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ABSTRACT
Red Vitis Vinifera pulp has major components such as Organic acids, Malate, Tartrate and Sugars and contains
higher moisture content. Our work is designed to identify the possible phytochemicals compounds present in the
methanolic extract of red grape pulp by using GCMS along with functional group analysis through FTIR. From the
GCMS analysis of red Vitis Vinifera pulp nearly 61 compounds were identified. By FTIR analysis, strong
absorption band was found at 3400 cm–1, which represents the amine groups and ketones at a frequency of
1066.02 cm–1 gave maximum peaks. Hence, we can conclude that the red Vitis Vinifera pulp extract is rich in
amines, ether and ester groups.
KEYWORDS: GCMS, FTIR, spectral analysis, NIST.
1.

INTRODUCTION

Red Grapes or Vitis vinifera is a Berry fruit and belongs
to the group of versatile fruits which are used in a wide
range as popular foods - from raisins to jelly to wine.
Over 72 million tons of grapes are grown every year and
7.2 trillion gallons of wine is produced. Grapes are rich
source of many vital nutrients and anti-oxidants.[1] Many
berry fruit together form a bunch of grapes. The essential
parts of fruit are Peel, Pulp, and Seeds. Inside the skin
layer is the Pulp or flesh. Cells in the pulp have cell sap
with large vacuoles. When berries are crushed, the cells
break to release the juice in the pulp. The pulp majorly
contains water (65%-85% of grape weight), sugars
(15%-25%), it directs the sweetness. It is attributed to
different mix of acids such as malic acid, tartaric acid,
succinic acid, ascorbic acid, citric acid, phenols, and
flavonoids.[2] These are considered to have biological
properties, not only limited to anti-oxidant, antiinflammatory, anti-cancer, antimicrobial, antiviral,
cardioprotective,
neuroprotective,
hepatoprotective
activities but also as a nutraceuticals.[3]
GC-MS is a method that couples two different analytical
techniques, gas-liquid chromatography and mass
spectrometry to identify different phytochemical
compounds present in a test sample. GC can separate
volatile as well as semi-volatile compounds with higher
resolution, but it cannot identify them. MS can be used to
obtain structural information of the compound, but it
cannot separate readily. It is used to analyse complex
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biochemical and organic mixtures and it is also highly
compatible.[4] Infrared spectroscopy is most powerful
technique for materials analysis and used in the
laboratories. Infrared absorption spectroscopy is the
study of interaction of infrared radiation with matter as a
function of photon frequency. Fourier Transform
Infrared Spectroscopy (FTIR) ensures accurate
information about the rotation, vibration, of the particular
chemical bonding and molecular structures, thereby
helping to analyze inorganic as well as organic
compounds. An infrared spectrum relates sample
fingerprint with absorption peaks which corresponds the
frequencies of vibrating mode among the bonds of the
atoms that it is made up of. Each different material is a
combinational mix of atoms; no two compounds produce
the exact same infrared spectrum. Therefore, infrared
spectroscopy can be used for qualitative analysis
identification of test samples. In addition, the size of the
peaks determined by the spectrum is a directly
proportional to the amount of material present in the test
sample. With modern software algorithms, infrared is an
excellent tool for quantitative analysis. It is most
important technique for identification of the functional
groups present in the sample. The characteristic of
chemical bond can be analysed by different wavelength
of light absorbed.[5]
Our present work was aimed to identify the possible
phytochemical compounds using GCMS along with its
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functional groups using FTIR, present in the methanolic
extract of red grape pulp.
2.

