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ABSTRACT

Background: The scientific literature has developed general approaches to assess the content of phenols in raw plant materials. However, the conditions
for extracting and analyzing these compounds can vary significantly between plant species. Using suboptimal extraction conditions may lead to the
degradation of target substances and reduced extraction efficiency. Therefore, selecting optimal methods for extracting and analyzing polyphenols is
crucial to ensure accuracy and efficiency.

Objectives: This study aimed to investigate the influence of various factors on the extraction of phenolic compounds from Georgian grape (Vitis vinifera
L.) seeds, with the goal of developing an optimized extraction method.

Methods: Phenolic compounds were extracted from the raw material using ultrasound-assisted extraction (UAE). The total phenolic content was
determined using the Folin-Ciocalteu reagent, which forms a blue complex with phenols in an alkaline medium. The solutions' absorbance was measured
spectrophotometrically at the appropriate wavelength for quantification.

Results: The maximum yield of phenolic compounds (95.969 mg/g GAE) was achieved under the following extraction conditions: solvent—70% ethyl
alcohol, particle size: 0.3-0.5 mm, raw material-to-solvent ratio: 1:20, temperature: 60°C, duration: 30 minutes, and double extraction cycle.
Conclusions: These findings provide a solid foundation for efficiently extracting phenolic compounds from grape seeds. This optimized method has

potential applications in the food, pharmaceutical, and cosmetic industries, contributing to the valorization of residues from wine production.
Keywords: Extraction; Folin-Ciocalteu reagent; grape; residues; optimal conditions; phenolic compounds.

BACKGROUND
he grapevine (Vitis vinifera L.) is one of the most
economically significant plants globally, valued for its fruit
and the products, such as wine, raisins, and grape juice.’
In Georgia, viticulture holds profound historical and
cultural importance, with the country recognized as one of the
oldest wine-producing regions in the world. Georgian
vineyards thrive in various climates, producing high-quality
grapes that are the foundation of its internationally renowned
wine industry.”®> However, vineyard cultivation and
winemaking generate significant by-products, including grape
seeds, which remain underutilized despite their valuable
bioactive compounds.*

Grape seeds are rich in biologically active compounds,
including phenolic compounds known for their antioxidant,
anti-inflammatory, and anticancer properties.”® These
compounds are of great interest due to their potential
applications in the pharmaceutical and cosmetic industries.*°

Certain polyphenols have demonstrated pharmacological
benefits in breast cancer treatment, including their ability to
inhibit the aromatase enzyme involved in estrogen
biosynthesis among the diverse phenolic compounds in grape-
derived materials.®® This finding has spurred interest in
exploring grape seeds as a sustainable source of phenolic
compounds for developing phytopreparations that may serve
as complementary or alternative treatments for hormone-
related conditions.
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The efficient extraction of phenolic compounds is a critical
step in their isolation and application.'>*? Transferring
biologically active components from the plant matrix to a
solvent is essential to achieve the goal. The efficiency of this
process depends on the extraction method employed and
various extraction parameters, including temperature, solvent
type and concentration, extraction time, and the physical
characteristics of the raw material.'>? Higher temperatures
can increase the permeability of cell walls and the solubility of
phenolic compounds, thereby enhancing the extraction yield.
However, excessive heat may lead to the degradation of
sensitive phenolic compounds, emphasizing the need for
careful optimization.'1® Similarly, the choice of solvent and its
concentration play a crucial role, as different phenolic
compounds exhibit varying solubility profiles. For instance,
aqueous ethanol is commonly used because it dissolves
hydrophilic and lipophilic phenolic compounds.'t%16-18
Particle size and solvent-to-solid ratio are also significant, as
smaller particle sizes increase the surface area available for
mass transfer. In contrast, the optimal solvent-to-solid ratio
ensures effective diffusion without excess solvent
usage‘11,12,16,19,20

Given the influence of these conditions on extraction
efficiency, their correct selection and optimization are
essential to maximize the yield of phenolic compounds and
ensure the quality of the extract.
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Therefore, this study aims to optimize the extraction
conditions for phenolic compounds from grape seeds to
maximize their yield. By addressing these factors, the research
aims to develop a sustainable approach to utilizing vineyard
residues and creating valuable products with potential
applications in the pharmaceutical and cosmetic industries.

METHODS

Kisi grape seeds were selected as the research object. They
were collected in October 2023 from the village of Alvani,
Kakheti, after a two-week fermentation period following wine
pressing. The raw material was dried and processed for
analysis (Fig.1).

