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Abstract 
Resveratrol (3,5,4′-trihydroxystilbene) is a naturally occurring polyphenolic phytoalexin widely recognized for 
its antioxidant, anti-inflammatory, cardioprotective, anticancer, neuroprotective, and photoprotective properties. 
The present study aimed to extract, isolate, identify, and quantify resveratrol from the fruits of Vitis vinifera 
using conventional extraction techniques and High-Performance Liquid Chromatography (HPLC). Dried grape 
residue was extracted with 80% ethanol, followed by acid hydrolysis and liquid-liquid partition using 
chloroform to obtain purified resveratrol. The isolated compound was preliminarily identified by Ferric chloride, 
Liebermann, and Bromine water tests, all of which confirmed the characteristic phenolic nature of resveratrol. 
HPLC analysis was performed using a C18 column with a methanol: water (70:30) mobile phase at a detection 
wavelength of 306 nm for quantitative estimation. From 2000 g of dried Vitis vinifera material, 180 g of crude 
extract and 4.6 g of purified resveratrol were obtained, corresponding to yields of 0.23% with respect to plant 
material and 2.5% with respect to crude extract. The isolated sample exhibited a retention time of 3.223 min, 
closely matching the standard resveratrol retention time (3.213-3.217 min), confirming its identity. Quantitative 
HPLC analysis estimated the resveratrol concentration in the sample to be 3.768 µg/mL. The results 
demonstrate that Vitis vinifera fruits serve as an effective natural source of resveratrol and that the adopted 
extraction and analytical procedures provide a reliable method for its isolation and quantification. The findings 
support the utilization of grape-derived resveratrol as a promising bioactive compound for pharmaceutical, 
nutraceutical, and cosmeceutical applications, particularly in antioxidant and photoprotective formulations.  
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INTRODUCTION 
          A naturally occurring stilbenoid polyphenol, 
resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a 
member of the phytoalexin class of secondary plant 
metabolites. Low-molecular-weight antimicrobial 
substances known as phytoalexins are produced by 
plants in reaction to environmental stress, 
mechanical damage, UV light, or microbial 
infection. Numerous plant species contain 
resveratrol, which is especially linked to grapes, 
berries, peanuts, mulberries, and Japanese 
knotweed (Reynoutria japonica or Polygonum 
cuspidatum). [1, 2, 3] 

          The compound’s potential antioxidant, anti-
inflammatory, cardioprotective, neuroprotective, 
antidiabetic, and chemopreventive properties 
attracted a lot of scientific interest. Numerous 
cellular signaling pathways linked to oxidative 
stress, inflammation, apoptosis, mitochondrial 
function, and cellular metabolism have been shown 
by experimental research to be modulated by 
resveratrol. Nevertheless, the conversion of these 
biological changes into clinically meaningful 

advantages in people is still rare and uneven despite 
substantial in vitro and animal studies. [4, 5, 6, 7] 

          Resveratrol’s limited water solubility, quick 
metabolism, brief plasma half-life, and extremely 
low systemic bioavailability after oral treatment are 
some of the main obstacles to its medicinal 
development. As a result, a lot of research has 
concentrated on enhancing its pharmacokinetic 
profile using innovative drug delivery methods, 
structural alterations, nanoformulations, lipid-based 
carriers, cyclodextrin complexes, and other 
formulation techniques. [8, 9, 10, 11] 

Chemical Nature and Structural Characteristics 
Resveratrol is a member of the stilbene family of 
polyphenolic chemicals and is chemically known as 
3,5,4′-trihydroxystilbene. There are two main 
geometric isomeric forms of it: 

v trans-resveratrol (E-resveratrol) 
v cis-resveratrol (Z-resveratrol) 

The primary naturally occurring and 
physiologically significant form is thought to be the 
trans-isomer. Trans-resveratrol may undergo 
further photochemical change after 
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photoisomerization to the cis form due to exposure 
to UV light. [12, 13, 14] 

