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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 publi-
cation of a Journal, displaying results of current studies in the field of biology and chem-
istry, 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 informa-
tion 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 em-
phasized 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 chemi-
cal 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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Identification of carriers of Puccinia striiformis resistance genes  
in the population of recombinant inbred wheat lines

Abstract. Stripe rust (yellow rust) caused by Puccinia striiformis (Pst) f. sp. tritici is one of the most 
dangerous diseases of wheat. Marker assisted selection (MAS) accelerates the selection of resistance gene 
donors in wheat recombinant inbred lines Almaly/Avocet (S) and to evaluate their response to Pst. Evaluation 
of seedling resistance to Pst allowed us to select 2 lines simultaneously resistant to races 111Е231 and 7E63. 
Race 7E63 was avirulent to most samples, and 111Е231 was highly virulent. All the studied lines demonstrated 
a resistant and moderately resistant reaction to the causative agent of yellow rust at the adult plant stage 
(R-MR). Molecular screening revealed the presence of a marker allele associated with the Yr18/Lr34 gene 
complex in 5 RIL. The frequency of resistant genotypes inheriting the Yr18 gene was 22.7%. The results can 
be used in MAS wheat breeding programs to increase resistance to yellow rust of wheat.
Key words: wheat, yellow rust, Puccinia striiformis, resistance genes, molecular markers.

Introduction

Wheat (Triticum aestivum L.) is a significant 
food crop at the global level, and its production is 
the basis of food security throughout the world [1]. 
World wheat production currently reaches 777.8 
million tons, and world consumption per capita is 
67.6 kg/year [2]. On average Kazakhstan produces 
18-20 million tons of wheat grain, but output is 
highly dependent on weather and in recent years has 
fluctuated between 10 and 17 million tons [3]. Wheat 
production in Kazakhstan is constrained due to rust 
diseases (stem, stripe and leaf rus) [4-10], as well as 
leaf spot diseases (tan spot and rust) [11-16].

Yellow rust caused by Puccinia striiformis 
Westend f. sp. tritici (Pst) is one of the most 
dangerous diseases of wheat worldwide. When 
epiphytotic occur, losses can vary from 20 to 40% 
or more [17-18]. A decrease in yield is observed as a 

result of a decrease in the number of grains in the ear 
and grain weight in highly sensitive wheat varieties 
[4, 19]. In the period from 2009 to 2016, stripe 
rust epidemics occurred annually in Kazakhstan, 
and yield losses of susceptible wheat varieties 
reached 20-50% [4]. The rust pathogen population 
overcomes the protection of resistant cultivars due 
to the emergence of virulent pathogen races [18]. 
The cultivation of resistant varieties is the most 
economical and environmentally friendly approach, 
which makes it possible to abandon the use of 
fungicides and reduce crop losses due to yellow rust 
[20]. However, traditional breeding methods are not 
always effective. Marker-assisted selection (MAS) 
using identified target genes makes the process of 
developing the wheat cultivars more accurate and 
reliable [21] MAS methods are effectively used to 
shorten the breeding cycle, increase resistance to 
biotic and abiotic stresses and maintain potential 
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wheat yields [22]. Currently, more than 80 genes for 
resistance to stripe rust have been identified [22]. 
Based on recent evaluations in Kazakhstan, genes 
Yr5, Yr10, Yr15 and Yr18 are still effective [9]. The 
locus Lr34/Yr18/Pm38 confers partial and durable 
resistance against the devasting fungal pathogens 
leaf rust, stripe rust, and powdery mildew. Yr18/
Lr34 genes have been used in breeding programs 
for a century and so far, no pathogen adaptability 
has been found [23]. Wheat cultivars containing 
these genes occupy more than 26 million ha in 
various developing countries alone and contribute 
substantially to yield savings in epidemic years 
[24]. The gene complex Yr18/Lr34 is of great 
interest as a donor of valuable traits. Therefore, 
identification of novel sources of resistance in a 
breeding material is of foremost importance for 
the effective disease control. In view of these facts, 
recombinant inbred lines of bread wheat developed 
in our laboratory were evaluated in this study for 
yellow rust resistance. The goal of this study was 
to determine the presence/absence of yellow rust 
resistance genes in wheat recombinant inbred lines 
Almaly/Avocet (S) and to evaluate their response 
to Pst. 

Materials and methods

Twenty-two RILs used in this study were 
established at F6 generation by the single-seed 
descent method (SSD) from an F2 family between a 
high yielding Kazakh winter wheat variety ‘Almaly’ 
and an Australian spring wheat variety ‘Avocet 
(S)’. Almaly is a Kazakh variety of common winter 
wheat, developed in 2002, pedigree [(R6862/50431) 
xBezostaya1], is widely used as a parent in breeding 
programs in Kazakhstan and Central Asian countries. 
Almaly has a high yield potential and moderately 
high resistance to 3 species of rust, is a carrier of 
genes Lr1, Lr28 and Lr34 [6]. The pedigree of the 
cultivar contains Bezostaya1, a carrier of the leaf 
rust resistance genes Lr34, Lr3a and Lr13 (https://
maswheat.ucdavis.edu). Second parent is ‘Avocet 
(S)’, spring wheat cultivar, is considered to be 
universally susceptible to the three types of rust and 
is widely used in rust resistance tests. The parents 
were selected on the basis of their contrasting 
phenotypic expression of resistance to stripe rust. 
The highly susceptible Morocco, as well as the near-
isogenic lines (NIL Lr34/TC*6/PI58548 for Yr18) 
of Thatcher, are used in field and laboratory tests as 
controls. 

It is known that in order to develop a mapping 
population, it is necessary to cross parents that are 
contrasting in terms of the target trait. Therefore, the 
Almaly variety, moderately resistant to the disease, 
served as the maternal parent, and the Avoset (S) 
variety, susceptible to stripe rust, was used as the 
father. This made it possible to obtain a mapping 
population consisting of 186 RILs with a wide range 
of genetic diversity for stripe rust, susceptibility to 
which varied from 0 to 100%. These RILs will be 
the objects of further studies: on the basis of QTL 
mapping, genetic loci of quantitative traits associated 
with resistance to YR of wheat will be identified 
and mapped. However, in this study, we will study 
only 22 RILs that demonstrated field resistance to 
stripe rust. These lines were selected based on their 
field and laboratory phytopathological screening for 
resistance to Pst, where cv. Almaty was resistant and 
Avocet (S) was susceptible.

The phenotyping of the material was carried out 
in the conditions of the Kazakh Research Institute 
of Agriculture and Crop Production (KazNIIZiR), 
Almalybak (43°13’09”N, 76°36’17”E), Almaty 
region in 2019-2020 cropping season. Each entry 
was planted in 1 m2 plot in the middle of September. 
Experiment was conducted using randomized 
complete block design with two replications and 
recommended cultural practices were used for trial 
management. For the replicated data means were 
calculated. The stripe rust susceptible cultivar 
Morocco was planted in every 10th row and as a 
spreader border around the nursery to ensure uniform 
infection. In mid-April, stripe rust induced susceptible 
cultivar Morocco, was inoculated with mixed races 
of Pst at seedling stage in the field in Kazakhstan 
to serve as spreader of stripe rust pathogen to the 
experimental plots. Weather conditions in Almaty in 
2019 and in 2020 were favorable for the development 
of stripe rust, and the infection on susceptible checks 
reached 100S. The resistant assessment was carried 
out according to the method developed by CIMMYT 
[25]. Five infection types described as the following: 
0 – immune; R – resistant; MR – moderately resistant; 
MS – moderately susceptible; and S – susceptible. 
Severity of disease was recorded in terms of per cent 
leaf area infection and pustule type was recorded as 
response. 

Spore collection, storage, and reproduction were 
then conducted in accordance with the methods of 
Roelfs et al. [25]. Spores of P. striiformis were used to 
determine the pathotypes of stripe rust isolated from 
wheat leaves in the different regions of Kazakhstan. 
The determination of race–specific seedling resistance 
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was performed according to the method of Roelfs 
et al. (1992) [25] using highly virulent Pst races 
– 111Е231 (virulence 60%) and 7E63 (virulence 
73%). The 111Е231 pathotype was characterized by 
avirulence to varieties-differentiators with Yr genes 
SU, SD, Yr10, Yr3v, Yr2, and Sp and virulence to 
varieties with Yr6, Yr7, Yr1, Yr12, Yr8, 3N, Yr6+, 
Yr7+, and Yr4+ genes. The 7E63 pathotype showed 
avirulence to the differentials with SU, SD, Yr10, and 
Sp genes and virulence to varieties with Yr3v, Yr6, 
Yr7, Yr1, Yr2, Yr12, Yr8, 3N, Yr6+, Yr7+, and Yr4+ 
genes. The results were evaluated on 15-20 days 
according to the Gassner and Straib accounting scale 
(IT from 0 to 4) [26].

Genomic DNA was extracted at the stage of 
3–5-day-old wheat seedlings using the СТАВ method 
[27]. The presence of the Lr34/Yr18 gene complex 
was identified using a specific codominant STS 
marker csLV34 (Yr18) [28], PCR was performed in 
a Bio-Rad T100TM amplifier (Bio-RAD, Hercules, 
California, USA). The PCR mixture contained 2.5 µl 
of genomic DNA (30 ng), 1 µl of each primer (1 pM/
µl) (SigmaAldrich, St. Louis, Michigan, USA), 2.5 µl 
of dNTP mixture (2.5 mM, dCTP, dGTP, dTTP and 
dATP (aqueous solution) (Silex CJSC, Russia), 2.5 
µl MgCl2 (25 mM), 0.2 µl Taq polymerase (5 units. 
mcl) (CJSC “Silex”, Russia), 2.5 mcl 10X buffer for 
PCR and 12.8 mcl ddH20. PCR was performed at 
initial denaturation of 94 °C for 5 minutes, 40 cycles: 
94°C – 40 s., 55°C – 30 s., 72°C – 1 min., final 
elongation at 72 °C – 7 min. The separation of PCR 
products was carried out in a 2% agarose gel using a 
TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8) 
with the addition of ethidium bromide. The lengths 
of the amplicon fragments were determined using a 
100-bp DNA marker. Visualization of the results was 
performed using the gel documentation system (Gel 
Doc XR+, BIO-RAD, Hercules, California, USA)

Results and discussion

The parent variety Almaly is characterized by 
high yields and a moderate degree of resistance 
to stripe rust. There is a variety of Bezostaya 1 in 
Almaly’s pedigree, which is a carrier of the Yr18 
gene [29]. The Australian variety Avocet (S), on 
the contrary, has a high degree of susceptibility 
to stripe rust. The results of phytopathological 
evaluation of the breeding material under artificial 
infectious background allowed us to select 22 
RIL Almaly/Avocet(S) lines that showed a high 
degree of resistance to the stripe rust pathogen 
Pst at the adult plant stage (0-20MR). From the 
two parents, ‘Almaly’ showed a moderate degree 
of resistance (20MR), while ‘Avocet(S)’ and 
the susceptible control Morocco showed a high 
degree of susceptibility (100S, both) (Table 1). 
The other control line NIL Lr34/TC*6/PI58548 for 
Yr18, the carrier of gene Yr18 showed a moderate 
susceptibility with low severity (10MS). 

In greenhouse experiment for seedling resistance 
lines investigated showed a different infectious type 
(ITs) for the two races of Pst. Avirulence of race 7E63 
was shown to the majority of the studied RIL entries 
(91%) (IT-0), while 2 lines (9%) had only moderate 
resistance to the pathogen (IT-2). Evaluations for 
race 111Е231 showed the following results: 14 
RILs had a high degree of susceptibility (IT-4), 6 
lines were moderately susceptible (IT-3), one line 
was moderately resistant and one immune (IT-2 and 
IT-0, respectively). The susceptible parent ‘Avocet 
(S)’ and the control ‘Morocco’ both showed a high 
susceptibility (IT-4) for both races, while the parent 
‘Almaty’ and the isogenic line Lr34/TC*6/PI58548 
(carrier of gene Yr18) were moderately resistant (IT-
2) to race 111Е231 and was immune (IT-0) to race 
7E63.

Table 1 – Yellow rust severity and the presence of the Yr18 gene in the genotypes of the population of recombinant inbred lines Almaly/
Avocet

# Genotype Origina APRb 111Е231c 7E63c CSLV34d Yr gene detected based 
on linked marker 

♀ Almaly KZ 20MR 2 0 + Yr18

♂ Avocet (S) AUS 100S 4 4 - -

1 RIL Al/Av(S)-951-664 KZ 0 3 0 - -

2 RIL Al/Av(S)-1094-817 KZ 0 3 0 + Yr18

3 RIL Al/Av(S)-1085-808 KZ 20MR 3 0 - -

4 RIL Al/Av(S)-1086-809 KZ 10MR 3 0 - -
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# Genotype Origina APRb 111Е231c 7E63c CSLV34d Yr gene detected based 
on linked marker 

5 RIL Al/Av(S)-852-560 KZ 20R 4 0 + Yr18

6 RIL Al/Av(S)-882-589 KZ 0 4 0 - -

7 RIL Al/Av(S)-883-590 KZ 0 4 0 - -

8 RIL Al/Av(S)-968-682 KZ 20MR 4 0 - -

9 RIL Al/Av(S)-975-691 KZ 0 4 0 - -

10 RIL Al/Av(S)-976-692 KZ 0 4 0 - -

11 RIL Al/Av(S)-982-698 KZ 20MR 4 0 - -

12 RIL Al/Av(S)-986-702 KZ 0 4 0 - -

13 RIL Al/Av(S)-993-710 KZ 20MR 4 0 - -

14 RIL Al/Av(S)-994-711 KZ 20MR 4 0 - -

15 RIL Al/Av(S)-1058-781 KZ 5R 4 0 - -

16 RIL Al/Av(S)-1097-821 KZ 0 4 0 - -

17 RIL Al/Av(S)-1099-823 KZ 0 4 0 - -

18 RIL Al/Av(S)-1053-776 KZ 10MR 3 2 + Yr18

19 RIL Al/Av(S)-1054-777 KZ 10MR 3 2 + Yr18

20 RIL Al/Av(S)-1052-775 KZ 0 4 2 + Yr18

21 RIL Al/Av(S)-1067-790 KZ 0 0 0 - -

22 RIL Al/Av(S)-1009-725 KZ 20MR 2 0 - -

Controls

23 NIL Lr34/TC*6/PI58548 USA 10MS 2 0 + Yr18

24 Morocco MА 100S 4 4 - -

a – Origin include countries and organizations: KZ – Kazakhstan, AUS – Australia, USA – United States of America, MА – 
Marocco, Almaty – Institute of Plant Biology and Biotechnology;

b – Values indicate severity;
c – IT– infection typeaction type;
d – “+”, “-” – indicate the presence and absence allele of corresponding gene, respectively.

Continuation of the table

The STS marker csLV34 is a diagnostic marker 
for the Yr18/Lr34 gene complex, which allows 
determining the allelic state of a gene. Two alleles 
demonstrate amplicons that are clearly distinguishable 
in the agarose gel (150 bp for the dominant state and 
229 bp for the recessive state). Molecular screening 
revealed the presence of a marker allele associated 
with Yr18/Lr34 in 5 RIL Almaly/Avocet(S) (1094-
817, 852-560, 1053-776, 1054-777, 1052-775) (Table 
1, Figures 1 and 2). Thus, the frequency of resistant 
genotypes inheriting the Yr18 gene was 22.7%. The 
heterozygous state of alleles of the Yr18/Lr34 gene 
was not detected. (Figures 1 and 2.)

The complex of resistance genes Yr18/Lr34/ Sr57/
Pm38 is important in the breeding of resistant varieties to 

yellow, leaf, and also partially to stem rust and powdery 
mildew [30]. This gene retains its effectiveness for about 
100 years, which is due to the molecular characteristics 
of the defense mechanism. The activity of Yr18/Lr34 
induces necrosis of the tip of the flag leaf.

However, the observed reaction cannot be used 
as a phenotypic marker for Yr18/Lr34, which also 
manifests itself with other resistance genes (such as 
Lr46/Yr29/Pm39) [31], which indicates the need for 
molecular screening. Yr18/Lr34 is a gene for adult 
plant resistance (APR), nevertheless able to impart 
resistance at the seedling stage to some rust races 
[32]. It is possible that the processes induced by Yr18/
Lr34 make the tissue less favorable for biotrophic 
pathogens [33].
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Figure 1 – Wheat DNA amplification products using primers to the STS csLV34 locus linked to the Yr18/Lr34 resistance gene.  
Note: 1 – Almaly, 2 – Avocet(S), 3 –14 RIL Almaly/Avocet: 3 – RIL 951-664, 4 – RIL 1094-817, 5 – RIL 1085-808,  

6 – RIL 1086-809, 7 – RIL 852-560, 8 – RIL 882-589, 9 – RIL 883-590, 10 – RIL 968-682, 11 – RIL 975-691,  
12 – RIL 976-692, 13 – RIL 982-698, 14 – RIL 986-702; 15 – Yr18/NIL-Lr34/TC-6/PI58548,  

16 – dd H2O, M – Gene –Ruler 100 bp DNA Ladder

Figure 2 – Wheat DNA amplification products using primers to the STS csLV34 locus linked  
to the Yr18/Lr34 resistance gene (continued). Note: 1 – Almaly, 2 – Avocet(S), 3 –14 RIL Almaly/Avocet:  

3 – RIL 993-710, 4 – RIL 994-711, 5 – RIL 1058-781, 6 – RIL 1097-821, 7 – RIL 1099-823, 8 – RIL 1053-776,  
9 – RIL 1054-777, 10 – RIL 1052-777, 11 – RIL 1067-790, 12 – RIL 1009-725; 13 – Yr18/NIL-Lr34/TC-6/PI58548,  

14 – dd H2O, M – Gene –Ruler 100 bp DNA Ladder

It was previously shown that Yr18/Lr34 provides 
a sufficiently high level of resistance in the conditions 
of an artificial epidemic. The effect of this gene is 
enhanced in combination with other resistance genes, 
such as Yr5 and Yr10 [5]. Molecular screening 
revealed 5 (22.7%) carriers of the Yr18 gene (RIL 
Almaly/Avocet(S) 1094-817, 852-560, 1053-756, 
1054-777 and 1052-775) from 22 studied samples, 
which indicates a high degree of its inheritance 
among resistant lines. No resistance genes were 
found in 71% of the studied samples, however, a high 
level of immunity to the pathogen Pst was noted in 
the field (0-20MR). 

Conclusion

The results of field phytopathological screening 
of collection of RILs Almaly/Anza in field conditions 
to yellow rust caused by Pst allowed to select 
22 resistance wheat lines, presumably carriers of 
resistance genes. The results of the evaluation of 
the selected lines of seedling resistance showed a 
contrasting reaction to two races of yellow rust: race 
7E63 was avirulent to most samples, and 111Е231 
was highly virulent. Evaluation of the resistance 

of seedlings to Pst allowed us to identify 2 lines 
that were simultaneously resistant to both races. 
Molecular screening revealed the presence of a 
marker allele associated with the Yr18/Lr34 gene 
complex in 5 samples. The frequency of resistant 
genotypes inheriting the Yr18 gene was 22.7%.

The data obtained indicate the possibility of 
increasing the resistance of the material due to 
hybridization with productive wheat varieties and 
lines. The selected lines can be used in breeding 
programs to breed varieties resistant to yellow rust. 
Marker selection methods significantly simplify 
the process of selecting donors of resistance genes, 
which has a positive effect on the prospects for the 
development of the agricultural sector in Kazakhstan.
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RS2710102 polymorphism of the CNTNAP2 gene is related to  
autism susceptibility in a Kazakhstani population

Abstract. Autism spectrum disorders (ASDs) represent serious mental development disorders character-
ized by deficits in verbal and non-verbal communication, reciprocal social interactions and stereotypical 
behaviors. Genetically determined pathologies of neurodevelopment and synaptic functioning are increas-
ingly considered to be a cause of ASDs. Contactin associated protein-like 2 (CNTNAP2) gene encodes a 
protein, which plays an essential role in brain development. Genetic variations in the CNTNAP2 gene can 
perturb its functions, contributing to the genetic predisposition to ASDs. The study aimed to investigate 
an association of the CNTNAP2 rs2710102 with ASDs in a Kazakhstani population. The study involved 
patients diagnosed with ASDs and healthy controls of Kazakhstani origin. PCR-RFLP assay was used 
for the genotyping rs2710102 CNTNAP2 SNP. The distribution of the rs2710102 genotype was under the 
Hardy-Weinberg equilibrium in both cases and controls. C allele and СС genotype were associated with a 
significantly increased risk of ASDs (OR = 3.04, 95% CI = 1.96-4.72, p<0.001 and OR = 6.41, 95% CI = 
2.47-16.63, p<0.001, respectively), which was also confirmed for males (OR = 2.25, 95% CI = 1.23-4.10, 
p=0.007 and OR = 2.95, 95% CI = 1.06-8.18, p=0.029, respectively) and females (OR = 4.75, 95% CI 
= 1.91-11.77, p<0.001 and OR = 7.20, 95% CI = 0.89-58.53, p=0.002, respectively). In contrast, there 
was no statistically significant association of the rs2710102 with deficits of verbal communication in ASD 
patients. The obtained results provide the first significant link between rs2710102 CNTNAP2 and autism 
susceptibility in Asian populations.
Key words: Autism spectrum disorders (ASDs), CNTNAP2 gene, single-nucleotide polymorphism, genetic 
susceptibility, Kazakhstani population, neurodevelopment.

Introduction

Autism spectrum disorders (ASDs) are a group of 
heterogeneous neurodevelopmental diseases, which 
are characterized by deficits in verbal and non-verbal 
communication, reciprocal social interactions and 
stereotypical behavior. In Kazakhstan, as everywhere 
in the world, the number of children with ASDs has 
been increasing annually. In Kazakhstan, according 
to the Service of psychological, medical and 
pedagogical consultation, autism was diagnosed in 
3820 children (in the 2020 year), however, according 
to the international experts, the real number of 
children with ASD significantly exceeds this figure. 
For, according to the Institute of Autism at Oregon 
State University (USA), in our country 59 thousand 
children have autism spectrum disorders.

Genetic factors are one of the main components of 
ASDs. Literature shows hundreds of candidate genes 

for ASDs, which may be a subject of closer attention 
and deserve a separate study. Here, we focused on the 
contactin associated protein-like 2, which has been 
proposed to be a candidate gene for ASDs [1].

CNTNAP2 gene is located in 7q35–36 and 
encodes the transmembrane protein Caspr2, which 
is a member of the neurexin family. This protein 
is localized at the juxtaparanodes of myelinated 
axons providing interactions between neurons and 
glia during nervous system development. It is also 
involved in clustering K+ channels in myelinated 
axons [2].

Several genetic, neurobiological and mouse 
model studies have supported the role of CNTNAP2 
in ASDs and other related neurodevelopmental 
disorders. In the Old Order Amish community, the 
mutations of CNTNAP2 have been identified as 
causes of symptomatic childhood-onset epilepsy, 
characterized by the presence of neuronal migration 

https://orcid.org/0000-0003-2121-0042
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abnormalities, intellectual disability, language 
regression, seizures, hyperactivity, impulsive/
aggressive behavior, as well as ASDs [3]. 

In mouse models, CNTNAP2 deficiency has 
shown extraordinary similarity to the main deficits of 
behavioral and cognitive functions of ASD patients. 
Neurophysiological features, such as cortical neuronal 
migration abnormalities, observed in CNTNAP2-/- 
mice, further supported the involvement of the 
CNTNAP2 gene in ASD pathologies [4]. The 
migration of neurons in the developing cerebral cortex 
plays a key role in the development of brain and brain 
networks [5]. A number of neuroimaging studies 
demonstrated abnormal connectivity and altered 
brain networks in individuals with ASDs [6–8]. 
Moreover, mouse model studies have demonstrated a 
capacity of anti-Caspr2 auto-ABS to generate ASD-
like behavior [9, 10]. 

Besides, the CNTNAP2 gene is expressed in 
language-related cortical areas [11]. Hence, given the 
speech impairment in autism, CNTNAP2 becomes a 
strong candidate gene for autism. 

Genetic variations in the CNTNAP2 gene can affect 
its functions contributing to the genetic predisposition 
to ASDs. It has been shown that the loss of even 
one CNTNAP2 allele leads to elicit axonal growth 
alterations [12]. Several common and rare variants 
of CNTNAP2 have been reported to be associated 
with autism as well as related to phenotypes such as 
intellectual deficiency, impaired language, abnormal 
social behavior, epilepsy and schizophrenia [13–17].

The single-nucleotide polymorphism (SNP) 
rs2710102 is located at intron 13. There are still 
insufficient data on the relation of this common 
variant with ASDs in Asian populations. Therefore, 
in the present study, we carried out a case–control 
association study between rs2710102 and ASDs in a 
Kazakhstani population. 

Materials and methods

The study involved patients diagnosed with ASDs 
and healthy controls of Kazakhstani origin. A total 
of 51 healthy individuals and 280 ASD patients had 
been recruited in rehabilitation centers of Kazakhstan 
starting from March 2018 to December 2020. 

Collection of the clinical material in families with 
children with ASD was carried out in the “Autism 
Pobedim” Foundation based on the Memorandum 
of Cooperation, as well as in public funds, working 
with ASD children in Almaty, Astana, Zhezkazgan, 
Karaganda, Kokshetau, Kyzyl-Orda, Pavlodar, 
Petropavlovsk, Temirtau, Ust-Kamenogorsk, 
Shymkent, Ekibastuz and South Kazakhstan region.

Buccal epithelium samples were collected 
from patients with ASDs, as well as from healthy 
individuals using sterile cotton-tipped applicators. 
The collected material was transported to the Institute 
of General Genetics and Cytology in a portable 
refrigerated container and frozen at -80° C for further 
molecular-genetic studies.

The collection of biomaterial was conducted 
exclusively voluntarily after signing an informed 
consent by at least one of the parents. The protocol of 
the study was approved by the Ethics Committee of 
S. Asfendiyarov Kazakh National Medical University 
(Protocol #57 from 05.09.2017). 

The clinical diagnosis of autism was established 
by senior psychiatrists and assessed by the CARS 
for children over 3 years and the M-Chat-R for 
children under three years old. CARS and M-Chat-R 
have been used as standardized, investigator-based 
instruments for the detection of ASDs [19, 20]. ASD 
patients with M-CHAT or CARS scores in the low-
risk range were excluded from the study. Additional 
exclusion criteria were a recognizable neurological or 
genetic disorder (Rett syndrome, Fragile X syndrome 
and others), noncitizens of Kazakhstan.

For the control group, the exclusion criteria were 
the presence of autism or other mental disorders in 
personal and family history, M-CHAT or CARS 
scores in the medium/high-risk range, noncitizens of 
Kazakhstan.

Verbal communication in the ASD group was 
assessed by interviewing parents of ASD children 
and classified as without (verbal communication is 
appropriate for age and situation) or with speech 
disorders (delayed speech, echolalia, meaningless 
speech, etc.).

DNA from buccal swabs was isolated using a 
DNA extraction kit (AmpliSens). DNA samples 
were stored at -20°C and -80°C. PCR-RFLP assay 
was used for the genotyping rs2710102 CNTNAP2 
SNP as described earlier [18]. 

Statistical analysis was performed using 
“Case-Control Study Estimating Calculator” by 
TAPOTILI company (Laboratory of Molecular 
Diagnostics and Genomic Dactyloscopy of 
“GosNIIGenetika” State Scientific Centre of 
Russian Federation). Hardy-Weinberg equilibrium 
(HWE) test was used to compare the observed 
and expected genotype frequencies. Relative risks 
were estimated by odds ratios (OR) with a logistic 
regression 95% confidence interval. Statistical 
analysis considering the models of inheritance–
the multiplicative, dominant, and recessive – was 
conducted for the examined SNP. P < 0.05 was 
considered statistically significant.
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Results and discussion

General Сharacteristics of Patients. 
Characteristics of the ASD patients and healthy 
controls are summarized in Table 1. The ethnic 
heterogeneity of both groups was Kazakh, Russian 
and other Europeans and Asians. The mean age for 

the ASD group and control subjects was 7.41±8.39 
years (range 2-34 years) and 7.08±4.42 years (range 
1-39 years), respectively. In the ASD group, 79.3% 
were males and 20.7% were females. In the control 
group, 47.1% were males and 52.9% were females. 
173 ASD patients had speech disorders and 68 
without.

Table 1 – Characteristics of ASD and control groups

Characteristic ASD N (%) Controls N (%)
Sample size 280 51

Ethnicity

Kazakh 180 64.3 39 76.5
Russian 68 24.3 5 9.8

Other Europeans 3.2 9.0 4 7.8
Other Asians 8.2 23.0 3 5.9

Age (years) Median 7.41±8.39 7.08±4.42

Gender
Male 222 79.3 24 47.1

Female 58 20.7 27 52.9

Analysis of the Association of the rs2710102 
CNTNAP2 Polymorphism with the Risk of ASD in a 
Kazakhstani Population. The genotype distributions 
of the rs2710102 polymorphism were under Hardy-
Weinberg equilibrium (HWE) for both control 
(p=0.585) and ASD cases (p=0.818). The distribution 
of rs2710102 CNTNAP2 genotypes is presented in 
Table 2.

As shown in Table 2, the CNTNAP2 C allele and 
СС genotype were associated with a significantly 
increased risk of ASD (OR = 3.04, 95% CI = 1.96-
4.72, p<0.001 and OR = 6.41, 95% CI = 2.47-16.63, 
p<0.001, respectively). Furthermore, a significantly 
increased risk of ASD was found for CC+CT 
genotypes versus the TT genotype in the dominant 
model (OR = 3.56, 95% CI = 1.84-6.89, p<0.001) 
and for CC genotype versus the combined variant 

of CT+TT genotypes in the recessive model (OR = 
6.41, 95% CI = 2.47-16.63, p<0.001).

Due to a gender difference in rates of ASDs we 
further calculated the association of the rs2710102 
CNTNAP2 polymorphism with ASD risk in the sub-
groups stratified into genders (Table 2). C allele and 
СС genotype showed a significant association with 
ASD in both males (OR = 2.25, 95% CI = 1.23-
4.10, p=0.007 and OR = 2.95, 95% CI = 1.06-8.18, 
p=0.029, respectively) and females (OR = 4.75, 95% 
CI = 1.91-11.77, p<0.001 and OR = 7.20, 95% CI = 
0.89-58.53, p=0.002, respectively). Furthermore, the 
C allelotype (CC+CT genotypes) had a high risk for 
ASD development in both male and female patients 
in the dominant model (OR = 2.85, 95% CI = 1.09-
7.49, p=0.027 and OR = 7.03, 95% CI = 2.16-22.88, 
p=0.001, respectively).

