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Abstract
Background and Objective: Study on medicinal plant extract is gradually interested and distributed, especially their biological activities.
The present study aimed to determine the enzyme inhibition and antimicrobial activities of the fractionated extracts of wild grape
(Ampelocissus martinii Planch.) seeds. Materials and Methods: Wild grape seeds in different growth stages were extracted with methanol
before fractionation by silica gel chromatography. The anti-glucosidase and anti-tyrosinase enzyme activities of the extracts were then
tested by using UV-Vis spectrophotometry and antimicrobial activities were observed from MIC, MBC values and time killing assay.
Results: The sub-fraction of immature stage eluted by ethyl acetate/methanol at 75/25 (%v/v) has the highest enzyme inhibition activity
and the most potent efficiency for time kills profiles. The MIC values of the potent immature, mature and ripe fractioned extracts were
ranging from 1.25-50.00, 1.25-50.00 and 1.56-25.00 mg mLG1, respectively, while the MBC values ranged from 3.12-6.25, 3.12-25.00 and
3.12-25.00 mg mLG1, respectively. Conclusion: The wild grape seed composed of "-glucosidase and tyrosinase inhibition and antibacterial
activities compounds. The wild grape seed extracts may be used as active ingredients sources of health-supporting products or cosmetics.
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INTRODUCTION

Methods
Crude extract and fractionation: The extraction process was

The medicinal plants or herbs are popularly used for

and

performed by following the previous report4 with slight
modification. The mixture solution of methanol:HCl (99:1 v/v)
was used as a solvent. A rotary vacuum evaporator was used
for concentration of the solvent. The obtained crude extract
was dissolved in methanol and loaded on a 60×4.5 cm i.d.,
glass column packed with silica gel (60-200 mesh). The
column was then eluted with the different polarity of solvent
mixtures of ethyl acetate/methanol in different ratios. The
absorbance at 280 nm was performed to identify each
fraction. Sub-fractions were stored at -4EC until analysis.

During the past decade, different types of health

Tyrosinase inhibition activity assay: The tyrosinase inhibition

supplement products from grape, especially seed extracts

of the extracts was performed by following the previous
report22 with some modifications. A tyrosinase substrate,
DOPA was mixed with the enzyme and extracts. The reaction
was measured absorbance at 475 nm. All samples were
analyzed in triplicate. Kojic acid was used as positive control
and expressed the tyrosinase inhibition activity as an IC50
value.

health promotion, personalized treatment and disease
prevention worldwide1. The active ingredients in plants are
known as phytochemicals. They have been proved for using
in medicinal and nutritional applications1,2. The substances
obtained from plants are huge groups including; phenolics,
flavonoids, quinines, tannins, alkaloids, terpenoids, saponins,
phytosterols and plant essentials oils3-5. These substances
showed various biological activities such as; antioxidant,
antibacterial,

anti-inflammatory,

anti-diabetic

anti-aging6-11.

have been produced and commercially advertised4,12,13. Many
studies of phytochemicals extracted from grapes have been
reported14-18, confirming that all parts of grapes have high
phytochemical contents4. The authors are interested in
phytochemicals found in a native herb, namely “wild grape
(Ampelocissus martinii Planch.)”. This plant has a long history
of use as an herb in the north and northeast of Thailand. Its
stem, fruit and leaf were similar with the planted grape. The
previous study indicated that the fruit extracts of wild grapes
have a high content of phytochemicals and biological
activities such as; antioxidant and antibacterial19-21. However,
a widely detailing study on the biological activity of the wild
grape is necessary in order to increase its efficiency. Therefore,
this study the crude extract of wild grape seed was firstly
fractionated by using silica gel column chromatography. The
obtained fractions were then analyzed for antioxidant, antiglucosidase and anti-tyrosinase inhibition and antibacterial
activities.

