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EDITORIAL

The most significant achievements in the field of natural sciences are reached
in joint collaboration, where important roles are taken by biology and chemistry.
Therefore publication of a Journal, displaying results of current studies in the field
of biology and chemistry, facilitates highlighting theoretical and practical issues and
distribution of scientific discoveries.

One of the basic goals of the Journal is to promote the extensive exchange of
information between the scientists from all over the world. We welcome publishing
original papers and materials of biological and chemical conferences, held in different
countries (by prior agreement, after the process of their subsequent selection).

Creation of International Journal of Biology and Chemistry is of great importance,
since scientists worldwide, including other continents, might publish their articles,
which will help to widen the geography of future collaboration.

The Journal aims to publish the results of the experimental and theoretical studies
in the field of biology, biotechnology, chemistry and chemical technology. Among
the emphasized subjects are: modern issues of technologies for organic synthesis;
scientific basis of the production of biologically active preparations; modern issues
of technologies for processing of raw materials; production of new materials
and technologies; study on chemical and physical properties and structure of oil
and coal; theoretical and practical issues in processing of hydrocarbons; modern
achievements in the field of nanotechnology; results of studies in various branches
of biology, chemistry and related technologies.

We hope to receive papers from the leading scientific centers, which are involved
in the application of the scientific principles of biological and chemical sciences
on practice and fundamental research, related to production of new materials,
technologies well ecological issues.
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Synthesis of new acetylharmine derivatives and their neurotropic activity

Abstract: Alkaloids containing a B-carboline fragment are of significant interest as potential new
physiologically active agents for the treatment of central nervous system disorders. The roots of Peganum
harmala L. (family Zygophyllaceae) are a promising and readily available raw material for the production
of active pharmaceutical substances. The B-carboline alkaloid harmine is a promising compound for the
development of novel, original neurotropic drugs based on these alkaloids. The article considers the ways
of synthesizing new compounds based on the alkaloid harmine and, simultaneously, studies the neurotropic
activity of new harmine derivatives containing various substituents at the C-8 position. Harmine was
selectively acetylated at the 8-position using acetyl chloride and tin tetrachloride, yielding 8-acetylharmine.
This intermediate was then used to synthesize a series of novel harmine derivatives, including 8-{Z}-1-
{Z}-(1-(arylidene)hydrazono)ethyl and 8-cinnamoyl analogs. The evaluation of the neurotropic action of
samples of C-8 harmine derivatives was carried out on models of experimental stress using the “Open
Field” and “Elevated Plus Maze” tests. Several compounds exhibited marked antidepressant activity with
sedative effects comparable to those of amitriptyline. It was demonstrated that structural modifications at
the C-8 position of harmine contribute to the generation of new pharmacophores capable of crossing the
blood-brain barrier and modulating behavioral responses. In particular, the compounds 8-acetylharmine
(2) and {(Z)-1-[(Z)-(2-arylidene)hydrazono]ethyl}-harmines (4-5), at a dose of 10 mg/kg, demonstrated
behavioral features indicative of reduced anxiety levels in animals. These findings highlight the potential of
B-carboline-based harmine derivatives for the development of novel neurotropic agents.

Key words: B-carbolines, harmine, 8-acetylharmine, (Z)-hydrazono-8-acetylharmine, chalcone derivatives
of harmine, neurotropic activity.
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Introduction

According to epidemiological data, one in four
individuals worldwide will face a neurodegenerative
disease during their life, and there is a steady increase
inthe number ofthese diseases [1]. Neurodegenerative
disorders are multifactorial in origin and have been
linked to genetic predispositions, disruptions in
cellular signaling pathways, programmed neuronal
cell death (apoptosis), inflammatory mechanisms,
accumulation of misfolded protein aggregates,
mitochondrial impairment, oxidative damage, aging
processes, sex-specific factors, genetic mutations,
ethnic background, environmental influences, and
potentially climate-related conditions [2-4].

© 2025 al-Farabi Kazakh National University

There is a broad spectrum of neurotropic
(neuroprotective) drugs that reduce anxiety and
enhance stress resilience. Modern neuroprotectors are
compounds with potential effects on different parts of
the nervous system in cases of impaired blood supply
and myocardial function disorders: AMPA-receptor
antagonists (Zonanpanel, Japan), serotonin agonists
(Repinotan, Piclozotan), membrane modulators
(Ceraxon, Spain), and others [5].

Plant alkaloids are widely known as a consistent
source of drugs for the treatment of chronic diseases,
and possessing properties of polypharmacological
modulation, they are potentially useful for the
further development of targeted drug agents [6-8].
Harmine (1), an alkaloid belonging to the group
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of biologically active compounds, exhibits a wide
range of pharmacological properties, including
vasodilatory, anti-inflammatory, analgesic,
antimicrobial, antioxidant, cholinesterase-inhibiting,
antiparkinsonian, antitumor, anti-addictive, and
antidepressant activities. These diverse effects have
been summarized in several systematic reviews
[9-13]. Despite its broad spectrum of established
biological activities, the molecular mechanisms
underlying harmine’s pharmacological actions remain
insufficiently elucidated. Recent findings indicate
that harmine may exert its pharmacological effects by
interacting with a variety of molecular targets, such
as monoamine oxidases A and B, benzodiazepine
receptors, GABA-A receptors, serotonin receptors
of the 5-HT2A/C subtypes, glutamatergic receptors
including NMDA and GLT-1, imidazoline receptors
(I1 and 12), as well as by modulating the expression
and activity of neurotrophic factors [14-20].
Moreover, harmine (1) has been reported to suppress
Tau protein phosphorylation through the inhibition of
DYRKI1A kinase activity, amechanism that correlates
with enhanced memory, spatial learning, and overall
cognitive performance in APP/PS1 transgenic mice,
as well as in rodent models of scopolamine-induced
cognitive deficits [21, 22]. Interestingly, in the late
1920s and early 1930s, harmine hydrochloride was
used to treat symptoms of Parkinson’s disease such
as muscle rigidity, depression, memory deficits,
apathy, phobias, fatigue, and attention problems [23].
With respect to its therapeutic potential in the central
nervous system (CNS), recent preclinical research has
validated the antidepressant properties of harmine (1)
[14,18]. More basic and clinical research is needed to
elucidate the neurochemical mechanisms underlying
these effects.

We have previously studied the pharmacological
properties of harmine hydrochloride and established
its antidepressant activity [24-27]. The alkaloid
harmine (1) is an available metabolite of Peganum
harmala L., which is widespread in the territory of
South Kazakhstan, where its industrial reserves are
available [28].

The availability of domestic raw materials for the
isolation of the B-carboline alkaloid harmine (1), its
high biological activity, and the presence of reaction
centers in the molecule make it promising for further
targeted chemical modifications. To study the effect
of various substituents in the indole fragment of the
alkaloid on the pharmacological activity, we carried
out a chemical modification with the introduction of
various substituents in the C-8 position of the alkaloid
harmine (1).

Int. j. biol. chem. (Online)

Materials and methods

Reagents and chemicals

All used chemicals (analytical grade) were
purchased from E. Merck (Darmstadt, Germany)
and Sigma Chemical Co. (Sigma-Aldrich Chemie
Gmbh, Steinheim, Germany) and were used
without further purification. These chemicals are
as follows: ethanol (C,H,OH>96%), methanol
(CH,0H>99.8%), tin (IV) chloride (SnCl,>98%),
acetyl chloride (CH,COCI), methylene chloride
(), hydrazine hydrate (NH,NH,H,O, 50 v/v
%), anisaldehyde (CH,0C H,CHO>96%),
2-fluorobenzaldehyde (FC.H,CHO>97%), sodium
hydroxide  (NaOH>98%), hydrochloric  acid
(HCI=36%), ethyl acetate (CH,COOC,H.>99.5%),
2,4-dimethoxybenzaldehyde
(2.4-(CH,0),C6H,CHO>297%),
2,3.4-trimethoxybenzaldehyde
(CH,0),C6H,CHO>97%).

The IR spectrum was recorded on the Avatar
360 ESP device from Thermo Nicolet (Madison, WI,
USA) in pellets with KBr.

UV spectra were obtained on a Cary 60 UV-Vis
spectrometer in EtOH solutions (10* mol/L).

HPLC was performed on an Agilent 1100
Series liquid chromatograph (USA) equipped with
a QuatPump GI1311A pump, a Rheodyne injection
valve with a 20 pl loop, a G1322A column holder, and
a G1314A UV detector. For all analyses, a 15 cm X
0.46 cm Zorbax SB-C18 column with 5 pm particles
(Agilent, Santa Clara, CA, USA) and the following
solvents were used: methanol, acetonitrile, and water
(analytical reagents with a purity of at least 99.9%
obtained from Sigma-Aldrich (Merck-Millipore, St.
Louis, MO, USA).

'"H NMR and *C NMR spectra were recorded
by using JEOL JNM-ECZR 500 MHz (500.16
('H), 125.76 MHz (*C)). The ""F NMR spectrum
of compound 5 was recorded on a JEOL JNM-
ECZR 500 MHz spectrometer (282 MHz) in
CDCI..

Silufol TLCP-AI A-UF TLC plates manufactured
by Imid (Krasnodar, Russia) were used for thin layer
chromatography. The compounds were visualized
by developing plates through spraying them with a
saturated KMnQO, solution.

Column chromatography was performed on Al O,
(IT degrees, Acros, The pore diameter is between
0.035 and 0.070 mm and is 6 nm) using a sum of
substances-to-sorbent ratio of 1:20. The purity of the
synthesized compounds was controlled by thin-layer
chromatography (TLC) and HPLC data.

International Journal of Biology and Chemistry 18, Ne 1 (2025)



6 Synthesis of new acetylharmine derivatives and their neurotropic activity

Plant material

The object of the study was the roots of
Peganum harmala L., collected in the surroundings
of the village of Akshi, Almaty region, Republic of
Kazakhstan. Herbarium samples were stored in the
herbarium fund of “Research and Production Center
“Phytochemistry” (Karaganda, Kazakhstan). Raw
materials of the roots of Peganum harmala L. were
dried by the air-shadow method and ground. The
grinding particle size is 2.5 mm.

Air-dried crushed roots of Peganum harmala L.
after alkalization, were extracted with 96% ethanol on
a P-250 percolator (manufactured by Artlife, Tomsk,
Russia) for 3 hours with stirring. Liquid extracts
were combined and evaporated on a Pilotvap-50
rotary evaporator (Genser Scientific Instruments,
Germany).

In this study were investigated various process
parameters influencing the yield of extractive
substances. The following variables were considered:
the ratio of plant material to solvent (X;), extraction
duration per cycle, number of extraction cycles (X3),
extraction temperature (X,), particle size of the raw
material (X4), and the presence or absence of pre-
alkalization (Xs). Based on theoretical principles
of equilibrium extraction, the experimental ranges
were established as follows: X; — from 1:10 to 1:20;
Xy — from 55 to 65 °C; X3 — from 1 to 3; X4 — from
2 to 10 mm; X5 — with or without pre-alkalization.
These ranges were determined based on preliminary
experimental data. The optimization criterion (Y)
was the total yield of extractive compounds.

The quantification of harmine in the extracts
was performed using high-performance liquid
chromatography (HPLC) on an Agilent 1100 system
(Agilent Technologies, USA). This system offers a
high level of sensitivity and precision when analyzing
complex plant-derived compounds. Chromatographic
separation of components was performed using a
Zorbax SB-C18 column (geometric parameters: 4.6
x 150 mm) packed with a sorbent with a particle size
of 5 um. The mobile phase, consisting of acetonitrile
and 0.1 M aqueous ammonia solution in a volume
ratio of 1:1, was eluted at a flow rate of 0.5 mL/min.
Analytical signals were recorded at a wavelength of
301 nm. During analysis, the column was maintained
at ambient (room) temperature. The injection volume
was 20 uL.

Each determination was carried out in triplicate.
The resulting set of quantitative data was subjected
to statistical analysis. To assess the statistical
significance of the observed differences between the
study groups, Student’s t-test was applied; differences
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were considered significant at p<0.05. Data
collection, processing, and graphical representation
were carried out using Microsoft Excel.

Synthesis of 8-acetylharmine (2). We cooled the
solution of harmine (1) (14.5 mmol) to 0 °C, and
then we added acetyl chloride (29 mmol) dropwise
under stirring to the cooled solution of harmine. We
followed this with the gradual addition of tin (IV)
chloride (9.5 mmol). So, we left the reaction mixture
for 16 hours at room temperature, giving it a good stir
every now and then. Once it was finished, the blend
was thinned with 100 pL of methylene chloride,
rinsed successively with H,O (3 x 20 pL), and
desiccated over anhydrous magnesium sulfate. So, we
took the crude product and purified it using column
chromatography on aluminium oxide, and we used
chloroform as the eluent. A white microcrystalline
powder with a melting point of 152-153°C was
obtained by recrystallizing the purified compound
from ethyl acetate. The yield was 2.21 g (85%)).

Synthesis of Z-hydrazono-8-acetylharmine (3).
A solution of compound 2 (0.5 g, 1.96 mmol) in
25 mL ethanol was treated with excess hydrazine
hydrate (2.94 g, 0.06 mol) under stirring. The
reaction mixture was heated to 60 °C and stirred
for 7-8 h. The resulting precipitate was filtered and
recrystallized from ethanol. Yield: 69%, yellow
microcrystalline powder, mp 207-209 °C. Molecular
formula 8-acetylharmine — C ;H, \N,O.

General procedure for the preparation of azines
(Z,Z) of configuration (4,5). A methanolic solution
of hydrazone (3) (0.37 mmol) was combined with
the corresponding aromatic aldehyde (anisaldehyde
or 2-fluorobenzaldehyde). The reaction mixture was
stirred at 60—65°C for four hours. Upon completion,
the resulting product was purified by recrystallisation
from ethanol. Yields of the target compounds ranged
from 56% to 82%.

General procedure for the synthesis of 3-(aryl)-
[-(1-methyl-7-methoxy-9H-f-carbolin-8 i)
prop-2-en-1-ones (6,7). A solution of 2 mmol of
compound (2) and 2.1 mmol of the corresponding
aromatic aldehyde (2,4-dimethoxybenzaldehyde,
2,3.4-trimethoxybenzaldehyde) in approximately
15uL of ethanol was treated with SuL. of 25% aqueous
NaOH at room temperature. The reaction mixture
was stirred for 3 hours at a constant temperature
of 25°C. The reaction mixture was subjected to
agitation for a period of three hours at a temperature
of 25°C, followed by a subsequent hour of agitation
at 60°C. Then, after it had cooled, we neutralized
the mixture with concentrated hydrochloric acid.
The resulting solid was then recrystallized using
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ethyl acetate. When obtaining chalcones (6, 7), the
precipitate formed after neutralization is separated
and chromatographed on silica gel using chloroform
as the eluent. The part of the substance that we were
looking for was separated again from a liquid called
ethyl acetate.

Model of neurotropic action

Emotional stress was modelled by placing rats
in tight plastic cylinders and immersing them up
to their necks in water at 20-22 °C for two hours
a day for four days. [29]. The studied substances
(1,2,4,5,6) at a dose of 10 mg/kg were administered
intragastrically through a tube to the animals for
seven days before modeling emotional stress, and
then daily, 1 hour before placing the animals in the
plastic cylinders. The use of amitriptyline (10 mg/
kg, p.o.) as a reference drug was according to the
same regimen. All compounds were administered as
aqueous solutions. The volume was 1 mL/kg body
weight. The reference drug was administered in
the same way. Four days after the start of the stress
protocol, the behavior of the animals was evaluated
using the Open Field Test (OFT) and the Elevated
Plus Maze (EPM). These are both widely recognized
behavioral assays, as described in the literature [30—
36]. Experiments were conducted on 80 adult male
outbred white rats weighing 240-380 g, randomly
divided into 8 groups (n = 10 per group).

Statistical Analysis

All calculations were carried out using Statistica
8.0. Results were presented as mean+tstandard error

Table 1 — Planning matrix and experimental part

of'the mean (SEM). Differences between groups were
evaluated with the nonparametric Mann—Whitney U
test [37].

Ethical approvals

The study adhered to the European Convention
for the Protection of Animals Used for Experimental
and Other Scientific Purposes, as well as institutional
and national regulations governing research with
new pharmaceuticals. There is a conclusion from the
ethical committee of the NJSC “Karaganda Medical
University” Ne 13, Protocol No. 2 dated 05/08/19.
Experimental animals were obtained from the animal
facility of the Research and Production Center
“Phytochemistry” and maintained under standard
conditions with ad libitum access to food and water.

Results and discussion

Previously, the extraction of alkaloids from
Peganum harmala L. for the production of harmine
(1) was primarily carried out using maceration.
However, this method presents several limitations,
the most significant of which is the extended
duration of the process. [38-40]. To enhance the
efficiency of alkaloid extraction, we designed an
experimental matrix incorporating variation of the
key extraction parameters (Table 1). The selection
of factor ranges for the extraction process was based
on preliminary experimental data. The optimization
criterion (Y) was defined as the total yield of
extractive substances.

Ne X, X, X, X, X, Y, . % (n=3)
1 1:10 65 1 2-3 10.25

2 1:15 65 1 7-8 Treatment with 10.6

3 1:20 65 1 7-8 5% Na,CO, 11.0

4 1:20 65 1 23 solution 12.0

5 1:10 65 2 7-8 12.9

6 1:20 65 2 7-8 9.55

7 1:20 60 2 7-8 No treatment 7.27

8 1:20 55 3 7-8 7.22

As shown in Table 1, pretreatment of the plant
material with a saturated sodium carbonate solution
significantly improved the extraction efficiency. This
step facilitates the conversion of target alkaloids
into their free base forms, thereby enhancing their
solubility in the extraction solvent. Even under

Int. j. biol. chem. (Online)

otherwise optimized conditions (e.g., solvent-to-
material ratio of 3:1), the total yield of extractive
substances did not exceed 9.55% in the absence of
pretreatment. Furthermore, due to the dense structure
of Peganum harmala L. roots, the degree of material
pulverization was identified as another critical

International Journal of Biology and Chemistry 18, Ne 1 (2025)



8 Synthesis of new acetylharmine derivatives and their neurotropic activity

parameter affecting extraction efficiency. When the
raw material was milled to a particle size of 2-3 mm,
the overall yield of extractive substances reached
12.9% (in relation to the air-dried plant mass).

Using the experimental data, three mathematical
models were developed based on second-order
polynomial equations to represent the effects of the
chosen variables on extraction efficiency:

=-11.03+0.74X, +0.456X_ -133.8X, +
+0.7375X,+2.995X, -0.255¥X, *X, (1)

Y=-21.6975+2.051X, +0.456X, -36.6X, +
+0.7375X, +3.905X-12.96 X *X, -
-0.225%X *X, (2)

Y=-8.7375+0.755X, +0.456X, -166.2X, +
+2.5025X, +3.905X-0.225%X *X +
+32.4%X,*X, (3)

The experimental and calculated data were
compared based on the calculated models
(Table 2).

As can be seen from Table 2, models 2 and 3 show
the greatest convergence with the experimental data,
compared with model 1 (Figure 1). This improved
agreement is attributed to the inclusion of additional
interaction terms: +k-X -X, in Model 2 and +k-X "X,
in Model 3, which enhance the models’ predictive
accuracy by accounting for synergistic effects
between the respective variables.

Table 2 — Comparison of experimental and calculated data on the yield of total extractive substances from Peganum harmala L.

No of experiment Experimental Mathematical model Mathematical model Mathematical model

values, % 2,% 3, %
1 10.25 10.25 10.25 10.25
2 10.6 10.6 10.6
3 11.0 10.925 11.0 11.0
4 12.9 12.825 12.9 12.9
5 12.9 15.06 12.9 12.9
6 9.55 9.395 9.55 9.55
7 7.27 7.115 7.27 7.27
8 7.22 7.065 7.22 7.22

m Experiment no. Model 1 Model2 mModel 3
20
15
"‘_

10

5 -

0
5 1 2
© 3 4
= 6 ;

Experiment no. 8

Figure 1 — Comparison of calculated and experimental data

Int. j. biol. chem. (Online)
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It can therefore be concluded that the optimal
extraction mode was represented by the conditions of
Experiments Ne 4 and Ne 5 (Figure 2).

As can be seen from the data presented in Figure
2, the quantitative extraction of harmine (1) (up to
97% of the content in air-dried raw materials), as

well as the number of extractive substances from
the roots of Peganum harmala L., is observed with
double percolation at a temperature of 65°C for 3
hours; the degree of grinding of the raw material is
2-3 mm, the ratio of raw material to extractant is 1:10
(experiment No. 5).

14
12
10
8
6
4
2 1
0
Experiment no.4 Experiment no.5
Harmine O Number of extractive substances

Figure 2 — Relationship between the extraction method and both the yield of harmine (1)
and the quantity of extractive substances

Harmine (1) is a widely used renewable material
— a substrate for the synthesis of new biologically
active compounds [41-42].

B-Carboline alkaloid harmine (1) is easily
acylated with acetyl chloride in the presence of SnCl,
to form 8-acetylharmine (2) (yield 81%), which was
used as a starting compound for the synthesis of
derivatives (3-7).

We have studied the interaction of
8-acetylharmine (2) with hydrazine hydrate.
Hydrazinolysis of 8-acetylharmine (2) in an alcohol
medium at a reaction mixture temperature of 60°C
proceeds stereoselectively with the formation of (Z)-
8-(1-hydrazono)ethylharmine (3) (yield 69%). It has
been shown that (Z)-8-(1-hydrazono)ethylharmine
(3) readily enters into a condensation reaction with
aromatic aldehydes (2-fluorobenzaldehyde and
anisaldehyde) with the formation of the corresponding
unsymmetrical disubstituted hydrazines (Z,Z) of the
(4,5) configuration (yield 56 and 82%, respectively)
(Figure 3).

The structure of all compounds was established
based on elemental analysis and spectral data (UV,
IR, 'H, BC, F NMR- spectrum).

Int. j. biol. chem. (Online)

The "H NMR spectrum has shown a singlet signal
for the acetyl group protons (CH,CO) at around 2.42
ppm. The “C NMR spectrum of compound (2) has
shown the signals of the carbon atom of the C=0
group at 6 200.5 ppm and the methyl group CH,CO
at 20.4 ppm, which are characteristic of the specified
substituent.

The characteristic signals of the NH, group of
(Z)-8-(1-hydrazono)ethylharmine (3) were observed
in a weak field in the region of & 8.03 and 8.05 ppm
as a singlet. The signals of the carbon atoms of (Z)-
8-(1-hydrazono)ethylharmine (3), belonging to the
CH,C=N, -CH,, -OCH, groups, appear in the region
of 6 18.51, 21.94, 55.55 as quartets, the carbon atom
C=Nwasrepresented by asingletat 5 145.95 ppm. The
structures of azine derivatives (4, 5) were assigned as
(Z,Z)-configured isomers based on analysis of their
PMR and “C-NMR spectra. A notable high-field shift
of the benzylidene proton signal in the PMR spectra
(0 = 8.43-8.73 ppm) supported the assignment of
an asymmetric 2,3-diazine structure in the (Z,72)
configuration. In contrast, the corresponding (Z,E)-
isomers typically exhibit this proton signal at 3 = 9.26
ppm, further corroborating the (Z,Z) configuration of

International Journal of Biology and Chemistry 18, Ne 1 (2025)



10 Synthesis of new acetylharmine derivatives and their neurotropic activity

compounds 4 and 5. The doublet of the carbon atom  C-8 atom is shifted downfield relative to the location
CH=N was located at & 150.43-157.20 ppm, the in the spectrum of hydrazone (3) and was detected at
singlet of the -C=N group in the substituent at the § 163.59-167.68 ppm.

AcCl, SnCl
— CCHZCI: ¢ H.CO N NH:NHyH,O0  H,co
H,CO \ N oc.rt 16h 3 _EtOH
hll - = e Hy 80C.8h HsC \ ,L,
H CHj3 3 (@) \NHZ
W @) (61%)
(3) (69%)
R1
(0]
R2
H H,CO \ /
H4CO \ N 5 N
MeOH
N - H-C Hj
| CHs 3C H
HaC\\ H \
~>NH, 1
4 Ri~HRy=OCH . R
35
0
RZ

(4-5) (56-82%)

Figure 3 — Chemical modification scheme of (Z)-8-(1-hydrazono) ethylharmine
and its (Z,Z)-disubstituted hydrazines

The synthesis of the corresponding chalcones —(E)-  performed via the Claisen—Schmidt condensation of
arylacryloylharmines or cinnamoyl-substituted harmine ~ compound 2 with aromatic aldehydes in ethanol, using
derivatives (6-7) — the synthesis (yield 90-95%) was  an aqueous NaOH solution (Figure 4).

6: R =R,=R,=OMEe, 7: R,=H, R =R,=OMe

Figure 4 — Synthesis of new 8-arylacryloyl derivatives of harmine

Int. j. biol. chem. (Online) International Journal of Biology and Chemistry 18, Ne 1 (2025)
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The signals characteristic of the protons of
the trans-substituted double bond (CH=CH) were
observed as two doublets in the region of 7.42-7.96
and 7.87-8.17 ppm and overlap with the signals of the
protons of the aromatic system, the chemical shifts of
which are observed in the region of 6.90-8.32 ppm.
The values of the spin-spin interaction constants of
the protons belonging to the 2°, 3" multiple bond in
the PMR spectrum (JHo-HB = 15-16 Hz) indicated
that the chalcones were formed in the form of
geometrically pure trans isomers.

Consequently, in terms of searching for new
pharmacologically active compounds based on the
B-carboline alkaloid harmine, a synthesis of harmine
derivatives containing various substituents at position
C-8 was carried out.

The neurotropic activity of newly synthesized
harmine derivatives was evaluated in vivo.
Experimental groups 1-5 received harmine (1),
8-acetylharmine  (2),  {(Z)-1-[(Z)-(2-arylidene)
hydrazono]ethyl}-7-methoxy-1-methyl-9H-
pyrido[3,4-bJindoles (4, 5), and (E)-3-aryl-1-(1-

Table 3 — Variability in rat weight gain during for seven days

methyl-7-methoxy-9H-B-carbolin-8-yl)prop-2-en-1-
one (6), each at a dose of 10 mg/kg. Group 6 served
as the comparison group and received the reference
drug amitriptyline at 10 mg/kg under the same
administration schedule, 7 control group — animals
that received the solvent, and Group 8 included
intact animals maintained on a standard diet without
experimental intervention. All substances, including
the reference drug, were administered orally as
aqueous solutions.

The animals were kept in standard vivarium
conditions, with free access to food and water, and
fed a normal diet. In addition, the general condition
of the animals was observed, including changes in
body weight, motor activity, appetite and response to
external stimuli [29-36].

Throughout the experiment, the animals’ general
condition, behavioral characteristics, motor activity
intensity and nature, hair and mucous membrane
condition, and food and water consumption were
regularly recorded. Table 3 shows the dynamics of the
increase in body weight of the animals in all groups.

. Weight, g
Group Number of animals

Before After
Intact rats 10 262.9+33.2 275.9+34.8
Control (No treatment) 10 260.8 +29.7 278.8+29.7
Comparison group (amitriptyline) 10 252.5+62.8 265.5+61.8
) 10 303.3 £ 53.0* 307.3+49.6*
?2) 10 287.5+£18.6 291.3+24.3
“ 10 355.3+£24.2 365.3+34.2
5) 10 382.5+36.5 371.5+46.1
(6) 10 371.8+50.6 379.8+49.6
Note: * indicates statistically significant differences (p<0.05) compared with the control group

No significant deviations in weight gain were
observed across the experimental groups, indicating
that the tested compounds did not induce adverse
systemic effects or metabolic disturbances.

Changes in behavioral responses in the “Open
Field” test.

It was found that the animals that received
compounds (1-6) had changes in the indices of
motor activity (horizontal and vertical movements).
At the same time, the motor activity of animals that
received harmine (1) significantly decreased in both
tests compared to the control group of animals,

Int. j. biol. chem. (Online)

the group of intact rats and the group that received
amitriptyline. The orientation-exploratory activity
of compounds containing arylidenehydrazone
substituents (5,6) remained at the level of the
amitriptyline group. For 8-acetylharmine (2) and its
chalcone (6), a reliable (3-fold) decrease in vertical
motor activity was observed while maintaining
activity in horizontal movement. In animals
receiving amitriptyline and compounds containing
an arylidenehydrazone substituent at position C-8
of harmine, the anxiety level in terms of grooming
episodes (number of washings) decreased, however,
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in terms of the number of acts of bowel movements
and urination, the anxiety level indicator was at
the level of the control group animals. A reliable
change in the anxiety level was observed for animals
receiving the chalcone derivative of harmine (6);
the number of grooming episodes significantly

increased by an order of magnitude, compared with
the group of animals receiving amitriptyline and
4 times compared with the control group), which
can serve as an indirect criterion for an increase
in anxiety in the group of animals receiving the
chalcone derivative of harmine (6) (Table 4).

Table 4 — Effect of the test compounds on rat behavior in the Open Field test

Spectrum of explqrgtory and research The spectrum of anxiety
activity
Group Number of = ber of Number of Numb
animals Hmber o Vertical motor Hmber o umber Number of
horizontal .. grooming of bowel ..
activity . urinations

movements episodes movements
Intact rats 10 28.3+6.58%* 10.7£3.1 1.8£1.6 0.8+0.8 0.6+0.8
Control (no treatment) 10 19.7+4.66* 12.34£3.65* 1.5¢1.2 0.3+0.7 0.4+0.5*
Comparison group 10 22.6+3.1 14.043.0 0.4+0.7% 0.9+1.4 0.5+0.7
(amitriptyline)
(1) 10 8.0+3.2 5.8+£2.1 3.8+1.7 2.7+1.4 0.2+0.5
) 10 17.0+5.9 4.5+2.5 1.0+£0.8 0.3+0.5 0.3+0.5
4) 10 25.0£11.6* 11.3£3.9 0.3+0.5%* 2.0+1.7 1.3+1.3
®) 10 24.0+6.5* 9.0£3.9 0.0£0.0 0.8+1.5 1.0£1.2
(6) 10 17.845.1 4,3+3.3% 5.3+1.3*% 2.5+1.6 0.5+0.6
Note: * p<0.05 compared to values in animals of the control group

Assessment of Exploratory Behavior Using the
Elevated Plus Maze Test

To further evaluate the exploratory behavior and
anxiety-related responses of rats, the elevated plus
maze (EPM) test was employed. We recorded how
long the rats spent in the open and closed arms, how
long they spent on the middle platform, how many
times they went into the open and closed arms, how
many times they moved their heads up and down,
how many times they stretched (rose up on their
backs), and how many times they pooed and peed.
The results are summarized in Table 5.

As per the statistics displayed, creatures
administered harmine (1) demonstrated a
considerably elevated quantity of entries into the
closed arms (p>0.05) in comparison to the time spent
in the open arms. In addition, the number of head dips
and the duration of time spent on the central platform
were markedly reduced. A statistically significant
threefold increase was observed in the time spent
in the closed arms, indicating enhanced anxiety-

Int. j. biol. chem. (Online)

like behavior in this group. Thus, the introduction
of harmine (1) contributed to a significant increase
in the anxiety of animals, compared with the
animals of the intact group. The introduction of an
acetyl, 4-fluorobenzylidenehydrazone substituent
(compounds 2, 4) at the C-8 position of harmine
significantly reduced the anxiety activity of
animals and significantly increased their activity by
increasing the time spent in the open arms and on
the central platform. It should also be noted that
the orientation-exploratory activity of animals
receiving  §-substituted harmine derivatives
(time spent in the closed and open sleeve and on
the central platform, number of defecations and
urinations) was at the level of activity of animals
receiving amitriptyline. However, the activity of
experimental animals was lower than that of intact
animals, and significantly depended on the nature
of the substituent in the hydrazone and chalcone
fragments (comparison of groups receiving
compounds 4 and 5 or 6).
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The anxiolytic activity of the samples in the
experimental rat groups was evaluated based on
the data presented in Table 5. The anxiety index
calculation formula was used to assess the anxiolytic
effect. The anxiety index values range from 0 to 1,
with an increase in the index indicating increased
anxiety-like behavior [27].

An anxiolytic effect was demonstrated in the
group of animals that received substances (1),
(2), (4), (5) and (6) at a dose of 10 mg/kg, when
compared with the control group, under conditions of
experimental emotional stress.

In particular, the time spent in the closed arm
in group (2) decreased by 12.4%, in group (5) by
17.3%, in group (4) by 12.4% compared to the control
group. Administration of the studied compounds,
harmine (1) and (2), to rats reduced the number of
entries into the closed arms. Introducing compound
(2) also increased the number of peeks. The number
of hangings increased in group 2. The number of
defecations and urinations decreased in group 2.

The average time that the animals spent in the
open arms of the apparatus in group 5 was 51.5 +
18.0 seconds, in group 2 was 33.5£15.4 seconds.
The number of entries into the open arms in group
5 was slightly higher than in the control group.
Administering the studied compounds (4), (5) and (6)
to the animals reduced entries into the closed arms
by 41.9%, 69.8% and 41.9% respectively. Group (5)
spent an average of 18.5+8.5 seconds on the central
platform. For the other groups using the studied
compounds, the indicators were lower.

Conclusions

This study implemented an integrated approach
encompassing extraction optimization, synthetic
development, and pharmacological evaluation to
design and investigate novel neurotropic agents
derived from the P-carboline alkaloid harmine.
A second-order polynomial model effectively
optimized the extraction conditions from Peganum
harmala L. roots, with the best yield (up to 97%)
achieved using double percolation at 65 °C for 3
hours, a 1:10 solvent-to-material ratio, and a particle
size of 2—-3 mm.

Int. j. biol. chem. (Online)

The p-carboline alkaloid harmine served as
a versatile scaffold for the synthesis of novel C-8-
substituted derivatives, including 8-acetylharmine,
(Z)-hydrazono analogs, and cinnamoyl derivatives,
with high yields and structural clarity confirmed
through spectroscopic.

In vivo pharmacological testing revealed that
compounds 2, 4, 5 and 6 exhibited significant
anxiolytic and antidepressant activity at a dose of
10 mg/kg. In the Open Field Test, these compounds
reduced anxiety-related behaviors, such as vertical
activity, grooming, defecation and urination,
while encouraging horizontal exploration. In the
Elevated Plus Maze, compounds 2 and 4 notably
increased the time spent in the open arms and on the
central platform, which are markers of anxiolytic
efficacy comparable to the reference antidepressant
amitriptyline.

Of the compounds tested, 8-{(Z)-1-[(Z)-(2-
arylidene)hydrazono]ethyl} harmine (compound 4)
exhibited the most pronounced anxiolytic properties
and was well tolerated. These findings emphasize
the important role that C-8 substitution plays in
modulating the neuropharmacological activity of
harmine, and demonstrate the potential of B-carboline
derivatives in the development of multi-target CNS
therapeutics.

Consequently, Peganum harmala L. should
be regarded not only as a renewable source of the
biologically active compound harmine, but also as a
valuable foundation for designing new neurotropic
agents to treat anxiety and depressive disorders.
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Genomic stability and adaptation in Kazakh Tobet dogs:
a cytogenetic analysis

Abstract: There is an urgent need to preserve the ancient and culturally significant Kazakh dog breed
Tobet, which is threatened with extinction. The evaluation of genomic instability and adaptive potential
of Tobet dogs in comparison with outbred dogs as a model of genetic diversity and adaptability seems to
be an interesting study and could shed light on the necessary efforts to improve the Tobet breed. In this
context, the aim of this study was to analyze the cytological and cytogenetic (micronucleus test) parameters
of peripheral blood cells of Tobet dogs and outbred dogs. The analysis revealed no significant differences
in micronucleus frequency between Tobet and outbred dogs, indicating robust genomic stability. However,
the observed cytological abnormalities, such as poikilocytosis, suggest potential health issues in the Tobet
breed and highlight the need for continued health monitoring. This research underlines the importance of
combining traditional breeding methods with modern genetic analyses to ensure the survival of the breed.
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Introduction

The Kazakh national dog breed Tobet is an
ancient national, cultural and historical heritage
of our country. For centuries, Tobet dogs guarded
thousands of nomadic cattle, protected livestock
from wolves, hunted foxes together with their owners
and were even used as labourers. This breed got its
name since Tobet dogs choose the highest point to
have a better view of the protected area (“tobe” — a
hill). Unfortunately, this unique breed has almost
disappeared today. The reasons for this are the
reduction in grazing areas and the decline in sheep
farming, the use of other breeds as priority dogs and
the use of the Tobet for dog fighting, spontaneous
breeding and finally the lack of a scientific basis for
breeding work. The current situation requires urgent
action to preserve the Tobet breed [1].

Genetic and other modern methods have
revolutionized breeding practice and provide tools
for improving breed characteristics. For example,
the evaluation of genomic instability and adaptive
potential may be a tool that can provide valuable
information to breeders. Genomic instability
manifests itself as damage to genetic structures,
including chromosomes (chromosomal aberrations),
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under the influence of stress factors. This analysis
makes it possible to favor animals with a more stable
genome in breeding. This leads to more predictable
and stable results in breeding recovery and selection.
The purpose of evaluating the adaptive potential is to
determine the genetic traits that ensure the adaptability
of the population to environmental conditions. When
the values of the factor exceed the optimal limits, the
genetic structures of the cells are activated. Such a
process is the basis for the organism’s ability to make
functional changes in response to environmental
influences. The evaluation of adaptive potential
enables breeders to select and breed animals that are
better adapted to current and future conditions [2, 3].

It should be noted that the breed often has a higher
genetic homogenecity due to selective breeding
practices, which can predispose it to hereditary
diseases and lower adaptability. In contrast, outbred
dogs generally benefit from a broader genetic
pool, which can lead to greater genetic stability
and resilience to certain genetic disorders. It has
already been shown that, unlike purebred dogs
whose genotype is controlled by strict standards,
the genome of outbred dogs is the result of random
crossbreeding, leading to a higher degree of genetic
diversity and adaptation [4—6]. In addition, while
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outbred dogs are more likely to carry deleterious
mutations, these mutations are usually in a harmless
heterozygous state, presumably because two carriers
of the same mutation are less likely to produce
offspring. In contrast, purebred dogs are more likely
to be genetically affected by one of these disorders
due to homozygosity for the mutation [7]. In addition,
the breed often descends from a limited number of
founder animals, leading to potential founder effects
and a higher risk of inherited diseases as the gene pool
is more limited [8]. It has been shown that analyzing
dogs of a specific breed in comparison to outbred
dogs can be an interesting and valuable approach for
a more comprehensive evaluation of the breed [9].
Against this background and in the absence of studies
on genetic instability in dogs [9—14], the evaluation
of genomic instability and adaptive potential of dogs
of one breed compared to outbred dogs as a model
for genetic diversity and adaptability seems to be an
interesting study.

In this context, the aim of this study was to analyze
cytological and cytogenetic parameters of peripheral
blood cells of Tobet dogs and outbred dogs. The
micronucleus test was chosen for these studies because
of its informative value, simplicity, and accessibility.
Another advantage of the micronucleus test is its
independence from karyotype. As is well known, the
karyotype of dogs contains a large number (2n=78)
of small, poorly distinguishable chromosomes [15].
Its low invasiveness and the possibility of conducting
ante-mortem screening to determine the dynamics of
changes in this indicator over time are also important
[16].

Materials and methods

The main object of the study was Tobet dogs.
The collection of biomaterials from Tobet dogs
was carried out during expeditions, exhibitions, and
special events. Testing for compliance with the breed
characteristics of the Kazakh Tobet breed was carried
out by cynologists from “KANSONAR”, who met
the qualification requirements and were experts in
Kazakh national breeds and in the group such as the
Central Asian Shepherd Dog (CAS), to which the
Tobet belongs. The main document for conducting
the test and establishing the breed standard that
guided the experts was the breed standard for the
Kazakh Tobet, which was approved by the Order of
the Ministry of ecology and natural resources of the
Republic of Kazakhstan dated 30 March 2023 No.
101 “On the Approval of Standards for Kazakh Dog
Breeds”.
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As a control group for the study also included
free-breeding, or outbred dogs, which represent the
model for genetic diversity and have a high potential
for adaptation. The biomaterial from outbred dogs
was collected from Tailed Paradise PF, one of the
largest animal shelters in Almaty, where more than
500 dogs live.

Peripheral blood to prepare a blood smear on a
glass was collected from the leg vein of Tobet and
mixed breed dogs by an experienced veterinarian of
the research group using a vacuum tube. All sterility
criteria were met.

The collection ofthe biomaterial was accompanied
by the photography of the dogs and the questioning of
their owners. The questionnaire included information
about the owner, age, sex, origin, place of residence
of the dog, its description, and measurements. As
studies on unrelated animals are necessary to capture
the maximum range of genetic diversity, detailed
pedigree information was requested for all dogs. For
those dogs for which pedigree information was not
available, non-relatedness and/or relatedness was
confirmed by owners and handlers. The data from
the questionnaire was processed and entered an
electronic database. In addition to the questionnaire,
the owner’s informed consent to carry out a genetic
study on their dog was also completed.

The study was approved by the bioethics
committee of the RSE at REM Institute of Molecular
Biology and Biochemistry named after M.A.
Aitkhozhin CS MSHE RK (Protocol No. 1, August
18, 2023). The study is based on the “Bioethical rules
for conducting research on humans and animals” and
is in accordance with the legislation of the Republic
of Kazakhstan and the European Convention
on Bioethics. In the study, no experiments are
conducted on the animals themselves, i.e., dogs;
only biomaterials collected from dogs are used. The
collection of all types of biomaterials mentioned
in the study is a minimally invasive procedure that
causes no harm to the dog.

Peripheral blood was used to prepare and analyze
cytogenetic smear preparations. The smears were
prepared according to the generally recognized
method.

The cytogenetic analysis was carried out on 88
dogs of the Tobet breed, 72 of which are kept in
the Almaty region and 16 in Ust-Kamenogorsk, as
well as on 36 mixed-breed dogs kept in a kennel in
the Almaty region. The sex and age composition
of the Tobet dogs is shown in Table 1. The mixed-
breed dogs were mainly represented in the third age
category.
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Table 1 — Age and gender composition of dogs of the Tobet breed

Age group total female male
0-9m 10 3 7
10-15m 24 14 10
16m-8y 48 23 25
9y and older 6 3 3
Total 88 43 45
The preparations were processed under

laboratory conditions using a camera. The peripheral
blood smears were fixed in 96% ethyl alcohol for 30
minutes, dried and stained with 4% Romanowsky-
Giemsa solution for 20 minutes [17].

The frequency of micronuclei and cytological
disorders was examined in normochromic
erythrocytes of peripheral blood using a AxiolLab
A.1 microscope (Zeiss, Germany) under oil
immersion and a magnification of 10x100. During the
cytogenetic examination, all changes in the structure
of the erythrocytes that deviated from the normal
morphology characteristic of this species were
recorded. Up to 10,000 erythrocytes were analysed
from each dog. The most characteristic abnormalities
of the erythrocytes in the peripheral blood were
documented photographically.

Reticulocyte analysis was performed to assess the
extent of erythropoiesis [17]. Two reticulocyte stains
were used: In the first, 50 pl of brilliant cresyl blue
solution was mixed with 50 pl of blood, incubated
for 25-30 minutes at 37°C or 1.5 hours at room
temperature (18-25)°C and smears were prepared.
With this staining, the erythrocytes are greenish-
grey, the granular-filamentous substance (reticulum)
is blue. In the second variant, similarly prepared
smears were stained with May-Grunwald fixative. In
this staining variant, the erythrocytes are pink-red,
the granular-filamentous substance is light blue. The
number of reticulocytes per 1000 erythrocytes was
counted and expressed as a percentage.

For the statistical calculations, the arithmetic
mean and its deviation (M#SE) were calculated
as a percentage per 100 cells. The significance of
the differences between the means was determined
using Student’s t-test. The threshold for statistical
significance was set at p < 0.05. Statistical data analysis
was performed using Microsoft Excel (Microsoft
Corporation, Redmond, Washington, DC, USA).

Int. j. biol. chem. (Online)

Results and discussion

One of the indicators of the health, stability
of the genome and adaptability of populations is
cytogenetic homeostasis. It can be characterised
by a micronucleus test and the analysis of other
cytological disorders of the blood cells.

The red blood cells of mammals represent the
final stage of erythropoiesis and are the product of
several blast cell divisions. After the last mitosis,
the main nucleus is expelled, and the daughter cells
enter the stage of anucleated polychromatophilic
(immature) and then normochromic (mature)
erythrocytes. After the main nucleus has been
expelled, the micronuclei, which are a consequence
of the occurrence of chromosomal abnormalities
in erythroblast cells, remain in the cytoplasm and
are visible under the microscope as round or oval,
differently sized, densely coloured bodies with a
clear outline [18].

In addition, under the influence of unfavorable
factors or diseases, other disorders can occur in
the red blood cells, among which regenerative
and degenerative changes can be distinguished
[18]. The former are characterized by reversible
changes, such as echinocytes in the early stages,
immature forms of red blood cells or nucleated
red blood cells. In degenerative (ageing) red blood
cells, the elasticity of the cell membrane decreases
over time, leading to irreversible changes such
as anisocytosis (change in size), anisochromia
(change in color), the appearance of various
inclusions and poikilocytosis (change in shape) of
the red blood cells.

The main advantage of analyzing such cytological
and cytogenetic disorders lies in the simplicity
and availability of blood. Their application in the
context of endangered species and breeds provides
an effective tool for monitoring the health of the
population and understanding the impact of various
factors on its genetic structure, which can be useful in
the development and implementation of conservation
and recovery strategies.

In this study, the cytological and cytogenetic
(micronuclear assay) parameters of peripheral
blood cells from Tobet dogs were analyzed. The
study included mixed or outbred dogs as a control
group. The results of the cytogenetic analysis of the
erythrocytes and cytological abnormalities of these
dogs are shown in Table 2.
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Table 2 — Results of the analysis of cytological and cytogenetic
parameters of peripheral blood cells from Tobet dogs and outbred
dogs

Sample Micronuclei, %o abgg:r(ﬁ:l%tiii:asl%
Tobet
Age group
0-9m 0.30 0.98
10-15m 0.31 0.81
16m-8y 0.20 1.57
9y and older 0.20 1.65
Gender

Female 0.24 1.47
Male 0.26 1.54
Total 0.25+0.01 1.50+£0.01%*

Outbred (control)

Female 0.21 1,2
Male 0.32 0,9
Total 0.26+0.03 1,05+0,01

Note: * p<0,01

It was shown that the frequency of micronuclei
in the erythrocytes of the peripheral blood of Tobets
dogs was not statistically significantly different
from the results obtained when analysing outbred
dogs. This result is in contrast to the available
literature data, which showed a significant increase
in the frequency of micronuclei, nuclear buds and
total number of nuclear abnormalities in purebred
dogs compared to mongrels [19]. Our results could
indicate either a low level of inbreeding in Tobets
or a low “pedigree” of these dogs. In addition,
the sensitivity of the methods used may make its
own adjustments. We have analysed micronuclei
in erythrocytes from peripheral blood and
Santovito (2024) from cheek epithelial cells. This
publication also reports that endogenous factors
such as sex and age do not significantly contribute
to the increase in genomic damage observed in
purebred dogs. In our study, Tobets of age groups
1 and 2 had a higher frequency of micronuclei
(0.3%0) than adult animals, and in about 30% of
cases the micronuclei were quite large. In Tobets,
the differences in the incidence of micronuclei
by sex are insignificant, with a slight increase in
males. In bred dogs, however, these differences are
statistically significant.
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In an individual analysis, 10% of the Tobets
and 5% of the outbred dogs had a high number of
micronuclei in the erythrocytes, which was 3-6 times
higher than the average. It is possible that 10% of the
Tobets had a high level of inbreeding.

The degree of cytogenetic abnormalities in the
body (genetic instability) is not only an indicator
of genetic status and health, but also an important
indicator for environmental monitoring. Since we
studied Tobets from two regions of Kazakhstan, an
analysis of the frequency of micronuclei in the studied
animals was carried out depending on their place of
residence. In Tobets living in Ust-Kamenogorsk, the
frequency of erythrocytes with micronuclei (0.25%o)
is statistically significantly (p<0.01) higher than
the indicators in dogs from the Almaty region. It
is known that Ust-Kamenogorsk is one of the most
industrially polluted cities in Kazakhstan [20].