MATERIALS AND METHODOLOGY

2.1. Preparation of plant materials and extract for In
Vitro studies
The Red Vitis Vinifera is collected from The
Horticultural Department, University of Agricultural
sciences, Gandhi Krishi Vignan Kendra, Bangalore. 10
grams of the dried pulp material was powdered and
placed in Soxhlet extractor along with 150 ml of
methanol and refluxed at 60°C for 8hrs. The methanolic
extract was filtered through Whatmann No. 1 filter. The
filtrate was evaporated to dryness at 80°C and stored
until further analysis. For analysis, the dried material was
reconstituted in 1 ml methanol, and was subjected for
GCMS analysis [6].
2.2. Gas Chromatography-Mass Spectrometry
The methanolic extract of the Red Vitis Vinifera pulp
was subjected to analysis on a GC- MS Clarus 500
Perkin Elmer system comprising a AOC-20i autosampler
and gas chromatograph interfaced to a mass spectrometer
(GC- MS) instrument employing the following
conditions: Restek RtxR – 5, (30 meter X 0.25 mm) (5%
diphenyl / 95% dimethyl polysiloxane), running in
electron impact mode at 70 eV; helium (99. 999%) was
used as carrier gas at a constant flow of 1ml/min and an
injection volume of 1.0 µl was employed(split ratio of
10:1); injector temperature 280 0C. The oven temperature
was programmed from 40°C (isothermal for 5 min.),
with an increase of 6 0C / min to 280 0C, then ending
with an isothermal for 15min at 280°C. Mass spectra
were taken at 70 eV; 0.5 seconds of scan interval and
fragments from 40 to 550 Da. Total GC running time
was 60 minutes.

2.3. Identification of Compounds
Interpretation of mass spectrum GC-MS was done using
the database of National Institute of Standard and
technology (NIST). The spectrum of the unknown
component was compared with the spectrum of the
known components stored in the NIST library.
2.4. Fourier Transform Infrared Spectrophotometer
(FTIR) Analysis
Fourier Transform Infrared Spectrophotometer (FTIR) is
the most important and powerful tool for identifying the
functional groups present in the sample The wavelength
of light absorbed is the characteristic of the chemical
bond. The chemical bonds in a molecule can be
determined by interpreting the infrared absorption
spectrum.
Reagents required: Potassium bromide (KBr).
Control: Pong oil.
Procedure
Dried powder of methanolic solvent extract of vitis
vinifera pulp was used for FTIR analysis. 10mg of the
sample was encapsulated in 100mg of KBr pellet, to
prepare translucent sample disc. The powdered sample of
methanolic extract was loaded in FTIR spectroscope
(Burker make Tensor 27 model FT-IR, 64 scans at a
spectral resolution of 4 cm-1).
3.

RESULTS

3.1. Gas Chromatography Mass Spectrometry
(GCMS) Analysis
The GCMS chromatogram for the methanolic extract of
red grapes pulp is shown in the Figure – 1 and the
interpretation is given in Table – 1.

Figure 1: GC- MS chromatogram of red grapes pulp.
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Table 1: GC- MS chromatogram of red grape pulp.
Retention
time

Name of the compound

Peak
area

4.338

Formaldehyde, dimethylhydrazone

2.40

4.338
4.338

2.40
2.40
2.30

Flavour improvement

4.416
4.416
4.662
5.309
5.309
5.309
5.441

Thietane, 2,4-dimethylEthanimidic acid, ethyl ester
4H-Pyran-4—one,
2,3-dihydro-3,5dihydroxy-6-methyl.
Isopropyl isothiocyanate.
Propane, 1-isothiocyanato.
2-Furancarboxaldehyde, 5-methyl1,2,4 – Cyclopentanetrione, 3-methyl
4,5-Diamino-2-hydroxypyrimidine
Pyrazole-5-carboxamide, 4-amino2-(tert-Butylamino)ethanol

Lipid formulation.
Treating neurodegenerative diseases.
modified iRNA agents
Sweetener, Pesticide.
Antitumor agent. Antagonist.

2.30
2.30
0.52
0.80
0.80
0.80
0.63

5.441

Methylazoxymethanol acetate

0.63

5.590
5.590

1,3,5-Triazine-2,4,6-triamine
Thymine

6.29
6.29

5.590

4,5-Diamino-2-hydroxypyrimidine

6.29

5.734
5.734
5.734
5.884

2-Furancarboxylic acid, hydrazide
Furyl hydroxymethyl ketone
Methyl 2-furoate
Malonic acid,ethyl 2-methylpent-3 -yl ester

1.02
1.02
1.02
0.65

5.884

Silane, ethenylethoxydimethyl-

0.65

6.159

4H-Pyran-4-one,
dihydroxy-6-methyl-

9.02

Used as medicament
Used as medicament
HIV inhibiting pyrimidines derivatives
Used in ink.
Antiviral, antitumor.
Novel kinase inhibitors.
Antiviral compounds.
Methylating agent act on cell proliferation, cell
survival, DNA synthesis
Antibacterial, Antifungal
Antibacterial, Antifungal
Anti-viral, antitumor, antimetastatic immune
system
Treatment of cancer.
Prebiotic preparation.
Treatment of inflammation and pain.
No activity reported
Antimicrobial, Antibacterial agent, Biofilm
development controller.
Affect autonomic neurotransmission, blood
pressure, body activity,Anti proliferative and
pro-apoptotic effects.

