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Abstract

The present study aimed to develop and optimize a multifunctional phytoextract composed of clove
(Syzygium aromaticum), yarrow (Achillea millefolium), and hibiscus (Hibiscus sabdariffa) for potential
topical pharmaceutical and cosmetic applications. Three different phytocompositions were prepared
and comparatively evaluated in terms of antimicrobial activity, antioxidant potential, physicochemical
properties, safety, and long-term stability. Among the investigated systems, the composition containing
clove, yarrow, and hibiscus in a ratio of 6:1:3 exhibited the most favorable profile and was therefore
selected as the optimized formulation. The extraction process was systematically optimized by
investigating the influence of extraction method, extraction time, plant-to-solvent ratio, temperature,
solvent composition, and rotation speed. High-speed extraction performed for 7 min at 26 °C using a
95:5 ethanol: propylene glycol mixture, a raw material-to-solvent ratio of 1:10, and a rotation speed of
3200 rpm yielded the most suitable extract in terms of quality, antimicrobial activity, and long-term
stability. The optimized phytocomposition demonstrated pronounced antimicrobial activity against
Staphylococcus aureus and Escherichia coli, with minimum inhibitory concentration values of 0.25 mL,
while complete inhibition of Candida albicans was achieved at 0.50 mL. The extract also exhibited
strong antioxidant activity in the DPPH assay, with an ICso value of 1.58 mg/mL. Long-term stability
studies demonstrated that the optimized extract remained stable for up to 24 months when stored in
dark glass packaging. Only minor changes in rutin and eugenol content, dry residue, and pH were
observed, whereas storage in plastic containers resulted in marked physicochemical deterioration. The
optimized extract was found to be non-irritant in the HET-CAM assay, with an irritation index of 2.45 +
0.35. Overall, the developed phytocomposition combined strong antimicrobial and antioxidant activity
with good stability and excellent tolerability. These findings indicate that the optimized phytoextract
may serve as a promising active ingredient for the development of topical pharmaceutical and cosmetic
formulations.
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INTRODUCTION

Medicinal plant extracts have attracted
considerable attention owing to their
antioxidant, antimicrobial, anti-inflammatory
and regenerative properties. The
management of superficial skin damage,
minor wounds, inflammatory dermatoses, and

microbial skin infections often requires
multifunctional preparations capable of
reducing oxidative stress, preventing

microbial colonization, and supporting tissue
repair. In this context, medicinal plants rich in
polyphenols, flavonoids, and volatile
constituents represent promising sources of
bioactive compounds for the development of
effective topical formulations [1-5].

Among the selected medicinal plants, clove
buds (Syzygium aromaticum L.) are
particularly rich in eugenol, eugenol acetate,
and B-caryophyllene, which are responsible
for pronounced antibacterial, antifungal,
antioxidant, and anti-inflammatory activities.
Clove extracts have demonstrated inhibitory
effects against both Gram-positive and Gram-
negative microorganisms and are widely used
in traditional medicine for the treatment of
infected wounds, inflammatory skin disorders,
and superficial lesions [6,7]. Yarrow (Achillea
millefolium L.) contains flavonoids, tannins,
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sesquiterpene lactones, and phenolic acids,
which contribute to its well-documented
wound-healing, anti-inflammatory,
antimicrobial, and regenerative properties. In
addition, yarrow has been reported to
promote tissue repair and reduce local
irritation, making it a valuable component of
topical herbal preparations [8,9]. Hibiscus
flowers  (Hibiscus sabdariffa L.) are
characterized by high levels of anthocyanins,
organic acids, and polyphenolic compounds,
particularly gallic acid, quinic acid, quercetin,
rutin, and related flavonoids. These
constituents exhibit strong free radical
scavenging capacity and may contribute to
protection against oxidative stress and
inflammation [10,11]. Therefore, the rational
combination of clove, yarrow, and hibiscus
extracts may provide broader and potentially
synergistic biological activity than each
extract used individually, owing to the
complementary actions of volatile oils,
flavonoids, tannins, and phenolic compounds.
The use of multicomponent
phytocompositions is especially attractive
because plant-derived constituents may
interact synergistically. A rational combination
of plant extracts may improve antimicrobial
activity through the simultaneous action of
volatile oils, phenolic acids, and flavonoids on
different microbial targets, while also
enhancing antioxidant capacity and reducing
irritation. However, the biological efficacy of
combined herbal systems strongly depends
on the ratio of the individual components [12—
16]. For this reason, the optimization of the
proportion between clove, yarrow, and
hibiscus is essential to obtain a
phytocomposition with maximum biological
activity and acceptable physicochemical
properties. Preliminary microbiological
observations indicated that the 6:1:3 ratio
provided superior antimicrobial activity and
comparable antifungal activity compared with
other tested combinations, suggesting that
this composition may represent the most
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promising balance between the active plant
constituents [17-19].

In addition to phytochemical composition, the
extraction method plays a crucial role in
determining the quality and activity of the
obtained extract. Conventional methods such
as maceration and percolation are widely
used for the extraction of biologically active
substances from plant materials; however,
these methods are generally time-consuming
and may provide limited extraction efficiency.
In contrast, high-speed extraction based on
cavitation and intense shear forces
significantly accelerates mass transfer
processes, increases the contact surface
between plant material and solvent, and
facilitates the release of intracellular
compounds. High-speed dispersion
technologies are also advantageous for the
extraction of thermolabile and volatile
constituents because they allow efficient
extraction within a short period of time and
under relatively mild conditions[18—24].

The use of rotor—stator homogenizers and
high-speed dispersers has recently emerged
as a promising strategy for the intensification
of pharmaceutical and phytochemical
processes. These systems generate
turbulence, cavitation, and strong
hydrodynamic forces, leading to rapid
disruption of plant cell walls and enhanced
release of active compounds. Compared with
conventional extraction methods, high-speed
extraction can reduce processing time
several-fold while simultaneously improving
extract yield and preserving biologically active
constituents [25-29]. Nevertheless, despite
the growing interest in these technologies,
there is still limited information regarding their
application to multicomponent

phytocompositions intended for topical
pharmaceutical use.