Piceid (resveratrol-3-O-β-D-glucoside) is the most 
significant glycosylated derivative of resveratrol. 
Pterostilbene, piceatannol, oxyresveratrol, ε-
viniferin, pallidol, hopeaphenol, and other 
oligomeric derivatives of resveratrol are further 
structurally similar stilbenoids. [15] 

The presence of three hydroxyl groups contributes 
to its antioxidant and redox-modulating properties. 
However, its chemical structure also contributes to 
poor aqueous solubility, which represents an 
important limitation for conventional oral delivery. 
[9, 10] 

Natural Sources and Occurrence 
Resveratrol is synthesized by numerous plants as a 
protective response against fungal infection, 
bacterial attack, physical injury, and ultraviolet 
stress. Grapes, grape products, blueberries, 
raspberries, mulberries, peanuts, cocoa, pine 
species, and Japanese knotweed are significant 
natural sources. [1, 2, 3] 

Japanese knotweed is considered one of the major 
commercial botanical sources of resveratrol and is 
commonly used for the preparation of resveratrol-
rich extracts and dietary supplements. 
Biosynthesis of Resveratrol 
The phenylpropanoid pathway is responsible for 
the production of resveratrol. In the presence of the 
enzyme stilbene synthase (STS), p-coumaroyl-CoA 
is formed and then condenses with three molecules 
of malonyl-CoA. 
The simplified biosynthetic pathway is: 
Phenylalanine → p-Coumaric acid → p-
Coumaroyl-CoA + Malonyl-CoA →Resveratrol 
Stilbene synthase plays a key role in the 
biosynthesis of resveratrol and related stilbenoid 
compounds. Environmental factors such as 
pathogen attack, mechanical injury, ultraviolet 
radiation, and other stress conditions can influence 
the expression of stilbene synthase and thereby 
increase resveratrol production in plants. [16,17,18] 

Pharmacological Activities and Mechanisms 
Resveratrol has been extensively investigated for 
its diverse biological activities. It may affect 
several molecular targets and signaling cascades, 
according to experimental research. However, 
individual mechanistic findings should be regarded 
cautiously because resveratrol is also thought to be 
a molecule capable of causing activity in several 
experimental experiments. [19, 20] 

v Antioxidant Activity 
v Anti-inflammatory Activity 
v Cardiovascular Effects 
v Antidiabetic and Metabolic 

Effects 
v Anticancer Potential 
v Neuroprotective and Cognitive 

Effect 
Pharmacodynamics and Molecular Targets 

Resveratrol exhibits pleiotropic biological activity 
and has been reported to interact with several 
molecular targets. Experimental studies have 
identified potential interactions involving: 

v NAD(P)H quinone 
dehydrogenase 2 (NQO2) 

v AKT signaling pathways 
v Glutathione S-transferase P1 

(GSTP1) 
v Estrogen receptor-β 
v Carbonyl reductase 1 (CBR1) 
v Integrin αVβ and other cellular 

targets 
Pharmacokinetics and Bioavailability 
One of the most important limitations associated 
with resveratrol therapy is its poor oral 
bioavailability. Although resveratrol may be 
efficiently absorbed following oral administration, 
its systemic availability is extremely low because 
of extensive first-pass metabolism. 
Resveratrol undergoes rapid phase II metabolism, 
primarily through: 

1. Glucuronidation 
2. Sulfation 

The intestine and liver are major sites of 
metabolism. Consequently, resveratrol is rapidly 
converted into glucuronide and sulfate metabolites, 
resulting in a low concentration of free parent 
compound in systemic circulation.[8,9,21] 

The oral bioavailability of unchanged resveratrol 
has been reported to be approximately 0.5%, 
largely due to extensive metabolic conjugation. The 
plasma half-life of the parent compound is 
relatively short, whereas certain sulfate and 
glucuronide metabolites may persist for a 
considerably longer duration.[8,21,22] 