Alpha-glucosidase

inhibition

activity

assay:

The

"-glucosidase inhibition activity of the samples were
determined by following the previous report23. The p-NPG was
used as an enzyme substrate. The reaction was stopped by
adding sodium carbonate solution. The "-glucosidase activity
was determined by measuring the p-nitrophenol release from
p-NPG by using absorbance measurements made at 405 nm.
Acarbose was used as positive control. The "-glucosidase
inhibitory activity was expressed as an IC 50 value.
Antibacterial activity assay
Test bacteria and fungi: The eight reference strains of

MATERIALS AND METHODS
This study done for six months from 1st September, 2018
to 29 February, 2019. The experiment performed at the
Department of Chemistry, Faculty of Science, Mahasarakham
University, Thailand.

bacteria including; Bacillus cereus ATCC 11778, Escherichia
coli ATCC 25922, Salmonella Typhi DMST 22842, Shigella
dysenteriae DMST 15110, S. flexneri DMST 4423, methicillin
susceptible Staphylococcus aureus (MSSA) DMST 2933,
methicillin resistant Staphylococcus aureus (MRSA) DMST
20651 and Vibrio cholerae (O1) DMST 9700 were used in this
study. One strain of pathogenic fungus Candida albicans
NCYC854 was also included in this study.

Materials: The wild grape (Ampelocissus martinii Planch.)
fruits at different growth stages (immature, mature and ripe)

Preliminary screening for antibacterial activity: The extracts

were collected from September-October, 2018, from Roi-Et

were screened for activity against eight pathogenic bacteria
and one pathogenic fungus using an agar well diffusion
method by following the previous report24. The inhibition
zones in each plate were measured compared with the
reference standards antibiotic tetracycline at concentrations

province, Thailand. They were separated seeds and pulps and
only seeds were dried and ground by using a mortar and then
stored at room temperature in desiccators until further
analysis.
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of 250 µg mLG1 (for bacteria) and amphotericin B at
concentrations of 25 µg mLG1 (for fungi). Minimum Inhibitory
Concentrations (MICs) and Minimum Bactericidal
Concentrations (MBCs) were determined by using the
microdilution method as previously described24,25.
Time-kill assay: The best extract was selected to investigate
for the antibacterial or fungal activity using time-kill assay by
a method modified from White et al.26 and Perim et al.27. The
effects of the most potent extract on the cell morphology of
pathogens were also investigated by using a Scanning
Electron Microscope (SEM).
Statistical analysis: The mean±Standard Deviation (SD) and
Duncanʼs new multiple range tests were used to evaluate the
significant differences with p<0.05. Pearsonʼs correlation
coefficient (r) used to indicate data correlation.
RESULTS
Enzyme inhibition activity: As shown in Table 1, the crude
extracts of all stages showed higher "-glucosidase inhibition
activity than standard acarbose, which has the highest activity
in the crude extract of the mature stage. Among all
fractionated extracts, the extract of immature stage eluted by
methanol (G-Fr5) has the highest "-glucosidase inhibition
activity. Comparison between the growth stages, the
"-glucosidase inhibition activity was followed by immature

>mature>ripe extracts. The mixture of ethyl acetate and
methanol with an equal ratio (50:50 %v/v) could be extracted
the substances containing higher "-glucosidase inhibition
activity than other systems. The fractionated extracts in all
stages have averaged lower tyrosinase inhibition activity
than kojic acid. The modulate tyrosinase inhibition activity
found in immature and mature stages eluting by ethyl
acetate/methanol at 75/25 and 50/50 (v/v) with IC50 values in
the range of about 440-824 µg mLG1.
Preliminary screening for antimicrobial activity: As shown
in Table 2, some of the fractionated extracts exhibited
antibacterial activity against two strains of Gram-negative
bacteria (V. cholerae O1 DMST 9700 and S. dysenteriae DMST
15110) and three strains of Gram-positive bacteria (S. aureus
(MSSA) DMST 2933, S. aureus (MRSA) DMST 20651 and
B. cereus ATCC 11778). In contrast, no antifungal activity
against C. albicans NCYC 854 was observed. Among the
immature fractioned extracts, the fraction eluted by ethyl
acetate:methanol of 75:25 (%v/v, G-Fr2) showed more
significant potent activity against 4 of the bacterial strains,
V. cholera O1 DMST 9700, B. cereus ATCC 11778, S. aureus
(MSSA) DMST 2933 and S. aureus (MRSA) DMST 20651. For
mature (R) and ripe (B) fractioned extracts, the fraction eluted
by ethyl acetate:methanol of 75:25 (%v/v, R-Fr2) and ethyl
acetate (B-Fr1) extracts had more excellent antibacterial
activity than those of the mature and ripe fractioned.
Interestingly, the test bacteria, S. aureus (MRSA) DMST 20651

