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Abstract. This article presents the results of a
comprehensive study on the chemical composition and
antioxidant activity of aqueous — ethanolic extracts obtained
from Persea americana Mill. (avocado) seeds using
extractants of different concentrations (40 % and 70 %) and
raw materials in different states (fresh and dry). Thin-layer
chromatography confirmed the presence of ascorbic acid as
well as phenolic compounds in all extracts, including gallic
acid and quercetin. The total phenolic content was
determined spectrophotometrically using the Folin —
Ciocalteu method, while the total flavonoid content was
measured by the aluminum chloride colorimetric assay
based on a linear regression equation derived from the
quercetin calibration curve (expressed in QE). Quantitative
analysis showed that the total phenolic content ranged from
1204 to 1.861 mg/g, flavonoids — from 2.663 to
3.395 mg/g, and amino acids (determined by the ninhydrin
reaction) — from 0.054 to 0.140 % in terms of alanine
equivalent. The highest phenolic content was found in the
40 % extract from dry seeds, whereas flavonoids were more
efficiently extracted with 40 % ethanol from fresh raw
materials. Modeling of lipid peroxidation and protein
oxidative modification processes in vitro revealed
pronounced antioxidant activity in all extracts, particularly
in the 40 % extracts from dry seeds, which reduced the
levels of thiobarbituric acid-reactive substances by 44.3 %
and protein carbonyl groups by 73.1 % (p < 0.001). These
findings indicate the high antioxidant potential of Persea
americana seeds, suggesting their promise as a natural
source of antioxidants for pharmaceutical, cosmetic, and
food applications.
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1. Introduction

Plant extracts are valuable natural sources of
biologically active compounds, particularly antioxidants,
which play a crucial role in maintaining redox balance and
protecting cells from oxidative damage. The presence of
phenolic acids, flavonoids, and other secondary
metabolites determines their high therapeutic potential.
These natural antioxidants contribute to the prevention of
various oxidative stress-related disorders and are therefore
widely studied for pharmaceutical, cosmetic, food
applications, etc.>:2

Persea americana Mill., better known as avocado,
represents a valuable object of interdisciplinary research
in the field of biotechnology due to its exceptional
biochemical composition and wide spectrum of potential
applications. As a member of the laurel family
(Lauraceae), this tropical fruit tree originates from Central
America but is now widely cultivated in many parts of the
world. Growing public interest in healthy and functional
nutrition has further increased the demand for avocado
and its derivatives.

In contrast to the widely consumed pulp, avocado
seeds are a rich source of numerous bioactive compounds
that largely determine their antioxidant activity, including
the ability to neutralize free radicals, chelate metal ions,
and inhibit oxidative processes. Data from the scientific
literature confirm the presence of lipids, vitamins,
phytosterols, tannins, phenolic acids (gallic, chlorogenic,
catechin, epicatechin, procyanidins), and flavonoids
(quercetin, kaempferol) in avocado fruits. Phenolic
compounds, flavonoids, coumarins, tannins, and other
phytochemicals are well known to exhibit strong
antioxidant properties.® 4 Both the pulp and seeds, being
rich in dietary fiber, contribute to their popularity in the
food, pharmaceutical, and cosmetic industries.>’
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Modern biotechnological studies have shown that
extracts from Persea americana seeds exhibit not only
pronounced antioxidant activity but also anti-
inflammatory and antimicrobial properties. Furthermore,
these extracts may serve as effective additives in food
preservation, helping to extend shelf life and prevent
enzymatic browning.8 °

According to current research, the high potential of
avocado seeds in modulating inflammatory processes is
mainly attributed to flavonoids such as quercetin, which
are also found in various fruits and vegetables. Studies
have also demonstrated the antioxidant and anticancer
properties of Persea americana seed extracts. According
to Day1 et al., the extract inhibited the expression of
cyclin-dependent kinases 1 and E2 in the prostate cancer
cell line (LNCaP) and exhibited antiproliferative effects
by inducing cell cycle arrest at the GO/G1 phase.®
Avocado seed extracts have also been shown to suppress
the production of pro-inflammatory cytokines such as IL-
6, IL-1p, and TNF-a in stimulated macrophages. In
addition, studies indicate that these extracts exhibit
cytotoxic activity against colon (HCT116) and liver
(HepG2) cancer cells, likely due to their ability to induce
apoptosis. This suggests promising prospects for the use
of avocado seed extracts in cancer prevention.!!

