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ABSTRACT

Background: The apricot tree (Armeniaca vulgaris L.; family Rosaceae) is one of the most important fruit trees in
Armenia. While apricots are widely studied for their alimentary uses (e.g., fresh and dried fruits, and oil production), the
leaves are valued in traditional medicine due to their high concentration of bioactive compounds. These compounds
make apricot leaves valuable for both medicinal and chemical applications. The healing properties of apricot leaves are
primarily attributed to their antimicrobial and antioxidant activities, which are linked to chemical constituents such as
flavonoids and phenolic compounds. However, the increasing use of agrochemicals may influence the content of these
bioactive compounds and negatively affect their properties. Despite this concern, studies addressing these issues remain

scarce in literature.

Objectives: To evaluate the impact of pesticides (Topaz and Confidor) on flavonoid and total phenolic content in apricot
leaves through field surveys and biochemical analyses and to identify correlations between the phenolic content in the

extracts and the antimicrobial activities of the examined samples.

Methods: The experiments were conducted in the Kotayk region of the Republic of Armenia (RA). The research material
was the apricot leaves collected from the trees treated twice with the fungicide Topaz and the insecticide Confidor, after
allowing for complete detoxification in the leaves. Trees sprayed with water served as a control group. Antimicrobial

activity of the extracts was evaluated using the agar well diffusion assay (Method of Wells). Polyphenolic compounds

were quantified using methods described by Yermakov.
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Results: According to the results obtained, the inhibitory activity of the apricot leaf extracts against the tested
microorganisms (Gram positive (Staphylococcus citreus, Staphylococcus aureus, Bac. megatherium, B. subtilis), Gram
negative bacteria (Escherichia coli and Salmonella thyphymurium) and fungus (Candida guillermondii) is correlated with

the concentration of total phenolic compounds, tannins and flavonoids in the leaves by polynomial 3 order equations.

Conclusions: Our data indicates a certain impact of pesticides on the content of the total PC, tannins and flavonoids in
apricot leaves, which explains the different antimicrobial activity on the same microorganisms of the tested extracts

coming from.

Keywords: Apricot leaves, phenolic compounds, antibacterial and antifungal activities, pesticides
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INTRODUCTION

In recent decades, the importance of the health benefits
of functional foods has attracted more and more
attention, leading to an increase in their demand. This
progress has been supported by advances in Quantum
and Tempus theories within the field of functional food
science. A key criterion for qualifying a food product as
functional is the presence of biologically active
substances or compounds that contribute to the
prevention of specific diseases [1-2]. The apricot
(Armeniaca vulgaris L.; family Rosaceae) is one of the
most health-promoting fruits, predominantly cultivated
in the Ararat Plain and the Kotayk region in the Republic
of Armenia (RA).

Although apricot leaves have not been as
extensively researched as fruit, they are rich in bioactive
compounds that contribute to their use in traditional and
herbal medicine. These leaves contain polyphenols (e.g.,
catechins, chlorogenic acid, rutin, naringin), vitamin C,
carotenoids, and trace elements, all of which possess
antioxidant and antimicrobial; properties [3-4].

The three predominant compounds in apricot
leaves - quercetin-3-O-rutinoside, 5-O-caffeoylquinic
acid, and 3-O-caffeoylquinic acid - have demonstrated
significant anti-obesity effects by inhibiting pancreatic
lipase and cyclooxygenase-1, as well as notable
antioxidant capacity, particularly oxygen radical
absorbance capacity, which strongly correlates with
polyphenolic content [5].

Apricot leaf tea has been valued for its mild
detoxifying and digestive benefits, providing a natural
approach to promoting health. Fresh apricot leaf juice is
used in both Armenian and Chinese traditional medicine
to treat skin conditions such as scabies, eczema, sunburn,
and cold-induced itching. Additionally, apricot leaves
have been employed for oral health, including relieving
toothaches and treating stomatitis, as well as addressing

ailments like diarrhea and diphtheria [6-7].
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However, the increasing use of agrochemicals in apricot
orchards may alter the levels of these secondary
metabolites, potentially affecting their health benefits
[8-11]. Despite this concern, such studies remain
underexplored in literature. Additionally, there is a lack
of research on the antibacterial and antifungal properties
of apricot leaf extracts in relation to their phenolic
compounds.