Table 1: Fractionation yields and "-glucosidase and tyrosinase inhibition activities of fractionated wild grape seed extracts
Extracts
G-crude

"-glucosidase IC50 (µg mLG1)

Extract yield (%)

49.5±1.3bcd

5.85

1558.3±55.7j

G-Fr1

27.71

96.9±0.5

752.4±7.4f

G-Fr2

14.46

78.8±3.2ef

449.4±6.6b

G-Fr3

8.55

29.5±0.8ab

448.9±4.3b

G-Fr4

fg

Tyrosinase IC50 (µg mLG1)

g

4.46

511.1±11.7c

113.2±0.9

a

508.8±4.2c

G-Fr5

2.89

13.1±0.2

R-crude

6.17

44.7±1.2bc

1285.4±48.4i

32.00

68. 9±2.5de

667.9±10.2e

R-Fr1
R-Fr2

14.29

40.5±2.2

439.4±5.0b

R-Fr3

9.14

32.6±0.9ab

447.4±19.8b

R-Fr4

4.86

91.3±2.1fg

552.7±9.6d

R-Fr5

h

2.14

B-crude

11.20

B-Fr1

10.81

B-Fr2

bc

662.3±21.6e

185.6±9.3

60.4±2.6cde
171.4±1.2h

30.95

1229.8±13.9h
480.2±13.2bc

fg

736.4±33.5f

ab

94.2±1.4

B-Fr3

6.76

36.0±0.7

653.5±10.5e

B-Fr4

3.38

217.9±5.0i

591.9±11.1d

B-Fr5

1.89

1917.0±50.3j

824.3±52.6g

i

Acarbose

933.9±14.3

94.3±0.4a

Kojic acid

Results are expressed as mean±SD of triplicate measurements. Means with different letters in the same column represent significant differences at p<0.05, G (green):
Immature stage, R (red): Mature stage, B (black): Ripe stage, F: Sub-fraction
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Table 2: Screening of antibacterial and antifungal activity of the extract against pathogenic bacteria and fungal strains
Diameter of inhibition zone (mm)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. aureus

S. aureus

E. coli

S. typhi

V. cholerae

B. cereus

S. fleneri

S. dysenteriae

C. albicans

Extracts

MSSA 2933

MRSA 20651

ATCC 25922

DMST 22842

O1 DMST 9700

ATCC 11778

DMST 4423

DMST 15110

NCYC 854

G-crude

13×13

13×13

--

-

-

13×13

-

-

-

G-Fr1

10×10

11×11

-

-

-

10×10

-

-

-

G-Fr2

17×17

18×18

-

-

11×11

16×16

-

-

-

G-Fr3

13×13

11×11

-

-

-

13×13

-

-

-

G-Fr4

17×17

17×17

-

-

-

-

-

17×17

-

G-Fr5

15×15

20×20

-

-

-

12×12

-

16×16

-

R-crude

13×13

18×18

-

-

-

13×13

-

-

-

R-Fr1

-

11×11

-

-

-

12×12

-

-

-

R-Fr2

17×17

22×22

-

-

11×11

15×15

-

14×14

-

R-Fr3

15×15

18×18

-

-

-

14×14

-

-

-

R-Fr4

15×15

17×17

-

-

-

10×10

-

-

-

R-Fr5

-

15×15

-

-

-

-

-

11×11

-

B-crude

-

12×12

-

-

-

13×13

-

-

-

B-Fr1

13×13

20×20

-

-

11×11

14×14

-

11×11

-

B-Fr2

12×12

12×12

-

-

-

13×13

-

-

-

B-Fr3

-

-

-

-

-

-

-

-

-

B-Fr4

-

-

-

-

-

-

-

-

-

B-Fr5

-

15×15

-

-

-

-

-

-

-

Ethanol
Tetracycline
Amphotericin B

-

-

-

-

-

-

-

-

-

37×37

13×13

-

-

38×38

35×35

10×10

10×10

ND

ND

ND

ND

ND

ND

ND

ND

ND

12×12

ND: Not determined
Table 3: MIC and MBC values of selected extracts against 5 strains of Gram-positive and Gram-negative pathogenic bacteria
MIC/MBC (mg mLG1)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. aureus