Therefore, the chemical composition and antioxidant
components of avocado seeds are of considerable interest to
researchers and manufacturers in the food and cosmetic
industries. Although natural avocado oil is relatively
expensive to produce, it is rich in nutrients and has multiple
potential applications, ranging from salad preparation to
cosmeceutical and soap production.

The biotechnological investigation of Persea
americana seed components opens new opportunities for
developing innovative solutions in medicine, nutraceuticals,
and bioengineering, using plant-derived raw materials with
high potential for targeted applications. Previous studies
assessing the antioxidant activity of avocado seeds have
primarily relied on chemical assays, including the DPPH
radical-scavenging method.'! In this context, the present
study aims to analyze the content of bioactive compounds
in agueous — ethanolic extracts of Persea americana seeds
and to evaluate their antioxidant activity using Fe?*-initiated
Fenton reaction processes in rat hepatocytes under in vitro
conditions, as well as to consider their potential practical
application as natural antioxidants.

2. Experimental

2.1. Materials

The study was carried out using aqueous —
ethanolic extracts (40 % and 70 %) prepared from both
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fresh and dried seeds of Persea americana. Identification
and evaluation of bioactive constituents were performed
employing standard reagents and reference solutions in
compliance with the requirements of the State
Pharmacopoeia of Ukraine.?

Plant material was ground using an LZMK-1
laboratory mill. Spectrophotometric measurements were
conducted with a ULab 108UV instrument equipped with
10 mm optical cells, and sample clarification was
achieved using an OPn-8 UKhL 4.2 centrifuge. Accurate
weighing of plant samples and reference compounds was
performed on a Radwag AS 220.R2 analytical balance
(readability 0.0001 g).

2.2. Methods

The experimental approach included classical
qualitative chemical assays, thin-layer chromatography
(TLC), and biochemical evaluation of antioxidant
properties in rat hepatocytes under in vitro free radical-
induced oxidative conditions.

Results are presented as mean values with standard
error (M = SE), based on 3 or 5 independent measurements.
Statistical analysis was conducted using one-way ANOVA
with Tukey’s multiple comparison test. A probability level
of p < 0.05 was considered statistically significant.'3

2.2.1. Preparation of Extracts

Fresh Persea americana seeds were mechanically
crushed and air-dried at approximately 20 °C for 10 days
until constant mass was achieved.

For extraction, 5.0 g of ground fresh or dried seed
material was transferred to a flask and mixed with either
40 % or 70 % aqueous ethanol at a solid-to-solvent ratio
of 1:20. Maceration proceeded for 10 days at room
temperature in the absence of light. The obtained extracts
were filtered and subsequently centrifuged at 6000 rpm
for 10 min to remove suspended particles.!* ¥

2.2.2. Determination of Bioactive
Compounds in Persea americana Seed
Extracts by Qualitative Reactions

Preliminary  phytochemical  screening  was
performed using established qualitative reactions to detect
biologically active compounds responsible for the
pharmacological potential of the extracts.! 1417

2.2.2.1. Phenolic Compounds

Phenolic  constituents
characteristic color reactions:

10 % FeCls solution produced blue, green, or violet
coloration.

10 % NaOH vyielded yellow to reddish coloration.

were  detected by
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Combined FeCl; and Ks[Fe(CN)g] generated dark
blue or green tones.

Vanillin in concentrated HCI produced a red-pink
color indicative of phenolic structures.

