernel which
agrees with other studies of different plant extracts (Turkmen

et al. 2006; Al-Farsi and Lee 2008; Meneses et al. 2013;
Downey and Hanlin 2016; Ngo et al. 2017). Alasalvar et al.
(2006) reported that acetone is more effective for extract-
ing high molecular weight polyphenols such as condensed
tannins. This may be attributable to the higher solubility
of tannins in acetone as both of them are high molecular
weight compounds (Uma et al. 2010). It may also be caused
by the breakdown of polyphenol-protein complexes with the
combined use of acetone and water. This might be explained
by the fact that water increased the bulge of plant material,
enlarged the contact and surface area between the solvent
and plant matrix (Rostagno et al. 2003), and consequently
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released the bound polyphenols into the extract. This process
may also produce a moderately polar environment which
enhances the extraction efficiency (Spigno and De Faveri
2007). It can thus be suggested that the phenolic compounds
in aqueous acetone extract of peel, pulp and seed kernel of
M. odorata fruit may have more phenol groups, or bound
polyphenols or possess higher molecular weights than in the
absolute solvents extracts. In a study carried out by Ztotek
et al. (2016), acetone—water mixtures were also found more
efficient in extracting phenolics from fresh and freeze-dried
basil leaves compared to methanol-based mixtures. How-
ever, Michiels et al. (2012) and Rababah et al. (2010) pro-
posed that the food matrices of the sample analysed should
be considered when selecting the best solvent for polyphe-
nols extraction.

A different trend was observed in the amount of TFC
as peel, pulp and seed kernel showed the highest amount
at 100% methanol. Pure ethanol was shown to extract only
hydrophobic polyphenols from fruit, leaving hydrophilic
compounds in the plant matrices (Sulaiman et al. 2017).
However, in Do et al. (2014) the best solvent for extraction
of flavonoids from Limnophilia aromatica was 100% etha-
nol, closely followed by 75% methanol, 100% methanol and
50% aqueous methanol extract, respectively. Both methanol
and ethanol possess almost similar polarities. Chirinos et al.
(2007) and Tabart et al. (2007) suggested that methanol is
the best solvent for the extraction of phenolic acids and cat-
echin in fruits. The main flavonoids component in Mangifera
species was catechin (Dorta et al. 2012) which explained
the findings of the present study. This can be the results
of higher salvation of antioxidant compounds due to bond
interactions between polar positions of the compounds in the
fruits and the solvent. By contrast, ethanol provides lower
salvation of antioxidant molecules due to the presence of
longer ethyl radical compared to the methyl radical present
in methanol (Boeing et al. 2014). In brief, the present work
concluded that absolute methanol was more efficient for the
extraction of flavonoids from M. odorata fruit.

It is well known that phenolic compounds had a signifi-
cant effect on the radical scavenging activity of the plant
extracts (Turkmen et al. 2006). In this study, it was observed
that 60% acetone extracts showed the highest radical scav-
enging activity in pulp and seed kernel, and peel at 40%
acetone. This result was correlated with the highest phenolic
content in the acetone—water mixture at 80% concentration.
Acetone—water mixtures have been proven as the best sol-
vents combination for the extraction of polar antioxidants
(Lu and Foo 1999; Sun et al. 2002; Luximon-Ramma et al.
2003; Lien et al. 2015; Mokrani and Madani 2016; Ngo et al.
2017). Therefore, we proposed that polar phenolic molecules
contribute to radical scavenging activity of the studied sam-
ples except for the pulp of M. odorata. It was observed in
the present study that no significant correlation was found
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between TPC and DPPH for pulp. Our results correspond
with the study conducted by Ztotek et al. (2016) in which a
strong correlation was found between phenolic content and
antioxidant activity measured by DPPH assay. Similarly, de
Sousa et al. (2018) found high correlation between flavonoid
and phenolic and antioxidant capacity of Oenocarpus disti-
chus Mart. fruits. Besides, our study showed that peel, pulp
and seed kernel extracted using 60% ethanol had the highest
reducing power. The obtained results may be due to the fact
that the aqueous ethanol mixtures are able to dissolve in a
wide range of phenols group. According to Zhou and Yu
(2004) and Dhanani et al. (2017) the alteration in solvent
polarity influences the estimation of antioxidant activity as
the solvents extract a selected group antioxidant compounds.
It can be proposed that the extracts obtained using a more
polar solvent had better reducing power than the less polar
solvent.

Comparing the TPC, TFC and antioxidant activity of dif-
ferent parts of M. odorata fruit, peel and seed kernel had
more phenolic contents and possess excellent antioxidant
activity compared to pulp. Phenolic compounds tend to
accumulate in the dermal tissues of the plant body due to
their role in plant protections and as attractants in fruit dis-
persal (Toor and Savage 2005). Similar results were reported
in previous study whereby the grape seed showed the highest
antioxidant capacity in comparison with grape pulps (Guo
et al. 2003). In addition, seed kernel rich in tocopherols,
carotenoids and minerals such as copper, zinc and selenium
which were very effective in scavenging reactive oxygen
species (Kothari and Seshadri 2010). Since total phenolic
and flavonoid compounds did not show any correlation with
antioxidant activity of pulp, it is recommended to conduct
future study to determine bioactive compounds in pulp of
M. odorata.

The ideal condition for the extraction of polyphenols
and antioxidant compounds from Mangifera odorata fruit
were depending on the fruit parts analysed and the polarity
of solvent system. In general, the mixture of solvents and
water is the most efficient for extracting polyphenols and
showed potent antioxidant activity compared to their respec-
tive pure organic solvents. Acetone at either 60% or 80%
was the most efficient in extracting TPC from pulp while
peel and seed kernel obtained optimum TPC at 80% acetone.
100% methanol was efficient in extracting TFC from each
parts of M. odorata fruit. 60% ethanol and 60% acetone from
all fruit parts (except for 40% acetone for the peel) showed
the highest reducing power and scavenging activity, respec-
tively. There was a good correlation between total phenolic
content and antioxidant activities of the fruit extracts which
contradicts to our previous finding on Ficus carica leaves
(Ghazi et al. 2012). It should be also noted that seed kernel
has the potential to be develop as an ingredient in functional
food products and nutraceuticals since it contained more
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bioactive compounds compared to other fruit parts studied.
Hence, it is recommended that future studies should focus on
phytochemicals identification of seed kernel and either 60%
acetone or 60% ethanol should be used for further utilisation
and isolation.
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