S. aureus

B. cereus

S. dysenteriae

V. cholerae

Extracts

MSSA 2933

MRSA 20651

ATCC 11778

DMST 15110

O1 DMST 9700

G-crude

3.12/3.12

3.12/25.00

3.12/3.12

ND

ND

G-Fr1

25.00/>50.00

50.00/50.00

50.00/50.00

ND

ND

G-Fr2

3.12/3.12

3.12/3.12

3.12/6.25

ND

3.12/3.12

G-Fr3

6.25/6.25

3.12/3.12

6.25/6.25

ND

ND

G-Fr4

3.12/3.12

1.56/1.56

ND

25.00/25.00

ND

G-Fr5

2.50/5.00

1.25/1.25

1.25/1.25

20.00/10.00

ND

R-crude

3.12/3.12

3.12/3.12

3.12/3.12

ND

ND

R-Fr1

ND

50.00/50.00

50.00/50.00

ND

ND

R-Fr2

3.12/3.12

3.12/3.12

3.12/3.12

3.12/25.00

3.12/3.12

R-Fr3

3.12/3.12

3.12/3.12

3.12/3.12

ND

ND

R-Fr4

1.25/1.25

1.25/1.25

1.25/1.25

ND

ND

R-Fr5

ND

5.00/5.00

ND

10.00/10.00

ND

B-crude

ND

3.12/3.12

6.25/6.25

ND

ND

B-Fr1

3.12/3.12

3.12/3.12

6.25/6.25

3.12/25.00

1.56/1.56

B-Fr2

ND

ND

ND

ND

ND

B-Fr3

ND

ND

ND

ND

ND

B-Fr4

ND

ND

ND

ND

ND

B-Fr5

ND

ND

ND

ND

ND

MIC: Minimum inhibition concentration, MBC: Minimum bactericidal concentration

were more sensitive to the mention fractionated extracts

whereas, the MIC values of the potent mature and ripe

above (G-Fr2, R-Fr2 and B-Fr1) than tetracycline.

extracts were 1.25-50 and 1.56-25 mg mLG1, respectively.

Table 3 showed the MIC and MBC values of the selected

The MIC value of immature fraction eluted by ethyl

fractions on bacterial. The MIC value of the potent immature

acetate:methanol of 75:25 (%v/v, G-Fr2) had higher potent

1

fractioned extracts were ranging from 1.25-50 mg mLG ,

activity against all tested bacterial strains, but it showed quite
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18

(a)
1

Survivors (Log10 CFU mLG )

10

(a)

16

B-Fr1
G-Fr2
R-Fr2
Compared to an untreated control
1
Tetracycline concentration (250 µg mLG )

12

1

Survivors (Log10 CFU mLG )

14

8
6
4

1HMIC
2HMIC
4HMIC
Compared to an untreated control
1
Tetracycline concentration (250 µg mLG )

14
12
10
8
6
4
2

2

0

0
20

18

(b)
Survivors (Log10 CFU mLG )

1

1

Survivors (Log10 CFU mLG )

16
14
12
10
8
6
4

12
10
8
6
4

0

0
18

16

(c)

16

(c)

14
Survivors (Log10 CFU mLG )

14

1

1

14

2

2

Survivors (Log10 CFU mL G )

(b)

16

18

12
10
8
6
4

12
10
8
6
4
2

2
0

0

0

2

4

24

0

Time (h)

2

4

24

Time (h)

Fig. 1(a-c): In vitro antibacterial activity of the extract
against (a) Staphylococcus aureus (MSSA) DMST
2933, (b) S. aureus (MRSA) DMST 20651 and
(c) B. cereus ATCC 11778 at concentrations of

Fig. 2(a-c): In vitro bacteriostatic activity of the extract G-Fr2
against (a) Staphylococcus aureus (MSSA) DMST
2933, (b) S. aureus (MRSA) DMST 20651 and
(c) B. cereus ATCC 11778 at various concentrations

1×MIC of the extract
Time-kill assay: The time-kill assay of the best antibacterial
a low MIC value (3.12 mg mLG1). Moreover, the fractions eluted
by ethyl acetate:methanol of 75:25 (%v/v, R-Fr2) and ethyl
acetate (B-Fr1) had lower MICs value against the tested
bacterial strains than those of the mature and ripe fractioned.
A similar pattern of results was observed with the MBC values.
The greatest potential efficiency for fractionated extracts of
each growth state (G-Fr2, R-Fr2 and B-Fr1) gave the lowest
MBC values. The MBC values of the G-Fr2, R-Fr2 and B-Fr1
fractioned extracts ranged from 3.12-6.25, 3.12-25.00 and
3.12-25.00 mg mLG1, respectively.