2.2.2.2. Flavonoids

Flavonoids were identified using the following
assays:

2% AICI; in ethanol resulted
fluorescence, intensified under UV light.

Pb(CHsCOO), formed a pale yellow precipitate.

Treatment with 10% NaOH caused yellow
coloration.

Cyanidin and Shinoda reactions produced charac-
teristic red or purple hues confirming flavonoid presence.

in yellow

2.2.3. Thin-Layer Chromatographic
Analysis

The phytochemical profile of aqueous — ethanolic
seed extracts was further examined by TLC on Silufol
UV-254 plates. Aliquots (2 pL) of purified extracts and
reference standards were applied 1.5 cm above the lower
plate edge (5x10 cm format).

Chromatographic development was performed in
glass chambers using solvent systems selected according
to the targeted compound class. Separated constituents
were identified based on Ry values and specific coloration
patterns before and after treatment with appropriate
visualization reagents.*®

2.2.3.1. Ascorbic Acid

Ananlysis was carried out in n-butanol — acetic
acid — water (4:1:1, upper phase). Spots were visualized
under UV light (254 nm), where ascorbic acid appeared as
a white zone due to its absorption of UV radiation. A 1 %
FeCls solution was used as the visualization reagent.

2.2.3.2. Phenolic Compounds (Gallic
Acid)

Toluene — acetone — formic acid (6:6:1) was used
as the mobile phase. Under UV illumination (254 nm),
phenolics appeared as grayish-green zones on a white
background or as blue and red zones on a yellow
background. A 1 % FeCls solution was used as the
visualization reagent.

2.2.3.3. Flavonoids (Quercetin)

Chromatography was performed in ethyl acetate —
formic acid — water (8:1:1). The visualization reagent was
a mixture of p-anisaldehyde and H2SO..
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2.2.4. Quantitative Spectrophotometric
Analysis of Persea americana
Seed Extracts

2.2.4.1. Total Phenolic Content

Total phenolics were quantified using a modified
Folin — Ciocalteu assay. A diluted sample (0.1 mL, 1:10)
was mixed with Folin— Ciocalteu reagent (0.1 mL),
distilled water (1.5 mL), and 20 % sodium carbonate
(0.3 mL). After 150 minutes of incubation in darkness,
absorbance was recorded at 760 nm.

Results were calculated from a calibration curve
constructed with gallic acid and expressed as gallic acid
equivalents (GAE). All determinations were performed in
triplicate.'® 20

2.2.4.2. Total Flavonoid Content

Flavonoids were determined via aluminum chloride
complex formation. An extract aliquot (0.2 mL) was
mixed with ethanol (0.8 mL) and sequentially treated with
5 % NaNO: (0.06 mL), 10 % AIClI; (0.06 mL), and 0.1 M
NaOH (0.4 mL) under controlled timing conditions. Then,
0.480 mL of ethanol was added. After 5 minutes of
incubation in darkness, absorbance was measured at
510 nm.

Quantification was based on a quercetin calibration
curve, and results were expressed as quercetin equivalents
(QE). All determinations were performed in triplicate.?%?

2.2.4.3. Total Amino Acid Content

Amino acids were quantified using the ninhydrin
(2,2-dihydroxyindane-1,3-dione) reaction. An aliquot of
the Persea americana extract (2 mL) was reacted with
0.2 % ninhydrin in ethanol (2 mL) and incubated at 60 °C
for 15 minutes. After cooling and dilution to 5 mL with
distilled water, absorbance was measured at 570 nm.
Alanine was used as the reference compound, and
concentrations were calculated by comparing sample
absorbance with that of the standard solution:

_ Aymg
¢= ApV ' @,

where Ay is the sample absorbance, Ao is the standard
alanine solution absorbance, mo is the standard alanine
sample mass (mg), and V is the volume of the extract and
standard alanine solution used for analysis (mL).