4.416

2,3-dihydro-3,5-

6.441
6.441
6.626
6.626
6.938
6.938
6.938
7.004

2,4-dihydroxy2,5-dimethyl3(2H)-Furan-3- one.
Ethanamine, N- ethyl-N-nitroso2-Imidazolidinethione
Propanal, 2,3-dihydroxy-, (S)Propylamine, N,N,2,2-tetramethyl- n-oxide
2(3H) -Furanone, dihydro-4-hydroxyUrea, trimethyl2-Heptanamine, 5-methyl5—Acetoxymethyl-2-furaldehyde

7.213

Benzenemethanol, 3-fluoro-

43.87

7.213

4-Fluorobenzyl alcohol

43.87

7.411

2,5-Dimethyl-4-hydroxy-3(2H)-furanone

0.45

7.411

Cyclohexanone, 4-ethyl-

0.45

6.159

7.411
7.729
7.729
7.729

Glycine, N- (3- methyl-1- oxobutyl)-,
methyl ester
2,8,4,6-(Epoxyethanediylidenoxy)
[1,3]dioxino[5,4-]-1,3-dioxin,tetrahydro
2(3H)
-Thiazolimine,
3-hydroxy-4,5dimethyl5-Nonanone, O-methyloxime
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9.02
0.79
0.79
4.21
4.21
0.82
0.82
0.82
0.48

Activity

Flavourant analysis. Anti microbial activity, Anti
fungal.
Antitumoral agents.
Serine protease inhibitors.
CDK9 Kinase Inhibitors.
No activity reported
HIV Integrase inhibitors.
Angiotensin, Antagonists.
Cardiovascular agents.
Antibacterial agents.
Tyrosine kinase enzyme inhibitors, Antiinflammatory agents.
Effect on Lipid peroxidation, anti-microbial
activity, more scavenging activity.
Antimicrobial and cell cycle arrest activity.
Hepatitis b antiviral agent, Inhibitors of viral
replication, inhibitor of beta secretase.

0.45

Antimicrobial, Anticancer and Antioxidant.

0.63

No activity reported

0.63
0.63

HMG CoA Reductase Inhibitor, anticancer
agent, sweetener and flavouring agent.
Microsomal triglyceride transfer protein, in
treatment of benign prostatic hypertrophy.
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7.830

1,3-benzenediol, 2-chloro

3.29

7.830

2-Naphthalenol

3.29

7.830

2,6-piperazinedione, dioxime

3.29

8.022
8.022

Butanedioic acid, 2-hydroxy-2-methyl,(S)2,2-dimethylpropanoic acid, nonyl ester
2-Dimethylsilyloxytetradecane

8.483

10-Chlorodecyl (E)-2-methylbut-2-enoate.

4.44

8.483

Butanoic acid 3-butenyl ester

4.44

8.483

Succinic acid, hex-4-yn-3-yl propyl ester

4.44

8.963

Thiophene, 3- (1,1-dimethylethyl)-

12.97

8.963
8.963

12.97
12.97

10.466
11.119
11.119
11.119

Pyrimidine, 2,4,5-triamino2-Fluoro-5-methylaniline
1-isobutyl-7,
7-dimethyl-octahydroisobenzofuran-3a-ol.
Fumaric acid, pent-4-en-2-yl pentyl ester
4-Pyridinol, 2,6-dimethyl-3- [methylthio)Pyrimidine-2,4(1H,3H)-dione, 6-hydroxy-5methyliminomethyl
8-Chloro-1,2,4-triazolo(4,3-b)pyridazin-7amine
n-Hexadecanoic acid
4-Chlorophenyl isothiocyanate
2-Chlorophenyl isothiocyanate
(1,1'-Biphenyl]-3-amine

19.852

alpha-Santalol

0.80

8.022

9.508
9.508
9.508
9.573
9.573

19.852
19.852

8-Azabicyclo(3.2.1]octane-3,6-diol, 8-methyl, 3-acetate
3-Phenoxylactamide

Apoptosis-inducing agents for the treatment of
cancer and immune and autoimmune diseases.
Protease inhibitors.
Useful in treatment of ocular disorder and as
herbicide.