Furthermore, although the antioxidant,
antimicrobial, and anti-inflammatory
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properties of individual extracts obtained from

clove buds (S.aromaticum L.), yarrow
(A.millefolium L.), and hibiscus flowers
(H.sabdariffa L.) have been reported

previously, their combined use in a rationally
optimized ratio has not been sufficiently
investigated. There is limited information
regarding the simultaneous optimization of
plant ratio and extraction conditions, together
with comprehensive evaluation of antioxidant
activity, antimicrobial efficacy, irritation
potential, and cytotoxicity. Moreover, no
previous study has been identified in which a
high-speed  extracted phytocomposition
consisting of clove, yarrow, and hibiscus was
optimized according to extraction parameters
and component ratio, chemically
characterized by GC/MS and LC/MS, and
biologically evaluated using antimicrobial,
antioxidant, HET-CAM, and MTT assays.

Therefore, the aim of the present study was to
develop and optimize a multicomponent
phytocomposition based on clove buds,
yarrow, and hibiscus flowers, and to
determine the most suitable extraction
conditions for obtaining a biologically active
extract. Different extraction methods,
extraction times, solvent systems, and plant
ratios were systematically compared to
identify the optimal phytocomposition. The
resulting extracts were subsequently
characterized by modern chromatographic
techniques and evaluated in terms of their
antimicrobial, antioxidant, irritation, and
cytotoxic properties. To the best of our
knowledge, this is the first study to report the
comprehensive development and biological

evaluation of a high-speed extracted
phytocomposition composed of
S.aromaticum, A.millefolium, and

H.sabdariffa in an optimized 6:1:3 ratio for
potential application in topical pharmaceutical
preparations [18, 32].
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High-Speed Extraction of Phytoextract from
Clove, Hibiscus, and Achillea millefolium
and Development of Phytoextract
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MATERIALS and METHODS

Materials

Dried flower buds of S.aromaticum L.
(Myrtaceae), aerial parts of A.millefolium L.
(Asteraceae), and flowers of H.sabdariffa L.
(Malvaceae) were used as plant materials.

Solid to solvent ratio:

Extraction Parameters

Solvent: Water / Ethanol /
Hydroethanol (95:5)

Rotation speed: 3200 rpm

Irritation index: 2.45 £ 0.35

-

Cleaning Drying Grinding
- -— -
Remove dust 40-50 °C
and impurities until constant weight Obtain fine
powder

3. EXTRACT SEPARATION

Filtration

Centrifugation
(optional)

Filter through
0.45 pm membrane

5. QUALITY CHARACTERIZATION

A. ELEMENTAL PROFILING B. PHYTOCHEMICAL ANALYSIS

anthocyanins, tannins) Il Y OH
Strong antioxidant activity b > O /_ y Q :
(ICy = 1.58 mg/mL) ~
& P bial = o OH
otent antimicrobial activity .
(MIC: S. aureus = 0.25 mL, » » —J - ’

Total phenolics (Folin-Ciocalteu)

ICP-OES
AAS Flavonoids (AICI, assay)
XRF Tannins (vanillin assay)

HPLC-DAD

9. CONCLUSION

The optimized high-speed extraction (UAE) of clove, hibiscus, and
Achillea millefolium (yarrow) (26 °C, 7 min, solid to solvent ratio
1:10, rotation speed 3200 rpm) yielded a high-quality phytoextract
with potent antimicrobial, antioxidant, and safety profile. Incorporation
into elemental and phytochemical profiles confirms standardized and

reproducible composition. making this extract a reliable botanical

)

v

-

resource for diverse biomedical and pharmaceutical applications

j&

1 High-Quality

26 Phytoextract

°C =i -|e 110 (w/i) =

)

propylene glycol, and distilled water were
used as extraction solvents. All other
chemicals and reagents were of analytical
grade. Preliminary studies were performed
using different extraction methods, solvent
systems, extraction times, and plant ratios to

The botanical materials were cleaned, dried determine the optimum phytocomposition.

under ambient conditions, and pulverized Based

prior to extraction. Ethanol (95%, v/v),
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phytocomposition consisted of S.aromaticum,

A.millefolium, and H.sabdariffa in a ratio of

6:1:3[18].

Preparation of Phytoextracts

The volume of extractant required for the

extraction  procedure was calculated

according to the following equation (Eq. 1.):
Vexractant =V + mK

Eq.1.

where (V) is the required volume of extract

(mL), (m) is the amount of plant material (g),

and (K) is the water absorption coefficient of

the plant material.

The amount of dry residue in the obtained

extracts was determined using the following

equation (Eq. 2.):

5 =

. m; —my
Dry residue = — x 100

Eq.2.

where (ms) is the weight of the empty
container (g), (m2) is the weight of the
container after evaporation of the sample (g),
and (V) is the volume of extract used for the
analysis (mL).

Three different extraction methods were
compared: maceration (12—48 h), percolation
(8-24 h), and high-speed extraction (1-10
min). The powdered plant materials were
mixed with an ethanol: propylene glycol
solvent system (95:5, v/v) and subjected to
high-speed extraction using a Stegler DG-360
high-speed rotor—stator disperser operated at
3200 rpm, 50 Hz, and 360 W. The extraction
process was carried out at 26 + 1 °C to
minimize thermal degradation of volatile and
thermolabile constituents [18].

Different extraction times (1, 3, 5, 7, and 10
min) and plant ratios were evaluated. The
optimum conditions were determined as a
6:1:3 ratio of S.aromaticum: A.millefolium:
H.sabdariffa, extracted for 7 min using the
ethanol: propylene glycol (95:5, v/v) solvent
system[18].

Determination of Alcohol Content

The alcohol content of the obtained
phytoextract was determined by pycnometric
analysis after distillation. Briefly, 25 mL of
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liquid extract was transferred into a 250 mL
distillation flask and diluted with distilled water
to a total volume of 75 mL Porcelain boiling
chips were added and the sample was
distilled. Approximately 48 mL of distillate was
collected in a 50 mL receiving flask cooled in
an ice-water bath. The distillate was adjusted
to 20 °C, and its density was measured using
a pycnometer. The alcohol concentration of
the extract was found to be 95%.

Stability Evaluation of the Phytoextract
The stability of the optimized phytoextract
was evaluated by determining its organoleptic
and physicochemical properties, including
appearance, color, odor, pH, density, dry
residue, and extractive matter content.
Samples were filled into dark glass and plastic
containers and stored at 12-15 °C under
long-term conditions. The influence of
packaging material on the stability of the
extract was assessed periodically during the
storage period.