All  determinations  were  performed in
triplicate.14 1522, 23

2.2.5. Evaluation of Antioxidant Activity
in Vitro in Rat Liver Model
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2.2.5.1. Preparation
of Rat Liver Homogenate

Rat liver tissue (0.5 g) was homogenized in
potassium phosphate buffer (5 mL). Extract samples
(0.3mL) were added to homogenate aliquot samples
(0.3 mL), while controls received solvent only.

Oxidative stress was induced by sequential addition
of 2.8 % FeSO4 (0.3 mL) and, 10 minutes later, 4 % H,0,
(0.3 mL). After 2 h incubation, the reaction was stopped
using 40 % trichloroacetic acid (1.2 mL), followed by
centrifugation for 10 minutes at 5000 rpm.

Lipid peroxidation was assessed in the supernatant,
and protein oxidative modification was evaluated in
precipitated proteins.?*

2.2.5.2. Thiobarbituric Acid Reactive
Substances (TBARS) Assay

Lipid peroxidation was assessed by quantifying
TBARS. Malondialdehyde formation was quantified via
reaction with thiobarbituric acid under acidic, high-
temperature conditions. The resulting colored trimethine
product (A = 532 nm) was extracted into butanol and
measured spectrophotometrically as described in our
earlier work.!* Protein content was evaluated by the
Lowry method.?®> The concentration of TBARS was
assessed from the formula:

[TBARS |= ENVV, umol/mg protein, (2
gV-C
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where E is the test sample absorbance, ¢ is the millimolar
extinction coefficient (¢ = 156 cm?umol), Vi is the
butanol volume (mL), V; is the sample volume (mL), V is
the supernatant volume (mL), and C is the protein
concentration in the supernatant (mg/mL).

2.2.5.3. Protein Carbonyl Determination

The degree of protein oxidative modifications was
assessed by measuring carbonyl groups (CG) on amino
acid side chains using reaction with DNPH (2,4-
dinitrophenylhydrazin).  Following incubation  and
washing steps, precipitated proteins were dissolved in
aqueous urea and absorbance was recorded at 370 nm as
described in our earlier work.'* The content of protein CG
was assessed from the formula:

[CG]:MnmoI/mg protein, 3)
E370'C

where 4D = Drest — Deontrol IS the difference in absorbance

between test and control samples; Vsampies IS Sample

volume (3 mL); Esro is the molar extinction coefficient of

DNPH (22,000 M*cm™); and C is total protein

concentration, mg/mL.

3. Results and Discussion

The results of the qualitative analysis showed that
the 40 % and 70 % aqueous — ethanolic extracts of Persea
americana seeds are rich in phytoconstituents with
therapeutic potential (Table 1).

Table 1. Qualitative analysis of aqueous — ethanolic (40 % and 70 %) seed extracts of Persea americana

Group of bioactive compounds / Characteristic color / precipitate 1A 1B 2A 2B
Qualitative reaction 70 % 40 % 70 % 40 %

Phenolic compounds
reaction with FeCl; (10 %) dark blue-green + + + +
reaction with NaOH change from yellow to red + + + +
reaction with FeCl; + K3[Fe(CN)g] | dark blue / green + + + +
reaction with vanillin in conc. HCI | red-pink + + + +
Flavonoids
AICI; (in alcohol) yellow fluorescence, enhanced under UV light + + + +
reaction with Pb(CH3;CQOO), light yellow precipitate + + + +
reaction with NaOH yellow + + + +
cyanidin reaction purple-red + + + +
Shinoda reaction (Mg + HCI) red-pink + + + +

1A — 70 % ethanol, fresh seed; 1B — 40 % ethanol, fresh seed; 2A — 70 % ethanol, dry seed; 2B — 40 % ethanol, dry seed;
+ is a positive qualitative reaction and appearance of characteristic color; + is a weak color of qualitative reaction.