This study aimed to (1) evaluate the antimicrobial
activity of apricot leaf extracts from the Erevani variety
following treatment of the trees with the insecticide
Confidor (Bayer Co.) and the fungicide Topaz (Syngenta
Co.), after complete detoxification of their residues in the
leaves. (2) identify correlations between the
antimicrobial activity of the examined samples and the

phenolic content of the leaves.

MATERIALS AND METHODS

The research material comprised of leaves from the
native Yerevani apricot cultivar, which were collected
from orchards in the Kotayk region of the Republic of

Armenia (RA)

Spraying: The study utilized the fungicide Topaz and the
insecticide Confidor, both of which are commonly used in
Armenia. Confidor (Bayer Co) is a contact and systemic
insecticide that provides effective control of a wide range
of insect pests. It is a neonicotinoid insecticide that works
by disrupting the nervous system of insects. The active
ingredient is imidacloprid: (2E)-1-[6-chloropyridin-3-yl]-
N-nitroimidazolidin-2-imin).

Topaz (Syngenta Co) is a highly effective systemic
fungicide for prophylactic and direct action against stone
fruits (including apricot), wheat, sorghum, citrus and
others. The active ingredient is penconazole: 1-(2,4-
dichloro-B)-propylphenethyl)-1H-1,2,4-triazole. Forty
young apricot trees (less than 8 years old) were selected

for the study and treated twice with 0.1% Confidor and
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0.1% Topaz, either singly or combined, in accordance
with standard agricultural practices. The first application
was made immediately after blooming, and the second,
20 days later. Trees treated with water served as the

Control.

Sampling: Leaves were collected after the second
spraying, once full detoxification of Confidor and Topaz
was achieved in the leaves. The leaves were fixed in a
steam bath for 10 minutes, dried at room temperature in
the absence of direct sunlight, ground into powder using

an electric blender, and sieved through a 1.0 mm mesh.

Antimicrobial Screening

Extraction: Ground, air-dried leaves were extracted with
distilled water for 20 minutes. The extract was then
centrifuged for 5 minutes at 8000 rpm, and the
supernatant was used for further analysis. The sample
was diluted to achieve a concentration of 10 mg/mL.
Antimicrobial activity of the extracts was investigated by
agar well diffusion assay (Method of Wells) [12]. Briefly,
a hole with a diameter of 5,0 mm was made on the agar
seeded with test microorganism. 0,2 mL of test extract
was introduced into the hole in the Petri dishes. The
dishes were put in a refrigerator at “10°C” for 20-24 hrs.
and then incubated at “37°C” for 24 hrs. The
antimicrobial activity of the extract was determined by
measuring the size of a growth inhibition zone around the
sample. The microbial strains used in the assay were
obtained as pure cultures from the Museum of the
Republican Center for the Deposition of Microorganisms
and the culture collection of the Faculty of Microbiology

and Biotechnology of Plants and Microorganisms (RA).

Quantitative Determination of Polyphenol Compounds
Reagents: ethanol, sodium phosphomolybdate and
sodium tungstate, (+) catechin, quercetin, KMnQOa, H2SOa.

All reagents were of analytical grade [13].
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Tannins were determined by titration with a 0.02 N
solution of KMnOa, using indigo carmine as the indicator,
to the endpoint of a golden yellow color. Total phenolic
content was assessed using the Folin-Denis’s reagent
(sodium phosphomolybdate and sodium tungstate),
which reacts with phenolic compounds to form colored
complexes. Water control with all reagents was used. The
optical density (OD) of the extracts was measured at 765
nm after a 30-minute incubation. The phenolic content
was expressed as catechin equivalents (mg/100g). Total
flavonoids were determined calorimetrically following
extraction with solvent and reacting with AlCls.
Flavonoids with hydroxyl groups in the C3 and C5
positions form yellow chelates, which can be measured.
The optical density was measured at 440 nm, and total
flavonoid content was expressed as quercetin or rutin
equivalents per 100 g of dried leaves (mg/100 g). The
total phenolic compounds, tannins, and flavonoids were
calculated based on dry weight of the leaves.
Determination of Dry Matter in fresh material was
carried out by drying the samples at 100 -105°C in a

thermostat until they reached a constant weight.