0.73

Bone cancer therapy, Antiaging, skin renovation.

0.73
0.73

Electrolyte salt, Used in battery industry.
Industrial Applications
Use of calendula glycosides for
the treatment of psoriasis
Used in Triazine derivatives as
herbicides
Used for arthritis and joint pain.
In cycloaddition of azides and alkynes.
Agrochemicals, anti-microbial, analgesic, antiinflammatory, antiallergic, anti-tumor activities.
Colouring agents.
Immunosuppressive agents.

0.76

No activity reported

0.76
0.76

No activity reported
No activity reported

0.96

No activity reported

0.96

No activity reported

0.58
0.59
0.59
0.59

Enzyme inhibition.
Anti microbial activity.
Agonists of APJ receptor.
No activity reported
Fragrance delivery system for liquid detergent
compositions.

0.80

No activity reported

0.80

No activity reported

3.2. Fourier Transform Infrared Spectrophotometer (FTIR) Analysis

Figure 2: Infrared spectroscopy spectrum for red grape pulp methanolic extract.

www.wjpls.org

156

Sathyamurthy et al.

World Journal of Pharmaceutical and Life Sciences

Table 2: Infrared spectroscopy table for red grape pulp methanolic extract.
S. No.
1
2
3
4
5
6
7
8
9
10
11
12

Frequency
3400.00
2932.00
1729.18
1640.19
1536.52
1413.55
1350.92
1254.89
1066.02
819.96
777.29
629.23

Group
Amines (N-H [stretching])
Alkane (C-H [stretching])
Aldehyde (C=O [stretch])
Amide (N-H [bending])
Nitro(N-O[stretch]
Amine
Amine(C-N[stretch])
Amine(C-N-[stretching])
Ether and ester (C- O- [stretching])
Alkene (=C-H[bending])
Alkyl Halide (C-Cl [Stretch])
Alkyl Halide (C-Cl [stretch])

The spectrum obtained from FTIR analysis for
methanolic extract of pulp are given in the Figure – 2 and
their group identification are given in Table – 2.
4.

DISCUSSION

4.1. Gas Chromatography Mass Spectrometry
(GCMS) Analysis
From the Figure – 1 and Table – 1 the GC-MS
chromatogram of a methanolic extract of pulp showed
nearly 63 compounds. Most of the compounds which
were reported from pulp were found to be rich in 1,3,5Triazine-2,4,6-triamine,
Thymine,
4,5-Diamino-2hydroxypyrimidine,
4H-Pyran-4-one,2,3-dihydro-3,5dihydroxy-6-methyl-, 2,4-dihydroxy-2, 5-dimethyl3(2H)-Furan-3-one, Benzenemethanol,3-fluoro-,
4Fluorobenzyl alcohol, Butanedioic acid, 2-hydroxy-2methyl-,(S)-, 2,2-dimethylpropanoic acid, nonyl ester,
2-Dimethylsilyoxytetradecane, 10-Chlorodecyl (E) -2methylbut-2-enoate, butanoic acid 3-butenyl ester,
Succinic acid, hex-4-yn-3-yl propyl ester, at retention
time 5.590, 5.590, 5.590, 6.159, 6.159, 7.213, 7.213,
8.022, 8.022, 8.022, 8.483, 8.483, 8.483, with peak area,
6.29, 6.29, 6.29, 9.02 , 9.02 , 43.87 , 43.87 , 0.73 , 0.73 ,
0.73, 4.44, 4.44 , and 4.44 respectively. As per literature
chloroform was reported as a better solvent system for
compound extraction from pulp of red grapes. Our
present study shows methanol can also be used as a
compound for extraction from pulp of red grapes.
Methanol solvent could be used along with chloroform
as solvent system for various bioactive compound
extractions. 1,3,5-triazine-2,4,6- triamine compounds
having the retention time of 5.590 and measuring the
peak area of 6.29 are used in Anti-microbial Activity,
anti-fungal.[7] Thymine having the retention time of
5.590 and measuring the peak area of 6.29 is used as
Anti-microbial activity and anti-fungal.[8]
4,5-Diamino-2-hydroxypyrimidine having the retention
time 5.590 and measuring the peak area of 6.29 is used
as anti-viral, antitumor, antimetastatic immune system.[9]
4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6methyl- having the retention time 6.159 and measuring
the peak area of 9.02 is used affect autonomic neuro
transmission, blood pressure and body activity.[10,11] 2,4-
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Intensity
Medium
Medium-Small
strong
strong
strong
Medium
Medium-weak
Medium-weak
Strong
Small
Small
Medium-weak