Determination of Antioxidant Activity

The antioxidant activity of the optimized
phytoextract was evaluated using the DPPH
(2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging assay according to the method of
Brand-Williams et al. with slight modifications.
Briefly, different concentrations of the
phytoextract were prepared in methanol and
mixed with freshly prepared DPPH solution.
The reaction mixtures were incubated in the
dark at room temperature for 30 min, and the
absorbance was measured at 517 nm using a
UV-Vis spectrophotometer. Ascorbic acid
was used as the reference antioxidant. The
radical scavenging activity was calculated as
the percentage inhibition of DPPH radicals,
and the ICs, value (concentration required to
inhibit 50% of DPPH radicals) was obtained
from the concentration-response curve. All
experiments were performed in triplicate, and
the results are presented as mean + SD.[30-
33, 43-45].
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The radical scavenging activity was
calculated according to the following equation
(Eq. 3.):
. Ly e AO - As
DPPH inhibition (%) =

4o

X 100

Eq. 3.
where (Ao) is the absorbance of the control
and (As) is the absorbance of the sample.

Microbiological Evaluation

The antimicrobial activity of the phytoextracts
was investigated in the Department of
Medical Immunology and Microbiology using
both agar disk diffusion and serial dilution
methods. The following test microorganisms
were  used: Staphylococcus  aureus,
Escherichia coli, and Candida albicans.

For the disk diffusion assay, sterile paper
disks were impregnated with the extracts and
placed on inoculated agar plates. Following
incubation, the diameters of the inhibition
zones were measured and expressed in
millimeters [32].

The minimum inhibitory concentration was
further evaluated by serial dilution. Briefly,
four serial dilutions of each extract (1:100,
1:200, 1:400, and 1:800) were prepared in
sterile distilled water. A standardized
microbial suspension containing
approximately 5 x 108 CFU/mL was added
to each tube. After exposure for 10, 20, 40,
and 60 min, aliquots were inoculated onto
agar media. Fungal cultures were incubated
at 28 °C for 48 h, while bacterial cultures were
incubated at 37 °C for 24 h. Among the
investigated formulations, the composition
containing S.aromaticum, A.millefolium, and
H.sabdariffa showed the highest antimicrobial
activity against both Gram-positive and Gram-
negative microorganisms as well as
C.albicans [17,32,42]:

HET-CAM Assay

The anti-inflammatory and irritation potential
of the optimized extract was evaluated using
the Hen’s Egg Test on the Chorioallantoic
Membrane (HET-CAM). Fertilized chicken
eggs were incubated for 9 days at 37.8 °C and
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60% relative humidity. On day 9, the eggshell
was carefully opened at the blunt end, and the
inner membrane was removed to expose the
chorioallantoic membrane [33, 34].

Aliquots of the test samples were applied
directly onto the membrane surface. The
occurrence  of vascular hemorrhage,
coagulation, and lysis was visually monitored
for 5 min. Sodium lauryl sulfate was used as
the positive control and physiological saline
as the negative control.

The irritation score (IS) was calculated
according to the Luepke method (Eq. 4.) [34]:

IS
(301 —H)x (301 —L)x 7+ (301—C)x9
B 300

Eq. 4.

where (H), (L), and (C) represent the times (s)
required for the appearance of hemorrhage,
vascular lysis, and coagulation, respectively.

Cytotoxicity Analysis
The cytotoxicity of the optimized phytoextract
was evaluated by the MTT assay. Cells were
seeded into 96-well plates and incubated
under standard culture conditions. After
reaching appropriate confluence, the cells
were treated with different concentrations of
the extract samples for 24 h. Following
incubation, MTT solution was added to each
well and the plates were incubated for an
additional 3—4 h. The resulting formazan
crystals were dissolved in dimethyl sulfoxide,
and the absorbance was measured at 570 nm
using a microplate reader [32,35].
Cell viability was calculated as follows (Eq.
5.):
N Ag
Cell viability (%) = T x 100
c
Eq. 5.
where (As) is the absorbance of the treated
cells and (Ac) is the absorbance of the
untreated control cells. The cytotoxicity
results were interpreted together with the
antimicrobial and HET-CAM findings to
determine the suitability of the Composition |l
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for  potential
applications.

topical pharmaceutical

Results and Discussion
Selection of the Optimal

Phytocomposition and Synergistic Effect
Three phytocompositions composed of clove

buds (S.aromaticum), yarrow herb
(A.millefolium), and  hibiscus flowers
(H.sabdariffa) were prepared in different

ratios to identify the most suitable
composition for the development of a stable
and biologically active topical formulation.
The compositions differed markedly in both
antimicrobial performance and
physicochemical behavior. Composition |
contained the plant materials at a ratio of
3:6:1, Composition Il at 6:1:3, and
Composition Il at 1:3:6 [17, 36-40, 42].

The obtained results demonstrated that the
biological activity of the compositions was
strongly dependent on the relative amount of
clove extract. Composition I, which contained
the highest proportion of clove together with a
moderate amount of hibiscus, exhibited the
most  pronounced antimicrobial and
antioxidant activity. This finding may be
attributed to the high content of eugenol and
other phenolic derivatives originating from
clove. Eugenol is known to disrupt bacterial
cell membranes, increase membrane
permeability, denature intracellular proteins,
and induce leakage of cytoplasmic contents.
In addition, the presence of hibiscus extract
likely enhanced the overall activity due to its
anthocyanin and organic acid content, while

(2026) 03:04 Azarbaycan Tibb Universitetinin Jurnali

2026
yarrow contributed flavonoids and
sesquiterpenes  with additional  anti-

inflammatory and regenerative properties.
Composition | demonstrated intermediate
activity. Although the high proportion of
yarrow improved the anti-inflammatory
potential of the mixture, the lower amount of
clove reduced the overall antibacterial effect.
Furthermore, the lower concentration of
hibiscus resulted in a less intense antioxidant
activity. The composition remained physically
acceptable during short-term  storage;
however, slight precipitation and gradual loss
of color intensity were observed after
prolonged storage. Composition Ill exhibited
the least favorable profile. The low
concentration of clove markedly reduced the
antibacterial activity, whereas the high
hibiscus  content caused progressive
precipitation, increased acidity, and intense
color instability. The predominance of
hydrophilic hibiscus constituents probably
decreased the compatibility of the extract with
the solvent system and reduced the stability
of the final product [32, 36-40,42].
As summarized in Table 1,
phytocompositions exhibited distinct
physicochemical and biological profiles
depending on the relative proportions of
S.aromaticum, A.millefolium, and
H.sabdariffa. Among them, Composition Il
demonstrated the most favorable balance

the tested

between antimicrobial activity, antioxidant
potential, physicochemical stability, and
overall suitability for further formulation

development.