Statistical analysis: Data was collected in triplicate and
reported as the mean * standard deviation. Statistical
analysis was performed using a Two-Factor Without
Replication ANOVA and regression analysis. The Least
Significant Difference (LSD) test was used, in which P <

0.05 was regarded statistically significant.

RESULTS

Antimicrobial activity: Apricot leaf aqueous extracts
were tested for antimicrobial activity against both Gram-
positive bacteria (Staphylococcus citreus, Staphylococcus
aureus, Bacillus megatherium, Bacillus subtilis) and
Gram-negative bacteria (Escherichia coli, Salmonella
typhimurium), and the fungus Candida guillermondii. The

results are shown in Figure 1 and Table 1.
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When interpreting the results, it was conventionally
accepted that the diameter of the growth inhibition of a
microorganism over 2,0 cm is high activity, 1,0-2,0 cm -
moderate activity, less than 1,0 cm - low activity. Among
the tested microorganisms, Staphylococcus citreus (with

inhibition zones ranging from 2.53 to 3.37 cm) and
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(3.37+0.02 cm), while extracts from trees treated with
Topaz + Confidor showed the lowest activity (2.53+0.11
cm). The strongest inhibitory effect against the Gram-
negative bacterium Salmonella typhimurium was
observed in the extracts from Topaz-treated trees

(2.4+0.43 cm). Notably, Escherichia coli, which was

Salmonella typhimurium (1.8-2.4 cm) were most resistant to extracts from Control and Confidor-treated
affected by the apricot leaf extracts. trees, showed sensitivity to extracts from Topaz

Extracts from untreated trees (Control) exhibited (0.7¢0.00 cm) and Topaz+Confidor-treated trees
the highest activity against Staphylococcus citreus (0.77+0.14 cm).

Antimicrobial activity, cm
35
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Figure 1. Antimicrobial Activity of Dried Apricot Leaf Extracts at the background of pesticide-treated trees.

Table 1. Antimicrobial Activity of Dried Apricot Leaf Extracts from trees treated with pesticides

Test-organism Control LSD Topaz Topaz +

Confidor LSD

Diameter of inhibitory zone, cm (P<0.05)
Bacteria

Staphylococcus aureus st.205 1,531£0,04 1,074£0,02 1,37+0,02 1,1+0,08 0.37
Staphylococcus citreus 3,37+0,02 2,87+0,11 2,67+0,10 2,5310,11 0.28
Bac. megatherium 1,7+0,01 1,6£0,05 1,5+0,06 1,77+0,04 0.20
Bac. subtilis 1759 1,83%0,10 1,43+0,04 1,73£0,07 1,9+0,01 0.30
Escherichia coliM 17 0 0 0,7+00 0,7710,14 -
Salmonella thyphymurium 2,1+0,08 2,3+019 2,4+0.43 1,8+0.22 0.55
Fungi
Candida guillermondii 1,8+0,05 1,73+0.11 1,53+0,04 1,2+0,09 0.42
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Results of Antifungal Activity: The antifungal effect of
apricot leaf extracts was tested against the common
pathogenic fungus Candida guillermondii. The aqueous
extract of apricot leaves demonstrated moderate
antifungal activity against the fungus, with inhibition
zones ranging from 1.2 to 1.8 cm. Extracts from
untreated (Control) trees exhibited the highest antifungal
activity, showing an inhibition zone of 1.8+0.14 cm
against Candida guillermondii.

The results revealed variations in the antimicrobial
activity of apricot leaf extracts, depending on the type of

agricultural treatment the trees had undergone.