Cytological abnormalities are usually an indication
of the health status of the animal. The presence of an
increased level of cytological abnormalities in the
erythrocytes of the examined animals indicates the
development of degenerative processes in the body
caused by various reasons — physiological, medical,
environmental [16]. According to the type and extent of
cytological abnormalities in the anuclear erythrocytes,
two groups of erythrocytes are distinguished:
regenerative and degenerative. Regenerative forms are
erythrocytes that have undergone reversible changes
to the cell membrane. These include — the early
stage of echinocytosis as well as immature forms of
erythrocytes or nucleated erythrocytes (basophilic,
polychromatophilic and oxyphilic erythrocytes,
erythrocytes with  basophilic  granularity and
reticulocytes of varying degrees of maturity). There
are many classifications of degenerative changes in
erythrocytes. These pathological disorders of red blood
cells are associated with changes in size (anisocytosis),
red blood cell shape (poikilocytosis), changes in
normal colour (anisochromia), inclusions in the red
blood cells (Jolly-Howell bodies, Pappenheim bodies,
Cabot rings, Heinz bodies, basophilic granularity of
the cytoplasm, etc.) [16]

Compared to outbred dogs, Tobet has a higher
level of wvarious cytological abnormalities, in
particular red blood cells of irregular size, especially
small (microcytes) or large (macrocytes). In some
cases, poikilocytosis was observed. These were
mainly echinocytes (tooth-shaped cells), acanthocytes
(red blood cells with different sized protrusions) and
dacryocytes (tear-like cells) (Fig. 1).
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Figure 1 — Preparations of the peripheral blood of Tobet dogs (a) normal red blood cells;
(b,c) micronuclei in erythrocytes; d-f — poikilocytosis of erythrocytes with hypochromia; (g) macrocyte;
(h,1) toxic granularity of neutrophils, magnification 16 x 100

Given the high percentage of poikilocytosis in
some Tobet dogs (10-30%) compared to 3-10% in
outbred dogs, it can be assumed that these animals
suffer from health problems. It is known from the
literature that poikilocytosis, which is characterised
by the presence of abnormally shaped red blood
cells, may indicate underlying health problems in
dogs, including chronic kidney disease, ventricular
outflow tract obstruction, severe babesia infestation
and congenital heart defects [21-24]. In addition,
hypochromia, a low haemoglobin level due to iron
deficiency and intoxication, has been reported in
some Tobet’s dogs. A toxic granularity of neutrophils
resembling azurophilic granules has also been
observed (Figure 1). Their formation occurs inside
the cell due to physicochemical changes in the protein
structure of the cytoplasm under the influence of
intoxication products, which is observed in infectious
or inflammatory processes.

In some dogs of the Tobet breed, the formation
of “coins columns” occurs — this is the gluing of
red blood cells into chains resembling the shape
of coin columns (Figure 2). This usually occurs
when the acid-base balance of the blood changes
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towards increased acidity (from 7.43 to 7.33) and
can be associated with chronic liver inflammation
[16]. This phenomenon is related to the aggregation
of red blood cells, which has a negative effect on
blood microcirculation. Normally, the blood of dogs
contains a single number of “coins columns”.

Figure 2 — Preparations of the peripheral blood of Tobet
dogs — the formation of “coin columns”, 10x100
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Another important indicator of health is the
degree of erythropoiesis, which can be assessed by
the level of reticulocytes in the blood (Fig. 3-4). In
dogs, the reference values are 0.5 — 1.2% [25]. On
average, the level of erythropoiesis is at the lower
limit of the norm in both Tobets and outbred dogs.
There are practically no differences between the
sexes. As can be seen from the data presented, the

reticulocyte value is only included in the reference
values for young dogs, which is of course explained
by the higher erythropoiesis in young animals. With
increasing age, this indicator decreases significantly
and is below the normal limit, which most likely
indicates the presence of physiological and veterinary
problems. This, in turn, reduces dogs’ adaptive
potential and their working qualities [2, 3, 26, 27].

e |

Figure 3 — Reticulocytes in the peripheral blood of dogs (a) first staining method (BCS only);
(b) second staining method (BCS+May-Grunwald), 10x100
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Figure 4 — Reticulocyte content in the blood of the Reticulocyte content in the blood
of Tobet dogs and outbred dogs
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Thus, preliminary cytological analysis has
revealed health problems in some Tobet dogs that
may not yet have clinical manifestations. The
owners of these dogs have been informed of the
need for additional biochemical testing to determine
the causes of these problems. The micronucleus
test did not reveal any differences in the stability
of the genetic apparatus in Tobet dogs and outbred
dogs. Unlike Santovito (2024) [19], however, a
more thorough study is continuing by analysing the
cytogenetic parameters in relation to the age and sex
of the animals tested.

Conclusion

The study, which compared the cytological and
cytogenetic parameters of Tobet dogs with those of
outbred dogs, showed no significant differences in
the frequency of micronuclei, indicating comparable
genomic stability in both groups. At this stage of the
study, it can be assumed that the genetic integrity
of Tobet dogs remains intact despite the challenges
facing the breed, such as the decline in grazing areas,
the decline in traditional breeding methods and the
lack of scientific breeding programmes.

However, the discovery of cytological
abnormalities, including poikilocytosis — a condition
characterized by the presence of abnormally shaped

red blood cells — points to potential health problems
in the breed. These abnormalities need to be further
investigated to understand their impact on the health
and viability of the Tobet breed. Overall, the results
of the study argue in favor of integrating traditional
and modern breeding approaches to improve the
breed’s resilience and adaptability. This integrated
strategy could be crucial for the survival of the Tobet
breed.
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Prevalence and impact of Hepatitis B Virus (HBV)
in Lashkar Gah City, Afghanistan: a case study

Abstract. Hepatitis B Virus (HBV) remains a critical public health issue in Lashkar Gah City, Afghanistan,
necessitating a focused investigation into its prevalence, clinical implications, and management, this case
study research aimed to evaluate HBV prevalence across different demographic groups and regions,
assess the incidence of chronic infections, and analyze diagnostic and treatment strategies. The study also
identified gaps in public health approaches and proposed targeted interventions. 100 diagnosed patients were
investigated, data were collected from two key hospitals Bost University Private Hospital and Helmand
Provincial Infectious Disease Treatment Hospital and three laboratories. A structured 24-question multiple-
choice survey was completed by 100 healthcare specialists, including psychologists, neurologists, and
medical doctors. Analysis using IBM SPSS Statistics software revealed a significant male predominance
in HBV cases (99%) and higher prevalence in densely populated areas (96%) and warmer climates (92%).
In 72% cases, it was chronic, 63% patients had on slight symptoms and 87% cases have long lived with
the condition. Nausea, vomiting, and jaundice were the common clinical symptoms reported in 94% of
the cases. These results indicate that enhanced diagnostic measures, prevention practices, and population
health awareness programs are most required, and the case study also brings significant contributions to the
epidemiological role of HBV in Lashkar Gah City and proposes practical recommendations to be addressed
by medical workers and decision-makers to advance the management of the disease and lighten the health-
related burden on the population.

Key words: Hepatitis B Virus (HBV), Prevalence, Epidemiology, Chronic HBV, Lashkar Gah, Afghanistan.

https://doi.org/10.26577/1JBCh20251813

Introduction

Hepatitis B virus (HBV) is a DNA virus with a
lipid coat introduced by the Hepadnaviridae family.
A particular antigen, at first called the “Australia
antigen,” was first found in the serum of an Indigenous
Australian to identify the virus. Later, it was proven
that this antigen is connected to HBV in those with
hepatitis and visualized by electron microscope in
1970. It encompasses a diminutive (3.2 kb) covalently
closed circular DNA (cccDNA) within its genome.
This cccDNA is transcribed into four distinct
transcripts (3.5 kb, 2.4 kb, 2.1 kb, and 0.7 kb), which
encode polymerase, HBcAg, HBeAg, HBsAg (L, M,
S surface proteins), and HBx, each playing a pivotal
role in the HBV lifecycle and hepatocellular damage
[1-3]. Prasidthrathsint and Stapleton (2019) highlight
that viral hepatitis is a global affliction driven by
five principal viruses: Hepatitis A, B, C, D, and E. It
causes inflammation of the liver and has a possibility
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of developing to a chronic infection leading to
cirrhosis and hepatocellular carcinoma (HCC) [4, 5].

Recent studies throughout Afghanistan have
illuminated significant demographic disparities in the
prevalence of HBV. A retrospective analysis carried
out in Kabul between March and September 2023
demonstrated that 63.6% of 217 HBsAg-positive
participants exhibited chronic infection, with an
almost equal gender distribution (50.7% male, 49.3%
female) and a pronounced concentration among
individuals over 45 years old (44.2%) [6]. In Herat,
a hospital-based case-control investigation identified
male gender and younger age as statistically
significant risk factors (p <0.05), with male
patients experiencing notably lower quality-of-life
scores [7]. A mass screening initiative in Jalalabad
encompassing more than 17,000 individuals revealed
an HBV prevalence of 1.93%, with the highest
incidence observed among those aged 31-40 and a
male predominance [8]. Pediatric seroprevalence
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assessments from Kabul and Mazar-e-Sharifrecorded
an HBsAg positivity rate of 3.6% among children,
markedly elevated in those older than six years, with
prevalence increasing from 0.65% in the 1-10 age
group to 8% in the 11-20 cohort [9].

Serological markers are an important role in
determining the infected patients, assessing the phases
of the infection as well as monitoring the progress
of antiviral therapies [5]. And Abbott ARCHITECT/
Alinity HBsAg assay results in the improvement
of recognizing prior acute, late acute and occult
Hepatitis B infections by 36.4%, 10.9%. And extends
detection duration beyond that of existing assays
[10]. This prototype HBsAg assay is anticipated
to hold significant diagnostic value [11-13]. And a
longitudinal analysis spanning 15 years on HBV
genomes conducted in Guangxi, China, revealed
that mutations may revert to their original wild
type during natural infection. This finding suggests
that healthcare professionals should be circumspect
when forecasting long-term outcomes based on these
mutations alone [14]. A study evaluates the prevalence
of HIV, HCV, and HBV among pregnant women in
Anyigba, Nigeria, revealing a notably high prevalence
of HIV relative to the lower prevalence of HCV and
HBV [15-17]. An investigation into the efficacy and
potential adverse effects of administering hepatitis B
immunoglobulin (HBIG) to pregnant women during
their third trimester revealed that HBIG significantly
diminished the transmission of HBsAg and HBV-
DNA from mother to child [18]. And a study
disseminated by the Cochrane Hepato-Biliary Group
assessed the efficacy of tenofovir-based antiviral
combination therapies in mitigating the transmission
of HBV from mother to child among HIV-positive
pregnant women co-infected with HBV [19, 20]. And
HBYV represents a severe hepatic pathology that can
be transmitted via horizontal transmission or from
mother to infant [21]. And Chronic HBV infection
disrupts hepatic metabolic pathways, leading to
reduced levels of cholesterol and triglycerides, and
a diminished incidence of hepatic steatosis. The
contributing factors to hepatic steatosis include
elevated ALT levels, increased BMI, male sex, and
old age [22, 23]. And HBV affects approximately
350-500 million people globally, often leading to
HCC [24-26].

Furthermore, a computational spatial whole-
cell model has been developed to investigate the
HBYV infection cycle in hepatocyte cells. This model
forecasts infection dynamics, explores virus-host and
drug interactions, and is adaptable for examining
other viral pathogens [27]. A phase III clinical trial
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conducted in Thailand is evaluating the efficacy and
safety of administering maternal tenofovir disoproxil
fumarate (TDF) to prevent mother-to-child
transmission of HBV, monitoring 328 mother-infant
dyads up to six months of age [28, 29]. A cross-
sectional analysis revealed a moderate prevalence of
Hepatitis B and C virus infections among pregnant
women at Felege Hiwot Referral Hospital in Ethiopia
[30], a case-control study in Indonesia identified that
genetic polymorphisms in HLA-DP and the presence
of isolated anti-HBc are critical predictors of occult
hepatitis B infection (OBI) among blood donors [31-
34]. And the HBV poses a significant global health
challenge, inflicting liver disease and impacting over
257 million individuals worldwide. Although an
efficacious vaccine exists, contemporary treatments
face difficulties due to enduring viral reservoirs,
substantial viral load, and compromised immune
responses [35]. HBV represents a significant global
health threat, being a leading contributor to mortality
due to its association with cirrhosis and HCC. The
rise in chronic HBV infections can be attributed to
various factors, including viral genotypes and co-
infection with other blood-borne pathogens [36].
Consequently, current diagnostic techniques
encompass both serological and molecular
methodologies. The identification of novel
biomarkers, such as HBcrAg and HBV RNA,
is imperative for the proficient management of
infections. HBV is classified into 10 genotypes and
30 subtypes, with genotyping being advised for
pegylated interferon therapy to enhance treatment
outcomes [37]. HBV reactivation (HBVr) represents
a significant challenge within the framework of
immunosuppressive drug treatment, where virological
and host factors interact in a rather complex way.
Sakamoto et al. (2020) conducted a comprehensive
study that analyzed serum samples from both HBVr
and acute hepatitis B (AHB) patients, revealing
a significantly higher prevalence of genotype B
among those with HBVr. The research highlighted
an increased frequency of mutations throughout the
HBYV genome, particularly in the envelope region, in
HBVr patients compared to their AHB counterparts.
The study also observed a notable prevalence of the
S3N amino acid substitution in the envelope protein
and mutations at G1896A and G1899A in the precore
region among HBVr patients. By employing ultradeep
sequencing, the research study isolated some of the
most key virological factors related to HBVr, thus
providing useful information on the methodologies
of the development of HBVr and probable system
through which the disease may be managed and
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controlled more easily [38-40]. The purpose of the
research will be to address the knowledge gap on
the prevalence of HBV and practices associated with
the diagnosis of HBV in the City of Lashkar Gah. In
addition, the study intends to build evidence-based
plans for treating, preventing and controlling HBV.
The useful understanding gained is expected to guide
and reinforce the setup and execution of major public
health plans, ensuring better healthcare outcomes in
Lashkar Gah City and contributing to broader efforts
to combat HBV at the local and global levels.

Materials and methods

Research Design

This study employed both descriptive and
explanatory research design from May 1, 2024, until
August 25, 2024. A descriptive study was used to
overview the clinical and laboratory diagnosis of
HBV in Lashkar Gah City. The investigation was
carried out in Lashkar Gah City using data from two
major hospitals (Bost University Private Hospital and
Helmand Provincial Infectious Disease Treatment
Hospital) and three laboratories (Lamar, Kainat, and
Rana Medical Laboratories). A multidisciplinary
team of 100 specialists, including psychologists,
neurologists, and medical doctors, collaborated on
the study. IBM SPSS Statistics (Version 25) software
facilitated data analysis.

Sampling Technique

Purposive sampling for HBV in this study
involved selecting specialists in HBV diagnosis
and treatment in Lashkar Gah City. The sample
was gathered at appropriate intervals, focusing on
individuals with at least two years of experience in
diagnosing or treating HBV patients. Only those who
expressed interest in the study and consented to share
their information were included. Participants who
lacked prior experience with HBV or had not worked
in the field within the last two years were excluded.
As a result, the research was conducted exclusively
with professionals who possessed the most up-to-
date knowledge and expertise in the field.

Data Screening

The HBV study containing the data screening
procedure was exhaustive and suitable in supporting
the accuracy and reliability of the subsequent
statistical analysis. This consisted of checking the
distribution of the data to ascertain that the parametric
tests would have met assumptions. It also involved
determining and rectifying any statistical mistakes or
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aberrant values which is very important in preserving
the integrity of the findings, as outliers can distort
the results. This process made it clear that there was
complete response on questions on the questionnaire,
and any missing data issues that might cause bias or
investigational results to lose some power. These
procedures were critical in maximizing the accuracy
and reliability of the data before carrying out the
statistical analysis.

Sampling Technique and Size

The sample size for this investigation was
calculated using Yamane’s formula (1967), and an
anticipated error rate of 0.10. Given the specific
population of healthcare professionals in the selected
hospitals and laboratories, the sample size was
calculated as follows:

N
n=———
1+ N(e)*
Where:
n is the sample size,
N is the population size,

e is the precision and reliability level.
Applying this formula to the study:

100 100 100

n= — = = = 50
1+100(0.102 1+1 2

With a population size of 100 and a 10% margin
of error.

Data Source and Data Acquisition Procedure

The method of gathering primary data presented
was a structured questionnaire that was given to
medical professionals, psychologists, neurologists
and other healthcare practitioners of various hospitals
and laboratories that were selected. The questionnaire
consisted of 24 multiple-choice questions focused
on the clinical and laboratory diagnosis of HBV.
Participants were given sufficient time during their
work hours to complete the questionnaire and submit
their responses. SPSS software was used to analyze
the data and generate results. Because healthcare
professionals worked with HBV patients regularly,
they were able to support thorough and combined use
of both clinical and laboratory tests for diagnostics.

Research Variables
Dependent Variable
Prevalence of HBV infection: This wvariable

refers to the incidence rate of HBV infection among
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various demographic groups in Lashkar Gah City.
The prevalence of HBV is influenced by factors
such as socioeconomic status, healthcare access,
and population density, all of which are linked to the
spread of infectious diseases [41, 42].

Independent Variables

Age group: The prevalence of HBV is strongly
correlated with specific age groups, with certain
groups being more vulnerable to infection. Younger
individuals, particularly those with compromised
immune systems, are at higher risk.

Gender: Research indicates a gender disparity
in HBV prevalence, with men often being more
vulnerable to chronic HBV infections due to
biological and social factors [43]. In countries like
Afghanistan, cultural practices, healthcare-seeking
behavior, and occupational exposures contribute to
differing HBV infection rates between genders [44].

Geographical Conditions: Environmental
factors such as climate and altitude can impact the
transmission and prevalence of HBV. Warmer
climates, like Lashkar Gah’s hot and arid conditions,
can facilitate the transmission of blood-borne
diseases, particularly due to factors like population
migration and limited healthcare services [45]. This
climatic influence may contribute to increased HBV
transmission and incidence in the region.

Clinical Symptoms: In adults, the disease caused
by acute hepatitis B starts with such non-specific
symptoms as anorexia, nausea, emesis, abdominal
discomfort, darkened urine, pale stools, and jaundice;
and, in severe cases, it can progress into hepatic
encephalopathy, ascites, gastrointestinal hemorrhage
(due to esophageal wvarices), coagulopathy, or
opportunistic infections [46]. Understanding the
clinical symptoms specific to Lashkar Gah could help
improve diagnostic and therapeutic strategies.

Diagnostic assays: As observed in our survey,
ELISA and RT-PCR were the primary modalities
utilized in the diagnosis of HBV in hospitals and
diagnostic laboratories all over Lashkar Gah City.
The availability of these assays exemplifies their
accessibility and diagnostic effectiveness in the
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area as part of a regular pattern. ELISA serves as a
potential primary screening system to the hepatitis B
surface antigens and RT-PCR serves to give a superior
sensitivity when it comes to identification of HBV
DNA thus making the system capable of classifying
the least accurate cases of a chronic disease. These
methodologies are also reliable in detection of cases
and making therapy interventions, regardless of
underdeveloped laboratory infrastructure [47].

Epidemiological Data Analysis

The data collected from the questionnaire were
analyzed using IBM SPSS Statistics (Version 25).
The primary goal of the analysis was to explore
how different variables influenced the incidence and
progression of HBV within the studied population.
The results provided insights into the most affected
age groups, gender distribution, and the effectiveness
of laboratory diagnostic tests and treatment protocols
for HBV in Lashkar Gah City. Analyzing the data
this way gave new insights about the causes of HBV
in the region which were valuable when formulating
new healthcare policies.

Clinical and Laboratory Diagnosis of HBV in
Lashkar Gah City

Diagnostic tests for HBV infection: The primary
laboratory tests for diagnosing HBV infection in
Lashkar Gah City include the HBsAg test and the
CBC. The HBsAg test is overwhelmingly preferred,
accounting for 97% of diagnostic cases. The CBC is
used much less frequently, only in 3% of the cases.
This indicates a strong reliance on HBsAg testing
as this population’s standard diagnostic method for
HBV.

Common diagnostic test for HBV infection:
The HBsAg test is consistently identified as the
most commonly employed diagnostic test for HBV
infection, with a usage rate of 95%. Blood glucose
tests are seldom used, with a rate of 5%. This
further confirms the critical role of the HBsAg test
in the laboratory diagnosis of HBV, underscoring
its reliability and importance in detecting the virus
Table 1, 2.
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Table 1 — HBV clinical and laboratory diagnosis in Lashkar Gah (2022-2023)

a . ey ey >
@ Positive/ = 'S S
Laboratory | Time Period | Test Name ; Negative Company/ Method = % §
= =} 9]
S Tests 3 & 2
One Step HBSAG Rapid Test
PCR HBV
2022.01.01 — oo .. (01FK10,01FK11) Method of 0 o N
LEMAR 202212 31 (Q;:;tthzilrt:l\e/e) 92 Positive (+) STANDARD DIAGNOSTICS 97% 98% 97.5%
(SD), INC. Republic of Korea
One Step HBsAG Rapid Test
2022.01.01 — .. (01FK10,01FK11) Method of 0 o N
LEMAR 20221231 HBS-Ag (ICT) | 1164 | Positive (+) STANDARD DIAGNOSTICS 97% 98% 97.5%
(SD), INC. Republic of Korea
Hepeatitis One Step HBsAg Rapid Test
2022.01.01 —| B surface .. (01FK10,01FK11) Method of o o o
LEMAR 175021231 | antigen 2| Positive () | orANDARD DIAGNOSTICS | 077 | ~98% | ~97:5%
(ELISA) (SD), INC. Republic of Korea
One Step HBsAG Rapid Test
2023.01.01 — PCR HBV (01FK10,01FK11) Method of
LEMAR 202 3 | 2 29 (Quantitative) | 96 Positive (+) Standard ~97% | ~98% | ~97.5%
o Real Time Diagnostics (SD), INC.
Republic of Korea
One Step HBsAg Rapid Test
2023.01.01 . (01FK10,01FK11) Method of 0 o N
LEMAR 5023.12.29 HBV-Ag (ICI) | 901 | Positive (+) STANDARD DIAGNOSTICS 97% 98% 97.5%
(SD), INC. Republic of Korea
One Step Hepatitis B Surface
Antigen Test Cassette (Serum/
2023.01.01 — .\ plasma) (ICT"") and RDT™
~ + ~0R0, ~0Q0 - 0
RANA 1 50231229 | HBV-Ag (ICD) | 474 1 Positive () | \1o 045 of Healgen Scientific | 070 | ~09% | ~98:5%
Limited Liability Company
[B20183-04] USA
One Step Hepatitis B Surface
2023.01.01 | HEPATITIS A smaXICT) and RDT.
.01. . 0g0 000 _0R <0
KAINAT 5023.11.09 B SUngCE 274 | Positive (+) Methods of Healgen Scientific 98% 99% 98.5%
Limited Liability Company
[B20183-04] USA
Cumulative Data insight:
1. Total Tests Conducted: LEMAR (2022): 1258 tests (92 + 1164 + 2), LEMAR (2023): 997 tests (96 + 901), RANA (2023): 474
tests, and KAINAT (2023): 274 tests.
2. Overall Total Tests: 3003 tests across all laboratories.
3. Average Tests per Lab: Average Tests per Year (LEMAR): (1258 + 997)/2 = 1127.5 tests per year and Overall Average Tests per
Lab: 3003/3 = 1001 tests per lab.
4. Percentage of Tests Conducted: LEMAR (2022): (1258/3003)* 100 = 41.9%, LEMAR (2023): (997/3003)* 100 ~ 33.2%, RANA
(2023): (474/3003)* 100 =~ 15.8% and KAINAT (2023): (274/3003)* 100 ~ 9.1%.
Summary:
- LEMAR Laboratory: Conducted a total of 2255 tests over the two years, indicating a high testing capacity.
- RANA and KAINAT Laboratories: Conducted fewer tests but contributed significantly to the overall testing efforts.
Testing Methods and Performance:
- LEMAR Laboratory: Uses One Step HBSAG Rapid Test with high sensitivity (~97%), specificity (~98%), and accuracy
(~97.5%).
- RANA and KAINAT Laboratories: Use One Step Hepatitis B Surface Antigen Test Cassette with higher sensitivity (~98%),
specificity (~99%), and accuracy (~98.5%).
“"Tmmunochromatographic Test
*Rapid Diagnostic Test
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Table 2 — Overview of molecular findings from HBV DNA Quantification via Real-Time PCR in Lashkar Gah City

Parameter Details
PCR HBV (Quantitative) Real Time
HBV DNA Detected
Viral Load 6,904,273 TU/mL
Detection Limit Up to 120 Copies/mL or 20 IU/mL
Method CFX 96-Biored RT-PCR
Am%ﬁgiggﬁ and Conducted simultaneously using Mini Opticon-Biored RT-PCR and kits from Roboscreen
Controls Applied Positive, Negative, and Internal Controls
Interpretation HBV DNA was extracted from patient plasma and amplified using Real-Time PCR.
Amplification and detection were performed simultaneously using advanced real-time thermo-optical analyzer.
A quick, sensitive, specific, and reproducible method was established for detecting and quantifying HBV
DNA.
Comments The procedure can analyze the viral load in plasma and serum samples in a range of 26.124 IU/mL to 4 10 TU/
mL
The methodology will be accurate and reliable in terms of diagnostic and clinical management of HBV in
Lashkar Gah City

Results and discussion

The HBV infection in Lashkar Gah City has been
shown to have a substantial rate of prevalence and
clinical effect among various demographical groups
of patients and across healthcare facilities. A total of
100 diagnosed patients, 44% of whom were found
in Helmand Provincial Infectious Disease Treatment

Hospital and 36% at Bost University private hospital,
were investigated in this research; the rest were in
three private labs: RANA Medical (12%), Kainat
Medical (5%), and Lamar Medical (3%). Information
was gathered through a multiple-choice questions.
Structured item survey and analyzed using the SPSS
program to control diagnosis, symptoms and the
treatment practice (Figure 1).

50 120
45 | Wr'm_}llm oy
100
40
35
80
30
<
=25 60
=
20
40
15
10
20
5
0 0
Bost University Helmand Provincial Lamar Medical Kainat Medical Rana Medical
Private Hospital Infectious Disease Laboratory Laboratory Laboratory
Treatment Hospital

Figure 1 — Statistical overview of hospital and laboratory patient data
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However, the incidence of HBV infection in
Lashkar Gah varies considerably depending on the
demographics of the population and the geographic
location of the area. About 56% of people under the
age of 5 are infected with the virus, making them the
age group with the highest frequency of the disease
among all age groups. The incidence of this condition
declines with age, with 41% of instances occurring
in those older than 16 years old. When it comes to
the distribution of gender, the data reveals a striking
contrast, as the majority of people who are infected
with HBV are males (99%), while only 1% of people
are females. A higher percentage of the infection is
found in high-density areas (96%) compared to low-
density areas (4%) when it comes to the distribution
of the infection among regions. There is also a

significance for geographical conditions, with the
spread of HBV being substantially higher in hot
regions (92%) compared to cold areas (8%). The
prevalence of chronic HBV infection in the region
is 63%, which represents a significant burden for
communities there. Seventy-two per cent of people
who have chronic HBV infection are impacted at
a level of 24 per cent, while sixteen per cent are
affected at a level of 75 per cent. There is an 8§7%
duration rate, which indicates that the majority of
chronic HBV infections continue to exist for several
years. An overview of these observations can be seen
in (Figure 2). In this case, the figure 1 indicates that
the highest frequency of HBV infection occurs in
children under 5 years old (56%), which is a critical
finding for the case study.

= Frequency
=@— Cumulative. .

w
—
=]
=

Frequency

(=)}
<o
Cumulative Percent (%)

Up to 5 years
old

6-10years old 11-15 years old Above 16 years

Age Group

old

Figure 2 — Breakdown of HBV Infection by Age among those surveyed
(Lashkar Gah City n =100)

After analyzing the conducted survey and the
epidemiological context, the following data were
obtained in accordance with research standards,
the epidemiological breadth of HBV infection
illuminates its evolution and repercussions. HBV
infection incubates for weeks in 60% of cases and
months in 34%. After the acute phase, 78% of people
develop chronic hepatitis B, with 15% developing
HCC and 7% cirrhosis. Nausea, vomiting, and
jaundice are the main symptoms of HBV infection
in 94% of patients. Joint discomfort and weariness
are rare symptoms recorded in 2% of patients. Most
people (63%), especially youngsters (62%), have
few clinical symptoms. In 95% of cases, the HBsAg
test is utilised to diagnose the disease, whereas the
CBC is used in 3%. Disease burden varies by age

Int. j. biol. chem. (Online)

and gender. Chronic infection prevalence is 63%,
and previous infections are 45%. Perinatal infections
are 48%, and early childhood infections are 44%,
indicating high transmission rates. Only 10% of
adolescents and adults have high-level infections.
Treatment and management strategies focus on
medicine, which 46% of respondents found useful.
Many (50%) advocate combining treatments for
disease management. The structured item was
included in the survey to classify the level of
prevalence based on perceived endemicity in order
to measure the distribution of HBV infection within
Lashkar Gah. It used this three-tier system, which is
high, medium, and low, to identify the local differences
in the infection burden of different population groups
and healthcare access points. This stratification
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reflects in the resultant data which provide a more  22% as low. Figure 4 shows the overall prevalence of
specific epidemiological profile that reflects the local ~ HBV infection, where chronic infections are the most
contextual dynamics. Figure 3 shows the prevalence =~ common at 63%, adolescent/adult infections at 54%,
level of HBV in Lashkar Gah City: 58% of cases are  perinatal infections at 48%, past infections at 45%,
classified as high prevalence, 20% as medium, and  and early childhood infections at 44% (Figure 5).

HIGH LEVEL MEDIUM LEVEL LOW LEVEL

Figure 3 — Prevalence level of HBV in the Lashkar Gah
City distributed into high, medium, and low

70

60
50
40
30
20
10
0
Chronic Perinatal Early Adolescent/
infection mfectlon infection childhood adult
prevalence  prevalence infection infection
EPanl 63 45 48 44 54

Figure 4 — HBV infection type distribution based on characteristics
of endemic samples in the Lashkar Gah City
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Figure 5 — Overall distribution of various HBV infection types
as identified in the study in the Lashkar Gah City

Demographic and Epidemiological Profile of
the Population in Lashkar Gah City

It is male predominant in the etiology of the
disease with 99% and 1% again in males and females,
respectively, implying that there might be underlying
socio-cultural, behavioural and biological causes.
HBYV is mostly localized in high density regions as
96% of cases are encountered, whereas only 4% is
in low density regions. This implies that the large
number of people can support transmission due to
optimal contact between people and maybe inferior
health maintenance.

The disease burden of chronic HBV is high with
72 percent severity of those affected being in level
25 percent and 12 percent at level 50 percent and 16
percent at level 75 percent. This makes it vital to have
proper managing and treatment approaches. Moreover,

Table 3 — HBV infection in Lashkar Gah city by different categories

the chronicity of HBV deserves special consideration
because 87 percent of cases are chronic, indicating
the necessity of permanent medical follow-up. It has
an incubation period that varies with 60 percent on
several weeks, 34 percent several months and 6 percent
longer periods, which leaves a variable factor on the
actual time symptoms appear and are determined. It
was found that HBV infection in Lashkar Gah City
is most prevalent among very young children and
older adolescents/adults, exhibits a striking male
predominance, is concentrated in densely populated
and hot regions, and poses a significant chronic
burden on the affected population, table 3 organizes
the data from the study into clearly defined categories,
highlighting the key findings related to age, gender,
geography, chronicity, and the incubation period of
HBYV infection in Lashkar Gah City.

Category Subgroup/Description Percentage (%)
Children under 5 years old 56%
6-10 years old 2%
Age Group Prevalence
11-15 years old 1%
Individuals over 16 years old 41%
o Male 99%
Gender Distribution
Female 1%
) o High-density areas 96%
Geographical Distribution -

Low-density areas 4%
) . Hot regions 92%

Regional Conditions -
Cold regions 8%
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Continuation of the table

Category Subgroup/Description Percentage (%)

Severity level 25% 72%

Chronic HBV Infection Severity Severity level 50% 12%
Severity level 75% 16

Duration of Chronic HBV Infection Long-term (87% duration) 87%

Several weeks 60%

Incubation Period Several months 34%
Extended period 6%

Clinical Manifestations and Symptoms of the
Population in Lashkar Gah City

HBYV infection in Lashkar Gah City causes nausea,
vomiting, and jaundice in 94% of patients. Only 2%
of people complain of joint discomfort and tiredness,
while 4% claim shortness of breath and chest pain,
these symptoms suggest that this population’s first
HBV symptoms are gastrointestinal and hepatic
problems. HBV infection causes minor clinical signs
in 63% of cases. Based on survey data from Lashkar
Gah City, 63% of HBV-infected individuals reported
minimal or absent clinical manifestations. Moreover,
24% indicated symptomatic presentation in roughly
10% of cases, whereas 11% noted moderate symptom
occurrence in approximately half of instances. Only
2% reported consistently experiencing clinical
symptoms. These findings imply that a considerable
proportion of HBV cases may be asymptomatic or
exhibit mild symptomatology, potentially impeding
prompt detection and timely clinical diagnosis.
About 62% of HBV-infected children had few
clinical signs. 25% of children have symptoms 10%
of the time, and 12% have symptoms 50%. Only 1%
of children always have symptoms. The generally
low symptoms in the infected population suggest
that children, like adults, have a subclinical or mild
version of the disease. HBsAg test is of fact a very
effective and a popular method of detecting HBV
infection as it forms a majority of about 97% of
diagnostic procedures employed in the laboratory.
These serologic markers are HBsAg that is the initial
to occur in acute infection and whose presence is
absolute expertregarding active HBV infection hence;
it is sensitive and specific when utilized in screening.
By contrast, the CBC, sometimes used on average
(3%) to supplement general clinical evaluation, has
no HBV-specific application or value as a diagnostic
measure. Therefore, HBsAg testing use was greatly
prevailing in our study which is within international
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clinical practices and guarantees the diagnosing
quality of HBV candidates. In Lashkar Gah City,
HBsAg testing is the main HBV diagnostic method.
HBsAg is the most prevalent HBV test, utilised in
95% of cases. Few blood glucose tests are performed
5%. Blood glucose is also used in HBV patients to
test liver-related metabolic disbalance and check
comorbidity conditions like diabetes to properly
evaluate the condition and manage it successfully
in the clinical setting. This highlights the relevance
of HBsAg testing in this region’s HBV clinical
diagnosis. Up to 65% of children have HBV for years.
Up to 15% of children have the infection for months,
while 15% have distinct phases. Up to 5% had the
infection for weeks. This suggests that children’s
infections last a long time and require long-term
medical care. With 60% of persons having HBV over
different periods, infection duration varies. Around
26% have had the infection for years, and 10% for
months. Only 4% had the infection for weeks. This
variance in adult infection duration shows that HBV
is persistent and requires individualised care. HBV
infection in Lashkar Gah City mostly causes nausea,
vomiting, and jaundice, with few other symptoms.
Both children and adults have subclinical or mild
illness presentations, making early detection difficult.
The HBsAg test is the primary diagnostic tool used in
the region treatment protocols (Figure 6).

Case Studies

In Lashkar Gah City, the impact of HBV is
deeply felt, not only on a public health level but also
through the personal struggles of affected individuals
and their families. Anecdotal data combined with
case studies can have a significant contribution to the
understanding of the lived experiences of the people
affected by HBV, both demonstrating the social and
healthcare needs of this population.
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Figure 6 — The initial and acute clinical manifestations of HBV infection
are the early indicators of the body’s response to the virus.

1. Case Study — A Narrative of a Chronic HBV
patient

Ezatullah, a 38-year-old male patient arrived in
Lashkar Gah with more than 5-year-old C-HBV.
The symptoms identified that led to his diagnosis
of the virus included fatigue, jaundice, and nausea.
His experience started with inability to get medical
attention easily because there were not many resources
in the area. Ezatullah spent some months attending
the local clinics before being finally referred to the
Helmand Provincial Infectious Disease Therapy
Hospital. His treatment alternatives were also limited
because of limited supply of antiviral medications at
the hospital and absence of special care. The situation
in the case of Ezatullah presents the problem of living
with chronic HBV in a resourceous poor environment
and the significance of access to prompt medical care.

The disease is also a major source of social
stigma in the case of Ezatullah, as it is not only a
health challenge. The result was the social isolation
of his family as most people in their neighborhood
thought that HBV was very contagious and therefore
people with it were believed to have poor personal
hygiene. Ezatullah experienced a number of
difficulties obtaining employment because of the
wrong image about his condition. When people
are socially stigmatized about the HBV, they tend
to avoid any treatment knowing that they will be
looked down and discriminated by other members
of the society. The case of Ezatullah reflects on the
importance of improved education on public health
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to struggle against these misperceptions and decrease
the stigmatism of HBV.

2. Case Study The Story of a Chronic HBV
Patient, effect on the life of a Child

Amina, a 4-year-old girl, was detected with HBV
in a screening process in her local health care facility
in Lashkar Gah. Her mother did not know about the
virus until she was surprised to find that her daughter
had developed HBV since they did not get proper
vaccination because of the lack of resources. The
diagnosis was especially grim because Amina had a
chronic infection that would need management over
the long-term and such kind of provision was not
easily available in the city. She had a mild jaundice
and tiredness and her parents were concerned about
her.

The situation of Amina stresses the role of
vaccination in the prevention of HBV spread
especially in susceptible populations such as children.
The inability of her mother to get proper treatment
to Amina emphasizes the lack of a better healthcare
infrastructure in Lashkar Gah where specialized
healthcare facilities and antiviral drugs are not easily
accessible. In addition, family members of Amina
were emotionally traumatized since they had an
uncomfortable future without knowing how to control
her condition in the long run. The case demonstrates
the important role of early diagnosis of the disease
and long-term care of children infected with HBV,
which can overcome adverse health effects.
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Anecdotal Evidence: The Problems of
Healthcare Providers

The problem is that healthcare professionals in
Lashkar Gah have little resources at their disposal
and the healthcare infrastructure is not sufficient to
help them find solutions to diagnosing HBV and
treating it properly, as Dr. Ali, a general practitioner
at Bost University Private Hospital, demonstrated.
Dr. Ali describes the cases when patients came to
the hospital with already developed stages of HBV
infection only to realise that they did not have access
to the tools of diagnosis or the curing antiviral drugs.
In other patients, chronic liver diseases or cirrhosis
were already evident before they availed themselves
to the doctor, which was currently caused by a long-
term un-diagnosed HBV infection, yet no therapy
had been previously saved.

According to Dr. Ali, health professionals tend
to be in a rut of attempting to treat a large number
of patients without sufficient resources to do so.
To make matters worse, there is little supply of
vaccines, particularly among the at-risk groups
such as pregnant women. In addition, the fact that
there is no sustained professional education in HBV
governance, not including a coordinated approach to
mobilizing communities toward the development of
the public health scenario, complicates the task of
managing it effectively.

A Deeper Insight on Societal Influence
Awareness using the Public Healthers Perspective.

Most urban settlements in the Lashkar Gah
have a huge difference of awareness on HBV
transmission and prevention. According to
anecdotal evidence, most individuals are ignorant of
the fact that the infection may either be contracted
through injection sharing, unprotected intercourse,
or mother to baby contraction during birth. Farida,
one of the community leaders, expressed her
frustrations on misconceived knowledge by many
families in her community on the fact that HBV is
transmitted through casual contact such as hugging
and sharing food. This myth makes people fail to
take proper preventative measures which in many
cases could lead to the prevention of the disease e.g.
by vaccination or measures that are less dangerous
during medical procedures.

Farida has made a personal initiative to make
the community in which she lives more aware of
the issue of HBV through such activities as informal
programs and provision of educative literature. It
shows her initiatives are necessary since grass-root
movements can be used to counter the disinformation
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and promote installing protective habits, particularly
in low-resource regions.

The real-life stories of Ezatullah, Amina,
professional healthcare providers, local leaders of
the area of Lashkar Gah, clearly show how HBV
severely affects a person and communities. Through
these case studies, it is clear that much more needs
to be done in relation to the development of public
health facilities to improve access to vaccines and
treatment and the advent of sensitization programs to
address the stigma and early diagnosis. Addressing
these issues will not only alleviate the burden on
healthcare systems but also improve the quality of
life for those affected by HBV in Lashkar Gah.

On the other hand, integrated pharmacological
and holistic modalities, endorsed by 50% and 46%
of respondents respectively in Lashkar Gah City,
highlight the significance of amalgamating antiviral
treatment with preventive interventions such as
immunization and public health awareness in the
comprehensive control of HBV infection.

Previous studies indicate that the incidence of
HBYV in Afghanistan is higher in areas with limited
healthcare access, poor sanitation, and socioeconomic
challenges [42]. A population-based investigation
conducted in the United States revealed that adults
with chronic hepatitis B infection exhibited a 1.9-fold
elevation in all-cause mortality risk and a 13.3-fold
augmentation in liver-related mortality risk relative
to uninfected counterparts [48, 49].

According to Abera et al. (2014) revealed that
liver hepatitis resulting from co-infection with
Hepatitis B and C is the leading cause of morbidity
and mortality in HIV-infected children, with 19.5%
testing positive for HBsAg or anti-HCV antibodies,
thus highlighting the need for routine screening
[50, 51]. Karabaev et al. (2017) observed that post-
Soviet Kyrgyzstan has experienced a rise in blood-
borne infections, with 78% of donors being male
and 22% female. The study documented a decline
in the prevalence of HBsAg, anti-HCV, and anti-T.
Pallidum from 2012 to 2015, while HIV prevalence
increased [52]. Ahmadi Gharaei et al. (2021) highlight
considerable global and regional disparities in the co-
occurrence of hepatitis B and C among HIV-positive
incarcerated individuals, with prevalence rates
varying from 12% for HBV-HIV co-infection to 62%
for HCV-HIV co-infection. The research advocates
for enhanced screening and therapeutic interventions,
specifically directed at high-risk cohorts. It
underscores the efficacy of community-based needle
and syringe exchange programs, which averted
25,000 HIV infections in Australia [53]. Chu et al.

International Journal of Biology and Chemistry 18, Ne 1 (2025)



A.B. Hejran et al. 37

(2023) investigated the genotype-specific influence
of HLA variants on HBsAg seroclearance in chronic
hepatitis B patients, finding that the Rs1710 G allele
was linked to seroclearance in both genotype B and C
infections, while the Rs2770 G allele was associated
exclusively with genotype B infections [54-56].

A study in Uganda found that hepatitis B and
C viruses cause liver damage in HIV-positive
individuals, with higher rates among women, the
prevalence of HBV is 10% in Uganda, while HCV
is not documented. The chronicity of these infections
depends on age, sex, and immune-competence.
Proper diagnosis is crucial for better management, as
HIV prevalence in Uganda is 6% among adults aged
15-49 years and 10% in children under five [57].

Research conducted at the University of Nigeria
Teaching Hospital revealed that co-infection with
hepatitis B and C viruses occurs more frequently
than with hepatitis C alone, with instances of triple
viral infection also observed. Vigilant screening
for these infections is essential for early detection
and comprehensive management of HIV patients,
especially in Africa, which remains the most severely
affected region [58, 59]. A research investigation in
Western Saudi Arabia identified an 8.5% prevalence
of coinfections among patients with HIV, HBV,
and HCV. However, 20 out of every 1,000 cases
had undiagnosed coinfections due to insufficient
screening protocols. Such coinfections elevate
morbidity and mortality rates, with liver disease
resulting from HCV or HBV coinfection being the
predominant cause of non-AlIDS-related fatalities
[59].

Additionally, a 34-year-old Caucasian female
presented with severe acute hepatitis, coagulopathy,
and ascites attributed to a coinfection of HBV and
Epstein-Barr virus (EBV) [60]. This case represents
the first documented instance of HBV and EBV
coinfection in the medical literature. The concomitant
infection of HBV and EBV can precipitate severe
acute hepatitis with potential for HBV chronicity.
The World Health Organization estimates that 400
million individuals globally are carriers of HBV, and
coinfections with other viruses tend to exacerbate
clinical severity and progression. The optimal
treatment strategy for HBV coinfections remains
uncertain, with current guidelines emphasizing the
identification and treatment of the predominant virus
[60, 61].

A study conducted at Adnan Menderes
University Medical Faculty in Turkey revealed
that hepatitis B infections frequently present with
unconventional serological profiles within the liver.
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The research identified that a significant number of
cases exhibited these atypical serological patterns,
and a correlation was found between these profiles
in hepatitis B patients [62]. And a study conducted
in southern China revealed that 47.4% of anti-HBc-
positive blood donors exhibited anti-HBc, indicative
of previous HBV exposure [63]. The prevalence of
anti-HBc positivity correlated positively with age,
with 777 donors also testing positive for anti-HBs.
The occurrence of occult hepatitis B infection (OBI)
among anti-HBc-positive donors was 2.86%. This
study indicates that a minor subset of donors harbors
HBV DNA despite HBsAg and NAT screening,
underscoring the necessity for more sensitive NAT
testing methods [63, 64].

The investigation scrutinized the prevalence of
Hepatitis B and C Virus infections among expectant
mothers at Borumeda General Hospital in Northeast
Ethiopia. Involving 124 participants, the study
employed a structured questionnaire to evaluate
various factors and sociodemographic attributes. The
overall seroprevalence of HBV or HCV infections was
determined to be 11.3%. The findings indicate that
the prevalence of HBV and HCV infections among
pregnant women is notably high, categorizing it within
the high endemic bracket of the WHO classification
scheme. Consequently, the study advocates for
ongoing screening, the provision of hepatitis B
vaccinations for women, and the implementation of
health education initiatives to enhance awareness
regarding these infections [65]. And Plasma levels
of HBV DNA and quantitative measurements
of HBsAg serve as indicators of infection risk.
The advent of the HBV vaccine has significantly
diminished the incidence of acute hepatitis B (AHB),
with the United States reporting its lowest rates
since 1990. High numbers of CHB are common
in Southeast Asia, China, sub-Saharan Africa and
among Indigenous communities [66]. The number of
persons living with CHB worldwide was estimated
at 400 million individuals of whom 1.25 million in
the United States alone. Serious consequences that
are related to the disease are cirrhosis, hepatocellular
carcinoma, and liver failure. Although antiviral
therapies have been authorized, a limited number
of patients are treated [67]. Effective management
involves evaluating cirrhosis progression, assessing
alcohol consumption and metabolic risk factors, and
considering the patient’s family medical history [67-
69]. Hepatitis B and C viruses present a formidable
global health issue, particularly in low- and middle-
income nations. Inadequate diagnosis impedes
progress towards the 2030 eradication goals. Swift
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and precise diagnostic methods are crucial for
effective detection and healthcare provision. There is
a pressing need for advanced biomarkers and rapid
diagnostic technologies [70]. And HBV replicates
its genome within the nucleus, utilizing distinctive
nuclear import pathways to traverse the cytoplasm
and nuclear envelope. Lipofection and paclitaxel
treatments demonstrate that capsid translocation is
crucial for capsid arrival and genome release [71].

In summation, Stasi, Silvestri, and Voller (2017)
note that HBV infection rates are notably elevated
in sub-Saharan Africa and East Asia, particularly in
correctional facilities. The substantial prevalence in
Westand Central Africaunderscoresthe imperative for
blood screening and vaccination initiatives targeting
high-risk demographics [72]. Zheng et al. (2023)
elucidate that HBV utilizes the tumor susceptibility
gene 101 (TSG101) to facilitate its egress through
multiple multivesicular bodies (MVBs). TSG101
recognizes ubiquitinated HBc, thereby enabling
the sorting and export of HBV capsids [73]. A
study conducted in the Netherlands proposes that
implementing universal anti-HBc screening along
with HBV nucleic acid amplification testing could
potentially eliminate the need for HBV antigen
testing, thereby identifying potentially infectious
donors with recent infections or occult hepatitis B
infection (OBI) [74]. And For instance, research
conducted in Nigeria revealed that 17% of blood
donors were confirmed to have OBI, with genotype
E being predominant. The study advocates for pre-
testing blood donors for OBI and/or anti-HBc prior
to transfusion to reduce the risk of HBV transmission
[75]. At the same time, whether we consider a study
conducted in Santiago, Chile, analyzed Hepatitis B
and C virus infection rates among individuals living
with HIV. The majority of HIV cases were transmitted
through sexual contact, with 25.7% of participants
having progressed to AIDS and 90.4% receiving
antiretroviral therapy (ART). The HBV coinfection
rate was comparatively lower than that observed
in non-industrialized areas; however, a minimal
proportion of patients had received vaccination. The
presence of HBV coinfection exacerbates morbidity
and mortality in people living with HIV (PLWH)
[76]. And the World Health Organization has set a
goal to eliminate viral hepatitis worldwide by 2030,
emphasizing the importance of understanding the
regional prevalence and epidemiology of HBV
and HDV coinfection. Advances are being made in
developing rapid diagnostic tools for the screening
and management of patients with HBV/HDV
coinfection. These emerging tools are designed to be
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more straightforward, accessible, and economical,
particularly benefiting low- and middle-income
countries. The implementation of such tools could
significantly enhance screening efforts, patient
monitoring, and the determination of treatment
eligibility [77, 78]. And a study conducted in British
Columbia revealed that 14.4% of individuals with
diagnoses of HBV, HCV, or HIV had co-infections
with one or more of these viruses [79]. Among the
population, injection drug use was most common
among those identified as Not a Visible Minority
(22.1%), whereas severe material and social
deprivation was notably higher among visible ethnic
minorities. The World Health Organization and the
United Nations Programme on HIV/AIDS have set
a goal to eradicate these epidemics by the year 2030
[79, 80]. And the Global Burden of Disease Study
2019 provided estimates on the worldwide prevalence
of HBV, associated mortality, and disability-adjusted
life-years (DALYs) attributable to HBV. The study
reported a global prevalence of chronic HBV infection
at 4.1% for 2019, marking a 31.3% reduction from
1990. HBV-related illnesses accounted for 550,000
deaths globally in 2019. The findings emphasize
the need for accelerated efforts to meet the 2030
elimination targets, advocating for the strategic
enhancement and expansion of HBV interventions to
achieve eradication. The WHO Global Health Sector
Strategy on Viral Hepatitis aims to eliminate viral
hepatitis as a significant public health threat [8§1]. And
covalently closed circular DNA (cccDNA) serves as
a crucial parameter for evaluating antiviral efficacy
in CHB. Nonetheless, measuring cccDNA is invasive
and necessitates serum biological markers. Recent
investigations have shifted focus to viral indicators,
host factors, and emerging detection technologies
[82]. According to the EASL 2017 Clinical Practice
Guidelines, chronic HBV infection is categorized
into five distinct phases, with HBV RNA and
HBcrAg emerging as innovative markers for both
diagnosis and therapeutic monitoring. Proficiency
in these markers can enhance predictions of disease
progression and evaluate treatment effectiveness in
CHB. However, a standardized assay or commercial
kit for precise quantification of HBV cccDNA remains
unavailable [82, 83]. And the Advisory Committee
on Immunization Practices (ACIP) and the Centers
for Disease Control and Prevention (CDC) have
published a comprehensive report on strategies
for the prevention of HBV infection in the United
States [84]. This report advocates for the screening
of pregnant women for hepatitis B surface antigen,
the administration of the Hepatitis B vaccine and
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hepatitis B immune globulin, and the immunization
of children and adolescents up to 19 years of age.
Additionally, it outlines CDC recommendations
for postexposure prophylaxis and synthesizes the

American Association for the Study of Liver Diseases
(AASLD) guidelines on maternal antiviral therapy to
mitigate perinatal HBV transmission (Table 4) [84-
95].