Table 2 – Genotype and allele distributions of CNTNAP2 in ASD patients and controls

rs2710102
CNTNAP2

ASD Patients
280

Controls
51 OR 95% CI p-Value

СС 115 5 6.41 2.47-16.63
<0.001СТ 125 27 0.72 0.39-1.30

ТТ 40 19 0.28 0.15-0.54
Dominant model

СС+СТ 240 32 3.56 1.84-6.89
<0.001

ТТ 40 19 0.28 0.15-0.54



14

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 15, № 1 (2022)

RS2710102 polymorphism of the CNTNAP2 gene is related to autism susceptibility in a Kazakhstani population

rs2710102
CNTNAP2

ASD Patients
280

Controls
51 OR 95% CI p-Value

Recessive model
СС 115 5 6.41 2.47-16.63

<0.001
СТ+ТТ 165 46 0.16 0.06-0.40

Allele
C 355 37 3.04 1.96-4.72

<0.001
T 205 65 0.33 0.21-0.51

Male
СС 97 5 2.95 1.06-8.18

0.029СТ 97 12 0.78 0.33-1.80
ТТ 28 7 0.35 0.13-0.92

Dominant model
СС+СТ 194 17 2.85 1.09-7.49

0.027
ТТ 28 7 0.35 0.13-0.92

Recessive model
СС 97 5 2.95 1.06-8.18

0.031
СТ+ТТ 125 19 0.34 0.12-0.94

Allele
C 291 22 2.25 1.23-4.10

0.007
T 153 26 0.44 0.24-0.81

Female
СС 18 1 7.20 0.89-58.53

0.002СТ 28 5 2.24 0.70-7.17
ТТ 12 11 0.14 0.04-0.46

Dominant model
СС+СТ 46 5 7.03 2.16-22.88

0.001
ТТ 12 12 0.14 0.04-0.46

Recessive model 
СС 18 0 7.20 0.89-58.53

0.036
СТ+ТТ 40 17 0.14 0.02-1.13

Allele
C 64 7 4.75 1.91-11.77

<0.001
T 52 27 0.21 0.08-0.52

Continuation of the table

OR analysis was performed to evaluate the effect 
of rs2710102 CNTNAP2 on verbal communication 
in ASD subjects. As shown in Table 3, there 
was no statistically significant association of the 
polymorphism with speech impairments in patients 
with ASD in the general group, as well as in males 
or females.

We carried out a case-control association study 
of the rs2710102 CNTNAP2 in 280 patients and 51 
controls to assess the genetic contribution of this 

genetic variant to ASDs in a Kazakhstani population. 
The results of the study showed significant 
associations between rs2710102 CNTNAP2 and 
autism both in males and females. Further analysis 
found no significant association between the 
rs2710102 CNTNAP2 and speech impediments in 
ASD patients.

Discordant results have been reported by 
previous studies. No association was reported 
between the rs2710102 CNTNAP2 and autism in 
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640 trios of Han Chinese descent [19]. No significant 
differences between the frequencies of the CC risk 
genotype were demonstrated in the 210 autistic 
patients and 200 controls representing a Brazilian 
population [18]. A study of 67 autism cases and 100 
controls did not find significant associations between 
the rs2710102 CNTNAP2 gene polymorphism 
and autism in an Iranian population [20]. A case–

control association study of 322 Spanish autistic 
patients and 524 controls found no association of 
this polymorphism with autism [21]. Finally, the 
rs2710102 variant was not significantly associated 
with autistic-like traits in a Swedish study of 12,319 
subjects [22]. Moreover, an updated meta-analysis 
found no association between the rs2710102 
CNTNAP2 and autism [19].

Table 3 – The relation between rs2710102 CNTNAP2 and verbal communication in ASD subjects

rs2710102 
CNTNAP2

ASD Patients with 
speech disorders

ASD Patients without 
speech disorders OR 95% CI p-Value

173 68
СС 77 25 1.38 0.77-2.46

0.298СТ 70 35 0.64 0.36-1.13
ТТ 26 8 1.33 0.57-3.10

Dominant model
СС+СТ 147 60 0.75 0.32-1.76

0.512
ТТ 26 8 1.33 0.57-3.10

Recessive model
СС 77 25 1.38 0.77-2.46

0.273
СТ+ТТ 96 43 0.72 0.41-1.29

Allele
C 224 85 1.10 0.73-1.66

0.645
T 122 51 0.91 0.60-1.37

Male
СС 65 21 1.66 0.88-3.13

0.115СТ 50 31 0.52 0.28-0.97
ТТ 19 6 1.43 0.54-3.79

Dominant model
СС+СТ 115 52 0.70 0.26-1.85

0.469
ТТ 19 6 1.43 0.54-3.79

Recessive model
СС 65 21 1.66 0.88-3.13

0.116
СТ+ТТ 69 37 0.60 0.32-1.14

Allele
C 180 73 1.20 0.76-1.90

0.422
T 88 43 0.83 0.53-1.31

Female
СС 12 4 0.67 0.16-2.80

0.805СТ 20 4 1.58 0.38-6.48
ТТ 7 2 0.88 0.15-5.05

Dominant model
СС+СТ 32 8 1.14 0.20-6.59

0.881
ТТ 7 2 0.88 0.15-5.05
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rs2710102 
CNTNAP2

ASD Patients with 
speech disorders

ASD Patients without 
speech disorders OR 95% CI p-Value

173 68
Recessive model 

СС 12 4 0.67 0.16-2.80
0.579

СТ+ТТ 27 6 1.50 0.36-6.31
Allele

C 44 12 0.86 0.32-2.35
0.772

T 34 8 1.16 0.43-3.15

Continuation of the table

Contrary, some studies suggested associations 
between the rs2710102 SNP and predisposition 
to ASDs. A relationship between frontal lobar 
connectivity and rs2710102 genetic variant was 
demonstrated by functional neuroimaging, which 
indirectly confirms its contribution to ASDs [23]. 
A positive association of the rs2710102 with 
ASDs has been found in a study of 152 families 
from the Autism Genetic Resource Exchange 
[24].

Besides, previous studies have demonstrated the 
relation of the rs2710102 with language problems, 
signifying its essential role in ASD pathogenicity. 
This SNP was associated with non-word repetition 
[25] and specific language impairment [26]. The risk 
C allele of rs2710102 was significantly associated 
with a delayed onset of speech, as measured by the 
“age at the first word”, in ASD children [27]. Non-
autistic homozygous for the C allele demonstrated 
significantly increased activation in contralateral 
areas of traditional left-sided language regions: the 
frontal operculum and middle temporal gyrus [28]. 
Finally, it was suggested that rs2710102, as a part 
of specific 4-SNP haplotypes, may influence early 
language development in the general population 
[29].

In contrast, two studies failed to replicate positive 
results on the association between the rs2710102 and 
impaired language development in ASD patients [21, 
22]. Similarly, we also found no association between 
CNTNAP2 and speech disorders. The reason for 
this could be insufficient tools to assess speech 
impairment based on only interviewing parents.

Nevertheless, our results indicate a significant 
statistical association between the rs2710102 variant 
and autism in the general group and for both men and 
women. It is well known that genetic heterogeneity 
of different populations affects the results of case-
control association studies. In this way, the analysis 

of genetic predisposition to ASD may require 
different genetic markers for different populations. 
The majority of case-control studies of the rs2710102 
variant and autism association were performed in 
European and American populations. To the best of 
our knowledge, only two studies have been carried 
out in Asian populations (Chinese and Iranian) 
so far [19, 20]. This circumstance can explain the 
discrepancy between our data and the data of the 
above-mentioned studies.

In addition, the limitations of this study must 
be taken into account. The control sample is small 
compared to the ASD sample and not matched for 
gender with the ASD sample (males in ASD is 
79,3% and controls is 47,1%). Subdivision of all 
the individuals into male and female groups, as well 
as into groups with and without speech disorders 
resulted in relatively small sample sizes, so the power 
of these subgroup results was < 80%, indicating that 
additional high-level studies are still needed. The 
current work investigated only one polymorphism of 
the CNTNAP2 gene. However, we cannot exclude a 
possibility that other variants in the CNTNAP2 gene 
may be involved in ASDs and language impairment. 
Further population-based studies that will investigate 
the effect of genetic variations on ASDs are needed to 
better understand the genetics of autism and related 
disorders.

Conclusion

Genetically determined pathologies of 
neurodevelopment and synaptic functioning are 
increasingly considered to be a cause of ASDs. 
Contactin associated protein-like 2 (CNTNAP2) 
gene encodes a protein, which plays an essential 
role in brain development. Genetic variations in 
the CNTNAP2 gene can perturb its functions, 
contributing to the genetic predisposition to ASDs. 



17

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 15, № 1 (2022)

A. Perfilyeva et al.

In the current study, we provide the first significant 
link between rs2710102 CNTNAP2 and autism 
susceptibility in Asian populations. Our results 
suggest that the SNP rs2710102 of the CNTNAP2 
gene may be associated with autism susceptibility 
in Kazakhstani population, but it not seems to 
be involved with speech disorders in the same 
population.
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Results of the comprehensive study in newborn babies  
with congenital phenylketonuria

Abstract. The timely detection of newborns with congenital phenylketonuria, in which the metabolism 
of the amino acid phenylalanine is disturbed due to the lack of the enzyme phenylalanine hydroxylase, 
remains an urgent issue. Increase in the level of phenylalanine and its toxic products in the cell leads 
to severe brain damage, which manifests itself in the form of mental retardation. Prompt diagnosis of 
phenylketonuria can prevent severe dementia and serious mental disorders. The aim of the work is a 
comprehensive study of newborns with congenital phenylketonuria for which enzymatic immunoassay, 
real-time PCR, tandem mass spectrometry were applied. Out of 5,293 newborns screened at the genetic 
laboratory of LPP “Center for Molecular Medicine” (Almaty, Kazakhstan) in 2019, two newborns were 
diagnosed with congenital phenylketonuria. The molecular genetic study in both of them indicated the 
presence of the R408W mutation in the heterozygous state in phenylalanine hydroxylase PAH gene. Upon 
application of the appropriate dietary therapy, the concentrations of phenylalanine in the blood reached 62.9 
µM/L in the 1st and 173 µM/L in the 2nd newborn, which corresponds to its reference value. For the effective 
treatment of congenital phenylketonuria with a confirmed diagnosis based on molecular genetic studies 
(detection of a mutation in the PAH gene) in newborns, it is proposed to conduct additional biochemical 
studies for possible metabolic disorders.
Key words: newborn screening, congenital phenylketonuria, enzyme immunoassay, PCR, tandem mass 
spectrometry.

Introduction

Hereditary metabolic disorders are common 
worldwide and play an important role in human 
hereditary pathology. These diseases are characterized 
by severe and in many cases fatal symptoms. 
According to the statistics, 5% of children are born 
with genetic or congenital disorders [1].

Monogenic forms of metabolic disorders are 
characterized by impaired metabolism of amino 
acids and organic acids resulting in the accumulation 
of toxic metabolites in organs and tissues. Study of 
the molecular basics of monogenic disorders and 
their prevalence in different regions of the world is 
an urgent issue of medical human genetics. 

One of the diseases detected by selective 
screening is congenital phenylketonuria (PKU), 
which is a severe autosomal recessive disease caused 
by a genetic deficiency of the enzyme phenylalanine 
hydroxylase (PAH). Without enzymatic activity, 
phenylalanine is not converted to tyrosine. Deficiency 
of the PAH enzyme leads to a marked increase in 

the level of phenylalanine (substrate), decrease 
in the level of tyrosine (product), appearance of 
phenylalanine metabolites, such as phenylpyruvic 
acid, phenyllactic acid and phenylacetic acid in 
the blood and urine, violation of the formation of 
tyrosine as well as adrenaline, norepinephrine and 
melanin synthesized from it, and a violation of 
tryptophan metabolism. A mutant gene in the PAH 
locus located on the long arm of chromosome 12 in 
the region q22-q24 [2] leads to the absence of PAH 
activity [3]. The protein coding sequence (cDNA) is 
approximately 90 kb long and consists of 13 exons. 
Most pathological changes in the PAH gene are 
single nucleotide substitutions, including missense 
(64%), splicing (13%) and nonsense (6%) mutations 
and neutral polymorphisms (6%) [4].

It was found that nearly 20 missense mutations 
affect highly mutagenic CpG dinucleotides. 
The remaining changes are the result of various 
deletions or insertions. Currently, more than 490 
different variants of the PAH gene have been found 
with a high degree of variability and significant 

https://orcid.org/0000-0002-2173-5239
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interpopulation variance. The R408W missense 
mutation is the most common (major) PAH gene 
mutation in European populations. The R408W 
mutation leads to a severe form of PKU and reduces 
enzyme activity to 1–2.7% [5], while the genetic 
anomaly is associated with the replacement of C 
(cytosine) with T (thymine) in exon 12, which leads 
to the replacement of arginine with tryptophan at 
position 408 of the protein PAH [6].

In order to determine the prevalence of PKU in 
the Republic of Kazakhstan, the data on the mass 
newborn screening conducted in Almaty from 
1989 to 1996 was analyzed, according to which the 
frequency of PKU was 1:6980, on average, with 80-
90% of examined infants. State program for screening 
newborns for phenylketonuria and congenital 
hypothyroidism was initiated in 2007. According to 
the Republican Medical Genetic Consultation, the 
incidence of PKU in Kazakhstan is one case per 1:22 
500 newborns (Public Foundation “Help Today”). 
According to the statistics of the public fund for 
2019, almost 167 patients were registered with PKU 
in Kazakhstan [7].

The disease begins to develop as soon as 
phenylalanine enters the child’s body with mother’s 
milk. Symptoms of PKU appear in the first year 
of life, usually between 2 and 6 months of age. 
Children with PKU appear healthy at birth, despite 
the presence of such specific features as blond hair, 
blue eyes, and dry skin [8]. The child’s lethargy, 
lack of interest in the environment, sometimes 
irritability, restlessness, regurgitation, problems with 
muscle tone (often muscle hypotension), seizures, 
and symptoms of allergic dermatitis are early signs 
of the condition. There is a characteristic “mouse” 
smell. Microcephaly (incomplete development of the 
brain or abnormal smallness of the brain), delayed 
static-motor and psychoverbal development are often 
observed [9].

An effective treatment for PKU is diet therapy 
based on food low in phenylalanine [10]. High degree 
of dementia and severe mental disorders develop in 
patients in the absence of a phenylalanine-free diet 
from the first days of life due to the accumulation 
and toxic effect of phenylalanine and its derivatives 
on tissues and, especially, brain cells. Without 
special therapy, the condition worsens slowly; 
mental retardation usually reaches a severe degree 
with 20 units on IQ test [10]. In the psychological 
state of patients, there is a lack of development of 
game and objective activity, illegibility of emotional 
reactions, lack of expressive and vivid speech. Motor 
stereotypes, aggressive movements, psychopathic or 
schizophrenic states are possible.

The diagnosis is based on a combination of 
genealogical data, clinical and biochemical findings:
	possible consanguineous marriage of the 

parents of a sick child;
	similar pathology in relatives;
	convulsions, impaired muscle tone; 

eczematous skin changes;
	hypopigmentation of hair, skin, iris;
	a peculiar “mouse” smell of urine;
	increase in the level of phenylalanine in the 

blood > 2.1 mg/dL [11; 12].
Symptoms of the disease are practically removed 

at the time of early detection and treatment. Such a 
study helps prevent high-grade dementia and severe 
mental disorders, as well as deaths due to long-term 
monitoring of congenital malformations.

The aim of the work is a comprehensive study of 
newborns with congenital phenylketonuria for which 
enzymatic immunoassay, real-time PCR, tandem 
mass spectrometry were applied.

Materials and methods

The object of research. Out of 5,293 newborns 
screened at the genetic laboratory of LPP “Center 
for Molecular Medicine” (Almaty, Kazakhstan) in 
2019, two newborns were diagnosed with congenital 
phenylketonuria. They underwent clinical studies, 
including analysis of amino acids in blood, and 
assessment of the quantitative content of pathological 
metabolites of phenylalanine and tyrosine in 
biological fluids. The PAH gene mutation was 
analyzed by PCR and amino acid analysis, including 
the spectra of phenylalanine and acylcarnitine, by 
tandem mass spectrometry.

Methods of research. Neonatal screening was 
conducted using the “Delfia Neonatal Phenylalanine” 
kit (Perkin Elmer, Finland). Blood sampling for PKU 
was carried out 3 hours after feeding, in full-term 
newborns on the 2-3rd day of life (25-72 hours of 
life), in premature infants – on the 7-14th day of life. 
A few drops of blood were applied to a special filter 
paper (Whatman 903, GE Healthcare Life Sciences, 
Buckinghamshire, UK) used to collect biomaterial for 
study of hereditary metabolic diseases. For newborn 
blood spot screening, bloodstain samples in the form 
of discs were transferred to the wells of microplates 
with a V-shaped bottom, containing 15 mL of the 
prepared extraction solution (for which three parts 
of zinc sulfate were mixed with two parts of 90% 
ethyl alcohol), and left at room temperature. After 
incubation for 30-60 minutes on shaker (to ensure 
that all disks were soaked in), 40 µL of deionized 
water were consequently added to each well. Blood 
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spots were freed with a needle. 50 µL of PKU reagent 
(a bottle of dry PKU reagent was dissolved in 6.5 
mL of PKU Reconstitution Buffer) were added and 
incubated at 60oC for 30-40 minutes. 200 μL of copper 
blue reagent solution were added and incubated at 
the room temperature for 35 minutes. The analysis 
was performed on an immunofluorescent analyzer 
(Victor2TM D, Perkin Elmer, Finland) with the 
“85PKU” program for automatic measurement and 
calculation of results [13].

Isolation of genomic DNA from the peripheral 
blood of the subjects was carried out using the 
method of phenol-chloroform extraction. To do 
this, distilled water was added to 100 µL of blood, 
mixed and left for 15 minutes. Next, the sample 
was centrifuged at 5,000 rpm for 10 minutes. 
The supernatant was discarded and the cell pellet 
was washed with saline-sodium citrate (SSC) 
buffer, centrifuged again and the supernatant was 
discarded. Then, 54 µL of 0.2 M sodium acetate and 
6 µL of 10% SDS (sodium dodecyl sulfate) were 
added to the pellet. The cell pellet was thoroughly 
resuspended using a vortex and incubated for 30-
60 min at 37°C to destroy the cells. Two volumes 
of Tris-EDTA (TE) buffer (single buffer of 10 
mM Tris: 1 mM EDTA) were added and phenolic 
deproteinization of the sample was carried out 
with the aqueous phase (top layer) collected in a 
clean tube without capturing the precipitate. The 
same was repeated with a mixture of chloroform-
isoamyl alcohol to remove residual phenol. The 
test sample was purified from proteins. To this 1/10 
volume of solution III (3 M potassium acetate: 29 
g potassium acetate, 11 mL glacial acetic acid and 
60 mL distilled water, bring the volume to 100 
mL) was added and stirred. DNA was precipitated 
by adding the two and a half volumes of cold 96% 
ethyl alcohol. Sample was placed in the freezer for 
1-2 hours. The resulting sample was centrifuged for 
10 minutes, then the supernatant was discarded. The 
precipitate was washed with 70% ethyl alcohol. The 
resulting DNA pellet was dried and dissolved in 20 
µL of TE buffer. DNA isolated in this way was used 
for PCR analysis [14].

PCR-analysis of mutations in the PAH gene was 
carried out using commercial diagnostic kit PKU-
8L manufactured by LLC “Center for Molecular 
Genetics” at the Moscow State Scientific Center of 
the Russian Academy of Medical Sciences, Russia. 
For the study, the diagnostic set of primers and 
restrictases (DNA technology, Russia) were used 
to determine common mutations in the PAH gene: 
R408W, R261Q, R252W, IVS10-11, IVS12+1, 
R158Q, P281L, IVS14+5. Amplification by PCR with 

addition of neonatal DNA was carried out according 
to the kit instructions [15].

Tandem mass-spectrometry for quantitative 
assessment of enzyme activity was conducted using 
the NeoBase kit (Perkin Elmer, Finland) that includes 
the NeoBase Flow solution and Extraction solution 
and NeoLSD™ kit. To identify congenital metabolic 
disorders, in particular, to detect elevated levels of 
the amino acid phenylalanine, acylcarnitines, and free 
carnitine with electrospray ionization tandem mass-
spectrometry (QSightTM 210 MD Screening system, 
Perkin Elmer, Finland) was used. The material 
for the study was capillary blood collected on a 
special filter paper No. 903. This analysis allows the 
measurement of 75 metabolites for the simultaneous 
screening of 49 hereditary metabolic disorders [16; 
19]. NeoBase™ amino acid assay kits and NeoLSD 
enzyme kits were used [20; 21].

Results and discussion

Peripheral blood was obtained from 5,293 children 
who passed newborn screening for phenylketonuria 
as part of the healthcare genetic consultation in 
January-December, 2019. The results of neonatal 
biochemical screening for PKU (Table 1).

Тable 1 – The number of tests and the re-tests of newborns for 
congenital phenylketonuria 

No. Months of 
2019

The number of 
tests for congenital 

phenylketonuria

The number 
of the re-

tests

Detected 
PkU 

newborns
1 Jаnuаrу 347 8 0
2 Fеbruаrу 405 4 1
3 Mаrcһ 648 9 0
4 Аprіl 328 2 0
5 Mау 385 7 0
6 Junе 431 2 0
7 Julу 486 6 1
8 Аugust 307 2 0
9 Sеptеmbеr 295 3 0

10 Осtоbеr 585 5 0
11 Nоvеmbеr 601 9 0
12 Dесеmbеr 475 11 0
13 Тоtаl 5293 68 2

According to the results presented in Table 1, 
s, both false positive and false negative results are 
possible during the screening. In that case, the false 
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positive result determined in 68 children, and they were 
re-examined, thus the frequency of re-examination 
estimated 1.2%. Data shows that a false-positive 
diagnosis of congenital phenylketonuria is possible 
in about 2% of cases during neonatal screening. 
When a high level of phenylalanine was confirmed 
in the retest from the primary dry blood spot of the 
newborn, within 72 hours after receiving the first 
result, the dry blood spot of the newborn was retaken 
and delivered for re-analysis. Repeated dry blood 
spots were delivered to the laboratory in a separate 
envelope marked “Repeat PKU”. A new blood test 
for a newborn baby was performed within 36 hours 
of receiving the blood sample. The increased content 
of the substance relative to the control with a double 
re-examination suggests the presence of pathology. 
As can be seen from Table 1, two newborns after a 
second examination revealed data corresponding to 
congenital phenylketonuria. According to the results, 
thе prоbаbіlіtу оf hаvіng chіldrеn wіth cоngеnіtаl 
phenylketonuria pеr 10,000 wаs 2 cаses, whіch was 
10 tіmеs hіghеr thаn thе аvеrаgе for Kаzаkhstаn (one 
іn 22,500) [7].

During the neonatal screening in 2019, only 
two confirmed case of congenital phenylketonuria 
were detected in newborns. The results of enzyme 
immunoassay are presented in Table 2. Table 3 
shows the reference values   of the norm.

As can be seen from Table 2, the results of 
neonatal screening and retest exceed the reference 
values (Table 3)   of the phenylalanine content in the 
first newborn by more than 3.5 and 12.4 times. These 
values   for the second newborn were more than 6.3 

and 10.8 times, respectively. PKU was diagnosed in 
newborns based on enzyme immunoassay, including 
clinical examinations.

Table 2 – The level of phenylalanine in the blood of two new-
borns 

The level of 
phenylalanine in 

the blood

The result of 1 – 
newborn, mg/dL

The result of 2 – 
newborn, mg/dL

1 result 7.31 13.34
2 result (re-test) 26.20 22.86

Table 3 – Indicator level of congenital phenylketonuria [11; 12]

Meaning
The level of 

phenylalanine in 
the blood, mg/dL

The level of 
phenylalanine in 

the blood, µmol/L
Potentially 
negative result < 2.1 < 127

Unclear zone 2.1 – 3.0 127 – 182
Potentially 
positive result > 3.0 > 182

Conversion factor: 1 µmol/L to mg/dL equals 60

When monitoring treatment and dietary 
therapy, the values   of phenylalanine for the first and 
second newborn were 62.9 μM/L and 173 μM/L, 
respectively, presented in Table 4. The concentration 
of phenylalanine in two newborns varied within the 
normal range of 20-265 µM/L.

Table 4 – Amino acid values of blood of two babies

No. Amino acids Standard values, 
µM/L

The result of 1 – 
newborn, µM/L

The result of 2 – 
newborn, µM/L

1 Alanine Ala 85 – 910 345 217
2 Arginine Arg 2 – 125 63 26.7
3 ASA-total ASA-total – 0.54 0.19
4 Citrulline Cit 4 – 80 19.9 23.4
5 Glutamine Gin – 50 555
6 Glutamate Glu 62 – 615 338 127
7 Glycine Gly 95 – 945 408 220
8 Leucine Leu 35 – 380 191 93.5
9 Methionine Met 6 – 155 33.1 9.55

10 Ornithine Orn 22 – 405 118 64.1
11 Phenylalanine Phe 20 – 265 62.9 173
12 Proline Pro 30 – 490 167 131
13 Tyrosine Tyr 15 – 235 76.9 64.1
14 Valine Val 45 – 430 178 136
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Subsequently, studies were carried out on the 
content of pathological metabolites of phenylalanine 
in biological fluids, the determination of PAH gene 
mutations using PCR methods and tandem mass 
spectrometry (determination of the spectrum of 
acylcarnitines, amino acids).

To clarify the clinical diagnosis of newborns, 
a molecular genetic study was performed for 
the presence of mutations in the PAH gene – 
phenylalanine hydroxylase among the eight most 
common mutations R408W, R261Q, R252W, 
IVS10-11, IVS12+1, R158Q, P281L and IVS14+5. 
The material for the study was DNA isolated from 
peripheral blood according to the standard method. 
Allele-specific ligation followed by amplification 
and registration of results in a polyacrylamide gel 
in both newborns revealed R408W mutations in the 
heterozygous state. It was discovered 93 base pairs 
fragment along with a fragment of 89 base pairs 
corresponding to the norm (Figure 1). 

Figure 1 – Electrophoregram of two newborns. 
Note: 1 – control DNA; 2-DNA of newborns;  

b.p. stands for base pairs

It should be noted that, in order to detect congenital 
phenylketonuria and confirm the diagnosis, except 
mass screening and molecular genetic analysis, 
newborns with congenital phenylketonuria need to 
undergo an additional examination, since they are 
predisposed to diseases. An additional examination 
should include an analysis of the spectrum of 
amino acids and acylcarnitines by tandem mass 
spectrometry for hereditary metabolic diseases. When 
the possibility of a metabolic disorder is identified, 
certain key metabolic screening tests should be 

performed. These tests include plasma amino acid 
analysis. The amino acid profile may be indicative 
of a specific metabolic disorder causing neonatal 
disease, i.e., an increased or decreased amino acid 
content may indicate the presence of genetic diseases.

Based on the study of the spectrum of amino acids 
and acylcarnitines by tandem mass spectrometry, 
according to its multi-parametric nature, was made an 
analysis of the metabolism of amino acids, carnitines, 
organic acids to defects in ß-oxidation of fatty acids 
and the amount of enzymes that accompany Gaucher’s 
disease (deficiency of 3-glycocerebrosidase), 
Niemann-pick (deficiency of sphingomyelinase), 
Krabbe (galactocerebrosidase deficiency), type 1 
mucopolysaccharidosis (iduronidase deficiency), 
Fabry (alpha-galactosidase deficiency), Pompe 
caused by alpha-glucosidase enzyme deficiency [22].

Tandem mass spectrometry has the advantage 
of being able to determine the ratio of substrate 
concentration to its product concentration in a 
single sample, in this case the ratio of phenylalanine 
concentration to tyrosine concentration. The results 
of the study showed that the ratio of the concentration 
of phenylalanine to tyrosine was within the normal 
range and amounted to 0.82 µM/L in the 1st newborn, 
and 2.69 µM/L in the 2nd newborn (it is important 
to mention that the reference ratios of phenylalanine 
to tyrosine are 0.25 – 6.5 µM/L). The remaining 
indicators of the ratios of the components are shown 
in Table 5. Table 6 presents the data of the analysis 
of the metabolic test for carnitines in both newborns.

As can be seen from Table 6, the results of 
the metabolic test for carnitines in both newborns 
corresponded to the reference value. Along with free 
carnitines, observed the presence of several types of 
other carnitines, including acetyl, propionyl, malonyl, 
butyryl, methylmalonyl, isovalerylcarnitine, etc. 
Also, studied the breakdown of lysophospholipids, 
nucleosides, ketones, resulting in the formation of 
the energy, which is necessary for the life of the cell 
(Table 7).

Each step of the oxidation process is carried out 
under the action of specific enzymes. In the absence 
of one of the enzymes, the process is disrupted. The 
results of the study did not show data for hereditary 
aminoacidopathy, carnitines, organic aciduria and 
defects in mitochondrial ß-oxidation of fatty acids.

Data for impaired enzymatic activity for 
the following lysosomal storage diseases: 
Gaucher disease, Niemann-Pick disease, Pompe 
disease, Krabbe disease, Fabry disease and 
mucopolysaccharidosis type I were also not detected 
in two newborns (Figure 2).
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Table 5 – The amino acid ratio indicators of two newborns

Ratio: Standard values, µМ/L The result of 
1 – newborn, µМ/L

The result of 
2 – newborn, µМ/L

Phenylalanine/Tyrosine 0.25-6.50 0.82 2.69
Leucine/Phenylalanine 0 – 3.65 3.03 0.54
Methionine/Leucine 0.02 – 0.47 0.17 0.10
Methionine/ Phenylalanine 0.04 – 0.70 0.53 0.06
Tyrosine/Leucine - 0.40 0.69
Tyrosine/Methionine - 2.33 6.71
Citrulline/Arginine 0 – 5.56 0.32 0.88
Valine/ Phenylalanine 0 – 3.00 2.83 0.79
Citrulline/ Phenylalanine 0.10 – 0.67 0.32 0.14

Table 6 – The values of carnitines of two newborns

Types of carnitines: Standard values, µМ/L 1 – newborn, 
µМ/L

2 – newborn, 
µМ/L

Carnitine free C0 8.0 – 155.0 36.40 43.4
Acetylcarnitine C2 6.0 – 55.0 11.40 18.7
Propionylcarnitine C3 0.16 – 6.50 0.91 2.51
Malonylcarnitine C3D3 0 – 10.40 0.07 0.12
Butyrylcarnitine C4 0 – 1.10 0.23 0.44
Methylmalonyl C4DC 0 – 17.0 0.76 0.40
Isovalerycarnitne C5 0 – 0.70 0.14 0.12
Tiglylcarnitine C5:1 0 – 0.15 0.01 0.01
Glutarylcarnitine C5DC 0 – 6.99 0.12 0.08

Table 7 – The values of lysophospholipids, nucleosides, and ketones by TMS (MS/MS) of first and second newborns

Results: 1 – newborn, µМ/L 2 – newborn, µМ/L
Lysophospholipids:

Lysophosphatidylcholine C20:0 0.65 0.63
Lysophosphatidylcholine C22:0 0.49 0.14
Lysophosphatidylcholine C24:0 0.55 0.26
Lysophosphatidylcholine C26:0 0.19 0.14

Nucleosides:
Adenosine 0.35 0.3
2-deoxyadenosine 0.02 0.02

Ketones:

Succinylacetone 0.39 0.18
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Figure 2 – The amount of specific enzymes in the body in two newborns

Blood donation for immunofluorescence 
analysis and genetics visits remained mandatory 
for both newborns once a month, regularly. 
Every three weeks they had to donate blood for 
examination. This prevented the complications of 
innate phenylalanine and allowed control over the 
amount of phenylalanine they had to consume. The 

normal amino acid content is 2.1 mg/dL. Values 
greater than 2.1 mg/dL represent an increased risk 
of developing phenylketonuria. Figures 3 and 4 
show measurements of phenylalanine in a blood 
sample for two newborns, respectively. The content 
of phenylalanine in both newborns showed a steady 
but significant increase over this period.