Table 1 summarizes the results of qualitative
reactions used to identify the main groups of bioactive
compounds. For phenolic compounds, several characteristic

reactions were performed: the addition of 10 % FeCls
solution produced a dark blue-green color in the 70 %
extracts and a weakly positive (£) reaction in the 40 %
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extracts; treatment with NaOH yielded a color change from
yellow to red; the combination of FeCls and Ks[Fe(CN)g]
resulted in a dark blue or green coloration in all extracts;
and the reaction with vanillin in concentrated HCI caused a
red-pink color, confirming the presence of phenolic
compounds.

For flavonoids, the results were also positive. The
addition of AICI; (alcoholic solution) produced yellow
fluorescence that intensified under UV light; reaction with
lead (I1) acetate formed a light yellow precipitate;
treatment with NaOH yielded a yellow color; the cyanidin
reaction gave a purple-red coloration; and the Shinoda test
(Mg + HCI) produced a pink-red color, indicating the
presence of flavones and flavonols.

Overall, phenolic compounds and flavonoids were
detected in all extracts, but the reactions were more
intense in the 70 % extracts, which can be attributed to the
higher solubility of these compounds in solvents with
greater ethanol content.

Identification of bioactive compounds in the 40 %
and 70 % aqueous — ethanolic extracts of Persea americana
seeds was also performed using TLC according to standard
methodological approaches. Reference standards were
used, and fluorescence, spot color, and Rt values were
visually evaluated. The results are presented in Table 2.

Table 2. TLC results of aqueous — ethanolic seed extracts
of Persea americana

Aqueous — Identified compound, Ry
ethanolic . . L
extracts Gallic acid | Quercetin | Ascorbic acid
1A 70 % 0.54 0.65 0.97
1B 40 % 0.52 0.68 0.99
2A 70 % 0.55 0.67 0.96
2B 40 % 0.50 0.67 0.98

1A — 70 % ethanol, fresh seed; 1B — 40 % ethanol, fresh
seed; 2A — 70 % ethanol, dry seed; 2B — 40 % ethanol, dry
seed; Ry is the retardation factor, average values are given.

Thin-layer chromatography performed in the
solvent system toluene — acetone — formic acid (6:6:1),
followed by visualization under UV light and treatment
with a 1 % ferric chloride (FeCls) solution, revealed
characteristic grayish-green spots with Rs values ranging
from 0.50 to 0.55 (Table 2), corresponding to gallic acid.
The detection of gallic acid confirms the antioxidant
potential of the studied extracts.

To identify flavonoids, particularly quercetin, the
ethyl acetate — formic acid — water (8:1:1) solvent system
was used, followed by treatment with a mixture of
p-anisaldehyde and H»SOs. Flavonoid compounds were
detected in all samples, with R values corresponding to
those of quercetin, confirming its presence.

Olena Yaremkevych et al.

TLC results also verified the presence of ascorbic
acid in the aqueous — ethanolic extracts of Persea
americana seeds, regardless of ethanol concentration,
indicating the consistent occurrence of this potent
antioxidant in the studied raw material.

The total phenolic content in the aqueous —
ethanolic extracts of Persea americana seeds was
quantitatively determined spectrophotometrically as gallic
acid equivalent, wusing the calibration equation
y = 2.1899%, where x is the optical density and y is the
total phenolic content (mg/g) (Table 3).

Table 3. Total phenolic content expressed as gallic acid
equivalent in aqueous — ethanolic seed extracts of Persea
americana

Aqueous — Mean values Total phenolic
ethanolic of the optical content, mg/g
extracts density (x+Ax,n=3)
1A 70 % 0.55 1.204 +0.010
1B 40 % 0.68 1.489 +0.010
2A 70 % 0.69 1.511 +0.002
2B 40 % 0.85 1.861 = 0.003

1A — 70 % ethanol, fresh seed; 1B — 40 % ethanol, fresh
seed; 2A — 70 % ethanol, dry seed; 2B — 40 % ethanol, dry
seed

As shown by the obtained data, phenolic compounds
were detected in all samples; however, their content
depended on both the concentration of the extractant and the
preliminary treatment of the raw material. The highest
phenolic content was observed in the 40 % aqueous —
ethanolic extract obtained from dry seeds (sample 2B),
amounting to 1.861 mg/g expressed as gallic acid equivalent.