activity of the fractionated extracts was shown in Fig. 1. The
G-Fr2 fractioned at 1x MIC of the extract had the bacteriostatic
activity against only bacterial pathogen S. aureus (MSSA)
DMST 2933, whereas, no activity against S. aureus (MRSA)
DMST 20651 and B. cereus ATCC 11778 (Fig. 1a-c). The 1x MIC
of R-Fr2 and B-Fr1 fractioned extracts did not show
antibacterial activity against S. aureus (MSSA) DMST 2933
(Fig. 1a), S. aureus (MRSA) DMST 20651 (Fig. 1b) and B. cereus
ATCC 11778 (Fig. 1c). Therefore, the G-Fr2 fractioned extract
was chosen for further investigations.
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(b)

(a)

(c)

(d)

(e)

(f)

(h)

(g)

(j)

(i)

Fig. 3(a-j): Scanning electron micrographs of (a-e) Staphylococcus aureus (MSSA) DMST 2933 and (f-j) S. aureus (MRSA)
DMST 20651 after treatment with the extract at 2×MIC of (c and h) extract B-Fr1, (d and i) G-Fr2, (e and j) R-Fr2 and
(b and g) Antibiotic tetracycline at 250 µg mLG1 compared with the (a and f) Untreated control
1071
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(b)

(a)

(d)

(c)

(e)

Fig. 4(a-e): Scanning electron micrographs of B. cereus ATCC 11778 after treatment with (a) Untreated control, (b) Antibiotic
tetracycline at 250 µg mLG1, (c) Extract B-Fr1, (d) G-Fr2 and (e) R-Fr2 at 2×MIC
Figure 2a-c showed the bacteriostatic or bactericidal of
the various concentrations (1×, 2× and 4×MIC) of the
G-Fr2 fractioned extract was investigated. The results
showed that the extract at concentration of 2× and 4× MIC
had the bacteriostatic activity against both S. aureus strains
and B. cereus ATCC 11778. The result suggested that the
G-Fr2 fractioned extract has time and a concentrationdependent bacteriostatic activity against S. aureus (MSSA)
DMST 2933, S. aureus (MRSA) DMST 20651 and B. cereus ATCC
11778.
Effects of the extracts on morphology of bacteria: Figure 3a-j
showed effects of the fractionated extracts on cell
morphology of bacteria. Untreated control cells appeared
undamaged (Fig. 3a and f), whereas, the treatment of both
strains of S. aureus with 2×MIC levels of all extracts induced
several alterations, some bacterial cells increased or decreased
in size (Fig. 3c-e and h-j). Similar morphological alterations
occurred when these bacterial pathogens were treated with
the antibiotic tetracycline (Fig. 3b and g).
Figure 4 showed the morphology of B. cereus ATCC
11778 after treatment with 2× MIC level of the G-Fr2, R-Fr2
and B-Fr1 fractioned extracts. Untreated control cells appeared
undamaged (Fig. 4a), while the B. cereus ATCC 11778 cells
treated with antibiotic tetracycline, cell lysis or bacterial cell
cavities was observed (Fig. 4b). The B. cereus ATCC 11778 cell
shape was abnormal when compared with their original size