Figure 3 – Distribution of phenylalanine content 
 in the 1st newborn for 2020

It should be noted that in the process of monitoring 
sharp fluctuations in content of phenylalanine in 
the process of development were observed in sick 
children.

According to the Order of the Ministry of 
Healthcare of the Republic of Kazakhstan No. 
105 from March 14, 2018 “On amendments to the 

order of the Minister of Healthcare of the Republic 
of Kazakhstan No. 666 from August 29, 2017 “On 
approval of the List of medicines and medical devices 
to provide citizens within the guaranteed volume of 
free medical care and in the system of compulsory 
social health insurance, including certain categories 
of citizens with certain diseases (conditions) free 
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and(or) subsidized medicines, medical devices and 
specialized medical products at the outpatient level”” 
Phenylketonuria section includes therapeutic low-
protein products and products with low phenylalanine 
content: Komida med PKU-formula + LCP (11.8 g 
protein per 100 g); Komida med PKU – B (31.1 g of 

protein per 100 g); Komida med PKU C – 45 (45 g of 
protein per 100 g); PKU-3 (69 g protein per 100 g); 
Komida med PKU C-75 (75 g of protein per 100 g); 
PKU-0 (13 g protein per 100 g); PKU-1 (20 g protein 
per 100 g); RAM-1 and RAM-2 (75 g of protein per 
100 g); Isifen (16.8 g of protein in 1 pack) [23].

Figure 4 – Distribution of phenylalanine content  
in the 2nd newborn for 2020

Since good metabolic control in childhood is 
necessary to prevent cognitive impairment in PKU, 
it is recommended to treat patients with corrected 
phenylalanine concentration during the first 12 
years [24]. Collaborative study for PKU revealed 
that discontinuation of diet control correlated with 
decreased school performance in children and 
increased behavioral and psychosocial problems in 
adults [25]. 

A comprehensive examination of newborns 
with congenital phenylketonuria will allow timely 
treatment of critical conditions and metabolic 
disorders, which will enable them to grow and 
develop healthy. However, they must be under 
constant medical supervision, and at the first suspicion 
of a developmental disorder, complex treatment is 
required, designed to reduce acute symptoms.

Since one of the main tasks of medicine is diagnosis 
of genetic pathologies in newborns, a lot of journals 
and articles have been written in this area, which 
have a specific purpose and a certain similarity. The 
significance of our work is a first time comprehensive 
study of phenylketonuria in newborns after mass 
neonatal screening. Also studying besides neonatal 
screening and PAH gene mutation, other number of 
enzymes, which are the causes of lysosomal storage 
diseases. Our data on the prevalence of PKU can 

be used to assess the genetic state of the Republic 
of Kazakhstan. The frequency of PKU according to 
our mass screening of newborns in Almaty is 2 cases 
per 10,000, and this is at the level of the average in 
Almaty 1 case per 6,980. In both studies, the most 
frequent mutations were R408W, which indicates the 
similarity of the results of our analysis.

The frequency of mutations in the phenylalanine 
hydroxylase gene varies in unrelated children 
diagnosed with PKU [26]. The R408W mutation is 
considered as more typical for Eastern European 
countries (47.9%) [27].

The average frequency of congenital 
phenylketonuria varies between 1:10,000 and 15,000 
newborns. It varies from country to country, e.g. 
1: 4,370 in Turkey and 1: 100,000 in Japan [28]. 
In addition, among cities of even one country the 
indices can differ: in Kazakhstan, the number equals 
to 1:22,500 and in Almaty is equal to 1:6,980 [7].

As mentioned by Levy et al. [15], despite the 
assumption of a normal newborn screen, it is vital to 
acknowledge the possibility that a child will may have 
metabolic illness or a related disorder. As a result, 
testing for all relevant metabolic diseases, including 
those covered by molecular-genetic analysis, should 
be included in the evaluation of newborns. In the next 
work [29] have been highlighted, that the second 
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sample should be taken if a high phenylalanine level 
is identified in a newborn screening sample. The 
latter has the advantage of being able to analyze all 
amino acids accurately and is preferred when the 
first phenylalanine is significantly elevated (e.g., 
above 2.1 mg/dL) [11; 12]. Catabolism can cause an 
increase in phenylalanine levels in premature and/
or severely sick newborns. Under these conditions, 
it is advised that a full analysis of all amino acids be 
performed for a limited period of time 

Our work emphasize the importance of expanding 
“Neonatal medicine” for the early detection of many 
inborn metabolic errors and making decisions to 
provide effective treatment and a good results at the 
end.

Conclusion

One of the main tasks of practical medicine is 
the diagnosis of hereditary pathologies. The study 
of the biochemical and molecular-genetic aspects of 
hereditary diseases is a comprehensive solution to 
the urgent problems of elucidating the etiology and 
pathogenesis of this group of diseases. In this regard, 
in particular, the timely detection of newborns 
with congenital phenylketonuria remains an urgent 
problem. As practice shows, a case of late diagnosis 
can be the cause of severe irreversible developmental 
disorders of the child. With timely effective treatment, 
children with this disease do not differ from their 
peers, develop according to age and study in regular 
schools. This is possible with neonatal screening, 
appropriate therapy and proper monitoring of the 
newborn.

The success of treatment is mainly determined 
by the extent to which the parents of a sick child 
have realized the importance of diet therapy, and 
how strictly they carry it out. The child needs to 
constantly monitor the content of phenylalanine in 
the blood, and, depending on laboratory parameters, 
adjust the composition of those products that, on the 
one hand, will not increase the level of phenylalanine, 
and on the other hand, ensure the normal growth and 
development of the child.

The most important aspect to consider in 
congenital phenylketonuria – is the psychological 
aspect. The transition to adulthood – is a period 
of high risk for patients with PKU. Difficulties are 
exacerbated by the need to adhere to dietary therapy, 
there is a risk of loss of metabolic control and a high 
risk of a complete loss of medical supervision. In 
this regard, it is necessary to organize psychological 
support for the families of patients, which should 
begin from the moment a sick child appears in the 

family. Without effective support, many of the 
benefits gained during early treatment may be lost in 
adulthood [30].

The results of the study allow us to draw the 
following conclusions:

1. Neonatal screening of 5,293 newborns revealed 
two newborns with congenital phenylketonuria: the 
concentration of phenylalanine in the dry blood spot 
in the 1st newborn was 7.31 mg/dL, in the retest 26.20 
mg/dL, in the 2nd newborn the level of phenylalanine 
was 13.34 mg/dL in retest 22.86 mg/dL.

2. In these two newborns the R408W mutation 
in PAH gene was detected in the heterozygous state.

3. After appropriate dietary therapy, the 
concentrations of phenylalanine in the blood of the 
observed newborns decreased to their reference 
value – 62.9 µM/L in the 1st newborn and 173 µM/L 
in the 2nd newborn.

4. The ratio of phenylalanine to tyrosine was 
0.82 µM/L in the 1st newborn, and 2.69 µM/L in the 
2nd newborn.

5. The results of additional studies showed no 
data for hereditary aminoacidopathy, organic aciduria 
and defects in mitochondrial β-oxidation of fatty 
acids. In addition, there were no data for violations 
of enzymatic activity for the following lysosomal 
storage diseases: Gaucher disease, Niemann-Pick 
disease, Pompe disease, Krabbe disease, Fabry 
disease and mucopolysaccharidosis type I.

For early detection and effective treatment 
of congenital phenylketonuria, along with mass 
screening and molecular genetic studies to confirm 
the diagnosis, it is recommended to conduct additional 
studies on metabolic disorders in newborns with an 
established diagnosis due to their predisposition to 
disease.
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The effect of mixed fertilizers on the vegetative growth 
 and reproductive characteristics of tomatoes (L. esculentum Mill)

Abstract. The purpose of this study was to investigate how combination fertilizers based on seaweed 
liquid extract (SLF) and nitrogen fertilizer (PU) affected tomato vegetative development and reproductive 
characteristics (L. esculentum Mill). The mixed fertilizers had varying amounts of SLF and a constant 
amount of PU [(5% SLF + PU50), (10% SLF + PU50, 30% SLF + PU50), and (50% SLF + PU50)]. The 
greenhouse was used to study tomato growth and yield response to mixed fertilizer. The Randomized 
Complete Block Design (RCBD) was used for the experiment, with five replicates for each treatment. 
The data were analysed using variance analysis (ANOVA) and compared to a control that did not use 
fertilizer. The results revealed that the mixed fertilizers resulted in substantial increases in all the evaluated 
attributes. However, mixed fertilizer (10% SLF + PU50) produced the highest vegetation, flower, and fruit 
characteristics compared to the control plants and other treatments. These results clearly show that 10% 
SLF + PU50 is favourable for tomatoes.
Key words: tomato, fertilizer, vegetative, growth.

Introduction

Tomatoes (Lycopersicon esculentum Miller) are 
one of the most significant vegetable crops farmed 
in the world, both in the field and in greenhouses [1]. 
In terms of human health, tomato is a vital source 
of minerals, vitamins, and antioxidants and is a 
substantial component of many people’s daily diets 
in many countries [2,3]. Using seaweed in such 
a circumstance is thus a financially advantageous 
proposition. Seaweed is used as a foliar spray or a 
soil drench to promote faster growth and production 
in leafy vegetables, fruits, orchards, and horticultural 
plants. The presence of plant hormones, particularly 
cytokinin, has been attributed to a large portion of the 
benefit derived from the use of seaweed extract.

Various seaweed concentrates contain 
considerable amounts of cytokinin in addition to 
other phytohormones [4]. Meanwhile, nitrogen 
fertilizer is critical for plant growth and final grain 
yield, and it has been applied at the optimal rate 
to meet the plant’s needs. Urea is one of the most 
popular nitrogenous fertilizers among farmers due 

to its high nitrogen content (46% by weight), which 
has overtaken other nitrogenous fertilizers. When 
urea fertilizer inputs to the soil system exceed crop 
needs, 50% of the applied fertilizer may escape to 
the environment owing to leaching, surface runoff, 
decomposition, and ammonium volatilization in the 
soil, since only a part is absorbed by plants.

The slow-release method was used on urea 
fertilizer to gradually release the nutrient contents 
and to correspond with the usage efficiency of plant 
uptake. It had been reported that PVA was used for 
seed coating or pre-treatment seed to improve seed 
germination, seedling growth, or salt resistance [5,6], 
or used in soil to reduce runoff and soil losses [7], 
improve root number and root length in jujube [8], and 
improve rooting percentage in woad and pear clones 
[9,10]. Copper encapsulated in chitosan and PVA-
chitosan increases the development characteristics 
of tomato plants, according to Hipólito et al. [11] 
and Pinedo et al. [12]. As a result, the combination 
of hydrogel and fertilizer has emerged as one of the 
promising materials for overcoming the shortcomings 
of conventional fertilizer by significantly improving 
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plant nutrition, decreasing fertilizer loss rate, 
reducing environmental impact from water-soluble 
fertilizer, supplying nutrients sustainably, and 
lowering irrigation frequency [13]. Mixed fertilizers 
have the potential to increase crop production 
stability, maintain improvements in soil fertility, and 
improve plant development efficiency [14]. Copper 
encapsulated in chitosan and PVA-chitosan hydrogel, 
according to Hipólito et al. [11] and Pinedo et al. 
[12], increases the growth characteristics of tomato 
plants and plants and pepper.

Evidence suggests that combining organic and 
inorganic fertilizers improves nutrient availability, 
optimizes the soil environment, and improves crop 
productivity [15,16]. The combined use of chemical 
and organic sources, known as integrated nutrient 
management, is generally acknowledged as a method 
of enhancing crop productivity sustainably [17,18]. 
When compared to NPK fertilizer alone, a combined 
application of 3 t/ha vermicompost and 50% doses of 
NPK (60: 30: 30: kg/ha) fertilizer resulted in greater 
tomato crop growth and yield [19]. 

Ayeni et al. [20] found that poultry at 20, 30, 
and 40 t/ha with NPK 15: 15: 15 fertilizers greatly 
increased plant leaf area, quantity of leaves, 
branches, and tomato fruit yield. Adnan et al. [21] 
discovered a significant increase in plant growth 
and tomato fruit yield because of using organic 
manures in combination with the recommended dose 
of inorganic fertilizers. Makinde and Ayoola [22] 
found that applying a mix of synthetic fertilizers 
to maize (Zea mays L.) yielded higher yields than 
manure alone. According to Akanbi et al. [23], a 
combined application of 4 t/ha maize straw compost 
and N mineral fertilizer at 30 kg/ha increased plant 
growth and gave higher tomato yield. Dawa et al. 
[24] discovered that fertilizing tomato plants with 
mixed fertilizers chicken manure at 6 ton/fed with 
50% NPK from the recommended dose, i.e., 75 N, 35 
P2O5, and 85.5 K2O kg/fed and sprayed with seaweed 
extract at a rate of 2.5 mL/L produced the highest 
values of vegetable growth parameters, chlorophyll, 
N, P, and K percentages in tomato leaves. Pepper 
plants fed with mixed fertilizers (seaweed extract and 
chicken manure as organic fertilizers) in the presence 
of biofertilizers enhanced vegetative plant growth 
and NPK percentages in leaves [25]. Awosika et al. 
[26] fertilized tomatoes using pig manure and NPK 
(15:15:15) and discovered that 187 kg/ha NPK plus 6 
t/ha pig manure had the greatest results in terms of leaf 
number, plant height, fruit weight, yield, and quality. 
Prativa and Bhattarai [27] investigated the impact 
of integrated nutrient management on tomato plant 

growth, yield, and soil nutrient status (Lycopersicon 
esculentum L.). The study indicated that combining 
organic manures with inorganic fertilizers improved 
overall plant growth, yield, and soil macronutrient 
status more than either nutrient applied alone. Prakash 
et al. [28] investigated the influence of humic acid 
(HA) and SLF on the growth and nutritional quality of 
Abelmoschus esculentus. A combined impact of SLF 
and HA (8.5%: 0.5 %) was beneficial in enhancing 
the growth of the plant in the pots that is also reflected 
in the increased carbohydrate and protein content in 
Abelmoschus esculentus. Mukta et al. [29] found that 
using vermicompost as an organic fertilizer at a rate 
of 10 t/ha in conjunction with 50% chemical fertilizer 
resulted in the best tomato production and quality. 

Current study was conducted to increase the 
growth, yield, and chemical content of tomato 
(Lycopersicon Esculentum L. Mill) treated with 
mixed fertilizers at different rates (5% SLF + PU50), 
(10% SLF + PU50), and (30% SLF + PU50), (50% 
SLF + PU50).

Materials and methods

Seaweed extract preparation (SLF). A fresh 
sample of seaweed (Gracilaria manilaensis) was 
collected from Pantai Merdeka, Sungai Petani, Kedah. 
To eliminate adhering material and sand particles, 
the seaweed was carefully washed with seawater 
immediately after collecting, followed by freshwater. 
Clean seaweed was sun-dried for 7 days in the open 
air before being oven-dried for 48 hours at 60°C and 
ground to a fine powder with a mixer grinder. The 
seaweed powder was then used to make seaweed 
liquid extract (SLE) using the methods described by 
Srijaya et al. [30], Ganapathy and Sivakumar [31], 
and Rathore et al. [32].

In a sealed conical flask, four liters of water 
were added to 1 kg of dried seaweed and heated 
for 45 minutes at 60°C. The content was filtered 
through four layers of muslin cloth after cooling. 
The filtrate collected (2.150 mL) was 100% seaweed 
liquid fertilizer (SLF), and different concentrations 
of SLF, namely 5, 10, 30, and 50%, were prepared 
using distilled water [33]. Using an atomic 
absorption spectrophotometer, physical observations 
such as colour, pH, and different components of 
macronutrients (calcium, magnesium, potassium, 
phosphorous, nitrogen) and micronutrients (iron, 
magnesium, zinc, copper, and nitrate) were calculated 
[34]. Table 1 shows the physicochemical properties 
of SLF of Gracilaria manilaensis before preparation 
of different concentrations.
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Table 1 – The physicochemical analysis of Gracilaria 
manilaensis (SLF)

Parameters Values

Colour Brown

pH 6.74

Nitrogen 400 (mg/L)

Calcium 156.06 (mg/L)

Magnesium 110.09 (mg/L)

Sodium 291.04 (mg/L)

Potassium 180.3 (mg/L)

Iron 6.9 (mg/L)

Phosphate 43.06 (mg/L)

Chloride 2180.8 (mg/L)

Sulphate 58.7 (mg/L)

Zinc 1.1 (mg/L)

Copper 1.7 (mg/L)

Nitrate 127.09 (mg/L)

Synthesis of nitrogen fertilizer (PU). The 
nitrogen fertilizer (PU) based on polyvinyl alcohol 
(PVA) and urea (U) was synthesized in an aqueous 
solution using Lewis acid (acetic acid) as a catalyst. 
The following procedure was used to synthesize 
PVA/U blends with a constant ratio, i.e., 50:50. 
(PU50). In an Erlenmeyer flask, the PVA and U 
were dissolved in 300 mL of distilled water. The 
solution was stirred using a magnetic stirrer, and the 
flask was sealed with a septum stopper. The solution 
was then flushed with nitrogen gas before being 
administered through a hypodermic needle, and 
another needle was placed within the stopper for 
gas outflow. The solution was continually agitated 
using a magnetic stirrer, and the nitrogen gas was 
bubbled at 30 minutes intervals.

The appropriate amount of glacial acetic acid was 
injected into the solution until pH 4 was attained, and 
nitrogen gas flushing was maintained for another 30 
minutes. The nitrogen gas bubbling was stopped, the 
needles were withdrawn from the stopper, and the 
flask was sealed with Teflon tape. The temperature of 
the reaction was kept constant at 90°C by immersing 
the flask in a constant-temperature oil bath. When the 
pH remained constant at 4, the process was stopped. 
The polymer solution was precipitated in an excess 
of methanol, and the product was dried in a vacuum 
at 35°C. The nitrogen fertilizer was prepared and 
analyzed using the methods described earlier by El-
Sayed et al. [35] (1H NMR, FTIR, SEM, DSC, and 

TGA). The elemental analysis was performed using 
a Vario Micro Elemental Analyzer (Elementar, 
Germany) to determine the carbon, nitrogen, and 
oxygen content of the fertilizers, as indicated in 
Table 2.

Table 2 – The elemental composition of nitrogen fertilizer (PU)

Elements C (%) N (%) O (%)

PU50 (PVA: U) 
(50:50) wt.% 28.79 34.09 37.58

Preparation of mixed fertilizer (SLF+PU50). 
Mixed fertilizers (SLF+PU50) were a 50/50 w/v 
mixture of SLF with concentrations ranging from 5, 
10, 30, 50, and 50% nitrogen fertilizer PU50. Mixed 
fertilizers were used with a constant concentration of 
1% w/v using distilled water.

Experimental design and treatment. The crop 
plant selected for the present study was Lycopersicon 
esculentum (tomato). The hybrid tomato seeds 
(Pearl-F1) were purchased from the local market 
and kept for one hour in a glass beaker with fresh 
water. Only the seeds that sank at the bottom of the 
beaker were used in the experiment. The seeds were 
carefully sewn in plastic trays, and the compost soil 
was kept wet by spraying with water daily. After two 
weeks, the germinated seedlings were transferred and 
planted in plastic pots. The seedlings were planted 
5 cm deep into the soil and the depression was then 
loosely covered back by the soil. The soil was air-
dried, sieved, and packed (13.5 kg/pot), and was 
properly filled in 15 pots. 

The day on which the seedlings were planted 
in the pot was treated as day zero (Figure 1). The 
plants were watered every day or on alternate days 
depending on the requirement. 

All 3 sets were prepared in five replicates. Mixed 
fertilizer treatment was given to the plants namely 
(SLF+PU50) and a set of control plants. In each 
of the treatments, 500 mL (1% w/v) of SLF+PU50 
was applied directly to the soil. The first treatment 
was given to 15-day-old seedlings. Thereafter, the 
treatments were given at intervals of 15 days each 
until 90 days. The control set was watered only with 
tap water without any fertilizers.

Physical and chemical properties of the soil. 
In this study, the soil’s physical and chemical 
properties were analyzed before the addition of the 
mixed fertilizers in different concentrations to the 
experimental soil to know the type and properties 
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of the soil. The results are presented in Table 3. The 
ingredients of the experimental soil were a mixture of 
clay (56.63%), fine sand (14.22%), and silt (24.15%). 

The chemical properties of the soil were 1.4 mhos/
cm3, 81.0 ppm N, 3.04 ppm P, 40.8 ppm K, 0.6 ppm 
of organic matter and pH was 7.8.

Figure 1 – Tomato plants after two weeks of germination

Table 3 – The physical and chemical properties of the soil

Physical properties
Sand 56.63 (%)
Silt 24.15 (%)
Clay 14.22 (%)

Soil texture Sandy loam
Chemical properties

pH 7.8
Ec  1.4 (mhos/cm3)

Available N 81.0 (ppm)
Available P 3.04 (ppm)
Available K 40.8 (ppm)

Organic matter 1.6 (%)

Data recorded. Vegetative growth. Plant height, 
number of major lateral branches, number of leaves, 
leaf area, and fresh and dry weights of shoots were 
measured at 4 and 8 weeks.

Chemical composition. Leaves disks were 
collected 4 and 8 weeks after transplanting to assess 
chlorophyll a, b according to the method described 
by Sartory and Grobbelaar [36]. Total carbohydrate 
content in dry matter of leaves was determined 
spectrophotometrically method described by Dubois 
et al. [37]. Nitrogen, phosphorus, and potassium 
elements were determined in the leaves of tomato 

plants via digestion procedure according to Piper [38]. 
Nitrogen content was determined by the modified 
micro-Kjeldahl method as described by Pregl [39]. 
Phosphorus and potassium contents in the sample 
were estimated using ammonium molybdate and 
flame photometer methods respectively, according to 
Chapman [40]. 

Flowering and fruit yield. The number of nodes 
bearing the first flower, the number of flower clusters 
per plant, the number of flowers per cluster, the 
number of flowers per plant, the weight, and the 
number of fruits per plant were all recorded.

Physical characteristics of fruits. The fruit shape 
index was calculated using the ratio of vertical to 
horizontal diameters. Fruit volume was determined 
by using the immersion method.

Chemical characteristics of fruits. The soluble 
solids content (SSC) was assessed using a hand 
refractometer and the AOAC technique [41]. The 
technique published by AOAC [42] was used 
to calculate titratable acidity. The ascorbic acid 
concentration (vitamin C) was tested following 
AOAC guidelines [43]. Lycopene in tomato samples 
was extracted using hexane: ethanol: acetone (2:1:1) 
(v/v) mixture according to Sharma and Le Maguer’s 
technique [44].

Statistical analysis. The data calculated on 
various variables were subjected to analysis of 
variance (ANOVA) to identify differences between 
treatments and their interactions. The Least Significant 
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Difference (LSD at 5%) test was used to separate the 
means. The ANOVA and LSD were computed using 
the statistical computer program Statistix 8.1 [45].

Results and discussion

Plant height (cm). The findings shown 
in Figure 2 showed that the combination 
fertilizers (SLF + PU50) had a highly significant  
(p < 0.05) effect on plant height at 4 and 8 weeks. 
Plant height increased when SLF concentrations 

decreased from 50 to 10%. Plant height treated 
with 10% SLF + PU50 was substantially greater 
than control plants and other treatments at 4 
and 8 weeks. Treatments with 10% SLF + PU50 
mixed fertilizer performed best, followed by 
30% SLF + PU50, 50% SLF + PU50, and 5% 
SLF + PU50. The increase in tomato plant height 
caused by combined fertilizer (SLF + PU50) 
might be attributed to hormone components such 
as cytokinins and auxins in SLF and nitrogen in 
PU50, which promote plant height.
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Figure 2 – Effect of mixed fertilizer on tomato plant height

Polyvinyl alcohol-urea blend (PU) has a cross-
linked structure of hydrophilic urea. The presence of 
polyvinyl alcohol improves the ability to adsorb the 
metals from soil and seaweed. This, in turn, improves 
the soil’s water-holding capacity, regains its fertility, 
and in sustainable manner for improved plant 
growth [13,46-48]. Similar results were reported by 
Wakifatul et al. [49] on soybeans and Cheng et al. 
[50] on lettuce, who found that fertilizer treatment, 
i.e., a blend of SLF and organic fertilizer, increased 
plant height.

Number of lateral branches. The effect of mixed 
fertilizer (SLF + PU50) on lateral branch numbers 
per tomato plant is shown in Figure 3. The treatment 
(10% SLF + PU50) resulted in a substantial increase 
in lateral branch numbers per tomato plant at the 5% 
level of probability when compared to the mixed 
fertilizers (30% SLF + PU50), (50% SLF + PU50), 
and control plants. At 4 and 8 weeks, the plants treated 
with mixed fertilizer (10% SLF + PU50) had the most 
lateral branches compared to the other treatments. 
The 10% SLF + PU50 treatment increased lateral 
branch numbers by 61.7 and 79.6% at 4 and 8 weeks, 
respectively, compared to the control, which was 
expected due to the positive effect of mixed 10% SLF 

with PU50 (N: 34.1%) on soil edifice environmental 
conditions, which affected tomato plant vegetative 
growth [51]. These findings were consistent with 
those reported by Sridhar and Rengasamy [52-54] 
on Tagetes erecta and chili, who discovered that the 
best two interaction treatments for increasing lateral 
branch number per plant were 10% SLF combined 
with 50% recommended rate of chemical fertilizer. 
The plants treated with 5% SLF + PU50 at 4 and 8 
weeks produced the fewest lateral branches.

Number of leaves per plant. Figure 4 shows that 
the application of mixed fertilizer (SLF + PU50) at 8 
weeks induced a substantial increase in the number 
of leaves per plant at the 5% probability level when 
compared to the treatment of mixed fertilizer at 
4 weeks. The treatment with 10% SLF + PU50 
produced the most leaves per plant (78.5 and 125.6) 
at 4 and 8 weeks, respectively, while the treatment 
with 5% SLF + PU50 produced the fewest leaves per 
plant (35.4 and 74.5) at 4 and 8 weeks, respectively. 
This is due to the continuous release of nutrients from 
SLF as well as nitrogen from PU50. The increase in 
leaves number following mixed fertilizer (10% SLF + 
PU50) treatments proved the effect of mixed fertilizer 
in enhancing soil physical qualities and promoting 
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vegetative growth in leafy vegetables [55-57]. Dawa 
et al. [24, 25] discovered that foliar application of 
seaweed extract with chicken manure as a source of 
organic fertilizer and in the presence of biofertilizers 
increased vegetative plant development and N, P, and 

K percentages in leaves on pepper and tomato plants. 
According to Khan et al. [58], combining N with 
organic fertilizer resulted in higher plant height and 
number of leaves of pepper plants than using organic 
or biofertilizers alone.
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Figure 3 – Effect of mixed fertilizer on the number of lateral branches per tomato plant
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Figure 4 – Effect of mixed fertilizer on the number of leaves per tomato plant

Leaf area (cm2). Figure 5 depicts the effect of a 
mixed fertilizer (SLF + PU50) on leaf area after 4 
and 8 weeks of growth. When compared to control 
plants, the usage of mixed fertilizer resulted in 
substantial increases (p < 0.05) in leaf area. The 
tomato plants’ leaf area rose when the SLF content 
in the mixed fertilizer was reduced from 50 to 
10%. Plants fertilized with 10% SLF + PU50 had 
the largest leaf areas, with 265.9 and 291.275 cm2, 
respectively, whereas plants fed with 50% SLF + 
PU50 had the smallest leaf areas. At 4 and 8 weeks, 
SLF + PU50 had leaf areas of 231.0 and 256.15 cm2, 
respectively.

Mixed fertilizer (10% SLF + PU50) can be given 
to tomato plants to improve the nutritional content 

of the soil and, as a result, increase the vegetative 
growth of tomato plants. The leaf area measurement 
on the control plants was the smallest. These findings 
agreed with those of Ogundare et al. [59], Dawa 
et al. [24], and Sridhar and Rengasamy [54], who 
found that combining SLF with chemical fertilizer 
enhanced leaf area in tomato plants and chili plants, 
respectively. Several studies found that combining 
low-level N fertilizer or NPK with biofertilizer 
improved citrus plant leaf area more than using high-
level N fertilizer or NPK in a single application or 
coupled with biofertilizer [60,61].

The fresh and dry weight of shoots (g/ plant). 
Figure 6 shows that the combined fertilizer (10% 
SLF + PU50) induced a substantial increase in the 
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fresh and dry weight of shoots at the 5% probability 
level when compared to the control plants and other 
treatments. This might be because seaweed contains 
growth-promoting substances, as well as nitrogen 
in PU50 fertilizer. Nitrogen is essential for plant 
growth because it promotes protein synthesis, amino 
acid synthesis, enzyme, and chlorophyll formation, 
which affects cell division, the number of leaves and 
branches per plant, and dry matter accumulation [24, 
49, 62].

The increased percentages of fresh weight of 
shoots over non-fertilized treatments ranged from 
14.7 to 34.4 % at 4 weeks and from 88.3 to 160.1% 
at 8 weeks, with decreasing concentrations of SLF in 
the mixed fertilizers ranging from 50 to 10%.

The mixed fertilizer 5% SLF+PU50 had no 
significant effect on the fresh and dry weights of 
the shoots. The treatment of 10% SLF + PU50 at 8 

weeks led to the greatest percentage values of fresh 
and dry weights of tomato shoots (160.1 and 159.4%, 
respectively).

Chlorophyll (a, b) content (mg/ dm2). The 
contents of chlorophyll a and b in tomato leaves 
were influenced by mixed fertilizer (SLF + PU50) 
(Figure 7). The treatment (SLF + PU50) resulted in 
a substantial increase (p< 0.05) in leaf chlorophyll a 
and b contents compared to control plants at 4 and 
8 weeks. Plants fertilized with 10% SLF + PU50, 
on the other hand, had the highest chlorophyll (a, b) 
concentrations in leaves, followed by plants fertilized 
with 30% SLF/PU50, 50% SLF + PU50, and 5% SLF 
+ PU50 at 4 and 8 weeks. The increase in chlorophyll 
content is caused by cytokines found in seaweed 
extract and nitrogen found in PU fertilizers, both 
of which drive physiological activities and increase 
chlorophyll in plants [63, 64].
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These findings were consistent with those 
reported by Sridhar and Rengasamy [54], Zeid 
[65], Samane et al. [66], and El-Tantawy [67], who 
investigated the effect of mixed fertilizers (10% SLF 
of S. wightii + 50% chemical fertilizer including 
urea, superphosphate, and potash), and spraying 

of chitosan and aminofort on the photosynthetic 
pigments in A. hypogea, C. annum (Chilli) and 
tomato leaves, respectively. The results revealed that 
the highest concentration of photosynthetic pigments 
was achieved by the interaction between seaweed 
extract liquid and nitrogen fertilizers.