Phenolic Compounds: Our experiments (Table 2)
revealed that pesticide treatment of apricot trees
increased the accumulation of dry matter and total

phenolic compounds in the leaves. The highest levels
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were observed with the fungicide Topaz (41.1% and
81341 mg/100g, respectively), followed by the
combination of Topaz and Confidor (37.6% and 734+29
mg/100g, respectively).

The tannin content varied significantly between
treatments, ranging from 11.64% to 17.15%. Leaves from
trees treated with Topaz had the highest tannin content
(17.15+0.96%), while those treated with Confidor had the
lowest (11.64+0.27%).

Flavonoids, however, showed a different trend. The
highest flavonoid content was found in the Control leaves
(1.74+0.05 mg/100g), while the lowest was in the leaves
treated with Topaz (0.68+0.04 mg/100g). When Topaz
and Confidor were applied together, flavonoid levels
were lower than in the Control but higher than in the

Topaz-only treatment (1.00£0.08 mg/100g).

Table 2. Dry matter and phenolic compounds in apricot leaves treated with pesticides (P<0.05)

Option Dry matter, Total FC Tannins, Flavonoids,
% (mg /100g) % (mg /100 g)
LSD=47 LSD=0,63 LSD=0,63
Control 34.7 625+00 12,47+0,54 1,74+0,05
Confidor 36,2 686181 11,64+0,27 1,52+0,02
Topaz 41,1 813+41 17,1540,96 0,68+0,04
Topaz + Confidor 37,6 734+29 12,89+0,54 1,00+0,08

The phenolic compound content in the studied leaves was shaped by the plant’s natural metabolic processes, which were modified by the applied

pesticides.

Regression analysis and Correlation Establishment: To
generalize the results obtained, regression analysis was
conducted using Microsoft Excel software. The
dependent variable (y) represented the inhibition zone of
the microorganisms (d, in cm), while the independent
variable (x) corresponded to the concentration of the

studied phenolic compound. The regression curves for

total phenolic compounds (PC), tannins, flavonoids, and
inhibitory zones of Gram-positive and Gram-negative
bacteria, as well as fungi, are presented in Figure 2.

The analysis revealed that the inhibitory activity of
apricot leaf extracts against the tested microorganisms’
correlates either positively or negatively with the

concentration of total phenolic compounds. The curves
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are modeled using third-order polynomial correlations
with R2=1, indicating a strong fit. However, this suggests
that factors other than phenolic compounds may
influence the inhibitory activity of the extracts.

For bacteria in the Bacillus family, including Bacillus
megatherium and Bacillus subtilis 1759, the correlations
were negative (y = -5E-07x3+ 0.0012x?- 0.8211x +194.4,
R?=1; y = -1E-06x3 + 0.0028x? - 2.0088x + 478.74, R?*=1).
This indicates that the inhibitory activity of the extracts
may decrease at higher concentrations of total phenolic
compounds in the extract (Fiure 2a).

Notably, at the peak of inhibitory activity against
these bacteria, an opposite phenomenon is observed:
reactivation of the extracts occurs against
Staphylococcus citreus, Salmonella typhimurium, and the
fungus Candida guilliermondii.

Another group of polyphenolic compounds found in
apricot leaves in significant quantities are tannins.
Extensive literature analyses have demonstrated that
tannins exhibit antimicrobial activity against a wide range
of microorganisms, including fungi, yeasts, and bacteria
[14-16]. Our regression analysis results indicated a strong
correlation between the antibacterial and antifungal
activities of tannins in apricot leaf extracts and the
growth inhibition of microorganisms across different
groups (Figure 2b). The curves are described by positive
third-order polynomial correlations: (Staphylococcus
aureus st. 205: y = 0.2713x3 - 11.3x? + 154.67x - 696.18,
R2=1; Staphylococcus citreus: y = 0.4567x3 — 18.979x? +
259.01x - 1160.8, R%=1; Salmonella typhimurium: y =
0.1019x3 - 4.1483x? + 55.34x - 240.48, R?>=1; Fungus
Candida guilliermondii: y =0.2781x3-11.499x?+ 156.04x
-695.19, R*=1).