(Fig. 4c-e). Moreover, some other cells appearing collapsed
were observed in the G-Fr2 fractioned extract treatment
(Fig. 4d).
DISCUSSION
Attractive in biological activities of plant extracts have
focused according to their safety for using on human health.
From the past until now, natural products, mainly plants have
been used in traditional medicine28. The plants composed of
several phytochemicals that possess various biological
effects29. In this study, the methanolic extracts of different
growth stage wild grape seeds were fractionated via silica gel
column chromatography. The variable yields of the
fractionated extracts were obtained. This may be affected
from polarity of the mobile phase using for fractionation of the
extract30. Plants are rich in phytochemicals, which widely used
as medicinal remedies31. Besides biological activities, anti-"glucosidase activity was chosen as like as anti-tyrosinase. The
reason for choosing these two enzymes are searching for
plants materials could be helped to protect diabetes and as
cosmetics ingredient. The results indicated that the wild
grape seed extracts in all growth stages have a high potential
for "-glucosidase inhibition activity. The obtained results
were in agreement with previous reports about grape seed32
and skin33 extracts that showed higher "-glucosidase
inhibition activity than acarbose. On the other hand, similar
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potential activity to peel extract of Citrus mitis Blanco
(IC50 = 870 µg mLG1)34 and Hawthorn berry seed extract
(IC50 = 870 µg mLG1)35 on the inhibition of tyrosinase activity.
Many reports indicated that natural products could be
inhibited various types of micro-organisms. These alterations
and antibacterial activity against bacterial pathogens may be
due to the phytochemical constituent involving total phenolic
and flavonoid compounds that present in wild grape fruit36.
Phenolic compounds play an essential role in inhibiting
bacterial growth by disrupting the bacterial cytoplasmic
membrane, then causing a change in membrane permeability
and finally causing leakage of constituents such as; proteins,
nucleic acids and inorganic ions37. Flavonoids could inhibit
bacterial pathogens by many actions such as; inhibit of DNA
gyrase, inhibit cytoplasmic membrane function and inhibit of
energy metabolism38.
In the future study, characterization and quantification of
phenolic components in each sub-fraction and in vivo assay
for biological activity were performed to obtain more
information on the active compounds containing in the
fractionated extracts of wild grape seeds.

3.

CONCLUSION

6.

REFERENCES
1.

Sen, S. and R. Chakraborty, 2016. Revival, modernization and
integration of Indian traditional herbal medicine in clinical
practice: Importance, challenges and future. J. Tradit
Complement Med., 7: 234-244.

2.

Saucedo-Pompa, S., J.A. Torres-Castillo, C. Castro-López,
R. Rojas and E.J. Sanchez-Alejo et al., 2018. Moringa plants:
Bioactive compounds and promising applications in food
products. Food Res. Int., 111: 438-450.
King,

A.

and

G.

Young,

1999. Characteristics and

occurrence of phenolic phytochemicals. J. Am. Dietetic
Assoc., 99: 213-218.
4.

Farhadi, K., F. Esmaeilzadeh, M. Hatami, M. Forough and
R. Molaie, 2016. Determination of phenolic compounds
content and antioxidant activity in skin, pulp, seed, cane and
leaf of five native grape cultivars in West Azerbaijan province,
Iran. Food Chem., 199: 847-855.

5.

Amin, S.M., H.M. Hassan, A.E-NG. El-Gendy, A.A. El-Beih and
T.A. Mohamed et al., 2019. Comparative chemical study
and

antimicrobial

activity

of

essential

oils of three

Artemisia species from Egypt and Saudi Arabia. Flavour
Fragr. J., 34: 450-459.
Alma, M.H., A. Mavi, A. Yildirim, M. Digrak and T. Hirata, 2003.
Screening chemical composition and in vitro antioxidant

This study indicated that the fractionated extracts of the
immature (G-Fr2) wild grape seeds have significant potent
"-glucosidase inhibition activity and has modulate tyrosinase
inhibition activity. The G-Fr2 sub-fraction showed
bacteriostatic activity and caused affection on abnormal shape
and size of bacterial cells.

and antimicrobial activities of the essential oils from

Origanum syriacum L. growing in Turkey. Biol. Pharm. Bull.,
26: 1725-1729.
7.

Ignea, C., C.M. DorobanÛu, C.P. Mintoff, N. Branza-Nichita and
M.R.

Ladomery

et al ., 2013. Modulation of the

antioxidant/pro-oxidant balance, cytotoxicity and antiviral
actions of grape seed extracts. Food Chem., 141: 3967-3976.
8.

SIGNIFICANCE STATEMENT

Sahpazidou, D., G.D. Geromichalos, D. Stagos, A. Apostolou
and S.A. Haroutounian et al., 2014. Anticarcinogenic activity

This study discovers the enzyme inhibition and
antimicrobial activities of the fractionated extracts of wild
grape seed that can be beneficial for use as active ingredients
in health supplement products or cosmetics. This study will
help the researcher to uncover the critical areas of natural
products from local wisdom that many researchers were not
able to explore. Thus, a new information on biological
activities of wild grape seed fractionated extracts may be
arrived at.

of polyphenolic extracts from grape stems against breast,
colon, renal and thyroid

cancer

cells. Toxicol. Lett.,

230: 218-224.
9.