The principal pharmacokinetic limitations of 
resveratrol include: 

v Poor aqueous solubility 
v Limited systemic bioavailability 
v Extensive first-pass metabolism 
v Rapid glucuronidation and 

sulfation 
v Short half-life of the parent 

compound 
v Variable absorption and 

metabolism 
These limitations have stimulated research into 
advanced drug-delivery systems designed to 
improve solubility, stability, absorption, tissue 
distribution, and sustained release.[9,10,11] 

Stability and Photoisomerization 
The stability of resveratrol is influenced by 
environmental conditions, particularly light 
exposure. The biologically important trans-isomer 
can undergo photoisomerization to cis-resveratrol 
upon exposure to ultraviolet radiation. [12, 13, 14] 

Therefore, resveratrol-containing formulations 
require appropriate protection from light during 
manufacturing, storage, and handling. Studies have 
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demonstrated that trans-resveratrol may exhibit 
satisfactory stability under certain controlled 
conditions, including accelerated stability 
conditions, although formulation composition and 
environmental exposure can significantly influence 
its stability. [23, 24] 

The photo-instability of resveratrol is an important 
consideration during the development of 
pharmaceutical and cosmetic formulations. 
Encapsulation, protective packaging, antioxidants, 
and suitable carrier systems may therefore be 
useful in improving chemical and photochemical 
stability. 
Safety and Adverse Effects 
Available clinical studies suggest that resveratrol is 
generally tolerated at lower doses; however, 
adverse gastrointestinal effects have been reported, 
particularly with prolonged administration and 
higher daily doses. 
Reported adverse effects include: 

v Nausea 
v Abdominal discomfort 
v Flatulence 
v Diarrhea 
v Increased bowel movements 
v Loose stools 

These adverse effects appear to be more frequently 
associated with doses of approximately 500-1000 
mg/day or higher, although safety may depend on 
dose, duration of administration, formulation, 
concurrent medication, and individual patient 
characteristics. [25, 26] 

Because human clinical studies remain limited, 
caution should be exercised when considering long-
term high-dose supplementation. Potential 
interactions with medications and the effects of 
chronic administration require further investigation. 

 
Figure 1: Structure of Resveratrol 
METHODOLOGY 
Extraction Procedure: 
Dried black Grapes were purchased 2kg open 
secret. They were thoroughly washed and blended 
with an electric grinder for about 5-7 minutes. The 
resulting mixture was strained through a sieve 
covered with a fine cloth, and the juice was 
discarded. The solid residues left in the strainer 
were then collected for further use. The grape 
residue extract was prepared by taking 600gm of 
sun-dried grape residue and mixing it with 1 litter 
of 80% ethanol. The mixture left for 72 hours in a 
cool, dark place. It was filtered using a vacuum 

filtration unit. Concentrated with a rotary 
evaporator at 70-80℃. [27, 28, 29] 
Isolation Process [30, 31] 
Acid Hydrolysis: The sample was heated in a 
water bath for 10 to 30 minutes after being treated 
with 10% (v/v) concentrated HCl. The glycosidic 
linkages were hydrolyzed as a result of this 
process, releasing the aglycone portion. The 
mixture was heated and then let to cool. In order to 
extract the particles from the solution containing 
aglycone, the cooled mixture was filtered. 
Liquid-Liquid Partition: A separatory funnel was 
filled with the filtrate. Chloroform, an organic 
solvent, was introduced in a volume equivalent to 
the aqueous phase. The extraction was carried out 
three times after the funnel was gently shaken. 
After that, the organic (chloroform) layers were 
mixed together. To get rid of any last traces of acid, 
distilled water was used to wash the mixed organic 
fraction. A rotary evaporator was used to 
concentrate the pooled chloroform layers to dryness 
at low pressure at around 30°C. The residue that 
was left over looked like a thick, green oil. 
4.1.1. Identification of Resveratrol [32] 
1. Ferric Chloride Test: 2 ml of the test solution 

were combined with a solution containing 5% 
ferric chloride. A favourable response was 
indicated by the appearance of a blue, blue-
black, or blue-green colour. 