0
0,5

1
1,5

2
2,5

3
3,5

Control 5%SLF+PU50 10%SLF+PU50 30%SLF+PU50 50%SLF+PU50C
hl

or
op

hy
ll 

co
nt

en
t (

m
g/

dm
2)

SLF + PU50

a 4 weeks a 8 weeks b 4 weeks b 8 weeks

Figure 7 – Effect of mixed fertilizer on chlorophylls a and b in leaves of tomato plants

Carbohydrate content (%). Figure 8 shows the 
effect of different mixed concentrations of SLF with 
PU50 (N: 34.1%) on total carbohydrate content 
in tomato plant leaves. The results revealed that 
the combined fertilizers (SLF + PU50) induced a 
significant increment (p < 0.05) in leaf carbohydrate 
content when compared to the control plants. This 
is due to enhanced nitrogen photosynthetic activity 
and carbohydrate production and accumulation. 
Furthermore, the interaction between seaweed 
and chemical fertilizer played an important role in 
improving plant growth through the biosynthesis 
of endogenous hormones of seaweed which are 
responsible for promoting plant growth [54]. The 
highest value of total leaf carbohydrate content 
(17.75%) was detected in tomato plants fertilized 
with 10% SLF + PU50, whereas the lowest leaf 
carbohydrate content (12.3%) was obtained from 
plants fertilized with mixed fertilizer (5% SLF + 
PU50) at 8 weeks. Therefore, it could be concluded 
that the combined effect of 10% SLF with PU50 has 
met the required micronutrients in tomato plants than 
30 and 50% SLF combined with PU50. With the use 
of PU and SLF, nutrients are released at a slower rate 
throughout the seasons, and plants are able to take up 
most of the nutrients without waste by leaching. This 
result following with the study of Nayan et al., [68], 
who found that polyvinyl alcohol (PVA) blended with 
starch and chitosan to release the nutrients directly to 

the root of the plants, decrease the nitrogen loss and 
reduce water and soil pollution.

Nitrogen, phosphorus, and potassium content (%). 
Figure 9 shows the effect of combined fertilizers (SLF 
+ PU50) at varying concentrations of SLF on nutrient 
content in tomato plant leaves. When compared to 
control plants, mixed fertilizers caused significant 
increments (p < 0.05) in leaf nitrogen, phosphorus, 
and potassium percentages. However, higher nitrogen 
(5.8%), phosphorus (0.78%) and potassium (3.18%) 
contents were recorded by tomato plants fertilized 
with 10% SLF + PU50, while lower nitrogen (3.5%), 
phosphorus (0.45%), and potassium (2.17%) contents 
were recorded by tomato plants fertilized with 5% 
SLF + PU50 at 8 weeks as compared to control plants 
(3.29%, 0.41% and 1.94% respectively) at 8 weeks.

The purpose of combining PU and SLF is to 
speed up the uptake of nutrients from the soil and 
SLF, resulting in higher nutrient percentages in plant 
leaves. These results are supported by Mikkelsen [69, 
70]. The presence of marine bioactive substances 
in seaweed extract and nitrogen in PU enhances 
stomata uptake efficiency in treated plants compared 
to non-treated plants [71, 72]. According to Paul and 
Mannan [73], Asadu and Unagwu [74], Dawa et al. 
[24], and Sridhar and Rengasamy [54], the nutrient 
percentages in tomato leaves were influenced by the 
mixture of different fertilizer compounds such as 
organic, inorganic, chemical, and seaweed.
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Characteristics of flowers. The results in Figures 
10 and 11 showed that the mixed fertilizers (SLF + 
PU50) caused significant increment (p < 0.05) in the 
node number bearing the first flower, the number of 
flower clusters per plant, and the number of flowers 
per cluster, compared to the control plants. 

An increased in the concentration of SLF in 
mixed fertilizer (SLF + PU50) from 5 to 10% resulted 
in increased node number bearing from 6.07 to 9.83, 
the number of flower clusters per plant from 15.30 to 
33.44, the number of flowers per cluster from 4.40 to 
9.13 (Figure 10) and the number of flowers per plant 
from 65.28 to 105.63 (Figure 11).

The concentration of SLF in mixed fertilizer 
(SLF + PU50) was increased from 10 to 50%, 
which resulted in a reduction in the above flowering 
characters. Tomato plants fertilized with 10% SLF 

+ PU50 produced more flower characteristics than 
those treated with 30% SLF + PU50, 50% SLF + 
PU50, 5% SLF + PU50, and control. This might be 
attributed to the presence of plant growth regulating 
substances and hormones in seaweed, as well as 
nitrogen in PU, which may encourage flowering by 
initiating robust plant growth.

The findings were consistent with those of Najaf 
et al. [75] and Ilupeju et al. [76], who detected a 
highly significant increase in the number of flowers on 
tomato plants treated with nitrogen fertilizer and two 
types of biofertilizers. Wakifatul et al. [49] reported 
that the interaction of seaweed with cattle urine 
enhanced the flower characters of soybean plants. 
Sridhar and Rengasamy [52,53] observed a similar 
behavior while studying the interaction of SLF with 
chemical fertilizer on the flowers of Tagestes erecta.

Figure 8 – Effect of mixed fertilizer on carbohydrate in leaves of tomato plant
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Figure 11 – Effect of mixed fertilizer on the number of flowers per tomato plant
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Figure 11 – Effect of mixed fertilizer on the number of flowers per tomato plant

Number of fruits per plant. The results in Figure 
12 showed the mixed fertilizer (SLF + PU50) at a 
concentration of 10% SLF caused a significant 
increment at 5% probability level in the number of 
fruits per plant, compared to other treatment and 
the control plants. The highest number of fruits per 
plant (37.48) was present in the (10% SLF + PU50) 
treatment, while the lowest number of fruits per 
plant (26.25) was observed in (50% SLF + PU50), 
compared to the control plants (24.25). The increased 
number of fruits per plant might be due to the presence 
of some growth-promoting substances in SLF and 
nitrogen in PU. This might have helped in producing 
a higher amount of carbohydrates, which might have 
translocated from source (leaf) to reproductive parts 
(sink), resulting in a greater number of fruits [77-
79]. This result is similar to Juárez-Maldonado et al. 
[80] and Pinedo et al. [12], who found an increase 

in the number of tomato fruits treated with copper 
encapsulated in chitosan-polyvinyl alcohol. The 
same behaviour was reported by Ogundare et al. [59] 
and Libert et al. [81] when they studied the influence 
of the interaction between organic and inorganic 
fertilizers on tomato fruit yield. 

Weight and volume of fruits. Figures 13-15 
showed that the combination fertilizer (SLF + PU50) 
at a concentration of 10% SLF caused a significant 
increment at a 5% probability level in the fruit weight, 
fruit volume and shape index of fruit compared to 
all other treatments and the control plants. The 
application 10% SLF + PU50 increased fruit weight 
(154.9%) (Figure 13), fruit volume (42.7%) (Figure 
14) and shape index of fruit (31.8%) (Figure 15), 
while application 5% SLF + PU50 increased fruit 
weight (21.6%) and fruit volume (4.2%), compared 
to the control plants. 
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The enhanced weight, volume, and shape index 
of fruit over the control were attributed to the 
interaction fertilizer (SLF + PU50) providing the 
micronutrients to the plants in an optimal range. 
Similar findings were reported by Dimitrios et al. 
[82], Chanda et al. [83], Najaf et al. [75], Salama et 

al. [84], IIupeju et al. [76], and Ogundare et al. [59], 
who found that the application of mixed fertilizers 
(cow manure + NPK) resulted in the highest tomato 
fruit growth, which could be interpreted as the 
release of nutrients from organic and inorganic 
fertilizers at different times.
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Figure 12 – Effect of mixed fertilizer on the number of fruits per tomato plant

Figure 13 – Effect of mixed fertilizer on the fresh weight of tomato fruits

Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits

0,0

20,0

40,0

60,0

80,0

100,0

Control 5%SLF+PU50 10%SLF+PU50 30%SLF+PU50 50%SLF+PU50Fr
es

h 
w

ei
gh

t o
f f

ru
its

 (g
/fr

ui
t)

SLF+PU50

0,0

10,0

20,0

30,0

40,0

50,0

Control 5%SLF+PU50 10%SLF+PU50 30%SLF+PU50 50%SLF+PU50

Fr
ui

t v
ol

um
e 

of
 fr

ui
ts

 (c
m

3)

SLF+ PU50

0,00
0,20
0,40
0,60
0,80
1,00
1,20
1,40
1,60

Control 5%SLF+PU50 10%SLF+PU50 30%SLF+PU50 50%SLF+PU50

Sh
ap

e 
in

de
x 

of
 fr

ui
ts

SLF+ PU50
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Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits
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Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits
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Chemical content of fruits. The results in 
Figures 16 and 17 demonstrated that the mixed 
fertilizer (SLF + PU50) at a concentration of 10% 
SLF caused a considerable increase in soluble 
solids content (SSC), acidity, vitamin C, and 
lycopene pigment in tomato fruits when compared 

to other treatments and control plants. Soluble 
solid concentration (3.72%) was lower in tomato 
fruits treated with mixed fertilizer (5% SLF + 
PU50). While tomato fruits treated with (10% SLF 
+ PU50) had a greater SSC (6.32%) than control 
plants (3.60%) (Figure 16). 

Figure 13 – Effect of mixed fertilizer on the fresh weight of tomato fruits

Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits
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Figure 15 – Effect of mixed fertilizer on the shape index of tomato fruits
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Figure 16 – Effect of mixed fertilizer on SSC and titratable acidity in tomato fruits

IIupeju et al. [76] obtained greater total soluble 
solids with 100% recommended doses of mixed 
fertilizers and biofertilizers. When compared to the 
control plants, the 10% SLF + PU50 treatment had the 
highest titratable acid content (0.93%) in the tomato 
fruits, while the 5% SLF + PU50 treatment had the 
lowest titratable acid percentage (0.65). Hasanein et 
al. [85] found a similar effect of biofertilizers and 
amino acids on tomato fruits. The results can be 
explained by nutrient availability to the plants and 
their balanced supply from mixed fertilizers SLF and 
PU50 in the required amounts during fruit formation.

Figure 17 shows that the ascorbic acid content 
(23.78) and lycopene (41.75) in tomato fruits treated 
with mixed fertilizers (10% SLF + PU50) were higher 

than in other treatments and control plants. Fruits 
produced by plants treated with 5% SLF + PU50 and 
control had lower percentages. 

This was consistent with the findings of Peyvast 
et al. [86], who discovered that mixed fertilizers 
(nitrogen and potassium) boosted ascorbic acid 
levels in tomato fruits. These findings confirm that 
the mixed fertilizer (10% SLF + PU50) has a positive 
effect on soluble solids content (SSC), acidity, 
vitamin C, and lycopene levels in tomato fruits. A 
similar finding was reported by IIupeju et al. [76] and 
Makinde et al. [87] when they investigated the effects 
of organic and inorganic fertilizer interactions on the 
growth, fruit production, nutritional, and lycopene 
content of three tomato varieties [88, 89].
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Conclusion

These experiments aimed to investigate the 
effect of mixed fertilizer (SLF + PU50) on the 
growth, yield, and chemical composition of tomato 
plants (L. esculentum Mill). To achieve the goal 
of this study, the experiment was designed in a 
randomized complete block design (RCBD) with 
each treatment replicated five times. The basic 
properties of the experimental soil have been 
tested. Soil pH, EC, available N, P and K were 7.8, 
1.4 mhos/cm3, 81.0 ppm, 3.04 ppm and 40.8 ppm, 
respectively. Treatments included: control (without 
fertilizers), four mixed fertilizer concentrations 
(SLF + PU50) (5% SLF + PU50, 10SLF + PU50, 
30SLF + PU50 and 50% SLF + PU50). The data 
were analyzed using variance analysis (ANOVA) 
and compared using fertilizer-free control. Mixed 
fertilizer-treated tomato plants (10% SLF + PU50) 
showed maximum growth and control between 
the various experimental concentrations. Tomato 
plants fertilized with 10% SLF + PU50 produced 
the highest vegetative growth, flower, and fruit 
characteristics. Tomato fruit yields (54.5%) were 
best applied with mixed fertilizers (SLF + PU50) 
at 10% SLF + PU50. It may be recommended to 
use 10% SLF mixed with PU50 to obtain high 
vegetative growth and yield tomato fruits.

References

1. Nieves-García V., van der Valk O., Elings A. 
(2011) Mexican Protected Horticulture, Wageningen 
University and Research, Netherlands. 

2. Kotkov Z., Lachman J., Hejtmnkov A., 
Hejtmnkov K. (2011) Determination of antioxidant 
activity and antioxidant content in tomato varieties 
and evaluation of mutual interactions between 

antioxidants. LWT – Food of Science and & 
Technology, vol. 44, pp. 1703-1710. 
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Observing the presence of efflux pump activities  
in some clinically isolated bacterial strains

Abstract. Chemotherapeutic agents are substances that cure infectious diseases for many years. However, 
problems arose due to drug resistance that developed over time and it was observed that the drugs failed to 
kill the bacteria. Studies have been carried out to find the factor caused by drug resistance that adversely 
affect the disease treatment, and these studies continue today. There are different types of resistance mecha-
nisms. Efflux pumps are just one of these mechanisms. Efflux pumps cannot enter and release the drug into 
the cell. Thus, the microorganism becomes resistant to the drug used. If this resistance is inhibited, the drug 
may work. A variety of chemical or natural inhibitors are available for inhibition. However, since they 
cause toxicity problems, their clinical use is not currently available. Studies in this area are ongoing. There 
are studies to determine the activity of the efflux pump. The activity of this mechanism can be detected with 
ethidium bromide (EtBr). In this study, it was aimed to determine the efflux pump activity of some resistant 
clinically isolated strains using EtBr dye. The strains that are Acinetobacter baumannii, Candida albicans, 
Candida glabrata, Candida tropicalis, Klebsiella pneumoniae, Providencia rustigianii, Serratia odorif-
era, Shigella flexneri, Staphylococcus aureus and Streptococcus pneumoniae microorganisms. Cartwheel 
method was applied on agars containing TSB with EtBr with different concentrations (0.0 mg/L, 0.5 mg/L, 
1.0 mg/L, 1.5 mg/L, 2.0 mg/L and 2.5 mg/L). After the incubation, activation case was observed under UV 
light. It is concluded that each strain used has efflux pump activity. EtBr was released at 0.5 mg/L and did 
not fluoresce. Difference in fluorescence was observed under EtBr UV between 1.0 mg/L and 2.5 mg /L. 
Key words: Drug resistance, efflux pump activities, clinically isolated bacterial strains, EtBr, inhibitors, 
UV.

Introduction

Microbial multidrug resistance (MDR) has 
reached a very important stage. As a result, the 
researches to discover new antibiotic hit compounds 
are accelerated. MDR efflux pumps mechanism is one 
of the important phenomena for antibiotic resistance.

Gram negative bacteria also have more 
antibacterial resistance than gram positive bacteria 
because gram negative bacteria have an outer 
membrane in addition to the cell wall structure [1-3].

Efflux pumps are transport proteins that play a 
role in expelling substances from inside towards the 
outside of the cells [4]. It can be present in all types 
of living cells [5].

The first exploration of the efflux pump mechanism 
was the excretion of tetracycline in Escherichia coli 
bacteria identified by Levy et al. [6-9].

There are 5 superfamilies defined for the 
efflux pumps, which are the ATP Binding Cassette 
(ABC), Multidrug and Toxic Efflux (MATE), 

Major Facilitator Superfamily (MFS), Resistance 
Nodulation Division (RND) and Small Multidrug 
Resistance (SMR) [4, 10, 11]. In addition to these, 
The Proteobacterial Antimicrobial Compound 
Efflux (PACE) family was also defined in the study 
published by Du et al. [12] and the Drug Metabolite 
Transporter (DMT) family by Song and Wu [13]. 
DMT is a large group of membrane transporters 
present in eukaryotes, bacteria and archaea, and 
includes exporters for a wide range of substrates such 
as toxic compounds and metabolites [13-15].

As a result of inhibiting efflux pumps, the 
antimicrobial compounds can accumulate inside the 
cell, which may cause a cell death. Although there 
are some compounds that inhibit efflux pumps, but 
they are not commonly used clinically due to their 
toxicity [16]. 

Efflux pump inhibitors can act on either gram 
positive or gram-negative bacteria or both [17]. The 
examples of some efflux pump inhibitors and their 
mode of action are as follows. 
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Verapamil inhibits ABC/MFS family, 
Thioridazine inhibits NorA pump of the MFS family, 
Carbonyl Cyanide m-Chlorophenyl Hydrazone 
(CCCP) inhibits MATE/MFS/RND family, 
Phenylalanyl Arginine Beta Naphtylamid (PAβN/
MC-207, 110) inhibits RND/MFS (CmIA and FloR 
pump) family, Paroxetine inhibits RND/MFS family 
and Reserpine inhibits RND/MFS family [10, 13, 18-
33].

The aim of this study is observing the presence 
of efflux pump activity in some multidrug resistant 
(MDR) clinically isolated bacterial strains to define 
their efflux pump activity profile.

Materials and methods

Enrichment of microorganisms and isolation 
of pure colonies. In this study, totally 10 clinical 
isolate MDR strains were used. 7 of the strains 
are bacteria (Acinetobacter baumannii, Klebsiella 
pneumoniae, Providencia rustigianii, Serratia 
odorifera, Shigella flexneri, Staphylococcus aureus 
and Streptococcus pneumoniae) and 3 are yeast 
(Candida albicans, Candida glabrata and Candida 
tropicalis). Microorganisms were activated Luria-
Bertani (LB) Broth (Merck, Germany) and then 
transferred to Nutrient Agar (NA) (Merck, Germany) 
for pure colony formation. Pure colonies obtained 
in NA were transferred into sterile saline solution 
(0.9%) and standardized by adjusting according to 
0.5 McFarland standards.

Ethidium bromide (EtBr)-Tryptic Soy Agar (TSB) 
cartwheel method. TSB (Merck, Germany) plates, 
which included different EtBr (Merck, Germany) 
concentrations (0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/L) 
were prepared. Microorganisms were inoculated on 
the plates according the cartwheel method. Cartwheel 
methodology was used (Figure 1) [34]. Then the 

petri dishes were incubated at 37°C for 24 hours for 
bacterial strains and 27°C for 48 hours for yeasts. 

Figure 1 – Cartwheel method

Observing under UV light. After incubation, TSB 
agar plates containing EtBr were observed under UV 
light.

Statistical analysis. R Studio, version 4.0.2 was 
used to conduct a one-way analysis of variance 
(ANOVA) to analyze the results (P = 0.05) [35].

Results and discussion

In order to obtain results, plates were observed 
under UV light. A fluorescence was observed 
at different concentrations of EtBr for each 
microorganism under UV light on TSB agar plates. 
0.0 mg/L concentration is the negative control group. 
Absence of fluorescence was expected as EtBr was 
absent at 0.0 mg/L. Therefore, no fluorescence was 
observed for these plates (0.0 mg/L), presented оn 
Figure 2.

Figure 2 – UV fluorescence for 0.0 mg/L EtBr concentration
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Since the amount of EtBr dye at 0.5 mg/L was 
too low, microorganisms were expected to efflux 
EtBr out and the results confirmed this, presented оn 
Figure 3.

For 1.0 mg/L of EtBr concentration; as the 
concentration started to increase, the majority 
of EtBr began to remain in the cell and a 
purple fluorescence started to appear. A low 

fluorescence for 4 microorganisms (S. odorifera, 
S. pneumoniae, A. baumannii, P. rustigianii) was 
observed in the first plate. Differences in purple 
fluorescence of microorganisms were observed 
on the second plate and the purple fluorescence of  
C. albicans in the third plate is higher than that for 
C. glabrata and C. tropicalis. Results presented 
on Figure 4.

Figure 3 – UV fluorescence for 0.5 mg/L EtBr concentration

Figure 4 – UV fluorescence for 1.0 mg/L EtBr concentration

For 1.5 mg/L of EtBr concentration; EtBr 
was started to accumulate in the cells of all 
microorganisms, although there are differences 
between them. Fluorescence of 4 microorganisms 
(S. odorifera, S. pneumoniae, A. baumannii,  
P. rustigianii) in the first plate was also observed to be 
equal. Differences in fluorescence of microorganisms 
were observed on the second plate. S. aureus and  
K. pneumoniae presented equal fluorescence and the 
purple fluorescence in S. flexneri was observed to be 
more intense. The fluorescence of C. albicans in the 
third plate was found to be higher than the others. 
Results presented оn Figure 5.

For 2.0 mg/L of EtBr concentration; EtBr was 
accumulated in the cells of all microorganisms, 

although there are differences between them. 
Fluorescence of 4 microorganisms (S. odorifera, 
S. pneumoniae, A. baumannii, P. rustigianii) in the 
first plate was also observed to be equal. Differences 
in fluorescence for S. aureus, K. pneumoniae and 
S. flexneri were observed on the second plate. The 
fluorescence of C. albicans and C. tropicalis in the 
third plate was higher than C. glabrata. Results 
presented оn Figure 6.

2.5 mg/L concentration is the highest 
concentration. EtBr was accumulated in the cells 
of all microorganisms. Because of the high EtBr 
concentration, the intensity of fluorescence was 
higher than other concentrations. Results presented 
оn Figure 7.
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Figure 5 – UV fluorescence for 1.5 mg/L EtBr concentration

Figure 6 – UV fluorescence for 2.0 mg/L EtBr concentration

Figure 7 – UV fluorescence for 2.5 mg/L EtBr concentration

According to the results it was observed that 
the maximum EtBr concentration effluxed out the 
cell changes between 1.0 and 2.0 mg/L of EtBr 
for all strains used in the study. In all strains, the 
intensity of the fluorescence was increased, as the 
EtBr concentration was increased from 1.0 mg/L to 
2.5 mg/L, where the highest fluorescence was at 2.5 
mg/L concentration.

In a previous study, which was conducted 
by MDR E. coli strains, the activity of the efflux 
pumps against commercial efflux pump inhibitors 
were observed. Cartwheel test with EtBr was 
applied to microorganisms and similar results were 
observed under UV light. In addition, verapamil, 

thioridazine hydrochloride and phenyl arginine 
beta naphthylamide (PAβN) inhibitors were tested 
in combination with some antibiotics for inhibiting 
bacterial growth and positive results were obtained 
[11].

In a study by Anbazhagan et al. MDR Salmonella 
Typhimurium strains were used and the efflux pump 
activity was evaluated. They applied the EtBr 
cartwheel method in the experiment. They prepared 
MH agar plates with EtBr containing 0.0 mg/L, 0.5 
mg/L, 1.0 mg/L, 1.5 mg/L and 2.0 mg/L. After the 
incubation, the plates were examined under UV and 
their fluorescence were observed. It was reported 
that the efflux activities of 1.0 mg/L and 1.5 mg/L 
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EtBr on strains are well differentiated. They observed 
the efflux pump activity of strains by using PAβN 
inhibitor and some antibiotics. It was stated that 8 
out of 9 strains they used in the study showed efflux 
pump activity and at least one antibiotic had an effect 
[36]. In the study by Martins et al. MDR E. coli, 
Salmonella typhimurium, Salmonella enteritidis, 
Enterococcus faecalis, Enterobacter aerogenes and 
Staphylococcus aureus bacteria strains were used. 
They applied the cartwheel method in TSB agars 
with EtBr at concentrations between 0.0 mg/L and 
2.5 mg/L to observe the presence of efflux pumps 
[34]. Jiang et al. used the LightCycler 96 instrument 
(Roche, Basel, Switzerland) to measure (533 and 
572 nm) the fluorescence of EtBr in the cell in their 
study. Thus, they studied the role of efflux pump in 
ciprofloxacin resistance of Listeria monocytogenes 
they used [37].

Conclusion

As stated in other studies, after the efflux pump 
activity was determined, inhibitor studies were 
performed with antibiotic combinations. Studies 
should continue to discover a non-toxic inhibitor 
and to investigate which efflux pump the inhibitor 
acts on. Thus, it is thought that it may overcome 
the major problem of antibiotic resistance. In 
this study, efflux pump activity was observed in 
drug resistant strains. Each strain used had efflux 
pump activity. Especially, different fluorescence 
was observed under EtBr UV between 1.0 mg/L 
and 2.5 mg/L. It is clear that, researches about 
efflux pumps have an extreme importance since 
they are important in bacterial resistance and 
this study clearly presents that each strain could 
have different efflux capacities, so it is important 
to observe the efflux pump activities of each 
microorganism before conducting efflux pump 
inhibition researches. Various results can be 
obtained by observing efflux pump activity by 
working with more various microorganisms.
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Selection and optimization of cultivation conditions  
for bacterial cellulose producer 

Abstract. The aim of this study was to increase productivity of Komagataeibacter xylinus C3 strain on 
nutrient media using industrial wastes as carbon source. By-product of sugar production, molasses, was 
selected for the cultivation of bacterial cellulose (BC) producer. It has been shown that the significant 
accumulation of BC (11.9 g/L) occurs on molasses medium with 7 days of cultivation in static conditions, 
which is 1.6 times higher than on modified Hestrin and Schramm (MHS) medium. BC synthesized on 
molasses medium is of high mechanical properties (tensile strength – 38.34 MPa and relative elongation at 
break – 3.34%). The replacement of carbon source for molasses in MHS medium for BC production did not 
alter the polymer structure and its microfibrillar nature was not affected by the composition of the medium. 
The introduction of molasses as nutrient source promoted a significant cost decrease of culture media by 
almost 2.8 times relating to MHS medium cost. 
Key words: bacterial cellulose, industrial waste, morphological properties, mechanical parameters, cost-
effective production.

Introduction

The main object of study and practical use for the 
production of bacterial cellulose (BC) are acetic acid 
bacteria belonging to the family of Acetobacteriaceae 
[1-3]. Currently, 14 genera are present in this 
family: Acetobacter, Acidiphilium, Acidocella, 
Acidomonas, Craurococcus, Asaia, Gluconobacter, 
Paracraurococcus, Rhodopila, Roseomonas, Stella, 
Kozakia. The species differ in their ability to develop 
on media with high concentrations of acetate and 
glucose. The names of the genera Acetobacter and 
Gluconobacter in this family have been known 
for a long time, but the taxons of the remaining 
genera were isolated and published only after 1989. 
Until 1998, the species Acetobacter xylinum was 
considered in the scientific literature as a separate 
species, but belonged to the subspecies Acetobacter 
aceti. In 1998, this species was again reclassified as 
Gluconacetobacter xylinus. The species Acetobacter 
hansenii has been reclassified as Gluconacetobacter 
hansenii. Later, the genus Gluconacetobacter was 
again reclassified into the genus Komagataeibacter 
[4].

It is believed that the cells of bacteria synthesizing 
cellulose are immobilized in the polymer net in 

order to maintain the entire population in the space 
between air and liquid. I.e., cellulose biosynthesis is 
physiologically expedient for producers, and is an 
important evolutionary mechanism for the survival 
of producers of this polymer [5].

Bacterial cells created during the synthesis 
process of glucose chains exit through tiny pores 
that are present on its cell membrane [6]. Cellulose-
synthesizing enzymes involved in the glucose 
polymerization reaction produce several glucan 
chains that form 1.5-nanometer subelement fibrils. 
These fibrils (glucose chains) then combine to form 
microfibrils, which later assemble and form cellulose 
ribbons [7]. Typically, 10 to 100 microfibrils form 
a ribbon approximately 7 nm thick and 70-145 nm 
wide. These ribbons (nanofibers) subsequently create 
a web-like net structure with a large number of empty 
spaces between the fibers [8, 9].

The main factors affecting the productivity of 
bacteria are the composition of the nutrient medium 
and the conditions of their cultivation. The optimal 
choice of nutrient medium and conditions for 
cultivation is also important for cellulose-forming 
bacteria, whose productivity depends primarily on 
the carbon source. They synthesize it from glucose, 
which is used in the classical Hestrin and Schramm 
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(HS) medium [10]. However, a number of papers 
provide information on the influence of other carbon 
sources on BC biosynthesis [11-13]. Most often their 
authors used sucrose, fructose, galactose, mannitol 
and glycerin. It has been shown that sucrose and 
fructose provide the highest BC yield, followed in 
descending order by manitol, glycerin and galactose 
[13]. The authors explained the results obtained by 
the ability of bacteria to form glucose from different 
carbon sources, since any substrate must initially be 
converted into glucose and only after that it polymerizes 
into cellulose [13]. When using mannitol, fructose 
or glucose constant rates of cellulose formation are 
observed as a result of efficient transport through the 
cell membrane (initially mannitol is converted into 
fructose). Galactose has been identified as the least 
suitable carbon source because its transport through 
the cell membrane is inefficient.

One of the problems limiting the BC production 
is a high cost. The price of the fermentation medium 
is 30-50% of the total cost of the target product, 
which plays a crucial role in microbial fermentation. 

The use of waste and by-products of some 
industries in fermentation media can increase the 
profitability of BC production. In this regard, many 
studies have focused on the development of media 
using industrial waste: cognac extract [14], fruit juices 
[15], maple syrup [16], sugar cane juice, wastewater 
from the production of rice wine [17], grape oilcake 
[18], wastewater from confectionery factories, corn 
liquor, dairy and soy whey [19].  In a number of 
works, agro-industrial wastes were tested for these 
purposes: wheat straw [20], activated sludge [21], 
spruce hydrolysate [22], hydrolysates of technical 
cellulose, as well as waste from biodiesel production, 
such as crude glycerin and by-products of acetone-
butanol-ethanol fermentation [23]. Thus, the range of 
agricultural and industrial waste that could be used in 
fermentation media for the growth of producers and 
the formation of BC by them is quite wide. 

In this regard, the purpose of this work is to select 
and optimize the cultivation conditions that ensure 
the maximum yield of BC.

Materials and methods

Obtaining BC under surface cultivation 
conditions. The inoculate was obtained by transferring 
a colony from an agar culture with Komagataeibacter 
xylinus C-3 strain into 100 ml of modified HS (MHS) 
medium, and then incubated at 30°C for 48 hours. 
In MHS medium, in contrast to the classical HS 
medium, the glucose content is reduced to 1% and 
ethanol is added at a concentration of 0.5% [24]. 

Composition of MHS medium (g/L): glucose – 10, 
sodium hydrogen phosphate – 2.7, peptone – 5, yeast 
extract – 5, citric acid – 1.15, ethanol – 5.

The resulting culture was vigorously shaken 
to release the immobilized cells from the 
synthesized cellulose film, followed by filtration 
of the suspension through sterile nets. The cells 
were then precipitated by centrifugation at 10,000 
rpm. The titer of cells in the inoculum was 
determined by optical density and adjusted to a 
cell density of 5×108 CFU/ml using a UV-1601 PC 
spectrophotometer (Shimadzu, Japan). 

Liquid-phase stationary cultivation of the BC 
producer was carried out in MHS medium with 
glucose, as well as in a condition where production 
wastes were used instead of glucose. Nutrient 
media based on whey, molasses and glycerin of the 
following compositions:

- medium with whey (g/L): whey – 20, sodium 
hydrogen phosphate – 2.7, peptone – 5, yeast extract 
– 5, citric acid – 1.15, ethanol – 5;

- medium with molasses (g/L): molasses – 20, 
sodium hydrogen phosphate – 2.7, peptone – 5, yeast 
extract – 5, citric acid – 1.15, ethanol – 5; 

- medium with glycerin (g/L): glycerin – 20, 
peptone – 5, yeast extract – 5, citric acid – 1.15, 
ethanol – 5.

The media were poured into 100 ml flasks, then 
1 ml of inoculate was added. Cultivation was carried 
out at 30°C for 7 days.

BC films were separated from the culture fluid 
and periodically washed with 0.5-1% NaOH solution 
at 80°C heating until the cells were removed. Then, 
the cellulose samples were washed from the NaOH 
solution with distilled water, 0.5% acetic acid 
solution and once more with distilled water until a 
neutral reaction. The obtained cellulose samples 
were stored in distilled water at 5°C.

The BC mass was determined after preliminary 
drying in a dry-burning thermostat at 80°C to a 
constant weight of the sample.

