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ABSTRACT

In this work, the phytochemical content and antioxidant activity of methanolic
extract of the wild grape seed and pulp were examined at three different stages, namely,
immature, mature and ripe. The results showed that the seed extracts produce higher
phytochemical content and antioxidant activity than the pulp extracts. For both seed and pulp
extracts, polyphenols decrease at the ripening period. The immature wild grape seed extract
(GWGS) showed the highest number of phytochemicals and potent antioxidant activity. The
content of phytochemical results was found to have a significant correlation with the
antioxidant activities (p < 0.01). In conclusion, GWGS from the extract of wild grape seed is a
source of phenolic compounds that might be potentially used as good supplement for health
benefits.
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INTRODUCTION

For many years, traditional medicinal plants have been shown be an alternative
source of antioxidants potentially for treating microbial diseases in tropical and
developing countries (Devika, 2012; Kuete et al., 2011; Saeed et al., 2014) and they
also have many applications in food industry (Joshi, Su and D'Souza, 2015;
Pozharitskaya et al., 2015; Yang et al., 2016). A variety of phytochemicals from the
plant extracts, including terpenoids, phenolic acids, lignans, tannins flavonoids,
guinones, coumarins or alkaloids, has been reported for antioxidant activity (Bakkali
et al., 2008; Huang, Ou and Prior, 2005; Tagne et al., 2014). Currently, antioxidants
can be obtained synthetically and naturally but, owing to the toxic issue raising on the
synthetic antioxidants (Barros, Carvalho and Ferreira, 2010), antioxidants from plant
extracts would thus become more environmentally friendly and human health
(Jiménez et al., 2015; Sanchez-Bel et al., 2015; Tauchen et al., 2015). On the other
hands, oxidant or free radicals produced in living organisms, via aerobic metabolism,
could be a dangerous source of various degenerative diseases (Jothy, 2011,
Sarikurkcu et al., 2008), owing to their high reactivity against biological
macromolecules (Xia et al., 2011).
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Wild grape (Ampelocissus martinii Planch.) is a tropical plant that can
generally be found in Thailand, Vietnam, Cambodia, Laos, Peninsular Malaysia,
Borneo and Philippines (Wen, Lu and Boggan, 2013). It also has long been used as
folk medicine in Thailand. At present, little information is known about antioxidant
components in the wild grape. Here, we aims to investigate the phytochemical profile
and antioxidant activities at different stages of the wild grape extracts. We have
identified several potential antioxidants from wild grape seed and pulp extracts,
which would be used as good supplement source for future medical treatment and
health benefits.

MATERIALS AND METHOD
Chemicals and plant material

All chemicals used in the present study were of analytical grade and purchased
from Sigma-Aldrich (St. Louis, Mo., USA).

Wild grape (Ampelocissus martinii Planch.) were categorized into three groups
namely immature (green), mature (red) and ripe (black). All grape fruits were
separated into seed and pulp, and then dried, ground into a fine powder. The powder
of each sample was extracted with methanol (1:10 w/v) and stirred at room
temperature for 3 h. The solvent was removed at 40 °C using rotary vacuum
evaporator. The obtained residue was dissolved in 20 mL of methanol (99.8%) and
stored at -4 °C until analysis.

Determination of phytochemicals

The total phenolic content (TPC) was determined using Folin-Ciocalteu reagent
as followed by Pastrana-Bonilla et al. (2003), using gallic acid as a standard. Total
flavonoid content (TFC) was analyzed using a spectrophotometric method described
by Abu Bakar et al. (2009) wusing catechin as a standard. Total
proanthocyanidincontent (TPAC) was determined following the procedure described
by Li et al. (2006) using catechin as a standard. Total saponin content (TSC) was
determined as described by Hiai, Oura and Nakajima method (1976) using aescin as
standard. In addition, total monomeric anthocyanin content (TMAC) was performed
using the method described by Giusti and Wrolstad (2001) and following their
direction for buffer preparation. Total anthocyanins were calculated using the
following equation:

TMAC (mg/g) = (A x Mw x DF x 1000)/(e x I)

Where A is the absorbance of (Asio - A7o0)pH 1.0 - (Asio - Azoo)pH 45, MW is the
molecular weight of cyanidin-3-O-glucoside (449.38 g mol?); DF is the dilution
factor; I is the path length in cm; e is the 26900 M extinction coefficient in L/mol/cm
for cyanidin-3-O-glucoside; and 1000 is the conversion from g to mg.