FIGURE 1. Grape seeds of the Kisi variety

Ultrasound-assisted extraction (UAE) was used to prepare
the extracts. UAE is an innovative technique that enhances
extraction using high-frequency sound waves (20-100 kHz).
These sound waves generate cavitation bubbles in the solvent.
As the bubbles collapse, they release significant energy
through high pressure and temperature, breaking plant cell
walls and releasing phenolic compounds into the solvent. UAE
offers several advantages over traditional methods, including
shorter extraction times, higher yields, and reduced solvent
consumption. Moreover, it is an environmentally friendly
technique, allowing the use of non-toxic, food-grade solvents,
such as ethanol. UAE is also cost-effective, requiring less
energy and simplifying the extraction process compared to
conventional methods.'**2

A series of experiments with variations in alcohol
concentration, particle size, temperature, solid-to-solvent
ratio, extraction duration, and the number of extraction cycles
were conducted to study the influence of these factors on the
extraction quality of phenolic compounds from grape seeds
and identify the optimal conditions.
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To determine the influence of the first parameter (ethyl
alcohol concentration), extraction was performed under the
following conditions: particle size, 0.7-0.9 mm; solid-to-solvent
ratio, 1:10; temperature, 50°C; duration, 30 min; and
extraction repetitions, 1.

In each subsequent series, the raw material was extracted
using the optimal value of the studied parameter. Three
parallel experiments were conducted at each experimental
point, with the exact weight of the raw material being 1 £ 0.001
g.

The total phenolic content of the extracts was determined
spectrophotometrically using the Folin-Ciocalteu colorimetric
method.?! For this, 1 ml of the extracts obtained from the
seeds was placed in test tubes, to which 5 ml of 10% Folin-
Ciocalteu reagent (Sigma-Aldrich, Germany) was added. After
shaking, the tubes were left at room temperature for 8
minutes. Then, 4 ml of 7.5% Na2COs solution was added, and
the resulting solutions were kept in the dark for 40 minutes.
The optical density was then determined at a wavelength of
765 nm. The total phenolic content of the extracts was
determined using a gallic acid calibration curve, prepared with
serial solutions of gallic acid (Carl Roth GmbH & Co., Germany)
at concentrations of 50, 100, 150, 200, and 250 pg/mL, based
on the optical density-concentration relationship. The results
were expressed as milligrams of gallic acid equivalent (mg/g
GAE) per gram of raw material (Fig.2).

FIGURE 2. Gallic acid calibration curve for the Folin-Ciocalteu method
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RESULTS

Ethyl alcohol is widely used as a solvent due to its
bacteriostatic activity, relative cost, and capacity to inactivate
enzyrnes'11,12,16—18

Table 1 shows that the yield of phenolic compounds
increases with increased ethanol concentration, reaching a
peak at 70% ethanol, then decreasing as the concentration
approaches 95%.

The extraction rate is also affected by the particle size of
the raw material. The greater the degree of grinding of the
material, the faster the transition of the target components
into the extragent occurs.''#1020 Table 2 presents the
influence of particle size.
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TABLE 1. Effect of alcohol concentration on the extraction of phenolic
compounds from Grape (Vitis vinifera L.) seeds

Alcohol concentration, % Phenolic compound yield (mg/g GAE)

0 12.597
30 26.839
50 36.536
70 65.718
95 49.082

TABLE 2. Effect of the degree of grinding of raw materials on the extraction of
phenolic compounds from Grape (Vitis vinifera L.) seeds

Particle size (mm) Phenolic compound yield (mg/g GAE)

0.05-0.2 69.255
0.3-0.5 67.257
0.7-0.9 65.861
1.0-1.5 48.770

The solid-to-solvent ratio also played a crucial role in
extraction efficiency. Table 3 shows that the yield of phenolic
compounds increased with higher solvent availability, peaking
at a 1:20 ratio, beyond which the yield slightly declined.

TABLE 3. The effect of the solid-to-solvent ratio on the extraction of phenolic
compounds from Grape (Vitis vinifera L.) seeds

Solid-to-solvent ratio Phenolic compound yield (mg/g GAE)

1:5 64.860
1:10 68.045
1:20 86.406
1:30 75.678

Temperature is another significant factor that influences
the vyield of biologically active compounds, causing rapid
swelling of the plant material, which contributes to cell
damage, enzyme inactivation, microbiota death, and a
decrease in the solvent's viscosity, thereby increasing the
solubility of the target components.'! As shown in Table 4, an
increase in temperature generally enhances the extraction
yield of phenolic compounds, with the highest yield observed
at 60°C, followed by a slight decline at 70°C.