The lowest value was recorded for sample 1A
(70 % ethanol, fresh seeds) — 1.204 mg/g, indicating lower
extraction efficiency of phenolic compounds when using
more concentrated ethanol and fresh raw material.

Overall, it was found that 40 % ethanol solutions
are more effective for extracting phenolic compounds
from Persea americana seeds, while dry raw material
provides a higher yield of these substances compared to
fresh seeds.

The total flavonoid content in the aqueous—
ethanolic extracts of Persea americana seeds was quan-
titatively determined spectrophotometrically as quercetin
equivalent, using the calibration equation y = 7.657x, where
X is the optical density, and y is the total flavonoid content
(mg/g). Table 4 presents the results of the determination of
total flavonoids in the aqueous—ethanolic extracts of
Persea americana seeds, expressed as quercetin equivalent.
The extraction was carried out using 40 % and 70 %
ethanol and both fresh and dry raw materials.

The results indicate that flavonoids were present in
all samples, though their content varied depending on the
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ethanol concentration and the physical state of the seeds.
The highest flavonoid content was recorded in the 40 %
aqueous — ethanolic extract from fresh seeds (sample 1B),
reaching 3.395 mg/g expressed as quercetin equivalent.
This suggests that a lower ethanol concentration promotes
more efficient extraction of polar compounds such as
flavonoids. The lowest content was observed in the 70 %
aqueous —ethanolic extract from fresh seeds (sample
1A) — 2.663 mg/g.

Table 4. Total flavonoid content expressed as quercetin
equivalent in aqueous — ethanolic seed extracts of Persea
americana

seed extracts in vitro: the role of biologically.. 205

relative amino acid content was observed in the 70 %
aqueous — ethanolic extract from fresh seeds (sample 1A),
amounting to 0.142 + 0.001 mg/mL.

Table 5. Total amino acid content expressed as alanine
equivalent in aqueous — ethanolic seed extracts
of Persea americana

Aqueous — Total amino acid
- Mean value of the

ethanolic optical densit content, mg/mL
extracts P y (x£Ax,n=3)
1A 70 % 0.667 0.142 + 0.001
1B 40 % 0.254 0.054 + 0.001
2A 70 % 0.391 0.084 £ 0.001
2B 40 % 0.367 0.079 £ 0.001

1A — 70 % ethanol, fresh seed; 1B — 40 % ethanol, fresh

Aqueous — Mean value Total flavonoid
ethanolic of the optical content, mg/g
extracts density (x+Ax,n=3)
1A 70 % 0.40 2.663 = 0.003
1B 40 % 0.51 3.395+0.010
2A 70 % 0.47 3.129 £ 0.010
2B 40 % 0.42 2.796 = 0.020

1A — 70 % ethanol, fresh seed; 1B — 40 % ethanol, fresh seed;
2A — 70 % ethanol, dry seed; 2B — 40 % ethanol, dry seed

In summary, 40 % aqueous — ethanolic extracts
generally contained higher levels of flavonoids compared
with 70 % extracts, and fresh seeds were characterized by
slightly higher flavonoid content than dry ones.

The amino acid content in the 40 % and 70 %
aqueous — ethanolic extracts of fresh and dry Persea
americana seeds was determined using the ninhydrin
method. The results are presented in Table 5. The average
optical density of the alanine — ninhydrin standard
complex was Ao = 0.6002. Initial experimental parameters
were as follows: extract volume V = 2 mL; alanine mass
in the standard mo = 0.2572 mg.