Antioxidant activity assay

Free radical-scavenging activity of the extracts was determined by using of a
stable 2,2-diphenyl-2-picrylhydrazyl radical (DPPH®) according to the previous
method (von Gadow, Joubert and Hansmann, 1997) with some modifications. Cation
radical (ABTS™) scavenging activity was also measured according to the method of
Re et al. (1999). The DPPH and ABTS™ radicals scavenging activity was represented
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in the term 50% of inhibition (ICso) value. The ferric reducing activity was measured
by FRAP assay according to the method of Benzie and Strain (1996) with some
modifications. The cupric reducing antioxidant was also carried out with the method
of Apak et al. (2004) with some modifications using trolox as standard.

Statistical analysis

All experiments were performed in triplicate and expressed the results as mean
+ standard deviation (SD). Analysis of variance (ANOVA) was carried out to
determine the significant differences of measurements by SPSS statistical software,
considering the confidence level of 95%. Linear correlations between different assays
were calculated using the correlation coefficient statistical option in Pearson test.

RESULTS AND DISCUSSION
Extraction yield and phytochemical content

The extraction yield and phytochemical content in wild grape pulp and seed
extracts are presented in Table 1. As expected, different amounts of the TPC, TFC,
TMAC, TPAC and TSC among selected sample. The yield of all extracts varied from
6.17 to 39.85% (w/w) with a significant difference (p < 0.05). BWGP exhibited the
highest yield, followed by GWGP, RWGP, BWGS, GWGS and RWGS, respectively.

The TPC in wild grape was, on average, 53-fold more concentrated in the seed than

in the pulp. The highest value of TPC was found in GWGS (417.35 mg GAE/g DW).
Moreover, in all samples the TFC is higher for seed extracts than the pulp and, the highest
value was found in GWGS (390.78 mg CE/g DW). The pulp extracts showed lower TFC than
that of seed, ranging from 6.03 to 6.42 mg CE/g DW. It was previously reported that grape
seeds are rich in phenolic compound than grape pulp. This was due to the fact that the seeds
act mainly as a reservoir during the development of the sprouts (Pajak et al., 2014). In
addition, the wild grape seed extracts contain the amount of TPAC higher than the pulp
extracts. The TPAC is highest for GWGS (304.39 mg CE/g DW). In previous work, we
studied phytochemical contents from fruit (all parts) of wild grape but the stages are the same.
In this work, we need to know the content in each part, especially seed and pulp of wild grape
fruit. The results indicated that almost phytochemical content, except TSC in young (green)
stage of wild grape pulps have lower than all parts. In mature(red) stage, the TPC has higher
than fruit but TFC and TMAC have lower. In ripe (black) stage, the TPC and TFC have
slightly higher content than fruit but TMAC has lower. Among them, the TSC of pulp in all
stages have higher contents than fruit. Interestingly, the phytochemical contents of all stages
have dramatical high than the fruit extract (Wongnarat and Srihanam, 2016). As suggested by
Hernandez-Jiménez et al. (2009), proanthocyanidins are the major phenolic compounds found
in grape seed, and are higher than those found in other part of grapes (Vitis vinifera L.).
Saponins are important secondary metabolites derived from various plants and have been used
extensively in drug-related industry due to their pharmaceutical properties. The saponin
distribution in variable content depending on an individual part of plants (Cheok, Salman and
Sulaiman, 2014). The extract of GWGS had the highest saponins content (687.33 mg Aes/g
DW). The results indicated that, the saponin content both in seed and pulp extracts decrease
during the development stage of fruit, as can be seen from the color change at immature
(green) to ripe (black). These findings were in agreement with previous studies that found the
largely decrease in the polyphenols of grape during ripening stage (Kennedy, Matthews and
Waterhouse, 2000). From TMAC analysis, anthocyanins were found only in pulp extracts,
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with the BWGP extract having the highest anthocyanins content (19.17 mg C3GE/g DW).
This is because anthocyanins are pigments and mainly exist in grape skins and pulps (Xia et
al., 2010).