2. Liebermann Reaction: A phenolic sample 
was placed in a dry test tube. Then, 1 mL of 
concentrated H₂SO₄ was added to the sample. 
A few crystals of NaNO₂ were introduced 
afterward. A blue-green or blue-violet colour 
developed immediately. Upon dilution, the 
colour changed to red. 

3. Bromine water Test: The test solution was 
combined with water containing bromine. A 
favourable response was indicated by the 
solution’s original colour fading. 

Quantification of Resveratrol by High-
performance liquid chromatography (HPLC): 
[33, 34] 
Preparation of Mobile Phase: Methanol: Water 
(70:30) was used as mobile phase. The mobile 
phase was degassed in an ultra Sonicator for 15 
min.  
Stock solution of standard: 1 mg of the standard 
resveratrol was dissolved in 1 ml water. From the 
Stock solutions, working standard solutions of the 
standard were prepared by appropriate dilution with 
water. Standard calibration curve was prepared 
with using concentrations: 2.5ug/ml, 5ug/ml & 
10ug/ml.  
Preparation of Sample: Each sample was 
prepared at a concentration of 1 mg/mL in 
methanol. A working solution of 100µg/mL was 
then prepared by diluting the stock solution with 
methanol (e.g., 100 µL stock + 900 µL methanol). 
The solution was sonicated for 10 minutes and 

H O

O H

O H
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filtered through a 0.2 µm, 13 mm nylon membrane 
filter prior to injection into the system. 
Chromatographic Conditions: 
Table: Quantification of Resveratrol by High-
performance liquid chromatography (HPLC) 
S. 

No. 

Parameters Standard Condition 

1. Stationary 

phase 

Resveratrol Agilent TC 

C18(2), 

4.6x250mm, 

5um 

2. Mobile 

phase 

Resveratrol Methanol: 

Water (70:30) 

3. Detection 

Wavelength 

Resveratrol 306nm 

4. Flow rate Resveratrol 1 ml/min 

5. Injection 

volume 

Resveratrol 10 µl 

6. Temperature Resveratrol 30°C 

7. LC System Resveratrol Agilent test 

system and 

Open Lab 

CDS2 

RESULTS                  
Extraction of Resveratrol from Fruits of Vitis 
vinifera  

          

 
Figure No. 2: Fruits of Vitis vinifera                           
Figure No. 3: Fruits pulp of Vitis vinifera 

        
 

    

Figure No. 4: Ethanolic Extracts of Vitis vinifera  
Figure No. 5: Concentration of Ethanolic                                                                                     
Extracts by Rotary Evaporator 
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Figure No.6: Crude resveratrol Extract          Figure 
No. 7: Acid hydrolysis Crude resveratrol                 
Extract 

     
       

   
    Figure No. 8: Liquid-liquid partition of            
Figure No. 9: Resveratrol  
Crude resveratrol extractTable No. 1:  Yield of 
Resveratrol from Fruits of Vitis vinifera.   
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Identification of Resveratrol 
Table No. 2: Identification of Resveratrol 
Polyphenols Observation Result 

Ferric chloride 

test 

Blue ++ 

Liebermann 

Reaction 

Red + 

Bromine water 

test 

Initial colour 

fade 

+ 

Quantification of Resveratrol by High-
performance liquid chromatography (HPLC):  
TEST REPORT  
Resveratrol standard:  
Table No. 3: High-performance liquid  
chromatography (HPLC) of Resveratrol standard  

S. 

N

o.  

Typ

e  

Cod

e  

Con

c. 