Table 1. Comparative physicochemical and biological evaluation of the tested

phytocompositions

Parameter Composition Composition Il | Composition ]|
(3:6:1) (6:1:3) (1:3:6)

Main dominant | Flavonoids, Eugenol, . Anthocyanins,

. . anthocyanins, . ,
constituents sesquiterpenes . organic acids
flavonoids
Antimicrobial activity | Moderate Highest Weak
Antioxidant activity | Moderate High Moderate—high
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Physicochemical
yS.I.C ochemica Acceptable Excellent Poor
stability
Precipitation .
Slight None Marked
tendency
Color stability Moderate Stable Unstable
Overall suitability Acceptable Optimal Unsuitable

The superior behavior of Composition |l
suggests that the simultaneous presence of
eugenol-rich clove extract, anthocyanin-
containing hibiscus, and anti-inflammatory
yarrow creates a synergistic phytochemical
system. The combination appears to provide

a balance between antimicrobial potency,
antioxidant protection, and physicochemical
stability. Therefore, Composition 1l was
selected for all subsequent experiments
(Table 2).

Table 2. Comparative evaluation of different plant ratios used for preparation of the

phytoextract.

Ratio (Syzygium - Antimicrobial Final

Achillea : Hibiscus) Appearance Stability activity assessment

3:6:1 Slight turbidity Moderate | Lower Not selected

6:1:3 Homogeneous, no | pie | Highest Selected
sediment

1:3:6 Darlkenmgl / Poor Lower Not selected
sedimentation

The superior behavior of Composition |l
provides empirical validation of a true
synergistic effect achieved by modulating the
multi-component plant ratios. The baseline
methodology and raw  microbiological
dynamics of this system have been fully
validated and published in our previous study
[18, 32, 42] . Our standardized serial dilution
screening, referenced strictly to 0.5
McFarland (1.5x108 CFU/mL) for bacterial
strains and 2.0 McFarland (6x10% CFU/mL)
for C.albicans, revealed that the biological
response is strictly dependent on the
architectural alignment of the matrices. While
Compositions | (3:6:1) and 11l (1:3:6) exhibited
a standard baseline Minimum Inhibitory
Concentration (MIC) of 0.5 mL against St.
aureus and E. coli, Composition Il (6:1:3)
demonstrated a notable 2-fold increase in
antibacterial potency, dropping the MIC
threshold to just 0.25 ml.

This strict formulation synergy is further
manifested in the significant enlargement of
the zones of inhibition; for instance, the
inhibition ~ zone  against  encapsulated
Klebsiella pneumoniae increased by over
50%, jumping from 14£0.9 mm (standalone
clove extract) to 22+1,28mm within the
composite system. Crucially, this synergistic
performance has been formally certified via
an Official Act of Laboratory
Evaluation/Implementation.

Mechanistically, this synergistic interaction is
hypothetically attributed to multi-target
biochemical pathways described in
ethnopharmacological literature. It is
proposed that the phenolics within
S.aromaticum, particularly eugenol, disrupt
bacterial outer cell wall integrity, induce
intracellular lipid leakage, and alter cell
membrane permeability [38, 39, 40].
This structural destabilization
cooperatively, thereby

operates
facilitating  the

68



Mebhraliyeva S.J., Mammadov B.S., Gadirova H.A.  ATU Jurnali

accelerated intracellular influx and localized
efficacy of the co-delivered H.sabdariffa
organic acids (such as hibiscus and citric
acids) and anthocyanins, which effectively
lower internal pH [11, 36, 37], alongside
A.millefolium flavonoids that inhibit essential

bacterial enzyme synthesis [8, 9].
Consequently, this literature-supported
molecular cooperation firmly positions

Composition |l as the optimal certified matrix
for subsequent formulation development.

Antimicrobial and MIC
Determination

The antimicrobial activity of the prepared
phytocompositions was evaluated against St.
aureus, E.coli, and C.albicans, representing
Gram-positive  bacteria, = Gram-negative
bacteria, and fungi, respectively. The tested
microorganisms were selected because they
are commonly associated with infected skin
lesions and impaired wound healing. The

obtained results clearly demonstrated that

Activity
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Composition I possessed the strongest
antibacterial activity among all investigated
samples. Against S. aureus, the MIC value of
Composition 1l was 0.25 mL, whereas
Compositions | and 1ll required 0.50 mL to
inhibit microbial growth. A similar trend was
observed for E. coli. The lower MIC value of
Composition 1l indicates a more potent
antibacterial effect and suggests that the
higher content of clove-derived phenolic
compounds was sufficient to overcome both
the thick peptidoglycan layer of Gram-positive
bacteria and the more resistant outer
membrane of Gram-negative bacteria.

The MIC values presented in Table 3 clearly
indicate that Composition |l exhibited the
strongest antimicrobial activity against both
St.aureus and E.coli, whereas all tested
phytocompositions showed comparable
antifungal activity against C.albicans [ 17-18,
32-33, 42].

Table 3. Minimum inhibitory concentration values of the tested phytocompositions

Sample S. aureus (mL) E. coli (mL) C. albicans (mL)
Composition | 0.50 0.50 0.50
Composition |l 0.25 0.25 0.50
Composition Il 0.50 0.50 0.50

The difference between the antibacterial
activities against S. aureus and E. coli was
relatively small, which indicates that the
Composition Il exerted a broad-spectrum
antimicrobial effect. This broad activity may
arise from the coexistence of several
phytochemicals acting through different
mechanisms. Eugenol is known to penetrate
and disrupt lipid membranes, while hibiscus
acids lower the local pH and thereby create
an unfavorable environment for bacterial
survival. Yarrow-derived flavonoids may
further contribute by interfering with bacterial
enzyme systems.