Table 4 — Comparison of main Transmission Drivers of HBV and critical preventive strategies in Lashkar Gah and other epidemic

high-risk areas in the world.

Risk Factor Details Key Insights
Lashkar Gah city
o . . L
Unsafe Medical 44% O.f pa tients n Lashkar Gah visit the Helrpand Proper equipment and accessibility are essential
. Provincial Infectious Disease Therapy Hospital, . .
Practices for effective prevention and treatment.

highlighting concentration of HBV management facilities.

Lack of Vaccination
adolescents.

Vaccination efforts are insufficient, particularly among
high-risk groups like pregnant women, children, and

Vaccination is critical to achieving WHO’s
2030 hepatitis elimination goals.

Cultural Practices
to HBV prevalence.

Socioeconomic and cultural factors, including injection
drug use, lack of healthcare access, and stigma, contribute

Public health education is needed to address
cultural and behavioral barriers.

Coinfections (HBV

with HCV, HIV, etc.) practices

Coinfections increase morbidity and mortality, with
undiagnosed cases often resulting from poor screening

Improved diagnostics and regular screening are
necessary to manage co-infections effectively

High-risk regions globally

Blood-borne

Transmission
unscreened blood.

Blood donors in Nigeria show a 17% prevalence of
occult hepatitis B infection (OBI), highlighting risks from

Universal blood screening and nucleic acid
amplification testing are crucial to reduce
transmission.

Socioeconomic and
High-Risk Groups

14.4% of HBV, HCV, and HIV patients in British
Columbia had co-infections; injection drug use and
socioeconomic factors are major contributors

Customized efforts are needed for individuals
belonging to at-risk populations and especially
those in regions where resources are scarce.

Transmission through
sexual contact

In Chile’s capital, HIV is often caught through sexual
contact and having both HIV and the HBV often makes the
effects of HIV worse on people living with it.

Preventive immunization programs combined
with targeted educational outreach addressing
sexual transmission pathways are indispensable
for diminishing infection rates.

Screening of pregnant women and immunization of

Postexposure prophylaxis and maternal

since 1990

Permgta} newborns are insufficient, leading to increased risk of antiviral therapy can significantly reduce
Transmission . .. . .
vertical HBV transmission. perinatal transmission
HBV-related illnesses caused 550,000 deaths globally in | Meeting the 2030 elimination targets requires
Global Burden 2019 despite a 31.3% decrease in chronic HBV prevalence expanded interventions and improved

healthcare systems.

Advances in
Diagnosis

Emerging biomarkers (HBV RNA, HBcrAg) and
diagnostic techniques offer potential for better disease
management but lack standardization

Investment in advanced diagnostics is needed
to enhance HBV monitoring and treatment
outcomes.

Challenges and Recommendations for the
management of HBV infection in Lashkar Gah
City

By addressing these challenges and
recommendations through targeted interventions,
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resource allocation, and international
collaboration, Lashkar Gah city can improve
its ability to manage and prevent HBV, reduce
disease burden, and improve public health
outcomes, (Table 5).
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Table 5 — Barriers and difficulties in controlling HBV in Lashkar Gah City

Challenge/Barrier

Description

Impact on HBV Control

Inadequate Vaccination
Coverage

The study identifies gaps in vaccination efforts,
especially among high-risk groups such as
children under five. Despite global vaccination
recommendations, coverage remains insufficient in
Lashkar Gah.

Insufficient vaccination coverage leads to
higher infection rates, particularly in younger
populations, exacerbating long-term health
consequences.

Poor Public Health
Awareness

Limited public knowledge and awareness of HBV
transmission, prevention, and treatment contribute to
ongoing transmission and stigma around the disease.

Poor awareness hinders the adoption of
preventive measures like vaccination and
timely treatment, prolonging disease burden in
the population.

Limited Healthcare
Resources

Healthcare infrastructure and resources are limited in
Lashkar Gah, affecting the availability of diagnostic
tools, treatments, and vaccines.

Limited resources reduce the ability to
effectively diagnose and treat HBV, leading to
underreporting and undiagnosed cases.

Socio-political Volatility

The issue of political instability and violence in
Afghanistan have destabilized healthcare provision
and minimized the impact of both the public health

initiatives and immunization programs.

Instability makes it difficult to implement
coordinated public health strategies, impeding
vaccination efforts and necessary health
interventions.

Economic Constraints

Economic limitations, both within healthcare systems
and at the individual level, impact the affordability
and accessibility of HBV-related treatments and
preventive services.

Economic barriers prevent widespread access
to vaccines, diagnostic tests, and long-term
treatment, which is essential to control HBV.

Geographical &
Demographic Factors

The study shows higher infection rates in densely
populated areas and regions with warmer climates.
Certain demographics, such as males and children, are

Geographic and demographic factors
complicate targeted interventions and resource
allocation. Higher prevalence in certain areas

disproportionately affected.

demands more focused efforts.

Chronic HBV infection persists in 87% of cases,

Chronic infections require ongoing healthcare
interventions, straining already limited

Chronic Nature of HBV necessitating long-term treatment and monitoring. resources and creating a burden on the
healthcare system.
Conclusion rates (96% and 92%, respectively). Chronic HBV

This study provides an in-depth analysis of HBV
infection in Lashkar Gah City, highlighting significant
public health challenges based on laboratory
testing, demographic trends, and geographical
patterns. Over a span of two years, 3,003 tests
were conducted across three private laboratories,
with LEMAR contributing approximately 75% of
the total testing efforts. The testing methodologies
employed demonstrated exceptional reliability, with
sensitivities, specificities, and accuracies ranging
between 97% and 99%, despite the persistent
regional limitations in healthcare resources. Children
under five years old were identified as the most
affected group, representing 56% of cases, while
infection rates showed a notable decline with age,
with 41% of cases observed in individuals over 16.
HBV infection predominantly affects males (99%),
and areas characterized by high population density
and hot climates report significantly higher infection
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infections, which persist in 87% of cases, necessitate
long-term healthcare interventions, as the severity of
the condition varies from moderate to severe among
patients. Because of the lack of resources, Helmand
Bost Provincial Hospital and its laboratories have
managed to deal with the huge obstacles and that was
primarily possible thanks to the international partners,
which have assisted in improving their infrastructure
and technology, as well as diagnostic possibilities.
The processed to combat HBV in Lashkar Gah would
effectively demand a collaborated public health
plan involving improved schemes of vaccination,
mass community information methods, and entry to
diagnostic strategy in disadvantaged areas. Moreover,
the enhancement of healthcare systems and research
on the approach to prevention and treatment will
be important in minimizing the overall burden of
diseases and enhancing the health outcome in the
population. This multifactor solution is important in
terms of long run development of HBV management.
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CBC - Complete Blood Count
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CHB - Chronic Hepatitis B
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HBcAg — Hepatitis B Core Antigen
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HBIG — Hepatitis B Immunoglobulin

HBsAg — Hepatitis B Surface Antigen

HBYV — Hepatitis B Virus

HBVTr — Hepatitis B Virus Reactivation
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HCYV — Hepatitis C Virus

HIV — Human Immunodeficiency Virus
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MVBs — Multivesicular Bodies

NAT — Nucleic Acid Testing

NGOs — Non-Governmental Organizations

OBI — Occult Hepatitis B Infection
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Source reconstruction of electrical brain activity
during attention network task performance

Abstract: Major Depressive Disorder (MDD) significantly affects mood, thought processes, and behavior.
Understanding the neurophysiological mechanisms behind depression is essential for developing effective
treatments. In this study, we compared source reconstruction of electroencephalography (EEG) data
collected during Attention Network Task (ANT) performance from individuals with MDD, healthy controls,
and those at risk of developing MDD. Our goal was to analyze the localization of alpha rhythm, particularly
in relation to the P300 component. Preliminary findings revealed distinct differences in brain activation
patterns among the three groups in key brain areas, particularly the Anterior Cingulate Cortex (ACC) and
the Dorsolateral Prefrontal Cortex (DLPFC). Significant group effects in alpha source activity during the
P300 interval were observed in response to both congruent and incongruent stimuli. One-way ANOVA
results revealed notable differences in alpha activation in the Anterior Prefrontal Cortex (BA10) and ACC
(BA24) between MDD and control groups, highlighting potential challenges in higher-order cognitive
functions such as decision-making. Increased alpha activation in the Inferior Frontal Gyrus (BA45) in the
MDD group suggests possible language processing difficulties. Furthermore, enhanced activation in the
medial and dorsolateral prefrontal cortices aligns with their roles in task switching and inhibition. In the
incongruent condition, significant differences were more pronounced, particularly in the Right Dorsolateral
Prefrontal Cortex (BA9) and Right Anterior Prefrontal Cortex (BA10), which are vital for executive
functions. The MDD group exhibited larger alpha source activation in the ACC, indicating reduced brain
activation that may impair attention and task management. These preliminary findings are consistent with
existing literature on altered alpha source activity in MDD, supporting the notion of cognitive and emotional
processing differences in this population. Thus, our study demonstrates distinct differences in alpha source
localization during the ANT, revealing significant variations in brain activation patterns related to stimulus
congruence, particularly in the ACC and DLPFC across the three participant groups.

Key words: electroencephalography source localization, cognition, Attention Network Task (ANT), P300
component, Major Depressive Disorder (MDD).

https://doi.org/10.26577/1JBCh20251814

Introduction

Major Depressive Disorder (MDD) is a complex
mental health condition that greatly impacts mood,
thinking, and behavior, as defined in the DSM-5 [1],
with about 5% of adults experiencing this disorder
worldwide [2,3]. The DSM-5 [1] includes cognitive
dysfunction assessments as part of MDD diagnosis.
Attentional impairments are prominent in MDD and
may relate to impaired neuronal networks for alerting,
orienting, and executive control [4]. A meta-analysis
by Sinha et al. [5] shows that participants with
depression exhibit differences in executive network
functioning compared to healthy controls, aligning
with previous studies on attention and depression.
Executive control, crucial for cognitive functions

© 2025 al-Farabi Kazakh National University

such as emotion regulation and concentration, is
often impaired in depressive patients [6-8]. Some
studies suggest that depressed individuals tend to
have a bias toward focusing on negative information
[9]. However, Sinha et al. [S] agree with Mineka
& Sutton’s view [10] that anxiety, not depression,
is linked to attentional bias for threatening stimuli.
Instead, depressed individuals may struggle to
disengage from negative information once attended
[11-12], a difficulty related to executive control to a
greater extent than to orienting.

The Attention Network Task (ANT) is a valuable
tool for studying disorders involving attentional
deficits including MDD [13]. The ANT is designed
to be emotionally neutral, as such findings regarding
executive control deficits do not pertain to emotional
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content perceived or remembered. The ANT is
used to assess three main attention networks: the
Executive Control Network, the Alerting Network,
and the Orienting Network. The Executive Control
Network is crucial in detecting targets and resolving
conflicts, mainly involving the medial frontal and
anterior cingulate cortices [14]. The efficiency of
the Executive Control Network is measured by
looking at response times (RTs) for congruent versus
incongruent stimuli, often using a flanker task [15].
The Alerting Network is connected to arousal and
involves several brain areas, including the brainstem
(especially the locus coeruleus), thalamus, and various
frontal and parietal lobe regions [16]. Its efficiency is
evaluated by comparing RTs in cued versus uncued
situations [17]. The Orienting Network helps select
stimuli based on their location or modality, relying on
structures such as the pulvinar and superior colliculus
[18]. Its efficiency is assessed by examining RT
differences between spatial and central cues [19].

Electroencephalography (EEG) source analysis is
an effective method for investigating neural sources
that influence cognitive processes in depression.
EEG studies provide information about the timing
and coordination of brain activity during cognitive
tasks and show how different regions interact.
This approach is complemented by connectivity
studies, which explore the functional and structural
relationships between brain areas. Together, they
enhance our understanding of neural networks and
how connectivity disruptions may contribute to
cognitive impairments, particularly in conditions
such as MDD. Wu et al. [20] conducted a systematic
validation study using resting-state EEG signals and
highlighted the reliability of resting-state EEG as a
biomarker for detecting MDD.

Several studies have examined changes in
functional connectivity within and between
brain networks in individuals with depression.
Specifically, Shim et al. [21] and Miljevic et al.
[22] reported disrupted network connectivity,
while Knyazev et al. [23] identified the impact of
depression on specific brain networks, particularly
the connection between task-positive and task-
negative networks. EEG measures have also been
utilized to explore the neurophysiological features
of depression. Lee et al. [24] and Akar et al. [25]
have demonstrated associations between changes
in EEG power, connectivity measures, nonlinear
properties, and depressive symptoms. Whitton et al.
[26] examined functional connectivity using EEG
in individuals with depression, finding abnormally
high-frequency communication among large-scale
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functional networks, which provides insights into
disturbances in neural communication. The findings
indicate that neural activity and connectivity changes
could be objective markers for assessing depression
severity and treatment outcomes. Depression is
significantly influenced by disruptions in functional
connectivity and network-level dysregulation, which
highlights the importance of investigating how
different brain regions communicate and coordinate.
Moreover, changes in EEG measures, such as power,
connectivity, and nonlinear properties, provide
valuable information about the neurophysiological
basis of depressive symptoms.

We focused on the P300 component, an event-
related potential (ERP) that represents cognitive
resource allocation and attentional processes. The
P300 is typically observed in the time window of
approximately 250 to 500 milliseconds after stimulus
presentation and is associated with evaluating
stimulus significance and updating working memory
[27-29]. Alpha frequency was chosen as a focus of
our study due to its distinct psychophysiological
significance and its association with behavioral
measures, particularly in the context of depression.
Previous research has shown that alpha peak
frequency correlates with cognitive performance in
various tasks, such as visual perception, while alpha
peak amplitude often reflects synchronous neural
discharging [30-32]. Notably, it was found that both
alpha peak amplitude and frequency were related to
depressive scores, exhibiting different correlation
patterns influenced by factors such as gender [33, 34].

The aim of this study was to explore the
specificity in alpha source activity during ANT
performance in MDD patients compared to healthy
participants and those at risk of MDD. Previous
findings indicate individuals with MDD show
reduced activation in key brain regions during
conflict resolution tasks compared to controls [35].
We expected that alpha source activity in the P300
interval would show differences between groups.
Alpha source activity in the P300 interval elicited by
congruent and incongruent stimuli was expected to
show specific brain areas related to executive control
networks. This article presents preliminary results
for the executive network to introduce the utility of
the source reconstruction method for finding EEG
biomarkers of depression.

Methods and materials

Participants. Participants were 90 adults (72
female). The average age for females was 22.62
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(SD=7.26) years, and for males — 24.56 (SD=6.28)
years. The study was approved by the Ethics
Committee of the Faculty of Medicine and Health
Care of the Al-Farabi Kazakh National University.
After reading the research information purposes and
instructions, all subjects signed the consent form.
Based on the Inventory Depression Score [36] and
an interview with a psychiatrist, participants were
assigned to 3 equal groups: a control group, at risk
group, and a group with Major Depressive Disorder
(MDD).

EEG recording. Neuron-Spectrum-4 system
(Neurosoft Ltd, Ivanovo) was used to conduct EEG
recordings during Attention Network Task (ANT)
performance. The recording was conducted in the
following scenarios: 1) participants were instructed
to keep their eyes open for 1 minute, 2) participants
were instructed to keep their eyes closed for 1
minute, and 3) participants engaged in a computer
task for 70 minutes. Ag/AgCl electrodes were
positioned on the scalp according to the international
10-20% monopolar system. The electrodes covered
the left and right frontal, central, parietal, and
occipital regions, specifically F3, F4, F7, F8, C3,
C4, P3, P4, O1, O2, FPz, Fz, FCz, Cz, CPz, Pz, and
Oz. Two electrodes were employed to record the
electrooculogram, capturing vertical and horizontal
eye movements. Electrode resistance was monitored
throughout the recording, ensuring it remained below
5kQ. Data were acquired at a sampling rate of 500
Hz, and a bandpass filter ranging from 0.01 to 30 Hz
was applied throughout the recording.

Behavioral task. The Attention Network Task
(ANT) was implemented using E-Prime 2.0, building
on the original design by Fan et al. [37]. This modified
version includes 96 trials spread across 9 blocks,
totaling 864 trials lasting 70 minutes. Compared to
the original 15-minute task, this extension provides
a more in-depth look at attentional networks. The
adjusted ANT was validated in a behavioral study by
Zholdassova et al. [38, 39] to ensure it aligns with the
characteristics of the local population.

Task structure. Each trial started with a fixation
cross, followed by a cue stimulus, and a central
arrow that served as the target. Participants were
asked to respond quickly and accurately using the
left and right keys, depending on the direction of the
arrow. The stimuli were divided into two categories:
cue types and flanker types. The cue types included
no cue, double cue, central cue, and spatial cue
(positioned above or below the fixation). The flanker
types consisted of congruent, incongruent, and
neutral stimuli.

Int. j. biol. chem. (Online)

EEG analysis. Preprocessing. EEG data were
analyzed using EEGLAB [40]. The preprocessing
steps ensured quality of the EEG data and the
extraction of relevant features. Preprocessing
included filtering out high and low frequencies, using
Independent Component Analysis (ICA) to remove
artifacts [41], selecting epochs from —700 to +700
ms around the stimulus presentation, and performing
pre-stimulus baseline correction. Artifact-free epochs
were chosen for paired executive control stimuli
across three categories: 1) incongruent and congruent
stimuli, 2) cue and double-cue stimuli, and 3) central
and spatial signals.

Source reconstruction. Source reconstruction
was done in Statistical Parametric Mapping (SPM)
(The MathWorks, Inc.) [42] and involves two main
phases: forward modeling and inverse modeling, as
shown in Figure 1. To ensure precise localization
of the EEG data, we aligned electrode configuration
with the head model. The forward problem was
addressed by calculating a lead field matrix, which
describes how brain activity contributes to the EEG
signals registered at the scalp.

The Multiple Sparse Priors (MSP) approach
assumes that only a few sources are active at any
given time, allowing improved activity localization.
The Greedy Search (GS) algorithm was employed
to optimize the MSP method [43]. Time-frequency
analysis was used to combine temporal and frequency
data, which allowed localizing evoked activity
within specific time-frequency windows. The P300
component, with an interval between 250 and 500
milliseconds after stimulus presentation, was the
focus of the analysis.

The source reconstruction process in SPM
consists of several steps (Figure 2): creation of a
canonical cortical mesh that serves as a basis for
projecting the EEG data; 2) the co-registration
step with visualization of several key components,
including MRI fiducials (in pink), sensor fiducials
(in blue), sensor locations (in green), the canonical
cortical mesh (in blue), the inner skull surface (in
red), and the scalp surface (in light brown). This step
does not require additional parameters when using the
canonical mesh. However, MNI coordinates for the
fiducial positions must be provided if a non-standard
mesh or custom sensor positions are involved [44].

The “EEG-BEM” head model was selected for
the forward model. SPM uses a Boundary Element
Method (BEM) to visualize the cortical mesh and the
brain, skull, and scalp surfaces, marking the electrode
positions for clarity [45-46]. In the inversion process,
SPM computes the lead field matrix and inverts
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the forward model using the MSP algorithm. The
progress is displayed in real time in the MATLAB
command window. The graphical output includes a
Maximum Intensity Projection (MIP) of activity in
the source space and a time series of activity for each
condition.

The reconstruction process estimates the cortical
current sources responsible for the electrical activity
detected by EEG, involving building a standard
head model, co-registering it with the EEG data, and
constructing a forward model to understand how brain
sources appear on the EEG sensors. The inversion
within a Bayesian framework using MSP was applied,

F3

c3

P3

b

focusing on a time window of [250 to 500] ms and [8 to
12] Hz, as it provides valuable insights into attentional
and cognitive processing. Finally, SPM was used to
generate source power images and apply cortical
smoothing to enhance the analysis [47-48]. After
preprocessing the EEG data and conducting source
analysis, statistical analysis was performed, focusing
on the P300 component within the alpha frequency
range. This analysis examined the relationship and
differences between EEG features and experimental
conditions. A one-way analysis of variance (ANOVA)
was used to assess the main effects and interactions
among these factors.

Fpz

F8

Fd4
Fz

Cx c4

CPz
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Figure 1 — Source reconstruction in SPM (a) cortical mesh; (b) co-registration
of electrodes; (¢) “EEG-BEM” head model

Results and discussion

Demographic and clinical data. Table 1
summarizes the demographic data of the participants.

Individual source reconstruction and maximum
intensity projection (MIP). In this study, source
localization techniques and maximum intensity
projection (MIP) were used for each of the 90
participants to explore how their brains responded
to two types of stimuli: congruent and incongruent.
Figures 2 and 3 show examples of individual
source localizations and MIP graphs. The MIP
graphs provide a clear visual representation of the
maximum activation intensity across the scalp,
revealing distinct brain activation patterns for each

Int. j. biol. chem. (Online)

stimulus type. The MIP at 300 ms post-stimulus
reveals significant activation in each participant
group’s frontal and parietal regions, which indicates
substantial engagement during attentional processing
of the stimulus.

Individual source reconstruction and MIP were
computed for post-stimulus latency 0-700 ms to
visualize spatial distribution. Time series data were
extracted from the voxel with the largest magnitude
signal within key brain regions identified from the
MIP. MIP in subjects from three groups showed
different latencies: control group — 464 ms, risk group
— 474 ms, MDD group — 342 ms. These individual
results will be used in the statistical analysis of group
differences in the next steps of our study.
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Table 1 — Demographic and clinical data of the participants

Grou Total Female Male é‘gfn Sf)e SD (Female), Avg. Age SD (Male),
p Participants Participants Participants vears ’ years (Male), years years
Control 30 24 20.71 4.50 23.00 5.45
Risk 30 24 23.33 8.27 26.83 7.01
MDD 30 24 23.83 7.98 23.83 5.61
Total 90 72 18 - - - -
- - 2 g t: .
ey & TN alkep
vie3 g
a b c d

Figure 2 — Individual source reconstruction and maximum intensity projection (MIP)
for one participant from the Control group for (a,b) congruent stimulus; (c,d) incongruent stimulus
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Figure 3 — Individual source reconstruction and maximum intensity projection (MIP)
for participants from the (a) Control group; (b) the Risk group; (c¢) the MDD group
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Condition and group effects. A one-way ANOVA
analysis for the congruent condition revealed
significant differences in the comparison “MDD
vs. Healthy” in several brain regions: the Anterior
Prefrontal Cortex (BA10), the Anterior Cingulate
Cortex (ACC, BA24), and the Inferior Frontal Gyrus
(BA45) (Fig. 4, Table 2).

abc

A one-way ANOV A analysis for the incongruent
condition revealed significant differences in the
comparison “MDD vs. Healthy” in several brain
regions: the Anterior Cingulate Cortex (ACC,
BA24), the Medial Prefrontal Cortex (mPFC,
BA10), and the Right Angular Gyrus (BA39) (Fig.
5, Table 3).

Figure 4 — Brain areas with significant differences (a) MDD vs Healthy;
(b) MDD vs Risk; (c) Risk vs Healthy

Table 2 — Brain areas with significant differences: MDD vs Healthy, MDD vs Risk, Risk vs Healthy

No. Coordinates Brain area p-value
MDD vs Healthy
1 0222 Anterior prefrontal cortex (BA10)
2 41022 Anterior prefrontal cortex (BA10)
p<0.050
3 0-24 24 Anterior cingulate cortex (BA24)
4 -52202 Left Inferior Frontal Gyrus (BA45)
MDD vs Risk
1 0220 Medial Prefrontal Cortex (BA9)
p<0.050
2 46 24 4 Dorsolateral Prefrontal Cortex (DLPFC) (Right BA46, BA4S)
Risk vs Healthy
1 2-3820 Anterior Cingulate Cortex (BA24 or BA32)
2 2294 -16 Right Visual (BA18) p<0.050
3 12-92 -8 Right Visual (BA18)
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Figure 5 — Brain areas with significant differences (a) MDD vs Healthy;

(b) Risk vs MDD; (c) Risk vs Healthy

Table 3 — Brain areas with significant differences: MDD vs Healthy, Risk vs MDD, Risk vs Healthy

No. Coordinates Brain area p-value
MDD vs Healthy

1 2424 Anterior Cingulate Cortex (ACC) (BA24)

2 -4.-2226 Anterior Cingulate Cortex (ACC) (BA32)

3 -4 -34 24 Medial Prefrontal Cortex (mPFC) (BA10) p<0.012
4 -32 -66 48 Superior Parietal Lobule and Precuneus (BA7)

5 32-6248 Right Angular Gyrus (BA39)

Risk vs MDD

1 20 -56 54 Right Superior Temporal Gyrus (BA22)

2 8-60 60 Superior Parietal Lobule and Precuneus (BA7)

3 -16 -58 62 Superior Parietal Lobule and Precuneus (BA7)

4 -18-58 62 Superior Parietal Lobule and Precuneus (BA7)

5 -14 -66 54 Superior Parietal Lobule and Precuneus (BA7)

6 38520 Right Anterior Prefrontal Cortex (BA10)

7 4052 -8 Right Anterior Prefrontal Cortex (BA10) p<0.003

8 40426 Right Dorsolateral Prefrontal Cortex (BA46)

9 26-92-16 Right-Visual(BA18)

10 20 -88 -12 Right-Visual(BA18)

11 -42 24 36 Left Dorsolateral Prefrontal Cortex (BA9)

12 4-4018 Medial Prefrontal Cortex (mPFC) (BA10)

13 -2-34 18 Medial Prefrontal Cortex (mPFC) (BA10)

Risk vs Healthy

1 22 -56 52 Superior Parietal Lobule and Precuneus (BA7)

2 20 -66 58 Superior Parietal Lobule and Precuneus (BA7)

3 8 -60 60 Superior Parietal Lobule and Precuneus (BA7) 5<0.015
4 -22 -62 52 Superior Parietal Lobule and Precuneus (BA7)

5 -6 -52 62 Superior Parietal Lobule and Precuneus (BA7)

6 2-4018 Medial Prefrontal Cortex (mPFC) (BA10)
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The aim of this study was to explore the
specificity in alpha source activity during Attention
Network Task (ANT) performance in Major
Depressive Disorder (MDD) patients compared to
healthy participants and those at risk of MDD. The
study did not address gender differences. Our results
revealed significant group effects in alpha source
activity in the P300 interval elicited by congruent
and incongruent stimuli. The individual MIP graphs
illustrate distinct brain activation patterns for each
stimulus type, with significant activation in the frontal
and parietal regions of all participant groups at 300
ms post-stimulus, indicating substantial engagement
during attentional processing.

The one-way ANOVA results for the congruent
condition between the MDD and control groups
showed significant differences in the alpha source
activation in the Anterior Prefrontal Cortex (BA10)
and Anterior Cingulate Cortex (BA24), suggesting
challenges in higher-order cognitive functions,
such as decision-making and attentional switching
[4, 49]. Increased alpha source activation in the
Inferior Frontal Gyrus (BA45) in the MDD group
may be evidence of language processing challenges
[50]. Significant activation in the Medial Prefrontal
Cortex (BA10) and Dorsolateral Prefrontal Cortex
(BA46) in MDD align with research which showed
the DLPFC is critical for functions such as task
switching, inhibition, and working memory, which
are important for resolving conflicts in congruent
scenarios [50].

The analysis of one-way ANOVA results
for the incongruent condition highlights greater
significant differences between MDD and healthy
control groups. The Right Dorsolateral Prefrontal
Cortex (BA9) and Right Anterior Prefrontal
Cortex (BA10) are crucial for executive functions,
including cognitive flexibility, decision-making,
and attentional control [51-52]. Furthermore, larger
alpha source activation of the Anterior Cingulate
Cortex (ACC) in the MDD group suggests lower
brain activation, which may affect attention and task
management in depression. The Medial Prefrontal
Cortex (mPFC) is involved in self-referential
thinking and decision-making [53], while the
Superior Parietal Lobule and Precuneus (BA7) and
Right Angular Gyrus (BA39) reflect visual and
motor functions [54].

Int. j. biol. chem. (Online)

The results of our study are consistent with existing
literature indicating altered alpha source activity in
patients with MDD. Pizzagalli et al. [55] found that
MDD patients exhibit higher alpha activity in certain
brain regions compared to healthy controls, reflecting
underlying cognitive and emotional processing
differences. Additionally, patients with MDD showed
distinct EEG patterns, including lower alpha band
connectivity and higher gamma band connectivity,
indicating altered brain activation in regions such as
the ACC during attention-related tasks [56].

Limitations. There are limitations to consider
in this study. First, this article focused only on the
alpha wave frequency and the P300 component and
presented preliminary results. Further analysis will
explore other frequency bands and waves in response
to other stimuli. Second, a standardized “EEG-BEM”
(Boundary Element Model) head model was used for
source reconstruction. The model might not capture
the participants’ individual differences in brain
anatomy. In the next steps, personalized head models
will be used.

Conclusion

Our examination of the P300 component at
alpha frequency during performance of the Attention
Network Task (ANT) showed distinct differences
in source localization across three groups: control,
individuals with Major Depressive Disorder (MDD),
and those at risk of developing MDD. Our findings
revealed that brain activation patterns varied
significantly when comparing responses to congruent
versus incongruent stimuli, particularly in areas such
as the Anterior Cingulate Cortex (ACC) and the
Dorsolateral Prefrontal Cortex (DLPFC).
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Study of Trollius dschungaricus Regel (Ranunculaceae Juss.)
in the flora of the Saty Gorge

Abstract: The article presents the results of an analysis of herbarium and contemporary data on the
distribution of Trollius dschungaricus within the Saty Gorge, located in the eastern part of the Kungey
Alatau range. The study is primarily based on herbarium specimen collections, supplemented by data from
the online platforms GBIF and iNaturalist, as well as materials gathered during field expeditions to natural
populations.

A floristic list has been compiled, including 157 species of higher vascular plants belonging to 113
genera and 37 families. The greatest species diversity is concentrated in the following families: Poaceae,
Asteraceae, Fabaceae, Lamiaceae, Amaranthaceae, and Rosaceae. Twelve species dominate the plant cover.
Out of the total number of species, 152 (95.0%) have forage value, with 18 of them also possessing
medicinal properties. Eight species are classified as poisonous. The life forms of the flora are predominantly
represented by perennial plants — 136 species, including 100 with prolonged vegetative growth, 18 shrubs,
5 subshrubs and semishrubs each, 2 dwarf subshrubs, as well as 6 tree species.

Perennials play an edificatory role in the plant communities of the surveyed area, whereas annuals (14
species) mainly form modification-type herbaceous layers. Biennial plants are represented by 8 species.
An ecological analysis of the flora indicates a predominance of xerophytic species in the conditions of the
mid-mountain belt, as well as the presence of mesophytes and halophytes associated with river valleys and
temporary watercourses.

Key words: Trollius dschungaricus, Saty Gorge, eastern part of the Kungey Alatau Range, population,
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floristic composition.

Introduction

The conservation of the gene pool of natural flora
is one of the most pressing issues today. The Kungey
Alatau Range is a unique and remarkable region of
the Northern Tien Shan, located at the junction of
three botanical-geographical provinces that differ in
their natural characteristics: the Central Tien Shan—
Zaalai, the Kashgar—Eastern Tien Shan transitional,
and the Jungarian transitional provinces. The study
area is of particular interest as a transboundary region
with the Republic of Kyrgyzstan, characterized
by a high degree of botanical diversity. Due to its
borderland physical and geographical position, the
formation of its flora has been influenced by several
major botanical-geographical centers [1].

© 2025 al-Farabi Kazakh National University

The study of T. dschungaricus in the Saty Gorge,
eastern part of the Kungey Alatau Range, is based on
the fact that the species composition has remained in
its natural state due to its inaccessibility, and it serves
as a reference in floristic terms for the entire Northern
Tien Shan. To create a comprehensive conservation
picture that can protect and restore endangered
species, including 7. dschungaricus in the studied
area, it is necessary to characterize the condition of
the populations of this species and determine how
they respond to various natural and anthropogenic
factors.

The genus Trollius L. (family Ranunculaceae
Juss.) consists of approximately 40 species,
primarily distributed in the extratropical regions of
the Northern Hemisphere. In Russia, around 19-20
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species are known, with the greatest species diversity
observed in Siberia, where 12 species occur [2]. The
flora of China includes about 16 species, 8 of which
are endemics [3]. Within the flora of Kazakhstan,
five species of this genus have been recorded: T.
dschungaricus Regel, T. altaicus C.A. Mey., T.
asiaticus L., T. lilacinus Bunge, and T. micranthus
(Winkl. et Kom.) Pachom [4-5].

Plants of the genus Trollius are characterized by
large, brightly colored flowers-primarily orange or
yellow-with petals of a narrowed shape and nectaries
at the base, as well as trilobed or deeply three-lobed
leaves [6]. The range of 7. dschungaricus covers the
eastern mountainous regions of Central Asia and
Western China [7].

T. dschungaricus is a perennial herbaceous
plant, 15-70 cm tall, with a short rhizome. The stem
is erect, slightly raised at the base, usually bearing
1-3 flowers, smooth, with remnants of last year’s
leaves at the lower part. The basal leaves are long-
petioled, palmately five-lobed; their lobes are broad,
with 3-5 segments along the edge, having wide, blunt
teeth. Stem leaves vary in shape: the lower ones
are petiolate, while the upper ones are sessile, with
a blade similar to the basal leaves or slightly more
deeply divided. The apical leaves gradually decrease
in size [8-9].

The peduncle is 2-15 cm long and significantly
elongates during fruiting. The flowers are large, up to
6 cm in diameter, with bright golden-yellow sepals,
slightly reddish on the outside, ranging from 4 to 15
(sometimes up to 20) in number. The petals-nectaries
are about 8§ mm long, orange, almost equal in length
to the stamens, linear in shape, with a rounded tip,
slightly widened and thickened at the end, almost
equal in length to the stamens. The nectary pit is
located about 1 mm high, with the petal slightly
narrowing below it. The stigmas are yellow, and the
ovaries are brownish, noticeably wrinkled at the base
of the style during blooming. The fruits consist of
numerous leaflets up to 10 mm long, gathered in a
spherical head; the leaflet tip is straight, slightly bent,
about 2 mm long. The seeds are brown-black, shiny,
rounded, and slightly angular. Blooming occurs in
June [10-11].

T. dschungaricus grows in the coniferous and
deciduous forest belt, as well as in alpine meadows,
occurring at elevations up to 3800 meters above
sea level. The species’ range covers the Jungarian,
Zailiyskiy and Kungey Alatau, Ketpen, Terskey,
Kyrgyz Alatau, and the Western Tien Shan [12].

The climatic conditions characteristic of
this species’ habitat can be described as sharply

Int. j. biol. chem. (Online)

continental. This is reflected in significant annual
and daily temperature fluctuations, as well as in the
abrupt transition from winter to summer.

Figure 1 — Appearance of 7. dschungaricus
in the flora of the Saty Gorge

In particular, the climate of the Saty Gorge is
marked by cold and arid conditions with a short
growing season. The hydrothermal -coefficient
exceeds a value of 1, indicating that precipitation
surpasses evaporation [ 13]. Climatic parameters vary
depending on the altitudinal zone: with increasing
elevation, air temperature and atmospheric pressure
decrease, while humidity, solar radiation, and the
amount of precipitation increase. Based on the
combination of natural and climatic characteristics,
the studied area is classified as a mid-mountain zone.
According to long-term observations, the average
annual air temperature in the region is +2.0 °C. The
warmest month is July, with an average monthly
temperature of +14.8 °C, while the coldest is January
(=13.7 °C). The annual precipitation amounts to 378
mm, with about 40% (191 mm) falling during the
summer period [14]. The growing season lasts less
than 170 days. The sum of active temperatures during
this period does not exceed 2000 °C, with total
precipitation ranging from 150 to 200 mm. The first
frosts occur in early September, and the last ones-in
the third decade of May. The frost-free period lasts
approximately 107 days [9].

The wind regime is characterized by the
predominance of southwesterly winds during the
summer months and northerly winds in the winter
period. The surveyed area is dominated by plant
communities typical of the mid-mountain zone,
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reflecting the adaptation of 7. dschungaricus to a
cold and relatively dry climate with a short growing
season.

The study of the range and ecological-floristic
characteristics of rare and narrowly endemic plant
species, such as 7. dschungaricus, represents an
important task of modern botany and biodiversity
conservation. The eastern part of the Kungey
Alatau range, including the Saty Gorge, remains
poorly studied in terms of floristic composition and
the structure of plant communities, which makes
this research especially relevant. The relevance of
this work lies in the need to clarify the distribution
boundaries of 7. dschungaricus, assess the condition
of its natural populations, and identify the floristic
diversity in the area of its occurrence.

The novelty of this study lies in the comprehensive
analysis of herbarium materials, modern digital
data (GBIF and iNaturalist), as well as results from
field expeditions conducted in natural habitats. This
approach makes it possible to gain a more complete
understanding of the ecological preferences of

T

the species and its habitat conditions, as well as to
expand knowledge of the floristic composition of the
studied area.

The aim of this study is to analyze the distribution
range of 7. dschungaricus within the Saty Gorge
and to characterize the floristic composition of
the associated plant communities. The study also
examines the biological and ecological features of the
identified species, including their life forms, forage
and medicinal value, as well as their adaptation to
local environmental conditions.

Materials and methods

Field research was conducted from 2022 to 2024
in natural phytocoenoses of the Saty Gorge, located
in the eastern part of the Kungey Alatau Range,
within the territory of the Kolsai Lakes National
Park (Raiymbek District, Almaty Region). The
geographical coordinates of the surveyed site are
43°01'29.6" N, 78°23'20.5" E, with an elevation of
2733 meters above sea level.
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Figure 2 — Study sites of T dschungaricus in the eastern part
of the Kungey Alatau Range

Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 18, Ne 1 (2025)



60 Study of Trollius dschungaricus Regel (Ranunculaceae Juss.) in the flora of the Saty Gorge

The floristic composition of plant communities
associated with 7. dschungaricus was studied within
the protected area of the Kolsai Lakes National Park,
in the Saty Gorge of the Satinsky rural district (Almaty
Region). The study site is bordered as follows: to the
north by the lands of the Algabas rural district, to the
east by the Karabalyk rural district, to the south by
forest fund lands, and to the west and northwest by
the lands of the Talgar District.

Classical methods of floristic, ecological-
geographical, and geobotanical analysis were used to
study the species composition and structure of plant
communities. Herbarium material was collected
following the standard field geobotanical techniques
[15-17]. To clarify the range of 7. dschungaricus,
route reconnaissance methods.

As part of monitoring studies aimed at
identifying plant species found in the community,
sample plots of various sizes: 510 m in rocky areas,
10x20 m in meadow communities, and 50x100 m
in forest communities. Species density and the area
occupied by the population, followed by quantitative
accounting.

During field studies, GPS navigation devices
(Garmin, Etrex 2010), habitat maps, and a digital
camera for photo documentation (Nikon D3200 18-
55 VRIIKit, 2015) were used to reference descriptive
points.

For taxonomic research, the following sources
were used for plant species identification: Flora of

Kazakhstan [5], Key to the Plants of Central Asia
[18], and the compiled works of M.S. Baytenov [19],
Flora of Kazakhstan [20]. Publications dedicated to
the flora and vegetation of the Kungey Alatau Range
[21] were also consulted.

Resources from the Herbarium Fund of the
Institute of Botany and Phytointroduction (Almaty,
Kazakhstan) (acronym AA) were used for the
clarification of herbarium materials,. Plant names are
given according to the databases Plants of the World
Online (POWO) (URL: https://powo.science.kew.
org/) [7] and the website Plantarium (URL: https://
www.plantarium.ru/) [22].

Results and discussion

To establish the studied locations of T.
dschungaricus in the eastern part of the Kungey
Alatau Range, an inventory of the Herbarium Funds
of Almaty (AA) and Al-Farabi Kazakh National
University (AFAKNU) was conducted, along with
a review of the GBIF and iNaturalist platforms [21-
22]. As a result, key distribution sites of the species
in this region were identified (see Figure 3).

A total of 95 specimens of 7. dschungaricus were
studied from the herbarium collection, collected in
the floristic region of the Zailiyskiy — Kungey Alatau.
Of these, 16 specimens are stored in the Herbarium
Fund of Almaty (AA), and 2 in (AFAKNU), with 6
specimens registered in GBIF and 7 in iNaturalist.

5470

as0

Figure 3 — Distribution map of 7. dschungaricus in the Kungey Alatau
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The herbarium specimens span the period from
1936 to 2023. The earliest specimen was collected by
B.A. Bykov and is stored in (AFAKNU) herbarium
collection.

In addition, the herbarium collection of
the Institute of Botany and Phytointroduction
(Almaty, Kazakhstan) was supplemented with 7.
dschungaricus specimens collected on June 16,
2023, by D.Ye. Karabalayeva. The specimens were
gathered in the Almaty Region, Raiymbek District,
within the territory of the Kolsai Kolderi National
Park, near the village of Saty, at an elevation of 1709
m (coordinates: N42°99°47.60”, E78°38798.12”).

Based on the inventory of herbarium materials
and label data, an expedition route was established
through the Saty Gorge, which represents the most
typical habitat of 7. dschungaricus in the eastern
part of the Kungey Alatau Range. The floristic
list compiled from field survey data includes 160
plant species belonging to 113 genera and 37
families. The highest number of species occurs
in the families Poaceae, Asteraceae, Fabaceae,
Lamiaceae, Amaranthaceae, and Rosaceae. The
floristic composition involving 7. dschungaricus in
the Saty Gorge, Raiymbek District, Almaty Region,
is presented in Table 1.