Characterization of bacterial cellulose samples by 
scanning electron microscopy. Samples of cellulose 
were precoated with a thin layer of a platinum-
palladium alloy (Pt/Pd 80/20) and examined using 
a JSM-7800F scanning electron microscope (Jeol, 
Japan). The average diameter of the BC nanofiber 
was calculated according to the obtained (at least 100) 
values, calculations were carried out using Origin Pro 
9.1 program (Originlab Corporation, USA).

Determination of the strength of films. The 
mechanical data of BC was measured using the 
Instron bursting machine (USA) in uniaxial mode 
according to the parameters: tensile strength (MPa) 
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and elongation at disruption (%). Tensile tests were 
conducted with a set sample deformation at constant 
speed of 100 mm/min.

Statistical  analysis.  Statistical comparison was 
performed using an unpaired test, followed by one-
way analysis of variance (ANOVA) using Dunnett’s 
multiple comparison test. All statistical data of 
the analysis were carried out using the SPSS 16.0 
software package (SPSS Inc., USA).

Results and discussion

Despite the fact that there are many publications 
using cheap sources of raw materials for the 
production of BC [14-23], it is necessary to clarify 
the technological parameters for each producer and a 
specific strain. It is impossible to transfer the optimal 
conditions identified for one strain to another, 
since it is always necessary to take into account the 
biosynthetic features of a particular producer. In this 
regard, at the next stage, studies were conducted to 
determine the possibility of using cheap carbon and 

energy sources as part of the nutrient medium for the 
K. xylinus C-3 strain. 

Dairy and sugar production are well developed in 
the Republic of Kazakhstan, the waste of which are 
whey and molasses. One of the ways to use them is 
to develop simple and cheap nutrient media based on 
them for production BC. 

In addition, the number of distilleries, including 
those producing bioethanol, is increasing every year. 
One of the main components of organic waste in 
the production of biofuels is glycerin. A significant 
amount of glycerin is formed during the industrial 
distillation of alcohol in distillation columns and 
the production of bioethanol from vegetable raw 
materials. Waste disposal occupies one of the key 
positions in the organization of environmentally safe 
and cost-effective production.

In this regard, it was decided to use whey, 
molasses and glycerin, which were introduced into 
MHS medium instead of glucose as carbon source. 
Figure 1 shows the results of determining the mass of 
BC films formed on MHS and waste media.

Judging by obtained data, the lowest BC yield 
was observed on the medium with whey (2.5 g/L). 
The producer synthesizes cellulose from glucose. 
Therefore, any sugars contained in the fermented 
substrate must be converted to glucose. Lactose 
presented in whey is a disaccharide that breaks down 
into glucose and galactose. Galactose is considered 
the least suitable carbon source for cellulose-forming 
bacteria [13]. Besides, the proportion of mutants 
that unable to synthesize cellulose increases during 
cultivation on media with galactose or lactose. The 
increase in the number of cellulose-negative cells 
leads to competition for a substrate with a population 
of cellulose-positive cells. It was found that not a 
dense, but a gel-like film was formed on these media. 

Figure 1 – Productivity of K. xylinus C-3 strain on MHS medium and waste-based media

The fact is that the presence in the population of a 
significant proportion of cellulose-negative mutants 
not involved in the synthesis of cellulose leads to a 
noticeable decrease in the overall rate of polymer 
accumulation, which in turn prevents the formation 
of a dense film [24]. A similar pattern was observed 
in our experiments.

It should also be taken into account that whey 
is a perishable product, which is a significant 
disadvantage of the widespread use of a nutrient 
medium based on it. 

Low productivity of the strain was also noted 
on the glycerin medium. The weight of the film 
synthesized by the strain is 4.87 g/L, which is 
32.6% less than on MHS medium. Similar data were 
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obtained by other authors, who found that with static 
cultivation, the yield of BC on glycerin medium is 
lower than on glucose medium [25, 26].

The most favorable medium for BC synthesis 
is a medium based on molasses [27-29]. It is one 
of the most economical carbon sources in the 
microbiological industry. Molasses is a by-product 
of the final stage of crystallization in the sugar 
production process. Due to the high content of sucrose 
in molasses, it is actively used as a raw material for 
the preparation of nutrient media. Molasses contains 
about 80% of dry substances that approximately 
57% is represented by sugars. However, at such 
concentration, microorganisms will not be able to 
grow, so molasses was diluted with distilled water 
10 times. The relatively low sugar concentration 
in molasses is a prerequisite for efficient cellulose 
production.

It should be noted that molasses contains 
minerals and heavy metals that have a toxic effect 
on the growth of microorganisms and the synthesis 
of the product [30]. Suspended impurities and heavy 
metals of molasses were removed by treatment 
with hydrochloric acid at 70-80°C. In addition, this 
treatment will also allow sucrose to be hydrolyzed to 
its glucose and fructose monomer. 

The polymer mass yield on the molasses medium 
is 11.9 g/L, which is 1.6 times more than on MHS 
medium (7.23 g/L). The reason may be that molasses 
contains a mixture of carbohydrates (sucrose, glucose 
and fructose). Primarily, the producer consumes 
glucose, and then gradually other sugars. 

There is noted a pH decline cause of glucose 
oxidation to a gluconic acid that could impact on 
formation of BC [15]. However, synthesis of gluconic 
acid is suppressed in a medium based on molasses, 
and pH stays steady (Figure 2).

Figure 2 – Dynamics of BC biosynthesis  
on the medium with molasses

Furthermore, molasses includes phenolic 
compounds with guaiacyl and syringyl linkages 
comparable to lignin [29], which are likewise slowly 
consumed, resulting in a modest pH shift, which was 
accompanied by an increase in cell proliferation and the 
synthesis of BC. It was discovered that BC synthesis 
was linked to the growth of acetic acid bacteria, and 
that the conditions applied to the highest number of 
bacteria also correspond to the highest BC production.

Molasses includes nitrogen molecules such as 
amino acids, nucleic acids, and vitamins apart from 
carbohydrates. In MHS medium, peptone and yeast 
extract serve as sources of nitrogen nutrition. Peptone 
is an expensive component (48,775 tenge/kg). On 
the one hand, yeast extract also contains nitrogen 
compounds necessary for microorganisms (peptides, 
free amino acids and nucleotides). On the other hand, it 
also contains all the vitamins of group B. And, finally, 
some researchers point out that the absence of peptone 
in the nutrient medium does not affect the productivity 
of K. xylinus strain [31]. In this regard, the producer 
strain was grown under the same conditions, but on a 
medium without peptone (Table 1).

Table 1 – The mass of the BC film (g/L) formed on media with different concentrations of peptone

Medium
Content of peptone (%)

0 3 5
MHS with glucose 7.12±0.3 7.19±0.4 7.23±0.4
Medium with molasses 11.65±0.4 11.79±0.2 11.9±0.4
Note: * in all cases, there were no significant differences between the indicators (р≥0,05)

Under the conditions of this experiment, no 
significant difference in the level of productivity of 
the strain was found, the discrepancy in the mass of 
the BC films was within the confidence interval, at 
least in the conditions of the experiment. Probably, 

organic nitrogen compounds contained in molasses 
and yeast extract fill the needs of the strain in this 
element. This eliminates the need to use an additional 
source of nitrogen nutrition, such as pepton. The 
removal of peptone from the medium based on 
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molasses will reduce the cost of the BC production 
technology.

Thus, the proposed composition of the medium 
with molasses (g/L): molasses – 20; sodium 
hydrophosphate – 2.7; yeast extract – 5; citric acid – 
1.15; ethanol – 5. A patent for utility model No. 5756 
was obtained for it under the name “Nutrient medium 

for the cultivation of the bacterial cellulose producer 
Komagateibacter xylinus” dated 08.01.2021 [32].

The production nutrient medium not only 
significantly affects the cost of the obtained products, 
but also determines their quality [16, 21, 33]. The BC 
was examined on a scanning electron microscope to 
detect possible differences in the gel film (Figure 3).

A B

Figure 3 – SEM images of BC films synthesized by the K. xylinus C-3 strain on various media.
Note: A – MHS; B – medium with molasses (magnification x25 000)

Microfibrillar ribbons forming a nano-gel film 
of BC grown on MHS and media based on molasses 
do not differ from each other. All BC films had 
a flat and smooth surface. The thickness of BC 
microfibrils averaged 15–150 nm. The average 
diameter of BC fibrils was approximately 30±5 nm. 
The interconnected porous matrix structure of films 
formed on media had a considerable surface area. 
BC microfibrils are combined together into one 
million of a centimeter thick ribbon-like fibers. It is 
feasible to provide not only the needed vapor and gas 
permeability, but also to retain different biologically 
active components in the structure of films.

The presence of a BC framework with uniform 
fiber distribution density assures that films have a 
high mechanical strength, which is an important 
measure of biomaterial quality [34]. The strength of 
the films was determined on the universal breaking 
machine Instron (USA) in uniaxial mode by two 
indicators: tensile strength (MPa) and elongation 
value (%) (Table 2).

Judging by the results presented in Table 2, the 
tensile strength of the BC formed on MHS medium 
was 28.54+0.4 MPa, and the elongation value was 
4.89+0.2. The elongation value (%) of BC gel film 

formed on the media based on molasses was 3.34+0.2. 
BC films synthesized on molasses medium had the 
highest strength value (38.34+0.2) compared to those 
obtained on MHS medium. This value is sufficiently 
high compared to the mechanical parameters of many 
flat oriented layers of organic polymers. It is known 
that high tensile strength correlates with an increase 
in the number of hydrogen bonds in the material [30]. 
This suggests that an increase in the strength of BC 
synthesized on the medium with molasses may be due 
to the occurrence of hydrogen bonds between OH-
groups of cellulose and OH-groups in composition of 
molasses. The cost of 1 liter of MHS medium is 743 
tenge, molasses-based media is 435 tenge (Table 3). 

Table 2 – Mechanical properties of BC formed on various nutri-
ent media

Mechanical strength 
indicators MHS medium Medium with 

molasses

Tensile Strength (MPa) 28.54+0.4 38.34+0.2

Elongation at break (%) 4.89+0.2 3.34+0.2
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Table 3 – Calculation of the cost of nutrient media for cultivation of K. xylinus C3

Medium Components of medium Price (tg per 1 kg) Number of ingredients 
(g/L)

Price (tg for 1 liter of 
medium)

MHS medium

glucose 7,000 10 70
sodium hydrogen 

phosphate 103, 800 2.7 280

peptone 48, 775 5 244
yeast extract 26, 400 5 132

citric acid 5,700 1.15 7
ethanol 2,000 5 10

Total 743

Medium with molasses

molasses 300 20 6
sodium hydrophosphate 103, 800 2.7 280

yeast extract 26, 400 5 132
citric acid 5,700 1.15 7
ethanol 2,000 5 10

Total 435

The cost of 1 g of BC on MHS medium – 103 
tenge and on molasses-based medium – 37 tenge, 
which reduces the cost of BC production technology 
by almost 2.8 times (Table 4).

Thus, the new molasses medium is cost-
effective for the cultivation of the BC producer 
as well as provides a high level of gel-film 
biosynthesis.

Table 4 – Calculation of the cost of BC on different media

Medium BC output on media 
(g/L)

The cost of the medium 
(tg per 1L)

Cost of BC 
(tg for 1 g/L)

MHS medium 7.23 743 103 tg
Medium with molasses 11.9 435 37 tg

Conclusion

Production of BC is costly with defined 
chemical medium, i.e., HS medium. Therefore, 
most researchers are searching alternative from 
the available wastes in order to reduce the cost. To 
overcome these difficulties, there has been a research 
on the enhanced production of BC, by selection and 
optimization of the producer static cultivation using 
whey, glycerin and molasses, as substrate.

An optimal nutrient medium based on the waste 
of sugar production – molasses was selected for the 
BC producer, which provides a 2.8-fold reduction 
in the cost of the synthesized biopolymer. Surface 
cultivation of K. xylinus C3 strain on a medium with 
molasses for 7 days increases the productivity of the 
film formation to 11.9 g/L.

BC, obtained on the medium with molasses forms 
a network of micro-(15-35 nm) and macrofibrils 
(50-150 nm), providing high mechanical properties 
(tensile strength – 38.34+0.2 MPa; elongation at 
break – 3.34+0.2%).

Thus, the composition of optimal nutrient medium 
for BC production was developed using molasses 
as a substrate. By-product of sugar production 
promoted significant gains of BC in mass and yield 
compared to MHS medium, without any difference in 
microfibrillar structure of polymer.

An optimized nutrient medium based on sugar 
production waste – molasses can be used to scale the 
production of BC. The use of media based on food 
and agro-industrial waste can significantly reduce 
the cost of technology for obtaining not only BC, but 
also other products of microbiological synthesis and 
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opens up broad prospects for the development of new 
technologies for the disposal of these wastes. 
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Identification of wheat samples for resistance to toxins  
of Pyrenophora tritici-repentis (Ptr)

Abstract. Pyrenophora tritici-repentis (Ptr) is a causal agent of tan spot in wheat in Kazakhstan, as it has 
been around the world. The pathogen produces host-specific toxins which interact with the wheat host 
sensitivity loci. The aim of this study was 1) to identify whether selected Kazakhstani isolates of P. tritici- 
repentis possessed the Ptr toxin genes ToxA and/or ToxB and 2) to identify the wheat varieties resistant to 
HST ToxA and ToxB. As a result of the analysis of the frequency of occurrence of PTR races, it was found 
that races 7 (25%) and 8 (41.6%) dominate in isolates from southern Kazakhstan, and race 4 (62.5%) 
prevails in northern Kazakhstan. Twenty single spore isolates collected from wheat-growing areas of the 
South and North of Kazakhstan representing the P. tritici-repentis population were characterized for the 
presence of the Ptr ToxA and Ptr ToxB genes, using two gene specific primers. Eight (40%) Kazakhstani P. 
tritici-repentis isolates were positive for the ToxA gene, and two isolates (10%) were positive for the ToxB 
gene. ToxB gene was not previously found in our country, but the results of this study show the appearance 
of this toxin in south Kazakhstan. Eleven (64.7%) wheat varieties resistant to HST ToxA were identified 
using molecular markers linked to the tsn1 gene, insensitive to Ptr ToxA. The identified genotypes are 
recommended for use in breeding for wheat resistance to tan spot.
Key words: Pyrenophora tritici-repentis, isolates, host-selective toxins, race, tan spot.

Introduction

Tan spot caused by Pyrenophora (P.) tritici-
repentis (syn. Drechslera tritici-repentis (Died.) 
Shoemaker), is an economically important foliar 
disease of wheat (Triticum spp.) worldwide, 
including Australia, Europe, USA, Canada and 
South America [1, 2], Russia [3-4]. In Kazakhstan, 
every year the spectrum of pathogens is growing, 
which significantly reduce the wheat yield. These 
pathogens include Puccinia graminis f. sp. Tritici 
[5-7], Puccinia striiformis West end. f. sp. tritici [8], 
Puccinia triticina Erikss. [9], Tilletia caries [10]. In 
recent years there has been increasing distribution 
and harmfulness of P. tritici-repentis in Kazakhstan 
[11-16]. 

Tan spot infection can result in two distinct 
symptoms, necrosis (tan colour) and extensive 
chlorosis (yellow colour). On leaves, the lesions 
characteristically have small tan/ brown centres, 

surrounded by a yellow circular border. As the plant 
matures, P. tritici-repentis (Ptr) infects the stem 
where it will begin to develop pseudothecia [17]. 

The development of the different characteristic 
symptoms is highly specific and a result of an 
interaction between host-selective toxins (HST) 
secreted by the pathogen and the target receptors of 
a toxin-sensitive host wheat plant [18, 19]. Three 
HST (Ptr ToxA, Ptr ToxB and Ptr ToxC) have been 
characterized to date. Both Ptr ToxA, which induces 
necrosis on susceptible wheat genotypes, and Ptr 
ToxB, which induces chlorosis on susceptible 
wheat cultivars, are proteinaceous in nature and are 
encoded, respectively by the genes ToxA [22-24] and 
a number of multi-copy genes such as ToxB [25-27]. 
At present, it is possible to screen for the presence of 
both genes ToxA and ToxB using specific molecular 
primers [28]. In contrast, although Ptr ToxC, which 
can induce chlorosis on specific wheat genotypes, 
has been suggested to be a non-ionic polar molecule, 
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its exact nature and the gene(s) encoding it have not 
been identified [27]. Additionally, there are also two 
other, uncharacterized HST, known as Ptr ToxD 
toxins, whose exact targets and functions have yet 
to be elucidated [28]. Studies of P. tritici-repentis 
populations in the USA, Canada, South America, 
Australia, the Baltic States and Romania have shown 
that Ptr ToxA has been the predominant HST found in 
these populations, with Ptr ToxB almost completely 
absent [19, 22, 26, 29]. 

Based on the ability of isolates to produce the 
different HSTs (and thereby necrosis or chlorosis) 
on a set of differential wheat cultivars, currently 
eight races of P. tritici-repentis have been identified 
worldwide [30]. However, there is little information 
on the presence of Ptr ToxA and/ or Ptr ToxB in 
populations of Kazakhstan P. tritici-repentis 
isolates.

An integrated plant disease control requires a 
combination of several tools to effectively combat 
the disease. In the case of tan spot, the use of resistant 
wheat varieties is the best option to sustainably 
manage the disease. In addition, it is the most cost-
effective and environmentally friendly method of 
disease control. To this end, the breeding of resistant 
wheat varieties should be one of the main objectives 
of the tan spot control strategy, which should include 
assessment of germplasm diseases [31]. The aim 
of this study was 1) to identify whether selected 
Kazakhstani isolates of P. tritici- repentis possessed 
the Ptr toxin genes ToxA and/or ToxB and 2) to 
identify the wheat varieties resistant to HST ToxA 
and ToxB.

Materials and methods

In 2020, a collection of 113 single-pore isolates 
of P. tritici-repentis was created, of which 20 isolates 
were selected for further study.

Detection of Ptr-ToxA and Ptr-ToxB using PCR. 
The 20 Kazakhstani P. tritici-repentis single-spore 
isolates were screened using PCR for the presence 
of the Ptr ToxA and Ptr ToxB genes using ToxA and 
ToxB specific primers, respectively. The genomic 
DNA of 2 Ptr isolates, used as a control known to 
be either positive or negative for Ptr ToxA and Ptr 
ToxB, and from a range of different Ptr races, were 
obtained to validate the PCR and for comparison 
against the local Kazkhstani Ptr isolates. Genomic 
DNA for the 2 international Ptr isolates (control) 
from different geographic origin (Pskov and Greece 
9) were provided by Dr Mironenko (All-Russian 
Research Institute of Plant Protection, St. Petersburg, 
Russia). 

Genomic DNA extraction from P. tritici-repentis. 
The isolates of Ptr were grown for 3 weeks in liquid 
Fries medium amended with 1.5% yeast extract 
[30]. The mycelial mats were used for genomic 
DNA extraction. Briefly, 40 mg of lyophilized 
mycelium from each isolate was extracted with a 
Wizard® Genomic DNA Extraction Kit (Promega 
Corp, Madison, WI) in accordance with the protocol 
for plant material of the manufacturer. After these 
two extractions with phenol-chloroform (1:1 v/v) 
followed by one extraction with chloroform were 
performed. DNA concentration was measured using a 
NanoDrop-ND-1000 spectrophotometer (NanoDrop 
Technologies, United States of America) and DNA 
concentrations were diluted to 10–20 ng/µL for PCR. 
[19]. 

The Ptr isolates were screened for the presence 
of either the ToxA and ToxB genes using Ptr 
ToxA and Ptr ToxB gene-specific primers as 
described by Antoni et al. [26]. The forward (F) 
and reverse (R) primers for ToxA were: TA51F 
(5′-GCGTTCTATCCTCGTACTTC-3′) and 
TA52R (′5-GCATTCTCCAATTTTCACG-3′); 
and the ToxB primers were TB71F 
(5′-GCTACTTGCTGTGGCTATC-3′) and TB60R 
(5′-ACTAACAACGTCCTCCACTTTG-3′). Primer 
for CHS-1 [31], the gene for chitin synthase, were 
included as an internal control for fungal DNA and 
produced a 275-bp amplification product (Table1). 

Each PCR reaction volume was made up to 25 µL 
containing 1xPCR buffer (Roche), 200 µM dNTPs, 
10 µM primer, 1 U FastStart Taq polymerase (Roche) 
and 1 µL template DNA. A negative control with 1 
µL sterile water instead of the template DNA was 
included. A 7–10 µL aliquot of each PCR product 
combined with 3 µL loading dye was separated by 
electrophoresis at 10V/cm for 50 min in a 1% agarose 
gel (Bioline USA Inc.) alongside the 1 Kb plus DNA 
Ladder (Invitrogen™, Thermo Fisher Scientific 
Inc., USA). Gels were stained in ethidium bromide 
solution and visualised on a UV transilluminator 
(UVItec Cambridge Imaging System, Total Lab 
Systems Ltd). The presence of a band with the 
expected size for each gene indicated the presence 
the Tox gene. [34].

Identification of carriers of wheat varieties 
resistant to Ptr ToxA and Ptr ToxB. Genomic 
DNA extracted at two-leaf seedling stage for each 
individual plant using the CTAB method [19]. DNA 
concentration measured using a spectrophotometer 
SmartSpecTMPlus (Bio RAD). The DNA 
concentration for each sample was adjusted to 30 
ng/µl. Samples were genotyped using the SSR 
marker Xfcp623 designed to detect alleles of the 
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Tsn1 gene. The sequence of primers and PCR 
reaction conditions are given by [35]. The carriers 
of the Tsn1 gene were also were detected using 
PCR protocol for SSR marker Xfcp623 published 
at the WheatCAP website http://maswheat.ucdavis.
edu/protocols]. The amplification products were 
separated on 2%-agarose gels, to determine the 

length of the amplification fragment 100 bp DNA 
Ladder (Ferments, Lithuania) was used. Gels were 
visualized on Gel Documentation System (Gel Doc 
XR+, BIO-RAD, Hercules, USA) for documentation 
of allele types in cultivars. Wheat entries Salamouni 
and Glenlea served as positive and negative controls, 
respectively [36].

Table 1 – Primers used for amplifcation of the Ptr ToxA and Ptr ToxB genes in P. tritici-repentis isolates

Gene Primer for singleplex PCR Sequence Estimated band size (bp) Reference

ToxA TA51F
TA52R

5′-GCATTCTCCAATTTTCACG-3
5′-GCTACTTGCTGTGGCTATC-3 573 [32]

ToxB TB71F
TB60R

5′-GCTACTTGCTGTGGCTATC-3
5′-ACTAACAACGTCCTCCACTTTG-3′ 232 [32], [33]

CHS-1 CHS-79F
CHS-354R

5′-TGGGGCAAGGATGCTTGGAAGAAG-3′
5′-TGGAAGAACCATCTGTGAGAGTTG-3′ 275 [32]

Results and discussion

P. tritici-repentis is a necrotrophic pathogen 
and a well characterized producer of host-specific 
toxin effectors. The results of previous studies have 
shown that, in 2016, it was shown that races 1 and 8 
were dominant in Kazakhstan [37, 38]. Monosporic 
isolates of P. tritici-repentis isolated from the 
southeastern region in 2020 were assigned to certain 
races based on the manifestation of symptoms of 
necrosis/chlorosis on standard differentials (Glenlea, 
6B662, 6B365). 

In this study, a virulence was determined within 
the study of 113 single-spore isolates, which were 
isolated from infectious wheat material collected 
in the different regions of Kazakhstan during 2020 

growing season. A total of 20 single spore Ptr 
isolates were recovered and characterized in this 
study (Table 2). Analysis of virulence of isolates 
from southern Kazakhstan allowed to determine 
the presence of five races: 4 (8.3%), 5 (16.6%), 
6 (8.3%), 7 (50%) and 8 (16.6%). Isolates from 
northern Kazakhstan are determined by virulence 
to three races, including race 2 (12.5%), race 4 
(62.5%), and race 7(25%). 

Earlier five races of P. tritici-repentis have been 
identified, including races 1, 2, 3, 7 and 8; it has been 
shown that races 1 and 8 of P. tritici-repentis are 
dominant [38, 39]. As a result of current research, 
it was found that races 7 (25%) and 8 (41.6%) are 
the dominating in isolates from southern Kazakhstan, 
and race 4 is prevailing in northern Kazakhstan.

Table 2 – Molecular screening of Kazakhstan isolates of P. tiritici-repentis for the presence of ToxA and ToxB, CHS-1 genes

*Isolate code Race
PCR reaction

Region/Country collected
ToxA ToxB CHS1

KAZ-S-1-2021 7 - - 275 bp Almaty oblast, Kazakhstan
KAZ-S-2-2021 7 573 bp - 275 bp Almaty oblast, Kazakhstan
KAZ-S-3-2021 5 - 232 bp 275 bp Almaty oblast, Kazakhstan
KAZ-S-4-2021 6 573 bp - 275 bp Almaty oblast, Kazakhstan
KAZ-S-5-2021 4 - - 275 bp Almaty oblast, Kazakhstan
KAZ-S-6-2021 7 - - 275 bp Almaty oblast, Kazakhstan
KAZ-S-7-2021 7 - - 275 bp Almaty oblast, Kazakhstan
KAZ-S-8-2021 8 573 bp 275 bp Almaty oblast, Kazakhstan
KAZ-S-9-2021 7 - - 275 bp Almaty oblast, Kazakhstan
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*Isolate code Race
PCR reaction

Region/Country collected
ToxA ToxB CHS1

KAZ-S-10-2021 5 - 232 bp 275 bp Almaty oblast, Kazakhstan
KAZ-S-11-2021 8 573 bp - 275 bp Almaty oblast, Kazakhstan
KAZ-S-12-2021 8 573 bp - 275 bp Almaty oblast, Kazakhstan
KAZ-N -1-2021 4 - - 275 bp Kostanay oblast, Kazakhstan
KAZ-N -2-2021 4 - - 275 bp Kostanay oblast, Kazakhstan
KAZ-N -3-2021 7 - - 275 bp Kostanay oblast, Kazakhstan
KAZ-N -4-2021 7 - - 275 bp Kostanay oblast, Kazakhstan
KAZ-N -5-2021 4 - - 275 bp Kostanay oblast, Kazakhstan
KAZ-N -6-2021 4 - - 275 bp Kostanay oblast, Kazakhstan
KAZ-N -7-2021 2 573 bp 275 bp Kostanay oblast, Kazakhstan
KAZ-N -8-2021 4 573 bp 275 bp Kostanay oblast, Kazakhstan
Spb-Pskov (Control for 
ToxA gene) 1 573 bp - 275 bp St. Petersburg, Russia

Spb-Greece 9 (Control 
for ToxB gene) 5 - 232 bp 275 bp St. Petersburg, Russia

Notes: *Isolates designation: KZ for Kazakhstan, the number after the KAZ, indicates the number of the field, N or S is the southern 
or northern region from which isolates was collected, and the number after the dashed line is denoted for the particular isolates 
included in this study

Continuation of the table

Using molecular markers detection of Ptr ToxA 
and Ptr ToxB was carried out. To control the ability 
to amplification of isolates DNA the primers for 
CHS1 gene (the gene for chitin synthase) were 
used. It was found that CHS1 gene amplified a 275-
bp amplification product from all isolates tested 
(Table 2). The Ptr ToxA specific primers amplified 
a band of 573 bp from the genomic DNA of 8 (40%) 
of the P. tritici-repentis isolates (KAZ-S-2-2021, 
KAZ-S-4-2021, KAZ-S-8-2021, KAZ-S-1-2021, 

KAZ-S-11-2021, KAZ-S-1-2021, KAZ-N-7-2021, 
KAZ-N-8-2021 and KAZ-S-12-2021). No 
amplification products of 573 bp were found 
in 13 isolates (KAZ-S-1-2021, KAZ-S-3-2021, 
KAZ-S-5-2021, KAZ-S-6-2021, KAZ-S-7-2021, 
KAZ-S-9-2021, KAZ-S-10-2021, KAZ-N-1-2021, 
KAZ-N-2-2021, KAZ-N-3-2021, KAZ-N-4-2021, 
KAZ-N-5-2021, KAZ-N-6-2021) indicating the 
absence of toxin ToxA, which accounted for 65% 
of the number of isolates studied. 

Figure 1 – PCR amplification assays with primer for ToxA gene. Note: Lane: M, DNA ladder; 
1, KAZ-S-1-2021; 2, KAZ-S-3-2021; 3, KAZ-S-2-2021; 4, KAZ-S-4-2021; 5, KAZ-S-5-2021; 6, KAZ-S-6-2021; 

7, KAZ-S-7-2021; 8, KAZ-S-8-2021; 9, KAZ-S-9-2021; 10, KAZ-S-10-2021; 11, KAZ-S-11-2021, 12, KAZ-S-12-2021; 
13, KAZ-N -1-2021; 14, KAZ-N -2-2021; 15, KAZ-N -3-2021; 16, KAZ-N -4-2021; 17, KAZ-N -5-2021;

 18, KAZ-N -7-2021; 19, KAZ-N -8-2021, 20, KAZ-N -6-2021; 21, 
Pskov (positive control for ToxA gene); 22, ddH2O (negative control for ToxA gene), M, DNA ladder
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The ToxB specific primers amplified a band 
of 232 bp from the genomic DNA of the P. tritici-
repentis isolates KAZ-S-3-2021 (Race 5) and 
KAZ-S-10-2021 (Race 5). A band of 232 bp were also 
observed in Greece 9, the reference positive control 
for ToxB gene (Figure 2). No PCR product was 
amplified using the ToxB specific primers in the 18 
tested isolates of P. tritici-repentis (KAZ-S-1-2021, 
KAZ-S-2-2021, KAZ-S-4-2021, KAZ-S-5-2021, 

KAZ-S-6-2021, KAZ-S-7-2021, KAZ-S-8-2021, 
KAZ-S-9-2021, KAZ-S-11-2021, KAZ-S-12-2021, 
KAZ-N-1-2021, KAZ-N-2-2021, KAZ-N -3-2021, 
KAZ-N -4-2021, KAZ-N -5-2021, KAZ-N -6-2021, 
KAZ-N -7-2021, KAZ-N -8-2021).

The results of genotyping of 17 wheat entries with 
marker Xfcp623 are given in Table 3. Of the tested 
17 samples, 11 (64.7%) varieties and promising lines 
with insensitivity to Ptr ToxA were identified.