TABLE 4. The effect of temperature on the extraction of phenolic compounds
from Grape (Vitis vinifera L.) seeds

Temperature, °C Phenolic compound yield (mg/g GAE)

25 53.544
40 59.887
50 86.732
60 95.765
70 93.541

Table 5 shows the effect of the extraction process duration.
The vyield increased to 30 minutes, beyond which further
extraction did not significantly improve the yield.

Single, double, and triple extractions were performed
under selected conditions. The influence of the number of
extraction cycles on the yield of phenolic compounds was
minimal. A double extraction yielded 95.969 mg/g GAE, and
subsequent cycles provided negligible increases. Given the
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insignificant difference, a double cycle is sufficient to achieve
near-maximum extraction efficiency.

TABLE 5. The effect of the extraction process duration on the phenolic
compounds from Grape (Vitis vinifera L.) seeds

Extraction process

duration (min) Phenolic compound yield (mg/g GAE)

10 58.368
20 73.567
30 95.825
60 95.903
DISCUSSION

The findings suggest that optimizing extraction parameters has
a significant impact on the yield of phenolic compounds. The
results align with previous studies, underscoring the
significance of ethanol concentration, temperature, and
particle size in maximizing phenolic compound recovery.'*2°
The choice of ethanol concentration played a critical role in
determining extraction efficiency. The highest yield was
obtained at 70% ethanol concentration, supporting earlier
findings that ethanol-water mixtures enhance the solubility of
both hydrophilic glycosides and less polar aglycones. The
decline in yield at 95% ethanol is likely due to reduced polarity,
which limits the dissolution of hydrophilic compounds and
reduces overall extraction efficiency.'*'#1¢1® Maintaining an
appropriate ethanol-water ratio is essential for maximizing the
recovery of phenolic compounds while ensuring an effective
extraction process.

Particle size played a crucial role in determining extraction
efficiency. The highest phenolic yield was observed with
particles sized 0.05-0.2 mm. Smaller particles increase the
surface area for solvent penetration and extraction, resulting
in the enhanced release of phenolic compounds.!’!21620
However, excellent particles caused operational issues such as
agglomeration and filtration difficulties, which limited
efficiency. Larger particles (1.0-1.5 mm) had lower yields due
to reduced surface area for interaction with the solvent. A
particle size of 0.3-0.5 mm was chosen as an optimal, balancing
efficiency and practicality.

The solid-to-solvent ratio significantly affected the yield of
phenolic compounds, with the highest efficiency observed at a
ratio of 1:20. Excess solvent (e.g., 1:30) did not substantially
enhance the yield, likely due to saturation effects, which aligns
with previous studies on extraction efficiency.*1>1°

Increasing the temperature from 25°C to 60°C resulted in a
steady rise in phenolic yield, with a maximum of 60°C. Similar
findings have been reported in the literature, where moderate
heating improves mass transfer and phenolic extraction
efficiency.’*'® Above 60°C, the yield declined slightly. This can
be attributed to the thermal degradation of phenolic
compounds or the extraction of undesirable ballast
substances, which reduce the quality of the extract, as
observed in previous studies.'*'> Thus, controlling the thermal
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conditions during extraction is crucial for
compound stability.

The optimal extraction duration was 30 minutes, beyond
which additional extraction did not significantly improve the
yield. This aligns with findings that prolonged extraction can
lead to the reabsorption or degradation of phenolic
compounds.''* The number of extraction cycles played a
minimal role, with a double extraction yielding near-maximal
phenolic recovery, making further cycles inefficient.

The study results emphasize the importance of selecting
suitable extraction conditions to optimize the yield of phenolic
compounds.

maintaining

CONCLUSIONS

The influence of key extraction parameters, ethyl alcohol
concentration, raw material particle size, solvent-to-solid
ratio, temperature, duration, and extraction cycles on the yield
of phenolic compounds from grape seeds was systematically
studied. Optimal conditions were identified: solvent, 70% ethyl
alcohol; particle size, 0.3—-0.5 mm; raw material-to-solvent
ratio, 1:20; temperature, 60°C; duration, 30 minutes; and a
double extraction cycle. These conditions yielded a maximum
phenolic compound concentration of 95.969 mg/g GAE. The
findings establish a solid foundation for efficiently extracting
phenolic compounds from grape seeds, with potential
applications in the food, pharmaceutical, and cosmetic
industries.
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