Table — Floristic composition involving T. dschungaricus in the Saty Gorge within the eastern part of the Kungey Alatau Range

Names of species Family Life forms [25] Ecological groups

Juniperus turkestanica Kom. Cupressaceae Gray Shrub Xerophyte

J. sabina L. Cupressaceae Gray Shrub Xerophyte
Picea schrenkiana Fisch. & C.A.Mey. Pina;fﬁzir))lr: tI:ig. e Tree Mesophyte
Ephedra intermedia Schrenk & C.A.Mey. Ephedraceae Dumort. Subshrub Xerophyte
E. distachya L. Ephedraceae Dumort. Subshrub Xerophyte
Botriochloa ischaemum (L.) Keng. Poaceae Barnhart Perennial Xerophyte
Lasiagrostis splendens (Trin.) Kunth. Poaceae Barnhart Perennial Xerophyte
Stipa caucasica Schmalh. Poaceae Barnhart Perennial Xerophyte

S. kirghisorum P.A.Smirn. Poaceae Barnhart Perennial Xerophyte

S. capillata L. Poaceae Barnhart Perennial Xerophyte

S. sareptana A.K.Becker Poaceae Barnhart Perennial Xerophyte
Phleum phleoides (L.) H.Karst. Poaceae Barnhart Perennial Mesophyte
Alopecurus pratensis L. Poaceae Barnhart Perennial Mesophyte
A. soongoricus Fisch. & C.A.Mey. Poaceae Barnhart Perennial Xerophyte
Agrostis gigantea Roth. Poaceae Barnhart Perennial Mesophyte
Calamagrostis epigejos (L.) Roth Poaceae Barnhart Perennial Mesophyte
Helictotrichon pubescens (Huds.) Pilg. Poaceae Barnhart Rl;i;(::sit;us Mesophyte
H. asiaticum (Roshev.) Grossh. Poaceae Barnhart Rhizoma.t ous Mesophyte

perennial
Phragmites communis Trin. Poaceae Barnhart Rhizoma.t ous Hydrophyte
perennial

Koeleria gracilis Pers. Poaceae Barnhart Perennial Xeromesophyte
Dactylis glomerata L. Poaceae Barnhart Perennial Mesophyte
Poa bulbosa Steud. Poaceae Barnhart Perennial Xeromesophyte
P. stepposa (Krylov) Roshev. Poaceae Barnhart Perennial Xeromesophyte
P. pratensis L. Poaceae Barnhart Perennial Mesophyte
P, angustifolia L. Poaceae Barnhart Perennial Xeromesophyte
P. alpina L. Poaceae Barnhart Perennial Psychrophyte
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Continuation of the table

Names of species Family Life forms [25] Ecological groups
Puccinellia distans (Jacq.) Parl. Poaceae Barnhart Perennial Mesoxerophyte
Festuca sulcata Hack. Poaceae Barnhart Perennial Xeromesophyte
F. kryloviana Reverd. Poaceae Barnhart Perennial Xeromesophyte
Bromus inermis Leyss. Poaceae Barnhart Perennial Mesophyte
B. tectorum L. Poaceae Barnhart Annual Xerophyte
Agropyron repens (L). Beauv. Poaceae Barnhart Perennial Mesophyte
A. pectiniforme Roem. & Schult. Poaceae Barnhart Perennial Xerophyte
Eremopyrum orientale (L.) Jaub. & Spach Poaceae Barnhart Annual Xerophyte
Hordeum bogdanii Wilensky Poaceae Barnhart Perennial Xerophyte
Leymus angustus (Trin.) Pilg. Poaceae Barnhart Perennial Xerophyte
Kobresia capilliformis N.A.Ivanova Cyperaceae Juss. Perennial Hydrophyte
Carex humilis Willd. ex Kunth. Cyperaceae Juss. Perennial Hydrophyte
C. pachystylis J. Gay. Cyperaceae Juss. Perennial Hydrophyte
C. aneurocarpa V. Krecz. Cyperaceae Juss. Perennial Hydrophyte
C. karoi Freyn. Cyperaceae Juss. Perennial Hydrophyte
C. songorica Kar. & Kir. Cyperaceae Juss. Perennial Hydrophyte
g;ﬁiﬁims tianschanicus Pazij & Vved. ex Asphodelaceae Juss. Perennial Mesophyte
Allium oreoprasum Schrenk. Amaryllidaceae J.St.-Hil. Perennial Mesophyte
A. fetisowii Regel Amaryllidaceae J.St.-Hil. Perennial Mesophyte
Tulipa kolpakowskiana Regel Liliaceae Juss. Perennial Mesophyte
Iris tenuifolia Pall. Iridaceae Juss. Perennial Xerophyte
1 brevituba ( Iridaceae Juss. Perennial Xerophyte
Salix triandra L. Salicaceae Mirb. Tree Hydrophyte
S. caprea L. Salicaceae Mirb. Shrub Hydrophyte
Urtica cannabina L. Urticaceae Juss. Perennial Mesophyte
U. urens L. Urticaceae Juss. Annual Mesophyte
Rumex confertus Willd. Polygonaceae Juss. Perennial Hydrophyte
Atraphaxis virgata ((Regel) Krasn. Polygonaceae Juss. Shrub Xerophyte
A. frutescens (L.) K.Koch Polygonaceae Juss. Shrub Xerophyte
Polygonum aviculare L. Polygonaceae Juss. Annual Hydrophyte
P. patulum M.Bieb. Polygonaceae Juss. Annual Mesophyte
Chenopodium album L. Amaranthaceae Juss. Annual Hygrophyte
Atriplex tatarica L. Amaranthaceae Juss. Annual Halophyte
Eurotia ceratoides (L.) C.A.Mey. Amaranthaceae Juss. Shrublet Halophyte
Kochia prostrata (L.) Schrad. Amaranthaceae Juss. Half-shrub Halophyte
Salsola arbuscula Pall. Amaranthaceae Juss. Shrub Halophyte
Climacoptera brachiata (Pall.) Botsch. Amaranthaceae Juss. Annual Halophyte
Anabasis salsa (Ledeb.) Benth. ex Volkens Amaranthaceae Juss. Half-shrub Halophyte
Nanophyton erinaceum (Pall.) Bunge Amaranthaceae Juss. Bushlet Halophyte
Aconitum leucostomum Vorosch. Ranunculaceae Juss. Perennial Hydrophyte
A. soongaricum (Regel) Stapf Ranunculaceae Juss. Perennial Hydrophyte
Ceratocephala orthoceras DC. Ranunculaceae Juss. Annual Hydrophyte
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Continuation of the table

Names of species Family Life forms [25] Ecological groups

Thalictrum collinum Wallr. Ranunculaceae Juss. Perennial Mesophyte
Th. simplex L. Ranunculaceae Juss. Perennial Mesophyte
Papaver croceum Ledeb. Papaveraceae Juss. Perennial Xerophyte
Sedum alberti Regel Crassulaceae J.St.-Hil. Perennial Xerophyte
Descurainia sophia (L.) Webb ex Prantl Brassicaceae Burnett Annual Hydrophyte
Erysimum diffusum Ehrh. Brassicaceae Burnett Biennial Mesophyte
Alyssum desertorum Stapf Brassicaceae Burnett Annual Xerophyte
Spiraea hypericifolia L. Rosaceae Juss. Shrub Mesophyte
Cotoneaster oliganthus Pojark. Rosaceae Juss. Shrub Mesophyte
C. multiflorus Bunge Rosaceae Juss. Shrub Mesophyte
Sorbus tianschanica Rupr. Rosaceae Juss. Tree Mesophyte
Potentilla erecta (L.) Raeusch. Rosaceae Juss. Perennial Mesophyte
P, asiatica (Th.Wolf) Juz. Rosaceae Juss. Perennial Mesophyte
Sanguisorba officinalis L. Rosaceae Juss. Perennial Mesophyte
Rosa platyacantha Schrenk. Rosaceae Juss. Shrub Xerophyte
Cerasus tianschanica Pojark. Rosaceae Juss. Shrub Mesophyte
Orostachys thyrsiflora Fisch. Crassulaceae J.St.-Hil. Biennial Xerophyte
Rosularia platyphylla (Schrenk) A.Berger Crassulaceae J.St.-Hil. Perennial Xerophyte
Medicago falcata L. Fabaceae Lindl. Perennial Mesophyte
Halimodendron halodendron (Pall.) Voss Fabaceae Lindl. Shrub Xerophyte
Trifolium repens L. Fabaceae Lindl. Perennial Mesophyte
T. pratense L. Fabaceae Lindl. Perennial Mesophyte
Caragana aurantiaca Koehne Fabaceae Lindl. Shrub Xerophyte
C. balchaschensis (Kasn. ex Kom.) Pojark. Fabaceae Lindl. Shrub Xeromesophyte
C. pleiophylla ( Fabaceae Lindl. Shrub Xeromesophyte
Astragalus sulcatus L. Fabaceae Lindl. Perennial Xeromesophyte
Oxytropis merkensis Bunge Fabaceae Lindl. Perennial Xerophyte
Vicia cracca L. Fabaceae Lindl. Perennial Mesophyte
Hedysarum Semenovii Regel et Herd. Fabaceae Lindl. Perennial Mesoxerophyte
Geranium pratense L. Geraniaceae Juss. Perennial Mesophyte
G. collinum Stephan ex Willd. Geraniaceae Juss. Perennial Mesoxerophyte
Peganum harmala L. Nitrariaceae Lindl. Perennial Xerophyte
Nitraria schoberi L. Nitrariaceae Lindl. Shrub Xerophyte
Hypericum perforatum L. Hypericaceae Juss. Perennial Mesodut
Tamarix ramosissima Ledeb. Tamaricaceae Link. Shrub Xerophyte
gegﬁl.tf\l/fgfm songaricum Schrenk ex Fisch. Cistaceae Juss. Shrub Xerophyte
Hippophae rhamnoides L. Elacagnaceae Juss. Shrub Xerophyte
Elaeagnus argentea Pursh Elaecagnaceae Juss. Tree Xerophyte
Scaligeria setacea (Schrenk) Korov. Apiaceae Lindl. Perennial Xerophyte
Daucus carota L. Apiaceae Lindl. Biennial Mesophyte
Goniolimon sewerzowii Herder Plumbaginaceae Juss. Perennial Xerophyte
Limonium michelsonii Lincz. Plumbaginaceae Juss. Perennial Xerophyte
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Continuation of the table

Names of species Family Life forms [25] Ecological groups
Gentianella turkestanorum (Gand.) Holub Gentianaceae Juss. Perennial Mesophyte
Convolvulus tragacanthoides Turcz. Convolvulaceae Juss. Shrublet Xerophyte
C. arvensis L. Convolvulaceae Juss. Perennial Hydrophyte
Echium vulgare L. Boraginaceae Juss. Biennial Mesophyte
Scutellaria transeliensis Juz. Lamiaceae Martinov Perennial Xerophyte
Nepeta pannonica L. Lamiaceae Martinov Perennial Mesophyte
Dracocephalum integrifolium Bunge Lamiaceae Martinov Perennial Xerophyte
Eremostachys speciosa Rupr. Lamiaceae Martinov Perennial Xerophyte
Phlomis oreophila Kar.et Kir Lamiaceae Martinov Perennial Xerophyte
Eriophyton oblongatum (Schrenk) Bendiksby Lamiaceae Martinov Perennial Xerophyte
éaioﬁlel;us diacanthophyllus Bong. & Lamiaceae Martinov Perennial Xerophyte
Salvia deserta Schangin Lamiaceae Martinov Perennial Xerophyte
Ziziphora clinopodioides Lam Lamiaceae Martinov Perennial Xerophyte
Origanum vulgare L. Lamiaceae Martinov Perennial Mesophyte
Thymus marschallianus Willd. Lamiaceae Martinov Half-shrub Xerophyte
Patrinia intermedia (Hornem.) Roem. & Schult. Caprifoliaceae Juss. Perennial Mesophyte
Scabiosa ochroleuca L. Caprifoliaceae Juss. Perennial Mesophyte
gefii:g/m songoricum Schrenk ex Fisch. & Scrophulariaceae Juss. Biennial Xerophyte
Plantago media L. Plantaginaceae Juss. Perennial Mesophyte
Galium verum L. Rubiaceae Juss. Perennial Mesophyte
Lonicera tatarica L. Caprifoliaceae Juss. Shrub Mesophyte
Galatella fastigiiformis Novopokr. Asteraceae Bercht. & J.Presl Perennial Xerophyte
G. punctata (Waldst. & Kit.) Nees Asteraceae Bercht. & J.Presl Perennial Mesophyte
Leontopodium fedtschenkoanum Beauverd Asteraceae Bercht. & J.Presl Perennial Xerophyte
Ambrosia artemisiifolia L. Asteraceae Bercht. & J.Presl Annual Xerophyte
Achillea millefolium L. Asteraceae Bercht. & J.Presl Perennial Mesophyte
Ajania fastigiata (C.Winkl.) Poljakov Asteraceae Bercht. & J.Presl Perennial Mesophyte
Artemisia rutifolia Stephan ex Spreng. Asteraceae Bercht. & J.Presl Half-shrub Xerophyte
A. santolinifolia (Pamp.) Turcz. ex Krasch. Asteraceae Bercht. & J.Presl Half-shrub Xerophyte
A. absinthium L. Asteraceae Bercht. & J.Presl Perennial Xerophyte
A. scoparia Waldst. & Kit. Asteraceae Bercht. & J.Presl Annual, Perennial Xerophyte
A. dracunculus L. Asteraceae Bercht. & J.Presl Perennial Mesophyte
A. scopaeformis Ledeb. Asteraceae Bercht. & J.Presl Perennial Xerophyte
A. transiliensis Poljakov Asteraceae Bercht. & J.Presl Half-shrub Xerophyte
A. tianschanica Krasch. ex Poljakov Asteraceae Bercht. & J.Presl Half-shrub Xerophyte
A. heptapotamica Poljakov Asteraceae Bercht. & J.Presl Perennial Xerophyte
zl;iélsjt;ii)ejsingiana (B Keller) Krasch. ex Asteraceae Bercht. & J.Presl Perennial Xerophyte
Arctium tomentosum Mill. Asteraceae Bercht. & J.Presl Biennial Hygrophyte
Alfredia acantholepis Kar. & Kir. Asteraceae Bercht. & J.Presl Perennial Xerophyte
Cirsium vulgare (Savi) Ten. Asteraceae Bercht. & J.Presl Biennial Hygrophyte
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Names of species Family Life forms [25] Ecological groups
C. esculentum (Siev.) C.A.Mey. Asteraceae Bercht. & J.Presl Perennial Mesophyte
Centaurea iberica Trevir. ex Spreng. Asteraceae Bercht. & J.Presl Perennial Mesophyte
C. squarrosa Willd. Asteraceae Bercht. & J.Presl Biennial Xerophyte
Cichorium intybus L. Asteraceae Bercht. & J.Presl Perennial Mesophyte
Tragopogon dubius Scop. Asteraceae Bercht. & J.Presl Biennial Mesophyte
Taraxacum officinale F.H.Wigg. Asteraceae Bercht. & J.Presl Perennial Mesophyte
Chondrilla ambigua Fisch. ex Kar. & Kir. Asteraceae Bercht. & J.Presl Perennial Mesophyte

The highest number

communities with 7. dschungaricus are represented
by the following families: Poaceae (20%), Asteraceae
(17%), Lamiaceae (7%), Fabaceae (7%), Rosaceae
(6%), Ranunculaceae (3%), Amaranthaceae (5%),

Cyperaceae (4%), and Polygonaceae (3%) of the total ~ (Figure 5).

44
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of species in plant number of species, as shown in the diagram (Figure 4).

In terms of life forms, herbaceous perennials
predominate (65%), followed by shrubs (12%),
herbaceous annuals (9%), biennial plants (5%), trees
(4%), shrubs and shrublets (3%), and subshrubs (1%)

m Poaceae Barnhart

= Cyperaceae Juss

Polygonaceae Juss

m Amaranthaceae Juss

Ranunculaceae Juss

m Rosaceae Juss
m Fabaceae Lindl

Lamiaceae Martinov

Asteraceae Bercht. & J. Presl

Others

Figure 4 — Spectrum of leading plant families in the territory

of Kolsai Lakes National Park

International Journal of Biology and Chemistry 18, Ne 1 (2025)



66 Study of Trollius dschungaricus Regel (Ranunculaceae Juss.) in the flora of the Saty Gorge

= Herbaceous perennials
» Shrubs
= Shrublets and subshrubs
Subshrublets
m Trees
Herbaceous annuals

= Biennial plants

Figure 5 — Life forms according to Serebryakov (1962) [26]
in the territory of Kolsai Lakes National Park

The predominant life form in the studied area
is perennial plants (137 species), among which are:
long-living herbaceous perennials (99 species),
shrubs (18 species), subshrubs and semi-shrubs
(5 species each), semi-shrubs (2 species), and
trees (6 species). Perennials play an edifying role
in the studied area, forming the main structure
of the vegetation cover. Annuals, represented
by 14 species, mainly form modifications of the

1

Al

grassland. Biennial plants make up 8 species
(Figure 5).

As for the composition of life forms depending
on temperature, humidity, and substrate structure,
it is determined by the predominance of ecological
plant groups: xerophytes (40%), mesophytes
(35%), mesoxerophytes (2%), hygrophytes (5%),
hydrophytes (7%), xeromesophytes (6%), halophytes
(4%), and psychrophytes (1%) (Figure 6).

= Mesophytes

m Xerophytes

m Hygrophytes

m Hydrophytes

m Mesoxerophytes
= Xeromesophytes
= Halophytes

Psychrophytes

Figure 6 — Ecological plant groups in the territory of Kolsai Lakes National Park
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The ecological analysis of the flora of the
area showed a wide distribution of xerophytes in
the conditions of the mid-mountain zone, as well
as the presence of mesophytes and halophytes
in river valleys and dry streambeds. The relief
plays an important role in the spatial distribution
of the vegetation cover. Depending on the habitat
conditions and species composition, the natural
forage lands are systematized within two main relief
forms: the mid-mountain zone and the valleys of
mountain rivers.

The predominant vegetation in the surveyed
area is that of the mid-mountain zone. The leading
types of vegetation in these conditions are relatively
homogeneous in terms of background coverage,
including steppe communities with species such as
Stipa kirghisorum, S. caucasica, Festuca valesiaca,
as well as shrub and mixed grassland communities.

On the mountains, hills, and intermountain
valleys, sod-forming grasses are widely distributed.
The most common species is Festuca valesiaca (fine
fescue), less frequently Stipa sareptana (sarepta
feathergrass), and more rarely, the feathergrasses:
Kirgiz and Caucasian (Stipa kirghisorum, 8.
caucasica).

In the Saty Gorge area, the dominant plant
communities are Festuca, Stipa, and mixed
grasslands. In the southern part of the region, on the
gently rolling and hilly areas of the terrain, Festuca
communities prevail, and these are widespread
throughout the district. Stipa communities mainly
occupy flat intermountain valleys, and they are less
commonly found on the slopes of the hills.

In depressions, on slopes and peaks, the
proportion of Festuca and Stipa decreases, and mixed
grass forms begin to dominate. On the steep slopes of
the gorges, shrubs are often encountered.

On the northern slopes of the ridges, there
are communities of sod-forming grass-polygonal
grassland and grass-mixed grassland types, with
exposures of native rocks.

The conducted study made it possible to refine
the current distribution range of 7. dschungaricus and
to characterize the ecological features of its habitats
in the eastern part of the Kungey Alatau Range. A
multi-level approach that included the analysis of
herbarium specimens and field investigations proved
effective in identifying natural populations of the
species and assessing the accompanying floristic
diversity.

The coenofloristic analysis showed that the
studied plant communities are characterized by high

Int. j. biol. chem. (Online)

species richness and a composition typical of the mid-
mountain zone. The predominance of mesophytic
species and the dominance of the families Poaceae,
Asteraceae, Lamiaceae, Fabaceae, and Rosaceae
indicate a stable adaptation of the vegetation cover to
moderately humid conditions. The identified species
demonstrate significant ecological plasticity, which
enables them to thrive under fluctuating temperature
and moisture regimes.

Thus, T. dschungaricus is part of stable plant
communities and can be considered an ecologically
significant component of the region’s flora. The
obtained data expand our understanding of the
biodiversity and vegetation structure of the eastern
Kungey Alatau and can serve as a foundation for
future ecological monitoring and environmental
planning.

Conclusion

A comprehensive study of the current state of the
ornamental and valuable species 7. dschungaricus in
the eastern part of the Kungey Alatau Range is an
important step toward a deeper understanding of its
ecology and conservation. Research on this species
requires a multi-level approach that includes both the
analysis of historical data and field investigations.
The initial stage of the work involved the inventory
of herbarium materials stored in major herbarium
collections, such as those at the Institute of Botany
and Phytointroduction (AA) and Al-Farabi Kazakh
National University (AFAKNU), as well as data
from online platforms like GBIF and iNaturalist.
This made it possible to determine the geographic
coordinates and locations of the species, which served
as the basis for planning field expedition routes and
identifying the habitats of 7. dschungaricus in the
study region.

A detailed analysis of the coenoflora of T.
dschungaricus was conducted in the Saty Gorge.
The investigation of the coenoflora revealed a high
similarity in species composition between the flora of
this gorge and the general flora of the Kungey Alatau
Range, indicating that the studied plant community is
typical for this region.

One of the key findings was the predominance
of mesophytic species, which in turn influenced
the dominance of families such as Poaceae (20%),
Asteraceae (17%), Lamiaceae (7%), Fabaceae (7%),
and Rosaceae (6%). This reflects the vegetation’s
adaptation to the moderately humid conditions
characteristic of the area. It also confirms that the
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plant species associated with 7. dschungaricus
exhibit high ecological plasticity and can thrive
under varying levels of moisture and temperature,
making them an important component of the region’s
ecosystems.

Thus, the research not only revealed the
distribution patterns, ecological specificity, and
phytocoenotic role of 7. dschungaricus in the eastern
part of the Kungey Alatau Range, but also made a
significant contribution to the understanding of the
region’s floristic diversity and plant community
structure.

The obtained results form an important foundation
for the development of conservation measures aimed
at protecting the declining population of this highly
ornamental species. Furthermore, the presented data
can be used in long-term ecological monitoring
programs of the flora in the eastern Kungey Alatau

and in planning sustainable natural resource use
within protected natural areas.
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Comparing phytochemical profile, antimicrobial and antioxidant activities
of anthocyanin raspberry fruit thick and catechins green tea leaf extracts

Abstract: The aim of the study was investigate and compare phytochemical composition, antimicrobial,
and antioxidant potential of raspberry fruit thick and green tea leaf liquid extracts. The quantification of
biologically active substances (BAS) was performed using spectrophotometric, titrimetric, and HPLC
analysis methods. Antioxidant activity was measured through a potentiometric method, while antimicrobial
and antifungal effects were assessed using the well method and determining the minimum inhibition
concentration. The total content of phenolic compounds was 0.60 and 10.10%, organic acids — 4.60 and
1.60% for raspberry fruit thick and green tea leaf extract. The total content of catechins in the green tea leaf
extract was 10500.0 mg/100 g, where epicatechin-3-O-gallate was dominated (3730.0+£74.6 mg/100 g). The
total content of anthocyanins in the raspberry fruit thick extract was 109.86 mg/100 g, where cyanidin-3-O-
sophoroside was dominated (134.56+2.68 mg/100 g). Both extracts possessed a high antioxidant potential,
and effective antimicrobial and anti-fungi effects. The antioxidant, antimicrobial and anti-fungi activity of
raspberry fruit extract was higher than green tea leaf extract. In addition, we assumed that anthocyanins had
higher antioxidant, antimicrobial and anti-fungi properties than catechins. These findings would promote

application of raspberry fruits extract as pharmaceuticals and nutraceuticals.
Key words: raspberry, fruit, green tea, comparing analysis, antimicrobial activity, antioxidant. activity

Introduction

The dangerous of bacterial infections has been
evaluated by the international research group. A
statistical data has contained about 343 million
patient records and pathogen isolates, as result
researches have been estimated 13.7 million
infection-related deaths at the period of 2019
year. The bacterial infection diseases have been
caused 14% of all deaths and 56% of sepsis cases
throughout the world in 2019. The mortality level
was 100 deaths per 100,000 population. The 55%
out 7.7 million deaths have been caused with
3 Gram-negative (-) strains: Escherichia coli,
Klebsiella pneumonia, Pseudomonas aeruginosa;
and 2 Gram-positive (+): Staphylococcus aureus
and Streptococcus pneumonia. The number one
in causing death among infection diseases was
S. aureus, around 1.1 million patients were died

© 2025 al-Farabi Kazakh National University

during 2019. In this year, 225,000 children died
due to infection diseases of S. pneumonia, whereas
among newborn deaths was K. pneumonia strain
(29,000). According to statistical data, bacterial
infection easily surpassed by HIV, cancer, self-harm
in a number of deaths during a period of 2019 year
[1]. Moreover, a 1.0 billion patients are suffered by
fungal infections of the skin, nails, and hair, with
over 150 million affected by serious fungal diseases
that can be fatal [2]. Therefore, the search and
elaboration of new antimicrobial medicines against
G(+) and G(-), fungi strains is topical for medicine
and pharmacy.

Today, medical plants that are rich source of
flavan-3-o0ls and anthocyanins have a high attention
from scientific community [3]. Above all, it relates
with fact that some resistance pathogens are more
sensitive to natural products, secondly, natural
compounds have potent antioxidant effect and
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moreover, the side effects are rarely happened after
application of natural compounds than after synthetic
drugs [4].

Raspberry fruit was chosen as a perspective
source of anthocyanins, whereas a green tea leaf is
the source of catechins. Raspberries (Rubus idaeus
L.) are cultivated throughout America, Eastern
Europe, Russia, Asian as well as raspberry are
closely related to blackberries and other brambles
or cranberries. A red and black raspberry is the most
widespread throughout the world [5]. R. idaeus
fruits composition is represented by a variety of
flavonoid derivatives, is represented by anthocyanin,
quercetin derivatives as well as phenolicarboxylic
acids, organic acids, vitamin C [6]. The composition
of green tea leaf (Camellia sinensis L.) contains:
catechins (epigallocatehin-3-O-gallate, epicatehin,
(+)-catechin, epigallocatechin), organic acids (oxalic
acid), flavonoids (rutin) and hydroxycinnamic acids
(caffeic acid) [7].

The recent literature search has showed that in
many researches was estimated anti-inflammatory,
anti-radical, cytotoxic and antihypertensive activity
of aqueous-ethanolic R. idaeus extracts due to
presents of high content of anthocyanin compounds
[8, 9]. C. sinensis leaf catechins are not inferior to
derivatives of anthocyanins, and there are a lot of
scientific researches that have proofed a wvariety
of pharmacological activity: anti-inflammatory,
antimicrobial, anti-hyperglycemic, immune-
modulation, and anticancer effects [10, 11, 12].
Moreover, in folk medicine R. idaeus shoot and
C. sinensis leaf are traditionally applied to treat
fever, skin infections, diabetes, cancers and liver
diseases [13, 14]. In our view, the anthocyanins
and catechins are perspective for the development
of new antimicrobial, anti-fungi and antioxidant
pharmaceuticals. But, according available literature
sources indexed in Scopus and Web of Science, there
are a low number of researches that evaluate and
compare antimicrobial and antioxidant activity of
anthocyanins and catechins.

Therefore, the aim of investigation was to assess
antimicrobial, anti-fungal and antioxidant potential
of R. idaeus fruit thick and C. sinensis leaf liquid
extracts and provide phytochemical analysis of
obtained extracts.

Materials and methods
Plant material
«» The study focused on R. idaeus fruits, which

were harvested from areas where they are naturally

Int. j. biol. chem. (Online)

grown. The collection took place in 2021 following
the fruiting season, near the village of Ternova in
the Kharkiv region (50°19'31" N, 36°66'93" E). The
study focused on the leaf of Camellia sinensis from
the Chun Myn variety, which was gathered as raw
material in the Anhui province of China during the
months of March through May in 2021 (31°03'41"
N, 116°33'25" E).

Reagents

« Acetonitrile (purchased from «Allchemy,
Kharkiv), acetic acid (purchased from «Allchemy,
Kharkiv), phosphoric acid (purchased from
«Allchemy», Kharkiv), methanol (purchased from
«Allchem», Kharkiv), K [Fe(CN),] was chemical pure
(purchased from «Allchemy, Kharkiv), K [Fe(CN) ]
was chemical pure (purchased from «Allchemy,
Kharkiv),  cyanidine-3-O-glucoside  (>98.0%),
cyanidin-3-O-sophoroside (>98.0%), pelargonidin-
3-O-sophoroside (>98.0%), cyanidin-3-O-rutinoside
(>98.0%), cyaniding-3-rutinoside-5-glucoside
(>98.0%), epicatechin (>98.0%), epigallocatechin-
3-O-gallate (>98.0%), epigallocatechin (>98.0%),
epicatechin-3-O-gallate were purchased in Sigma
Aldrich Company, Lublin, Poland.

Equipment

« Potentiometric measurements were performed
on a HANNA 2550 pH meter (FRG) with a glass
electrode HI11310 (FRG). The quantitative analysis
of biologically active compounds was performed on
a UV-1000 spectrophotometer (LabAnalyt, China)
with matched 1 cm quartz cells

Extraction procedure

« A 100.0 g (exact mass) of R. idaeus fruits
was pressed, then it was added of 96% ethanol
in a threefold amount to the extraction, after that
filtration, then obtained filtrate was concentrated by a
vacuum-evaporator at a temperature of 50-60°C until
the humidity of the extract is 25%.

The C. sinensis extract was obtained by the
following way: the raw material was conducted with
60% ethanol at 80° C within 1 hour with a condenser,
ratio raw material/solvent — 1/20. The extraction
technique was completed twice to provide totally
extract all BAS, then the filtrates were joint and
evaporated by vacuum rotary to ratio of extract to
raw material 1:2.»

Phytochemical analysis

« The total phenolic compounds were quantified
using the Folin-Ciocaltau method, with absorbance
readings taken at 760 nm [15]. For the quantification
of total anthocyanin content, molecular adsorption
analysis was utilized, with measurements of
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absorbance at 546 nm. The content of total organic
acids was established through acid-base titration,
using a potentiometric method to determine the end-
point [16]. The total catechins were assessed using
the vanillin reagent assay, where absorbance was
measured at 505 nm [17].

HPLC analysis of C. sinensis leaf extract and
R. idaeus thick fruit extract

For the analysis, a Prominence LC-20 Shimadzu
liquid chromatography system with a Thermo
Scientific Syncronis aQ C18 column (4.6 x 250)
was utilized. All analyses were conducted at a
temperature of 40 °C. The mobile phases consisted of
a methanol aqueous solution (A) and a 1.0% solution
of phosphoric acid (B). The gradient protocol started
with 20-42% A over the first 15 minutes, shifted
to 42-43% A from 15 to 25 minutes, changed to
43-90% A from 25 to 45 minutes, maintained 90%
A from 45 to 55 minutes, decreased to 20% A from
55 to 60 minutes, and then held at 20% A from 60
to 70 minutes. Prior to use, the mobile phases were
filtered using 25mm % 0.45 um Supelco Iso-Disc
Filters PTFE 25-4 and degassed. A flow rate of 0.5
mL/min was maintained, and the injection volume of
the samples was 5 pL. Detection wavelengths were
set at 255, 286, 350 and 530 nm. Chromatographic
peaks of analytes were identified by the following
similarity indexes, which were calculated between
the test substance and the standard according to the
formulas:

I =1—|T, — T,l

Iigs =1 — - h:55..|

h:55,f

Lige =1— h:se“ - h:sa..|

Izgp =1 — |h35c-,r - hasu,,|

where, I — retention time similarity index, T —
retention time of standard (min), T, — test substance

retention time (min), L., L. and I, — spectral
similarity indices, h,, h, and h, - spectral
characteristics of the standard, h h, mh

2550 286u 350u

spectral characteristics of the test substance.

The least among the three similarity index values
of spectral characteristics dictates the similarity level
(IL) between substances and standards based on these
traits. A higher IL value increases the probability
of more precise identification of the substance.
Substances whose similarity index with the catechin
standard was at least 0.7, and whose peaks on the
chromatogram appeared between the catechin peak
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and the earliest flavonoid peak, were classified as
catechins [18].

Antioxidant activity

Antioxidant activity of extract was evaluated
by potentiometric method [19]. Determination of
antioxidant activity was made by following assay: a
2 mmol/L solution of K, [Fe(CN),] was prepared by
weighing 0.8232 g into a 25.0 mL volumetric flask,
dissolving a compound in a distilled water and filling
the flask to volume with the same solvent. A 0.02
mmol/L of K [Fe(CN),] was prepared by weighing
0.0921 ginto a250.0 mL volumetric flask, dissolving
a compound in a distilled water and filling the flask
to volume with the same solvent. Than a 5.00 mL
aliquot of both prepared solutions was taken and
transferred into a 250.0 mL volumetric flask and
made up to the mark by 0.067 mol/L phosphate
buffer solution. A 50.00 mL of prepared mediator
solution was transferred in an electrochemical
cell. The initial potential of mediator solution was
measured after initial one was established, a 1.00
mL of aliquot of the prepared solutions was added
and a final potential was measured. The difference
(AE) between the initial (E ) and final (E,) potentials
was found. Antioxidant activity was calculated
according to the following equation and expressed
as mmol-equiv./m

dry res.”

Cy; —axC m
_a red 3 1
A0A==0 “ L7 Zrd g 50 P x L
I+a m,
Where, o = COX/Cer X 10(AE - Eethanol)nF/2.3RT; CO

— concentration of K,[Fe(CN)], mol/L; C_, -
concentration of K, [Fe(CN)], mol/L ; E =~ —
0.0546:C,, — 0.0091; C, — concentration of ethanol;
AE — change of potential; F = 96485.33 C/mol —
Faraday constant; n = 1 — number of electrons in
electrode reaction; R = 8.314 J/molK — universal gas
constant; 7'—298 K; K — coefficient of dilution, mL.;
m, —mass of dry residue; m, — mass of dry residue in
1.0 mL of extract or prepared solution of standard.

The standardized C. sinensis leaf liquid extract,
which was obtained by 60% ethanol and solution
of epigallocatechin-3-O-gallate were used as the
reference standards.

Test organisms

«S. aureus ATCC 25923, E. coli ATCC 25922,
B. subtilis ATCC 6538, C. albicans ATCC 885/653,
P vulgaris NTCS 4636, and P. aeruginosa ATCC
27853 were employed following established
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guidelines for evaluating the antimicrobial efficacy
of pharmaceuticals.

Screening antimicrobial and anti-fungi activity
of extracts

The method of diffusion of the drug into agar
carried out using the method of “wells”. Preparation
of suspensions of microorganisms with a certain
concentration of microbial cells (optical density) was
carried out using a turbidity standard (0.5 units on
the McFarland scale). The Densi-La-Meter device
(manufactured by PLIVA-Lachema, Czech Republic;
wavelength 540 nm) was used. The suspension was
prepared according to the instructions for the device
and the information sheet on innovations in the
health care system No. 163-2006 “Standardization of
the preparation of microbial suspensions”, Kyiv [20].
Synchronization of cultures was carried out using
low temperature (4°C) [21]. The microbial load was
107 microbial cells per 1 ml of medium and was set
according to the McFarland standard. An 18-24-hour
culture of microorganisms was used for the work.
Mueller-Hinton agar was used for bacteria, whereas
Sabouraud agar was used for Candida albicans. As
reference standards were gentamycin and fluconazole.

Assay of determination of minimum inhibitory
concentration (MIC)

MIC is defined as the smallest concentration of
an antibacterial agent that entirely prevents bacterial

growth. The MIC for various extracts was determined
through the broth microdilution technique [22].

Statistical analysis

«For all the experiments, two samples were
analyzed and all the assays were carried out in 5
times. The results were expressed as mean values
with confident interval. The MS EXCEL 7.0 was
used to provide statistical analysis.»

Results and discussion

According to obtained results shown in Table 1,
the C. sinensis leaf extract (10.10+£0.25%) had higher
content of phenolic compounds, than in R. idaeus
thick fruit extract (0.60+0.02%).

Table 1 demonstrates that the total content of
anthocyanin in R. idaeus thick fruit extract was
0.10+£0.002%, whereas in C. sinensis leaf extract
anthocyanin was not presence. The percentage of
anthocyanin out of total polyphenols was 17% in R.
idaeus extract.

The highest amount of organic acids was
determined in R. idaeus thick fruits extract
(4.60+0.50%), whereas in the C. sinensis leaf extract
it was lower 65% (1.60+£0.02%). In R. idaeus extract,
the total organic acids were in 8.5 times higher
than polyphenols, whereas in the C. sinensis leaf,
the total organic acids were in 6.3 times lower than
polyphenols. (Table 1)

Table 1 — Quantitative content of total phenolic compounds, anthocyanin and organic acids

Total phenolic Total anthocyanin, <o Total of organic
+
Sample compounds, %=SD %=SD Total catechin, %+SD acids, %=SD
R. idaeus extract 0.60+0.02 0.10£0.002 NP 4.604+0.50
C. sinensis leaf extract 10.1040.25 NP 10.47+0.25 1.60+0.10

Note: SD — Standard Deviation, n=5;
NP — not present

The HPLC method was used to carry out a
qualitative and quantitative analysis of catechins and
anthocyanins in the obtained extracts of C. sinensis
leaf and R. idaeus fruits extract. According to the
results of the study, 5 catechins were identified in
C. sinensis leaf extract, whereas in R. idaeus fruits
extract 6 anthocyanins (Fig. 1, 2).

Int. j. biol. chem. (Online)

The total content of catechins in the obtained
C. sinensis leaf extract was 10500.0 mg/100 g.
Among catechins, epigallocatechin-3-O-gallate
dominates — 3730.0+74.6 mg/100 g (35.52% out of
the total catechins), whereas the lowest content was
(+)-catechin 210 mg/100 g (2.00% out of the total
catechins). (Table 2, Figure 2)

International Journal of Biology and Chemistry 18, Ne 1 (2025)
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Table 2 — Chemical composition of catechins in C. sinensis leaf extract by HPLC-UV analysis

No Catechins Retenti('m time, | Similarity index, siizrrzl;?srlltegiticeitti:ll;it?:nig/lc(;(] Part out. of t;)tal
min I g of extract £SD catechins, %
1 Epigallocatechin 13.013 0.875 2760.0+55.2 26.29
2 (+)-catechin 13.780 0.996 210.0+4.2 2.00
3 Epicatechin 16.494 0.851 1010.0+20.2 9.62
4 | Epigallocatechin-3-O-gallate 17.686 0.990 3730.0+£74.6 35.52
5 Epicatechin-3-O-gallate 20.754 0.814 2788.0+£55.8 26.57
Total 10500.0
Note: SD — Standard Deviation, n=5
my
750+ 3
_ \ 4
] /
500

Figure 2 — HPLC fingerprint (255 nm) of the C. sinensis leaf extract

As shown in Table 3, cyanidin-3-O-sophoroside
dominated among all anthocyanins (47.4% out of
the total anthocyanins), cyanidin-3-rutinoside-5-
glucoside (29.0% out of the total anthocyanins)
was in second place, and the lowest content was
pelargonidin-3-O-sophoroside (0.47% out of the total
anthocyanins).

The content of BAS in R. idaeus fruit extract
was quantified by spectrophotometric, titrimetric
and HPLC methods of analysis. The organic acids
were present in both extracts, where the highest
content of organic acids was determined in R.
idaeus fruits extract than in C. sinensis leaf extract.
In our view, it relates with different purpose of
organic acids accumulation. The organic acids
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are precursor for biosynthesis of sugars in fruits,
whereas in leaf, organic acids only play a role in
photosynthesis as result there is no purpose of high
accumulation organic acids in leaf [23]. Ivanovic
et al. [24] investigated anthocyanin content of R.
idaeus fruit 80% metanol extract by HPLC method.
According to their results, it was detected following
anthocyanins (mg/100 g per extract): cyanidin-
3-sophoroside (20.4mg /100 g), cyanidin-3-O-
rutinoside (3.0 mg/100 g), cyanidin-3-O-glucoside
(6.0 mg/100 g), pelargonidin-3-sophoroside (2.85
mg/100 g). Compering with our results, the content
of anthocyanins in our research was higher, but
cyaniding-3-O-sophoroside was dominated in both
extracts.
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Table 3 — Chemical composition of antocyanins in R. idaeus fruit thick extract by HPLC analysis

. Retention time, Content of antocyanins in Part out of total
Ne Antocyanins . extract, mg/100 g of extract s o
min antocyanins, %
+SD
1 Cyanidin-3-O-sophoroside 14.170 52.14+1.04 47.46
2 Cyanidin-3-rutinoside-5-glucoside 14.780 31.90+0.64 29.03
3 Cyanidine-3-O-glucoside 15.255 18.15+0.36 16.52
4 Cyanidin-3-O-rutinoside 16.200 5.59+0.11 5.08
5 Cyanidin 3-O-xylosyl-rutinoside 16.393 1.61+0.03 1.46
6 Pelargonidin-3-O-sophoroside 19.977 0.47+0.01 0.45
Total 109.86
Note: SD — Standard Deviation, n=5
mv
100- 1
s >
501
] 3
25|
] 6
¢
0 5 "o 15 20 % % 3

min

Figure 3 — HPLC fingerprint (530 nm) of the R. idaeus fruit thick extract

A potentiometric method for determining
antioxidant activity was used to evaluate the effect
of the obtained extracts. Table 4 shows that the level
of antioxidant activity of R. idaeus fruits extract
significantly interferer to the C. sinensis leaf extract.
The antioxidant activity of C. sinensis leaf higher in
7.7 times of R. idaeus extract.

In light of the data obtained, it can be established
that the C. sinensis leaf extract has the highest level
of antioxidant activity. According to the modern
classification of antioxidant activity, which was
previously developed by us [25], it was found that

Int. j. biol. chem. (Online)

all extracts obtained have a high level of antioxidant
activity. Moreover, a comparative analysis of the
“strength” of antioxidant activity was carried out
with the gold standard C. sinensis leaf. Further, it
was prepared solutions (in terms of the amount of
polyphenols expressed as gallic acid) of extracts
with 0.03 M concentration of R. idaeus thick fruits
extract, C. sinensis leaf and epigallocatechin-3-O-
gallate. As a result of the study, it was found that
the level of antioxidant activity of R. idaeus extract
was higher 56% of C. sinensis leaf extract and 49%
epigallocatechin-3-O-gallate. (Table 5)
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Table 4 — Level of antioxidant activity of R. idaeus thick extract, C. sinensis leaf extract

Sample Antioxidant activity, mmol-eqv./m, _+SD Conditional term of antioxidant level
R. idaeus thick fruits extract 70.95+1.42 High level
C. sinensis leaf extract 548.79+10.98 Very high level

SD — standard deviation, n=3

Table 5 — Level of antioxidant activity of R. idaeus thick extract, C. sinensis leaf extract and standard: epigallocatechin-3-O-gallate at

concentration 0.03 mol/L

Sample

Concentration, mol/L

+SD

dry res.

Antioxidant activity, mmol-eqv./m

R. idaeus thick fruits extract

C. sinensis leaf extract

Epigallocatechin-3-O-gallate

0.03*

60.81+1.22
27.49+0.54
30.78+0.62

Note: SD — standard deviation, n=5;

as total phenolic compounds expressed as gallic acid

a — molar concentration of raspberry thick extract and green tea leaf extract was calculated

At first glance, the C. sinensis leaf extract had
significantly higher antioxidant potential than R.
idaeus fruit extract. However, comparing extracts at
the same molar concentration, it was found that R.
idaeus fruit extract had 2 times higher the level of
antioxidant activity than C. sinensis leaf extract. In
our view, it relates with the fact that anthocyanins
more potent antioxidants than catechins. Lapidot et
al. [26] determined antioxidant activity of malvidin-
3-glucoside, catechin, malvidin and resveratrol by
the method of oxidation myoglobin with H,O,. It was
shown that inhibition efficiency of the antioxidant
decreased in following order: malvidin-3-glucoside
> catechin > malvidin > resveratrol. In research of
Muselik et al. [27], it was carried out evaluation the
level of antioxidantactivity of derivatives of catechins:
epicatechin, (+)-catechin, epicatehin, epicatechin-3-
O-gallate, gallocatechin; and anthocyanins: cyanidin-
galactoside, malvidin-3-glucoside and delphinidin-
3-glucoside by ferric reducing antioxidant power
assay. It was found the level of antioxidant activity
decreased in the following order: epicatechin-3-
O-gallate > delphinidin-3-glucoside > cyanidin-
galactoside > gallocatechin > malvidin-3-glucoside
> epicatechin > catechin. The antioxidant activity of
epicatechin-3-O-gallate had the highest antioxidant
power whereas the catechin — the lowest one, where
cyanidin-3-galactoside interfere to epicatechin-3-O-
gallate, but greater than other derivatives of catehins.
The major part of composition of C. sinensis leaf
is presented by epicatechin-3-O-gallate and low
amount — epicatechin and (+)-catechin. However, it
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is quite difficult to evaluate the contribution of each
compound on total antioxidant power of extract as
well as it is unknown whether catechins interact by
synergistic way or antagonistic one. Thus, the level
of antioxidant activity of extract depends not only
on composition of extract, but also, on ration and
interaction of compounds.

In this research work, the antimicrobial and
antifungal activity of the obtained R. idaeus thick
fruits and C. sinensis leaf extract was investigated
against the following strains of S. aureus, B. subtilis,
E. coli, P. vulgaris, P. aeruginosa, as well as a strain
of the fungus C. albicans. According to the obtained
results, extracts obtained from the R. idaeus fruit and
C. sinensis leaf had an effective antimicrobial and
antifungal effect.

Among pathogens strains, R. idaeus fruits extract
was the most inhibits S. aureus strains (35.00+0.20
mm), whereas at the second place were B. subtilis
(33.0+0.2 mm) Gramm-positive strains P. vulgaris
was the most resistance bacteria to the action of R.
idaeus fruits extract (21.0£0.2 mm). Comparing
results with C. sinensis leaf extract, it was determined
that R. idaeus fruits extract was 17, 21, 30 and 13%
better inhibit bacterial strains of S. aureus, B. subtilis,
E. coli and fungi C. albicans than C. sinensis leaf
extract, respectively. Comparing obtained results
with reference standard gentamycin, it was found
that S. aureus, B. subtilis and E. coli were 37, 27 and
46% more sensitive to R. idaeus fruits extract than
gentamycin. Whereas, P. vulgaris and P. aeroginosa
was 16 and 3% more sensitive to gentamycin.
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Anti-fungal investigation against C. albicans
showed that R. idaeus fruits extract 20 and 13% more
actively inhibit the growth of fungi than C. sinensis
leaf and fluconazole, respectively.

The investigated extracts significantly inhibit
the bacterial and fungi strains with MIC. In the
previously above conducted antimicrobial study,
the extract of R. idaeus fruits was the most active
independently of the tested strains. Table 7 shows,

the R. idaeus fruits extract with MIC value of
0.14 uM was the most active against S. aureus,
whereas C. sinensis leaf extract MIC values
was 80% lower. The highest MIC value of C.
sinensis leaf extract was against fungi pathogens
C. albicans. The MIC value of R. idaeus fruits
extract against pathogens E. coli, P. vulgaris and
B. subtilis was significantly lower than in the case
of C. sinensis leaf extract.

Table 6 — Retardation zone (mm) resulting from the screening of antimicrobial activity of R. idaeus thick extract, C. sinensis leaf

extract and standards: gentamycin, fluconazole

Diameter of the growth retardation zone, mm=SD
Sample Concentration, Gramm-positive Gramm-negative Fungi
mM S. aureus B. subtilis E. coli P vulgaris | Paeruginosa C.;tgl]lzlccgns
ATCC 25923 | ATCC 6633 | ATCC 25922 | ATCC 4636 | ATCC 27853 653/385
R-idacus thick 0.009* 35.0:02 | 33.0:02 | 30.002 21.00.4 25.0+0.3 23.0£03
extract
C. sinensis leaf 0.009* 20002 | 26003 | 21.0:04 | 24003 28.0+0.2 21.00.4
extract
Gentamycin 0.003 22.0+0.2 24.0+0.3 25.3+0.3 25.0+0.3 25.6+0.3 12.0+0.6
Fluconazole 0.003 18.0+0.2 12.0+0.6 14.3+0.5 12.3+0.6 10.0+0.7 20.0+£0.5
Note: SD — standard deviation, n=5;
a — molar concentration of raspberry thick extract and green tea leaf extract was calculated as total
phenolic compounds expressed as gallic acid

Table 7 — Minimal inhibitory concentration of the different R. idaeus thick extract, and C. sinensis leaf extract against the 6 references

pathogens
MIC, pM
Sample S. aureus B. subtilis E. coli P, vulgaris Paeruginosa C.albicans
ATCC 25923 | ATCC 6633 ATCC 25922 | ATCC 25922 | ATCC 27853 ATCC 653/885
R. idaeus thick extract 0.14 0.28 1.13 0.56 0.28 0.56
Green tea leaf extract 0.70 0.70 2.80 2.80 2.80 5.60

The analyzed R. idaeus fruit and C. sinensis leaf
extracts showed high antimicrobial and antifungal
activity against the following strains of S. aureus, P.
aeruginosa, P. vulgaris, B. subtillis and C. albicans.
According to the obtained data, at first glance it can
be considered that the antimicrobial and antifungal
activity of R. idaeus fruit and C. sinensis leaf extracts
is significantly inferior to the action of gentamicin
and fluconazole, because their concentration of
solutions was in 3 times lower than the content of
polyphenols in the extract. However, we would like
to note that gentamicin has serious toxicity to the
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auditory nerve, kidneys and liver, which can lead
to serious complications of the disease. Comparing
the antifungal effects of fluconazole and R. idaeus
fruit and C. sinensis leaf extracts, it was found that
they inhibited the growth of the fungal strain at the
same level, while the concentration of fluconazole
was also lower, like gentamicin. We can declare
that fluconazole is a leader as anti-fungi medicine,
but at the same time it weakly inhibits the growth of
gram-negative and gram-positive bacteria, but to R.
idaeus fruit and C. sinensis leaf extracts both strains
of bacteria and fungus are sensitive. Thus, R. idaeus
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fruit and C. sinensis leaf extracts is a combined
pharmaceutical that affects different mechanisms of
vital activity of bacteria and fungi, thereby having
a wide spectrum of action against different strains
of bacteria and fungi, and at the same time not
possessing serious toxicity.

TheR. idaeus fruitis arich source of anthocyanins,
whereas C. sinensis leaf of catechins. It is well
known that anthocyanins biosynthesis pathway is
based on chemical conversion of catechins. Li et al.
[28] declared that at the beginning of ripping period
the content of anthocyanin start increasing, whereas
the content of catechins decreasing. However, a
question which of this group of flavonoids possess
higher antimicrobial and anti-fungi activity is still
actually for today. In our research, it was comparing
antimicrobial potential of R. idaeus fruit and C.
sinensis leaf extracts. In the antimicrobial and anti-
fungi tests, which carried out by method of well,
it was shown the R. idaeus fruit extract was more
active against pathogens P. aeruginosa, E. coli,
B. subtilis, C. albicans whereas P. vulgaris were
sensitive to both extracts practically at the same
level. Furthermore, it was determined MIC values
for both extracts, as result R. idaeus fruit extract had
better results than C. sinensis leaf extract. Therefore,
based on mentioned results, it was assumed that
antimicrobial and anti-fungi activity of anthocyanins
higher than catechins. However, both extracts had a
high content of organic acids and its presence should
not be neglected. Further in our research, we planned
to answer on question whether impact organic acids
on antimicrobial potential or not.

Conclusion

It was found that total phenolic compounds
were higher in C. sinensis leaf extract, whereas total
organic acids were in R. idaeus fruit thick extract.
Both extracts possessed a high antioxidant potential,
and effective antimicrobial and anti-fungi effects.
Although we assumed that anthocyanins had higher
antioxidant, antimicrobial and anti-fungi properties
than catechins. In future studies, the hypothesized
impact of organic acids on antimicrobial and anti-
fungi effects should be verified by isolation of
organic acids from both extracts. These findings
would promote application of R. idaeus fruits extract
as pharmaceuticals and nutraceuticals.
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Mare’s milk as a source of biologically active immunoglobulins:
a review of scientific data

Abstract: Mare’s milk is a valuable source of biologically active immunoglobulins (Ig), which play a
key role in passive immune defense. Unlike cow’s milk, it contains a high concentration of IgG, IgA
and secretory IgA, which makes it promising for functional nutrition and therapeutic use. Mare’s milk
immunoglobulins have a high affinity for pathogens, help neutralize viruses, bacteria and toxins, and
modulate the immune response of the mucosa. Of particular interest is their association with lactoferrin,
which enhances their antimicrobial and anti-inflammatory properties. Modern studies confirm the
effectiveness of mare’s milk immunoglobulins in the prevention of gastrointestinal infections, allergic
reactions and inflammatory diseases. Due to its high digestibility and low allergenicity, it is considered
an alternative to cow’s milk for infant and dietary nutrition. Promising directions include the creation of
“immune-enriched products” based on mare’s milk and the use of its immunoglobulins in biomedicine,
including the creation of probiotics and drugs for correcting the microbiota. This review summarizes the
current knowledge on the structure, functions, and practical applications of mare’s milk immunoglobulins,

https://doi.org/10.26577/1JBCh20251817

emphasizing their potential in nutrition and clinical practice.
Key words: mare’s milk, immunoglobulins, biologically active peptides, whey proteins.

Introduction

Mare’s milk has been traditionally consumed in
various cultures for its health benefits and nutritional
content [1]. Mare’s milk is a nutrient-rich substance,
containing proteins, fats, carbohydrates, phosphorus,
calcium, vitamin C, and many other essential compo-
nents [2-5]. Although it has a lower fat content than
both human and cow’s milk, it boasts a higher pro-
portion of unsaturated fatty acids — comparable to hu-
man milk — which can help prevent high cholesterol
and atherosclerosis [6]. Its protein makeup, mainly
whey and casein, falls between human and cow’s
milk levels. The unique structure and composition of
its casein micelles make mare’s milk more digestible
than cow’s milk. Furthermore, its whey protein con-
tent is similar to that of human milk and exceeds that
of cow’s milk [7-10].

Mare’s milk is also recognized as a functional
food for humans, offering health-supporting proper-
ties [8]. It may help manage or prevent conditions
like human rotavirus as a means of providing passive
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immunity, ulcerative colitis, gastric ulcers, severe
IgE-mediated cow’s milk allergy [10]. It can also
support the immune system during cancer treatments
[11]. Both human and mare’s milk serve as primary
nutritional sources for newborns in their respective
species [12].

Proteins in mare’s milk release bioactive pep-
tides upon digestion, which contribute to blood
pressure regulation, antimicrobial action, and anti-
inflammatory effects. Most of the energy in mare’s
milk comes from lactose (5870 g/kg), not fat (5—20
g/kg), resulting in lower calorie content compared
to cow’s milk [8]. Additionally, it acts as a prebi-
otic, promoting healthy gut flora by encouraging the
growth of beneficial bacteria and suppressing harm-
ful ones [13].