Antioxidant activities of wild grape extract

There is no universal assay that accurately reflects all the antioxidants in a
complex system. Therefore, it is necessary to use different methods to evaluate the
antioxidant capacity to ensure obtained results (Jin et al., 2012). The antioxidant
activities of wild grape seed and pulp extracts were determined using DPPH, ABTS,
FRAP and CUPRAC assay and the results are shown in Table 2. DPPH and ABTS
assay were expressed in ICso value and compared to trolox and ascorbic acid as a
positive control. The DPPH" scavenging activity of wild grape seed extracts (ICso =
39.37 to 51 pg/mL) showed a higher scavenging activity for the pulp extracts (ICso =
2665.68 to 4196.85 ug/mL). The order of DPPH" scavenging activity of GWGS,
BWGS and RWGS was the same activity of ascorbic acid and trolox (p< 0.05),
respectively. A similar trend to the DPPH" scavenging results was found in the
ABTS™" scavenging activity. The seed extracts showed ICso values in the range of
6.34 to 12.21 ug/mL which is more active on ABTS™ than the pulp extracts (ICso
ranging from 750.34 to 1639.68 pug/mL). The highest activity on ABTS™* scavenging
was found on GWGS, BWGS and RWGS. FRAP and CUPRAC assay have been used
mainly to detect the reducing ability of the antioxidant, i.e., the ability to reduce iron
and copper ions. In the ferric reducing antioxidant assay, the seed extracts showed
FRAP value (1203.96 to 1702.05 mmol Fe?*/g DW), which was 68-fold (on average)
higher than those of the pulp extracts (14.79 to 29.63mmol Fe?/g DW). The relative
activity was in the highest in GWGS. The cupric reducing potency of the wild grape
extracts was expressed as mg TE per g dry weight. The extract of GWGS possessed
the strongest (111.56 mg TE /g DW) reducing activity. It is well known that there are
correlation between the antioxidant activities and the polyphenol compositions. In
particular, many studies have confirmed that the phytochemicals from plants is
affected by various factors: cultivars, maturity, colors, part of fruits as well as genetic,
climate, geographic origin, and cultivation act main roles on the plant phytochemicals
(Boonsod, Sangdee and Srihanam, 2014; Bruno and Sparapano, 2007). Higher
antioxidant activity was observed in GWGS as expected from high contents of
phenolic compounds. This result agrees with both DPPH" and ABTS™ scavenging
activity, and ferric and cupric reducing potency activities, in which GWGS is the
highest efficient antioxidant. Moreover, GWGS was equally effective against trolox
and ascorbic acid by DPPH and ABTS assay. Thus, GWGS appears to be a good
potential source of natural antioxidants which would be applied in reduction of
oxidative damage in the human body and for providing health protection.

Correlation analysis

The correlation coefficients (r) between the phytochemical contents and
antioxidant activities obtained from each assay were analyzed and the results are
presented in Table 3. The strong positive correlation coefficients were observed
between TPC, TFC, TPAC, TSC and antioxidant activities (DPPH*, ABTS™*, FRAP
and CUPRAC assay), the r-values is in range of 0.825 to 0.998 (p < 0.01). The results
in this study suggest that the content and composition of some phenolic compounds in
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the wild grape extracts could play an important role in antioxidant activity. These
findings are consistent with previous studies that demonstrated on a positive
correlation between phenolic compounds and antioxidant activity (Kim et al., 2006;
Meng et al., 2012).