These results suggest that higher concentrations of

tannins (exceeding 13%) are unfavorable for the growth
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of these microorganisms. Moreover, the inhibitory
activity of apricot leaf extracts could be enhanced as the
tannin concentration increases.

As to Bac. megatherium and Bac. subtilis 1759, the
curves are polynomial 2 order negative correlations: y = -
0.0347x%+0.9807x - 5.1234 and y = -0.0792x?+ 2.3312x -
14.97 with correlation coefficients 0.9903 and 0.9817,
respectively. The inhibitory activity of apricot leaf
extracts could be decreased alongside the concentration
of tannins.

From these equations, could be roughly calculated
the maximal and minimal inhibitory activities of the leaf
extracts against tested microorganisms: the least growth
for Gram-positive bacteria Staphylococcus aureus st. 205,
Staphylococcus citreus, for Gram negative bacteria
Salmonella  thyphymurium and fungus Candida
guillermondii is observed when the concentration of
tannins in the extracts was achieved up to 12,8%.

For Bacillus megatherium and Bacillus subtilis 1759,
the regression curves are represented by second-order
negative polynomial correlations: y = -0.0347x?+ 0.9807x
- 5.1234 and y = -0.0792x? + 2.3312x - 14.97 with a
correlation coefficient of R*> = 0.9903 and 0.9817,
respectively. These correlations suggest that the
inhibitory activity of apricot leaf extracts decreases as the
concentration of tannins increases. From these
equations, could be roughly calculated the maximal and
minimal inhibitory activities of the leaf extracts against
tested microorganisms: the least growth for Gram-
positive bacteria Staphylococcus aureus st. 205,
Staphylococcus citreus, for Gram negative bacteria
Salmonella  thyphymurium and fungus Candida
guillermondii is observed when the concentration of

tannins in the extracts achieved up to 12.



Functional Foods in Health and Disease 2024; 14(12): 968-983 FFHD Page 975 of 983

Staphylococeus citrens

Staphylococcus aureus st.205

16 3.6
E 1.5 3.4
« 1.4 3.2
=
13 3
N
=, 1.2 2.8
i
£1a 2.6
=
= 1 2.4
S 09 2.2
0.8 2
600 700 800 900 600 700 800 900
PC, mg /100g PC, mg /100g
Bac. megatherium Bac. subtilis 1759
1.9 2.3
s )
< 1.8 i
=
S 17 19
£
.g 1.6 1.7
E 1.5
-'g 1.5 .
(R
1.4 1.3
600 700 300 900 600 700 800 900
PC, mg /100g PC, mg /100g
Salmonella thyphymurium Escherichia coli M 17
= 2.6
S 1.5
g 2.4
g 1
N
o 22
3
2 0.5
= 2
=
= 1.8 0 -
600 “856”" 700 750 800 850
16 05 |
600 700 800 900
PC, mg /100g PC, mg /100g
Candida guillermondii
2
E 18
<
2 16
=
A 1.4
£
;§ 1.2
=
= 1
600 650 700 750 800 850

PC, mg /100g
(2a)



Functional Foods in Health and Disease 2024; 14(12): 968-983 FFHD Page 976 of 983

1.7 :
Staphylococcus aureus st.205 4 Staphylococcus citreus
1.6 n
gﬂ 1.5 "’ 35 "‘\
%) ]
g 14 I
N i ! 3 i
£ 13 : \
£ i\ | d
2 12 i 25 } i
£ '. ! '. :
= 11 - i ' !
[ | H 1
1 y ' 2 . !
11 13 15 17 19 11 13 15 17 19
Tannins, % Tannins, %
2.3 - 1.9 .
Bac. subtilis 1759 Bac. megatherinm
i 1.8 o
2.1
g
= 1.7
= 1.9
=
N 1.6
£ 17
= 15
=
= 1.5
= 1.4
13 13
11 13 15 17 19 11 13 15 17 19
Tannins, % Tannins, %
2.5 [ Salmonella thyphymurium 1 Escherichia coli M 17
24
§ 23 0.8
<
§ 2.2 0.6
2.1
el 0.4
£ 2
=2 0.2
_g 1.9
= 1.8 o }
1.7 CE 111 13 15 17 19
11 13 15 17 19
Tannins, % Tannins, %
2.1 Candida guillermondii
A%
£ 19 T
& i
S 17
S '.
-
515 ‘.l :
= ' ]
= [ 1
= 1.3 { !
= v i
1.1 :
11 13 17 19