Figure 2 – PCR amplification assays with primer for ToxB gene. Note: Lane: M, DNA ladder; 
1, KAZ-S-1-2021; 2, KAZ-S-2-2021; 3, KAZ-S-3-2021; 4, KAZ-S-4-2021; 5, KAZ-S-5-2021; 6, KAZ-S-6-2021; 

7, KAZ-S-7-2021; 8, KAZ-S-8-2021; M, DNA ladder; 9, KAZ-S-9-2021; 10, KAZ-S-10-2021; 11, KAZ-S-11-2021, 
12, KAZ-S-12-2021; 13, KAZ-N -1-2021; 14, KAZ-N -2-2021; 15, KAZ-N -3-2021; 16, KAZ-N -4-2021; 

17, KAZ-N -5-2021; 18 KAZ-N -6-2021; 19, KAZ-N -7-2021; 20, KAZ-N -8-2021, 21, 
Greece 9 (positive control for ToxB gene); 22, ddH2O (negative control for ToxB gene)

Table 3 – Results of genotyping wheat samples using the Xfcp623 marker

Accessions Host, cultivar
Xfcp623

bp gene
Oral Triticum aestivum null tsn1
KZ-KP32-2021 Triticum aestivum 380 Tsn1
KZ-KP33-2021 Triticum aestivum null tsn1
KZ-KP34-2021 Triticum aestivum null tsn1
KZ-KP35-2021 Triticum aestivum 380 Tsn1
KZ-KP36-2021 Triticum aestivum null tsn1
Akbiday Triticum aestivum 380 Tsn1
Koksu Triticum aestivum null tsn1
Alem Triticum aestivum 380 Tsn1
Rosinka 3 Triticum aestivum 380 Tsn1
KZ-KP40-2021 Triticum aestivum 380 Tsn1
Aliya Triticum aestivum null tsn1
KZ-KP44-2021 Triticum aestivum null tsn1
Reke Triticum aestivum null tsn1
KSI16-2021 Triticum aestivum null tsn1
KSI17-2021 Triticum aestivum null tsn1
KZ-KP46-2021 Triticum aestivum null tsn1
Salamouni Triticum aestivum null tsn1
Glenlea Triticum aestivum 380 Tsn1
Note: Xfcp623 – SSR marker of the Tsn1 locus sensitive to Ptr ToxA amplifies a 380 bp DNA fragment
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As an example, the PCR results for 19 wheat 
samles are shown in the Figure 3. Seven entries 
(KZ-KP32-2021, KZ-KP35-2021, Akbiday, Alem, 
Rosinka 3, KZ-KP40-2021 and Glenlea) had 380 
bp fragment, indicative of the dominant Tsn1 allele 
conferring toxin Ptr ToxA sensitivity. Eleven 

entries (Oral, KZ-KP33-2021, KZ-KP34-2021, KZ-
KP36-2021, Aliya, Koksu, KZ-KP44-2021, Reke, 
KSI16-2021, KSI17-2021 and Salamouni) had no 
amplification product (null allele), indicative of 
the recessive tsn1 allele conferring toxin Ptr ToxA 
insensitivity.

Figure 3 – DNA amplification product for wheat cultivars and elite lines obtained with diagnostic marker Xfcp623 linked  
to the Tsn1 gene sensitive to Ptr ToxA. Lane: 1, KZ-KP32-2021; 2, Oral; 3, KZ-KP33-2021; 4, KZ-KP34-2021;  

5, KZ-KP35-2021; 6, KZ-KP36-2021; 7, Akbiday; 8, Koksu; 9, Alem; 10, Rosinka 3; 11, KZ-KP40-2021; 12, Aliya;  
13, KZ-KP44-2021; 14, Reke; 15, KSI16-2021; 16, KSI17-2021; 17, KZ-KP46-2021;  

18, Salamouni (resistant reference cultivar for race 1, insensitive to Ptr ToxA, with recessive gene tsn1);  
19, Glenlea (susceptible reference cultivar for race 1, sensitive to Ptr ToxA, with dominant gene Tsnl);  

M, DNA ladder. Fragments amplified by Xfcp623 were separated in 2% agarose gels. The bands are 380 bp  
for the Tsn1 allele (lanes 1, 5, 7, 9, 10, 11 and 19), sensitive to Ptr ToxA and null allele for the tsn1 allele,  

insensitive to Ptr ToxA (lanes 2, 3, 4, 6, 8, 12, 12, 13, 15, 16, 17 and 18)

Determination of the prevalence of genes 
encoding toxins in the local population, and the 
susceptibility of commonly grown wheat cultivars 
to Ptr aid selection of wheat cultivars to reduce 
disease risk. Thus, according to the results of our 
research, five races of Ptr (4, 5, 6, 7 and 8) have been 
identified from southern Kazakhstan, and three races 
(2, 4 and 7) from northern Kazakhstan. ToxB was 
not previously found in Kazakhstan, but the results 
of this study show the appearance and spread of this 
toxin in south Kazakhstan. According to the obtained 
data, the frequency of occurrence of isolates with 
the ToxB gene was 10.0%. A similar observations 
of occurrence frequency of ToxB was noted in 
studies by Kamel et al in 2019 in Tunisia [40]. In the 
present study, the wheat entries were genotyped with 
Xfcp623 marker to predict reaction to the Ptr ToxA. 
Eleven wheat varieties resistant to HST ToxA were 
identified using molecular markers linked to the tsn1 
gene insensitive to Ptr ToxA.

Conclusion

Our results indicate an annual fluctuation in the 
population structure of P. tritici-repentis in the regions 
of Kazakhstan. Identification of six Ptr races on wheat 

demonstrates the high diversity of the pathogen 
population in Kazakhstan, which requires further in-
depth annual studies. It was found that races 7 and 8 
dominate in isolates from southern Kazakhstan, and 
race 4 prevails in northern Kazakhstan. Twenty single 
spore isolates of P. tritici-repentis were characterized 
for the presence of the Ptr ToxA and Ptr ToxB genes. 
Seven isolates were positive for the ToxA gene, and 
two isolates were positive for the ToxB gene. Eleven 
wheat varieties resistant to HST ToxA were identified 
using molecular markers linked to the tsn1 gene, 
insensitive to Ptr ToxA. Our results have important 
practical implications for breeders when studying the 
distribution of P. tritici-repentis.
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Phytochemical composition and antioxidant activity  
of three medicinal plants from southeastern Kazakhstan

Abstract. Main results on study of phytochemical composition and antioxidant activity of three plants 
growing in southeastern part of Kazakhstan, namely A. schrenkiana, L. turkestanicus and C. tianschanica. 
Plant material was collected on flowering stage in July 2020. This study was carried out to evaluate the 
phytochemical constituents and antioxidant potential in order to validate the medicinal potential of these 
herbs. The antioxidant activity of alcoholic extracts was evaluated using 2,2 diphenyl-l-picrylhydrazyl 
(DPPH) assays. The total polyphenol and flavonoid content were determined according respectively to 
Spanos-Wrolstad and Zhishen method. The essential oil composition of samples was analyzed by gas 
chromatography (GC) (Agilent 7890A) coupled by flame ionization detector and mass spectrometry 
(Agilent 5975C) using capillary column (HP Innowax Capillary; 60.0 m×0.25 mm×0.25 µm). Phenols in 
A. schrenkiana (2.83 mg OE/g), in L. turkestanicus (2.86 mg OE/g), in C. tianschanica (16.08 mg OE/g). 
Flavonoids in C. tianschanica (21.79 mg RE/g), in L. turkestanicus (4.29 mg RE/g), in A. schrenkiana (3.8 
mg RE/g). C. tianschanica (IC50 = 0.78 µg.mL) had greater antioxidant activity than A. schrenkiana (IC50 = 
3.7 µg.mL) and L. turkestanicus (IC50 = 3.38 µg.mL). The components of the essential oil of A. schrenkiana 
revealed 13 types of chemical elements, of which the indicators of camphor (44.79%) and 1.8-cineole 
(29.05%) were high.
Key words: Artemisia schrenkiana Ledeb, Leonurus turkestanicus V.I.Krecz, Cerasus tianschanica Pojark, 
antioxidant activity, phytochemical composition.

Introduction

More than 8,000 polyphenolic compounds 
have been identified in various plant species [1]. 
Polyphenolic compounds are natural antioxidants 
used for protection against oxidative damage to such 
important biological molecules like DNA, lipids, 
and proteins involved in numerous diseases, this 
means that they can stop the reaction of free radicals 
with other molecules in the body, preventing DNA 
damage, as well as long-term health effects [2]. In 
the scavenging of various free radicals, flavonoids 
are highly effective by their redox potentialas they 
can destroy free radicals. They help in DNA repair, 
as well as inhibit angiogenesis and tumor invasion. 
There has been an increasing interest in research 
on plant flavonoids since their pharmacological 
properties are directly linked with their antioxidant 
potential [3]. Like in 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) assay, a purple‐colored solution of DPPH 

radical, which by accepting electron is converted to 
discolour DPPH. In fact, the degree of color change 
is related to the concentration and effectiveness of 
the antioxidants. The degree of discoloration with 
respect to the decrease in the absorbance of the 
reaction mixture indicates the free radical scavenging 
action [4].

Many species of Artemisia is a valuable forage 
plant in Central Asia. It have a corresponding 
economic value as ornamental crops, medicinal 
and aromatic plants, many species of these plants 
are a source of essential oils used in medicine, 
cosmetics and pharmaceutical industry [5-6]. For 
example, new phytopreparations with antibiotic, 
antimicrobial, phytohormonal and antioxidant action 
were developed on the basis of santonin derivatives 
isolated from A. cina in the Institute of Phytochemistry 
of Medical University Karaganda (Kazakhstan) [7].  
A. schrenkiana is used in folk medicine for allergies, 
skin diseases, respiratory diseases, as it contains many 
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biologically active substances, such as essential oils, 
saponins, tannins, phenolic compounds, vitamins, 
amino acids, organic acids, enzymes, absiogin and 
santonin [8].

Second plant L. turkestanicus is a perennial 
Woody rhizomatous plant belonging to the Lamiaceae 
family [9]. Plant species from the Lamiaceae family 
have been used in traditional herbal medicine for 
thousands of years. Traditional applications of plants 
from the Lamiaceae family are as a common tea, 
as an insect repellent, in flu control, and as an anti-
inflammatory, sedative and analgesic agent. Tea and 
infusion from the aerial parts of L. turkestanicus 
is used in Uzbekistan to treat nervous disorders, 
hypertonia, hysteria, epilepsy, tachycardia, and 
gastrointestinal and female diseases and as soporific, 
anti-inflammatory, pathogenic, and laxative agents 
[10]. A previous phytochemical study of the aerial 
part of L. turkestanicus revealed the presence of 
the flavonoid genkwanin and iridoids 6-deoxy-8-
acetylharpagide, 8-acetylharpagide, and harpagide 
[11].

The third plant, C. tianschanica is a tree-shrub 
plant belonging to the Rosaceae family. It grows in 
tropical and subtropical regions. It grows only in 
Central Asia (in the Pamirs and Tien Shan). In our 
country, it is distributed mainly in the Almaty region, 
where it can often be found in the foothills of the 
Takyr mountains [12]. It is used in folk medicine to 
treat skin rashes and can also be used for decorative 
purposes. It has been a favorite food of the local 
ethnic minorities in China since ancient times and was 
known as the “sacred xueyu fruit” [13]. It contains 
alkaloids (0.15%), tannins (10.4%), various sugars, 
malic acids and a very small amount of essential oil, 
fiber, vitamin C, carotenoids, and anthocyanins, each 
of which play an important role in cancer prevention. 
One of the most important groups of biologically 
active compounds in the composition are phenolic 
compounds. Their action on the human and animal 
body is diverse and underlies a number of vital 
functions and processes, in particular, metabolism, 
hematopoiesis, strengthening of vessel walls, etc. 
[14, 15].

Studied plants were long used in folk medicine 
to treat various diseases. However, despite their 
promising biological activities, these plants have 
been little studied in Kazakhstan. We aimed to 
focus on studying the total content of phenols and 
flavonoids and antioxidant activity of specimens 
from southeastern Kazakhstan. The composition of 
the essential oils of A. schrenkiana was determined 
as well.

Materials and methods

Objects of study. Three plants have been 
evaluated in this study, namely A. schrenkiana,  
L. turkestanicus and C. tianschanica. It is well known 
that the quantitative concentration of biologically 
active compounds changes depending on the stage 
of plant growth and development. For harvesting the 
plants, the best time for harvesting was determined. 
The three plants were gathered in August 2020.  
C. tianschanica plant was collected from the territory 
of Mount Sogeti of Almaty region (43° 27’ 0” N, 
78° 54’ 0” E), A. schrenkiana plant was collected 
from the territory of Urdzhar District of eastern 
Kazakhstan region (47° 6’ 13” N, 81° 33’ 16” E), 
and L. turkestanicus was collected from the mountain 
Alma-Arasan gorge located in the south-western part 
of Almaty (43° 5′ 11″ N, 76° 54′ 25″ E).

The aerial parts were air dried in shade for ten 
days, then grinded to fine powder by using electric 
blender (Ruian Kangyuan Pharmaceutical Machinery 
limited company, China).

Preparation of the plant extracts. 20 mL 
methanol with 80% purity was added to the 2 g 
plant sample and extraction is made in the orbital 
shaker for 1 hour. The tube was centrifuged in 5,000 
rpm during 5 minutes. Later, the liquid phase was 
collected in a test tube by filtering the solution. 5 mL 
methanol with 80% purity added to the residual part 
in the tube and the same process were recurred three 
times. After this, the extracts were taken to the 50 mL 
volumetric flask and it was diluted to the volume of 
the volumetric flask [16].

Determination of total phenolics. The total 
phenolic contents of the plant samples were 
determined as spectrophotometrically in accordance 
with the method of Spanos and Wrolstad [17]. For 
this goal, 100 µL were taken from the extracts and 
900 µL deionized water, 4 mL Na2CO4 solution 
(75 g/L), 5 mL 0.2 N Folin Ciocalteau reactive was 
added. The mixture was stored at a dark place for 2 
hours. The absorbance of the mixture was read in 
765 nm wavelength in spectrophotometer device 
(Shimadzu UV-Vis 160A, Japan). At the end of the 
experiment, results were calculated as a gallic acid 
equivalent [18].

Determination of total flavonoids. The total 
flavonoid contents of the extracts were determined 
as spectrophotometrically according to the method of 
Zhishen. To achieve this goal, 1 mL was taken from 
the extracts and 4 mL deionized water and 0.3 mL 
NaNO2 solution (5%) were added. After waiting 5 
minutes, 0.60 mL AlCl3 solution (10%) was added. 
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Then, 2 mL NaOH (4%) was added after 5 minutes. 
Total volume was completed with deionized water to 
10 mL. The absorbance of the mixture was read in 
510 nm.

Antioxidant activity. DPPH radical scavenging 
assay was performed by dilution with methanol after 
extraction. The 1mM DPPH radical solution was 
prepared depending on the number of samples; 600 
µL of DPPH was added to each of the tubes. Different 
amounts (20, 40, 60, 80, 100 µl) of plant extract were 
added to the test tubes, the total volume of the tube 
was filled with up to 6 ml of methanol. All tubes were 
vortexed; the incubation procedure was made during 
15 minutes in a dark place in the room temperature 
(25°C). 5,400 µl MeOH was added to the 600 µL 
DPPH for using as a replicate sample. Incubation of 
the copied sample was carried out within 15 minutes. 
The absorption values of the samples were read on a 
spectrophotometer with a wavelength of 517 nm at 
the end of the incubation procedure. The percentage 
inhibition values corresponding to the sample size 
were calculated according to the equation below.

% Inhibition=[(AbsDPPH–Absextract)/AbsDPPH] x 100

Certain inhibition values were shown on a graph 
showing the values of the sample volume, and a 
linear regression analysis was also performed, and 
curved equation was determined depending on the 
sample. The value of IC50 was calculated based on 
this equation. Obtaining the DPPH (1/IC50) value 
showed a reverse value converted to mg for the new 
plant, which inhibits 50% of the 1 g DPPH radical 
[19].

Essential oil. The each dried samples were 
weighted as 20 g, the weighed sample was put into 
the Clevenger apparatus, deionized water was added 
as 200 mL, the hydrodistillation was realized as 2 
hours. Essential oil content was calculated by using 
essential oil amount and weighed plant material [20].

Essential oil composition. The essential oil 
composition of plant samples was analysed by gas 
chromatography (Agilent 7890A, Agilent, USA) 
coupled by flame ionization detector and mass 
spectrometry (Agilent 5975C, Agilent, USA) using 
capillary column (HP Innowax Capillary, Agilent, 
USA; 60.0 m×0.25 mm×0.25 µm). Essential oils were 
diluted 1:50 ratio with hexane. Gas chromatography 
(Agilent 7890A)-mass detector (Agilent 5975C) 
(GC-MS/FID) analysis was carried out at split mode 
of 40:1. Injection volume and temperature were 
adjusted as 1µL and 250 °C, respectively. Helium was 
the carrier gas at a constant flow rate of 0.8 mL/min. 
The oven temperature was programmed as follows: 

60 °C for 10 minutes, increased at 4 °C/minute to 
220 °C, and held at 220 °C for 10 minutes. Mass 
spectrometry (MS) spectra was recorded between 
35 to 450 amu and the ionization mode used was 
electronic impact at 70eV. The relative percentage of 
the components was calculated from GC-FID peak 
areas [21].

Results and discussion

The results of quantitative determination of 
the content of biologically active substances in the 
studied samples of medicinal plants are presented 
in the drawings. The data obtained show that the 
content of biologically active substances in plants 
varies widely. Thus, for example, the mass fraction 
of phenolic and flavonoids in plant raw materials 
varies considerably from ~ 0.5% in A. schrenkiana to 
~ 8% in C. tianschanica.

In this study, the amount of total phenols varied in 
the three plants and ranged from 2.02 to 20.81 mg/g 
dry matter. The highest level of phenols was found in 
C. tianschanica. It was noted that the total amount of 
phenolic compounds in Rosaceae varieties, it is higher 
than in other families. Relatively low levels of phenols 
were found in A. schrenkiana (2.83 mg EHA/g),  
C. tianschanica (16.08 mg EHA/g) and L. turkestanicus 
(2.86 mg EHA/g dry weight) (Figure 1).

Figure 1 – Total phenol contents for the studied plants,  
mg GAE/g dry weight

Flavonoids are considered one of the most 
common groups of natural compounds found in 
plants. The Zhishen method, most commonly used 
for determining the total flavonoid content, showed 
relatively good reproducibility. C. tianschanica was 
distinguished by the highest content of flavonoids 
(21.79 mGRE/g), A. schrenkiana (3.80 mGRE/g) and 
L. turkestanicus (4.29 mGRE/g) (Figure 2).
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                      A. schrenkiana  L. turkestanicus  C. tianschanica

Figure 2 – Total flavonoid contents  
for the studied plants mg RE/g dry weight

Antioxidant activity. Among extracts tested 
for antioxidant activity by DPPH, crude methanol 
extracts of C tianschanica. IC50 0.78 µg/mL,  
A. schrenkiana and L. turkestanicus showed 
antioxidant activity with (IC50) values of 3.7 µg/mL 
and (3, 38 µg/ml) respectively. The results show 
that the antioxidant activity of the crude extract of  
C. tianschanica is relatively high compared to the 
other two plants (Figure 3).

A. schrenkiana is a valuable fodder and medicinal 
plant and contains a large amount of essential oils. 

The amount of essential oil collected from the  
A. schrenkiana plant was 0.15 ml and the composition 
of the essential oil in the plant A. schrenkiana 
is 0.37%. The main components of the essential 
oil: camphene – 3.65%, 1.8-cineole – 29.05%, 
g-terpinene – 0.30%, p-cymene – 1.08%, α-thujone 
– 0.35%, camphor – 44.79%, bornyl acetate – 0.93%, 
terpinen-4-ol – 1.16%, borneol – 4.26%, carvone – 
0.70%, β-oplopenone – 1.57%, spatulenol – 3.76% 
and others – 8.40%. These components are displayed 
on the histogram (Figure 4).

                     A. schrenkiana  L. turkestanicus  C. tianschanica

Figure 3 – The value of antioxidant activity  
(µg/ml DPPH)

Figure 4 – Chemical composition of A. schrenkiana essential oil

We have previously studied nine different 
elements in A. schrenkiana, including macro and 
microelements lead, cadmium, zinc, copper, iron, 
manganese, sodium, and potassium [22]. A second 
study was on the effect of A. schrenkiana herbal 
extract on insulin, glucose, and homeostatic model 
for assessing insulin resistance (HOMA-IR) serum 

levels in diabetic rats and A. schrenkiana extract 
improved the alloxan-induced diabetic metabolic 
abnormality [23].

Phenols are valuable secondary plant 
metabolites found in plants and their products, 
which might potentially be associated with 
antioxidant, anti-inflammatory, anticancer, 
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hypoglycemic, hypocholesterolemic, antibacterial, 
antifungal, antiviral, and analgesic activities [24-
26]. Interestingly in some cases the cytotoxic effect 
of many plant extracts might be related to their 
antioxidant activity. According to the US National 
Cancer Institute, the IC50 value should be <20 g/
mL for plant extract to be considered as a potential 
cytotoxic agent, and <4 mcg/ml for isolated 
compounds [27]. Higher content of total phenols 
and flavonoids was observed in C. tianschanica 
(13.869 mg GAE/g and 21.79 mg RE/g). All three 
different plants analyzed have high antioxidant 
properties, however the highest antioxidant activity 
was observed in A. schrenkiana.

A plant growing in different places has different 
phytochemical components. For example, in Ka-
zakh stan, A. schrenkiana had high levels of camphor 
(44.79%) and 1.8-cineole (29.05%). The reason for 
this phenomenon might be the favorable climate and 
fertile soils of southeastern Kazakhstan. They give 
plants unique healing properties. In particular, it is a 
common tea used an anti-inflammatory, sedative and 
analgesic for influenza, and due to 1,8-cineol, it can be 
used in therapeutic soaps, sprays or cosmetic flavors 
and other hygiene products, such as toothpaste, which 
have a bactericidal effect [28, 29].

Conclusion
 
It was found that despite the higher content of total 

phenols and flavonoids in C. tianschanica (13.869 
mg GAE/g and 21.79 mg RE/g), higher antioxidant 
activity was observed in A. schrenkiana, which looks 
promising by the composition of its essential oil, in 
which prevailing compounds are camphor (44.79%) 
and 1.8-cineole (29.05%).
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N.V. Khan1* , M. Baláž2 , M.M. Burkitbayev1 ,  

B.B Tatykayev1 , Zh.S. Shalabayev3 , A.I. Niyazbayeva1 ,  

F.Kh. Urakaev1,4

1Al-Farabi Kazakh National University, Almaty, Kazakhstan 
2Institute of Geotechnics, Košice, Slovakia 

3Scientific Center of Anti-infectious Drugs, Almaty, Kazakhstan 
4Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia 

*e-mail: Natalya.Khan@kaznu.edu.kz 
(Received 2 May 2022; received in revised form 17 May 2022; accepted 07 June 2022)

Solvothermal DMSO-mediated synthesis of the S/Agi microstructures  
and their testing as photocatalysts and biological agents 

Abstract. S/AgI microstructures were produced by solvothermal DMSO-mediated synthesis using two 
methods of sulfur precipitation: at room temperature (method 1) and by water (method 2). The samples 
were obtained with different percentages of AgI: 10, 30 and 50 %. Microstructures were investigated with 
help of XRD, Raman spectroscopy and SEM/EDS (elemental mapping). XRD and Raman spectroscopy 
confirmed the presence of sulfur and AgI. EDS elemental mapping revealed that samples were composed 
of large grains of sulfur covered by smaller grains of AgI. The obtained SEM micrographs revealed that the 
1st method gave larger grains of sulfur in comparison with the 2nd method. Testing of the microstructures as 
photocatalysits showed the low activity; as the prepared samples were able to degrade no more than 7 % 
of the molecules of Orange II. Significant biological activity was detected only for S/AgI (2) 50 % sample, 
as it was able to suppress test strains of S. aureus ATCC ВАА-39, P.aeruginosa ATCC 9027 and Erwinia 
amylovora at MBC/MFC 5000 µg/mL, and E. coli ATCC 8739 at 2500 µg/mL.
Key words: sulfur; silver iodide; solvothermal synthesis; microstructures; photocatalytic activity; biological 
activity.

Introduction 

Micro- and nano-structures are widely used in 
various fields [1-3]. Among them are structures 
based on sulfur and silver iodide (AgI) [4, 5]. The 
necessity of obtaining such structures is explained by 
the possibility of their application in photocatalysis, 
biochemistry and electrochemistry. The production of 
silver halides is caused by high cost of the feedstock, 
so the question arises of using cheaper accompanying 
components that could enhance certain properties 
and reduce the amount of used silver halide. Sulfur 
can potentially serve as such a cheap and accessible 
component.

Sulfur is an inorganic substance, which used 
in wide range of the science and technology [6]. 
It is often used in production of batteries, because 
of its semiconductor properties [7, 8]; in drugs 
production because of its anti-inflammatory 
properties and the ability to treat different diseases 

[6, 9]. In the production of fertilizers, sulfur used 
in oxidized form, which improves the ability of 
plants to absorb the necessary components [10]; 
in the production of antibacterial and antifungal 
agents, sulfur is more active in nano-state [11, 
12]. Sulfur is also used in photocatalytic CO2-
reduction [13] and hydrogen evolution [14] 
in combination with C3N4. For degradation of 
organic dyes, sulfur doping by ZnO and PbO is 
also used [15, 12]. 

AgI is inorganic substance with specific 
properties. The most common application of 
the AgI is photocatalysis [16-22] because of its 
photosensitivity. In degradation of model solutions 
and various contaminants, AgI is used with other 
materials for obtaining of the enhanced properties. 
For example, it can be TiO2, Ag, Bi5O7I, BiOI, C3N4, 
SnS2 and others [17-19]. Another application field of 
AgI is microbiology, more accurately, the production 
of antimicrobial agents [13, 17-19, 21]. Here AgI 

https://orcid.org/0000-0003-1794-0018
https://orcid.org/0000-0001-6563-7588
https://orcid.org/0000-0002-1472-1293
https://orcid.org/0000-0001-5071-1968
https://orcid.org/0000-0003-3465-8241
https://orcid.org/0000-0003-3180-7969
https://orcid.org/0000-0001-9992-311X
mailto:Natalya.Khan@kaznu.edu.kz


80

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 15, № 1 (2022)

Solvothermal DMSO-mediated synthesis of the S/Agi microstructures ...

also used in combinations with other substances, like, 
PVA, ZnO and chlorophyll [18]. 

Preparation methods of above mentioned 
materials encompass mainly from hydrothermal 
to solid-phase route [6-15, 20-24]. In our case, we 
have chosen the solvothermal DMSO-mediated 
method of synthesis. DMSO is aprotic and bipolar 
solvent, which is used in medicine, biotechnologies, 
chemistry and other fields [25]. DMSO is less 
dangerous and toxic in comparison with other aprotic 
and polar organic solvents; it can serve as a source 
of sulfur and dilute a big number of substances [26-
28]. Our research group have already studied the 
behavior and solubility of the sulfur in DMSO media 
[29] and synthesized sulfur-containing materials with 
silver compounds [30, 31]. In the present case, we 
have used similar methodology to [30], however, the 
mass ratios of the components was changed and in 
the process of precipitation of sulfur by water, the 
volume of it was different. Hence, this research work 
is devoted to the synthesis of microstructures based 
on sulfur and AgI, and further study of the effect 
of the method of obtaining and the percentage of 
components on the manifestation of photocatalytic 
and biological activities. 

Materials and methods

Materials. Silver nitrate, ammonia iodide, 
sulfur, Orange II were provided by Sigma Aldrich 
(Germany). Dimethyl sulfoxide and sodium chloride 
were supplied by OJSC Mikhailovsky Plant of 
Chemical Reagents (Russia). Mueller Hinton Agar 
(M173) and Mueller Hinton Broth (M391) were 
purchased from HiMedia (India). All reagents were 
of analytical grade and deionized water was used in 
experiments. 

Characterization. X-ray diffraction (XRD) was 
used for determination of the phase composition of 
the samples. Analysis was conducted with Rigaku 
MiniFlex 600 X-ray diffractometer using copper 
radiation (λ = 0.15405 nm). The XRD patterns were 
processed with help of the ICCD-PDF2 release 2016 
database. 

Raman spectroscopy was conducted for 
identification of the samples composition and 
proving the XRD results. Analysis was made on 
Solver Spectrum (NT MDT Instruments, Russia) 
spectrometer using an 1800/500 diffraction grating.

The morphology and size of the particles were 
studied by scanning electron microscopy (SEM) and 
particle distribution by Energy Dispersive X-ray 
mapping analysis (EDS mapping). Analysis was 
conducted on Quanta 200i 3D microscope (FEI, 

Netherlands). The analyses were conducted in the 
NNLOT laboratory of al-Farabi Kazakh National 
University. 

Absorption spectra of the samples were 
obtained with help of SF-56 (OKB Spektr, Russia) 
spectrophotometer, using wavelength range from 
350 to 700 nm. 

Synthesis of the S/AgI microstructures (sulfur 
deposition at room temperature), (1) The process of 
the synthesis was conducted with using an apparatus, 
which consist of three-neck round bottomed flask, 
thermometer, backflow condenser and magnetic 
stirrer. The similar procedure was used in [30]. For 
obtaining silver iodide, the solutions of AgNO3 and 
NH4I in DMSO were used (50 mL of each solution). 
The required amount of sulfur was dissolved in 100 
ml of DMSO at 120 °C with constant stirring. Then 
1/10 part of the NH4I was added drop by drop to 
the reaction mixture and the content of the flask 
was stirred for 15 minutes. After that, a solution 
of AgNO3 and NH4I were introduced into the flask 
alternately, drop by drop. Thus, AgI is formed 
because of the ion exchange reaction (1). Then, the 
resulting mixture was cooled at room temperature 
for 12 hours for complete precipitation of sulfur 
from the DMSO solution. Further, the mixture was 
stirred and precipitated in a centrifuge (Rotina 380, 
Hettich, Germany) (4000 rpm, 10 min), washed 
2 times with deionized water and dried for 12-14 
hours, at 70 °C. 

AgNO3 + NH4I = AgI + NH4NO3          (1)

The marking of the samples depending on the 
content of AgI and synthesis method was adopted as 
follows: S/AgI (1) 10, 30, 50 % and S/AgI (2) 10, 
30, 50 %. Here 10, 30, 50 % shows the content of 
AgI, the rest is sulfur, (1) – a synthesis method in 
which sulfur precipitates at room temperature and (2) 
– a synthesis method in which sulfur precipitates by 
diluting the reaction mixture with water.

Synthesis of the S/AgI microstructures (sulfur 
deposition by water), (2) The initial steps of synthesis 
were identical to the previous method described 
above. However, the process of the precipitation of 
sulfur was different. After adding solutions of AgNO3 
and NH4I to the flask, deionized water was poured 
into the mixture. The volume ratio of water to the 
reaction mixture was 1:1. At final step, the products 
were precipitated, washed and dried.

Synthesis of pure AgI. The procedure of obtaining 
of pure AgI was the same as the previous, but the step 
of introducing of sulfur to the reaction mixture was 
excepted. 
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Synthesis of pure S. The procedure of obtaining 
of pure S was the same as the previous, but the step 
of introducing of solutions of AgNO3 and NH4I to the 
reaction mixture was skipped. 

Photocatalytic activity. 20 mg of the micro-
structure was introduced to 40 mL of the Orange II 
(10 mg/L). For uniform distribution of the sample in 
the volume of the solution, ultrasound treatment was 
used (3 min). To stabilize the samples, the adsorption-
desorption test was conducted in the dark conditions 
for 1 hour (the sample was covered with aluminum 
foil). When the adsorption process is complete and 
the sample is stable, the visible light exposure begins. 
The source of visible light was a 300 W OsramVita−
lux lamp equipped with a UV filter. The irradiation 
intensity was 15 mW/cm2. Sampling was carried out 
every 30 minutes. Then, the sample was centrifuged 
(Rotina Micro 200, Hettich, Germany) for 3 min at 
10000 rpm. The photocatalytic activity of the samples 
was studied with help of UV-Vis spectrophotometer. 
Each study was conducted twice to confirm the 
results. 