dihydroxy-2,5-dimethyl-3(2H)-Furan-3-one having
the retention time 6.159 and measuring the peak are of
9.02 are used as flavourant analysis, anti-microbial and
antifungal activity [12]. Benezenemethanol,3-fluorohaving th retention time 7.213 and measuring the peak
area 43.87 is used as anti-inflammatory agents and as
tyrosine kinase enzyme inhibitor.[13,14]
4-Fluorobenzyl alcohol having the retention time of
7.213 and measuring the peak are of 43.87 may be
employed as the Effect of lipid peroxidation, scavenging
activity, antimicribial activity.[15] Butanedioic acid, 2hydroxy-2-methyl-, (S) - having the retention time of
8.022 and measuring the peak area of 0.73 is used in
bone cancer therapy and Antiaging, Skin renovation.[16,17]
2, 2-dimethylpropanoic acid, nonyl ester having the
retention time 8.022 and measuring the peak area of 0.73
is used in batteries.[18] 2- Dimethylsilyloxytetradecane
having the retention time of 8.022 and measuring the
peak area of 0.73 is used in industries.[19] 10-Chloro (E)2-methylbut-2-enoate having the retention 8.483 and
measuring the peak area of 4.44 is used in treatment of
psoriasis.[20] Butanoic acid 3-butenyl ester having the
retention time of 8.483 and measuring the peak area of
4.44 is used as herbicide.[21] Succinic acid, hex-4-yn-3-yl
propyl ester having the retention time of 8.483 and
measuring the peak area of 4.44 is used for arthritis and
joint pain.[22]
4.2. Fourier Transform Infrared Spectrophotometer
(FTIR) Analysis
FT-IR spectroscopy is used to identify some qualitative
aspects regarding the organic compounds in a fruit pulp
of red grapes. Several indicator bands that are pertained
to functional groups represent chemical components or
metabolic products. From the Figure – 2 and Table – 2,
the very strong absorption bands at 3400.00 cm–1 which
is representative for N-H stretching vibrations,
characteristic of the presence of amino acids. The bands
at 2932.00 cm–1 is due to the stretching vibration of
Alkanes (–C-H) groups. The 1729.18 cm–1 band is due to
stretching vibration of Aldehyde group. The strong band
at 1640.19 cm–1 represents the bending vibrations of
Amines. The strong bands at 1536.52 cm–1 represent the
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stretching vibrations of Nitro groups. The 1413.55 cm–1
band in the samples, predict the presence of Amine. The
Medium-weak bands at 1350.92 cm–1 and 1254.89 cm–1
represent the stretching vibrations of Amines
respectively. The (C-O-) Ether and Ester groups exhibit
strong bands at 1066.02cm–1. The band at 819.96 cm–1
represents Alkene (-C=H) bending vibration. The bands
at 777.29 cm–1 and 629.23 cm–1 represent the alkyl halide
(C – Cl) stretching vibrations of small and medium-weak
intensity respectively.[23]
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3.

4.

5.

6.
5.