.15
Tannins, %

(2b)



Functional Foods in Health and Disease 2024; 14(12): 968-983 FFHD Page 977 of 983

Staphylococcus aureus st.205

1.6
15
1.4
1.3
1.2
11

1
0.9

Inhibitory zone, cm

0.

1.8
1.75
1:7
1.65
1.6
1.55
1.5
1.45

Inhibitory zone, cm

Staphylococcus citreus

5

Flavonoids, mg /100g

1.5

Bac. megatherium

0.5

0.8
0.6
0.4
0.2

Inhibitory zone, cm

-0.2

1

Flavonoids, mg /100g

Escherichia coliM 17

15

0,5

Flavonoids, mg /100g

]
o
=
)
R
>
St
S
]
=
=
=
—

1.8
1.6
1.4
1.2

1

3.6
3.4
3.2
3
2.8
2.6
2.4
2.2
2 0.5 1 1.5 2
Flavonoids, mg /100g
) Bac. subtilis 1759
1.8
1.6
14
1.2
2 0.5 1 1.5 2
Flavonoids, mg /100g
Salmonella thyphymurium
2.6
24
2.2
2
1.8
2 1.6
0.5 1 1.5 2

Flavonoids, mg /100g

Candida guillermondii

-
'4’ iy

0.5

il 1.5 2
Flavonoids, mg /100g

Figure 2. Correlation between the antimicrobial activity of total PC (a), tannins (b) and flavonoids (c) and antimicrobial

activity of leaf extract.



Functional Foods in Health and Disease 2024; 14(12): 968-983

Flavonoids are phenolic compounds well known for their
antimicrobial, antiviral, and anti-inflammatory properties
[17-19]. Their antibacterial activities have garnered
increasing attention. When considering the role of
flavonoids in the inhibitory activity of apricot leaf extracts
against Gram-positive bacteria such as Staphylococcus
aureus st. 205, Staphylococcus citreus, Bacillus
megatherium, Bacillus subtilis 1759, and the fungus
Candida  guilliermondii, positive regressions are
observed. This overall indicates that the inhibitory
activity of the extracts against these microorganisms
tends to increase, after some fluctuations, as the
flavonoid content in the extracts rises (Figure 2c). In
contrast, regarding the inhibitory activity of the extracts
against Gram-negative bacteria such as Salmonella
typhymurium and Escherichia coli M17, the regressions
are negative (y =-5.5705x3 + 21.202x? - 25.561x + 11.729,
R? = 1; y = -0.5455x + 0.5084x + 0.6671, R? = 0.8794,
respectively). This indicates that the inhibitory activity of
apricot leaf extracts decreases at higher concentrations

of flavonoids in the extract.

DISCUSSION
The antibacterial and antifungal activities of the herbs are
mainly attributed to the presence of various biologically
active substances, usually related to secondary metabolic
products. Among these secondary metabolites, phenolic
compounds appear to be the most important due to their
promising antioxidant and antimicrobial activities, as
demonstrated in both in vivo and vitro studies [20-24].
Polyphenolic compounds have been widely used to
combat pathogenic bacteria [25-26]. and show diverse
mechanisms of action against different microbial strains
[27-28].