Guetat, A., F.A. Al-Ghamdi and A.K. Osman, 2017. The genus

Artemisia L. in the northern region of Saudi Arabia: Essential
oil variability and antibacterial activities. Nat. Prod. Res.,
31: 598-603.
10. El-Gawad, A.A., A. Elshamy, A.E. Gendy, Abd El-Nasser El
Gendy and A. Assaeed, 2019. Volatiles profiling, allelopathic
activity, and antioxidant potentiality of Xanthium strumarium
leaves essential oil from Egypt: Evidence from chemometrics

ACKNOWLEDGMENT

analysis. Molecules, 24: 584. 10.3390/molecules24030584.
11. Elshamy, A.I., A.M. Abd El-Gawad, A.E.NG El-Gendy and

This research was financially supported by Mahasarakham
University (Grant year 2019). The authors would like to thank
the Center of Excellence for Innovation in Chemistry
(PERCH-CIC), Thailand for partial financial support.
1073

A.M.

Assaeed,

2019.

Chemical

characterization

of

Euphorbia heterophylla L. essential oils and their antioxidant
activity and allelopathic potential on Cenchrus echinatus L.
Chem. Biodivers., 10.1002/cbdv.201900051

Pak. J. Biol. Sci., 23 (8): 1066-1074, 2020
12. Poudel, P.R., H. Tamura, I. Kataoka and R. Mochioka, 2008.
Phenolic compounds and antioxidant activities of skins
and seeds of five wild grapes and two hybrids native to
Japan. J. Food Comp. Anal., 21: 622-625.
13. Perumalla, A.V.S. and N.S. Hettiarachchy, 2011. Green tea and
grape seed extracts-Potential applications in food safety and
quality. Food Res. Int., 44: 827-839.
14. Pastrana-Bonilla, E., C.C. Akoh, S. Sellappan and G. Krewer,
2003. Phenolic content and antioxidant capacity of
muscadine grapes. J. Agric. Food Chem., 51: 5497-5503.
15. Yang, J., T.E. Martinson and R.H. Liu, 2009. Phytochemical
profiles and antioxidant activities of wine grapes. Food
Chem., 116: 332-339.
16. Dani, C., L.S. Oliboni, F. Agostini, C. Funchal and L. Serafini
et al., 2010. Phenolic content of grapevine leaves (Vitis
labrusca var. Bordo) and its neuroprotective effect against
peroxide damage. Toxicol. In Vitro, 24: 148-153.
17. Apostolou, A., D. Stagos, E. Galitsiou, A. Spyrou and
S. Haroutounian et al., 2013. Assessment of polyphenolic
content, antioxidant activity, protection against ROS-induced
DNA damage and anticancer activity of Vitis vinifera stem
extracts. Food Chem. Toxicol., 61: 60-68.
18. Antoniolli, A., A.R. Fontana, P. Piccoli and R. Bottini, 2015.
Characterization of polyphenols and evaluation of
antioxidant capacity in grape pomace of the cv. Malbec. Food
Chem., 178: 172-178.
19. Jenjira, J., S. Apidech and S. Prasong, 2013. Phytochemical
and biological activities in fresh juice extracts of wild grape
(Ampelocissus martini planch.) fruits. Int. J. Res. Ayurveda
Pharm., 4: 337-341.
20. Yardpiroon, B., S. Aphidech and S. Prasong, 2014.
Phytochemical and biological activities of the wild grape fruit
extracts using different solvents. Br. J. Pharm. Res., 4: 23-36.
21. Simchuer, W. and P. Srihanam, 2018. Phytosterol screening of
skin and seed extracts of wild grape Ampelocissus martinii
planch. fruits. Orient. J. Chem., 34: 875-880.
22. Chen, B.J., M.J. Shi, S. Cui, S.X. Hao, R.C. Hider and T. Zhou,
2016. Improved antioxidant and anti-tyrosinase activity of
polysaccharide from Sargassum fusiforme by degradation.
Int. J. Biol. Macromol., 299: 124985. 92: 715-722.
23. Obaroakpo, J.U., L. Liu, S. Zhang, J. Lu, X. Pang and J. Lv, 2019.
"-glucosidase and ACE dual inhibitory protein hydrolysates
and peptide fractions of sprouted quinoa yoghurt beverages
inoculated with Lactobacillus casei. Food Chem.,
10.1016/j.foodchem.2019.124985
24. Sangdee, K., W. Nakbanpote and A. Sangdee, 2015. Isolation
of the entomopathogenic fungal strain Cod-MK1201 from a
cicada nymph and assessment of its antibacterial activities.
Int. J. Med. Mushrooms, 17: 51-63.
25. Sangdee, A., K. Sangdee, B. Buranrat and S. Thammawat,
2018. Effects of mycelial extract and crude protein of the
medicinal mushroom, Ophiocordyceps sobolifera, on the
pathogenic fungus, Candida albicans. Trop. J. Pharm. Res.,
17: 2449-2454.