CONCLUSION

The GC-MS chromatogram of a methanolic extract of
red grapes pulp showed nearly 61 compounds. Most of
the compounds which were reported from Pulp were
found to be rich in 1,3,5-Triazine-2,4,6-triamine,
Thymine,4,5-Diamino-2-hydroxypyrimidine,
4HPyran- 4-one,2,3-dihydro-3,5-dihydroxy-6-methyl,2,4-dihydroxy-2,5-dimethyl- 3(2H) Furan-3- one,
Benzenemethanol,
3-fluoro-,
4-Fluorobenzyl
alcohol, Butanedioic acid, 2-hydroxy- 2-methyl,(S)-,
2,2-dimethylpropanoic acid, nonyl ester, 2Dimethylsilyoxytetradecane, 10-Chlorodecyl (E) -2methylbut-2-enoate, butanoic acid 3-butenyl ester,
Succinic acid, hex-4-yn-3-yl propyl ester, at retention
time 5.590, 5.590, 5.590, 6.159, 6.159, 7.213, 7.213,
8.022, 8.022, 8.022, 8.483, 8.483, 8.483, with peak area,
6.29 , 6.29 , 6.29, 9.02 , 9.02 , 43.87 , 43.87 , 0.73 , 0.73 ,
0.73, 4.44, 4.44 , and 4.44 respectively. Our present
study shows methanol can also be used as a compound
for extraction from red grapes pulp. Methanol solvent
could be used along with chloroform as solvent system
for various bioactive compound extractions. As per the
data analysis of FTIR from using infrared spectroscopy
correlation table for red grapes pulp methanol extract, it
was found that amines groups at the frequency of
3400.00 cm–1 and ketones at a frequency of 1066.02 cm–1
gave maximum peaks. Hence, we can conclude that the
pulp methanolic extract is rich in amines, ether and ester
groups.
6.

8.

9.

10.

11.

ACKNOWLEDGEMENT

The authors are thankful to Chemistry of Forest Division,
Institute of Wood Science and Technology, Bengaluru
for providing necessary facilities to complete this project
successfully.
7.

REFERENCES

1.

Aslanian A, Dizaji AA, Fahoomand P, Shahrary
HA, Maheri N and Rouhnavaz S. ―Characterization
of the nutritive value and protein fractions the
Cornell net carbohydrateotien system in white and
red grape (Vitis vinivera sp.) pomace‖. Research
journal of biological sciences, 2011; 6(7):
298 – 303.
Cetin E S, Altinöz D, Tarçan E, Baydar N G.
―Chemical composition of grape canes‖. Industrial
Crops and Products, 2011; 34(1): 994 – 998.

2.

7.

www.wjpls.org

12.

13.

14.

Vasil Georgiev, Anthony Ananga, Violeta Tsolova.
―Recent Advances and Uses of Grape Flavonoids as
Nutraceuticals‖. Nutrients, 2014; 6: 391 – 415.
Syed Zameer Hussain, Khushnuma Maqbool. ―GCMS: Principle, Technique and its application in Food
Science; Division of Post Harvest Technology‖. Int
J Curr Sci., 2014; 13: 116 – 126.
Choi Y, Lee J.‖ Antioxidant and antiproliferative
properties of a tocotrienol-rich fraction from grape
seeds‖. Food Chemistry, 2008; 114(4): 1386 – 1390.
Balasubramanian S, Ganesh D, Kiran K S, Prakash
K J M, Surya Narayana VVS. ―GC-MS Analysis of
Phytocomponents in the Methanolic Extract of
Mentha ardencies (Corn Mint)‖. International
Journal of Chemistry and Pharmaceutical Sciences,
2014; 2(6): 878 – 881.
Hitendra N. Patel, B. B. Baldaniya B. B. ―Synthesis
and characterizations of triazine derivative- N2,N4bis(6-bromo-1,3-benzothiazol-2-yl)-N6-Aryl-1,3,5triazine-2,4,6,-triamine, derivative of
2,4,6trimethyl-1,3,5-triazine as biological potent agents‖.
International Journal of Scientific Research in
Chemistry, 2016; 1(1): 18 – 22.
Ajmal R. Bhat. ―Biological Activity of Pyrimidine
Derivativies: A Review‖. Organic & Medicinal
Chem IJ, 2017; 2(2): 1 – 4.
Burin, V.M, Falcão L.D, Gonzaga L.V, Fett R,
Rosier J.P, Bordignon-Luiz M.T. ―Colour, phenolic
content and antioxidant activity of grape juice‖.
Food Sci. Technol, 2010; 30: 1027–1032.
Yoshinori Beppu, Hajime Komura, Takayuki Izumo,
Yuko Horii, Jiao Shen, Mamoru Tanida, Toshihiro
Nakashima, Nobuo Tsuruoka, Katsuya Nagai.
―Identification of 2,3-Dihydro-3,5-dihydroxy-6methyl-4H-pyran-4-one isolated from lactobacillus
pentosus strain S-PT84 Culture supernatents as a
compound that stimulate Autonomic Nerve
Activities in Rats‖. J. Agric. Food Chem., 2012;
60(44): 11044 – 11049.
Ban J O, Hwang I G, Kim T M, Hwang B Y, Lee U
S, Jeong H S, Yoon Y W, Kimz D J, Hong J T.
―Anti-proliferate and pro-apoptotic effects of 2, 3dihydro-3,5-dihydroxy-6-methyl-4H-pyranone
through inactivation of NF-?? B in Human Colon
Cancer Cells‖. Arch Pharm Res., 2007; 30(11):
1455 – 63.
Chukwu C J, Omaka O N, Aja P M.
―Characterization of 2, 5-dimethyl-2, 4-dihydroxy3(2H) furanone, A flavourant principle from
Sysepalum dulcificum‖. Nat Prod Chem Res., 2017;
5(8): 299.
Vitrac X, Krisa S, Decendit A, Deffieux G, Merillon
J.M. ―Grapevine polyphenols & their biological
effects. In: Ramawat, K.G. (Ed.)‖. Biotechnology of
Medicinal Plants: Vitalizer & Therapeutic, 2004;
33–75.
Sparvoli F, Martin C, Scienza A, Gavazzi G, Tonelli
C. ―Cloning & molecular analysis of structural genes
involved in flavonoid & stilbene biosynthesis in