The obtained data show that all examined extracts
contained free amino acids; however, their content varied
significantly depending on the extractant concentration
and the physical state of the raw material. The highest

seed; 2A — 70 % ethanol, dry seed; 2B — 40 % ethanol, dry seed

The results of lipid peroxidation and protein
oxidative modification assays (Figs. 1 and 2) indicate that
both the 40% and 70 % aqueous — ethanolic extracts
obtained from fresh and dried Persea americana seeds
possess pronounced antioxidant properties.

A significant and reliable (p < 0.001) decrease in the
content of thiobarbituric acid reactive substances (TBARS)
and protein carbonyl groups was observed under the action
of the 40 % extracts compared with the control.

As shown in Fig. 1, relative to the control, the 40 %
aqueous — ethanolic extracts reduced TBARS levels by
29.2 % for fresh seeds (p < 0.01) and by 44.3 % for dry
seeds (p < 0.001). Similarly, the 70 % aqueous — ethanolic
extracts decreased TBARS by 15.0 % for fresh seeds and
by 34.8 % for dry seeds. These findings indicate a
decrease in the level of lipid peroxidation in all studied
extracts of Persea americana, with the most pronounced
reliability observed for the 40 % extracts (p < 0.001).
Moreover, the extracts prepared from dry seeds exhibited
significantly lower lipid peroxidation compared to those
obtained from fresh seeds.
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An even greater antioxidant effect of the extracts
was observed in the inhibition of protein oxidative
modification (Fig. 2). As in the previous case, the content
of protein carbonyl groups was significantly lower
following treatment with the aqueous — ethanolic extracts

evych et al.

from dry seeds. Specifically, compared to the control, the
40 % extracts reduced protein carbonyl group levels by
46.9 % for fresh seeds (p < 0.05) and by 73.1 % for dry
seeds (p < 0.005); for the 70 % extracts, the reduction was
37.3 % and 49.9 %, respectively (p < 0.005).
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Fig. 2. Content of protein carbonyl groups in rat liver homogenate under the action of aqueous-ethanolic Persea americana seed

extracts (¥ —p <0.05; *** —

Overall, analysis of the obtained results
demonstrated a statistically significant decrease in
TBARS and protein carbonyl group levels for all Persea
americana seed extracts compared to the control,
confirming a reduction in the intensity of free radical
processes in lipids and proteins.

The antioxidant activity assays thus showed that
Persea americana seed extracts possess a strong capacity to
neutralize free radicals, underscoring the considerable
potential of avocado seeds as natural antioxidants. The
observed correlations between total phenolic content and
antioxidant activity emphasize the key role of phenolic
compounds in determining the overall antioxidant potential
of the extracts. Although these findings are promising,
further studies are required to comprehensively characterize
the therapeutic potential of Persea americana seed extracts.

4. Conclusions

1. The conducted studies revealed the presence of
phenolic compounds, flavonoids, and free amino acids in
all aqueous — ethanolic extracts of Persea americana seeds.

2. Dried seed material was found to be more efficient
for the extraction of free amino acids, whereas fresh samples
exhibited comparatively lower amino acid content.

3. The highest total content of bioactive
compounds was observed in the 40 % aqueous — ethanolic
extract of dried seeds, supporting its suitability for further
pharmacological and biotechnological investigation.

4. Based on two oxidative stress indicators, both
the 40 % and 70 % aqueous — ethanolic extracts of Persea
americana seeds (fresh and dried) demonstrated
pronounced antioxidant activity in rat hepatocytes under

p<0.005; M + SE; n = 5)

conditions of in vitro free-radical oxidation. The extracts
effectively reduced the formation of free radicals in both
lipids and proteins. The strongest antioxidant effect was
observed for extracts prepared from dried seeds using
40 % ethanol as the solvent. Therefore, drying the
biological material prior to extraction is recommended, as
it results in greater inhibition of lipid peroxidation and
protein oxidative modifications.