26. White, R.L., D.S. Burgess, M. Manduru and J.A. Bosso, 1996.
Comparison of three different in vitro methods of detecting
synergy: Time-kill, checkerboard and E test. Antimicrob.
Agents Chemother., 40: 1914-1918.
27. Perim, M.C., J.D.C. Borges, E.M.L.D. Silva, T.A.D.S. Araújo and
A.C.O.D. Silva et al., 2019. In vitro antibacterial and time-kill
assay of ethanolic extract of Davilla nitida bark on multidrug
resistant bacteria isolated from diabetic foot lesions. Nat.
Prod. Res., 33: 2383-2388.
28. Mamun, A.A., M. Hossain, A. Islam, S. Zaman and M.S. Uddin,
2017. Asparagus racemosus Linn. Potentiates the
hypolipidemic and hepatoprotective activity of fenofibrate in
alloxan-induced diabetic rats. Plant, 5: 1-12.
29. Sufian, M.A., M.R. Islam, T.K. Chowdhury, A. Rahman, M.S.
Uddin, S.F. Koly and M.S. Sarwar, 2017. Investigation of in vivo
analgesic, anti-inflammatory, in vitro membrane stabilizing
and thrombolytic activities of Atylosia scarabaeoides and
Crotalaria spectabilis leaves. J. Pharmacol. Toxicol., 12:
120-128.
30. Zahradníková, L., Š. Schmidt, Z. Sékelyová and S. Sekretár,
2018. Fractionation and identification of some phenolics
extracted from evening primrose seed meal. Czech J. Food
Sci., 26: 58-64.
31. Abbas, Z.K., S. Saggu, M.I. Sakeran, N. Zidan, H. Rehman and
A.A. Ansari, 2015. Phytochemical, antioxidant and mineral
composition of hydroalcoholic extract of chicory
(Cichorium intybus L.) leaves. Saudi J. Biol. Sci., 22: 322-326.
32. Yilmazer-Musa, M., A.M. Griffith, A.J. Michels, E. Schneider
and B. Frei, 2012. Grape seed and tea extracts and
catechin 3-gallates are potent inhibitors of "-amylase and
"-glucosidase activity. J. Agric. Food Chem., 60: 8924-8926.
33. Lavelli, V., P.S.C. Sri Harsha, P. Ferranti, A. Scarafoni and
S. Iametti, 2016. Grape skin phenolics as inhibitors of
mammalian "-glucosidase and "-amylase ‒ effect of food
matrix and processing on efficacy. Food Funct., 7: 1655-1663.
34. Lou, S.N., M.W. Yu and C.T. Ho, 2012. Tyrosinase inhibitory
components of immature calamondin peel. Food Chem.,
135: 1091-1096.
35. Huang, X.X., Q.B. Liu, J. Wu, L.H. Yu and Q. Cong et al., 2014.
Antioxidant and tyrosinase inhibitory effects of neolignan
glycosides from Crataegus pinnatifida seeds. Planta Med.,
80: 1732-1738.
36. Cosme, F., T. Pinto and A. Vilela, 2018. Phenolic compounds
and antioxidant activity in grape juices: A chemical and
sensory view. Beverages, 10.3390/beverages4010022
37. Johnston, M.D., G.W. Hanlon, S.P. Denyer and R.J.W. Lambert,
2003. Membrane damage to bacteria caused by single and
combined biocides. J. Appl. Microbiol., 94: 1015-1023.
38. Cushnie, T.P.T. and A.J. Lamb, 2005. Antimicrobial activity of
flavonoids. Int. J. Antimicrob. Agents, 26: 343-356.

1074