158

Sathyamurthy et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

World Journal of Pharmaceutical and Life Sciences

grape (VitisVinifera L.). Plant Molecular Biology,
1994; 24: 743–755.
Kaliyan Barathikannan, Babu Venkatadri, Ameer
Khusro, Naif Abdullah Al-Dhabi, Paul Agastian,
Mariadhas Valan Arasu, Han Sung Choi, Young
Ock Kim. ―Chemical analysis of punica granatum
fruit peel and its invitro and in vivo biological
properties‖ BMC Complementary and alternative
medicine, 2016; 16(1): 264.
Meckel M, Bergmann R, Miederer M, Roesch F.
―Bone targeting compounds for radiotherapy and
imaging:
Me
(III)-DOTA
conjugates
of
bisphosphonic acid, pamidronic acid and zoledronic
acid‖. Ejnmmi Radiopharmacy and Chemistry,
2017; 1(1): 14.
Singhal Mukul, Khanna Surabhi, Nasa Atul.
―Cosmeceuticals for the skin: An overview‖. Asian
Journal of Pharmaceutical and Clinical Research,
2011; (4)2: 2011.
Armand, M. ―In Materials for Advanced Batteries;
Murphy, D.W., Broadhead, J., Steele, B. C. H., Eds.;
Plenum Press: New York, 1980; 145.
Divakara P., Nagaraju B., Buden R. P., Sekhar H. S,
Ravi C. M. ―Antipsoriatic activity of Ayurvedic
ointment containing aqueous extract of the bark of
Pongamia Pinnata using the rat ultraviolet ray
photodermatitis model‖. Advancement in Medicinal
Plant Research, 2013; 1(1): 8 – 16.
Fan X, Schäfer H, Reichling J, Wink M.
―Antibacterial properties of the antimicrobial
peptide Ib-AMP4 from Impatiens balsamina
produced in E. coli‖. Biotechnol. J., 2013; 8:
1213–1220.
Ying G G, Williams B. ―Herbicide residues in
grapes and wine‖. J Environ Sci Health, 1999;
34(3): 397 – 411.
Joshi V K. ―Handbook of Enology: Principle
practice and recent innovations‖. Introduction to
Vine and wine, 2011; 1: 17 – 18.
Vlachos N, Skopelitis Y, Psaroudaki M,
Konstantinidou V, Chatzilazarou A, Tegou E.
―Applications of Fourier transform-infrared
spectroscopy to edible oils‖. Analytica Chimica
Acta, 2006; 573–574: 459–465.

www.wjpls.org

159