(ug/

ml)  

R

T  

Area  

1. Stan

dard  

Std-

10ug

/ml  

10  3.2

13  

3303

8772  

2. Stan

dard  

Std-

5ug/

ml  

5  3.2

17  

7482

599  

3. Stan

dard  

Std-

2.5u

g/ml  

2.5  3.2

13  

2008

847  
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Figure No. 10: Graph shows Peak Area and 
Concentration 

 
Figure No. 11: Chromatogram of resveratrol 
2.5ug/ml showing peak of resveratrol 

 
Figure No. 12: Chromatogram of resveratrol 
5ug/ml showing peak of resveratrol 

 
Figure no. 13: Chromatogram of resveratrol 
10ug/ml showing peak of resveratrol 
Resveratrol Sample:  
Table: No. 4 High-performance liquid 
chromatography (HPLC) of Resveratrol sample 
S. 

N

o.  

Typ

e  

Cod

e  

Resver

atrol  

RT  

Resver

atrol 

Area  

Concentr

ation 

(ug/ml)  

1. Sam VV 3.223  259562 3.768  

ple  Me  95  

 
Figure No. 14: Chromatogram of sample- VVMe 
showing peak of resveratrol 
Discussion and Conclusion: 
The present study successfully demonstrated the 
extraction, purification, and isolation of the 
selected polyphenolic compound, namely 
resveratrol, were successfully carried out from Vitis 
vinifera. The percentage yield obtained at different 
stages of the isolation process provided an 
indication of the abundance of the target 
polyphenol in the selected plant material as well as 
the efficiency of the adopted extraction and 
purification procedure.  
From 2000 g of dried Vitis vinifera plant material, 
180 g of crude extract was obtained, followed by 
the isolation of 4.6 g of purified resveratrol. The 
yield of resveratrol was 0.23% with respect to dried 
plant material and 2.5% with respect to the crude 
extract. The relatively low yield may be attributed 
to the limited natural abundance of resveratrol and 
variations in its distribution within plant tissues. 
          The qualitative phytochemical evaluation 
confirmed the presence of polyphenolic compounds 
in the isolated samples. Resveratrol exhibited a 
strong positive ferric chloride test (++), producing a 
blue colour, while the Liebermann reaction and 
bromine water test showed positive responses, 
indicating the presence of phenolic hydroxyl 
groups and unsaturation. Overall, these 
characteristic reactions supported the successful 
isolation and preliminary identification of 
resveratrol from the selected plant sources. 
          The HPLC analysis was carried out for the 
qualitative identification and quantitative 
estimation of resveratrol in the Vitis vinifera 
methanolic extract (VVMe). Standard resveratrol 
solutions at concentrations of 2.5, 5, and 10µg/ml 
exhibited retention times of 3.213, 3.217, and 3.213 
min, respectively, indicating consistent 
chromatographic behaviour of the reference 
compound. The VVMe sample showed a distinct 
chromatographic peak at a retention time of 3.223 
min, which was closely comparable with the 
retention time of standard resveratrol. The minor 
variation in retention time may be attributed to the 
complexity of the plant extract and 
chromatographic conditions. The sample exhibited 
a peak area of 25,956,295, corresponding to a 
calculated resveratrol concentration of 3.768µg/ml. 
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The close agreement between the retention times of 
the standard and sample confirmed the presence of 
resveratrol in the extract. Thus, the HPLC findings 
supported the successful identification and 
quantitative estimation of resveratrol in Vitis 
vinifera. 
          Overall, the findings establish that Vitis 
vinifera fruits are a valuable natural source of 
resveratrol and that the adopted extraction and 
analytical procedures provide an efficient approach 
for its isolation and quantification. The study 
provides a scientific basis for utilizing grape-
derived resveratrol as a bioactive ingredient in 
pharmaceutical, nutraceutical, and cosmeceutical 
formulations, particularly in antioxidant and 
photoprotective products. Furthermore, the 
validated HPLC method can be employed as a 
routine quality control tool for standardization of 
resveratrol-containing herbal extracts and 
formulations. Future studies should focus on 
optimizing extraction conditions, improving 
recovery through advanced extraction technologies, 
evaluating the purity of the isolated compound 
using complementary spectroscopic techniques 
(LC-MS, FTIR, and NMR), and investigating its 
biological efficacy and formulation stability to 
enhance its therapeutic and commercial 
applications. 
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