The antifungal activity against C. albicans
was lower and more comparable among all
compositions. Complete inhibition was

achieved at 0.50 mL for all samples. This
finding suggests that the phytochemical
composition mainly influenced the
antibacterial rather than antifungal effect.
Nevertheless, the observed antifungal activity
remains important because Candida
colonization is frequently associated with
chronic skin lesions.

Overall, these findings indicate that
Composition I was the most promising
phytocomposition owing to its superior broad-
spectrum antimicrobial activity. The optimized
ratio of S.aromaticum, A.millefolium, and
H.sabdariffa appeared to provide the most
favorable balance between membrane-
disrupting volatile compounds and
biologically active phenolic constituents.
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Therefore, Composition |l was selected as the
optimized extract for subsequent extraction
optimization and stability studies [18, 32].
Optimization of the Extraction Process
The extraction process was systematically
optimized to maximize the recovery of
biologically  active  compounds  while
maintaining good physicochemical stability.
The influence of extraction method, extraction
time, plant-to-solvent ratio, temperature,
extractant composition, and rotation speed
was investigated [18, 43].

Effect of Extraction Method

Among the investigated techniques, high-
speed extraction provided the highest dry
residue value (2.56 + 0.01%), followed by
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maceration and percolation (Table 4). The
superiority of high-speed extraction may be
explained by the rapid mechanical destruction
of plant tissues, which increases the contact
area between the plant material and solvent.
Intensive mixing likely enhanced the diffusion
of eugenol, flavonoids, anthocyanins, and
other phenolic constituents into the
extractant. In addition, the relatively short
duration of this method minimized the
degradation of volatile and thermolabile
compounds. By contrast, percolation and
maceration required a longer extraction
period and therefore probably resulted in
greater losses of volatile compounds [18].

Table 4. Effect of extraction method on dry residue content

Method Dry residue (%)
Percolation 2.01£0.03
Maceration 213 +£0.02
High-speed extraction 2.56 + 0.01

Effect of Extraction Time

The amount of dry residue increased
gradually with increasing extraction time and
reached a maximum value after 7 min (Table
5). The sharp increase between 1 and 7 min
indicates that most extractable constituents
were released during the early stages of
extraction. The subsequent decrease
observed after 10 min most likely reflects the
evaporation of essential oil components and
oxidative degradation of phenolic
compounds. Since eugenol and several
anthocyanins are sensitive to prolonged
exposure to oxygen and mechanical stress,
excessive extraction time may reduce the
quality of the extract despite a similar total dry
residue. The extraction efficiency increased
progressively with increasing processing time
and reached its maximum at 7 min. This
finding indicates that high-speed extraction
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provided sufficient disruption of plant tissues
and promoted rapid release of bioactive
constituents within a relatively short period.
However, extending the extraction time
beyond 7 min resulted in a slight decrease in
dry residue content. This reduction may be
associated with the degradation or
volatilization of thermolabile and volatile
compounds, particularly eugenol and other
aromatic constituents present in
S.aromaticum. Prolonged processing may
also promote oxidation of polyphenolic
compounds and partial destruction of
sensitive phytochemicals due to increased
shear stress and cavitation intensity.
Therefore, 7 min was considered the optimal
extraction time, providing the best balance
between extraction efficiency and
preservation of biologically active compounds
[18, 42-44].
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Table 5. Effect of extraction time on dry residue content

Time (min) Dry residue (%)
1 1.06 £ 0.00
3 2.21 £0.00
5 2.43 £0.00
7 2.58 + 0.00
10 2.47 £ 0.00

Effect of Raw Material-to-Extractant Ratio
Although the 1:5 ratio produced the highest
dry residue, the resulting extract was
excessively viscous, difficult to filter, and
contained a substantial amount of ballast
material. In contrast, the 1:10 ratio provided a
more homogeneous extract with lower

viscosity and superior physical stability. The
lower number of insoluble substances
obtained at 1:10 also facilitated subsequent
incorporation into the final semisolid dosage
form. Therefore, the ratio of 1:10 was
considered optimal (Table 6).

Table 6. Effect of raw material-to-extractant ratio on dry residue content

Ratio Dry residue (%)
1:5 3.16 £ 0.02
1:10 2.57 £ 0.03
1:15 2.25+0.02
1:20 1.52 £ 0.01

Effect of Extraction Temperature

The highest extraction efficiency was
obtained at 26 °C (Table 7). Temperatures
above this value led to a gradual decrease in
dry residue. This reduction probably resulted
from the instability of thermolabile compounds
such as anthocyanins and volatile terpenes.

Elevated temperatures may also accelerate
oxidation reactions and evaporation of clove
essential oil constituents. Consequently, the
use of mild temperatures is advantageous for
preserving the biological activity of the extract
[18].

Table 7. Effect of temperature on dry residue content

Temperature (°C) Dry residue (%)
22 2.41+£0.04
24 2.52 +0.03
26 2.79+£0.02
30 2.56 + 0.01
38 2.42 £ 0.01

Effect of Ethanol: Propylene Glycol Ratio

The influence of the solvent composition was
one of the most critical parameters affecting
the quality of the obtained phytoextract (Table
8). Although the highest dry residue was
obtained with the 80:20 ethanol:propylene
glycol system, this solvent mixture also
extracted a larger amount of undesired ballast

substances, including sugars, mucilage, and
other high-molecular-weight constituents. As
a consequence, the resulting extract exhibited
higher viscosity, lower transparency, more
difficult filtration, and reduced long-term
stability. Increasing the proportion of
propylene glycol above 5% also appeared to
impair the efficiency of high-speed extraction



Mebhraliyeva S.J., Mammadov B.S., Gadirova H.A.  ATU Jurnali

because the higher viscosity of the medium
limited solvent penetration and mass transfer
within the plant particles. Similar observations
have been reported for plant extraction
systems in which excessive amounts of
propylene glycol decreased extraction
selectivity and complicated subsequent
processing. By contrast, the 95:5
ethanol:propylene glycol mixture yielded a
lower total dry residue but produced a cleaner
and more selective extract enriched in the
desired phenolic and volatile compounds.
This solvent system provided improved
extract clarity, lower viscosity, easier filtration,
better microbiological stability, and a more
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reproducible  composition. The lower
proportion of propylene glycol was still
sufficient to enhance the solubility of semi-
polar constituents, while the high ethanol
content favored the extraction of eugenol-rich
and flavonoid-rich fractions [18-19, 32, 42].
Therefore, the final selection of the 95:5
ethanol:propylene glycol ratio was based not
only on the total extraction yield but also on
the superior qualitative composition and
stability of the resulting extract. This finding
indicates that the highest dry residue does not
necessarily correspond to the most suitable
phytocomposition for further pharmaceutical
development.