Our previous investigations revealed that the
phytochemical composition of apricot leaves includes a

complex mix of phenolic compounds, primarily
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condensed tannins, flavones, flavanols, 5-hydroxy
flavanols, 5-hydroxy flavones, chalcones, aurons,
catechins, and coumarins. Tannins were found to be the
most abundant, reaching up to 23.6% in the leaves of
young trees when extracted with ethanol. The optical
density of these extracts was measured using a self-
registering UV-1700 spectrophotometer (Shimadzu,
Japan), with a 1 mm cuvette at wavelengths ranging from
400 to 600 nm. The maximum optical density was
observed at 465 nm, confirming the presence of
flavonols, particularly quercetin, in apricot leaves [29].

Our analysis revealed that the accumulation and
preservation of phenolic compounds in apricot leaves
were largely affected by the type of pesticide used on the
trees. The highest concentrations of dry matter, total
phenolic compounds (PC), and tannins were found when
the fungicide Topaz was used (41.1%, 813+41 mg/100g,
17.15+0.96%, respectively) or when Topaz and Confidor
were applied together (37.6%, 734129 mg/100g,
12.89+0.54%, respectively).

A different pattern emerged when we examined the
effect of these pesticides on flavonoid content. The
highest concentration of flavonoids was found in the
Control leaves (1.74+0.05 mg/100g), while the lowest
concentration was found in the Topaz variant (0.68+0.04
mg/100g). When Topaz and Confidor were used together,
the reduction in flavonoid content was less pronounced
(1.00+0.08 mg/100g).

It is noteworthy that the increase in the content of
total phenolic compounds and tannins was accompanied
by a reduction in flavonoid levels. These changes are
likely linked to the increased activity of enzymes involved
in the synthesis of plant phenolic compounds, such as
shikimate dehydrogenase, phenylalanine ammonia lyase,
and cinnamate dehydrogenase, in response to pesticide

exposure. Additionally, the rise in phenolic compound
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levels may be a protective response by the plant cells [30-
32]. Secondary metabolites such as flavonoids, phenolics,
stilbenes, hydroxycinnamic acids, etc., are produced in
extremely lower concentrations within plants under
normal environmental conditions for signaling and
metabolism. Phenolic compounds and flavonoids play
crucial roles in regulating plant development and
tolerance to various biotic and abiotic stresses, including
light, drought, salinity, UV radiation, soil pH,
temperature, heavy metals, agrochemicals, microbial
infections, and climate changes. The accumulation of
these compounds depends on the plant's adaptive
capacity [30-33]. These compounds provide resistance to
the plant and regulate multiple of its functions. Some
polyphenolic compounds serve as a scavenger that
removes the ROS molecules generated during oxidative
bursts, and some of them function as protective in
nature, such as flavonoids and anthocyanins [9-10].
Under biotic and abiotic stresses, plants enhance
phenolic compounds to avoid any toxic effects.

Several reviews have discussed how agrochemicals
can enhance the accumulation of phenolic compounds in
plants. The accumulation of phenolic compounds results
from upregulating key biosynthetic genes and activating
the key enzymes of phenylpropanoid-branched chain
reactions such as PAL and CHS [34-36]. In some species,
pesticides can affect flavonoid accumulation. For
instance, the application of pesticides and fertilizers in
the field led to increased flavonoid levels in leek but had
variable effects in parsley and significantly reduced their
levels in celery and lettuce [11].

Phenolic compounds serve various ecological
functions in plants and, on the other hand, also have
significant inhibitory effects on the bacteria and yeasts.
Our analysis showed that the inhibitory activity of apricot

leaf extracts against the tested microorganisms
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correlated with the concentration of total phenolic
compounds, tannins, and flavonoids, as determined by
polynomial regression equations of the third order.

The Gram-positive bacteria Bacillus subtilis 175 and
Bacillus megatherium showed less susceptibility to
higher concentrations of total phenolic compounds and
tannins compared to other tested microorganisms. These
findings were not entirely unexpected, as these bacteria
form resting spores, making them more resistant to
environmental conditions and oxidizing agents than
other bacteria [37]. Literature suggests that some plant-
derived metabolites can act as protectants for microbial
cells against oxidative stress and may even promote their
growth. Notably, Bacillus subtilis has developed
mechanisms for tannin degradation in its natural habitat,
which is an interesting ecological observation [38].