CONCLUSION

Our results indicate that the wild grape extracts from seed gave the higher
phytochemical content than pulp extracts. The polyphenols in seed and pulp extracts
decrease during ripening period. Both the content and composition of phenolics,
flavonoids, proanthocyanidins and saponins of the wild grape extracts are strongly
correlated with the antioxidant activity. The highest antioxidant activity was observed
for GWGS, the extract that has the highest total phenolic compound content and is
equally effective against trolox and ascorbic acid by DPPH and ABTS assay. Thus,
the immature wild grape seed (GWGS) would be a potential source of natural
antioxidants that can be used as food supplement for health benefits.
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TSC
. TPC TFC TPAC TMAC

Extracts Yield (%) g GAE/gDW) (mgCE/gDW)  (mg CE/g DW)  (mg C3GE/g DW) (g’\?vf‘es’ g
GWGP 3673+086° 42240170  642+017 1.49 0,057 0.04 £ 0.02° 17.74 % 0.62°
RWGP 2467+110°  613+037¢  6.07+0.21 1.18 +0.03¢ 0.08 + 0.02° 69.74 + 4.21°
BWGP 3085+ 1.16° 8064080  603+017  6.36+0.26° 19.17 +0.71° 96.92 + 2.24¢
GWGS 810+0.10° 417.35+2254° 390.78+7.10°  304.39 + 34.73" ND 687.33 + 17.30°
RWGS 6.17+019"  230.78+7.67° 23241+629° 9417 +0.85° ND 318.65 + 33.38°
BWGS 1035+ 005  316.66+8.08" 296.20+ 16.98° 158.55 + 10.63° ND 378.97 + 20.97°

Results are expressed as mean * SD of triplicate measurements. Means with different letters in the same column represent significant
differences at p < 0.05. GWGP, green wild grape pulp; RWGP, red wild grape pulp; BWGP, black wild grape pulp; GWGS, green
wild grape seed; RWGS, red wild grape seed; BWGS, black wild grape seed; WGP, white grape pulp; RGP, red grape pulp; WGS,
white grape seed; RGS, red grape seed. ND, not detected. Means with different letters (a-€) in the same column represent significant
differences at p < 0.05. For example, %yield of GWGP significant differences from RWGP at p < 0.05.

Table 1 Extraction yield and phytochemical content in the wild grape pulp and seed extracts.
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Extracts DPPH* ABTS™" FRAP assay CUPRAC assay
ICso” (ug/mL) ICs0” (ug/mL) (mmol Fe?*/g DW)  (mg TE/g DW)

GWGP 3479.21 + 164.74°>  1433.23 + 47.34° 14.79 + 0.47¢ 2.90 £ 0.01¢
RWGP 4196.85 £ 223.40*  1639.68 + 16.942 18.05 + 0.74¢ 3.21 +0.03¢
BWGP 2665.68 + 132.91° 750.34 + 36.55°¢ 29.63 +2.17¢ 2.86 £ 0.01°
GWGS 39.37 + 0.39¢ 6.34 +0.11¢ 1702.05 £ 32.55? 111.56 = 0.222
RWGS 51.00 + 1.89¢ 12.21 +0.8¢ 1203.96 + 14.67¢ 110.22 £ 0.00¢
BWGS 45.83 + 1.03¢ 9.56 + 0.44¢ 1370.81 + 25.42° 110.74 £ 0.17°
Trolox B 12.12 +0.19¢ 12.78+0.25¢ - -
Ascorbic acid ® 7.89 +0.10¢ 8.911+0.424 - -

Table 2 Antioxidant activities of the wild grape seed and pulp extracts.
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TPC TFC TPAC TAC TSC DPPH" ABTS™ FRAP CUPRAC
TPC 1 .998" 956" -423 .965" 985" 995" 993" 953"
TFC - 1 047" -431 962" 988" 995" 995" 957"
TPAC - - 1 -.356 981" .893" 968" 918" 825"
TAC - - - 1 -.320 -442 -415 -435 -451
TSC - - - - 1 923" 981" 943" 866"
DPPH" - - - - - 1 972" .998" .990"
ABTS™ - - - - - - 1 984" 932"
FRAP - - - - - - - 1 .980"
CUPRAC - - - - - - - - 1

* Correlation is significant at the 0.01 level.

A Concentration of the plant extract that scavenges 50% of free radical. Lower ICso values indicate higher radical
scavenging activity.

B Standard synthetic antioxidants were used as a reference for radical scavenging activity. Results are expressed as mean
+ SD of triplicate measurements. Means with different letters (a-e) in the same column represent significant differences
atp <0.05.

Table 3 Correlation coefficients (r) between phytochemical contents and different antioxidant assays.
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