Table 8. Effect of ethanol: propylene glycol ratio on dry residue content

Ratio Dry residue (%)
80:20 3.73+0.03
90:10 3.46 £ 0.02
95:5 2.56 £ 0.04
60:40 2.48 £ 0.05
50:50 2.13+£0.02
40:60 1.68 £ 0.04
30:70 1.04 £ 0.04

Effect of Rotation Speed

Among the investigated rotation speeds, 3200
rpm provided the highest extraction efficiency
and yielded the most suitable
physicochemical characteristics of the
phytoextract (Table 9). At lower rotation
speeds, the mechanical force was insufficient
to achieve complete disruption of the plant
material, resulting in lower extraction
efficiency. In contrast, higher rotation speeds
negatively affected the extract quality, most

likely because of excessive aeration, foaming,
and possible degradation of thermolabile
constituents. Therefore, 3200 rpm was
selected as the optimum rotation speed for
further studies. Consequently, the final
optimized extraction conditions consisted of
high-speed extraction for 7 min at 26 °C using
a 95:5 ethanol: propylene glycol mixture, a
raw material-to-solvent ratio of 1:10, and a
rotation speed of 3200 rpm [18].

Table 9. Effect of rotation speed on dry residue content

Rotation speed (rpm) Dry residue (%)
2800 2.37 £0.04
3000 243 +0.02
3200 2.56 +0.04
3400 2.18 £ 0.01
3600 1.65 £ 0.05
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Elemental Composition of the Optimized
Extract

The macro- and microelement composition of
the optimized extract (Composition IlI) was
evaluated to assess both its potential
biological benefits and its safety (Table 10).
The relatively high calcium content may
contribute to keratinocyte proliferation and
epidermal regeneration, whereas magnesium
and potassium are involved in cellular
metabolism and osmotic balance. Copper is
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of particular interest because it is closely
associated with collagen synthesis and
wound healing. Therefore, the elemental
profile of the extract may additionally support
its biological activity. Importantly, the heavy
metal contents remained well below accepted
pharmacopoeia and toxicological limits. This
result confirms that the developed extract is
suitable for topical use and that the selected
raw plant materials were of adequate quality
[18, 31-33, 42].

Table 10. Elemental composition of the optimized phytoextract

Element Content
Ca (%) 0.23

P (%) 0.05
Mg (%) 0.0201
K (%) 0.02
Fe (%) 0.0012
Cu (mg/kg) 5.34
Ni (mg/kg) 1.62
Co (mg/kg) 0.22
Cr (mg/kg) 0.41
Sr (mg/kg) 114
Pb (mg/kg) 0.1
As (mg/kg) 0.07
Cd (mg/kg) 0.011
Hg (mg/kg) 0.003

Stability Study

The long-term stability study demonstrated
that the packaging material had a pronounced
effect on the quality of the optimized
phytoextract. When stored in dark glass
containers, the extract retained its original
appearance, characteristic odor, pH, and
phytochemical composition throughout the
storage period. Only minor reductions in dry
residue, extractive substances, rutin, and
eugenol content were observed after 24
months, indicating gradual but limited
degradation of the bioactive constituents
(Table 11). In contrast, samples stored in
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plastic containers underwent substantially
greater changes during storage. Progressive
darkening, marked reduction in odor intensity,
lower pH values, and significant decreases in
dry residue, extractives, rutin, and eugenol
content were observed. These findings
suggest that the permeability of plastic
packaging to oxygen and volatile compounds
accelerated the oxidation and loss of phenolic
and aromatic constituents (Table 12).
Therefore, storage in dark glass containers at
12-15 °C should be recommended for the
final phytoextract formulation.
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Table 11. Stability of the optimized phytoextract during storage in dark glass containers

Dry . .
Storage . Extractives | Rutin Eugenol
period Color Odor ;';s)ldue (%) (mg/mL) | (%) pH
0
Initial Cherry | Characteristic | , 5 325 26.90 95 45
red aromatic odor
6 months | ey | No  significant |, 5, 31.8 25.9 93 4.4
red change
12 Slightly
lighter Slight decrease | 2.44 31.0 24.8 91 4.2
months
red
24 Slight . 3.9-
months fading Slight decrease | 2.30 29.8 20.82 89 5 1
Table 12. Stability of the optimized phytoextract during storage in plastic containers
Dry . .
Storage . Extractives | Rutin Eugenol
period Color Odor :;s)ldue (%) (mg/mL) | (%) pH
(1]
Initial Cherry | Characteristic | , ;¢ 325 26.90 95 45
red aromatic odor
6 months | Dark red | ouceable 2.28 26.4 18.7 84 4.0
decrease
12 Brownish | Markedly 212 22 1 145 78 37
months red reduced
24 Brown | Marked 2.00 19.3 10.0 73 35
months decrease
Antioxidant Activity eugenol, flavonoids, and anthocyanins

The antioxidant activity of the optimized
extract (Composition Il) was assessed by the
DPPH method (Table 13). The extract
exhibited strong concentration-dependent
free radical scavenging activity. The low IC50
value indicates that only a relatively small
amount of extract was required to neutralize
50% of the DPPH radicals. This pronounced
activity is likely related to the high content of

present in the optimized composition. The
strong antioxidant capacity is particularly
important for the intended topical application
because oxidative stress is one of the major
factors responsible for delayed wound healing
and chronic inflammation. Therefore, the
developed extract may contribute not only to
microbial control but also to tissue
regeneration[30,32].