Mare’s milk is especially valuable for human
health due to its content of all nine essential amino
acids and a higher level of immunoglobulin A (IgA)
than in human or cow’s milk. IgA plays a critical role
in immune defense by identifying harmful microbes
[13]. It also supports skin regeneration and protec-
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tion, offering benefits for conditions like eczema,
psoriasis, and atopic dermatitis [11].

However, milk composition can vary depending
on factors such as the mare’s age, lactation stage, sea-
son, and breed. Various breeds — including Andalu-
sian, Arabian, Quarter Horse, Thoroughbred, Lusita-
no, and Shetland — show differences in milk solids,
protein, fat, and lactose content [14-20].

Besides the significance of homologous transfer
of passive immunity from mother to neonate, there
is growing interest in the possibility of heterologous
transfer — using immunoglobulins derived from one
species to confer passive immunity in another. The
concept of influencing the immune status of animals
through vaccination against human-related diseases,
and subsequently collecting those immunoglobu-
lins from colostrum or milk, has been recognized
for some time [20, 21]. This area remains a focus of
ongoing research in both animal science and human
medicine [21-28].

Composition of Immunoglobulins in Mare’s
Milk. Mare’s milk predominantly contains immu-
noglobulins IgG, with lesser amounts of IgA and
IgM. The concentration of immunoglobulins varies
throughout lactation, generally peaking in early lac-
tation and declining thereafter. Typical concentra-
tions reported in studies are approximately 1.0-2.5
g/L for IgG, significantly higher compared to cow’s
milk, which contains about 0.1-0.5 g/L. [23]. Species
where offspring are born without antibodies and im-
munity is transferred through mammary secretions
(such as horses, pigs, cows, and goats). The colos-
tral IgG concentration in many other species is usu-
ally greater than 75% of the total antibody content in
bovine mammary secretions, but the high IgG con-
centration in colostrum decreases rapidly with each
subsequent milking [29].

Structural Features: The immunoglobulins in
mare’s milk are mainly of the polymeric form, with
IgG being the most abundant, followed by dimeric
IgA and pentameric IgM. These immunoglobulins
are glycoproteins capable of binding to specific anti-
gens, thereby neutralizing pathogens.

They are divided into different types, including
IgM, IgA, IgG, IgE, and IgD [14]. IgG, IgA, and IgM
are the most abundant types and are found in breast
milk. IgM has relatively low specificity and is not
very effective in primary infections. IgA is mainly
found in the secretions of the mucous membranes
and helps prevent infections of the mucous mem-
branes by causing agglutination of microorganisms.
IgG is the most common immunoglobulin in colos-
trum and bovine milk. There are several subclasses
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of IgG, with IgG1 and IgG2 being the main types in
the bloodstream.

Monomeric immunoglobulins have a common
structural molecule consisting of two identical heavy
chains and two identical light chains, with a total mo-
lecular weight of about 160 kDa [22,30]. Both heavy
and light chains contain constant and variable sec-
tions. These chains are connected by disulfide bonds,
which give the immunoglobulin a characteristic Y-
shaped structure [31]. The class of immunoglobu-
lin depends on the number and location of disulfide
bonds. Each molecule has two antigen-binding sites
located in the Fab (antigen-binding fragment), which
includes variable amino acid domains. The opposite
end contains an Fc (constant fragment), which has a
constant amino acid sequence within each subclass
and determines the specific affiliation of the immu-
noglobulin. The Fc region is responsible for binding
to Fc receptors in different types of cells.

Polymeric immunoglobulins such as IgA and
IgM consist of monomeric units linked by a cova-
lent bond to an attached (J) chain [31,32]. As a re-
sult, dimeric forms of IgA and pentameric forms of
IgM are formed. The J-chain bond also gives them
certain characteristics, such as a large number of
antigen-binding sites (high valence), which allows
these immunoglobulins to bind bacteria effectively;
a limited ability to activate the complement system,
which helps prevent inflammation; and a strong affin-
ity for the polymer immunoglobulin receptor (pIgR).
This receptor facilitates the transport of [gA and IgM
through epithelial cells to mucous secretions such as
milk [33].

Factors Influencing Content: The immuno-
globulin profile is affected by lactation stage, mare’s
health, diet, and environmental conditions. For ex-
ample, colostrum, the first milk postpartum, contains
the highest immunoglobulin concentrations.

Milk immunoglobulins come from both systemic
and local resources. For example, IgG comes from
blood serum [23]. Plasma IgG-producing cells are
present in breast tissue, but the IgG content in colos-
trum is lower compared to its amount in blood. Co-
lostrum and milk contain secretory immunoglobulins
(slgA and SIGMA), which are produced by plasma
cells located in the mammary gland. Lymphocytes
from the GALT system (intestinal-associated lym-
phoid tissue) migrate to the mammary gland, provid-
ing a direct link between the effect of antigens on
the immune system of the mother’s mucosa and the
secretory set of breast immunoglobulins. This means
that colostrum and milk from non-immunized cows
may contain antibodies specific to pathogens that the
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intestines and other mucous membranes of the new-
born may encounter. These observations support the
idea that cow colostrum can provide passive immune
protection against human pathogens.

The immune link between intestinal lymphoid
tissue (GALT) and the mammary gland is particu-
larly interesting in relation to breast milk, where the
main immunoglobulin is secretory IgA (sIgA), which
is one of the key factors underlying the importance of
breastfeeding [10].

Transepithelial transport of IgA and IgM through
breast epithelial cells occurs through the polymer im-
munoglobulin receptor (pIgR), which binds dimeric
IgA and pentameric IgM in mucosal tissues [39]. The
polymeric nature of IgA and IgM is determined by
their binding to the J-chain peptide [33]. Only IGA
or Igg containing the J-chain have a high affinity for
plgR [40,41].

Isolation of immunoglobulins. In the milk pro-
cessing, immunoglobulins are also subjected to pro-
cessing — heating, exposure to acids, high pressure
— as a result of which their structure and biological
activity change. The methods used for the concentra-
tion or isolation of immunoglobulins are classical for
the study of proteins and include salt precipitation,
column chromatography [45]. Affinity chromatog-
raphy methods are used to determine IgG, such as
lectin-based methods [46], column chromatography
of proteins A or G [47, 48], as well as recently de-
veloped methods including immobilization of protein
A/G on electrospinning membranes [49], metal che-
lation chromatography [50, 51] and adsorption with
using microparticles of polyanhydride are used [52].
Various methods for detecting and quantifying IgG
include radial immunodiffusion [53], enzyme im-
munoassay (ELISA) [54] and newer methods such
as enzyme immunoassay using heat [55] and sensors
based on surface plasmon resonance [56].

Digestive enzymes action. Immunoglobu-
lins are generally more resistant to digestion in the
gastrointestinal tract than other milk proteins; for
example, caseins are fermented in the stomach,
which prolongs their presence, while whey pro-
teins such as a-lactalbumin are digested quickly and
B-lactoglobulin is digested more slowly. Pepsin, the
main protease of the stomach, cleaves IgG into the
fragment F(ab’)2, which preserves two antigen-bind-
ing sites [31,57]. The activity of antibody fragments
has been studied for therapeutic use [58]. Pancreatic
proteases additionally break down immunoglobu-
lins in the small intestine. The sensitivity of immu-
noglobulin subclasses to the action of proteolytic
enzymes differs. Trypsin cleaves bovine IgGl1 to a
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greater extent than IgM, while chymotrypsin cleaves
IgM to a greater extent than IgG [59]. Bovine IgGl is
more sensitive to pepsin than [gG2, and [gG2 is more
vulnerable to trypsin digestion [60]. IgG digestion in
the intestine is the slowest among whey proteins, and
the newborn receives fewer amino acids [61]. In vi-
tro studies of the intestinal contents of young lambs
have shown that IgA is more resistant to digestion
than IgG [25].

The cleavage of immunoglobulins proceeds
throughout the gastrointestinal tract [62]. In adults
who consume bovine serum, about 59% of IgG and
IgM are excreted from the jejunum, while only 19%
are excreted from the ileum [62]. These indicators are
comparable to the rate of digestion of milk proteins
in adults, which are approximately 42% absorbed in
the jejunum and 93% in the ileum [63], which em-
phasizes the relative resistance of immunoglobulins
to destruction in the gastrointestinal tract. In infants
who were fed bovine immunoglobulin products,
about 10% of ingested IgG is found in the feces,
while in adults less than 4% of ingested IgG is found
in the feces [64]. Encapsulation of immunoglobulin
preparations can significantly increase IgG excretion
in feces, although only low levels are detected in the
ileum of adults [65].

The pH of milk fluctuates during the calving pe-
riod, decreasing to about 6.4, and then rising with-
in a few days to about 6.6-6.9, which is typical for
mature milk [66]. Thus, colostrum is slightly more
acidic than mature milk. The effect of pH on the sta-
bility of immunoglobulins has been studied in a num-
ber of papers [67-70]. It was found that bovine IgG
remains stable for several hours at a temperature of
37°C between pH 6 and 7, but decreases significantly
at pH <3 or > 10 [67,68]. Acidic or alkaline condi-
tions, especially at higher temperatures, can further
destabilize IgG [69,70]. Emulsification can protect
IgG from extreme pH values and proteolytic deg-
radation, although homogenization and ultrasound
treatment can reduce the residual IgG content due to
shear stress [68].

Effects of heat treatment. Immunoglobulins
are sensitive to high temperatures. Exposure to a
temperature of 75°C can reduce the level of detect-
able bovine IgG by 40% within five minutes, and at
a temperature of 95°C, IgG is completely denatured
within 15 seconds [68]. Heating causes conforma-
tional changes that impair the antigen binding ability
[69,71,72], and the antigen binding region is particu-
larly thermolabile. Although heat treatment reduces
the IgG content in colostrum, the rate of this decrease
is lower than that of isolated IgG. The addition of
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protectors such as sugar or glycerin can improve IgG
stability when heated [73].

Many milk processing techniques involve heat
treatment of colostrum, milk, or whey. Among the
main immunoglobulin types in cow’s milk, IgG is the
most resistant to heat, while IgM is the most sensitive
[74]. Standard pasteurization methods, such as those
used in commercial milk and skim milk powder, pre-
serve between 25% and 75% of the IgG found in raw
milk. In contrast, milk processed using ultra-high
temperature (UHT) techniques contains very little
detectable 1gG [75]. Despite this, antigen-specific
IgG remains relatively stable under regular pasteuri-
zation conditions compared to UHT-treated milk or
infant formulas made from cow’s milk, which un-
dergo more intense heat processing [76].

High-pressure processing is yet another non-
thermal approach that can inactivate microbes and
certain enzymes, thereby increasing product shelf
life [77]. To effectively inactivate bacterial spores,
high-pressure treatment must be paired with moder-
ate heat [78]. Depending on the specific conditions,
this method can lead to partial or significant loss of
IgG activity in colostrum or other IgG-rich fluids
[79]. However, when applied to human breast milk,
high-pressure processing has shown minimal effects
on IgA content [80].

Biological activities of Immunoglobulins. Sev-
eral risk factors were significantly associated with foal
serum IgG and mare colostrum Brix (%) in the Gal-
lacher K. et all work. Foal serum IgG concentration
was associated with colostrum Brix %, year of birth
and foal birthweight. Mare colostrum IgG concentra-
tion was significantly associated with foal serum IgG
concentration. The 112 colostrum samples with low
Brix (<20%), 56 of these resulted in foals with serum
IgG concentrations <8 g/L (indicating partial or com-
plete FTPI), which suggests that further high-quality
colostrum supplementation for these foals needs to
happen more promptly in practice. [81]

A review of the literature showed that several
constituents in mare’s milk may have potential an-
tiviral effects. Proteins of the innate immune system
(lysozyme, lactoperoxidase, LF), specific immuno-
globulins (IgM, IgG, and secretory IgA), lipid com-
ponents, cytokines or prostaglandins help in the pro-
tection [82]

Supplementation of mare’s milk has been shown
to aid in the recovery of gut microbiota following
intrapartum and postnatal antibiotic therapy by re-
ducing antibiotic resistance gene load and through
pre/probiotic and immunomodulatory effects. An-
timicrobial and antiviral activity of mare’s milk is
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associated with a high content of lysozyme, immu-
noglobulins, lactoperoxidase and lactoferrin [83,84].
Antiviral mechanisms include increased production
of macrophages, increased phagocytosis, elevated
production of differentiation cluster-positive IgG and
IgA immunoglobulins, as well as cytokines. Mare’s
milk can act as an anti-inflammatory agent, reducing
the expression of IL-6, IL-1, TNF-a, and y-interferon
[85,86,87]

M. Jordana Rivero et all. studied the nutritional
composition, fatty acid profile, and IgG concentra-
tion of the milk produced by Chilean Corralero horse
(CCH) mares from breeding farms located in south-
ern Chile . Immunoglobulin G concentration was
only affected by dietary factors and pasture composi-
tion rather than maternal parity or other known fac-
tors [88].

In our study was shown the potential bioactivity,
including allergenicity, toxicity, and physicochemi-
cal properties, as well as the applicability of 56 pep-
tides from the most active fractions of lactoferrin
(LF) isolated from equine milk hydrolysate, it was
determined using the Peptide Ranker online database
(http://distilldeep.ucd.ie/PeptideRanker/). The stud-
ied peptides were classified as cationic (13), anionic
(23), and neutral (20). The findings revealed that
only the cationic and neutral peptides demonstrated
significant biological activity (>0.75). Furthermore,
peptide bioactivity was positively correlated with
phenylalanine content. These research findings can
significantly contribute to the MS-based proteomics
of equine milk LF and shed light on the composition
of its bioactive peptides. Further research is required
to comprehensively investigate the biochemical na-
ture and pathways of bioactive peptides responsible
for the antimicrobial and antioxidant properties of LF
from equine milk [89]. The products of Lactoferrin
hydrolysis by trypsin contained polymeric immuno-
globulin receptor, wich was confirmed at LC-MS/MS
analysis.

Conclusion

Mare’s milk is a unique natural source of bio-
logically active immunoglobulins with significant
therapeutic and prophylactic potential. Due to the
high content of IgG, IgA, and sIgA, as well as their
connection with other immunoactivity components
(such as lactoferrin and lysozyme), it demonstrates
pronounced antimicrobial, antiviral, and immuno-
modulatory properties.

Research confirms that mare’s milk immuno-
globulins are able to: enhance the protection of mu-
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cous membranes (gastrointestinal tract, respiratory
tract) due to interaction with Fc receptors; suppress
pathogens by neutralizing toxins, agglutinating bac-
teria and blocking viral adhesion; controlling inflam-
matory processes, reducing the risk of allergies and
autoimmune reactions.

An important advantage of mare’s milk is its hy-
poallergenicity and high digestibility, which makes
it a promising alternative to cow’s milk, especially
in baby and therapeutic nutrition. Prospects for fur-
ther research are related to the development of im-
munoenriched products (mixtures, fermented drinks)
based on mare’s milk, the use of Ig in biomedicine,
the creation of drugs for the correction of microbiota,
and the prevention of infections. Also, the optimiza-
tion of immunoglobulin isolation technologies to in-
crease their stability and bioavailability.

Thus, mare’s milk is not only a valuable food
product, but also a multifunctional biological

system that opens new opportunities for nutri-
tion, preventive, and clinical medicine. Further
study of its components will expand the scope
of application in personalized nutrition and bio-
therapy.
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Utilizing Plant Preservative Mixture™
to eliminate endophytic bacterial contamination
and establish in vitro cultures of blackberry varieties

Abstract: Bacterial, fungal, and viral contaminations pose a pervasive challenge to in vitro propagation of
berry crops, presenting significant economic hurdles for the preservation of plant genetic resources and the
commercialization of micropropagation. This study aimed to diagnose endophytic and viral contamination
in commercial blackberry cultivars and while developing an in vitro method to eliminate bacterial con-
tamination from the Chacanska Bestrna variety. The Plant Preservative Mixture™ (PPM™) was utilized
as a broad-spectrum bactericidal agent within the blackberry in vitro tissue culture. Contaminated shoots
were cultured on Murashige and Skoog medium supplemented with 0.2% v/v PPM™, maintained over
a 12-week period through three subcultures, before being transferred to medium devoid of PPM™ for
an additional 12 weeks. The results were evaluated after 12 and 32 weeks of culture on medium without
PPM™, This study demonstrated that PPM™ is an effective control agent and can be successfully used
to manage the growth of endophytic contamination. For the Chacanska Bestrna blackberry variety, 100%
aseptic shoots were obtained in vitro without any negative effects on the shoot growth. However, the results
indicate the opportunity for further testing of PPM™ on other blackberry varieties experiencing bacterial
contamination, as it is possible that the contamination in this study was superficial and the selected con-
centration of the bactericide proved to be successful. To obtain virus-free planting stocks, in vitro rooted
shoots were transferred to a soil substrate consisting of peat (40%), black soil (50%), and perlite (10%), and
then adapted in a greenhouse at 20-23°C. The survival rate of blackberry varieties in greenhouse conditions
was 93-99%.

Key words: blackberry; tissue culture; in vitro contamination; micropropagation; broad-spectrum biocide.
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Introduction

The cultivation of berries stands as one of the
most vibrant and flourishing sectors within the realm
of agriculture, marked by its dynamic growth and lu-
crative potential. According to the Food and Agricul-
ture Organization (FAQO), the Republic currently pro-
duces about 420 thousand tons of fruits and berries,
while the population of the country requires more
than 2.5 million tons of products according to world
standards; about 70% of fruit and berry products are
imported [1]. One of the limiting factors in the devel-
opment of this industry in Kazakhstan is the lack of
high-quality planting material. In this regard, the de-

© 2025 al-Farabi Kazakh National University

velopment of micropropagation techniques to obtain
healthy planting material for berry crops is extremely
important.

Blackberry is a valuable berry crop, the fruits of
which have high nutritional and healing properties,
due to their rich chemical composition. These ex-
quisite berries possess approximately 10% carbohy-
drates along with a medley of organic acids, pectin,
fiber, and a rich array of vitamins including P, B, E,
and C, complemented by a diverse spectrum of mac-
ro and microelements [2]. The allure of blackberries
extends beyond their delightful taste and captivating
aroma; they are celebrated for their robust concen-
trations of anthocyanins and phenols, both of which
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exhibit powerful antioxidant and anticancer proper-
ties [3]. Furthermore, blackberries lend themselves
to the creation of high-quality processed delicacies,
such as jams, jellies, marmalade, juices, and extracts,
as well as delightful wines and beverages. These
fruits are equally adept at swift freezing, perfect for
crafting vibrant food colorings that enhance culinary
creations. Despite the high value of this berry crop,
blackberries are still not as popular among farmers
in Kazakhstan as raspberries and strawberries. The
main difficulties in cultivating this crop are associ-
ated, first of all, with the need to select high-quality,
highly productive varieties suitable for the soil and
climatic conditions of the country, as well as the use
of modern agricultural technologies [4]. In addition,
Kazakhstani farmers use blackberry planting stocks
purchased from foreign producers because there is
no high-quality, pathogen-free material of domestic
production available.

Traditionally, varieties of berry crops are propa-
gated by green or woody cuttings, which is often
not very effective [5-7]. Micropropagation is cur-
rently the only way to produce healthy planting ma-
terial on an industrial scale, widely used in many
countries [8]. The development of blackberry mi-
cropropagation technologies is being fruitfully pur-
sued in the USA [9], Russia [10-11], and European
Union countries [12-13]. There are no scientific
publications on micropropagation of blackberries in
Kazakhstan.

When producing planting material, it is very im-
portant to monitor its virological status.-Blackberry
varieties are propagated vegetatively and can accu-
mulate viruses during various development stages.
More than 30 different viruses are known to infect
native and cultivated blackberries [14-16]. Raspber-
ry bushy dwarf virus (RBDV) is the most harmful
and widespread pathogen of Rubus genus including
blackberry [17]. RBDV was discovered worldwide in
Rubus commercial growing regions, including North
and South America, Europe, China, and New Zea-
land [13-19, 17-23]. The occurrence of RBDV both
in cultivated and native raspberry plants was recently
reported in Kazakhstan [24]. Blackberry yellow vein
associated virus (BYVaV) has been described in the
USA in blackberries with symptoms of vein clear-
ing, yellow mottling and plant decline [25]. Black
raspberry (Rubus occidentalis) plantings in Oregon
(USA) also declined by Black raspberry necrosis
virus (BRNV) [26]. Apple mosaic virus (ApMV),
which is widespread throughout the world, has also
been found in symptomless Rubus plants in the Unit-
ed States and Germany [16].
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One of the indispensable stages of micropropa-
gation is in vitro culture initiation. Contamination of
field plant material with bacterial and fungal patho-
gens can significantly reduce the percentage of asep-
tic shoots. Surface disinfection helps eliminate epi-
phytic bacterial and fungal contaminations; however,
sterilizing agents usually have no effect on endophyt-
ic bacteria that inhabit inner tissues and organs [8, 27,
28, 29]. A wide variety of endophytic bacteria have
been identified in tissue culture of various plants,
including Curtobacterium, Mycobacterium, Paeni-
bacillus, Pseudomonas, Stenotrophomonas found in
in vitro shoots of Rubus ideaus [25, 30]. Antibiotic
treatment has been shown to be effective in eliminat-
ing bacterial contamination from micropropagated
strawberry plants [31]. A combination of several an-
tibiotics may have advantages over the use of a single
antibiotic in preventing the emergence of resistant
strains [27, 31, 32]. The use of the broad-spectrum
biocide Plant Preservative MixtureTM (PPM™) has
shown high efficiency in eliminating endophytic con-
tamination from explants taken in field collections of
various plants and propagated in vitro: rhododendron
and European birch [33], Acacia [32], Malus [35],
and walnut [36].

The purpose of this work was to study the weight
of PPM™ on the elimination of endophytic bacteria
and the production of blackberry varieties aseptic
plants.

Materials and methods

Plant Material. One-year-old shoots of three
blackberries varieties were cut for in vitro initiation
in June 2023 from the field collection of the “Semi-
rechye” nursery in Almaty region. Three blackberry
varieties were used: Chester, Natchez (USA) and
Chacanska Bestrna (Serbia).

Invitro Culture Initiation and Micropropagation.
Cuttings approximately 15-20 cm long were washed
in soapy water and rinsed in tap water, then apices
(1.5-2.5 cm long) were excised from the stem and
in a laminar flow hood were surface disinfected with
0.1% mercuric chloride with a few drops of “Tween
20” for 5 or 7 min. Following washing with sterile
water, the delicate shoot apices were placed within
25 x 250 mm glass tubes, cradled in Murashige and
Skoog medium (MS) [35] enriched with doubled
dose of iron chelate, 0.5 mg L' 6-benzylaminopurine
(BAP), 0.01 mg-L"' indolyl-3-butyric acid (IBA),
30 gL' sucrose, 4 gL' agar sourced from (Phyto-
Technology Laboratories®, Lenexa, KS, USA), 1.25
g'L" GelriteTM (PhytoTechnology Laboratories®,
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Lenexa, KS, USA). The medium was adjusted to pH
5.7 using 0.1 N NaOH, followed by autoclaving at
121°C for 20 min.

The burgeoning shoot cultures thrived within a
growth room-maintained 24°C basking under a 16-
hour photoperiod (light intensity of 40 umol-m2-s)
illuminated by the gentle glow of two types of OP-
PLE tubular fluorescent lamps: YK21RR 16/G 21 W
6500 K RGB and YK21RL 16/G 21 W 4000 K RGB
(Opple, China).

The number of viable shoots, shoots with bac-
terial and fungal contamination, and necrosis were
evaluated using visual inspection during the first
two weeks culturing. Visually clean shoots were
indexed for endophytic contamination using 523
detection medium [36]. The bases of the shoots
were placed in Petri dishes with 523 medium with
10 g'L! sucrose, 8 g'L! casein hydrolysate (Sigma-
Aldrich, St. Louis, MO, USA), 4 gL' yeast ex-
tract, 6 g'L"! GelriteTM, 2 g-L' KH,PO,, 0.15 g-L"!
MgSO,-7H,0, pH 6.9.

Contaminated shoots 2-3 cm in size with 3-5
leaves, after testing on the 523 medium with identi-
fied endophytic bacterial contamination were divided
into 2 parts: 1) cultivated on MS medium mentioned
earlier for three passages during 4 weeks each — Con-
trol; 2) cultured on MS medium with 0.2% (volume/
volume,) for three passages during 4 weeks each (Ex-
periment 1 (E1). After this all shoots were transferred
to MS medium without PPM™ for three subcultures
during 4 weeks each (Experiment 2 (E2). After each
cultivation, indexing for endophytes was carried out
using 523 medium. After experiment E2, in vitro
shoots were further propagated under the conditions
described above, after 8 cultivations of 4 weeks each
(32 weeks), in vitro shoots were again tested on 523
medium (Experiment 3 (E3).

Virus detection. In vitro shoots were evaluated for
five viruses: Raspberry bushy dwarf virus (RBDV),
Strawberry necrotic shock virus (SNSV), Apple mo-
saic virus (ApMV), Black raspberry necrosis virus
(BRNV), and Blackberry yellow vein associated
virus (BYVaV) by multiplex reverse transcription
polymerase chain reaction (RT-PCR). Sequences of
oligonucleotides used for virus detection are present-
ed in Table 1.

Total RNA was extracted from in vitro black-
berry leaves using the CTAB method [39, 40, 41].
The quality of the exported RNA was evaluated in
Tris-acetate buffer (TAE) by electrophoresis in 2%
agarose gel. Reverse transcription was carried out in
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areaction mixture with a volume of 20 pl, which con-
tained 0.5 pg/ul of universal primer and 200 units of
reverse transcriptase RevertAid. At the first stage, a
mixture containing total RNA (at least 200 ng) and a
universal primer was incubated at 72°C for 10 min.
Next (second step), to a 15 pL reaction mixture 4 uL.
of 5x Buffer RT, 200 uM dNTP, and RevertAid re-
verse transcriptase were supplemented. cDNA syn-
thesis at 45°C for 60 min was carried out. The reac-
tion mixture for PCR contained 2 pl of cDNA, 1x
Dream Taq Buffer, 200 uM dNTP, 0.2 uM reverse
and forward specific primer for each virus and 1.5
units Dream Taq polymerase (Thermo Fisher Scien-
tific Inc., Vilnius, Lithuania).

Next, MasterMixt was prepared using the fol-
lowing components: 8.80 pl of H,O, 1.80 pl of 10X
reaction mixture, 0.45 pl of 100 mM MgCl,. 1.20 pl
5 mM dNTPs, 1.80 pl primer F, 1.80 pl primer R,
0.15 pul Taq polymerase. The reaction program con-
sisted of the following stages: denaturation at 95°C
for 5 min; 30 cycles: denaturation for 30 sec at 95°C,
aniling for 20 sec at 52°C, elongation for 40 sec at
72°C; last elongation at 72°C for 5 min. Amplifica-
tion products in a 2% agarose gel in Tris-borate buf-
fer (TBE) were investigated by gel electrophoresis.
Confirmation of the RNA purity was obtained by the
separation of the 28S and 18S ribosomal RNA on
the electropherogram (Thermo Fisher Scientific Inc.,
Vilnius, Lithuania) [43].

Obtaining of Virus-Free Blackberry Planting
Stocks. To obtain planting stocks, rooted in vitro
plants were transferred to (250 ml) polyethylene con-
tainers with soil substrate: black soil (“Ahty” https://
almaty.flagma.kz/342682/), peat (Kekkila DSM 1
W EXTRA, Finland), and perlite (Union Perlite, Al-
maty, RK https://perlite.kz/ ) in a percentage correla-
tion of 50:40:10. The containers with the plants were
covered with transparent plastic caps and kept to a
three-layer polyethylene film greenhouse (240 m?)
with a temperature range from 18°C to 25°C and hu-
midity from 40% to 80%. The temperature regime in
the greenhouse was controlled using a floor-standing
column-type air conditioner, Almacom ACP-60A
(Almacom, China). The influence of temperature
and humidity in the greenhouse on the survival and
adaptation of the plants was monitored. After one
week, the plastic caps were taken out for a period
— 10-15 min, and later on, the ventilation duration
was increased to 8 h. The adaptation period was for
3-6 weeks. For continued adaptation, the plastic caps
were taken out.
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Table 1 — Sequences of oligonucleotides used for virus detection.

. Primer s Amplicon size Annealing
Virus name Sequence (5°—3’) (bp) temperature (°C) Reference
ApMV-F AGGGTCCTGAGCAGTCGAGA 64
ApMV 264 [16]
ApMV-R GTTTGGAGGGGCTTCCCACT
BRNV-F ATGCTGAGCCACTTGTGA
BRNV 417 54 [24]
BRNV-R ATCTGGTGTGTTCCGCAT
BYVaV-F CGTAAGAAGTTCAACATCCA
BYVaV 180 58 [25]
BYVaV-R CTTCCAGAATAGAGCACTCG
RBDV-F TTCATCCTCCAAATCTCAGCAAC
RBDV 245 73 [26]
RBDV-R CGTCGACGGCACCGCCCACCACA
SNSV-F CAGTGTTTACGGCTGCGAAG
SNSV 823 69 [42]
SNSV-R GGGATCGATTGGTTAGGACCGTCAT

Statistical Analysis. Fifteen explants of each
variety for each treatment in triplicate (n=45) were
used to initiate in vitro culture. For testing on the 523
medium, in vitro shoots were used in triplicate (n =
15). Results were statistically processed as the mean
values + standard error (SE). Means were compared
using SYSTAT 13.0, Statistics Software; SYSTAT
Software, Inc.: San Jose, CA, USA, 2009 [44]

Results and discussion

In Vitro Culture Initiation. After placing the
surface-disinfected apexes into tubes containing
culture medium (Figure 1), a visual inspection was
conducted after one week to assess the number of vi-
able explants, as well as the occurrence of necrosis
and contamination. The results of visual inspection
of the in vitro apexes of the three varieties Ches-
ter, Natchez and Chacanska Bestrna are presented
in Figure 2.

Fungal contamination was not detected in any
variety and any disinfection duration. Epiphytic bac-
terial contamination was noted in a small number of
explants: with 5 minutes of disinfection — from 2.2 to
6.7%, on average 5.2%; with 7 minutes of disinfec-
tion — from 0 to 4.4%, on average 2.2%. The percent-
age of necrosis significantly increased in the apices
of the Chester and Chacanska Bestrna varieties when
the treatment duration increased to 7 minutes and
averaged 47.4% for the three varieties compared to
24.4% when treated for 5 minutes. The percentage of
viable apices without visual signs of contamination

Int. j. biol. chem. (Online)

was significantly higher with a 5-minute treatment in
the Chester and Chachanska Bestrna varieties and on
average for the three varieties was 70.4% compared
to 50.4% with a 7-minute treatment.

In general, disinfection with mercuric chloride
for 5 minutes was a gentler treatment, but sufficient
to eliminate epiphytic contamination and obtain
60.0% viable shoots for ‘Chacanska Bestrna’, 71.1%
for ‘Chester’ and 80.0% for ‘Natchez’ (Figure 2).

In contrast, all shoots of Chacanska Bestrna were
affected by endophytic contamination, as shown in
Figure 4 c¢ highlighting the importance for further
study the reasons it’s susceptibility to endophytes.
The results of testing on medium 523 can serve as the
basis for optimizing protocols for different varieties,
which in turn will increase the overall productivity
and stability of the crop.

Virus detection. In vitro shoots of all three black-
berry varieties were tested for the presence of five
viruses: Raspberry bushy dwarf virus (RBDV),
Strawberry necrotic shock virus (SNSV), Apple mo-
saic virus (ApMV), Black raspberry necrosis virus
(BRNV), and Blackberry yellow vein associated vi-
rus (BYVaV). This test is necessary to assess virus
infection and ensure the quality of cultures. Identify-
ing viruses in the early stages allows to take measures
to eliminate them and minimize risks during further
plant propagation. Virus load research researches
allow to select the most resistant varieties for suc-
cessful micropropagation and improved agronomic
characteristics. As a result, viruses were absent in all
samples as shown on Figure 4.
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Figure 1 — Shoot apexes of blackberry cultivars Natchez (a) and Chacanska Bestrna (b) newly cultured
on Murashige and Skoog medium with doubled dose of iron chelate, 0.5 mg-L"! 6-benzylaminopurine,
0.01 mg-L"! indolyl-3-butyric acid, 30 g'L"! sucrose, 4 g'L" agar, 1.25 g'L"!' Gelrite™, pH 5.7. Scale bars = 1 cm

%
100
80
60
40
cd

20

5 min 7 min 5 min 7 mun 5 min 7 min

Chester Natchez Cacanska Bestrna

m Bacterial contamination ~ mNecrosis  ® Viable explants

Figure 2 — Effect of duration disinfection with HgCl, (5 or 7 min) during in vitro initiation

three blackberry varieties Chester, Natchez, and Chacanska Bestrna. The results are average values + standard error (SE).

Means denoted by different letters are significantly different at p< 0.05 using Tukey’s mean separation test

Detection of Endophytic Contamination. Con-
tamination of plant tissue culture by pathogens is
indeed a serious problem in micropropagation, be-
cause even apparently aseptic shoots can contain en-
dophytes contamination [44-45]. Careful inspection
of explant purity is important to minimize the risk of
endophytic contamination. The use of a specialized

Int. j. biol. chem. (Online)

523 medium allows to detect of these contaminants,
improves the quality of the culture and increases the
success of micropropagation and further cryopreser-
vation of shoot tips [ 28, 36, 45]. The study revealed
that all shoots of the Natchez and Chester varieties
were aseptic, which may indicate their high resis-
tance to infections, as shown in Figure 3.
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Figure 3 — Testing in vitro blackberry shoots for contamination on specialized bacteriological growth medium 523.
Clean cultures of Chester variety (a) and Natchez variety (b). Bacterial growth on and around shoot initials
of the Chacanska Bestrna variety shoots on specialized bacteriological growth medium 523 (c). Scale bars = 1 cm

The absence of virus contamination may be attrib-
uted to the fact that the source material was obtained
from certified planting stocks grown in container cul-
ture. Since these planting stocks were not propagated
in open ground, they were less exposed to potential
virus contamination, ensuring a virus-free plant mate-
rial. This finding indicates that the in vitro cultures of
all tested blackberry varieties are free from virus con-
tamination, this is essential for future micropropaga-
tion, cryopreservation and planting stocks obtaining.

Obtaining contamination-free in vitro shoots us-
ing chemotherapy with PPM™. In light of the per-
vasive endophytic contamination affecting all speci-
mens of the Chacanska Bestrna variety, subsequent
experiments called for the transplantation of in vitro

1 23 4 5 K+ M K

M

“ RBDV 245 btp
+ BYVaV 180bp

shoots from this accession into a basic MS medium,
enhanced with the bactericide PPM™. Following
a meticulous examination for the absence of endo-
phytic microflora on the specialized bacteriological
medium 523, it was established that the formation of
colonies on the MS medium with PPM™ had ceased
entirely. The medium itself transformed, devoid of
any signs of contamination. Thus, the addition of
PPM™, to the culture medium gave good results,
demonstrating the cessation of microbial growth as
shown on figure 4. As a result, a method was devel-
oped for obtaining blackberry in vitro shoots that are
free from endophytic contamination. The results of
the set free of in vitro shoots from contaminant infec-
tion are given in the Table 2.

(S

345 K K+

KlI+ K2+

«—— SNSV823bp
«—— BRNV 417bp
«—— APMV 264 bp

Figure 4 — Representative electrophoretic analysis of RT-PCR products from micropropagated blackberry accessions
to test for the presence of five viruses: Raspberry bushy dwarf virus (RBDV), Strawberry necrotic shock virus (SNSV),
Apple mosaic virus (ApMV), Black raspberry necrosis virus (BRNV), and Blackberry yellow vein associated virus (BY VaV).
(a) K+ RBDV and BYVaV. (b) K+ SNSV, BRNV and ApMV. M — DNA marker for electrophoresis 100bp Plus (ThermoFisher),
K — negative control; 1-2 — Chester, 3-4 — Natchez, 5 — Chacanska Bestrna
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Specialized medium 523 contains amino acids
from hydrolyzed casein, vitamins from yeast extract
and sucrose as an energy source, therefore it is an ide-
al medium for bacteria and fungi to grow. In current
experiments, contamination was observed in 100%
of the control shoots (without PPM™ treatment)
after 4 weeks of cultivation on specialized medium
523, contamination was already evident at the first
week, indicating the effectiveness of this specialized
bacteriological medium in detecting contamination.
Therefore, our results show that PPM™ controlled in
vitro shoots contamination on medium with PPM™

(0.2% v/v) for three cycles with 4 weeks duration
(E1), the aseptic rates of shoots ranged from 46.7%
to 100% (Table 2, E1) (Figure 5).

Results represent mean + standard error (SE).
Control comprised of shoot basal segment were iso-
lated from four-week-old cultures with contamina-
tion and cultured on basal medium without PPM™
for three passages of four weeks each (total of 12
weeks of cultivation). Average values denoted by
different letters within each section were signifi-
cantly different at p < 0.05 using Tukey’s mean
separation test.

MIET

-

1 cm

1 cm b

Figure 5 — Chacanska Bestrna variety four weeks after subcultivation on MS with doubled dose of iron chelate,
0.5 mg-L' BAP, 0.01 mg-L"' IBA, 30 g-L"! sucrose, 4 g-L"! agar, 1.25 g-L! Gelrite™, 0.2% (v/v) PPM™, pH 5.7.
(a) Testing Chacanska Bestrna in vitro shoots for the contamination on specialized bacteriological growth medium 523.
Shoot were grown 12 weeks (three subcultures of 4 weeks each) on MS medium with PPM™ (0.2% v/v)
and then were transferred to MS medium without PPM™ and cultured for three additional subcultures (total of 24
weeks of cultivation). No bacterial growth detected (b). Scale bars =1 cm

Table 2 — Percentage of aseptic blackberry Chacanska Bestrna in vitro shoots cultures grown for 12 weeks (three passages by 4 weeks
duration each) in a medium with 0.2% v/v Plant Preservative Mixture™ (PPM™) (Experiment 1, E1), later pre-treated shoots from
E1 grown in a medium without PPM™ for 12 weeks (three passages by 4 weeks duration each) (Experiment 2, E2) and then the 8

cultivation by 4 weeks duration each (32 weeks) from E2 (Experiment 3 (E3)

Experiment name

Control

Experiment 1 (E1)

Number of subcultures “Aseptic shoots (%)
the first subculture 02
the second subculture 0°
the third subculture 0?
the first subculture 46.7+6.7°
the second subculture 1004
the third subculture 100¢

Int. j. biol. chem. (Online)
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Continuation of the table

Experiment name

Number of subcultures

“Aseptic shoots (%)

the first subculture 86.3+£17.4°
Experiment 2 (E2) the second subculture 96.6+3.9¢

the third subculture 1004
Experiment 3 (E3) the eighth subculture 100¢

Shoots obtained from E1 were transferred to
medium without PPM™ and cultured for more than
three subculture cycles by 4 weeks duration each (12
weeks in total) before testing microbial growth (E2).
After 12 weeks of cultivation, bacterial contamina-
tion was completely removed. Further testing on 523
medium of in vitro shoots, cultured on MS medium
without PPM™ after 28 weeks (Experiment 3 (E3)
also showed the absence of contaminated plants.

Studies by many authors show positive dynamics
of using PPM™ for rejection contamination in vitro
shoot culture. As the results show, the effect of PPM-
™ varies for different genotypes from 0 to 100% of
aseptic shoots, which may indicate that the efficiency
of that procedure for elimination of endophytic con-
tamination condition on the type of tested plants and,
mainly, on the type of contamination that has multi-
plied in the plant tissue [48-53.]. In the study obtain-
ing, 100% of aseptic shoots were obtained in vitro
for the blackberry variety Chacanska Bestrna without
any negative effect on the growth of cultures in vitro.
Perhaps this is due to the blackberry culture itself,
since two of the three studied varieties were not at all
susceptible to the action of contamination; perhaps
the contamination was superficial and the selected
concentration of the bactericide was successful.

Obtaining of Virus-Free Blackberry Planting
Stocks. Already now in many countries it has signifi-
cantly displaced raspberries, as it significantly sur-
passes them in terms of yield, transportability and
medicinal properties. Commercially valuable variet-
ies, such as those mentioned in this study, are unique
thornless breeding specimens adapted to cultivation
conditions. With proper agricultural techniques, their
yield can reach 16-28 tons per hectare. If we consider
that the original planting stocks are virus-free and
free from endophytic contamination, the yield can be
increased to 35 tons per hectare [1].

Int. j. biol. chem. (Online)

To obtain the planting stocks, shoots with roots
were taken from a virus-free in vitro collection, free
from endophytic contamination. It should be noted
that blackberry root in vitro formation occurs inde-
pendently on MS medium for micropropagation.

Rooted blackberry plants were transplanted into
a soil substrate consisting of a mixture of black soil,
peat, and perlite. For a week, the plants were adapted
to reduced humidity by removing the plastic caps
from the cultivation containers.

To ventilate the plants, the plastic cap was re-
moved for 10-15 min, and in the next few days, the
ventilation duration was increased to 8 h. The dura-
tion of planting stocks adaptation amounts from 3 to
6 weeks. In the greenhouse, where the plants were
adapted, temperature and humidity were monitored
daily. The survival rate of blackberry plants in the
greenhouse at 20-23° reached 99.0%, while a de-
crease or increase in temperature led to a slight de-
crease in the survival rate of planting stocks to 94.3%
and 93.0% respectively. When comparing statistical
differences, no difference was noted between the
options. However, when averaging the data, it was
found that the optimal temperature for transferring
aseptic plants to the soil is 20-23°C. Visually, the
plants were also indistinguishable. Planting stocks
adapted to greenhouse conditions are shown in Fig-
ure 6.

The planting stocks obtained from in vitro cul-
ture, of a high purity category and adapted to field
conditions, will be used for the establishment of an
elite nursery, as well as for mass production for sub-
sequent commercialization within the framework of
the project. Besides, the in vitro accessions will serve
for conducting a wide range of biological research,
including the long preservation and genetic resources
international exchange for the creation of duplicate
collections.
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Figure 6 — Planting stocks of blackberry cultivar Chacanska Bestrna transplanted into a soil substrate:
black soil, peat, and perlite (50:40:10) at 20-23°C and humidity from 40% to 80%. Scale bars = 1 cm

Conclusion

Bacteria, fungi and viruses are the constant threat
to growth in vitro plants, however methods for con-
trolling and, in some cases, eliminating contamina-
tion are already developed. In this research, the us-
ing of PPM™ (0.2% v/v) for 12 weeks of cultivation
was found to be effective in controlling endophyte
growth in vitro tissue cultures of the Chacanska Be-
strna blackberry variety. Given that only one variety
was affected by contamination in this case, there is
a need for further testing of PPM™ on other black-
berry varieties with bacterial outbreaks to confirm
the study’s results or for further investigation. From
virus-free in vitro shoots of three blackberry varieties
free from endophytic contamination, planting stocks

adapted to greenhouse conditions (20-23°C) and soil
substrate were obtained, that suitable for planting in
field conditions.
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Evaluation of Different Sweetener Concentrations
in Beverage Samples in Isfahan Market Using High Performance
Liquid Chromatography

Abstract: Sweeteners were added in beverage formulations to provide sweetness with pleasant taste. In
this paper, potent approach for quantification of acesulfame ok (ACE-ok), sodium saccharin (Na-SAC) and
aspartame (ASP) contents in beverages had been applied with liquid chromatography (RP — HPLC) joint
with diode array detection (DAD). Ninety-seven samples have been selected from Isfahan marketplace.
Liquid chromatograph Agilent 1260 Infinity series was applied for analysis. Mobile phase was decided
on as acetonitrile and phosphate buffer (pH= 3.5) with 15:85 extent ratio (V/V), and the float rate of the
chromatographic device was Optimized at 1 ml min"' using an isocratic elution system. All the beverages
were saccharin-free and the mean concentrations of acesulfame and aspartame were lower than the general
standards of the Iran National Standards Organization (600 mg L). All the products were showed the ac-
ceptable levels of sweeteners, but, periodical and exact evaluation of these sweeteners in the beverages are

still suggested to provide consumer health.

Key words: Saccharine, aspartame, acesulfame, beverages, HPLC.

Introduction

As the world’s population increases, the request
for beverages is increasing, so the investigation of
the type and amount of these additives has become
a global health challenge. Beverage companies use
different additives such as preservatives and sweet-
eners to food products to maintain quality, taste, pH,
increase shelf life, appearance, and consistency to
make the product economical [1].

Artificial sweeteners are often included in drinks
to improve taste and look [2]. These food additives are
permitted for use according to the law, and in most
countries, there are regulations that establish the high-
est allowable levels of these additives[3] or prohibit
those that may lead to issues like asthma [4], allergies
[5], cancer risk [6], hyperactivity [7] and Parkinson’s
disease [8]. It’s crucial for people to understand the
dangers linked to consuming these fake components
and to carefully decide on their drink intake.

Among the artificial samples, acesulfame potas-
sium, aspartame, saccharin and sucralose have the

© 2025 al-Farabi Kazakh National University

benefits such as cheaper rather than sweeteners and
are more stable during food processing. Also, these
sweeteners are not metabolized in the body and use-
ful in patients with diabetes and overweight/obesity.
However, in many countries, detecting the amount
of sweeteners to avoid excessive addition or overuse
has become important [9]. However, in most coun-
tries, detecting the content of artificial sweeteners to
avoid extreme count or overuse has end up vital.

Evaluation and quantification of synthetic sweet-
eners is an important feature of quality control ad-
ministration of meals stuff. To date, various ana-
lytical strategies had been detecting of sweeteners
in beverage. Chromatographic technique such as
high-performance liquid chromatography, (HPLC)
[10, 11], gas chromatography (GC) [12], ion chroma-
tography [13, 14] and spectroscopic techniques such
as Infrared Spectroscopy (FTIR) [13-15] and UV/Vis
Spectroscopy are in general used in quantification of
sweeteners [16, 17].

Recently Cheng and co-workers developed a
novel method by using column-switching UHPLC
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single bond CAD for detecting 12 artificial and natu-
ral sweeteners [18]. In another work, Jankulovska
developed a potent method for the determination of
acesulfame (ACE-K), sodium saccharin (Na-SAC)
and aspartame (ASP) in various drinks using reverse
phase chromatographic system coupled with photo-
diode array detection technique [19].

Acesulfame (ACE-K), sodium saccharin (Na-
SAC) and aspartame (ASP) are routine utilized in
drinks as synthetic sweeteners. According to the
Iran National Standards Organization, the acceptable
range in carbonated soft drink is 600 mg kg' for ASP
and ACE-K and all beverages should be saccharin-
free [20]. Also, the suitable range in beverages are 80
mg L' for SAC, 350 mg L' for ACE-K and 600 mg
L' for ASP based on European rules for food matri-
ces additive [3].

In our study, HPLC-DAD method was utilized
for the quantitation of ACE-K, SAC and ASP in dif-
ferent beverages available on the Isfahan markets.
These sweeteners were chosen because they are
mainly used in beverages, and HPLC method was
used as an efficient technique because it is a fast, easy
and obtainable method for many food quality centers.

Materials and methods

Instrumentation

HPLC analysis was performed with an Agilent
1260 Infinity II series contain a diode array detector
(DAD) and quaternary pump, an autosampler part
contain degasser, a thermostat and Adamas C18-
Extreme (250*%4.6 mm, 5 um) column. The data
was analyzed using Chem Station software. The
pH of aqueous solutions was measured using a pH
meter Metrohm (827, Switzerland). The solutions
were sonicated with ultrasonic bath Elma. Both
phosphate buffer and acetonitrile have been filtered
through a 0.45 um pore size filter (Whatman and
MICROLAB).

Analytical standards and reagents

All the chemical substances have been used
high purity grade or HPLC grade. Phosphoric acid
(85.5%), methanol (>99.8%), acetonitrile (>99.9 %),
KH,PO, (99%), and ultra-pure water have been pur-
chased from Merck Chemical company, Germany.
Analytical standards of Na-SAC (99.6%), ACE-K
(99.4%), and ASP (99%) were obtained from Sigma-
Aldrich chemical company.

Apparatus and chromatographic conditions

Analyst have been separated and quantified using
a RP-HPLC system (Agilent Affinity 1260 II series)
coupled with a degassing unit, pumps, autosampler,
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column oven, UV-Vis diode array detector (UV-
DAD) with a reverse phase C18 column (Adamas
C18-Extreme, 250%4.6 mm, 5 pm) at constant col-
umn temperature (25 °C). The drinks have been test-
ed with DAD detector at 220 nm under isocratic sys-
tem by utilizing acetonitrile/buffer phosphate (15:85)
as mobile phase under optimal flow rate (1 ml/min).

Preparation of standard solutions

A stock standard solution was prepared by dis-
solving100 mg of each sweetener in a 100 ml volu-
metric flask with deionized water and brought up to
volume. This solution contains 1000 ml/L of each
sweetener and stored in brown glass for vessels. The
working standard solutions were gained by diluting
the sweeteners stock solutions in water to obtain ali-
quots of the following concentrations: 10, 20, 40, 60
and 80 mg L-1 for Na-SAC and ASP and 4, 8, 16, 24
and 32 mg L-1 for K-ACE. Working standard solu-
tions were prepared daily.