Biological activity. For study of the biological 
activity the following bacterial strains of American 
Type Culture Collection (ATCC) were used: 
Staphylococcus aureus ATCC 6538-P (collection 
sensitive strain); Candida albicans ATCC 10231 
(collection sensitive strain); Escherichia coli ATCC 
8739 (collection sensitive strain); Pseudomonas 
aeruginosa ATCC 9027 (collection sensitive strain); 
Erwinia amylovora (phytopathogenic strain), 
Staphylococcus aureus (subsp. aureus) ATCC 
BAA-39 and Escherichia coli ATCC BAA-196™. 
The sensitivity of microorganisms was studied on 
standard nutrient media [32]. 

Preparation of bacterial suspension. For 
preparation of the bacterial solution 5 mL of saline 
solution was poured to the test tube, then the test 
strain was added, and vigorously stirred. The result 
suspension was tested for the following characteristics: 
for bacteria, the turbidity was 0.5 McFarland units 
(which corresponds to a concentration of 1.5×108 
CFU/mL); for yeast – like fungi, the turbidity was 
2.5 (which corresponds to a concentration of 7.5×108 
CFU/mL). 1 mL of the suspension was transferred in 
9 mL of sterile saline solution for tenfold dilutions. 
As a result, a concentration of 1.5×106 CFU/mL for 
bacteria and 7.5×106 CFU/mL for yeast-like fungi, 
was obtained. The purity of bacterial strains was 
examined before each experiment.

Method of two-fold serial dilutions. The 
biological activity was studied on water suspensions 
of microstructures (10 mg/mL). 

In typical experiment, 0.5 mL of Muller-Hinton 
broth was poured to the plate with 48 wells. Then, 
0.5 mL of the water solution of microstructure 
was poured in the first well of the row and stirred. 
Hence,1:1 dilution was obtained. For 1:2 dilution, 
0.5 mL of mixture from the first well was stirred 
and transferred to the second well. In that way other 
two-fold serial dilutions up to 1:128 were prepared. 
After that, 0.05 mL of test strains of microorganisms 
were added to all wells. For each series of dilutions, 
medium control and strain growth control were used. 
Experimental procedures were carried out in two 
repetitions for all samples [32, 33].

The incubation of the samples was conducted for 
48 hours at a temperature of (22 ± 1) °C for fungi 
and for 18-24 hours at (37 ± 1) °C for bacteria. The 
seeding at Petri dish was carried out to determine the 
number of living cells. The incubation conditions 
were similar to conditions described above.

The biological activity was determined by 
examining the visible growth of microorganisms on 
the surface of a solid nutrient medium. The minimal 
bactericidal (fungicidal) concentration (MBC or 
MFC) was considered as a measure of the biological 
activity. 

All experiments were performed in three 
repetitions.

Results and discussion

XRD analysis. In the Figure 1 the XRD patterns 
of the S/AgI (1, 2) 10, 30, 50 %, pure AgI and S (1, 
2) are shown. According to the obtained results there 
are three noticeable peaks of AgI at 23.76, 39.24 and 
46.36°, which correspond to its gamma modification. 
Also, with an increase in the content of AgI, the 
intensity of these peaks increases. As for sulfur, it can 
be seen that samples represented by one clear peak at 
about 23.18° and small peaks in the range between 
25 and 30°. There is also an increase in the intensity 
of peaks, with an increase in the sulfur content in the 
samples. In order to confirmthe presence of identified 
phases, the Raman spectroscopy measurements have 
been conducted. 

Raman spectroscopy. In the Figure 2 the Raman 
spectra of S/AgI (1, 2) 10, 20, 50 %, pure AgI and 
S (1, 2) are shown. Pure AgI (orange spectrum) is 
represented by two peaks at 74 and 109 cm-1, while 
pure sulfur (red and blue spectra) has four clear peaks 
at 89, 158, 223 and 477 cm-1. The obtained results 
correspond to the [34]. The signals corresponding 
to both phases could be identified in S/AgI. Hence, 
synthesized samples contain both S and AgI.
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Figure 1 – XRD patterns the S/AgI (1, 2) 10, 30, 50%, AgI and S (1, 2) 

 

Figure 2 – Raman spectra of the S/AgI (1, 2) 10, 30, 50 %, AgI and S (1, 2) 

SEM/EDS analyses. For understanding of 
distribution of all components of the samples the EDX 
mapping have been conducted. For this analysis only 
50 % samples were analyzed, because the samples 
with a higher sulfur content melted.

In Figure 3 (a-h), the results for S/AgI (1, 2) 
50 % are shown. In the case of S/AgI (1) 50 % 
sample, large sulfur grains were detected (Figure 3a). 
However, the small grains of sulfur also can be seen 
(Figure 3 b). As for Ag and I – it is evenly distributed 
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on the surface of the sulfur particles. Thus, the large 
grains of the sulfur are covered by a layer of the AgI 
[31]. For S/AgI (2) 50 % the presence of large grains 

was not evidenced. In general, more homogeneous 
distribution of all elements was detected for this 
samples. 

Figure 3 – EDS mapping of S/AgI 50% (1) (a-d), (2) (e-h). a, e – EDS layered images; 
b, f – EDS image of S distribution; c, g – EDS image of Ag distribution; d, h – EDS image of I distribution

To further confirm the presence of small AgI 
particles on the surface of sulfur grains, a more 
detailed SEM analysis was performed (Figures 4 – 
6). In general, the presence of big particles covered 
by smaller ones can be seen in all samples. It is 
highly probable that sulfur is represented by dark 
large particles with irregular form and AgI by small 
light particles with even and clear boundaries. 

The results of SEM analysis of S/AgI (1) 10 % are 
shown in the Figure 4 (a – с) and of S/AgI (2) 10% 
– in the Figure 4 (d – f). Here the first method gives 
the largest grains of the sulfur. The average size of 
sulfur in the S/AgI (1) 10 % is fluctuated from 20 to 
50 μm, while for the S/AgI (2) 10 % it has size range 
from 10 to 20 μm. AgI particles obtained by method 
1 have clear and smooth triangle and hexagonal form 
with the average size of 0.5 – 3 μm. AgI particles in 
the S/AgI (2) 10 % are irregular with size from 0.3 
to 0.9 μm.

In Figure 5, 6 (a –f) the SEM of the S/AgI (1, 2) 
30, 50 % are given. Here also the 1st method gave 
sulfur with bigger size in comparison to the 2nd 
method. The morphology and the size of the sulfur 
is similar to the samples with 10 % AgI content. 
The AgI particles obtained by method 1 have also 
triangular and hexagonal form with smooth surface 

and in the method 2 the AgI particles exhibit irregular 
shape with loose surface. The size of AgI in the S/
AgI (1) 30 % is in the range from 0.2 to 0.6 μm and 
for S/AgI (2) 30 % from 0.4 to 1 μm. In 50 % samples 
the 1st method produced sulfur particles with the size 
range from 20 to 50 µm and the 2nd method – from 5 
to 10 µm. AgI grains are represented by size from 1 
to 3 µm and from 0.5 to 2 µm for both method 1 and 
2, respectively. 

For easier perception of the data on the particle 
sizes of microstructures, we have given all the data 
in Table 1.

Photocatalytic activity. Figure 7a shows a 
comparison of the photocatalytic activity of the S/
AgI (1, 2) 10, 30, 50 % micro-structures and pure AgI 
and S (1, 2). The results show that pure AgI is able to 
degrade 99 % molecules of Orange II after 180 minutes 
of exposure to visible light, while after the same 
duration, the S/AgI (1, 2) samples of all compositions 
and pure sulfur do not show photodegradation higher 
than 7 %. Hence, the synthesized microstructures do 
not possess photocatalytic activity. Such result can 
be explained by the micro-size of the sulfur, which 
probably passivates otherwise photocatalytically 
active AgI. Maybe the higher content of the AgI 
could solve this problem. 
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Figure 4 – SEM analysis of the: S/AgI (1) 10 % (a – 2000x; b – 5000x, c – 30000x magnification); 
 S/AgI (2) 10 % (d – 2000x; e – 5000x, f – 30000x magnification)

Figure 5 – SEM analysis of the: S/AgI (1) 30 % (a – 2000x; b – 5000x, c – 30000x magnification);  
S/AgI (2) 30 % (d – 2000x; e – 5000x, f – 30000x magnification)
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Figure 6 – SEM analysis of the: S/AgI (1) 50 % (a – 2000x; b – 5000x, c – 30000x magnification);  
S/AgI (2) 50 % (d – 2000x; e – 5000x, f – 30000x magnification)

Table 1 – The size ranges of the microstructures

Microstructure The size range of the sulfur, µm The size range of the AgI, µm

S/AgI (1) 10 % 20-50 0.5-3.0

S/AgI (2) 10 % 10-20 0.3-0.9

S/AgI (1) 30 % 20-50 0.2-0.3

S/AgI (2) 30 % 5-10 0.4-1.0

S/AgI (1) 50 % 20-50 1.0-3.0

S/AgI (2) 50 % 5-10 0.5-2.0

The kinetics of the photocatalytic process 
was accepted as a pseudo-first-order reaction: 
ln (C0/C) = kt. C0 and C are initial and final 
concentrations, respectively, of model solution in 
moment of time t; k (min-1) is the rate constant 
of the photocatalytic reaction [35]. Other kinetics 
models were also studied, but the most suitable 
one was the pseudo-first-order reaction. The k 

was found from the linear graphs. High Pearson’s 
correlation coefficient r was a proof of the kinetic 
order of model solution degradation. Figure 
8 b shows the pseudo-first order kinetics for 
photocatalytic degradation of Orange II by S/
AgI (1, 2) 10, 30, 50 % microstructures. In the 
Table 2, the values of k and r for all synthesized 
samples can be found. 
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Figure 7 – Photocatalytic degradation of Orange II: a – comparison of the photocatalytic activity  
of the S/AgI (1, 2) 10, 30, 50 %, pure sulfur and AgI; b – Pseudo-first-order kinetics  

for photocatalytic degradation of the Orange II by all samples

Table 2 – Pseudo-first order rate constants of photocatalytic degradation of the Orange II for all samples 

Sample The rate constant, 
k ‧ 102 min-1 Pearson’s coefficient, r

S/AgI (1) 10 % 0.006 0.974
S/AgI (2) 10 % 0.008 0.912
S/AgI (1) 30 % 0.019 0.911
S/AgI (2) 30 % 0.006 0.957
S/AgI (1) 50 % 0.046 0.983
S/AgI (2) 50 % 0.044 0.981

AgI 1.638 0.961
S (1) 0.001 0.898
S (2) 0.001 0.867

Biological activity. The resistance of the 
microstructures to microorganisms was measured 
relying on the MBC (MFC). The MBC (MFC) values 
were calculated from the dilutions. As concentration 
of the water suspensions of the samples was 10 mg/
mL (10000 µg/mL), the calculations were done 
by the next scheme: 1:1 dilution corresponds to 
5000 µg/mL, 1:2 dilution corresponds to 2500 µg/
mL and etc. These calculations were performed 
for all formulations and all dilutions (from 1:1 to 
1:128). According to the study, pure substances and 
microstructures of all compositions did not show the 
ability to suppress microorganisms, only S/AgI (2) 50 
% was active. It was able to suppress S. aureus ATCC 

ВАА-39, P.aeruginosa ATCC 9027 and Erwinia 
amylovora at MBC/MFC 5000 µg/mL. As for E. 
coli ATCC 8739, the S/AgI (2) 50 % was effective 
at 2500 µg/mL. Such results may indicate that there 
is a bond between sulfur and AgI, which leads to the 
manifestation of biological activity. This percentage 
ratio and the method of obtaining were the optimal 
conditions for this system. The results indicate 
the need for further investigation of the synthesis 
conditions and their effect on the manifestation of 
biological activity. Hence, precipitation of sulfur by 
water during the synthesis and the equal amount of the 
components were optimal conditions for obtaining of 
the S/AgI microstructures with antimicrobial action. 
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Conclusion

S/AgI microstructures were prepared by 
solvothermal DMSO-mediated synthesis using two 
methods of sulfur precipitation: at room temperature 
(method 1) and by water (method 2). The samples 
were represented by the next percentages of AgI: 10, 
30 and 50 %.

XRD and Raman spectroscopy revealed that 
all samples contain sulfur and AgI. According to 
EDS elemental mapping, sulfur is present in the 
form of both large and small grains. The large 
grains are covered by a thin layer of AgI. SEM 
results have shown that sulfur have irregular 
shape for both methods of synthesis. As for a size 
particles, first synthesis method produced sulfur 
with greater size (20-50 μm). AgI particles have 
triangular and hexagonal shape. 10 % samples 
represented by AgI size range from 0.5 to 3 μm, 
30 % – from 0.2 to 0.3 μm, 50 % – from 1 to 3 μm. 
The second method yielded sulfur particles with 
size from 5 to 20 μm. The size of the AgI particles 
was the next: 10 % – 0.3 – 0.9 μm; 30 % – 0.4 –  
1 μm; 50 % – 0.5 – 2 μm. The morphology of AgI 
particles is represented by non-defined shape. In 
general, method 1 gives larger particles of sulfur 
in comparison with method 2. 

The potential application of the S/AgI (1, 2) 10, 30 
and 50 % in the photocatalysis was not confirmed, as 
neither of the samples was able to degrade molecules 
of Orange II under visible light irradiation. The 
kinetics of the photocatalytic process was accepted 
as a pseudo-first-order reaction. 

Biological activity was studied on the six types 
of the test strains. Only S/AgI (2) 50 % was able 
to inhibit test strains of S. aureus ATCC ВАА-39, 
P.aeruginosa ATCC 9027 and Erwinia amylovora 
at MBC/MFC 5000 µg/mL, and E. coli ATCC 8739 
at 2500 µg/mL. The manifestation of biological 
activity by only one sample can be explained by the 
formation of a bond between sulfur and AgI. Thus, 
the precipitation of sulfur with water and a 50 % 
content of sulfur and AgI are optimal for obtaining 
microstructures with the ability to suppress certain 
microorganisms.

Acknowledgements

This work was financially supported by scientific 
project of Ministry of Education and Science of 
Republic of Kazakhstan AP08855868 and done on 
state assignment of IGM SB RAS.

References

1. Singh R.P., Singh P., Singh K.R. 
(2021) Introduction to Composite Materials: 
Nanocomposites and their Potential Applications. 
Composite Materials CRC Press, 28 p.  
ISBN 9781003080633

2. Jaspal D., Malviya A. (2020) Composites 
for wastewater purification: A review. Chemosphere, 
vol. 246, pp. 125788. https://doi.org/10.1016/j.
chemosphere.2019.125788

3. Egbo, M. K. (2021). A fundamental review 
on composite materials and some of their applications 
in biomedical engineering. J King Saud Univ Eng Sci, 
vol. 33, no. 8, pp. 557-568. https://doi.org/10.1016/j.
jksues.2020.07.007

4. Xu X., Ye S., Liu S., Yan T. (2021). Silver 
Iodide as a Host Material of Sulfur for Li–S Battery. J 
Electrochem Soc, vol. 168, no. 6, pp. 060536 https://
doi.org/10.1149/1945-7111/ac0bf2

5. Velmurugan S., Balu S., Palanisamy S., 
Yang T. C. K., Velusamy V., Chen S. W., El-Shafey 
E. S. I. (2020). Synthesis of novel and environmental 
sustainable AgI-Ag2S nanospheres impregnated 
g-C3N4 photocatalyst for efficient degradation of 
aqueous pollutants. Appl Surf Sci, vol. 500, pp. 143991 
https://doi.org/10.1016/j.apsusc.2019.143991

6. Shankar S., Jaiswal L., Rhim J. W. (2021) 
New insight into sulfur nanoparticles: Synthesis and 
applications. Crit Rev Environ Sci Technol, vol. 51, 
no. 20, pp. 2329-2356. https://doi.org/10.1080/10643
389.2020.1780880

7. Chen W., Qian T., Xiong J., et. al. (2017) 
A new type of multifunctional polar binder: toward 
practical application of high energy lithium sulfur 
batteries. Adv mater, vol. 29, no. 12, pp. 1605160. 
https://doi.org/10.1002/adma.201605160

8. Zeng L., Wang N., Yang J., et. al. (2017) 
Application of a sulfur cathode in nucleophilic 
electrolytes for magnesium/sulfur batteries. J 
Electrochem Soc, vol. 164, no. 12, pp. A2504. https://
doi.org/10.1149/2.1131712jes

9. Barce Ferro C. T., Dos Santos B. F., da Silva 
C. D., et. al. (2020) Review of the syntheses and 
activities of some sulfur-containing drugs. Cur Org 
Synt., vol. 17, no. 3, pp192-210. https://doi.org/10.21
74/1570179417666200212113412

10. Valle S. F., Giroto A. S., Klaic R., et.al. 
(2019) Sulfur fertilizer based on inverse vulcanization 
process with soybean oil. Polym degrad stab, 
vol. 162, pp. 102-105. https://doi.org/10.1016/j.
polymdegradstab.2019.02.011

https://doi.org/10.1016/j.chemosphere.2019.125788
https://doi.org/10.1016/j.chemosphere.2019.125788
https://doi.org/10.1016/j.jksues.2020.07.007
https://doi.org/10.1016/j.jksues.2020.07.007
https://doi.org/10.1149/1945-7111/ac0bf2
https://doi.org/10.1149/1945-7111/ac0bf2
https://doi.org/10.1016/j.apsusc.2019.143991
https://doi.org/10.1080/10643389.2020.1780880
https://doi.org/10.1080/10643389.2020.1780880
https://doi.org/10.1002/adma.201605160
https://doi.org/10.1149/2.1131712jes
https://doi.org/10.1149/2.1131712jes
https://doi.org/10.2174/1570179417666200212113412
https://doi.org/10.2174/1570179417666200212113412
https://doi.org/10.1016/j.polymdegradstab.2019.02.011
https://doi.org/10.1016/j.polymdegradstab.2019.02.011


88

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 15, № 1 (2022)

Solvothermal DMSO-mediated synthesis of the S/Agi microstructures ...

11. Kim Y. H., Kim G. H., Yoon K. S., et. al. 
(2020) Comparative antibacterial and antifungal 
activities of sulfur nanoparticles capped with 
chitosan. Microb Pathog, vol. 144, pp. 104178. 
https://doi.org/10.1016/j.micpath.2020.104178

12. Saedi S., Shokri M., Rhim J. W. (2020) 
Antimicrobial activity of sulfur nanoparticles: 
Effect of preparation methods. Arab J Chem, vol. 
13. no. 8, pp. 6580-6588. https://doi.org/10.1016/j.
arabjc.2020.06.014

13. Ahmad N., Alshehri A. M., Khan, Z. R., 
et. al. (2022) Tailoring of band gap, dielectric and 
antimicrobial properties of silver iodide nanoparticles 
through Cu doping. Mater Sci Semicond Process, 
vol. 137, pp. 106239. https://doi.org/10.1016/j.
mssp.2021.106239

14. Wang K., Li Q., Liu B., et. al. (2015) 
Sulfur-doped g-C3N4 with enhanced photocatalytic 
CO2-reduction performance. Appl Catal B, 
vol. 176, pp. 44-52. https://doi.org/10.1016/j.
apcatb.2015.03.045

15. Chen L., Zhu D., Li J., et. al. (2020) Sulfur 
and potassium co-doped graphitic carbon nitride for 
highly enhanced photocatalytic hydrogen evolution. 
Appl Catal B, vol. 273, pp. 119050. https://doi.
org/10.1016/j.apcatb.2020.119050

16. Wen X. J., Shen C. H. Fei, et. al. (2020) 
Recent developments on AgI based heterojunction 
photocatalytic systems in photocatalytic application. 
Chem Eng J, vol. 383, pp. 123083. https://doi.
org/10.1016/j.cej.2019.123083

17. Li J., Liu B., Han X., et.al. (2021) Direct 
Z-scheme TiO2-x/AgI heterojunctions for highly 
efficient photocatalytic degradation of organic 
contaminants and inactivation of pathogens. Sep Purif 
Tech, vol. 261, pp. 118306. https://doi.org/10.1016/j.
seppur.2021.118306

18. Soltaninejad V., Ahghari M. R., Taheri-
Ledari R., Maleki A. (2021) Bifunctional PVA/ZnO/
AgI/Chlorophyll Nanocomposite Film: Enhanced 
Photocatalytic Activity for Degradation of Pollutants 
and Antimicrobial Property under Visible-Light 
Irradiation. Langmuir, vol. 37, no 15, pp. 4700-4713. 
https://doi.org/10.1021/acs.langmuir.1c00501

19. Rehan M., Khattab T. A., Barohum A., 
et al. (2018) Development of Ag/AgX (X= Cl, I) 
nanoparticles toward antimicrobial, UV-protected 
and self-cleanable viscose fibers. Carbohyd polym, 
vol. 197, pp. 227-236. https://doi.org/10.1016/j.
carbpol.2018.06.010

20. Jiang X., Ma Y., Zhao C., et. al. (2018) 
Synthesis of flower-like AgI/Bi5O7I hybrid 
photocatalysts with enhanced photocatalytic activity 

in rhodamine B degradation. J of Mater Res, vol. 
33, no. 16, pp. 2385-2395. https://doi.org/10.1557/
jmr.2018.201

21. Yuan D., Huang L., Li Y., et. al. (2020) A 
novel AgI/BiOI/pg-C3N4 composite with enhanced 
photocatalytic activity for removing methylene 
orange, tetracycline and E. coli. Dyes Pigm, 
vol. 177, pp. 108253. https://doi.org/10.1016/j.
dyepig.2020.108253

22. Li Q., Wang K., Lu X., et. al. (2020) 
In situ synthesis of AgI/SnS2 heterojunction 
photocatalysts with superior photocatalytic activity. 
Int J Electrochem Sci, vol. 15, pp. 9256-9270. doi: 
10.20964/2020.09.77 

23. Ujjan Z. A., Bhatti M. A., Shah A. A., et. al. 
(2022) Simultaneous doping of sulfur and chloride 
ions into ZnO nanorods for improved photocatalytic 
properties towards degradation of methylene blue. 
Ceram Int, vol. 48, no. 4, pp. 5535-5545. https://doi.
org/10.1016/j.ceramint.2021.11.098

24. Shao-you L., Yuan-dao C., Tao-yu Q., et. al. 
(2018) Sulfur doped lead monoxide superfine powder 
materials: solid-state synthesis, characterization, 
adsorption and photocatalytic property of methylene 
blue. J Inorg and Organomet Polym Mater, vol. 
28, no. 6, pp. 2584-2595. https://doi.org/10.1007/
s10904-018-0942-4 

25. Madruga G. M., Crivellenti L. Z., Borin-
Crivellenti S., et. al. (2017) Comparative use of 
dimethyl sulphoxide (DMSO) in different animal 
species. Vet Med (Praha), vol. 62, no. 4, pp. 179-185. 
doi: 10.17221/176/2015-VETMED

26. Tashrifi Z., Khanaposhtani M. M., Larijani 
B., Mahdavi M. (2020) Dimethyl Sulfoxide: 
yesterday’s solvent, today’s reagent. Adv Synth 
Catal, vol. 36, no. 1, pp. 65-86. https://doi.
org/10.1002/adsc.201901021

27. Khademian M., Zandi M., Amirhoseiny M., 
Dorranian D. (2017) Synthesis of CuS nanoparticles 
by laser ablation method in DMSO media. J Clust 
Sci, vol. 28, no. 5, pp. 2753-2764. https://doi.
org/10.1007/s10876-017-1257-2

28. Borreguero A. M., Rodríguez J. F., 
Velencoso M. M., et. al. (2019) DMSO as solvent on 
the synthesis of flame‐retardant polyether polyols. J 
Appl Polym Sci, vol 136, no. 6, pp. 47042. https://doi.
org/10.1002/app.47042

29. Burkitbayev, M. М., Urakaev, F. Kh. (2020) 
Temperature dependence of sulfur solubility in 
dimethyl sulfoxide and changes in concentration 
of supersaturated sulfur solutions at 25° C. J Mol 
Li, vol. 316, p. 113886. https://doi.org/10.1016/j.
molliq.2020.113886 

https://doi.org/10.1016/j.micpath.2020.104178
https://doi.org/10.1016/j.arabjc.2020.06.014
https://doi.org/10.1016/j.arabjc.2020.06.014
https://doi.org/10.1016/j.mssp.2021.106239
https://doi.org/10.1016/j.mssp.2021.106239
https://doi.org/10.1016/j.apcatb.2015.03.045
https://doi.org/10.1016/j.apcatb.2015.03.045
https://doi.org/10.1016/j.apcatb.2020.119050
https://doi.org/10.1016/j.apcatb.2020.119050
https://doi.org/10.1016/j.cej.2019.123083
https://doi.org/10.1016/j.cej.2019.123083
https://doi.org/10.1016/j.seppur.2021.118306
https://doi.org/10.1016/j.seppur.2021.118306
https://doi.org/10.1021/acs.langmuir.1c00501
https://doi.org/10.1016/j.carbpol.2018.06.010
https://doi.org/10.1016/j.carbpol.2018.06.010
https://doi.org/10.1557/jmr.2018.201
https://doi.org/10.1557/jmr.2018.201
https://doi.org/10.1016/j.dyepig.2020.108253
https://doi.org/10.1016/j.dyepig.2020.108253
https://doi.org/10.1016/j.ceramint.2021.11.098
https://doi.org/10.1016/j.ceramint.2021.11.098
https://doi.org/10.1007/s10904-018-0942-4
https://doi.org/10.1007/s10904-018-0942-4
https://doi.org/10.1002/adsc.201901021
https://doi.org/10.1002/adsc.201901021
https://doi.org/10.1007/s10876-017-1257-2
https://doi.org/10.1007/s10876-017-1257-2
https://doi.org/10.1002/app.47042
https://doi.org/10.1002/app.47042
https://doi.org/10.1016/j.molliq.2020.113886
https://doi.org/10.1016/j.molliq.2020.113886


89

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 15, № 1 (2022)

N.V. Khan et al.

30. Khan N. V., Burkitbayev M. M., Urakaev 
F. Kh. (2019) Preparation and Properties of 
Nanocomposites in the Systems S-AgI and S-Ag2S-
AgI in Dimethyl Sulfoxide. Mater Sci Eng, 
vol. 704, no. 1, pp. 012007). doi:10.1088/1757-
899X/704/1/012007

31. Khan, N. V. (2022). Synthesis of the S/AgBr 
nano/micropowder in DMSO-water system. Chem 
Bull Kaz Nat Univ, vol. 104, no. 1, pp. 4-10

32. CLSI standard M07 (2018) Methods for 
Dilution Antimicrobial Susceptibility Tests for 
Bacteria That Grow Aerobically; 11th ed. Wayne, 
PA, USA.

33. CLSI standard M27 (2017) Reference 
Method for Broth Dilution Antifungal Susceptibility 
Testing of Yeasts. 4th ed..Wayne, PA, USA.

34. Cui L., Jiao T., Zhang Q., et. al. (2015) Facile 
preparation of silver halide nanoparticles as visible 
light photocatalysts. Nanomater Nanotechnol, vol. 5, 
pp. 20. https://doi.org/10.5772/60910

35. McEvoy J. G., Cui W., Zhang Z. (2014) 
Adsorption and visible light degradation of 
methyl orange by Ag/AgCl-activated carbon 
composites. Carbon-enhanced photocatalysts 
for visible light induced detoxification and 
disinfection, 85. 

© This is an open access article under the (CC)BY-NC license (https://creativecommons.org/licenses/by-
nc/4.0/). Funded by Al-Farabi KazNU

https://doi.org/10.5772/60910
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


© 2022 al-Farabi Kazakh National University                                                                                       Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 15, № 1, 90 (2022)

IRSTI 31.19.15                                                                           https://doi.org/10.26577/ijbch.2022.v15.i1.010

I.Yu. Silachyov1* , V.A. Glagolev2

1Institute of Nuclear Physics, Almaty, Kazakhstan 
2Institute of Geological Sciences named after K.I. Satpayev, Almaty, Kazakhstan 

*e-mail: silachyov@inp.kz 
(Received 16 October 2021; received in revised form 19 May 2022; accepted 25 May 2022)

Comparator neutron activation analysis  
of the solid volumetric rock samples for gold content

Abstract. The application of comparator instrumental neutron activation analysis (INAA) combined with 
the internal standard method was considered to analyze solid volumetric samples of different rocks, 15–20 
g of the mass, for Au content. Fe was used as the internal comparator with its mass fraction determined by 
X-ray fluorescence method (XRF) with the help of a laboratory energy dispersive XRF spectrometer RLP-
21T, Kazakhstan. The puck-like samples about 29 mm across diameter and about 10 mm of the thickness 
were sliced up from rock drill-cores with a diamond saw. No other pretreatment was applied. Sample 
dimensions were fitted in compliance with that of the XRF spectrometer dishes to substitute them during 
analysis, i.e. they were the highest possible allowed by the spectrometer. Relative corrections for neutron 
self-shielding and for gamma-ray self-absorption by the samples of the same dimensions corresponding 
by their macrocomponent composition to the different types of common rocks turned out rather small, 
simply accounted using the internal standard, and almost irrespective of the rock types. By the example 
of serpentinite, picrite and diabase-picrite samples (Western Ulytau Belt, Central Kazakhstan) the whole 
approach was found as rather expedite and reliable being applied to determine Au content of sufficiently 
homogeneous magmatic and metamorphic rocks. More efforts resulting in Fe multiple measurements due to 
its heterogeneous distribution are necessary to analyze industrially significant Au contents in sedimentary 
rocks like black shales (Bakyrchik, Eastern Kazakhstan).
Key words: Neutron activation analysis, internal standard, gold, volumetric samples.

Introduction

Various analytical methods of rock investigation 
for gold content are known in multitudes [1-3]. Most 
of them include decomposition of the powdered 
samples followed by a separation and concentration 
technique and a highly sensitive instrumental 
determination. Intensive chemical pretreatment 
is the main drawback of the methods since it is 
often laborious and expensive, depends on reagent 
blank, and doesn’t prevent loss of analyte and/or 
solution contamination. Overall Au content can be 
significantly underestimated if gold is locked-in or 
encapsulated in silicates or in a refractory (sulphide) 
matrix [1, 4]. 

Sample preparation for chemical digestion 
presents a separate problem. Gold mainly occurs 
in the rocks as native grains extremely variable 
in size and as diverse compounds incorporated 
in the common sulphide minerals [5]. Due to the 
substantially different density of the ground particles 
gravitational separation easily occurs, hence 

homogeneous analytical subsamples can be hardly 
picked. To minimize this and the inherent “nugget 
effect”, the sample mass should be increased to 10 g 
and even more [6]. Moreover, soft and malleable 
gold grains are highly resistant to grinding. The 
grains may adhere to the walls of milling vessels 
causing losses of gold from some samples [3, 5] and 
contaminating the others.

The most dependable way of overcoming 
these difficulties is to exclude sample grinding and 
chemical pretreatment (i.e. to apply an initially 
instrumental method) and to use larger assays for 
analysis. Few analytical techniques can meet these 
requirements taking account of the sensitivity of 
gold determination close to ppb level necessary in 
geochemical explorations. 

Rapidly developing laser ablation inductively 
coupled plasma mass spectrometry (LA-ICP-MS) 
having become a highly demanded way of Au local 
determination in the gold-bearing minerals [7-9] 
could be such a technique. Heterogeneity of laser-
ablation target is tided over by using fused samples 
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prepared by the same way as for X-ray fluorescence 
(XRF) [10-11] and this makes possible to implement 
bulk analysis [12]. The studied rocks are completely 
turned into borate glasses including refractory 
minerals. Sample contamination with flux or crucible 
material is not crucial in case of Au determination, 
but limit of detection (LOD) is increased due to 
dilution. However, the uncertainty resulting from 
initial geological sample grinding still persists since 
only the powdered rock material is fused in an oven. 