Table 13. Antioxidant activity of the optimized extract determined by DPPH assay

Parameter Value
ICs0 (mg/mL) 1.58
R? (Coefficient of Determination) 0.998

3.7. HET-CAM Assay and Irritation
Potential
The irritation potential of the optimized

phytoextract (Composition 1) was evaluated
using the HET-CAM assay, and the obtained
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irritation scores are presented in Table 14. As
expected, 0.9% NaCl produced no irritation,
whereas sodium lauryl sulfate (SLS) caused
a severe irritant response with an irritation
index of 18.0 £ 1.15. In contrast, Composition
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Il exhibited a markedly lower irritation index
(2.45 = 0.35) and was therefore classified as
non-irritant [59]. The low irritation potential
may be attributed to the balanced
phytochemical composition of the extract.
Although the formulation contains phenolic
compounds with strong antimicrobial activity,
the presence of yarrow- and hibiscus-derived
constituents may contribute to reducing local
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irritation. The observed result is particularly
important because the intended application
involves damaged or sensitive skin. Taken
together with its pronounced antimicrobial
and antioxidant properties, the very low
irritation potential indicates that the optimized
phytoextract is suitable for further
development as a topical pharmaceutical or
cosmetic ingredient.

Table 14. HET-CAM irritation scores of the optimized extract.

Group Irritation index Classification

0.9% NaCl 0.00 £ 0.00 Non-irritant

SLS 18.0£1.15 Severe irritant

Composition |l 2.45 +0.35 Non-irritant
Overall, the study demonstrated that the CONCLUSION

biological and physicochemical properties of
the investigated phytocompositions
depended strongly on the ratio of the three
plant extracts and on the selected extraction
conditions. The optimized 6:1:3 composition
provided the most favorable combination of
antimicrobial efficacy, antioxidant activity,
physicochemical stability, and safety. The
results further showed that obtaining the
highest extraction yield is not necessarily
equivalent to obtaining the highest quality
extract. Several conditions, such as the 80:20
solvent system and the 1:5 plant-to-solvent
ratio, produced higher dry residue values but
also extracted undesirable ballast substances
and reduced the stability of the final product.
Therefore, the selected extraction parameters
represent a compromise between quantitative
yield and qualitative composition. The final
optimized extract (Composition Il) remained
stable for 24 months in dark glass packaging,
demonstrated significant antioxidant activity,
exhibited broad-spectrum  antimicrobial
activity, and showed no irritation in the HET-
CAM assay. These findings support the
potential use of  the developed
phytocomposition as a safe and effective
topical ingredient for pharmaceutical or
cosmetic applications.

In the present study, a multifunctional
phytoextract based on Syzygium aromaticum,
Achillea millefolium, and Hibiscus sabdariffa
was successfully developed and optimized for
potential topical pharmaceutical and cosmetic
applications. Among the investigated
phytocompositions, the 6:1:3 ratio exhibited
the most favorable combination of
physicochemical properties, antimicrobial
activity, antioxidant potential, and tolerability.
The extraction procedure was successfully
optimized using high-speed extraction, and
the most suitable conditions were identified as
7 min extraction time, 26 °C, a 95:5 ethanol:
propylene glycol solvent system, a raw
material-to-solvent ratio of 1:10, and a
rotation speed of 3200 rpm. Under these
conditions, the optimized extract
(Composition 1) demonstrated strong
inhibitory activity against Staphylococcus

aureus, Escherichia coli, and Candida
albicans,  together  with pronounced
antioxidant activity.

Long-term stability studies further

demonstrated that the Composition Il retained
its quality for up to 24 months when stored in
dark glass containers, whereas marked
deterioration occurred in plastic packaging. In
addition, the extract was found to be non-
irritant in the HET-CAM assay. Overall, the

75



Mebhraliyeva S.J., Mammadov B.S., Gadirova H.A.  ATU Jurnali

results obtained indicate that the optimized
phytoextract is a promising natural active
ingredient for the preparation of stable,
effective, and well-tolerated topical
formulations (ointment, cream, nanogel with
Ag/Au  nanoparticles) possessing high
prospective potential for the management of
small skin lesions, inflammatory dermatoses,
and microbially contaminated skin conditions.
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Xiilaso

Bu tedgigatin magsadi potensial topikal aczacgiliq ve kosmetik tetbigler Ucln mixak (Syzygium
aromaticum), boymaderan (Achillea millefolium) va hibiskusdan (Hibiscus sabdariffa) ibarat
coxfunksiyall fitoekstrakt hazirlamaq ve optimallasdirmaqdir. Ug fergli fitokompozisiya hazirlanmig ve
antimikrob aktivliyi, antioksidant potensial, fiziki-kimyavi xususiyyatlari, tehlikasizliyi ve uzunmuddatli
stabilliyi baximindan miaqayisali sekilde giymatlandirilmisdir. Tadqigat sistemleri arasinda mixak,
boymadaran ve hibiskusdan ibarat terkib 6:1:3 nisbatinda an alverisli profil nUmayis etdirmis ve buna
g6ra da optimallasdiriimis formulasiya kimi secilmisdir. Ekstraksiya prosesi ekstraksiya metodunun,
ekstraksiya middatinin, bitki-halledici nisbatinin, temperaturun, halledici terkibinin va firlanma slratinin
tosirini arasdirmagla sistematik sakilde optimallasdinimisdir. 95:5 etanol: propilen glikol qarisigi,
xammal-halledici nisbati 1:10 va firlanma slrati 3200 ddvr/daq istifade edilerek 26 °C-de 7 deqigs
arzinds yuksak suratli ekstraksiya keyfiyyat, antimikrob aktivliyi ve uzunmuddatli stabillik baximindan
an uygun ekstrakti verdi. Optimallagdiriimig fitokompozisiya, minimum inhibitor konsentrasiyasi 0,25
ml olmaqla Staphylococcus aureus va Escherichia coli-ye qarsi aciq antimikrob aktivliyi nimayis
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etdirdi, Candida albicans-in tam inhibisyonu ise 0,50 ml-de elda edildi. Ekstrakt hamg¢inin DPPH
analizinda 1,58 mqg/ml IC50 dayari ile giicll antioksidan aktivlik nimayis etdirdi. Uzunmuddatli stabillik
tedqgiqatlar gosterdi ki, optimallasdiriimis ekstrakt tind stss gablasdirmada saxlanildigda 24 aya
gader sabit galib. Rutin va evgenol tarkibinde, quru galiqgda va pH-da yalniz kicik dayisiklikler misahide
edildi, plastik gablarda saxlama ise nezaregarpacaq daracads fiziki-kimyavi pisleasmaya sabab oldu.
Optimallagdiriimis ekstraktin HET-CAM analizinde qiciglanmayan oldugu va qiciglanma indeksinin
2,45 + 0,35 oldugu askar edilmisdir. Umumilikds, hazirlanmis fitokompozisiya giiclii antimikrob ve
antioksidant aktivliyi yaxsi stabillik ve ala tolerantligla birlesdirmisdir. Bu tapintilar optimallasdiriimig
fitoekstraksin topikal aczaciliq ve kosmetik formulalarin hazirlanmasi Gglin perspektivli aktiv terkib
hissesi kimi xidmat eda bilacayini gostarir.