Our experiments also revealed differences in
susceptibility between Gram-positive and Gram-negative
bacteria to apricot leaf extracts. Extracts rich in
flavonoids exhibited higher inhibitory activity against
Gram-positive bacteria, such as Staphylococcus aureus
st.205 (1.53+0.63 cm) and Staphylococcus citreus
(3.3720.14 cm). In contrast, higher flavonoid
concentrations resulted in reduced activity against Gram-
negative bacteria like Salmonella thyphymurium and
Escherichia coli. Interestingly, the flavonoid-rich leaf
extracts from untreated (Control) trees and trees treated
with Confidor showed no inhibitory effect on E. coli. This
discrepancy between Gram-positive and Gram-negative
bacteria in their response to flavonoids has been noted
as well by Osonga F.J. [39]. The difference in flavonoid
(quercetin) susceptibility may be partly due to
differences in the composition of the cell membranes of
Gram-positive and Gram-negative bacteria. Lipophilic
flavonoids are particularly effective against Gram-

positive bacteria because they can pass through the
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bacterial cell wall, interact with the internal membrane,
interfere with microbial metabolism, and ultimately
cause cell destruction [40].

The antifungal activity of apricot leaf extracts was
assessed against the common pathogenic fungus
Candida guillermondii. The aqueous extracts exhibited
moderate antifungal activity, with the highest inhibition
observed in flavonoid-rich leaf extracts from young
untreated (Control) trees (1.8+0.14 cm).

These findings further support the notion that
herbal extracts, even from plants of the same genus, can
exhibit varying effects on different microbial species due
to differences in chemical composition and the
interactions of these components with each other and
with the metabolism of the test organisms.

Thus, apricot leaf extracts, rich in flavonoids,
demonstrate significant antibacterial activity, particularly
against the Staphylococcus genus. This group includes
strains that are leading causes of skin and soft tissue
infections such as abscesses (boils), furuncles, and
cellulitis. In addition to their efficacy against
Staphylococcus species, apricot leaf extracts, which are
rich in tannins and total phenolic compounds, have also
shown high activity against the Gram-negative bacterium
Salmonella typhymurium. This pathogen, while primarily
associated with enteric diseases, can also cause a range
of conditions, notably gastroenteritis and septicemic
diseases.

Given these properties, apricot leaves hold
promises for incorporation into functional food
applications (as product for tea) and oral or skincare
products. This dual utility in combating harmful bacteria
and supporting traditional wellness practices suggests
potential for apricot leaf extracts to bridge modern
scientific innovation and time-tested herbal remedies.

Apricot leaves deserve further investigation as a

promising medicinal herb, particularly since our previous
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studies demonstrated that apricot leaf extracts show no

cytotoxicity in vitro [41].

CONCLUSION

Summarizing the results of our experiments, we can state
that the total phenolic compounds (PC), tannins, and
flavonoids present in apricot leaf extracts exhibit varying
inhibitory properties against the tested microorganisms.
The mode of action appears to depend on the specific
microorganism species.

The inhibitory activity of these extracts against the
tested microorganisms - including Gram-positive bacteria
(Staphylococcus citreus, Staphylococcus aureus, Bacillus
megatherium, Bacillus subtilis), Gram-negative bacteria
(Escherichia coli, Salmonella typhymurium), and fungi
(Candida guilliermondii) - correlated with the
concentration of total PCs, tannins, and flavonoids in the
leaves. This relationship can be mathematically described
using third-order polynomial equations.

Our data also indicate that the use of pesticides
(Topaz and Confidor) affects the content of total phenolic
compounds, tannins, and flavonoids in the leaves of
treated trees. This variation in chemical composition
explains the differences in antimicrobial activities of the

tested extracts on the same microorganisms.

Abbreviations: PC, phenolic compounds, LSD, the least
significant difference, phenylalanine ammonia lyase, PAL,

chalcone synthase, CHS.
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