Collection and preparation of samples

Commercially obtainable beverages (n = 97)
were collected from the Isfahan market in Iran us-
ing a stratified random sampling method. All samples
were collected in two different class, non-carbonated
and carbonated drinks. In this work, samples were
prepared easily. Carbonated drinks were placed in
an ultrasound bath about 15 min at room temperature
to eliminate the gasses. Then 10 ml of each sample
transported into a 100 ml volumetric flask and up
to a total volume with water. The non-carbonated
semi solid samples were placed into a blender for 5
min until homogenized. The homogenized samples
were vacuum filtered. After that, 10 ml of filtered
was transported into a 100 ml volumetric flask and
up to a total volume with water. The diluted solu-
tions were then filtered with 0.45 um syringe filter
and were poured into a 2 mL sample vial for HPLC
analysis. The filtered samples were injected replicate
into the HPLC apparatus and the average values were
calculated.

Preparation of buffer phosphate

0.1 g of potassium dihydrogen phosphate (KH-
,PO,) was poured into a 100 ml volumetric flask and
up to a total volume with water. The buffer pH was
set to 3.5 with diluted phosphoric acid (H,PO,). Fil-
ter under reduced pressure to remove insoluble sub-
stance before use with 0.45 pm membrane filter.

Statistical analysis

Statistical evaluation became finished by way of
in Excel software program model 2019 in line with
the descriptive exams. The attention of sweeteners
becomes carried out in triplicate and final concentra-
tion were said as mean.
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Results and discussion

Chromatographic settings were settled accord-
ing to the European Standard EN-12856 [21]. In
this manner, reverse phase C18 column was se-
lected for the separation of ACE-K, Na-SAC and
ASP because it could be used in different pH (2-9)
of beverages [22]. UV-DAD detector was used for
detection of artificial sweeteners because it shows
suitable sensitivity in ppm levels for the quantities
of artificial sweeteners. UV-DAD absorption was
monitored at around 220. According to the litera-
tures, the optimum separation for artificial sweet-
eners is in organic solvents by applying a phos-

phate buffer (pH 5-3.5) as a mobile phase [23].
Acetonitrile was selected as an organic solvent for
quantification of sweeteners because of low back-
pressure and shorter cutoff wavelength (190 nm)
[24]. Mobile phase has been consisting of aceto-
nitrile and phosphate buffer (V/V; 15:85, pH=3.5)
at optimal flow rate of 1 ml min"' under isocratic
program. A typical chromatogram of a standard
mixture of ACE-K (80 mg L), Na-SAC (80 mg
L") and ASP (32 mg L), at 220 nm was showed
in Figure 1. As illustrated in Figure 1, the samples
had been detected in the following retention times:
13.93, 4.45 and 13.5 minutes for ACE-K, Na-SAC
and ASP respectively.

STD 51 DAD14 Sig=220,4 Refeo ff

Na-SAC
.47

Response{mAL]

ACE-K
3.0 3.94

ASP
13.61

9.0 95
Retention time [min]

Figure 1 — Chromatograms of HPLC-DAD of a standard mixture of the examined sweeteners

For the linearity study, five concentration levels
of synthetic sweeteners (10, 20, 40, 60 and 80 mg L
1 for Na-SAC and ASP and 4, 8, 16, 24 and 32 mg
L' for ACE-K) were selected and calibration curves
were constructed (Figure 2). The calibration curve
was made of three replications and fitted to a straight
line using log10 scale values for both the x- and y-ax-
es. Calibration equations and correlation coefficients
(R?) data of the standard solutions of sweeteners are
illustrated in Table 1. According to the coefficient’s
values, the method exhibited good linearity of the
analytical response in the examined concentration
level. As can be seen in Table 1, the correlation coef-
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ficients for the standard curves of all sweeteners were
more than 0.99, indicating that the method has suit-
able linearity.

The LOD is the lowest concentration of the
sample that is detectable by of the analyte with cer-
tain level of certainty. The LOQ is the lowest con-
centration of the analyte that could be measured
with appropriate precision and accuracy. The LOD
and LOQ values are shown in Table 1. As shown
in Table 1, the LOD values of sweeteners were 0.3,
0.2 and 4.2 ppm and the LOQ values were obtained
8, 8 and 13.8 ppm for ACE-K, Na-SAC and ASP
respectively.
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Figure 2 — The obtained calibration curve of ACE-K produce by HPLC-DAD method
Table 1 — Linearity and sensitivity obtained from the standard solutions of sweeteners (n=3)
Analyst Calibration equations R? LOD (mgL') LOQ (mgLt)
ACE-K Y=54.241x+7.457 1 0.3 0.8
Na-SAC Y=78.732x+14.405 1 0.2 0.8
Asp Y=11.101x+15.657 0.9983 42 13.8

Repeatability is the precision under the same op-
erational conditions over a short period of time [25].
In this study, the standard deviations (SD) of the
pooled sample concentration were used to express
the precision. The standard deviations were calcu-
lated for 12 and 8 samples of ACE-K and ASP re-
spectively. The calculated standard deviations have
been acquired 0.07 and 0.53 % for ACE-K and ASP
respectively, since the results illustrated a proper in-
tra-day precision.

Detected sweeteners (ACE-K, Na-SAC and ASP)
by the optimized method were demonstrated in Table
2. According to the Table 2, between all the tested
drinks, 12 samples contained acesulfame from 0.12
to 9.83 mg L' and showed in allowed concentrations
according to the guideline. Also, none of the samples

contained saccharin and aspartame were found in 8
samples ranging from18.19 mg L' to 40.42 mg L'
that were lower than the standard range. Based on our
results, 12.37%, 8.24%, 0% of all samples contained
acesulfame, aspartame and saccharine respectively
and were in acceptable ranges. The used method
showed good linearity in the examined concentration
levels and the correlation coefficients were more than
0.99 for all sweeteners and demonstrated that the
method is linear. The method sensitivity of the meth-
od was acceptable because of the LOQs were less
than the lowermost standard concentration except for
ASP. Nevertheless, the LOQs for ASP was obtained
near to the lowest minimum standard concentration.
The data showed that the method is adequate for the
detection and quantification of analyzed sweeteners.

Table 2 — The finding Concentrations (mg L') of sweeteners (ACE-K, Na-SAC and ASP) in the collected beverages

Samples Sample details ACE-K, mg L'* Na-SAC, mg L' ASP, mg L"!
S1 Carbonated with orange flavour 4.95 N.D'! 40.42
S2 Black carbonated drink 9.83 N.D 18.19
S3 carbonated with mango flavour 5.07 N.D 26.60
S4 Carbonated with mojito flavour 3.76 N.D 27.57
S5 Carbonated with tropical flavour 4.52 N.D 23.45
S6 Landa, carbonated with peach flavour 3.69 N.D 26.50
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Continuation of the table

Samples Sample details ACE-K, mg L* Na-SAC, mg L™ ASP, mg L"!
S7 Sugar-free carbonated drink 7.73 N.D 39.05
S8 Non-carbonated with strawberry flavour 1.77 N.D N.D
S9 Non-carbonated with mojito flavour 0.13 N.D 19.43
S10 Non-carbonated with malt flavour 0.27 N.D N.D
S11 Non-carbonated with cherry flavour 0.12 N.D N.D
S12 Non-carbonated with lemon flavour 6.61 N.D N.D
Note: * indicates No detection

Conclusion

In spite of the risk associated with the excessive
use of sweeteners, the safe use of these additives in
beverages can improve pleasant taste. For this rea-
son, checking the usage of sweeteners in the meals
enterprise and monitoring their quantity in exces-
sive intake foods consisting of beverages is crucial
for consumer fitness and economics. In this study,
the amount of the three most common sweeteners
namely saccharine, potassium acesulfame and as-
partame were determined in different beverage sam-
ples in Isfahan, Iran. RP-HPLC method was used
for determination of sweeteners. Chromatographic
settings were applied according to the European
Standard EN-12856. For this purpose, reverse phase
C18 column and UV-DAD detector were used for
detection of artificial sweeteners. According to the
previous published, the best separation for artifi-
cial sweeteners is in organic solvents by applying
a phosphate buffer (pH 5-3.5) as a mobile phase.
Acetonitrile is a good selection as an organic sol-
vent for quantification of sweeteners because of low
backpressure and shorter cutoff wavelength (190
nm). In the optimal conditions, the mobile phase

has been consisting of acetonitrile and phosphate
buffer (V/V; 15:85, pH=3.5) at 1 ml min' flow rate
under isocratic system. resulting retention times
for samples were 13.93 min for ACE-K, 4.45 min
for Na-SAC and 13.5 min for ASP under adjusted
conditions. According to the results, all the bever-
ages were saccharin-free and the mean concentra-
tions of acesulfame and aspartame were lower than
the general standards of the Iran National Standards
Organization (600 mg L'). All the products were
showed the acceptable levels of sweeteners, but,
periodical and exact evaluation of these sweeteners
in the beverages are still suggested to provide con-
sumer health.
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Evaluation of Canavalia ensiformis L. beans:
Comparative Fatty Acid Profile in Extracts and Analysis
of Minerals and Proximate Composition

Abstract. This study investigates the proximate composition, mineral content, and fatty acid profile of
Canavalia ensiformis L. beans extracted with various solvents. Proximate analysis revealed a high protein
content (23.16%), moderate fiber levels (7.13%), and a total fat content of 2.35%. Elemental analysis
identified potassium (18,696.87 mg/kg) as the most abundant macroelement, followed by calcium (1,886.81
mg/kg) and magnesium (1,500.98 mg/kg), whereas iron (50.43 mg/kg) and zinc (33.28 mg/kg) were the
predominant microelements. Gas chromatography analysis of fatty acids showed that monounsaturated
fatty acids (MUFA) dominated the lipid profile, particularly in the hexane (58.67%), ethanol (59.57%),
and raw bean (61.11%) extracts. Oleic acid (C,,, ,) was the most abundant MUFA, reaching 51.39% in
the hexane extract. Saturated fatty acids (SFA) were highest in the hexane extract (21.35%), primarily due
to palmitic acid (C,, 18.77%). Polyunsaturated fatty acids (PUFA) were most prevalent in the hexane
extract (16.23%) and bean sample (16.08%), with linoleic acid (C,, ) being the major component. The
aqueous extract contained notable amounts of y-linolenic acid (C,,, ., 1.68%). These findings highlight the
nutritional potential of C. ensiformis beans and suggest that solvent selection significantly influences lipid
composition. The high MUFA and PUFA content, particularly in hexane and ethanol extracts, underscores
their possible applications in food and pharmaceutical formulations.

Key words: Canavalia ensiformis L., GC analysis, proximate analysis, micro- and macroelements, fatty
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acids.

Introduction

Jack bean (Canavalia ensiformis L.) is a tropical
leguminous plant from the Fabaceae family, known
for its high protein content exceeding 20-40%. The
rising protein consumption in developing countries,
coupled with the high cost of protein imports, has
driven the search for more affordable and widely
available alternative protein sources [1]. In recent
studies, Jack bean milk has the potential to emerge
as a new type of plant-based milk. If developed, it
could serve as an alternative for individuals with
lactose intolerance, milk allergies, or those follow-
ing a vegetarian diet [2]. Soaking and fermentation
are the most commonly used methods for studying C.
ensiformis, with good results, alongside germination,
boiling, autoclaving, genetic manipulation, and other
processing methods [3].

© 2025 al-Farabi Kazakh National University

In the studies by Kanetro B. [4], the effect of ger-
mination of jack bean seeds on the functional proper-
ties of its flour was investigated. It was found that
72-hour germination significantly enhanced protein
content, protein solubility, and foaming capacity
due to an increased amount of hydrophobic amino
acids, indicating its potential use in food products
with improved nutritional and functional properties.
Sutedja M. and her team [5] investigated flavonol
glycosides from jack bean (C. ensiformis) for their
a-glucosidase inhibitory activity, a key target in car-
bohydrate metabolism. The findings revealed potent
inhibitory effects of certain compounds, indicating
their potential as antidiabetic agents. Saldarriaga F.
and his colleagues [6] conducted a study investigat-
ing the effects of pH and different light conditions
(red, blue, and their combinations) on callus growth
and the production of bioactive compounds in C.
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ensiformis. Optimal growth and enhanced produc-
tion of phenols, carotenoids, and antioxidant activ-
ity were achieved at pH 5.5 and under 1/3 red-blue
(R-B LED) light conditions. In this context, there is
increasing interest in studying C. ensiformis L. due
to its rich composition of bioactive compounds such
as phenols, carotenoids, and proteins such as urease
and lectin, may be useful for developing supportive
therapies or health-promoting applications.

This study investigated proximate, elements
analysis of plant and the effect of different solvents
on the extraction of fatty acids from C. ensiformis
seeds.

Materials and methods

The mature Canavalia ensiformis L. beans were
collected from Karachi, Pakistan. C. ensiformis (10
kg) were crushed and powdered using an electronic
mill. The powdered beans of C. ensiformis were mac-
erated in 80% EtOH three times, and the ethanol ex-
tract was evaporated under reduced pressure to yield
a brown residue (427 g). Furthermore, the ethanol ex-
tract was suspended in distilled water and partitioned
sequentially with n-hexane (85 g), dichloromethane
(DCM) (3.67 g), ethyl acetate (2.66 g), and n-butanol
(49 g), resulting in five portions.

Proximate analysis. The beans of C. ensiformis
L. were analysed in triplicate for proximate composi-
tion: (total ash, dry matter, crude fiber, and fat con-
tents) was conducted using standard methods of the
Pharmacopoeia of the Republic of Kazakhstan and
total crude protein by the Kjeldahl method [6].

Micro and macro element analysis was conduct-
ed using a Shimadzu AA 6200 (Japan) dual-beam
atomic absorption spectrophotometer with flame
and electrothermal atomization. Standard procedures
were followed to ensure accuracy and reproducibil-
ity.

The fatty acid composition of the plant extracts
was performed using a «Chromos-1000» (Russia) gas
chromatograph equipped with a flame ionization de-
tector (FID). A CP-Sil 88 for FAME 100x0.25x0.36
mm column was used for separation. Chromato-
graphic Conditions: Oven Temperature Program:
Initial temperature: 70 °C, hold for 3 min, Ramp: 8
°C/min to 120 °C, hold for 2 min, Ramp: 5 °C/min to
200 °C, hold for 4 min, Ramp: 7 °C/min to 220 °C,
hold for 61.5 min, Total run time: 99.61 min. Instru-
ment Temperatures: Column oven: 70 °C; Injector:
250 °C; FID detector: 280 °C. Carrier gas (nitrogen):
1.7 kgt/em?. Auxiliary nitrogen flows: 25 cm?*/min
and 40 cm?*min. Hydrogen: 20 cm?*min. Air: 200
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cm®/min. The sample was dissolved in hexane as a
solvent and injection volume of 0.1 pL.

Results and discussion

The proximate compositions were determined in
triplicate, with all data presented on a dry weight ba-
sis and expressed as percentages (%). The moisture
and ash content exhibited moderate levels, aligning
with the standards outlined in the Pharmacopoeia of
the Republic of Kazakhstan and the result is in agree-
ment with the research investigation of Vadivel V.
who reported values of 3.8% to 9.2% moisture and
for ash values from 3.0% to 5.8% [7-8]. In the pres-
ent study, the range of protein (23.16%) found lower
than some other research [7, 9] (Table 1)

Table 1 — Proximate analysis of Canavalia ensiformis L. beans

Parameter " Weigh Basiy - 5D
Ash 3.87+0.19
Dry matter 96.13 +4.81
NDF 7.13 £1.06
Crude Protein 23.16 £1.39
Fat 2.35+0.19
Moisture 6.51+0.33
Carbohydrate 64.11 +£3.21
Energy content, kcal/kJ 370/1579
Note: *NDF — Neutral Detergent Fiber

The results of elemental analysis are given in
Table 2. Among the macroelements, potassium (K)
was the most abundant (18,696.87 mg/kg), playing
a key role in cellular function, osmotic balance, and
enzyme activation [10]. Calcium (Ca) (1,886.807
mg/kg) and magnesium (Mg) (1,500.978 mg/kg)
contribute to bone health, muscle function, and met-
abolic processes, while sodium (Na) (395.864 mg/
kg) regulates fluid balance and nerve transmission
[11-12].

Regarding microelements, iron (Fe) (50.428 mg/
kg) is crucial for oxygen transport and energy me-
tabolism [13]. Zinc (Zn) (33.278 mg/kg) plays a vital
role in immune function, wound healing, and enzy-
matic activity [14]. Copper (Cu) (11.273 mg/kg) is
essential for redox reactions, connective tissue for-
mation, and nervous system maintenance [15]. Man-
ganese (Mn) (8.602 mg/kg) supports bone develop-
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ment and antioxidant defense, whereas nickel (Ni)
(8.929 mg/kg) is involved in enzyme function and
microbial metabolism [15].

Table 2 — Mineral composition of Canavalia ensiformis L. beans

Minerals Concentration, mg/kg
Zn 33.278
Cu 11.273
Pb 7.765
Cd 0.978
Fe 50.428
Ni 8.929
Mn 8.602
Ca 1886.807
Mg 1500.978
K 18696.87
Na 395.864

The fatty acid profile of C. ensiformis beans
(Table 3) and its various solvent extracts revealed
a diverse range of saturated, monounsaturated, and
polyunsaturated fatty acids, highlighting their poten-
tial nutritional and functional significance. Saturated
fatty acids were present in varying concentrations
across different extracts. The total SFA content was
highest in the hexane extract (21.346%) and the bean
sample (18.629%), primarily due to the presence of
palmitic acid (C, ) (18.768% and 13.180%, respec-
tively) and stearic acid (C,g ). These fatty acids are
known to contribute to membrane stability and are

common in plant-based lipid sources [15]. The aque-
ous extract also showed a relatively high SFA con-
tent (10.916%), with notable amounts of stearic acid
(C,q,) (4.842%) and palmitic acid (C, ) (4.302%).
However, shorter-chain saturated fatty acids such as
butyric acid (C, ) and capric acid (C, ) were either
absent or found in trace amounts.

Monounsaturated fatty acids (MUFA) constituted
the dominant fraction in most extracts, particularly in
the hexane (58.667%), 70% ethanol (59.565%), and
raw bean (61.106%) samples. Oleic acid (C,g | ) was
the most abundant MUFA, accounting for 50.102%
in the bean sample and 51.389% in the hexane ex-
tract, reinforcing the potential health benefits of these
extracts in terms of cardiovascular health and anti-
inflammatory properties [16-20]. The ethanol ex-
tract exhibited a significant proportion of myristoleic
acid (C, ) (16.349%). Additionally, eicosenoic acid
(C,,,)) was notable in the bean sample (9.296%) and
hexane extract (6.121%), which could contribute to
lipid metabolism regulation [21].

Polyunsaturated fatty acids (PUFA), particularly
linoleic acid (C,¢, ) and linolenic acid (C g, ,), were
found in notable amounts. The highest PUFA con-
tent was recorded in the hexane extract (16.229%)
and bean sample (16.078%), with linoleic acid con-
tributing significantly to these values. Linoleic acid
is an essential fatty acid involved in cell membrane
function and inflammatory response regulation. The
aqueous extract contained y-linolenic acid (C,g, )
(1.675%), which has been associated with anti-
inflammatory and neuroprotective effects [22-25].
However, the DCM extract exhibited the lowest
PUFA content (0.410%), suggesting its limited abil-
ity to extract these essential fatty acids.

10:0

Table 3 — Fatty acid profile of C. ensiformis beans extracted with various solvent

Concentration, %
RT Fatty acid Canavalia 70 % EtOH Hexane DCM Butanol Aqueous

ensiformis L. beans extract Extract extract extract extract
16.47 | C,, Butyric acid NF NF NF NF 0.267 NF
29.48 | C, , Capric acid 0.020 NF NF NF NF 0.825
34.38 |C,, Lauric acid 0.045 NF NF NF NF 0.135
39.1 | C,,, Myristic acid 0.346 NF 0.316 0.008 0.209 0.584
41.18 | C,, Myristoleic acid 0.200 16.349 0.276 0.007 0.408 0.108
43.6 | C,, Pentadecanoic acid NF NF NF NF 0.005 NF
43.85 |C,,, Palmitic acid 13.180 9.242 18.768 0.498 3.739 4.302
45.87 | C,,, Palmitoleic acid 0.870 1.638 0.664 0.019 2.023 0.298
46.28 | C Margaric acid 0.151 NF 0.170 NF NF NF
48.31 |C, Margaroleic acid 0.331 3.870 0.218 NF NF NF
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Continuation of the table

Concentration, %
RT Fatty acid Canavalia 70 % EtOH Hexane DCM Butanol Aqueous
ensiformis L. beans extract Extract extract extract extract
48.87 |C,,, Stearic acid 1.436 NF 1.285 0.078 3.045 4.842
50.19 | C,, (trans-9) Elaidic acid 0.247 1.169 NF NF 12.786 4479
50.81 | C,., ., Oleic acid 50.102 24.930 51.389 1.286 17.684 4.152
52.34 |C,., . trans-Linoleic acid NF NF NF NF 0.353 0.156
53.85 | C,q,. Linoleic acid 14.696 9.518 15.378 0.399 3.544 NF
54.64 |C,, . Linolenic acid 0.547 NF 0.598 0.010 0.286 0.758
56.38 |C,.,  y-Linolenic acid 0.133 1.988 0.029 NF 1.675 NF
57.01 |C,  Arachidic acid 1.628 NF 0.451 0.006 0.352 0.228
57.6 | C,,, Eicosenoic acid 9.296 2.367 6.121 0.142 0.418 NF
56.38 | C, . .Homo-y-Linolenic acid 0.509 NF 0.091 NF NF 0.102
65.09 |C, .  Eicosatrienoic acid 0.192 0.344 0.133 NF 0.337 0.254
60.9 |C,  Heneicosic acid 0.070 NF 0.027 NF NF NF
66.09 |C,, Behenic acid 0.185 NF 0.059 NF NF NF
72 C,,,, Tricosanoic acid 1.568 NF 0.270 0.005 NF NF
76.28 | C,, Nervonic acid 0.061 NF NF NF NF NF
Saturated acids 18.629 9.242 21.346 0.595 7.611 10.916
Monounsaturated acids 61.106 59.565 58.667 1.458 33.267 8.946
Polyunsaturated acids 16.078 11.849 16.229 0.410 6.196 2.587
Note: *NF — not found

Conclusion

The results of this study provide valuable in-
sights into the nutritional composition and fatty
acid profile of Canavalia ensiformis L. beans. The
beans were found to have a high protein content
(23.16%) and moderate levels of fiber (7.13%)
and fat (2.35%), making them a potential source of
plant-based protein. Mineral analysis showed that
potassium (18,696.87 mg/kg) was the most abun-
dant macroelement, followed by calcium (1,886.81
mg/kg) and magnesium (1,500.98 mg/kg), indicat-
ing their potential contribution to essential dietary
minerals.

Fatty acid analysis revealed that monounsaturat-
ed fatty acids (MUFA) were the predominant lipid
fraction, with oleic acid (C ,, , ) reaching 51.39% in
the hexane extract. Saturated fatty acids were high-
est in the hexane extract (21.35%), while polyunsatu-
rated fatty acids, particularly linoleic acid (C g, ),
were most abundant in the hexane (16.23%) and raw
bean (16.08%) samples. The choice of extraction sol-
vent significantly influenced the fatty acid composi-
tion, with hexane and ethanol yielding extracts rich in
nutritionally beneficial lipids.

Int. j. biol. chem. (Online)

These findings highlight the nutritional potential
of C. ensiformis beans and their possible applica-
tions in food and pharmaceutical industries. Further
research is needed to explore the bioavailability of
their nutrients, the effects of processing on lipid com-
position, and potential functional applications of the
extracted compounds.
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Resource-efficient technology for the utilization
of serpentine technogenic waste with the production
of magnesium oxide

Abstract. The article discusses the possibility of using serpentine and serpentine waste from Zhitikara
deposit for the production of inorganic magnesium compounds: MgSO,, Mg(OH), and MgO. The aim
is to produce magnesium sulfate, whose quality characteristics would further enable the production of
high-purity magnesium hydroxide and magnesium oxide. A step-by-step process for obtaining magnesium
compounds is proposed, initially starting with the purified magnesium sulfate solution, from which
magnesium hydroxide and magnesium oxide can be produced. The proposed process differs from other
known methods in the choice of reagent for neutralizing and purifying the initial sulfate solution to obtain
high-purity magnesium hydroxide and magnesium oxide.

A technical and economic analysis was conducted on the efficiency of producing industrially important
inorganic magnesium compounds from serpentine waste derived from the processing of chrysotile ore at
Zhitikara deposit. The technology’s resource intensity, energy efficiency, and economic feasibility of the
new approach to processing serpentine waste for the production of magnesium compounds are shown. The
advantages of using an acid method in combination with thermally activated serpentine for neutralizing
and purifying the initial sulfate leaching solution are discussed. Based on experimental data obtained
from studying magnesium extraction processes from serpentine, as well as the production of magnesium
hydroxide and magnesium oxide from the purified magnesium sulfate solution, and the technical and
economic analysis of each stage, it is concluded that the proposed process becomes more efficient when the
final product is magnesium oxide. The potential for utilizing technogenic waste containing serpentine for
sustainable magnesium compound production is considered.

Key words: serpentine, magnesium sulfate, magnesium hydroxide, magnesium oxide, resource efficiency.
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Introduction

In many regions of the world, including Kazakh-
stan, serpentinite is contained in mining dumps. Ser-
pentinite waste processing allows to reduce the cost
of production due to the zero cost of raw materials,
reduce the volume of technogenic accumulations,
implement the principles of “green” technologies,
and provide a comprehensive extraction of valuable
elements (Mg, Si, Fe, etc.) in the form of usable com-
pounds. These advantages contribute to the forma-
tion of waste-free technological processes, which is
important from the point of view of environmental
sustainability and rational environmental manage-
ment.

© 2025 al-Farabi Kazakh National University

Serpentinite anthropogenic wastes generated dur-
ing mining and processing of chrysotile raw mate-
rials and non-ferrous metal ores (chromium, nickel,
cobalt, etc.) have accumulated in the world in the
volume of hundreds of millions of tons and represent
an environmental hazard. These wastes contain sig-
nificant amounts of magnesium and silicon, and have
good reactivity after thermal and acid activation. The
advantages of their use also include their location
near mining enterprises, which facilitates recycling,
environmental impact reduction and reclamation of
anthropogenic landscapes.

Serpentinite is widely distributed in ultramafic
rocks of the Earth’s crust. Large deposits are located
in Russia (Urals), China, Canada, Brazil and other
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countries. In Kazakhstan, large deposits of serpen-
tinite (chrysotile) raw materials are located in the
Kostanay region (Zhitikara deposit). These deposits
are often associated with nickel and chromite ores,
which in the future allows for the integrated develop-
ment of deposits [1]. Currently, Zhitikara deposit is
developed by Kostanay Minerals JSC. As a result of
65 years of operation some 300-350 million tons of
chrysotile raw material processing waste were accu-
mulated here.

It is known that serpentinites belong to com-
plex silicates [2]. Their structure can be represent-

ed as a two-dimensional compound of two types of
geometric shapes — tetrahedrons and octahedrons
(Figure 1). The silica tetrahedrons have silicon
atoms in the center, while the octahedral inter-
layer contains magnesium ions [3]. Typical chemi-
cal composition of serpentinite: MgO — 30-45%,
SiO, — 35-45%, H,0 — 10-13%; FeO, Al,O,, CaO
and other components are also present in small
amounts. The high MgO content makes serpen-
tinite a promising source of magnesium for pro-
duction of industrially important compounds and
magnesium-bearing products.

Figure 1 — Basic structure of serpentine [3]

The study of the possibility of using Zhitikara
serpentinite or chrysotile raw material processing
wastes is relevant, since there are no high-quality de-
posits of dolomite — traditional industrial raw mate-
rial for obtaining inorganic magnesium compounds
— on the territory of Kazakhstan. In this respect, the
development of innovative scientific approaches to
the use of accumulated serpentinite wastes of Zhiti-
kara deposit can open new perspectives:

- creation of a processing cluster, development
of new industries (production of magnesium com-
pounds, magnesium fertilizers, etc.), transition to a
sustainable “green” economy;

- integrated recycling allows to realize the “zero-
waste” principle — waste becomes a raw material, and
the accompanying by-products can be used in other
industries.

Analysis of scientific literature in this area shows
that so far there is no information on the forecast tech-
nical and economic indicators of potential products
derived from serpentinite or serpentinite-containing
industrial wastes of Zhitikara deposit using acid

Int. j. biol. chem. (Online)

processing methods. Such data could be of interest
from a practical point of view. Obviously, unsolved
technological problems still prevent the transition to
the economic evaluation of serpentinite application
as a source of magnesium for the production of its
compounds. This aspect is particularly relevant in
the context of the development of new technological
solutions aimed at processing industrial wastes and
potential attraction of investments for their industrial
implementation.

Various studies of physical and chemical prop-
erties and thermo-acid behavior of serpentinite ores,
as well as serpentinite wastes of extraction and con-
centration of chrysotile of Zhitikara deposit [4-7]
showed that serpentinites of this deposit can be con-
sidered as a promising source of magnesium for the
production of inorganic compounds — magnesium
sulfate, hydroxide and oxide, which are in demand in
various industries of Kazakhstan.

As a first step, the goal was set to obtain magne-
sium sulfate, the qualitative characteristics of which
will further provide the possibility of synthesizing
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magnesium hydroxide and oxide of high purity. In
the study special attention is paid to the processes of
leaching of serpentinite with sulfuric acid solution,
as well as the selection of reagents for neutralization
and purification of the productive solution of magne-
sium sulfate.

On the basis of experimental data obtained dur-
ing the study of the processes of MgSO, extraction
and step-by-step synthesis of magnesium compounds
—Mg(OH), and MgO, a technical and economic anal-
ysis was carried out to determine the resource and
economic efficiency of their production from waste
processing of serpentinite chrysotile raw materials of
Zhitikara deposit.

Materials and methods

Dust-like material generated during extraction
and concentration of chrysotile raw material of Zhi-
tikara field (Kostanay region), with a particle size of
1-1.25 mm, was used as an anthropogenic waste in
the research. Sulfuric acid (H,SO,, chemical purity)
was used as a leaching reagent, and initial techno-
genic waste with the same particle size (1-1.25 mm)
thermoactivated at 750°C for 1 hour was used as a
reagent for neutralization and purification of leaching
solution (magnesium sulfate).

The stoichiometric amounts of acid and man-
made waste used for the interaction were calculated
on the basis of the assumed reaction corresponding to
the following equation:

Mg,Si.0,(OH), + 3H,S0, = 3MgSO, + Q)
+H,Si0, + H,Si0, + 2H,0

All analytical studies were performed using a
JSM-6490LV scanning electron microscope (JEOL,
Japan) complete with an INCA Energy 350 energy
dispersive microanalyzer system.

Methodology. Preparation of magnesium sulfate
included two stages:

1) leaching of technogenic waste with sulfuric
acid;

2) neutralization and precipitation of impurity
metal ions by increasing the pH of the suspension to
7.8-8.0 using thermally activated serpentinite.

The processes of leaching, neutralization and so-
lution purification were carried out in one reactor — a
pyrex flask equipped with a thermometer, dosing de-
vice, filter and stirrer (Figure 2).

Int. j. biol. chem. (Online)
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Figure 2 — Laboratory installation for obtaining magnesium
sulfate solution: 1 — reactor, 2 — filter, 3 — thermometer, 4 —
doser

Results and discussions

Analysis of modern researches and developments
of technologies for obtaining magnesium compounds
from serpentinite [8-13] shows that the main method
of magnesium extraction in the form of its salts — sul-
fate, chloride, nitrate, as well as magnesium hydrox-
ide and oxide — is acid leaching. In the process of
acid treatment, serpentinite dissolves in solutions of
inorganic acids (H,SO,, HCl and HNO,), as a result
of which magnesium passes into solution. The gen-
eralized reaction scheme is represented as follows:

(Mg, Fe),Si,0,(OH), + 6H" — )
Mg + 28i0, + Fe** + 5H,0

Heat treatment at 600-800°C has also been found
to activate the serpentinite structure by breaking the
Mg-Si bonds [14-16]:

[Mg,Si,0(OH),] $0C MO +Si0, + HO  (3)
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The above reactions are presented in a simplified
form, because in practice both dissolution of serpen-
tinite in acids and its disintegration during calcina-
tion are complex processes depending on the type of
the source rock and its chemical and mineral compo-
sition [17, 18].

The increase of alkaline properties of serpentinite
after heat treatment in the range of 725-750°C is an
established fact [19], which justifies its use as a re-
agent for neutralization of acidic solutions.

Taking into account the above-mentioned, within
the framework of experimental studies, the sulfuric
acid method of serpentinite leaching was used, as
well as heat-treated serpentinite for neutralization
and purification of the initial sulfate solution. The
latter, in turn, was used to obtain magnesium hydrox-
ide and oxide according to the scheme presented in
Figure 3.

In accordance with the scheme, laboratory stud-
ies of the processes of step-by-step production of
purified magnesium sulfate, magnesium hydroxide
and magnesium oxide solution were carried out. For
each stage, the optimum conditions of the processes
were determined. A technical and economic analysis
was performed on the basis of scaling of quantita-
tive data (expenditures of raw materials, reagents and
thermal energy) obtained during laboratory experi-
ments to assess the resource and economic efficiency
of obtaining magnesium compounds from pulverized
serpentinite waste generated during the processing of
chrysotile raw materials. Tables 1-3 present specific
costs, as well as resource and economic efficiency
indicators of each stage of obtaining magnesium sul-
fate, magnesium hydroxide and magnesium oxide,
calculated on the basis of fixed costs and material and
energy balances.

Serpentinite waste Suspended Filtration Filtration 1 Calcination
(1-1.25 mm) MgSOssolution .
Purified MgSO4 Mg(OH), MgO
solution

H,SO,4

Thermal-activated
serpentinite waste
at 750°C

NaOH Drying

Figure 3 — Scheme of magnesium oxide production from serpentinite waste

Table 1 — Specific consumption of raw materials and energy resources for production of 1 ton of MgSO,-7H,0 and resource and energy

Type of resource UoM Specificconsumption Designation
Specific consumption of raw materials and energy resources for production of 1 t of MgSO,-7H,0
ITW (industrial and technical waste) tons 0.400 C raw
ITW-TA (industrial and technical waste thermoactivated at 750°C, for
neutralization of acid slurry) ) 0.400 C_raw
Sulfuric acid (H,SO,, density = 1.824 g/cm?) tons 0.444 C reagent 1
Water (technical) tons 2.800 C reagent 2
Specific consumption of raw materials and energy resources to produce 0.400 tons of ITW-TA
I™™W tons 0.462 C raw
Electricity (calcination) kWh 92.4 C_energy
Resource and energy efficiency of MgSO,7H,0 (seven-water magnesium sulfate)
Description UoM Q-ty Unit price, USD Cost, USD
Revenues - - - $175.0
MgSO,"7H,0 tons 1 $175 $175.0
Expenditures $60.0
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Continuation of the table

TVET tons 0.462 $3 $1.4
FTP-TA tons 0.400 $3 $1.2
Sulfuric acid (H,SO,, density=1.824 g/cm’) tons 0.444 $100 $44.4
Water (H,O, technical) tons 2.8300 $1 $2.8
Electro Energy (firing) kWh 92.4 $0.07 $6.0
Others - - - $4.2
Resource and energy efficiency
Gross profit (margin) - - | - | $115.0

Table 2 — Specific consumption of raw materials and energy resources for production of 1 ton of Mg(OH), and resource and energy
efficiency

Specific consumption of raw materials and energy resources for production of 1 t of Mg(OH),
Type of resource UoM coﬁffrﬂﬁt(izon Designation
MgSO, 7H,0 fons 4243 C_raw
tons 10.6
NaOH (25% NaOH solution) fons 1380 C reactive
tons 5.560
H,0 tons 4.2 C_reagent
Resource and energy efficiency of Mg(OH), magnesium hydroxide)
Description UoM Q-ty Un[i}glr)ice, Cost
Revenues - - - $1445
Mg(OH), (magnesium hydroxide) tons 1 $1200 $1200
Na,SO, (sodium sulphate) tons 2.450 $100 $245
Expenditures - - - $950
MgSO, 7H,O (seven-water magnesium sulfate) tons 4.245 $60 $255.8
NaOH (sodium hydroxide) tons 1.380 $500 $690.0
Water (H,O, technical) tons 4.2 $1 $4.20
Resource and energy efficiency
Gross profit (margin) - - | - | +$495.0

Table 3 — Specific consumption of raw materials and energy resources for production of 1 ton of MgO (magnesium oxide) and resource
and energy efficiency

Specific consumption of raw materials and energy resources for production of 1 ton of MgO

Type of resource UoM Specificconsumption Designation
Mg(OH), (magnesium hydroxide) tons 1.470 C raw
Electricity kWh 731.3 C energy
Resource and energy efficiency of MgO
Description UoM Q-ty Unit price, USD Cost
Revenues - - - $5000
MgO (magnesium oxide) tons 1 $5000 $5000
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Continuation of the table

Expenditures - - - 14443
Mg(OH), (magnesium hydroxide) tons 1.470 $950 1397
Electricity kWh 731.3 $32.64 47.8
Resource and energy efficiency
Gross profit (margin) - - - +$3555.7

Comparative analysis of the revenues of each
stage of the process of obtaining magnesium com-
pounds in the series: magnesium sulfate solution
(MgSO,) — Mg(OH), — MgO shows that the use
of serpentinite (including technogenic) resources
becomes more resource- and energy-efficient in the
deep processing of technogenic waste, when the end
product is magnesium oxide (MgO). This is an im-
portant factor motivating further scientific and tech-
nological research in this direction.

Conclusion

The use of serpentinite as a source of magne-
sium to obtain industrially important compounds
— magnesium sulfate, hydroxide and oxide — is a
promising direction that combines technological,
economic and environmental sustainability. The
most effective methods are acid leaching and ap-
plication of thermoactivated serpentinite at the

stages of neutralization and purification of sulfate
solution, which provides obtaining of magnesium
hydroxide and oxide with high quality character-
istics. The development of these technologies al-
lows to obtain in-demand inorganic magnesium
compounds in various industries of Kazakhstan,
because the volume of serpentinite technogenic
raw materials allows to organize their production
in any necessary quantity.
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Preparation and Characterization of Nano-Iron Oxide
by using Iraqi Orange Plant Extract
and Testing for Adsorption Efficiency

Abstract: Nanomaterials, including nanoparticles such as iron oxide nanoparticles, have received great
attention from researchers due to their unique properties and applications. There are several diverse methods,
including chemical, physical, and green biological methods, to prepare iron oxide nanoparticles. The green
method was chosen because it is safer, purer, and less toxic compared to other methods. Therefore, the
green method is a promising and environmentally friendly method in the near future. The aqueous extract
of Iraqi orange leaves was used to prepare nano iron oxide, it was examined structurally and spectrally by
several techniques (X-ray diffraction- XRD, Fourier transform infrared — FT-IR, field emission scanning
electron microscopy — FESEM, energy disperse X-ray spectroscopy — EDX, and UV-vis spectroscopy).
Through the diagnosis, it was proven that the nano iron oxide was successfully prepared in a spherical form
with an average size equal to 68.5 nm. The nano iron oxide particles were tested to remove the crystal dye
from its aqueous solution, where the removal percentage reached 61% at 298K, dose adsorbent = 0.01 g,
contact time = 90 min, and initial concentration = 11 mg/L. This indicates the possibility of using nano iron
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oxide which preparing by green method in the field of water treatment.
Key words: Fe,O, NPs, green method, orange leaf aqueous extract, adsorption, crystal violet dye.

Introduction

Nanotechnology and nanoscience are among the
most important modern discoveries because they are
the foundation of various areas of modern life. There-
fore, they can be described as those materials that are
manufactured at a scale of 1-100 nanometers. This
size results in dramatic changes in a number of physi-
cal and chemical properties of the material. There are
several methods for preparing nanomaterials, includ-
ing chemical reduction, electro-optical deposition,
co-deposition, spray thermal decomposition, hydro-
thermal, and sol-gel [1, 2].

Recently, researchers have focused on con-
ducting an extensive study on the use of magnetic
nanoparticles (a-Fe,0,, y-Fe,0,, Fe,O,, and FeO) in
various general and biomedical applications [3-5].
Hematite (a-Fe,0,) is one of the most stable forms of
iron oxide. It also has outstanding properties in corro-
sion treatment, chemical stability, optics, magnetism,
and biodegradability at a low cost, which provides
ease and possibility of application in various modern
applications. Applications of hematite nanoparticles
include gas sensors, storage media, dyes, catalysis,

© 2025 al-Farabi Kazakh National University

corrosion treatment, solar energy conversion, and
water purification [6-8].

There are various methods for manufacturing iron
nanoparticles. Some are chemical by using chemical
solvents, which can produce toxic chemicals, making
it a dangerous and unsafe method. Other methods are
physical, but they are expensive because they require
high energy. These reasons make us look for other
safe and environmentally friendly methods. This is
represented by green methods by using living materi-
als and parts in the preparation process [9]. Several
previous studies have addressed the preparation of
metal nanoparticles and their oxides using the green
method through plant extracts and their parts (leaves
and roots) as reducing agents [10-13]. Green syn-
thesis of nanoparticles is highly cost-effective, en-
vironmentally friendly, and non-toxic. In this green
synthesis route, biomolecules in the plant system can
act as capping and reducing agents and increase the
reduction rate and stability of nanoparticles [14, 15].

In this research, we have performed a green syn-
thesis process for a-Fe O, nanoparticles using aque-
ous extract of Iraqi orange tree leaves. The prepared
iron oxide nanoparticles were characterized by sev-
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eral methods (FT-IR, XRD, FESEM, EDX, and UV-
VIS), and the prepared samples were tested to deter-
mine their efficiency in removing the violet crystal
dye from their aqueous solution.

Materials and methods

Materials and Reagents. Solutions and re-
agents were prepared according to analytical stan-
dards and without further purification. Iron nitrate
Fe(NO,),.6H,0(Sigma-Aldrich), ammonia hydrox-
ide (NH,OH) (Sigma-Aldrich), and distilled water.
All solutions were prepared with distilled water.
Leaves of the orange plant were collected from the
local area of Baghdad city in Iraq. Crystal violet dye
(CV) CN,H, CI for adsorption tests.

Preparation of leaves of orange plant extract.
Orange leaves were collected from one of the or-
chards of the Suleiman Pak area located on the Ti-
gris River in Baghdad Governorate. They were then
washed with distilled water several times to get rid of
dust and other pollutants. After washing, the leaves
were dried at room temperature for seven days with-
out exposing them to sunlight. Bitter orange extract
was prepared in water by adding 200 ml of distilled
water to 20 grams of dried bitter orange leaf pow-
der in a 500 ml beaker with continuous stirring and
heating at a temperature of 60°C for an hour. Then
the mixture was left after heating for 24 hours. The
next day, the filtration process was carried out to ob-
tain a clear brown bitter orange extract, which is then
stored in special, tightly sealed bottles. and refriger-
ated for further use.

Synthesis and characterization of iron oxide
nanoparticles. 10 mL of a 0.01 M solution of iron
nitrate with distilled water was placed in a beaker
with stirring using a magnetic stirrer (Hot Plate and
Magnetic Stirrer, LMS-100, Korea) for 30 min. Then
it was continuously stirred in a reducing agent and
a covering agent of the prepared orange leaf extract
until the mixture turned dark brown and a precipi-
tate formed. To ensure a homogeneous reaction, this
process was carried out with continuous stirring. The
collected precipitate solution was centrifuged (Her-
mie Laborti Chink Type Z 200 A, 6000 rpm, Germa-
ny) at 5000 rpm for 20 min with DI water repeatedly.
The dried precipitate powder was heated at 700°C for
8 h (Furnaces oven Vindon LTD, Oldham, England)
to obtain dark red Fe,O, nanoparticles.

The NPs were characterized by using a field
emission scanning electron microscope (FESEM,
ZEISS model: Sigma VP-UK). X-ray diffraction
(XRD) patterns were obtained using Siemens model
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D500, Germany. Surface functional groups of the
NPs were determined by using Fourier-transform in-
frared spectroscopy (FTIR, IRPrestige-21Shimadzu,
Japan). The optical transmission/absorption spectra
of the particles in deionized water were recorded us-
ing a UV-VIS spectrometer (Shimadzu 1800, Japan)
and energy disperse x-ray spectroscopy (EDX, Ox-
ford Instruments, UK).

Adsorption experiments. The adsorption experi-
ment was conducted by applying a continuous sys-
tem by taking a weight (0.01 g) of the Fe,O, NPs and
bringing it into contact with the volume (10 ml) of
(CV) dye solution at a concentration of 11 mg/L by
using a water bath shaker (Labtech, South Korea)
at laboratory temperature, 150 rpm agitation speed,
and over time periods 0—120 min, and each sample
is separated by a centrifuge in order to be measured.
Each solution was analyzed by the spectrometer (Shi-
madzu 1800, Japan), and the amount of adsorbed dye
and the percentage of adsorption (A%) are calculated
through the following equations (1, 2), respectively
[16, 17]:

c,—-C

q. = ( WV 1

C,—C,

%A = ( ) X 100 )

where C_ and C, are the CV dye concentrations at
time (t = zero, t) respectively. The V(L) represents
the volume of the CV dye solution, whereas m(g)
symbolizes the adsorbent weight [18, 19].

Results and discussion

Characterization of Fe,O NPs

XRD analysis. Figurel shows the XRD pattern of
the intermediate iron oxide nanoparticles in orange
leaf water extract within the range (2 theta=5-80°)
showed weak and few peaks, reflecting the low level
of crystallinity in the resulting material. In addition,
the diffraction peaks were identified at 31.18, 33.34,
35.79, 40.95, 49.56, 54.27, and 64.14, respectively,
indexed to 10-2, 104, 110, 20-4, and 116, which
belong to magnetite nanoparticles Fe,O, (JCPDS
00-019-062). There were no additional peeks in
the XRD pattern, indicating the high purity of the
a-Fe O, nanoparticles. The average crystallite size
calculated using the Debye-Scherrer equation for the
synthesized green hematite nanoparticles was about
68.5 nm [20, 21].
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Figure 1 — XRD pattern of iron oxide (a-Fe,0,)

FT-IR analysis. Figure 2 FTIR analysis shows
the functional groups of phytochemicals and Fe,O,
nanoparticles within the range 400-4000 cm™'. Weak
peaks were found at 3087 and 2885 cm! due to the
stretching of the aromatic and aliphatic C-H groups,
respectively. There is also a peak at 1510 cm™ at-
tributed to the stretching of the N=O group, while
the peak 1112 cm™ is attributed to the stretching

of C-O. Therefore, all peaks can be attributed to
the phytochemicals in the aqueous extract, which
are supposed to be responsible for the reduction
of metal ions and their forms to the nanomaterials.
The presence of magnetite nanoparticles can also be
confirmed by the strong peaks around 455 and 534
cm! corresponding to the Fe-O stretches of Fe O,
[22, 23].
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Figure 2 — Spectrum FT-IR pattern of iron oxide NPs
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FE-SEM analysis. Figure 3 shows a field-emitted
scanning electron microscope image of the surface
morphology of the synthesized iron oxide nanoparti-
cles in the orange leaf aquatic extract at a magnification
level of 100 nm. The image showed the aggregation

SEM MAG: 35.0 kx MIRA3 TESCAN
Det: SE

Date(m/dly): 09/18/24

‘WD: 6.06 mm
SEM HV: 15.0 kV
SUT - FESEM

Date(midly): 09/18/24

of particles in the form of extended, heterogeneous,
semi-spherical nano-clusters of Fe,O,. The size of
these particles reaches 30 nm in that specific part of the
image, and it agrees with the average size calculated
according to XRD data in being less than 100 nm [24].

SEM MAG: 350 kx MIRA3 TESCAN

Det: SE

WD: 6.06 mm
SEM HV: 15.0 kV

Liivntvinld

100 nm
SUT - FESEM

Figure 3 — SEM observation of iron oxide NPs at 100nm,1 pm

EDX Analysis. Figure 4 shows the energy disper-
sion X-ray (EDX) results of Fe,O, nanoparticles that
were manufactured in a green and environmentally
friendly way (orange leaf aquatic extract). The per-

centages of the elements that make up the resulting
nano-iron oxide were as follows: 80.04% of O and
19.96% of Fe, indicating the success of preparing
nano-iron oxide with high purity [25, 26].

Figure 4 — EDX Analysis of iron oxide NPs
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UV-vis analysis. Figure 5 shows the UV-vis
spectrum in the range 300-600 nm and here reflects
the characteristic formation of nanoparticles during

color change based on absorption spectra. The char-
acteristic peak at 318 nm confirmed the formation of
Fe,O, nanoparticles [23].