5. A strong correlation was established between
total phenolic content and antioxidant activity, confirming
the pivotal role of polyphenolic compounds in protecting
against oxidative stress.

6. The obtained results highlight the high antioxidant
potential of Persea americana seeds, indicating their
promise as a natural source of antioxidants for
pharmaceutical, cosmetic, and food industry applications.
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AHTHOKCUJIAHTHUM MMOTEHIIIAJI
EKCTPAKTIB HACIHHSI PERSEA
AMERICANA MILL. IN VITRO:

POJIb BIOJIOTTYHO AKTUBHUX PEYOBUH

Anomauin. 'Y pobomi 30ilicHeno KOMIIEKCHe OOCTIONCEHHS!
XIMIUHO20 CKAAOYy U AHMUOKCUOAHMHOI AKMUBHOCMI B0OHO-eMAHOJIbHUX
excmpaxmie nacinns Persea americana Mill. (asoxaoo) i3 euxopucmanmam
excmpazenmig piznoi xonyenmpayii (40 % i 70 %) ma cuposunu piznoco
cmany (cgizicoi ma cyxoi). Memodamu monkowapogoi xpomamoepaii
BCMAHOBNIEHO HAABHICMb Y 6CIX eKCMpPAaKmax ackopOiHoeoi Kuciomu, a
maxodc (heHoNbHUX CNONYK, 30Kpema 2anogoi Kuciomu i Keepyemumy.
3acanvnuti  emicm  eronie  oyino8anU  CnNEKMpoOGomomMempuyHo  3a
memooom Donina — Yokanvmey, a 3azanvHuii micm ¢hnasonoidie susHavanu
KONOPUMEMPUYHUM AHATIZ0M 13 XAOPUOOM QMIOMIHIIO HA OCHOGI DIGHAHMHS
JiHiUHOT  pegpecii, ompumanozo 3 KaniOpyeanbHoi Kpugoi Keepyemumy
(supaoicenoco y nepepaxynxy na xeepyemun). Kinokicnuil ananiz nokasas,
wo cymapnuii emicm enorvhux cnoayk xoaueagca 'y mevxcax 1,204—
1,861 wme/e, pnasonoidie — 2,663-3,395 mele, a aminokucnom (3a
nineiopunosolo pearxyieio) ¢ medxcax 0,054-0,140 % y nepepaxynxy mna
ananin. Haveuwuii emicm ¢enonie eussneno 6 40 % excmpaxmi i3 cyxo2o
Haciuus, mooi AK ¢aagonoiou kpawe excmpazysanucs 40 % emanonom 3i
cgidicoi cuposunu. 3a pezyrbmamami MOOEI08AKH NPOYECi8 NEPEKUCHO20
OKUCHEHHs1 Ninioig i OKUCHOT MoOughixayii OinKie in vitro 8UABIEHO 8UPAdCEHY
AHMUOKCUOAHMHY — akmusnicmb  ycix — excmpakmie, 30kpema 40 %
eKxcmpakmie i3 cyxoi cupoeunu, ki sHudcysanu pisenv THK-akmueHux
npodykmie na 44,3 % i xapbouimbnux epyn npomeinie — na 73,1 %
(p<0,001). Ompumani pesymvmamu cgiouamv Npo  GUCOKUL AHMU-
oKkcuoanmuuti nomenyian nacinns Persea americana, wo mooce 6Gymu
NePCHeKmMUGHUM  0HCepesiom NPUpoOHUX anmuokcuoanmie Ons  apma-
YesmuyHoi, KOCMEeMUYHOI Mma Xap4o80i NPOMUCIOBOCHI.

Kmouosi cnoea: Persea americana, 600H0-emanoIbHi eKCMpPaKmii,
heronvHi cnonyku, QrasoHoiou, AMIHOKUCIOMU, AHMUOKCUOAHMHA AKMUB-
Hicmb, cnekmpogomomempis, morkowaposa xpomamozpagis (TLLX).