Acar soézlor: Syzygium aromaticum, Achillea millefolium, Hibiscus sabdariffa, yliksek siirotli
ekstraksiya, antimikrob aktivlik, antioksidan aktiviik, HET-CAM, topikal fitokompozisiya
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Pe3lome

Llenbto HacTosiwero nccnegosaHusa 6uino paspaboratb M ONTUMM3NPOBATL MHOTOYHKLMOHANbHbIN
PUTOIKCTPAKT, cocToawmn wu3 reo3gukn (Syzygium aromaticum), TbicadenuctHuka (Achillea
millefolium) v rnbwckyca (Hibiscus sabdariffa), ons noTeHunanbHOro NpMMeHeHnsa B hapmaLeBTUKE U
KocmeTuke. Bbinv npurotoBneHbl TpM pasnmyHbiX PUTOKOMMNO3MLMK, KOTOpble Obinv CpaBHUTENBHO
OLEHEHbl C TOYKM 3PEHUS aHTUMMKPOOHOW aKTUBHOCTW, aHTMOKCMOAHTHOro noteHuuana, uaunko-
XUMUYECKMX CBOWCTB, ©e3onacHOCTM U AOMAroBpeMeHHOW cTabunbHocTM. Cpean uccnenoBaHHbIX
CUCTEM KOMMO3NUMSA, CoAaepXalwias rBO3AMKY, TbICAYENIUCTHUK M TMOUCKYC B COOTHOWeEHun 6:1:3,
nokasana Haunbonee OnaronpuATHbIN nNpodunb M no3atoMy 6bina BbibpaHa B KavecTBe
ONTUMU3NPOBAHHOM peuenTypbl. Mpouecc aKcTpakuumn Gbin cucTeMaTMYeckn ONTUMU3NPOBAH NyTeEM
NCCneaoBaHNs BNUSIHUSA METO4A 9SKCTPaKUMWM, BPEMEHW IKCTPAKLMKW, COOTHOLUEHUS pacTEHUs U
pacTBOpuTeEnsi, TeMneparypbl, COCTaBa pacTBOPUTENS M CKOPOCTM BpalleHus. BbicokockopocTHas
3KCTpakuusa, npoBedeHHass B TedyeHme 7 MUHYT npu 26 °C ¢ Mcnonb3oBaHMEM CMECWU 3TaHona wu
NPOMUNEHITNINKONA B COOTHOLWLEHMU 95:5, COOTHOLLEHUSA cbipbs K pacteoputento 1:10 u ckopocTu
BpawieHmss 3200 o6/MuH, no3sonuna nonyuntb Hanbonee NOOAXOOALLMIN IKCTPAKT C TOYKM 3pPEeHUs
KayectBa, aHTUMMKPOOHOM aKTMBHOCTU W [ONrOBPEMEHHOW cTabunbHoCTU. ONTUMU3NPOBAHHbLIN
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PUTOKOMMNO3UT  MPOLAEMOHCTPUPOBAN  BbIPAXEHHYD  aHTUMUKPOOHYO  aKTMBHOCTb  MPOTUB
Staphylococcus aureus v Escherichia coli ¢ MMHUManbHOM MHIMBUpyloLwen koHueHTpaumen 0,25 mn,
B TO BpeMs Kak nonHoe nHrnbuposaHme Candida albicans 6bino gocturHyto npu 0,50 mn. OkcTpakT
TaKkKe MposIBUST CUSbHYIO aHTUOKCUOAHTHYK akTMBHOCTbL B TecTe DPPH co 3HaueHnem IC50 1,58
mr/mn. VccnenoBaHna JONroBpeMEHHOM CTabunbHOCTU Nokasanu, YTO ONTUMU3MPOBAHHbIN SKCTPaKT
octaBasnca cTabunbHbiM OO0 24 MecAueB NPU XpaHEHWM B TEMHOMW CTEKISIHHOM YyMaKkoBKe.
Habnioganucb Nywb He3HaYMTENbHbIE M3MEHEHWSI COOEPXKaHUS PyTUHA M 3BreHona, Cyxoro octaTka u
pH, Toraa kak xpaHeHue B MMacTUKOBbIX KOHTEMHepax NpuBeno K 3aMeTHOMY yXyALeHuo usnko-
XUMUYECKNX CBOMCTB. ONTUMU3MPOBAHHbLIN 3KCTPaKT OKasarncs He BbI3blBAOLWUM pasgpaxeHus B
Tecte HET-CAM, c ungekcom pasgpaxeHus 2,45 + 0,35. B uenowm, paspaboraHHas MTOKOMMNO3NLNS
coyetaeT B cebe CWUMbHYD AHTUMWUKPOOHYKD W aHTMOKCMAAHTHYIO aKTMBHOCTb C  XOPOLUEN
CTabunbHOCTBIO U OTMIMYHOW  MEePEeHOCUMOCTbI.  JOTW  pesynbraTbl  MOKasblBalT,  YTO
ONTUMU3NPOBAHHBIN (PUTOIKCTPAKT MOXKET CIYXUTb NEPCMNEKTUBHBIM aKTUBHLIM WUHIPEOUEHTOM OIS
pa3paboTkM NekapcTBEHHbIX NpenapaToB AS11 MECTHOIO NPUMEHEHUS U KOCMETUYECKNX CPEaCTB.

Knroyeebie cnoea: Syzygium aromaticum, Achillea millefolium, Hibiscus sabdariffa,
8bICOKOCKOPOCMHas IKempaKkyusi, aHmuMuKpobHasi akmueHOCMb, aHmMuUOoKcudaHmHasi akmusHOCMb,
HET-CAM, cbumokomno3auuyusi 051151 MECIMHO20 rpUMEHEHUS
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