Fe;O0, NPs-orange water

wave length (nm)

600

Figure 5 — UV-Vis spectrum of iron oxide NPs

Study of CV dye adsorption. The adsorption ef-
ficiency of iron nanoparticles CV dye was studied
over a time period of 15-180 min and at constant
conditions including pH 7, initial CV concentration
of 11 mg/L, Fe,O, nanoparticle weight of 0.01 g, and
vibration speed of 150 rpm at 298 K. The amount
of adsorbed CV dye increases with time and reaches

equilibrium at about 90 min, after which the remov-
al rate remains constant. This may indicate that CV
particles with a large surface area can adhere to the
Fe,O, nanoparticle adsorbent for at least 90 min af-
ter saturation of the unoccupied surface sites, with
adsorption efficiency up to 61% (q, = 6.7 mg/g) as
shown in Figures 6 and 7 [27, 28].

qe(mg/g)

100
t(min)

150 200

Figure 6 — Effect of contacting time on the quantity adsorption of CV dye on Fe O, NPs
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70 T

A-percent

100
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Figure 7 — Effect of contacting time on the percent adsorption
of CV dye on Fe,O, NPs

Conclusion

This study concludes the success of applying the
green method by using the aqueous extract of orange
leaves with reduction and coating in the preparation
of nano-ferric oxide particles. This was confirmed by
using several techniques. Through the X-ray diffrac-
tion technique (XRD) and the Debye-Scherrer equa-
tion and matching it with standard data, we conclude
that they are low-crystalline nanomaterials with an
average size of 68.5 nm. From the Fourier transform
infrared technique (FT-IR), the presence of the ac-
tive group Fe-O which is due to the nano-iron oxide,
while we concluded the semi-spherical shape from
the images of the scanning electron microscope with
the emission field (FESEM). By measuring the dis-
perse energy of the X-ray spectroscopy (EDX) and
the ratio of iron to oxygen, we found that the pre-
pared materials are iron oxide with high purity. From
measuring the UV-vis spectroscopy, there is a broad

peak starting from wave length 400 nm and extend-
ing to 300 nm, which indicates that the prepared ma-
terial is nano-iron oxide. The nano-iron oxide was
tested in the field of treating water pollution with or-
ganic dyes, which is the crystal violet dye (CV), and
showed good efficiency in removing the CV dye. The
purple crystalline color gives a good impression of
the efficiency of green materials in water treatment.
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Comparative investigation of Rheum tataricum and Rheum palmatum

Abstract: Medicinal plants have played a crucial role in both traditional and modern medicine for
centuries. Among these, Rheum tataricum and Rheum palmatum have attracted significant attention due
to their diverse pharmacological properties and rich chemical compositions. Despite their widespread use,
detailed comparative studies of these species remain limited. This study aims to provide a comprehensive
evaluation of their morphological characteristics, chemical profiles, and pharmacological effects to enhance
their application in medicine and drug development. The study involved the identification of liposoluble
constituents in R. tataricum and R. palmatum using Gas Chromatography-Mass Spectrometry (GC-
MS). The chemical compositions of both species were investigated, and their bioactive compounds were
quantified. The pharmacological significance of key compounds such as oleic acid, hexadecanoic acid,
octadecadienoic acid, chrysophanol, and apocynin was evaluated based on existing literature.

GC-MS analysis revealed distinct differences in the chemical compositions of R. tataricum and R. palmatum.
The Chinese species, R. palmatum, contained twenty-four compounds, with oleic acid (53.9+0.09%) as a
predominant constituent. In contrast, R. tataricum from Kazakhstan contained eighteen compounds, with a
notably higher content of chrysophanol (35.1+£0.05%). Hexadecanoic acid (18.9%) was found to be a major
component in both species, demonstrating moderate antibacterial activity. Other bioactive compounds
such as octadecadienoic acid, 9,10-anthracenedione, apocynin, and orcinol were detected, indicating their
potential therapeutic applications.

This comparative study provides valuable insight into the chemical compositions and pharmacological
relevance of R. tataricum and R. palmatum. The significant variation in bioactive compound concentrations
suggests distinct therapeutic potentials. These findings support the rational use of these medicinal plants in
pharmaceutical applications and highlight their relevance in both drug discovery and traditional medicine
practices.

Key words: Medicinal plants, Rheum tataricum, Rheum palmatum, phytochemical content, GC-MS.

Introduction

Medicinal plants have long held a pivotal posi-
tion in both traditional and modern medicine. For
centuries, they have been the cornerstone of treat-
ing a wide array of diseases and health conditions,
and their significance in the medical field is indis-
putable [1]. Among the vast number of medicinal
plants, Rheum tataricum and Rheum palmatum have
emerged as two highly valuable species that have at-
tracted global research interest.

© 2025 al-Farabi Kazakh National University

Rheum tataricum, commonly referred to as Tatar-
ian rhubarb, belongs to the genus Rheum in the fam-
ily Polygonaceae. It is mainly distributed in certain
regions of Central Asia and Eastern Europe, thriving
in mountainous areas with specific climate and soil
conditions [2]. Its root, which is thick and fleshy with
a brownish-black outer layer, has been used in tradi-
tional medicine for its laxative and anti-inflammatory
properties [3]. Traditional healers have prepared it
in various forms such as decoctions, powders, and
tinctures to treat digestive disorders such as constipa-
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tion and indigestion, as well as to relieve joint pain,
inflammation, and treat various skin diseases [4]. In
terms of its chemical composition, Rheum tataricum
is rich in anthraquinones, such as emodin, chryso-
phanol, and aloe-emodin, which are thought to con-
tribute to its laxative and anti-inflammatory effects.
It also contains flavonoids, tannins, and polysaccha-
rides, which may play roles in its antioxidant and im-
munomodulatory activities [5].

Rheum palmatum, also known as Chinese rhu-
barb, is another member of the genus Rheum. It is
native to China and widely distributed in the moun-
tainous regions of western and central China [6].
Growing in high-altitude areas with a cool climate
and well-drained soil, it has a large and robust root
with a dark brown or blackish outer bark. In tra-
ditional Chinese medicine, it has a long and rich
history of use. Considered one of the most impor-
tant medicinal plants, it is used for a broad range
of therapeutic purposes. The root and rhizome are
commonly used, and it is renowned for its strong
purgative effect, often used to treat constipation and
to clear internal heat [7]. Additionally, it exhibits
antibacterial, anti-inflammatory, and antioxidant
properties and has been applied in the treatment of
liver diseases, infectious diseases, and certain types
of cancers [8]. Rheum palmatum is also abundant
in anthraquinones, but the content and proportion
of different anthraquinone derivatives may vary
compared to Rheum tataricum. Besides anthraqui-
nones, it contains other bioactive components such
as stilbenes, phenolic acids, and volatile oils. These
compounds contribute to its diverse pharmacologi-
cal activities, including antibacterial, anti-inflam-
matory, and antioxidant effects [9].

With the increasing interest in natural products
for medicinal purposes, a comprehensive under-
standing of these two plants becomes crucial for fur-
ther exploration and utilization. Their rich chemical
compositions and diverse biological activities make
them promising sources for developing of new drugs
and therapies [10].

Research Objectives. The primary aim of this
study is to conduct a detailed comparison between
Rheum tataricum and Rheum palmatum. This com-
parison will cover their morphological characteristics,
chemical compositions, pharmacological effects, and
clinical applications. By systematically analyzing the
differences and similarities between these two spe-
cies, we intend to provide a scientific basis for their
rational utilization and development. Such a compar-
ison will not only facilitate better identification and
classification of these plants but also contribute to a
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more in-depth understanding of their potential in the
pharmaceutical and medical fields.

Research Significance. From a theoretical per-
spective, this comparative study will greatly enrich
the knowledge base of medicinal plant science. It will
deepen our understanding of the relationships be-
tween different species within the Rheum genus and
contribute to the development of plant taxonomy and
pharmacognosy [11]. By identifying the unique fea-
tures and properties of Rheum tataricum and Rheum
palmatum, we can gain valuable insights into the
evolutionary adaptations and biological functions of
these plants.

In practical terms, the results of this study will
have significant implications for drug development
and clinical application. Understanding the differ-
ences in chemical compositions and pharmacological
effects between the two plants can assist researchers
in selecting the most suitable plant material for spe-
cific drug targets. This can lead to the development
of more effective and targeted drugs, shortening the
cost and time of drug discovery. Moreover, for tradi-
tional medicine practitioners, this research can pro-
vide scientific evidence to support the rational use of
these plants in clinical practice, thereby improving
the safety and efficacy of traditional therapies [12].

Materials and methods

Plant raw material. Rheum tataricum was col-
lected during the plant expedition around the Almaty
region in May 2024. Specitying, 12 kilometers away
from Kokbek village with the geographical location
coordinates 43.400270 and 78.806415 referring to
latitude and longtitude, accordingly. Rheum palma-
tum were acquired from China, as it is endemic to
Chinese lands. Both species were slightly washed
with pure water, dried in sunless place, crushed into
small pieces by After being thoroughly dried in the
shade, raw materials were crushed into small piec-
es using a herb grinder machine 2500Y (Yongkang
Boou Hardware Products Co., Ltd., China) and stored
at room temperature.

Quantitative and qualitative analysis

The moisture content and ash of raw herbal plant
materials were determined in accordance with the
standards of the state Pharmacopeia [13, 14].

Analytical balances, a SNOL 67/350 dryer (AB
UMEGA, Lithuania), a muffle furnace, and a desic-
cator can be used to quantitatively assess raw ma-
terials, including moisture content and ash percent-
age. Extractive compounds must be identified using
a reflux condenser, drier, and balances. Flavonoids,
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free organic acids, alkaloids, saponins, tannins, and
coumarins are common bioactive classes that can
be qualitatively analyzed using equipment such as
a flask, reflux condenser, and analytical balances.
A UV-5500 UV-VIS spectrophotometer (Shanghai
Metash Instruments Co., Ltd, China) was used at var-
ious wavelengths to determine the content of flavo-
noids, saponins, and coumarins. The burette is used
to titrate and measure the concentration of free or-
ganic acids and alkaloids. Polysaccharides are identi-
fied after drying the extract to a uniform volume.

Determination of organic compounds by gas
chromatography-mass spectrometry

The analysis of the samples was performed using
gas chromatography coupled with mass spectromet-
ric detection (GC-MS) utilizing an Agilent 7890A
gas chromatograph and 5975C mass spectrometric
detector. The exact conditions including split ratio,
velocity and temperature change are shown in the
Table 1.

Detection and Data Processing: Detection was
conducted in SCAN mode, covering the m/z range
of 34-850. Agilent MSD ChemStation software
(version 1701EA) was used for system control, data
recording, and result processing. Data analysis in-
cluded determination of retention times, peak areas,
and spectral data interpretation using the mass spec-
trometric detector.

Spectral Libraries: The identification of mass
spectra was performed using the Wiley 7th Edition
and NIST’02 libraries, containing over 550,000 spec-
tra.

Table 1 — Condition of analysis for organic compounds
identification by GC-MS

Analysis conditions

Sample Volume 0.5 uL
Sample Insertion Temperature 280 °C
Split Ratio 10:1
Solvent Delay 10 minutes
Chromatographic Column | DB-WAXetr capillary column
Carrier Gas Helium
Constant velocity 1 mL/min
Temperature Program
Initial temperature 40°C
Heating rate 5°C/min
Final temperature 260°C (held for 5 minutes)
Total analysis time 49 minutes

Results and discussion

Quantitative and qualitative analysis of bioactive
constituent classes

As a fundamental step, the cleaned and dried
plant material was checked for authenticity that im-
plies the content of moisture, ash and substances ex-
tracted by different concentration of water-ethanol
concentrations. The classes of biologically active
compounds identified include flavonoids, polysac-
charides, free organic acids, coumarins, tannins. The
results of identification are shown in Table 2.

Table 2 — The quantitative-qualitative analysis of R. tataricum and R. palmatum

Authenticity R. tataricum, % R. palmatum, %
Moisture 4.30 3.30
Ash content 8.50 8.32
Extractive substances (50% EtOH) 209 213
Extractive substances (70% EtOH) 38.5 40.1
Extractive substances (96% EtOH) 36.0 322

Content of BAC, %

Free organic acids 0.88 0.47
Flavonoids 0.06 0.04
Polysaccharides 6.36 2.07
Tannins 7.40 3.67
Coumarins 3.64 2.40
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The analysis of R. tataricum and R. palmatum re-
vealed differences in moisture content, ash content,
and extractive substances obtained using various eth-
anol concentrations. These findings provide insights
into the composition of these species and their poten-
tial applications in different industries. Moisture con-
tent plays a critical role in the stability and storage
of plant materials. R. fataricum exhibited a higher
moisture content (4.30%) compared to R. palmatum
(3.30%). This difference may indicate varying de-
grees of hygroscopicity and suggests that R. tatari-
cum might require more stringent drying conditions
to prevent microbial growth and degradation. The
ash content, which represents the total mineral com-
position of the plant material, was similar between
the two species, with R. tataricum containing 8.50%
and R. palmatum containing 8.32%. These values
suggest that both species have comparable inorganic
constituents, which may influence their potential use
in pharmaceutical or food applications.

The yield of extractive substances varied depend-
ing on the ethanol concentration used. When extract-
ed with 50% ethanol, R. palmatum yielded a slightly
higher extractive content (21.3%) compared to R. ta-
taricum (20.9%). This trend continued with 70% eth-

8,00
7,00
6,00
5,00
4,00
3,00
2,00

0.88
0.06 0.04
B

Flavonoids

0,00
Free organic acids

B R. tataricum

Polysaccharides

anol, where R. palmatum (40.1%) exhibited a greater
extractive yield than R. tataricum (38.5%). However,
at 96% ethanol, R. tataricum (36.0%) had a higher
yield than R. palmatum (32.2%). These variations in-
dicate differences in the solubility of phytochemicals
present in the plants, suggesting that R. palmatum
may contain more polar compounds while R. fatari-
cum retains higher levels of less polar compounds. In
general, 70% ethanol-water solvent is more effective
and appropriate than 50% and 96% ethanol.

The observed differences in extractive yields
imply that different solvent concentrations may be
required to optimize the extraction of bioactive com-
pounds from these species. The higher yield in 70%
ethanol extraction suggests the presence of a signifi-
cant amount of both polar and non-polar compounds
in both plants. Additionally, the higher extractive
yield in 96% ethanol for R. tataricum indicates po-
tential for extracting lipophilic components, which
could be relevant for pharmaceutical and cosmetic
applications. Overall, these findings provide valu-
able insights into the chemical composition of R.
tataricum and R. palmatum, contributing to the un-
derstanding of their potential applications in herbal
medicine, nutraceuticals, and related fields.

Coumarins

Tannins

B R. palmatum

Figure 1 — Comparative content of bioactive compounds in R. tataricum and R. palmatum
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The comparative analysis of biologically active
compounds (BACs) in Rheum tataricum and Rheum
palmatum revealed significant differences in their
composition. The content of free organic acids in R.
tataricum (0.88%) was almost twice as high as that
in R. palmatum (0.47%). This suggests that R. tatari-
cum may exhibit stronger acidity, potentially influ-
encing its pharmacological properties, such as anti-
microbial and digestive activities. The higher level of
free organic acids in R. tataricum could contribute to
its greater solubility and enhanced bioavailability of
active components.

Flavonoid content was slightly higher in R. ta-
taricum (0.06%) compared to R. palmatum (0.04%).
Flavonoids are known for their antioxidant, anti-
inflammatory, and cardioprotective effects. The
minor difference in flavonoid content indicates that
both species may have similar antioxidant potential,
though R. tataricum may have a slight advantage in
this regard.

A notable difference was observed in the poly-
saccharide content, with R. fataricum containing a
significantly higher amount (6.36%) compared to
R. palmatum (2.07%). Polysaccharides are essential
bioactive compounds known for their immunomodu-
latory, prebiotic, and anti-inflammatory properties.
The substantial difference suggests that R. tataricum
may offer superior immune-boosting benefits and
better support for gut health compared to R. pal-
matum. Tannin levels in R. tataricum (7.40%) were
considerably higher than in R. palmatum (3.67%).
Tannins are known for their astringent properties and
their ability to enhance wound healing, provide anti-
microbial effects, and regulate digestion. The higher
tannin content in Kazakhstani Rheum suggests it may
have stronger therapeutic potential in gastrointestinal

health and antimicrobial applications. The couma-
rin content in R. fataricum (3.64%) was also higher
than in R. palmatum (2.40%). Coumarins possess
anticoagulant, anti-inflammatory, and antimicrobial
properties. The increased presence of coumarins in
R. tataricum may indicate greater potential for car-
diovascular protection and anti-inflammatory appli-
cations compared to R. palmatum.

Overall, the results indicate that R. tataricum con-
sistently contains higher levels of biologically active
compounds compared to R. palmatum. This suggests
that R. tataricum may have a broader pharmacologi-
cal spectrum and potentially stronger therapeutic ef-
fects. The higher concentrations of polysaccharides,
tannins, and coumarins in R. fataricum make it a
promising candidate for applications in immune sup-
port, gastrointestinal health, and cardiovascular pro-
tection. However, further studies on bioavailability,
pharmacokinetics, and clinical efficacy are necessary
to validate these findings and determine their practi-
cal applications.

Gas chromatography combined with mass spec-
trometry assay

Liposoluble constituents presenting in R. fatari-
cum and R. palmatum species were identified through
the analysis of petroleum ether extracts applying GC-
MS. Chinese species, R. palmatum consist of twenty-
four compounds in general, results are presented in
Table 3 together with chromatogram represented in
Figure 2. The results of Rheum tataricum from Ka-
zakhstan shown in Table 4 and Figure 4, where 18
compounds were identified in general. The content
of two species differentiates slightly. All data are
expressed as the mean + standard deviation of three
replicates.

Table 3 — Results of chromatographic analysis of the petroleum ether extract of R. palmatum

Ne | Retention time, min Constituents i dl;::?;::gg‘:); Content, %
1 12.15 1-Butoxy-1-isobutoxy-butane 89 0.9+0.01

2 17.80 Cyclohexanol, 5-methyl-2-(1-methylethyl)- 92 0.8+0.01

3 20.50 Benzenepropanoic acid, a-methyl- 68 0.1+0.01
4 23.13 Benzyl nitrile 90 0.4+0.01

5 27.70 Eugenol 89 0.3+0.01
6 30.58 Phenol, 2,4-bis(1,1-dimethylethyl)- 89 0.2+0.01

7 34.21 Ethyl Oleate 84 1.0+0.01

8 34.78 9,12-Octadecadienoic acid, ethyl ester 85 1.7+0.01
9 34.95 Hydrocinnamic acid 90 1.8+0.01
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Continuation of the table
Ne | Retention time, min Constituents . ProPabll}ty of Content, %
identification, %

10 35.64 Ethyl 9,12,15-octadecatrienoate 76 0.3+0.01
11 36.61 Dibutyl phthalate 85 0.2+0.01
12 36.69 Tetradecanoic acid 71 0.2+0.01
13 37.61 2-Butanone, 4-(4-hydroxy-3-methoxyphenyl)- 83 0.3+0.01
14 37.75 Benzenebutanoic acid, 2,5-dimethyl- 76 0.3+0.01
15 38.25 Pentadecanoic acid 77 0.3+£0.01
16 38.51 2-Propenoic acid, 3-phenyl- 92 4.2+0.03
17 39.32 Hexadecanoic acid, 1-.(hydroxymethyl)-1,2- 66 054002

ethanediyl ester

18 39.77 Hexadecanoic acid 94 18.9+0.2
19 40.13 9-Hexadecenoic acid 80 1.7+0.02
20 40.40 2-Butanone, 4-(4-hydroxyphenyl)- 81 0.7£0.01
21 42.63 Octadecanoic acid 80 1.4+0.01
22 43.53 Oleic Acid 94 53.94+0.09
23 44.33 9,12,15-Octadecatrienoic acid, (Z,Z,7)- 92 8.0+0.01
24 51.04 9,10-Anthracenedione, 1,8-dihydroxy-3-methyl- 70 1.8+0.02
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Figure 2 — Chromatogram of Rheum palmatum L. petroleum ether extract

According to GC-MS analysis of Chinese species
of Rheum, the higher content of oleic acid (53.9+0.09
%) at 43.53 minutes can be observed. Oleic acid, as
shown in Figure 3A, is the predominant monoun-
saturated fatty acid in the human bloodstream [15].
Within the brain, it serves as a crucial component
of membrane phospholipids and is abundantly pres-

Int. j. biol. chem. (Online)

ent in myelin [16]. A notable reduction in oleic acid
levels has been reported in the brains of individuals
suffering from major depressive disorder and Al-
zheimer’s disease [17]. Like all free fatty acids, oleic
acid primarily functions as an energy source and a
structural element of cell membranes. Consequently,
oleic acid is now acknowledged as a multifunctional
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nutraceutical and a potent biomolecule. One of its
most distinctive properties is its antioxidant capabil-
ity, as it can directly influence both the synthesis and
activity of antioxidant enzymes [18].

Furthermore, Hexadecanoic acid, also known as
palmitic acid, with concentration of 18.9+0.2 % iden-
tified at 39.77 minutes can be assumed as one of the
major components in Rheum species. Hexadecanoic

HO,

OH

acid (Figure 3B) exhibited moderate antibacterial ac-
tivity against S. aureus, B. subtilis, E. coli, and K.
pneumoniae at a maximum concentration of 50 pg/
ml. For example, Ganesan et al. reported the biologi-
cal activity of hexadecanoic acid derived from Ipo-
moea eriocarpa and suggests its potential application
as a natural antioxidant and antibacterial agent in the
pharmaceutical industry [19].

Figure 3 — Structures of oleic acid (A) and Hexadecanoic acid (B)

Other constituents as 9,12,15-Octadecatrienoic
acid, (Z,Z,Z)- (8.0 %) and 2-Propenoic acid, 3-phenyl-
(4.2 %) are also essential biochemical components in
this medicinal plant. Octadecadienoic acid (ODA) is
an essential fatty acid, meaning that the human body
is unable to synthesize it and must obtain it through
dietary intake [20]. ODA serves as a precursor to two

crucial long-chain omega-3 fatty acids, eicosapentae-
noic acid and docosahexaenoic acid, both of which
play a significant role in inhibiting prostate tumor
growth, supporting brain development, promoting car-
diovascular health, regulating metabolic-inflammatory
responses, and influencing conditions such as obesity,
diabetes, and mental disorders [21].

Table 4 — Results of chromatographic analysis of the petroleum ether extract of R. tataricum

Ne Retenti(.)n time, Constituents . Propabil.ity of Content, %
min identification, %

1 11.05 Heneicosane 71 1.9+0.02
) 11.43 Cyclohexanol, 5-met(}i}:,-ZZ(;’(Sl[;I)Ifethylethyl)—, acetate, ] 14001

3 12.95 Cyclohexanol, 1-methyl-4-(1-methylethyl)- 95 7.9+0.02
4 15.62 Hentriacontane 70 3.0+0.01
5 18.23 Benzyl nitrile 72 1.440.01
6 25.57 Phenol, 2,4-bis(1,1-dimethylethyl)- 92 6.2+0.01
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Continuation of the table
Ne Retenti(?n time, Constituents . Pro!)abil?ty of Content, %
min identification, %
7 78,13 1H-2-Benzopyran—1-ollzlzﬁ;éi:dihydro-8-hydr0xy-3- 9] 17.9£0.04
29.17 Octadecanoic acid, ethyl ester 72 2.6+0.02
9 29.30 Phthalic acid, isobutyl 4-octyl ester 68 0.9+0.02
10 29.68 Phthalic acid, isobutyl 4-octyl ester 65 7.24+0.03
11 30.48 Apocynin 63 3.1+0.01
12 31.61 Dibutyl phthalate 90 1.3+£0.02
13 1201 7,9—Di—tert—butyl—1—0xaspiro(4,5)deca—6,9—diene—2,8— 66 0.540.01
dione
14 34.76 Hexadecanoic acid 75 1.940.02
15 35.22 Benzoic acid, 4-hydroxy-3,5-dimethoxy-, hydrazide 68 0.6+0.01
16 37.69 Orcinol 75 2.1+£0.01
17 41.17 2’.4’-Dihydroxy-3’-methylacetophenone 88 5.0+0.02
18 46.00 9,10-Anthracenedione, 1,8-dihydroxy-3-methyl- 86 35.1+0.05

Compared to R. palmatum, the content of
9,10-Anthracenedione, 1,8-dihydroxy-3-methyl-
(chrysophanol) in R. tataricum (35.1+0.05%) is sev-
eral times higher. It is the major anthraquinone found
in Rheum species. Chrysophanol (Figure 5A), a natu-
rally derived anthraquinone compound, has shown
great promise in cancer therapy due to its wide range
of biological activities [22].
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Moreover, there is quantitatively 17.9+0.04%
of 1H-2-Benzopyran-1-one, 3,4-dihydro-8-hydroxy-
3-methyl- (Figure 5B), which exhibits cytotoxic ac-
tivity and accelerates the growth of SIV branch [23].
Additionally, two other significant compounds were
identified: cyclohexanol, 1-methyl-4-(1-methyle-
thyl)-, which is a tertiary alcohol (7.9+0.02 %) and
phthalic acid, isobutyl 4-octyl ester (7.2+0.03 %).
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Figure 4 — Chromatogram of Rheum tataricum L. petroleum ether extract
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Figure 5 — Structures of Chrysophanol (A) and 1H-2-Benzopyran-1-one,
3.,4-dihydro-8-hydroxy-3-methyl- (B)

Apocynin (3.1£0.01 %) is a naturally occurring
acetophenone that has demonstrated potential in alle-
viating a range of disorders, such as diabetic compli-
cations, neurodegenerative diseases, cardiovascular
conditions, lung cancer, hepatocellular carcinoma,
pancreatic cancer, and pheochromocytoma [24].

Orcinol (2.1+0.01%) is a naturally occurring
phenolic compound found in lichens and plants and
is widely used for detecting pentoses in Bial’s test.
It has been assessed for its antioxidant properties
against 1,1-diphenyl-2-picrylhydrazyl (DPPH), as
well as its antiradical activity [25, 26].

Conclusion

This study provides a comprehensive compara-
tive analysis of Rheum tataricum and Rheum palma-
tum, focusing on their morphological characteristics,
chemical compositions, pharmacological effects, and
potential applications in the pharmaceutical indus-
try. These comparative findings, reported for the first
time, demonstrate that Rheum tataricum contains sig-
nificantly higher levels of several biologically active
compounds compared to Rheum palmatum. Notably,
the polysaccharide content in R. tataricum reached
6.36%, more than three times higher than in R. pal-
matum (2.07%), while tannins were present at 7.40%
versus 3.67%. Additionally, coumarin levels in R. ta-
taricum were 3.64% compared to 2.40% in R. palma-
tum. These elevated values suggest that R. tataricum
may have greater therapeutic potential, particularly in
supporting immune function, gastrointestinal health,
and cardiovascular protection, emphasizing the need
for further pharmacological and clinical studies.

Int. j. biol. chem. (Online)

Through GC-MS analysis, the key differences in
the chemical composition of two Rheum species were
identified. Notably, Rheum tataricum, collected from
Kazakhstan, exhibited a high content of biologically
active compounds such as chrysophanol, 1H-2-Ben-
zopyran-1-one, 3,4-dihydro-8-hydroxy-3-methyl-,
and Cyclohexanol, 1-methyl-4-(1-methylethyl)-,
which demonstrates significant antioxidant, antibac-
terial, and anticancer properties. The increased pres-
ence of these compounds suggests that R. fataricum
is rich in phytochemicals and possesses strong phar-
macological potential comparable to or even exceed-
ing that of Rheum palmatum.

Given the similar therapeutic effects and the
abundance of Rheum tataricum in Kazakhstan,
this species presents itself as a viable alternative
to R. palmatum in the domestic pharmaceutical
market. Its cultivation and utilization could re-
duce dependence on imported Chinese rhubarb,
thereby promoting local production and enhanc-
ing the sustainability of Kazakhstan’s medicinal
plant industry. Furthermore, the economic and
ecological benefits of utilizing a native species
align with the growing global trend toward the
use of regionally sourced natural products in
pharmaceutical applications.

In conclusion, our study highlights the potential
of Rheum tataricum as a valuable medicinal resource
with applications in drug development and tradition-
al medicine. Future research should focus on further
pharmacological testing, optimization of extraction
methods, and clinical studies to fully unlock its ther-
apeutic potential and establish it as a cornerstone of
Kazakhstan’s pharmaceutical industry.
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Optimization of dietary fiber extraction from corn stalks
and product characterization

Abstract: This research optimizes dietary fiber extraction from corn stalks and addresses its potential
use in processed meat and fish products. The research aims to optimize dietary fiber extraction from corn
stalk and characterize its potential as a food ingredient. Corn stalks were extracted using NaOH for dietary
fiber, the procedure involved cleaning, drying, extraction, bleaching, and drying. RSM optimization using
Design-Expert software determined optimal NaOH concentration and extraction time for dietary fiber yield.
Products were characterized by FTIR, SEM, and BET, as well as determining WHC and OHC. This study
optimized the extraction of dietary fiber from corn stalk using NaOH. RSM identified optimal conditions,
i.e., NaOH concentration (A) = 25.96% and extraction time (B) = 65.39 min, yielding 34.47% dietary fiber.
Validation trials resulted in a 34.38 + 0.04% yield. Product characterization (FT-IR, SEM, BET), as well as
assessments of WHC and OHC demonstrate the potential of corn stalk as a dietary fiber source and its use
as a filler for processed meat and fish products. Optimization of dietary fiber extraction from corn stalks,
achieved a yield of 34.47%. The findings highlight the feasibility of corn stalks as a source of dietary fiber
in processed foods and the use of NaOH in extraction for large-scale production.

Key words: chemical extraction, corn stalks, dietary fiber, Response Surface Methodology, sodium
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hydroxide.

Introduction

Food crops, such as corn, are cultivated year-
round, but only the fruit is consumed, leaving a sig-
nificant amount of waste. The yearly yield of corn
stalks is projected to be close to 1 billion tons [1].
In the stem part, there are about 30-50% of the total
weight of the plant, depending on the variety, growth
conditions, and cultivation methods. Corn stalks con-
tain cellulose fiber, which has potential as a source
of dietary fiber and fillers in the processing of fishery
products, such as meatballs and nuggets. This poten-
tial is particularly feasible, as the current filler-wheat
flour is an imported product, which adds to produc-
tion costs. Moreover, the availability of corn stalks is
abundant, renewable, and sustainable, making them
an ideal alternative.

In the processing of fishery products, fillers are
essential to the role in product quality, improving
emulsion properties, enhancing characteristics and
sensory attributes, reducing cooking shrinkage, in-
creasing water and oil-holding capacities, and lower-

© 2025 al-Farabi Kazakh National University

ing production costs. Additionally, processed fishery
products often fall short of meeting dietary fiber re-
quirements. The recommended daily intake is 25 g
per 2.000 calories or 30 g per 2,500 calories, while
meatballs on the market typically contain only 0.5%
fiber per serving. Long-term consumption of synthet-
ic fibers can have detrimental effects on both health
and environmental sustainability [2].

Dietary fiber plays a crucial role in the diet by
supporting the digestive system, aiding the move-
ment of food through the intestines, and facilitating
the removal of waste from the body. Adults need
25-30 g of fiber per day, which should be obtained
from food rather than supplements. A meta-analysis
conducted by the World Health Organization (WHO)
found that consuming at least 25 to 29 g of fiber per
day can help protect against various diseases [3].

The addition of dietary fiber to food products is
one way to increase human fiber intake [4, 5]. Inter-
est in adding dietary fiber to animal products is in-
creasing because of its possible health benefits [6].
In the meat processing industry, meeting the nutri-
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tional claim standards of “source of dietary fiber” and
“high fiber food” requires a minimum of 3 gor 6 g
of dietary fiber per 100 g of product. These claims
can enhance the market potential of dietary fiber-rich
meat and fish products and provide consumers with
healthier food choices. The concentration of dietary
fiber in meatballs is of industrial significance because
it meets the nutritional criteria for these claims. Add-
ing up to 6 g of dietary fiber per 100 g can also affect
the sensory quality of meatball products [7].

The flour is a versatile food ingredient extensive-
ly used in the production of emulsified meat prod-
ucts, such as meatballs [8]. The flour acts as an ac-
tive filler in the meat protein matrix, improving gel
properties and increasing the firmness and cutting
ability of emulsified meat products [9]. Flour, when
combined with dietary fiber, can further enhance the
quality of these products to meet dietary fiber needs.

Cellulose in nature is not found in its pure form
but rather as part of lignocellulose, a complex of
cellulose, hemicellulose, and lignin. Since cellulose
and lignin are bound together, a method is needed to
separate cellulose from lignin; this process is known
as “delignification”. Delignification breaks down the
lignocellulose structure, making cellulose more ac-
cessible and dissolving the lignin content, which fa-
cilitates the separation of lignin from the fiber.

The use of NaOH in the delignification process
can break the ether bonds connecting lignin to cel-
lulose, remove lignin, and increase biomass porosity
[9]. In addition, the bleaching process can use several
chemicals, such as sodium hypochlorite, alkali com-
pounds, and acids, these chemicals can hydrolyze
and bleach the product. The application of this pro-
cess in industry is very feasible to apply, because the
methods and equipment needed are relatively simple.
However, process control is important to be carried
out carefully because cellulose can be degraded un-
der certain process conditions. Therefore, the opti-
mum extraction process conditions are important to
know to produce high-quality products and achieve
high efficiency in order to save production costs.

Some research has focused on modeling and op-
timizing cellulose extraction. For example, from or-
ange peels, palm trees, wheat straw, and corn cobs
[8, 9, 11]. However, modeling and optimization of
cellulose extraction from corn stalks, which has the
potential to be used as dietary fiber, have not been
discussed. This study aims to determine the opti-
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mal conditions for dietary fiber extraction from corn
stalks, characterize the product, and explore the po-
tential of dietary fiber from corn stalks as a food in-
gredient.

Materials and methods

NASA 29 variety hybrid corn stalks as samples
were obtained from Maros Regency, South Sulawesi,
Indonesia. Sodium hydroxide (NaOH) (Merck, Ger-
many) and sodium metabisulfite (Na,S,0;) (Aditya
Birla) were purchased from a local chemical shop.

Cellulose fiber extraction: Corn stalk samples
were cleaned, washed, and chopped using a disk mill
and dried to a water content of 6%. The extraction
process used a stainless steel vessel equipped with
a stirrer and a gas stove as a heater. Dietary fibers
were extracted using chemical methods. Each experi-
mental unit used 100 g of sample and 1000 mL of
NaOH solution, the extraction process takes place at
90°C. After the extraction, the samples were washed
with clean running water until the pH of the water
reached 7. Then, bleaching was performed by soak-
ing the samples in a 5% Na,S,O, solution for 60 min,
followed by filtration using a nylon filter cloth. The
samples were dried to a water content of about 4 to
5%, then packed in plastic bags and weighed to cal-
culate the dietary fiber yield (Equation 1). The sam-
ples were then placed in a cooling room for further
analysis and characterization.

dietary fiber (g}

Yield (%) = x 100 (1)

corn stalk (g)

Optimization and modeling using Response Sur-
face Methodology (RSM). The parameters moni-
tored were the NaOH concentration (%), which was
labeled A, and the processing time (min), which was
labeled B. To determine the impact of A and B as
process parameters on dietary fiber yield (Y), optimi-
zation and modeling were carried out using RSM, the
experimental data was acquired via Design Expert
Version 13 (Stat-Ease, Inc., USA), and used to opti-
mize and model the process. Two central composite
design (CCD) factors were used to monitor the opti-
mal A (%) and B (min) to achieve a high dietary fiber
yield (Y) as responses. The midpoint of the process
was set at 25% for variable A and 60 min for variable
B (Table 1).
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Table 1 — Parameters considered, range and levels of independent variables

Independent Range and levels of independent variables
variables -a -1 0 1 +a
A (%) 10.86 15 25 35 45.86
B (min) 39.14 50 60 70 74.14

Product characterization: The obtained dietary
fiber products were then characterized using Fourier
transform infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM), and Brunauer-Emmett-
Teller (BET). Determining the water-holding ca-
pacity (WHC) and oil-holding capacity (OHC) has
also been carried out. SEM analysis used instrument
SEM, Hitachi SU1000, and FlexSEM 1000 II. Dou-
ble-sided adhesive carbon tape was used to secure the
dried sample to a specimen stub, and a spray of air
was used to remove any extra fiber. Using a SCD500
vacuum turbo evaporator system, a platinum coating
with a thickness of 10-20 nm was deposited on the
sample surface. A Quanta 250 FEG scanning elec-
tron microscope (Hitachi SU1000, Flex SEM 1000
IT) was used to take micrographs of the sample sur-
faces at 500% magnification and a voltage of 5.00
kV. FT-IR spectroscopy analysis (the ALPHA FTIR
spectrometer Bruker Optics GmbH & Co. KG, Ger-
many), was used to obtain FT-IR spectra of samples.
The dried samples were analyzed from 4000 to 500
cm !, slit number 4 cm™, and 24 scans were conduct-
ed for each sample.

For analysis of BET, the sample was analyzed
on the Anton Paar Nova Touch instrument. Samples
with appropriate particle size are selected, and it
was ensured that the sample was dried and free from
contamination. The sample cell was filled with the
correct amount according to the analysis require-
ments. The degassing profile was set according to
the sample type. This process removes adsorbates
present on the sample surface prior to BET analysis.
The sample cell was placed on the degassing sta-
tion, and the process was started according to the
specified profile. The dewar was filled with liquid
nitrogen to the specified level indicator, and the de-
gassed sample cell was installed on the appropriate
analysis station. The analysis profile was selected
according to the sample type, the analysis process
was started, and the instrument was allowed to run
until completion.

Int. j. biol. chem. (Online)

WHC was determined using a modified proce-
dure from Jia et al. [12]. A sample weighing 1.0 g
was mixed with 70 mL of aquadest and stirred for 4
h. The resulting turbid liquid was then centrifuged at
3000 rpm for 15 min, the surplus water was then me-
ticulously eliminated. The weight of the wet sample
was recorded and then placed in an oven at 105°C
until it reached a constant weight. The sample was
weighed to calculate the WHC of the obtained di-
etary fiber (Equation 2).

(wet weight —dry weight) (2)

WHC (g/g) = dry weight

The method adapted from Abdul-Hamid and
Luan [13] was used to evaluate OHC using a 1.0 g
sample. The sample was placed in a centrifuge tube
and mixed with excess corn oil. The centrifuge tube
was stirred for 30 seconds every 5 min, and after 30
min, the tube was centrifuged at 1600 rpm for 20
min. The oil and water attached to the inside of the
tube were cleaned after the excess oil was carefully
separated, and the tube was weighed to calculate the
OHC of the obtained dietary fibers (Equation 3).

OHC (g/g) il reteined (3)

Original dried fiber sample
Results and discussion

The 22 factorial design including the appropriate
responses as the yield of dietary fibers extracted from
corn stalks through a chemical process using NaOH,
is shown in Table 2. The effects of variables A and B
on the response Y of dietary fiber were studied during
experimentation. The data showed that the response
Y ranged from 31.12 to 34.53%. The main purpose
of this chemical extraction process is to produce as
much dietary fiber as possible from the corn stalks.
For the selected models, the sum of squares sequen-
tial model was run for the Y as shown in Table 3.
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Table 2 — 2% Factorial design of CCD, A (%), B (min), and Y (%) as responses

A (%) B (min) Y (%)
15 50 31.65
35 50 31.27
15 70 32.44
35 70 33.44
10.86 60 31.25
39.14 60 32.56
25 45.86 31.12
25 74.14 33.86
25 60 34.53
25 60 34.12
25 60 34.23
25 60 34.15
25 60 34.05
Table 3 — Sequential model sum of squares
Source Sum of squares DF Mean square F-value p-value
Total vs. Mean 14135.23 1 14135.23 - -
Mean vs. Linear 6.6 2 33 2.4 0.1411
Linear vs. 2FI 0.4761 1 0.4761 0.3222 0.5842
2F1 vs. Quadratic 12.86 2 6.43 103.62 <0.0001*
Quadratic vs. Cubic 0.2946 2 0.1473 5.26 0.0589*
Residual 0.1399 5 0.028 - -
Total 14155.61 13 1088.89
Note: *Suggested; *Aliased

The effects of variables A and B on the response
Y were studied during experimentation. The quadrat-
ic response surface model can be seen in the analysis
of variance at Table 4. According to CCD of RSM
utilizing Design-Expert version 13 software, the
maximum Y was achieved under the experimental
conditions of A =25.96% for B = 63.47 min. Under

Table 4 — Response surface quadratic model of analysis of variance

these process conditions, the maximum response (Y)
was 34.47%.

Numerical optimization and modeling of the ex-
traction process: A model that is defined in terms of
real variables can accurately depict the percentage of
dietary fiber that is extracted from corn stalks, as in
Equation 4.

Response: Dietary fiber yield
Source Sum of Squares DF Mean square F- value p-value
Model 19.94 5 3.99 64.26 <0.0001"
A 0.7642 1 0.7642 12.31 0.0099
B 5.84 1 5.84 94.08 <0.0001
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Continuation of the table

Response: Dietary fiber yield
Source Sum of Squares DF Mean square F- value p-value
A? 0.4761 1 0.4761 7.67 0.0277
B? 9.28 1 9.28 149.48 <0.0001
AB 5.17 1 5.17 83.35 <0.0001
Residual 0.4345 7 0.0621 - -
Lack of Fit 0.2946 3 0.0982 2.81 0.1721m
Mean 32.97 R? 0.9787
Std. Dev. 0.2491 Expected R? 0.8865
CV.% 0.7555 Adjusted R? 0.9634
Note: " Significant; ™ Not significant

Y (%) =—4.77137 + 0.401345A +
+1.03404B + 0.003450AB — “)
—0.011549A% - 0.008624B>

where A = NaOH concentration (%) and B = extrac-
tion time (min).

The models are significant for Y according to the
analysis of variance (Anova). The correlation coef-
ficient value was used to assess the quality of the
models that were created. The coefficient of deter-
mination (R?) value of 0.97 shows that the models
adequately represent the true connection between the
selected variables (A and B). The F-value and p-val-
ue were used to assess the importance of the various
terms in each coefficient. A small p-value and a large
F-value would suggest a more significant effect on
the related response variable [14].

The model terms are considered significant if the
p-value is less than 0.05. A, B, AB, A% and B? are
important model terms in this instance. The lack of
fit is not significant in relation to the pure error, ac-
cording to the lack of fit F-value of 2.81. A F-value
of this magnitude has a 17.21% probability of being
the result of noise. A good fit is indicated by a lack of
fit that is not statistically significant.

Figure 1 is a 2D and 3D graphical representa-
tion of the variable A and variable B model on the
Y. A higher yield of dietary fiber will result from
raising the NaOH concentration and lengthening

Int. j. biol. chem. (Online)

the extraction period. The 2D and 3D contour plots
play an important role in visualizing and gaining a
better understanding of the relationships between
variables A and B and the measured response Y.
2D and 3D contour plots are essential in this study
because they offer a visual approach to analyzing
and optimizing processes by directly observing the
relationships between variables A and B and re-
sponse Y.

A 2D contour plot shows the independent vari-
ables A and B affecting Y in two dimensions. The
contour plot depicts the areas where the response
value remains constant. This helps identify patterns
or trends in the experimental data, while a 3D con-
tour plot provides a three-dimensional representa-
tion of the relationship between the two independent
variables, in this case A and B, with respect to Y as
the response. A 3D contour plot is helpful in visual-
izing more complex interactions between the vari-
ables and the response. The 2D contour plot shows
the independent variables A and B which affect Y in
two dimensions. The contour plot describes the area
where the response value remains constant. This
helps identify patterns or trends in experimental
data, while 3D contour plots give three dimensional
representations of the relationship between two in-
dependent variables, in this case A and B, in con-
nection with Y in response. 3D contour plot helps
in visualizing more complex interactions between
variables and responses.
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Cellulose fiber, Y (%)

8: Etraction time, B (min)

A: Concentration of NaOH, A (%)

3D Surface

Cellulose fiber, Y (%)

35

B: Etraction time. B (min) 35 2(A: Concentration of NaOH

50 15

Figure 1 — Contour 2D and 3D surface curves of A and B

The 2D and 3D contour plots visualize the lo-
cation of the optimum response point area, so that
the process conditions can be determined that pro-
duces the best performance. In the 2D contour plot,
researchers can comprehensively understand how
changes in one variable can affect the response when
other variables are kept constant, so that the direct
effect of a single variable to the response can be well
understood. In the 3D contour plot, we can under-
stand the effect of two variable interactions on the
response when the other variables are kept constant.
Based on the comprehensive understanding of the
contour plot viasualization, researchers can design
advanced optimization research by focusing on a
significant variable affecting the process to produce
high -quality products and achieve the effectiveness
and efficiency of a chemical process. The next step
is verification and validation of the RSM results on a
laboratory scale to ensure feasibly methods and mod-
els are applied in the industry.

Related to Figure 1, it can be explained that the
maximum Y is achieved when using A =25.96% and
B = 65.39 min. If variables A and B are smaller or
larger than these values, then the Y is not maximum.
Based on the coefficient value of the regression mod-
el (Equation 2), where the coefficient B > A, it can be
explained that the influence of variable B is greater in
obtaining the maximum Y compared to the influence
of variable A. This can also be proven from the esti-
mated coefficient value, where the value of B > A, or
the value of B = 0.8544, and the value of A =0.3091.

More about dietary fiber extraction, the alkaline
hydrolysis breaks the bonds between the lignin and
hemicellulose’s ester groups, aryl-ether, carbon-
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carbon, and aryl-aryl groups, reducing the amount
of lignin and hemicellulose [14]. Increasing the con-
centration of NaOH, on the other hand, will result in
the uncontrolled hydrolysis of cellulose’s functional
groups, lowering the product’s cellulose content. The
recovery of cellulose fibers is positively impacted by
longer extraction times as well; however, prolonged
extraction leads to cellulose degradation and a reduc-
tion in cellulose yield.

Alkali treatment with NaOH is very effective in
achieving complete biomass hydrolysis. This method
effectively dissolves lignin and hemicellulose frac-
tions while causing minimal cellulose dissolution.
It works by breaking down the biomass cell walls,
dissolving matrix hemicellulose and lignin, as well
as breaking the a-ether bonds between these compo-
nents, as well as the ester bonds associated with them
[11]. The impact on hemicellulose can vary depend-
ing on the processing conditions [15]. The efficiency
of this treatment is influenced by several factors, in-
cluding temperature, concentration, duration, type of
raw material used, and lignin content in the material
[16].

In RSM, desirability and predicted response Y
are also visualized as in Figure 2. The desirability
value helps guide decisions and provides a clear fig-
ure of how well an experimental condition meets the
desired objectives. The NaOH concentration and ex-
traction duration were tuned to “within range” in or-
der to maximize the dietary fiber extraction process.
The “maximize” dietary fiber content was selected.
The results indicate that the extraction of dietary fi-
ber can be finished in a comparatively short amount
of time. In addition, the analysis confirmed that corn
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stalks contain a significant amount of cellulose, sup-
porting their potential as a source of dietary fiber and
as a food ingredient. The composition variation is in-

Desirability

Desirability 0955

B: Etraction time, B {min}

A Concentration of NaOH, A (%)

fluenced by factors such as species, geographic loca-
tion, age, and climate, as noted in previous studies
[17].

Cellulose fiber, ¥ (%)

Prediction 34479

B: Etraction time. B {min}

25 ]
A Concentration of MaOH, A %)

Figure 2 — Desirability and response Y prediction, show the ideal set
of process variables that will yield the maximum dietary fiber content response

In chemical process optimization, “desirability”
refers to a systematic approach used to evaluate and
improve the performance of a process based on mul-
tiple criteria or objectives. The concept is often im-
plemented through a “desirability function,” which
helps combine multiple responses into a single metric
for optimization. The desirability function measures
how desirable a particular outcome is, typically rang-
ing from 0 (not desirable) to 1 (very desirable). Dif-
ferent responses, in this case dietary fiber yield, can
be converted into a desirability score, allowing for a
comprehensive evaluation.

The application of RSM in chemical process re-
search can help researchers to explore the influence
of several variables on the intended response and
achieve optimum process conditions. Overall desir-
ability can be known from the desirability value of
each intended response so that researchers can make
decisions regarding the optimum chemical process
conditions appropriately. Desirability considers sev-
eral factors, identifying optimum process conditions
by balancing all factors involved in a chemical pro-
cess. Thus, decision-making on a chemical process
can be more effective, efficient, and feasible.

Verification model: Verification of optimal di-
etary fiber extraction conditions was carried out using
optimized parameters. For model verification, tripli-
cate experiments were used. This was to show that the
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optimal extraction condition solution recommended
by the RSM produced dietary fibers according to the
predicted values. The average yield, according to the
data, was 34.47%, which was close to the verification
value of 34.38 + 0.04%. The average yield value of
dietary fibers produced during the verification proce-
dure was slightly less than the prediction but not sig-
nificantly different, so the model created can be used
to maximize the extraction of dietary fibers from corn
stalks and is reliable and adequate in its predictions.
These results indicate that the dietary fiber extraction
model from corn stalks obtained from the verification
process can be applied to actual applications.
Characteristics of the product. Cellulose fiber is
needed in food processing as a dietary fiber and as a
filler in processed meat and fishery products such as
meatballs or fish balls. The filler and source of di-
etary fiber currently used is wheat flour, but addition-
al dietary fiber from other sources is still needed. The
ability of flour to absorb high water is needed in this
case because it has an impact on the texture, taste,
and consistency of the final product. Flour with good
water absorption capacity can produce a softer and
chewier product texture, the quantity of water that
the flour absorbs determines the elasticity and den-
sity of the dough. Flour that absorbs water well can
help bind other ingredients so that the final product is
more stable and does not easily crumble. In products
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that require fermentation, such as bread, the ability
of flour to absorb water affects the gas formation pro-
cess needed for dough development, flour with good
water absorption capacity tends to be more durable
because it can control the water content in the dough.
Highly porous cellulose fibers usually have good
WHC because their porous structure allows for great-
er water retention. This makes it suitable for appli-
cations in products that require moisture, such as in
wet food products or as a binder. The WHC value of
corn stalks dietary fiber was found to be 5.1 £ 0.04
(g/g), this value can explain the great potential of
corn stalks dietary fiber as a food ingredient. In this
case, corn stalks dietary fiber can be combined with
wheat flour or rice flour as a source of fiber and filler
in the processing of meat and other fishery products
that require flour for dough. Corn stalks dietary fiber
has the potential to be combined with wheat flour be-
cause wheat flour has a low WHC of 1.85 g/g [18].
In line with WHC, OHC is also important in
food processing and has several significant impacts,
namely that flour that is able to absorb oil well can
provide a crispier and softer texture to products, such
as cakes and pastries. Good oil absorbers can help
bind flavors and aromas and provide a more specific
taste to food products. Related to product stability,
the ability of flour to absorb oil can increase product
stability, help prevent fat separation from dough or
mixtures, and provide moisture. Flour that absorbs
oil can also help maintain moisture in food products,

0.125

which is important for maintaining freshness. In the
baking process, flour that absorbs oil can contribute
to the formation of the desired crust and color. The
OHC value of good flour ranges from 1.0 to 2.0 g
oil/g flour [19]. Wheat flour has an OHC value of
1.05 (g/g) [20]. Related to OHC, dietary fiber tends
to have a lower value, often ranging from 1 to 2 g
oil/g fiber. This is because dietary fiber absorbs more
water than oil. The OHC value of corn stalks dietary
fiber in this study was found to be 1.2 £ 0.03 (g/g).

Dietary fiber products were further characterized by
FTIR, SEM, and BET instruments. Spectral analysis of
the functional group of dietary fibers before and after
treatment with NaOH has been carried out using FT-IR
infrared spectroscopy. Figure 3 shows that there are two
main regions of absorption, namely the region with a
wavenumber range from 500 to 1600 cm™. The absorp-
tion bands near 3303 and 2907 shifted slightly to 2864
cm™ for the -CH, group of dietary fibers, the treated
stalks are linked to asymmetric stretching of C-H bonds
and hydrogen-bonded OH groups [21]. The characteris-
tic signals at 1358 cm™ correspond to the deformation
vibrations of CH, and CH groups [22, 23]. The peak
located at 1145 ecm™ is linked to asymmetric C-O-C
stretching. After hemicellulose, lignin, and pectin were
removed, thebroad peak atabout 1013 cm™ representsthe
C-O stretching vibrations in cellulose that varied little.
The C-O group connected to the B-glycosidic link was
also identified as the source of the peak at 883 and 891
cm™ [24, 25].

0.105 ——Corn Stalks 25% NaOH 60 min

——Raw Corn Stalks
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Figure 3 — FT-IR spectra of corn stalks as the sample and dietary fiber extracted from corn stalks as the product
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Furthermore, the carbonyl group of aromatic
acids present in lignin and hemicellulose in raw
maize stalks was identified as the cause of the
shoulder peak at 1582 and 1596 cm™'. The FTIR
bands at 1745 and 1237 cm™ in corn stalks are as-
sociated with the carbonyl (C=0) stretching and
C-O stretching vibration, respectively, primarily
from ester groups present in hemicellulose. These
peaks often indicate the presence of acetyl or es-
ter linkages within hemicellulose, which are re-
sponsible for its structural role in the plant cell
wall. The intensity of this band can decrease after
chemical treatments, such as alkaline process-

100pm

TM PNUP 5.00WY 7 .0mm %300 SE

ing, as hemicellulose and associated esters are
removed [25].

SEM was used to analyze the raw material’s mi-
crostructure (Figure 4). The surface of the raw corn
stalks displays a rough, uneven, filamentous struc-
ture. This filamentous nature results from the pres-
ence of wax layers, pectin, and other impurities, such
as lignin and hemicellulose, which bind the cell walls
of the corn stalks together. However, after treatment
with 25% NaOH for 60 min, the rough, filamentous
surface breaks down, revealing a fibrous structure.
The NaOH dissolves the wax, pectin, hemicellulose,
and lignin, leaving behind only cellulose fibers.

W oa I SN R

100pm

Figure 4 — SEM analysis of corn stalks (a) and dietary fiber extracted
from corn stalks after 60 min treatment with 25% NaOH (b)

Analysis of corn stalks dietary fiber products
using the BET can be seen in Figure 5. The graph
shows that most of the pores are >2 nm in size, this
value indicates that the existing pores are mesopores.
This fairly large pore size correlates with the large
absorption capacity of dietary fiber products for wa-
ter and oil. Figure 5 shows the adsorption and de-
sorption capabilities of dietary fiber products, which
are almost comparable. This means that the product
has almost the same absorption capacity in absorb-
ing (adsorption) and releasing (desorption) water and
oil. In this result, adsorption refers to the ability of

Int. j. biol. chem. (Online)

water molecules to adhere to the surface of dietary
fiber products, while desorption is the ability of water
and oil molecules to be released back into the envi-
ronment. These two abilities are almost the same, so
that corn stalks dietary fiber products have a good
balance between water absorption and release, which
can impact the quality, texture, and shelf life of the
product in its application in the food sector or other
industries. This balance is especially important in the
context of the storage and use of dietary fiber prod-
ucts because it can impact the physical and chemical
properties of the processed products.
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Figure 5 — Analysis of dietary fiber products from corn stalks using
the BET instrument (¢ Adsorption and o Desorption)

The pore surface area obtained was 3.07 m%g,
pore size = 0.7-41 nm, adsorption pore volume =
3.58E-03 cc/g, desorption pore volume = 3.60E-03
cc/g. The adsorption and desorption abilities of di-
etary fiber products that are almost the same are con-
sidered good in several ways, including: 1) Moisture
balance: Products with balanced adsorption and de-
sorption abilities can maintain optimal humidity so
that these conditions can prevent the product from
becoming too dry or too humid, which can affect its
quality; 2) Product stability: This balance can help
maintain the stability of dietary fiber products dur-
ing storage, reducing the risk of lump formation or
mold growth due to excessive moisture; and 3) Per-
formance in the processing: In the food processing,
dietary fibers that can absorb and release water well
can provide better texture and consistency in the final
product.

This study provides a model of the optimum
conditions for the process of extracting dietary fiber
from corn stalks. The effect of the interaction NaOH
concentration and extraction time was achieved at
25.96% NaOH for 65.39 min and produced a yield
of dietary fiber of 34.47%, and at the laboratory scale
verification stage, a yield of 34.38% was produced.
These results promise the feasibility of this method
for industrial-scale applications. An important result
of this study is that the optimum conditions for the
process of extracting dietary fiber from corn stalks

Int. j. biol. chem. (Online)

were achieved at a NaOH concentration of 25.96%
and an extraction time of 65.39 min, producing di-
etary fiber of 34.38%.

Based on the results of product characterization,
namely WHC and OHC analysis, as well as analysis
using FT-IR, SEM, and BET instruments, it provides
scientific evidence of the product’s feasibility as a
source of dietary fiber that supports the potential use
of the product as a food ingredient. The implication
of this study is the availability of an effective and ef-
ficient method for extracting dietary fiber from corn
stalks. In addition, the results of this study offer an
alternative source of dietary fiber that is abundant,
renewable, and sustainable as a filler, especially in
meat and fish processing. Recommendations for fur-
ther research include exploring the application of
corn stalk fiber in various food matrices and investi-
gating the long-term stability and sensory properties
of products containing this dietary fiber.

Conclusion

This study provides a model of optimal conditions
for the process of extracting dietary fiber from corn
stalks. The optimum conditions in relation to NaOH
concentration and extraction time were achieved at
25.96% NaOH for 65.39 min. Under these condi-
tions, the yield of dietary fiber obtained was 34.47%,
and at the laboratory scale verification stage, it was
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produced as much as 34.38%. These results con-
firm the feasibility of this method to be applied on a
larger scale. Product characterization based on FT-
IR, SEM, BET, WHC, and OHC analyses illustrates
the feasibility of the product as a source of dietary
fiber and filler in food processing. The implication of
this study is the availability of an effective, efficient,
and feasible method for extracting dietary fiber from
corn stalks that can be applied in industry. In addi-
tion, the results of this study inform the existence of
an alternative source of dietary fiber that is abundant,
renewable, and sustainable to be applied as a filler,
especially in meat and fish processing. Recommen-
dations for further research include an exploratory
study of the application of corn stalk fiber in various
food preparations such as bread, cakes, and noodles/
pasta. In addition, research related to the long-term

stability and sensory properties of products contain-
ing this dietary fiber.
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Synthesis of Cellulose based Hydrogel with High Absorption Capacity

Abstract. In this work, the possibility of obtaining biohydrogels from carboxymethyl cellulose (CMC) and
hydroxyethyl cellulose (HEC) using citric acid (CA) as a cross-linking agent was investigated. CMC and
HEC used in the work were synthesized from microcrystalline cellulose obtained from sunflower seed husks
(SFH). More specifically, local agricultural waste was used as a raw material source for the monomers used
to produce the hydrogel. The chemical and crystal structures of the synthesized hydrogel were analyzed
using FTIR and XRD techniques, with comparisons made to the initial monomers.The thermal stability of
the synthesized hydrogel was 580°C, and the mechanical strength was 134 kPa. According to the kinetics
of swelling in water, it was found that the degree of swelling in the first two hours was 500%. The hydrogel
synthesized on the basis of cellulose showed high potential for use as a biodegradable composite sorbent for
purification of water from heavy metals, drug delivery and protect plants from drought.

Key words: biohydrogel; carboxymethylcellulose; hydroxyethylcellulose; citric acid; swelling kinetics.

Introduction

Hydrogels are three-dimensional polymer ma-
trices that have the ability to swell significantly in
aqueous media due to the retention of a large volume
of liquid in their structure without dissolution [1].
This feature determines their application in various
fields — from biomedicine to agriculture, from sensor
devices to substance delivery systems [2]. In recent
years, growing attention has been directed toward
the development of biodegradable hydrogels derived
from natural, renewable resources — primarily poly-
saccharides such as cellulose, alginates, chitosan, and
their derivatives [3].

The use of natural polymers to produce biohydro-
gels is associated not only with their environmental
safety, but also with a high degree of biocompatibili-
ty, low cytotoxicity and availability of raw materials.

Cellulose, as the most common natural polysac-
charide on Earth, is of particular interest in the con-
text of hydrogel synthesis due to the possibility of
chemical modification and cross-linking under mild
conditions [4]. Such derivatives easily form gel-like

© 2025 al-Farabi Kazakh National University

structures through both physical and chemical cross-
linking [5].

The physicochemical characteristics of biohy-
drogels directly depend on the nature of the poly-
mer used, the method of cross-linking, the degree of
substitution of functional groups and the synthesis
conditions [6]. The main parameters that determine
the functionality of the gel system are the degree of
swelling, porosity, mechanical strength, thermal sta-
bility and degradation kinetics [7-9].

In the study, hydrogels were synthesized for drug
delivery and heavy metal ion sorption in water using
hydroxyethyl cellulose (HEC) and carboxylmethyl-
cellulose (CMC) as monomers, methylene bisacryl-
amide (MBA) and epichlorohydrin (ECH) as cross-
linking agents. According to the study results, the
hydrogel using MBA as a cross-linking agent was pH
sensitive, releasing 85.2% of the drug at pH 7.4. On
the other hand, the hydrogel using ECH as a cross-
linking agent was able to sorb up to 90% of Cu*
in water within one hour. However, the use of syn-
thetic cross-linking agents in these studies does not
allow the obtained hydrogels to be fully assessed as
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biohydrogels. In this regard, the possibility of using
organic acids as cross-linking agents, such as citric,
succinic, fumaric and malic acids, has been widely
studied in recent scientific works [10-11]. The studies
have established that the use of natural organic acids
as cross-linking agents increases the biocompatibility
of the hydrogel, its chemical and physical structural
stability, as well as its sorption capacity [12-13].
Based on the results of the literature review, the
development of fully biocompatible cellulose-based
materials is consistent with the goals of “Sustainable
Development”, the study investigated the possibility
of synthesizing CMC and HEC from microcrystal-
line cellulose (MCC) obtained from local agricultural
waste and then cross-linking CMC and HEC with cit-
ric acid to obtain a hydrogel. The physicochemical
properties of the obtained hydrogel were determined.

Materials and methods

Materials. The following reagents were used in
this work: epichlorohydrin (99%); sodium hydroxide
(NaOH, >98%); urea (carbamide, CH,N,O, >99%);
citric acid (=99.5%); acetic acid (CH,COOH, 299%);
ethanol (C,H,OH, 95%). All chemical reagents were
purchased from Sigma Aldrich and used without fur-
ther purification.

Obtaining of MCC. To obtain microcrystalline
cellulose, plant raw material — sunflower seed husks
(SFH) — was used. MCC was obtained based on the
method of Battalova, A., et all, 2024 [14]. A sample
of 10 g of SFHs was measured, and a SFH to poly-
acrylic acid (PAA) ratio of 1:14 g/mL was used. The
mixture was subjected to continuous vigorous stir-
ring and boiled at 90 + 5°C in a rotary flask. After
heating, the mixture was cooled using a condenser
to achieve delignification. The resulting MCC was
then brought to 25 + 2°C, filtered, and washed with
distilled water until neutral. Finally, it was dried at
80 +2°C for 6 hours until a stable weight was at-
tained (Figure 1).

Synthesis of carboxymethylcellulose (CMC)
To prepare CMC, 5 g of microcrystalline cellulose
(MCC) were combined with 100 ml of 95% ethanol
and 10 ml of 45% NaOH solution in a flask. The mix-
ture was stirred at 750 rpm using a magnetic stirrer
for 60 minutes at room temperature. Subsequently,
5 ml of trichloroacetic acid were added, and the re-
action mixture was heated in a water bath at 60 °C
for another 60 minutes while stirring. After cooling
to room temperature, the mixture was neutralized to
a pH of 6—7 using glacial acetic acid. The resulting
product was filtered through paper and washed with
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500 ml of 80% ethanol using a Soxhlet extractor for
3 hours. Finally, the synthesized CMC was air-dried
at room temperature. (Figure 2).

Figure 1 — Obtained MCC sample

Figure 2 — Synthesized CMC

Obtaining of hydroxyethyl cellulose (HEC). To
prepare the alkaline system, a NaOH/urea/water mix-
ture in a volume ratio of 5:7.3:50 (ml) was added to
50 ml of distilled water and stirred for 10 minutes.
The resulting solution was then placed in a freezer
at —12 °C for 6 hours. After cooling, it was allowed
to thaw at room temperature, and a 5% suspension
of microcrystalline cellulose was prepared. While
continuously stirring, 45 ml of epichlorohydrin were
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gradually added to the suspension. The reaction was
maintained at 25 °C for 1 hour using a magnetic stir-
rer, followed by further incubation at 50 °C for 5
additional hours. The final product was neutralized
with acetic acid and washed with distilled water until
a neutral pH of 7 was reached. The suspension was
subsequently frozen for 24 hours and lyophilized at
—40 °C (Figure 3).

Figure 3 — Synthesized HEC
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Obtaining biohydrogel. The biohydrogel was
synthesized based on a mixture of CMC and HEC
polymers, using citric acid (CA) as a crosslinking
agent. For this purpose, a polymer solution with
a total concentration of 2% by weight (relative
to water) was prepared in distilled water at room
temperature, with a mass ratio of CMC:HEC of
2:1, respectively. Considering the faster solubil-
ity of HEC, it was first dissolved in water, ob-
taining a moderately viscous transparent solution
within 5 minutes. After that, CMC was added to
the solution and stirring was continued for 24
hours, which resulted in the formation of a vis-
cous homogeneous gel-like solution. Then citric
acid was added to the mixture in an amount equal
to 15% of the polymer composition weight. To
preliminarily remove moisture, the samples were
dried at a temperature of 40+2°C for 24 hours.
After this, heat-induced crosslinking was carried
out at a temperature of 80+5°C for the next 24
hours, with periodic monitoring of the state of
the samples (Figure 4). The hydrogel synthesized
during the study was conventionally designated
as CMC/HEC hydrogel.

(4

Figure 4 — Synthesis scheme of CMC/HEC hydrogel

IR-Fourier analysis. FTIR spectra were recorded
using an FT-801 spectrometer (Simex, Russia) with
a resolution of 1 cm™' over the wavelength range of
500—4000 cm . The standard KBr pellet method was
used, with the sample and potassium bromide mixed
in a 1:10 ratio. Measurements were conducted at
25°C with 100 scans per sample. Prior to use, the po-
tassium bromide was ground and preheated at 200°C
for 3 hours to remove moisture.

XRD analysis. The crystalline structures of the
samples were examined using an XPertPRO dif-

Int. j. biol. chem. (Online)

fractometer (Malvern Panalytical Empyrean, Neth-
erlands) equipped with monochromatic CuKa ra-
diation. Scanning was performed in the 20 range of
10°—45° with a step size of 0.02°. The X-ray tube
operated at a voltage of 45 kV and a current of 30
mA, with a measurement time of 0.5 seconds per
step.

TGA analysis. The thermal properties of the hy-
drogel were investigated using a BXT-TGA 103 dif-
ferential thermogravimetric analyzer (China) under
an argon atmosphere. The analysis was conducted
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over a temperature range of 30-700 °C, with a heat-
ing rate of 10 + 1 °C per minute. The initial sample
mass was approximately 20 + 2 mg.

Mechanical properties. The mechanical proper-
ties of the obtained CMC/HEC hydrogel were deter-
mined by compression using a TA.XT-3000 texture
analyzer (China) under standard conditions at a tem-
perature of 254+2°C. Cylindrical hydrogel samples
with a diameter of about 10 mm and a height of 10
mm were formed for testing, the surfaces of which
were leveled to distribute the load uniformly. A metal
cylindrical probe with a diameter of 25 mm was used
as a loading element. The tests were carried out in
compression mode with the following parameters:
approach speed — 1.0 mm/s, compression speed — 0.5
mm/s, probe penetration depth — 5 mm or until sam-
ple failure, maximum load — up to S00N. The sample
was placed in the center of the device platform, after
which the probe performed a vertical movement at a
given speed.

Study of the swelling kinetics of biohydrogel. Hy-
drogel samples weighing 0.1 g were placed in a con-
tainer with distilled water at a temperature of 25+1
°C, periodically removed, excess water was removed
with filter paper and weighed until a constant mass
was achieved. The swelling degree (Q, g/g) was cal-
culated as the ratio of the mass of the swollen hydro-
gel to the initial mass of the dry sample. The experi-
ments were carried out in triplicate with subsequent
averaging of the results. The swelling degree o was
calculated using the formula:

a (%) = m-m /m *100% (nH

where m is the mass after swelling of CMC/HEC hy-
drogel, m is the initial mass of CMC/HEC hydrogel.

Results and discussion

FTIR analysis. Comparative IR spectra of the
initial monomers and the synthesized hydrogel are
shown in Figure 5. FTIR of CMC (Fig. 5a) is char-
acterized by the presence of a broad band at about
3420 cm™!, attributed to the stretching vibrations of
hydroxyl groups (O-H), and a band at 2920 cm™,
corresponding to vibrations of methylene groups
(C-H) [15-17]. CMC is also typically characterized
by the presence of pronounced carboxylate bands at
1640 and 1630 cm™, caused by asymmetric and sym-
metric stretching vibrations of —COO~ groups, and a
band at about 1060 cm™ (C—O-C), associated with
glycosidic bridges [18-19].
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Figure 5b FTIR HEC revealed a broad absorp-
tion at 3358 cm ™! due to the O-H stretching vibration
[16]. Another medium absorption band is present at
2875.57 cm! characterizing the C-H stretching vi-
bration. The peaks at 1690 cm™ and 1407 cm™ were
assigned to the O-H plane strain and C-H symmet-
ric bending vibrations respectively in -CH,O [19].
Moreover, the beta-(1,4) glycoside bond was indicat-
ed by the absorption band present at 930 cm™'. The
absorption peak at 1120 cm™' is due to the C-O an-
tisymmetric vibration [20]. Similarly, the absorption
peak at 1030 cm™! is attributed to the C-O-C valence
vibration in the glucopyranose structure [21].

The IR spectra of CMC/HEC hydrogel showed
the characteristic absorption peaks of CMC and
HEC, indicating the successful preparation of the hy-
drogel (Fig. 5¢). A slight shift of OH groups from
3350 cm™ to 3450 cm! was observed in the compara-
tive study with CMC and HEC. This indicates the
successful crosslinking of CMC and HEC by citric
acid to form the biohydrogel. In addition, it was not-
ed that the signals of carboxyl and OH groups in the
range of 1630—-1690 cm™! in the spectra of the original
CMC and HEC monomers overlap with each other
in the spectrum of the CMC/HEC hydrogel and shift
to 1740 cm™. This is explained by a decrease in the
mobility of the carboxyl and hydroxyl groups linked
to each other. [22-23]. This also corresponds to the
characteristic stretching band of the carbonyl group
associated with the formation of ester bonds in the
hydrogel network, which confirms successful cross-
linking and formation of the hydrogel.

XRD analysis. Comparative diffraction patterns
of the initial CMC and HEC monomers and the syn-
thesized CMC/HEC hydrogel are shown in Figure
6. In the CMC and HEC samples, diffraction peaks
were recorded at 26 20.5° and 22.4°. This is typical
for the crystal structure of cellulose 11, which corre-
sponds to hkl 110 [24]. A peak at 26 22.4° was found
in the diffraction pattern of the CMC/HEC hydrogel.
It is evident that the intensity of the diffraction peak
decreased by 2 times compared to CMC and HEC.
This is due to the destruction of the crystalline struc-
tures of CMC and HEC during chemical crosslink-
ing and an increase in amorphous structures. [25].
Similar results were obtained in X-ray diffraction
analysis of hydrogels synthesized from commercial
CMC/HEC in [9, 26] studies. It can be concluded
that the increased amorphous structure of cellulose
monomers can affect the free movement of polymer
units in the hydrogel matrix and the free penetration
of liquids into the hydrogel.
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Figure 5 — IR spectra: a) CMC; b) HEC ¢) CMC/HEC hydrogel
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Figure 6 — XRD spectra: a) CMC;b) HEC
¢) CMC/HEC hydrogel
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TGA analysis. TGA curves of the presented sam-
ples show differences in thermal stability and mecha-
nisms of their thermal decomposition (Fig. 7).

TGA of CMC shows three main stages of mass
loss (Fig. 7a). The first stage (up to about 200°C) is
associated with the evaporation of adsorbed mois-
ture and accounts for about 15% of the total mass.
The second and most pronounced stage (200-
540°C) corresponds to thermal destruction of the
main chain of the cellulose polymer and decarbox-
ylation of carboxyl groups [27, 28], the mass loss
is in the range of 40-45%. The last stage of decom-
position (above 400°C) is associated with further
carbonization and pyrolysis of the polymer, with
the formation of a small ash residue after 600°C
[29].

The HEC also exhibits a three-stage thermal
degradation process (Fig. 7b). The first stage (up to
200°C) is similar to CMC and involves the loss of
sorbed water (~17%). The main stage (200-430°C) is
accompanied by significant mass loss (~65%) due to
the destruction of hydroxyethyl side groups and the
main polymer skeleton [27, 30]. In the temperature
range of 450°C and above, slow carbonization and
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decomposition of residual organic compounds oc-
curs with almost complete combustion in the region
of temperatures of 800°C.

The hydrogel shows improved thermal stability
compared to individual monomers, which is reflected
in a smoother curve and a shift in the decomposition
stages towards higher temperatures (Fig. 7c). At the
initial stage (up to 200°C), the hydrogel does not lose
mass. At temperatures of 200-580°C, 50% of the
hydrogel mass undergoes degradation. This occurs
due to the rupture of the main glucosidic bonds in
the molecules of the original monomers and the ester
bonds formed by citric acid [28]. The final stage of
thermal degradation occurs at temperatures of 580-
800°C. During this period, the hydrogel loses 60%
of its initial mass and undergoes depolymerization.
As a result, decomposition into CO, and other vola-
tile organic compounds occurs. Ikrame Ayouch et. al.
2021 [22] found that the thermal stability of CMC/
HEC hydrogel is 365°C. In this study, it was found
that the thermal stability of the synthesized hydrogel
reaches 580°C. This is 1.5 times higher than the pre-
vious study.

100 4

80 -

xX
B 60+
1]
=
404
20 " T . T . T " T b
0 200 400 600 800

Temperature, °C

Figure 7 — TGA curves: a) CMC; b) HEC;
¢) CMC/HEC hydrogel

Mechanical properties of hydrogel. Figure 8
shows the mechanical strength of CMC/HEC hy-
drogel. The curve shows a gradual increase in stress
until reaching a maximum value of about 134 kPa at
22 seconds, followed by a sharp drop, characteris-
tic of the destruction of the material structure. This
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type of curve indicates the elastic-plastic behavior
of the hydrogel: first, elastic deformation occurs
(linear increase in pressure with a small slope), then
comes the region of plastic deformation and stress
accumulation (a steeper section of the curve to the
maximum), after which brittle destruction of the
structure occurs.

The achieved high strength index (134+4 kPa)
indicates good mechanical properties of the hydrogel
and points to the formation of an effective spatial net-
work formed due to chemical crosslinking of the ini-
tial polymers. Such mechanical stability is associated
with strong ether bonds that arise from the interaction
of carboxyl groups of citric acid and hydroxyl groups
of cellulose polymers [31]. In studies [32, 33] it was
found that the mechanical strength of cellulose-based
hydrogels was similar to the results obtained in this
study.

150
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Figure 8 — Mechanical strength curve
of CMC/HEC hydrogel

Study of hydrogel swelling kinetics. Figure 9
shows the kinetics of hydrogel swelling in water.
The process of hydrogel swelling in water was car-
ried out for two days until the mass stabilized. The
swelling process can be divided into two stages.
the hydrogel exhibited a swelling degree of up to
500+25% within the first two hours, indicating a
rapid and intensive swelling process. This accelerat-
ed water absorption is attributed to the abundance of
hydrophilic groups — such as hydroxyl and carboxyl
— in the monomer units of the hydrogel, which pro-
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mote the quick diffusion of water molecules into the
polymer network [34]. In the second stage, between
2 and 30 hours, the degree of hydrogel swelling
decreased by half, and the degree of swelling was
225+15%. This indicates that the hydrogel structure
is compacted due to the saturation of hydrophilic
groups in the monomer molecules with water mole-
cules, and the process of water repulsion along it oc-
curs, and equilibrium is established [35, 36]. Thus,
the swelling kinetics confirms the efficiency of the
hydrogel in retaining a significant volume of wa-
ter, which is due to its hydrophilic nature and stable
three-dimensional structure. Zhou J. et al. (2007)
and Jitka Sotolarova et al. (2021) [37, 38] studied
the swelling kinetics of cellulose-based hydrogels
in water and obtained results similar to those of the
present study.
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Figure 9 — Swelling kinetics curve
of CMC/HEC hydrogel

Conclusion

In the course of the study, a biohydrogel based on
CMC and HEC was synthesized using citric acid as
a cross-linking agent. Based on the results obtained,
the IR Fourier method determined that the hydrogel is
cross-linked by hydroxyl and carboxyl groups of cit-
ric acid and the original monomers, CMC and HEC
molecules. According to X-ray structural analysis, the
crystalline structure of the CMC/HEC hydrogel has
increased amorphism compared to the original mono-
mers. The degree of swelling of the hydrogel in water
reached 500% in the first two hours, and after 30 hours
it decreased by 2 times, and the saturation process oc-
curred. Resistance to external mechanical loads was
134 kPa. According to the TGA analysis, it was found
that 50% of the initial mass of the hydrogel is sub-
ject to thermal degradation in the temperature range of
200-580°C, and 60% of the initial mass is lost in the
temperature range of 580-800°C. Based on the results
obtained, it can be seen that the CMC/HEC hydrogel
has high potential for use in agricultural production as
a soil conditioner to protect plants from drought, as
well as for the sorption of heavy metal ions in water
by immobilizing complexones in the matrix and as a
carrier for the sorption of drugs in pharmaceuticals.
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Evaluation of anthocyanin extracted from Lempeni (Ardisia Elliptica 1.)
fruit as a new natural acid-base indicator

Abstract: The Ardisia elliptica species is usually known as Lempeni fruit has a purplish red color which
contains the color pigment of anthocyanins. This work aimed to obtain anthocyanins from Lempeni fruit
and applied them as new acid-based indicators. The extraction method was carried out using a combination
solvent containing ethanol and HCI with appropriate ratio, followed by the addition of anthocyanin-
containing extract with acid and base solutions. The results showed that anthocyanin from Lempeni fruit
induced a signicant color response depending on the pH values of acid-base solutions. The color was
changed to red in acidic environments and brownish green in alkaline environments. Besides, the filter
paper indicator and acid-base titrations were performed with good performances. The utilization of a natural
acid-base indicators from anthocyanins offers potential applications in qualitative analysis and scientific
education, by exploring new sources of anthocyanins. This research contributes to the understanding of the
potential use of anthocyanins from Lempeni fruit in environmentally friendly and economical analytical

https://doi.org/10.26577/1JBCh202518116

chemistry applications.

Key words: Extraction, Anthocyanin; Lempeni fruit; Natural indicator; Acid base.

Introduction

Anthocyanins are a group of water-soluble pig-
ments widely distributed in the plant kingdom, par-
ticularly in fruits, vegetables, and flowers [1]. These
natural compounds are responsible for a wide range
of colors such as red, purple, and blue, which vary
depending on their molecular structure and the pH of
their environment [2]. In acidic conditions, anthocya-
nins typically appear red, while in neutral conditions
they may turn purple, and in alkaline environments
they can shift to bluish-green [3]. This reversible
color change makes anthocyanins not only visually
striking but also functionally useful as natural pH in-
dicators [4]. Their ability to respond sensitively and
rapidly to pH variations has attracted significant at-
tention for applications in analytical chemistry, en-
vironmental monitoring, food packaging, and even
cosmetics.

Indicators are substances that exhibit a specific
color at a particular pH level and undergo a noticeable
color change when the pH shifts [5]. This transforma-
tion provides a visual signal to determine whether a
solution in acidic or basic. While synthetic indicators
such as phenolphthalein, methyl orange, bromothy-
mol blue, and methyl red are commonly used in lab-
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oratories, they often raise concerns due to toxicity,
high production costs, and environmental persistence
[6]. In light of these concerns, researchers have in-
creasingly turned to plant-based alternative that are
biodegradable, less toxic, and often more accessible
[7]. Natural indicators derived from plant pigments
offer a safer and more sustainable option for educa-
tional, laboratory, and field-based pH testing [8].
Several studies have demonstrated the extracts of
anthocyanins from various plant sources for use as
natural indicators such as purple cabbage, magenta,
amaranth, red beet, flamingo lily, passion flower,
garden dahlia, mulberry, jungle flame flower, Butea
monosperma, etc. [9, 10]. Besides, Ernawati and Ra-
hayu investigated the extraction of anthocyanins from
mangosteen peel using ethanol: HCI solvents [11].
Their results indicated that the ethanol-HCI solvent
combination produced the most concentrated extract
with the clearest and most intense color transitions
across acidic and basic conditions when applied to
filter paper. This study highlighted the importance of
solvent selection of optimizing anthocyanin yield and
indicator effectiveness, setting a precedent for further
research into other anthocyanin-rich plant materials.
One such promising yet underutilized source is
Lempeni (Ardisia elliptica L.) fruit, which is known
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for its deep coloration and significant anthocyanin
content [12]. Locally known in Indonesia as “lem-
peni,” this fruit refers to Ardisia elliptica, a tropical
shrub or small tree native to Southeast Asia, includ-
ing Indonesia, Malaysia, and India. Figure 1 shows
the Lempeni fruit with black peel color. Despite its
abundance in certain tropical regions, Lempeni fruit
has not been extensively studied for its chemical
properties or potential applications. Utilizing this
fruit as a raw material for natural pH indicators not
only adds value to a locally available botanical re-
source but also supports the development of green
analytical techniques. The exploration of such lesser-
kwon species contributes to biodiversity utilization
and promotes innovation in sustainable chemistry
practices.

In this work, anthocyanins were extracted from
Lempeni fruit using the maceration methods, with a
solvent mixture of 96% ethanol and 1% HCI (1:1),
over a 24-h period. The resulted extract was evaluat-
ed across a full pH spectrum (pH 1-14), both through
spot tests and application on filter paper, to observe
the color changes at various pH levels. Furthermore,
the usability of the extract in acid-base titrations will
be tested to assess its functionality compared to con-
ventional synthetic indicators. By examining both the
qualitative and quantitative performance of Lempe-
ni’s anthocyanins, this study aimed to validate their
effectiveness in real-world analytical scenarios. The
broader goal of this work was to advance the devel-
opment of natural, biodegradable, and cost-effective
pH indicators derived from local plant sources.

Figure 1 — The Lempeni fruit appearance
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Materials and methods

Materials and Equipment. Lempeni fruit samples
were collected directly from the coastal area of Kuala
Baru Laut, Aceh Singkil, Indonesia. The chemical re-
agents involved included distilled water (H,0), 96%
ethanol (C,H,OH), hydrochloric acid (HCI), sodium
hydroxide (NaOH), acetic acid (CH,COOH), and
ammonium hydroxide (NH,OH). The equipment em-
ployed in this study consisted of a stir bar, grinder,
filter paper, burette, funnel, Erlenmeyer flask, beaker,
volumetric flask, analytical balance, dropper pipette,
measuring pipette, drop plate, test tubes, rotary evap-
orator, and a UV-Vis spectrophotometer.

Lempeni fruit extraction. 200 grams fruit were
washed, drained, and dried until the fruit was com-
pletely dried. Then, the samples were ground into a
fine powder using a grinder. 50 grams of the powder
were placed into 500 mL beaker containing a sol-
vent (96% ethanol + 1% HCI, 1:1). The mixture was
stirred using a glass spatula to ensure the complete
mixing of them. The mixture was subsequently sub-
jected to maceration at room temperature and kept
for 48 hours, with occasional stirring every 6 hours.
After that, the mixture was filtered using a Whatman
filter paper and concentrated using a rotary evapora-
tor to obtain the fruit extract without solvent.

Determination of anthocyanins. To determine
the maximum wavelength, Lempeni fruit extract
was placed into a cuvette and analyzed using a UV-
Vis spectrophotometer within the wavelength range
of 400-800 nm. The maximum absorbance value
was then recorded. Following this, a qualitative test
for anthocyanin content was carried out using two
methods. In the first method, 2 M HC1 was added to
the extract in a test tube, which was then heated at
100°C for 2 minutes. The sample was observed for
any color change, if the red color remained stable, it
indicated the presence of anthocyanins. In the sec-
ond method, 2 M NaOH was added dropwise to a
separate sample. A color change from red to blue-
green that gradually faded confirmed the presence
of anthocyanins [13].

Testing Lempeni Fruit Extract as an Indicator.
Five drops each of HCI, NaOH, CH,COOH, and
NH,OH solutions were placed into separate wells of
a drop plate. The pH of each solution was measured
using a pH meter. Subsequently, 5-8 drops of Lem-
peni fruit extract were added to each well, and the
resulting color changes were observed to assess the
extract’s response at known pH levels.
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Preparation of Acid-Base Indicator Paper. What-
man filter paper was used as the base for the indicator.
Lempeni fruit extract was poured into a basin, and
the filter paper was fully immersed in the extract for
approximately 2 hours. After soaking, the paper was
removed and placed on a tray or baking sheet to air
dry. Once completely dry, the paper was observed for
any color development, then cut into strips measuring
1 x 4.5 cm. These strips, referred to as Lempeni fruit
indicator paper, were then tested in various solutions
including HCI, NaOH, CH,COOH, and NH,OH. The
indicator paper was considered stable if it turns dark
red or pink in acidic solutions and changes to green,
yellow, or purple in alkaline solutions.

Titration Using Lempeni Fruit Extract as an Indi-
cator. A total of 10 mL of a strong acid solution (0.1
N HCl) was pipetted into a 250 mL Erlenmeyer flask,
followed by the addition of 3 drops of Lempeni fruit
extract as an indicator. The solution was then titrated
with a strong base (0.1 N NaOH) until a visible color
change occurred. This procedure was repeated three
times, and the volume of NaOH used in each titra-
tion was recorded. The same method was applied to a
strong base (0.1 N NaOH), which was titrated with a
strong acid (0.1 N HCI). Additionally, titrations were
performed for a weak acid (0.1 N CH,COOH) using
a strong base (0.1 N NaOH), and for a weak base (0.1
N NH,OH) using a strong acid (0.1 N HCI), with the
volume of titrant used in each case being recorded.
For comparison, each titration was also repeated us-
ing standard indicators (phenolphthalein and methyl
orange) in place of the Lempeni fruit extract.

Results and discussion

Lempeni fruit extraction process. The extraction
of Lempeni fruit was conducted using the maceration
technique, a method that involves soaking plant ma-
terial in a solvent to draw out the desired compounds
[14]. Initially, the fruit is ground with a grinder, then
immersed in an organic solvent for a specified du-
ration. Maceration is widely favored for isolating
natural substances due to its simplicity and low cost
[15]. During soaking, pressure differences inside and
outside the cell walls cause them to break down, al-
lowing secondary metabolites in the cytoplasm to
dissolve into the solvent, resulting in effective ex-
traction. The soaking time can be adjusted as needed.
In this process, maceration was performed over 48
hours (2x24 hours), with stirring every 6 hours. Af-
ter maceration, the extract was filtered to separate the
solid residue from the liquid extract. The ideal extrac-
tion time was found to be two days, as longer contact
between the solvent and the plant material allows for
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more thorough extraction. However, if this contact
exceeds the optimal duration, compound degradation
can occur [16]. A limitation of the maceration meth-
od is its relatively low efficiency, as only about 40%
of the active compounds are extracted, and some may
become less soluble. Therefore, temperature evapo-
ration is used to concentrate the extract. This is done
with a rotary evaporator, which effectively removes
the solvent without damaging the compounds. How-
ever, excessive pressure during evaporation can de-
grade sensitive compounds like anthocyanins. In this
process, the extract was concentrated at 40°C for 90
minutes, resulting in a thick red Lempeni fruit ex-
tract.

Determining the maximum wavelength of Lempe-
ni fruit extract. To identify the maximum wavelength
of Lempeni fruit extract, a UV-Vis spectrophotom-
eter was used. This instrument measures absorbance
within the visible light spectrum, which ranges from
400 to 800 nm. This range is suitable because the
compounds responsible for anthocyanins which typi-
cally absorb light within this region. Based on Figure
2, the Lempeni fruit extract exhibited its peak absor-
bance within the 400-800 nm range and the broad ab-
sorption peak ranged from 450 to 550 nm, which is
consistent with the absorption spectrum of the antho-
cyanin color groups [17]. This peak absorbance was
essential in identifying the most effective wavelength
for analyzing or utilizing the extract, such as in dye
applications or compound quantification. The wave-
length at which this maximum occurs represents the
optimal point for future spectrophotometric measure-
ments of the extract.

Anthocyanin verification test. To confirm the
presence of anthocyanins in Lempeni fruit extract, a
qualitative test was conducted using acidic and basic
solutions. Anthocyanins are pH-sensitive pigments,
so their color tends to change depending on the pH
level of the solution [18]. In this test, 2 M HCI, a
strong acid, was added to the Lempeni fruit extract
to observe any visible color change. The mixture was
then heated for 5 minutes to ensure proper reaction.
After heating, it was observed that the color of the
Lempeni fruit extract remained unchanged compared
to its initial appearance. Figures 3a-b show the origi-
nal extract as a control sample and the extract after
the addition of 2 M HCI after heating, respectively.
Un acidic condition, the color of solution was con-
sistent, suggesting that the extract contains antho-
cyanins which tend to maintain their red to purple
in acidic environments. This finding confirms that
anthocyanins are presenting in Lempeni fruit extract,
indicating the stability of this pigment under acidic
conditions.
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Figure 2 — The UV-Vis absorbance of anthocyanins from Lempeni fruit extract

Figure 3 — Color change of extract with HCI solution

In the next phase of the anthocyanin verifica-
tion test, the Lempeni fruit extract was treated with a
strong base to observe its response to alkaline condi-
tions. A few drops of 2 M NaOH solution were added
to the extract. As a result, a visible color change oc-
curred from the original hue to a brownish green, as
shown in Figure 4. Figure 4 visually compares the
untreated extract (A) with the extract after the addi-
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tion of 2 M NaOH (B). The transition to a brownish
green color upon exposure to an alkaline environ-
ment is a clear indicator of the presence of anthocya-
nins. The solution appeared in red to pink color in
the acidic conditions and changed to green or yellow-
brown color under alkaline conditions.

Figure 4 — The appearance of extract’
color change after adding NaOH solution
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This color change further illustrates a typical
trait of anthocyanins, as their molecular structure
changes with pH variations, influencing their light
absorption and reflection properties. The observa-
tion showed that the color of the extract changed to
brownish green after adding NaOH as a basic solu-
tion. But it remained pink color in acidic solutions
even after heating (Figure 3), indicating the presence
of anthocyanin compounds. In addition, the antho-
cyanin induces greater stability in acidic conditions,
whereas they commonly produce color’s change in
basic conditions owing to their reactivity and cationic
characters. This phenomenon not only demonstrates
the anthocyanin existence but also has potential as a
new natural indicator.

Performance of natural indicator from extract.
Anthocyanins exhibit several colors based on the pH

values of environments. These typical characteristics
offer them suitable as the pH indicators. Before the
use of Lempeni fruit extract as a natural acid-base
indicator in titration, it is important to identify its cer-
tain pH range for color changes. Subsequently, the
extract was introduced into two acidic solutions (HCI
and CH,COOH) and two basic solutions (NaOH and
NH,OH) in order to test their color changes. Figure 5
and Table 1 exhibit a visual observation of the color
changes when the extract interacted with the solutions
of HCI (1), NaOH (2), CH,COOH (3), and NH,OH
(4). The extract color appeared from purplish red to
vivid red in acidic solutions. Meanwhile, the extract
color changed from purplish red to brownish green in
basic solutions. These naked eye color changes are
specific character of anthocyanins, which react sus-
ceptibly to pH changes.

1 2

3 4

Figure 5 — The change in color of acid-base solutions after mixing with the extract

Table 1 depicts the results of the discoloration of
the extract mixing with several solutions. The fruit
extract was still in red in acid solutions (HCI and
CH,COOH), indicating the stability of anthocyanins.
In NaOH, which is a strong base, the extract changed
to dark green, while in NH,OH, a milder base, it trans-
formed into a brownish red. These unique changes
further validate the existence of anthocyanins and il-
lustrate their effectiveness as a natural pH indicator.
Color variation happens as anthocyanins experience

structural modifications at various pH levels, result-
ing in different molecular forms [19]. At low pH,
they primarily appear as flavylium cations, which are
red in color. As the pH rises, the structure changes,
resulting in greenish or brownish shades caused by
the degradation or creation of quinonoidal and chal-
cone forms [20]. Understanding this behavior is cru-
cial for employing Lempeni fruit extract successfully
as a natural and eco-friendly indicator in acid-base
titrations.

Table 1 — The color change of extract after adding into acidic and basic solutions

Extract Solution Type Discoloration
HCl Strong Acid Red
) ) NaOH Strong Base Brownish green
Lempeni Fruit -
CH,COOH Weak Acid Red
NH,OH Weak Base Brownish red
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Acid-base indicator paper from Lempeni fruit
extract. Lempeni fruit extract served as an acid-base
indicator due to its ability to change color when
exposed to various solutions such as HCI, NaOH,
CH,COOH, and NH,OH. According to Ernawati and
Rahayu [21], filter paper is commonly used for this
purpose. Filter paper, made of pure cellulose, has
excellent absorption properties. As shown in Figure
6, when dipped in HCI and CH,COOH, the indica-
tor paper made with Lempeni extract did not show

any color change. However, it turned dark green in
NaOH and brownish in NH,OH. The observed color
changes are due to the purplish-red pigment found in
anthocyanins, which can function as chemosensory
compounds in acid-base indicators. Anthocyanins
are sensitive to pH changes; in acidic environments
(pH < 7), the paper remains red, while in basic envi-
ronments (pH > 7), it shifts to dark green. Therefore,
based on the above data, Lempeni fruit extract can be
effectively used as a natural pH indicator.

Figure 6 — (a) Filter paper and (b) the results
of color changes after being dipped in acidic and basic solutions

Lempeni fruit extract indicator for acid-base ti-
tration. Acid-base indicators can exist in neutral,
positively charged, or negatively charged forms [22].
Some indicators display a single color, with that ap-
pearance affected not only by pH but also by the in-
dicator’s concentration. For instance, phenolphtha-
lein (PP) is a single-color indicator that works within
a pH range of 8.0-9.6 where colorless in its acidic
form and pink in its basic form [23]. Lempeni extract
shows promise as a natural acid-base indicator. To
evaluate its effectiveness, acid-base titration experi-
ments were performed using this extract alongside
standard indicators like PP and methyl orange (MO).
Both acid and base concentrations were set at 0.1 N.
The titrations conducted included four combinations:
strong acid with strong base, strong base with strong
acid, strong acid with weak base, and strong base
with weak acid. Specifically, the titration pairs were
NaOH vs HCI, HCI vs NaOH, NaOH vs CH,COOH,
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and HCI vs NH,OH. In each experiment, three drops
of the Lempeni extract, PP, and MO were added to
the titrand, with 10 mL of titrant used. Initial colors
were recorded immediately after adding the indica-
tors. The findings exhibited that the fruit extract
could identify titration endpoints accurately, near-
ly matching those observed with the standard and
commercial indicators. The change of pink color to
green color happened at almost same volume addi-
tion, indicating that the anthocyanin derived from
the fruit extract responded similarly to the commer-
cial indicators. The pink color in acidic solutions
changed to brownish in basic ones, informing that
the extract functions as a pH indicator for basic so-
lutions. The changes in color dan pH values across
different titration combinations are summarized in
Table 2. Hence, the results suggest that the Lempeni
fruit extract is an alternative indicator toward com-
mercial acid-base indicators.
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Table 2 — The changes in colors and pH values at the end point of the titration

Titrand Titrant Indicator Color Changes pH
NaOH
HCI 9.05 mL Phenolphthalein Colorless to pink 8.52
10.00 mL 9.10 mL Methyl Orange Orange to yellow 6.23
9.95 mL Fruit Extract Pink to brownish green 8.55
HCI
NaOH 12.70 mL Phenolphthalein Pink to colorless 6.83
10.00 mL 12.25 mL Methyl Orange Yellow to orange 3.86
12.90 mL Fruit Extract Brownish green to colorless 6.88
NaOH
CH,COOH 7.20 mL Phenolphthalein Colorless to pink 8.40
10.00 mL 7.50 mL Methyl Orange Yellow to orange 4.23
7.35 mL Fruit Extract Pink to brownish green 8.38
HCI
NH,OH 8.10 mL Phenolphthalein Pink to colorless 5.02
10.00 mL 8.50 mL Methyl Orange Yellow to pink 3.65
8.97 mL Fruit Extract Brownish red to colorless 5.30
Conclusions racy and real-world utility of Lempeni fruit extract in

In this study, the anthocyanin compound from
Lempeni fruit was extracted and used as a natural
acid-base indicator. Using the maceration method
with a mixture of 96% ethanol and 1% HCI, the an-
thocyanin-rich extract was obtained and tested across
a broad pH spectrum. Results showed consistent and
distinct color changes, shifting from red in acidic
environments to brownish green and brownish red
under alkaline conditions. These observations, sup-
ported by UV-Vis spectrophotometric analysis, con-
firmed the presence and stability of anthocyanins in
the extract, particularly within the 450-550 nm ab-
sorbance range. The extract’s color sensitivity to pH
made it a valuable candidate for various applications.
When tested on indicator paper, Lempeni extract pro-
duced clear and predictable color changes in response
to strong and weak acids and bases. More important-
ly, in titration experiments, the extract reliably indi-
cated endpoint detection, performing comparably to
standard synthetic indicators such as phenolphthalein
and methyl orange. These results illustrate the accu-

analytical chemistry. As a plant-derived, biodegrad-
able substitute for synthetic indicators, it provides
both ecological and economic benefits. Its ease of
use and efficiency also render it a useful educational
resource for instructing on acid-base reactions in an
eco-friendly manner. In general, Lempeni anthocya-
nins demonstrate essential attributes of a natural pH
indicator, underscoring the fruit’s viability a local
resource for sustainable analytical practices in both
educational and laboratory environments.
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