High energy instrumental photon activation 
analysis (IPAA) based on the photoexcitation 
reaction 197Au(γ, γʹ)197mAu is the best suited to analyze 
large, up to 0.5 kg of the mass, samples with gold 
inhomogeneous distribution [13]. A rather short half-
live T1/2 of 197m Au isomer (7.3 s) is considered as its 
only inconvenience1. IPAA soundly found its broad 
application in gold mining but it can be scarcely 
employed in geochemistry due to insufficient LOD 
values reaching 0.1–0.2 ppm at the best (0.5–1.0 ppm 
most commonly) using a semiconductor detector 
[14]. 

Apart from 14 MeV instrumental neutron 
activation analysis (INAA) which doesn’t compete 
in sensitivity with INAA by thermal neutrons [15] 
the latter seems being the most appropriate for gold 
geochemical survey owing to its extremely low LOD 
value in rocks up to 2 ppb [3]. Individual sample mass 
varies over a very wide range – from ≈100 mg [8, 16] 
to several hundreds of g and more to reduce severe 
heterogeneity [3, 17]. If it exceeds 0.5–1.0 g, a sample 
can no longer be considered as «a point source», and 
neutron self-shielding, neutron-flux gradients in the 
sample and self-absorption of gamma rays must be 
accounted [18]. Without discussing different ways to 
overcome these difficulties, internal standard based 
INAA applying in-situ relative detection efficiency 
should be mentioned since it takes care of the neutron 
flux perturbation inside the samples [19]. A suitable 
reference element determined by a convenient 
analytical technique is used as the internal standard. 
The method found its broad application to analyze 
large heterogeneous samples including industrial 
dross for noble elements [20]. 

In the present work comparator INAA was tried 
to determine Au content of solid samples – plane 
cylindrical pieces of the drill cores, 15–20 g of the 
mass, cut from several types of common rocks. 
Minimum nondestructive pretreatment excluded any 
losses of gold or sample contamination. Iron was 
chosen as the internal standard with its mass fraction 

1 The more convenient 197Au(γ, n)196Au reaction (T1/2 = 6.2 d) 
results in lower sensitivity.

found by XRF as in some previous investigations of 
rock element composition [21-23].

Materials and methods

Total content of the natural gold including 
its nanoforms (“invisible gold”) was studied in 
picrites, diabase-picrites, and serpentinites picked 
in the Karatugay Complex of the Western Ulytau 
Belt (Central Kazakhstan) with a view of searching 
new ore occurrence of the non-ferrous and noble 
metals. The drill-core samples 28.5–29.0 mm across 
diameter were cut with a diamond saw into planar 
cylinders 9.5–10.0 mm of the thickness. This was the 
end of the whole preparation. The obtained analytical 
samples came in smooth enough, without visible 
roughness of the flat surfaces; small lateral chips of 
the hard rock, if any, were ignored. An exterior view 
of several similar analytical samples is presented in 
Fig. 1. 

The sample sizes were determined by the 
dimensions of the measuring chamber of an 
energy dispersive XRF spectrometer RLP-21T 
used in the investigation. The rock samples were 
installed instead of the steel dishes for powdered 
specimens inside the sample changer. Their diameter 
corresponded to the external diameter of the dishes, 
and the height depended on the gap between the 
cover and the collimator. So, the sample sizes were 
close to the maximum one for the given equipment. 
Fig. 2 demonstrates the charged sample changer of 
the spectrometer.

RLP-21T was designed and produced by 
LLP “AspapGeo” (Almaty, Kazakhstan) to study 
element composition of rocks, minerals, ores, and 
concentrates. The accuracy of its software was 
repeatedly confirmed with the help of different 
corresponding certified reference materials (CRMs). 
The ascribed uncertainty of iron content measuring 
in rock samples is 2–8%. RLP-21T is enrolled in 
the State Register of Measuring Devices (Certificate 
№ 670, valid to 27.07.2025), and the corresponding 
analytical technique is registered by the National 
Body for Certification of Kazakhstan (Certificate № 
69-2022, valid to 15.02.2027).

To implement INAA each puck-like sample 
was sealed in polyethylene and then wrapped in 
aluminium foil. Several samples (no more than six at 
once) were stacked up and fixed in the same wrapping. 
Taking account of their dimensions, the packages 
were placed upright in the irradiation container to 
be oriented along the channel axis. Samples layout 
in the irradiation channel is presented in Fig. 3. In 
this case the flats of the cylindrical samples were 
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lined parallel to the radial component of the neutron 
flux gradient (about 9% per 1 cm). This is the least 
favorable orientation if the gradient were considered 
either empirically or theoretically. However, it didn’t 
matter in the present investigation since the neutron 
flux gradient was accounted automatically by using 
the internal standard method.

Figure 1 – Sliced up samples 
 of serpentinite drill-core prepared for the investigation

Figure 2 – RLP-21T with open lid  
and charged sample changer

All the packages were irradiated one by one for 1 
min including the transportation time in the position 
№4 inside the peripheral vertical channel №10-6 of 
the light-water research reactor WWR-K (Almaty) 
by the thermal neutron flux density 8.9 × 1013 cm-2 s-1; 
the fast neutron flux density amounted to 6.0 × 1012 
cm-2 s-1 [24]. The first package included a zirconium 
monitor of the neutron flux – 10 mg of ZrO2 (the 
Institute of Reference Materials, Ekaterinburg, 
Russian Federation) sealed in small thin double 
polyethylene bag placed in the middle. Due to the 
short-timed irradiation, the neutron flux parameters 
were considered invariable. 

Gamma-spectrometric measurements of the 
studied samples were conducted after 9–10 days of 
decay when radionuclide 24Na mainly in charge of 
the background rise due to the Compton continuum 
practically completely decayed. Counting time was 
about 40 min and the distance from the detector cap 
to the bottom of the volumetric samples was 19 mm 
or 24 mm to their centers. 

Figure 3 – Samples layout in the irradiation channel

All the measurements were performed using 
an extended-range HPGe detector GX5019 with a 
relative efficiency of 50% and an energy resolution of 
1.86 keV at the 1332 keV peak of 60Co, connected to a 
Canberra multi-channel analyzer DSA-1000. Detector 
calibration for relative detection efficiency was made 
with the help of a multi-gamma ray standard MGS-1 
(152Eu, 154Eu, 155Eu) and an isotopic source 133Ba, both 
by Canberra. A fourth power polynomial was used 
for the fitting of calibration curve. Spectra collection 
and subsequent treatment were carried out by the 
“AnalGamma” software developed in the Institute of 
Nuclear Physics to provide gamma-ray spectrometric 
analysis. The software approximates a part of 
gamma-ray spectrum in the treatment window by 
Gaussian curves and a flat background and calculates 
peak count rates in cps. Partly overlapping peaks can 
be reliably resolved. Quality of the approximation is 
checked by the Χ2 test. 

Gold content of the samples was determined by 
the only intensive gamma-line of the radionuclide 
198Au with the energy E equals to 411.80 keV and 
quantum yield Pγ reaching 95.6%. Actually there 
are no unresolved spectral interferences to this 
gamma-line when different rocks are analyzed with 
the exception of the low-intensive line of 152Eu 
(E = 411.12 keV, Pγ = 2.2%) which should be 
accounted if gold mass fractions get close to the LOD 
values for these objects. 
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Results and discussion

Au as well as other element contents of the 
samples Ca (%) can be calculated according to the 
next equation of simple comparator method of 
standardization in INAA [25] using the internal 
standard method [26] (lower case indices a and 
c mean an analyzed element and the comparator, 
respectively):

ca
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where Cc is the element comparator content of the 
sample (%), k0 is k0-factor relatively to 411.8 keV 
gamma-line of radionuclide 198Au for the gamma-lines 
of the comparator and an analyzed element [27], J is 
the full-energy peak count rate of the corresponding 
radionuclide analytical gamma-ray (cps), ε(E) is 
the relative detection efficiency of the measured 
gamma-line (%), Q0 is the resonance integral I0 (cm2) 
to the thermal neutron cross-section σ0 (cm2) ratio, 
f is the thermal to epithermal neutron flux ratio, 
S = 1 – exp(– λtirr) is saturation factor, D = exp(– λtd) 
is decay factor (tirr and td are irradiation and decay 
time), G is the correction factor for neutron self-
shielding by the sample, F is the correction factor for 
analytical gamma-ray self-absorption by the sample.

When INAA of rock samples for the long-lived 
radionuclides is carried out correction for the mea-
suring time is always <1% and can be neglected.

The empirical correction factor Ka,c is applied 
to compensate for an analytical bias caused by the 
errors of detector calibration for detection efficiency, 
absence of Q0 correction for the deviation of thermal 
neutron flux from 1/E law, and by other reasons. In 
particular, using the same counting geometries, there 
is no need to correct J for true coincidences. In case 
of gold analysis Ka,c value was determined with the 
help of a European Commission CRM IRMM-530R 
(Al-0.1% Au alloy) and an assay of chemically pure 
(reduced) iron. Then it was verified using some 
multi-element CRMs certified for gold contents (see 
below). 

The model ratio 1/f was evaluated by the “bare 
bi-isotopic method” with the help of a ZrO2 monitor 
of the neutron flux spectral composition. The 
corresponding expression was adduced more than 
once in the previous investigations [21-23]. As for the 
present work, 1/f value amounted to 0.0330 ± 0.012 
(P = 0.95).

To assess thermal and resonance neutron self-
shielding by the analyzed puck-like samples, a 

similar model one, i.e. 29 mm across diameter and 10 
mm of the thickness, was considered corresponding 
by its composition to the average content of the main 
rock-forming oxides of the continental crust [28]. 
Mass fractions of Sm, Eu and Gd characterized by 
the maximum values of σ0 were taken equal to their 
average crustal abundance (Clarke numbers) [29]. 
With the density equal to 2.8 g cm-3 close to the rocks 
mean value the model sample mass reached 18.5 g.

The effective neutron self-shielding factors for 
gold Geff, Au and iron Geff, Fe were evaluated with the 
help of the spreadsheet by C.Chilian, et al. [30] 
kindly granted by the authors. The model values are 
presented in Table 1. Both factors appeared close to a 
unit and differ by no more than 1% one from another. 
The latter confirms that conducting INAA for Au 
content, Fe as the internal standard can effectively 
take account of the neutron self-shielding by the 
model rock sample.

To verify this conclusion for broader cases which 
take place in geochemical investigations the same as-
sessment was made for a range of magmatic rocks 
differing by their silica content – from felsic to ultra-
mafic ones. Typical macrocomponent composition of 
the rocks was picked up from the CRM catalogues 
(Russian Federation). Geff, Au and Geff, Fe factors for dif-
ferent rocks appeared very close to that for the con-
tinental crust (Table 1) with their ratio practically a 
constant.

If Sm, Eu, and Gd contents of the model rock 
sample are increased by one order of magnitude, 
coefficients Geff, Au and Geff, Fe decrease to 0.946 and 
0.919 correspondingly, and their ratio differs from 
a unit by no more than 3%. It’s interesting to note 
that in this case, including even higher contents of 
the rare earths, another element such as Rb, Cs, As, 
Ba, Sm, or Th characterized by high values of Q0 can 
take account of thermal and resonance neutrons self-
shielding more correctly with their mass fractions be-
ing determined by an independent method [31]. 

Finally, Geff, Au and Geff, Fe values very slightly de-
pend on rock density and their ratio remains a con-
stant. 

Correction for analytical gamma-ray self-
absorption was estimated according to the equation 
providing its simplified description in cylindrical 
samples [32]:
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where μ(E) is photon mass attenuation coeffi-
cient (cm2 g-1); ρ – sample density (g cm-3) and h 
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– sample thickness (cm). μ(E) values of 198Au and 
59Fe analytical gamma-lines in the chemical com-
pounds corresponding to the main rock-forming ox-
ides were picked up from an NIST database [33] 
and presented in Table 2. It takes note, that due 
to the high enough energy of these radionuclides 
gamma-lines, μ(E) values are quite close for dif-
ferent compounds since interaction of gamma-rays 
with the matter in this case is mainly brought to the 

scattering processes. Hence the corresponding total 
mass attenuation coefficients μΣ(E) are practically 
independent of the rock composition (Table 1). The 
same is correct for F factors too, and their ratio is 
practically a constant for different types of mag-
matic rocks: FFe/FAu = 1.045. According to Eq. 2, 
this ratio very slightly linearly depends on the rock 
density; it changes by no more than 1% if ρ varies 
within 2.3–3.2. 

Table 1 – Composition of the continental crust and different magmatic rocks (wt.%,) their total photon mass attenuation coefficients of 
198Au and 59Fe analytical gamma-lines, and the corresponding self-absorption and neutron self-shielding coefficients for the puck-like 
solid samples

Continental
crust [28]

Felsic rocks Intermediate rocks Mafic rocks Ultramafic rocks

Granite
(SG-3)

Grano diorite 
(MK-2)

Quartz 
diorite 

(SKD-1)

Synnyrite
(SSN-1)

Anorthosite
(MO-6)

Gabbro
(SGD-2A)

Dunite
(SDU-1)

Horn-
blendite
(MU-3)

SiO2 59.1 74.8 64.5 60.5 55.0 51.8 46.6 39.6 37.9

Al2O3 15.8 10.6 16.6 16.6 22.5 22.8 14.9 0.97 14.2

Na2O 3.2 4.24 4.27 3.57 1.19 4.04 2.72 0.035 2.14

K2O 1.88 4.64 3.12 2.98 18.0 0.76 3.09 0.010 0.382

MgO 4.4 0.10 1.58 3.05 0.18 2.10 6.81 41.9 12.7

CaO 6.4 0.32 3.83 4.84 0.49 10.1 10.68 1.52 11.0

TiO2 0.7 0.26 0.63 0.86 0.091 1.87 1.72 0.018 1.91

MnO 0.11 0.12 0.083 0.086 0.0093 0.076 0.167 0.13 0.144

Fe2O3 6.6 a 4.50 4.64 5.55 1.35 6.26 11.3 8.91 18.3

P2O5 0.2 0.024 0.229 0.17 0.058 0.140 1.03 0.010 0.032

SO3 - - 0.020 0.033 0.0625 0.173 0.038 0.103 0.135

CO2 - - 0.10 0.18 - 0.36 - 1.61 0.13

Geff, Au 0.982 0.981 0.982 0.982 0.973 0.982 0.979 0.985 0.977

Geff, Fe 0.973 0.972 0.973 0.973 0.960 0.974 0.968 0.978 0.966

μΣ(412 
keV), 
cm2 g-1

0.0927 0.0939 0.0938 0.0926 0.0931 0.0945 0.0934 0.0893 0.0932

μΣ(1099 
keV), cm2 

g-1
0.0593 0.0601 0.0600 0.0593 0.0596 0.0604 0.0596 0.0571 0.0594

FAu 0.881 0.879 0.879 0.881 0.880 0.879 0.880 0.885 0.880

FFe 0.921 0.920 0.921 0.921 0.921 0.920 0.921 0.924 0.921

a – FeO 
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Table 2 – Coefficients of photon mass attenuation of 198Au and 
59Fe analytical gamma-lines by the Earth crust rock-forming ox-
ides

Rock-forming
oxide

μ(412 keV), 
cm2 g-1

μ(1099 keV), 
cm2 g-1

SiO2 0.0947 0.0608
Al2O3 0.0930 0.0597
Na2O 0.0917 0.0588
K2O 0.0939 0.0596
MgO 0.0941 0.0604
CaO 0.0960 0.0609
TiO2 0.0916 0.0580
MnO 0.0910 0.0569
Fe2O3 0.0932 0.0579
P2O5 0.0936 0.0600
SO3 0.0949 0.0608
CO2 0.0945 0.0608

So, the effects of neutron self-shielding by 
the regularly-shaped samples of common rocks 
like represented in Fig. 1, and of gamma-ray self-

absorption, are not too significant and are simply 
corrected if needed. Therefore accuracy of gold 
determination by comparator INAA using Eq. 1 can 
be verified with the help of usual powered CRMs 
certified for Au content. 

To minimize the influence of gold heterogeneous 
distribution in the CRMs produced from gold-
bearing ores, recommended sample mass of the latter 
taken for an analysis must be not less than 5 g. Such 
a wasteful expenditure of the CRMs was avoided by 
selecting the ones prepared from the homogeneous 
products of ores chemical processing – flotation 
concentrates and similar (Table 3). All these CRMs 
are produced in Russian Federation: the first two 
by the Scientific-Research and Design Institute 
of Non-Ferrous Metallurgy (Krasnoyarsk), the 
others by the Vinogradov Institute of Geochemistry 
(Irkutsk). About 100 mg of the CRMs were sealed 
in plain double polyethylene bags and irradiated for 
1 h. Their masses corresponded to the minimum 
ones recommended by the producers to guarantee 
gold homogeneous distribution. The samples were 
counted using the same gamma-ray spectrometer 
after 10–12 d of decay at the distance of 24 mm from 
the detector cap. 

Table 3 – Gold content of the powered CRMs by comparator INAA using iron as the internal standard (P = 0.95)

CRM
name CRM type Fe, %

Au, mg kg-1

En-number
Certified value Measured value

SHT-1 Matte of ore thermal melt 49.43 ± 0.67 1.62 ± 0.16 1.57 ± 0.15 -0.23
FSHT-42 Copper-nickel nis matte 2.64 ± 0.17 2.55 ± 0.11 2.60 ± 0.25 0.18

GSO 1787 Flotation concentrate 29.45 ± 0.50 36 ± 1 36.0 ± 3.0 0
GSO 1788 Flotation concentrate 26.97 ± 0.50 33 ± 1 32.4 ± 3.0 -0.19
GSO 2739 Flotation concentrate 28.44 ± 0.50 34 ± 1 34.3 ± 3.0 0.09
GSO 2740 Flotation tailings 4.24 ± 0.17 0.9 ± 0.1 0.94 ± 0.09 0.30

The first two CRMs in Table 3 are characterized 
by maximum total contents of medium-heavy 
elements (Fe, Ni, Cu, Se) amounting to 71% and 78%, 
correspondingly. Nevertheless, due to high values of 
198Au and 59Fe analytical gamma-lines and small bag 
thickness (≈1 mm) relative correction for gamma-ray 
self-absorption evaluated by Eq. 2 is lower than 1% 
and can be neglected. 

Expanded uncertainty of the INAA results U(Ca) 
was estimated as follows (P = 0.95):

2
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where u(Ja), u(Jc), and u(Cc) are standard uncertain-
ties of the corresponding values as in Eq. 1, δa is the 
standard deviation of gold determination (methodical 
uncertainty) by comparator INAA (all the ratios and 
δa are in %). The last value assessed earlier with the 
help of the CRMs equals ≈3%. Standard uncertainty 
of iron internal comparator content of a sample by 
XRF corresponded to the ascribed values according 
to the certified analytical technique.

The results of CRM analyses for gold mass 
fraction by comparator INAA using Eq. 1 (P = 0.95) 
are presented in Table 3. Iron content of the samples 
was determined by XRF. The measured values are 

https://wooordhunt.ru/word/medium
https://wooordhunt.ru/word/element
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well comparable with the certified ones with <5% 
of discrepancy. Expanded uncertainty of all the six 
CRM analyses by comparator INAA doesn›t exceed 
the allowable standard deviation of the results of 
their determination directed by the III category of 
precision (of analysis) (5.4–27% for the intervals 
including these contents) according to OST 41-08-
221-04 [34]2. 

On the other hand, En-number usually used 
as a recommended by IUPAC criterion to verify 
laboratory performance [35] also showed good 
agreement between all certified and measured values 
within acceptable value ±1.

The results of Au determination in volumetric 
samples of several types of rocks by comparator 
INAA are presented in Tables 4–7 together with their 
values of mass and density. To assess heterogeneity 
of Fe content of the samples used as the internal 
standard they were measured twice changing the 
sides faced to the collimator of RLP-21T. During 
gamma-ray counting to find Au mass fraction, the 
samples were accordingly turned over as well. 

Fe content of the first four serpentinite samples 
(Table 4) differs up to 10% depending on the side 
faced to the collimator. However, Fe was found to 
be distributed more homogeneously within each 
flat surface of the samples. Rotating each sample 
around its axis, Fe mass fraction varied by less than 
5%. Au mass fraction of the serpentinite samples 
doesn›t exceed its four limits of detection evaluated 
according to the next expression commonly applied 
in spectroscopic methods: LOD = 3.3σb/b [36]. 
Here σb is standard deviation of the blank signal 
(counting statistics of the background count rate at 
the peak area) and b is concentration sensitivity of 
the method. If a linear calibration function is used 
like in INAA, b is a constant: CJb ∆∆= / . The 
limit of Au detection reached very low value <0.001 
µg g-1 in the serpentinite samples since this ultramafic 
rock is characterized by negligible content of Sc (≈3 
µg g-1) which corresponding radionuclide is often 
mainly in charge of the Compton continuum under 
198Au analytical gamma-line after 24Na completely 
decayed. 

The next three Tables (5–7) present rather 
homogeneous distribution of iron in the rock samples, 
especially in picrites. Au content of all diabase-
picrites is lower the LOD value for these samples 
which turned out four times as high comparing 
with that of serpentinite samples. This is caused by 

2 For the samples with fine-dispersed gold <0.1 mm of the 
size.

high Sc mass fraction reaching its threefold Clarke 
number (≈65 µg g-1) and higher Fe content comparing 
with serpentinites. Maximum content of Au in 
picrite samples doesn’t exceed ≈0.01 µg g-1 that is 
five times as high as the corresponding LOD value  
(CSc

 ≈ 18 µg g-1).
On the whole Au mass fraction in the several 

types of common magmatic and metamorphic 
rocks was found close to its Clarke number [29]. 
Fe is fairly homogeneously distributed, so only two 
measurements are sufficient to evaluate its content of 
the sample, i.e. to analyze Au reliably.

Solid volumetric samples of rocks being used 
in INAA can’t offer an advantage of the sensitivity 
improvement comparing with the small powdered 
ones. However, they permit to avoid the sample 
preparation difficulties mentioned above, particularly 
representative sub-sampling [37], and therefore can 
be preferable in geochemical investigations of gold 
behavior. In any case, the gained limit of Au detection 
is quite enough for this purpose. 

The volumetric sample advantages become 
of the distinctive excellence when the industrially 
significant Au contents are concerned. One of such 
potentially promising source of gold is associated 
with a sedimentary rock – black shales [38] widely 
spread in the upper crust. Three corresponding puck-
like samples like the ones above were prepared from 
the large pieces of rock picked in the gold deposit 
Bakyrchik, Eastern Kazakhstan. 29 mm across the 
diameter, they differed in their thickness (7.5 or 10 
mm) and hence in mass. XRF showed considerable 
As content of the samples about 3%, hence gold can 
be associated with the mineral fraction including 
arsenopyrite. 

Unlike the samples of magmatic and metamorphic 
rocks investigated above, that of the black shales 
revealed high heterogeneity of Fe mass fraction by 
XRF. Each side of a sample was measured four times 
being rotated by 90° around its axis. The values of 
relative standard deviation of these measurements 
are presented in Table 8. 

Such contradictory results of separate 
determination of iron content in the heterogeneous 
sedimentary rock samples are obviously caused 
by very low maximum penetration depth d (cm) 
of Fe characteristic X-rays. According to “the 1% 
approximation” (i.e. 99% of the X-rays with the 
certain energy are completely absorbed by the 
medium), this value was evaluated as follows [39] 
taking account of approximate macrocomponent 
content of the samples:
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Table 4 – Iron and gold content of the serpentinite samples (P = 0.95), site Akzhal

Sample 
name

Sample
 mass, g

Sample density, 
g cm-3

Fe, % Au, µg g-1

First side Reverse side First side Reverse side
Akzhal 7/1 14.19 2.23 4.64 ± 0.17 4.22 ± 0.17 <0.001 <0.001
Akzhal 7/2 14.20 2.27 4.83 ± 0.17 5.35 ± 0.30 <0.001 <0.001
Akzhal 7/3 13.43 2.26 4.97 ± 0.17 4.85 ± 0.17 0.0040 ± 0.0006 0.0045 ± 0.0006
Akzhal 7/4 14.22 2.30 5.05 ± 0.30 4.57 ± 0.17 <0.001 <0.001
Akzhal 7/5 14.03 2.23 4.50 ± 0.17 4.78 ± 0.17 0.0015 ± 0.0005 0.0016 ± 0.0005
Akzhal 7/6 14.52 2.31 5.28 ± 0.30 5.02 ± 0.30 0.0021 ± 0.0005 0.0015 ± 0.0005

Table 5 – Iron and gold content of the diabase-picrite samples (P = 0.95), site Akzhal 

Sample 
name

Sample
 mass, g

Sample density, 
g cm-3

Fe, % Au, µg g-1

First side Reverse side First side Reverse side
Akzhal 8/1 19.18 3.17 14.43 ± 0.45 13.98 ± 0.45 <0.004 <0.004
Akzhal 8/2 18.87 3.12 14.11 ± 0.45 13.61 ± 0.45 <0.004 <0.004
Akzhal 8/3 18.87 3.12 13.70 ± 0.45 14.06 ± 0.45 <0.004 <0.004
Akzhal 8/4 18.41 3.04 14.18 ± 0.45 14.38 ± 0.45 <0.004 <0.004
Akzhal 8/5 17.05 2.92 13.15 ± 0.45 14.23 ± 0.45 <0.004 <0.004

Table 6 – Iron and gold content of the picrite samples (P = 0.95), site Karatugay 

Sample 
name

Sample
 mass, g

Sample density, 
g cm-3

Fe, % Au, µg g-1

First side Reverse side First side Reverse side
Karat 12/1 18.76 2.99 9.24 ± 0.30 9.20 ± 0.30 <0.002 <0.002
Karat 12/2 17.64 2.91 9.30 ± 0.30 9.66 ± 0.30 0.011 ± 0.002 0.010 ± 0.002
Karat 12/3 18.26 2.90 9.30 ± 0.30 9.31 ± 0.30 <0.002 <0.002
Karat 12/4 18.44 2.93 9.24 ± 0.30 9.41 ± 0.30 <0.002 <0.002
Karat 12/5 18.35 3.03 9.16 ± 0.30 8.92 ± 0.30 0.006 ± 0.002 0.006 ± 0.002

Table 7 – Iron and gold content of the picrite samples (P = 0.95), site Karatugay 

Sample 
name

Sample
 mass, g

Sample 
density, g cm-3

Fe, % Au, µg g-1

First side Reverse side First side Reverse side
Karat 13/1 16.67 2.66 9.10 ± 0.30 9.46 ± 0.30 <0.002 <0.002
Karat 13/2 16.94 2.70 8.92 ± 0.30 8.80 ± 0.30 <0.002 <0.002
Karat 13/3 16.79 2.68 9.03 ± 0.30 8.88 ± 0.30 <0.002 <0.002
Karat 13/4 17.68 2.82 9.05 ± 0.30 8.97 ± 0.30 <0.002 <0.002
Karat 13/5 18.05 2.88 8.89 ± 0.30 8.90 ± 0.30 <0.002 <0.002
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where indices i and x mean the primary and cha-
racteristic X-rays, respectively, φi and φx are the 
incidence and take-off angles. The calculated r value 
of the black shale samples was about 3.3 g cm-3. 
Then taking φi and φx both close to 45°, Ex = 6.4 keV 
(Fe K-alpha line) and Ei = 23.2 keV (K-alpha line 
of Cd intermediate target) the penetration depth of 
Fe characteristic X-rays amounted ≈0.15 mm only. 
Though that of As characterized by more high-energy 
X-ray lines reached ≈0.30 mm, As was rejected as 
the internal standard since its distribution turned out 
even more heterogeneous (Table 8).

Thus, to evaluate Au content of the black 
shale volumetric samples the mean values of eight 
Fe measuring by XRF were used (Table 9). The 
presented Fe mass fractions are averaged over four 
measurements of each side. 

Because of As high content the irradiated samplers 
were counted after three weeks of decay when 76As 
count rate became acceptable. In accordance with 

the model realized in the spreadsheet, Geff, Fe to Geff, Au 
ratio for the black shale samples (Eq. 1) equaled 0.985 
irrespective of their different thickness and As mass 
fraction. Correspondingly FFe/FAu ratio amounted 
to 1.056 for the thicker sample and to 1.042 for the 
other two (Eq. 2). Then taking these corrections Au 
contents were calculated (Table 9). They were found 
very close turning over the samples during counting. 
This can seemingly witness to the homogeneous 
distribution of gold in the samples (along the axes 
at least) i.e. to its preferable presence as the invisible 
nanoforms.

Table 8 – Relative standard deviation (%) of iron and arsenic 
determination in the black shale samples (n = 4), gold deposit 
Bakyrchik

Sample
name

Fe As

First side Reverse 
side First side Reverse 

side
ZHB 4/1 20.8 12.4 18.5 12.7
ZHB 4/2 9.0 6.9 11.8 10.0
ZHB 4/3 4.1 7.0 5.9 12.2

Table 9 – Iron and gold content of the black shale samples (P = 0.95)

Sample 
name

Sample
 mass, g

Sample density, 
g cm-3

Fe, % Au, µg g-1

First side Reverse side First side Reverse side
ZHB 4/1 15.82 3.26 11.31 ± 0.45 13.18 ± 0.45 3.66 ± 0.36 3.60 ± 0.36
ZHB 4/2 21.63 3.30 13.33 ± 0.45 16.19 ± 0.45 4.43 ± 0.44 4.48 ± 0.44
ZHB 4/3 16.24 3.28 16.48 ± 0.45 15.46 ± 0.45 5.15 ± 0.53 5.18 ± 0.50

According to the peculiarities of gold 
behavior during sample preparation mentioned in 
Introduction, correctness of Au determination in 
volumetric samples by comparator INAA can be 
hardly confirmed by other analytical techniques. In 
this case accuracy of the results is ensured by the 
following:

- total absence of any sample preparation 
including grinding;

- verification of the accuracy of detector 
calibration and concentration standardization with 
the help of high-quality powered CRMs certified for 
Au content;

- application of the internal standard method 
allowing to minimize all main corrections making 
them practically independent of the sample 
composition and therefore almost negligible;

- reliable determination of the internal standard 
content of the samples by an independent method.

The last condition depends not on the method 
itself but on the samples too, i.e. on their intrinsic 
heterogeneity, and is seemingly discussable. Different 
instrumental methods and different internal standards 
can be tried. At last, a part of the samples can be 
crushed and powdered after INAA measurements are 
completed to find internal comparator content in case 
of its high heterogeneity. In any case, this doesn’t 
deny the whole approach.

Conclusion 

An internal standard based variant of 
comparator INAA was tried to determine Au 
content of solid volumetric samples of several 
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types of the widely spread rocks. Fe content of the 
samples as the internal comparator was determined 
by XRF. No preatrement of the geological material 
was applied. Shape and dimensions of the samples 
cut as plane cylindrical pieces of the drill cores 
corresponded that of the dishes being used to 
implement elemental analysis with the help of an 
energy dispersive XRF spectrometer RLP-21T. 
Significantly enlarged sample mass to 15–20 g 
makes possible to take account of gold distribution 
heterogeneity to a great extent, if any. Application 
of Fe as the internal standard allowed essentially 
reducing corrections for neutron self-shielding and 
for gamma-ray self-absorption by the volumetric 
samples to the values no more than 1% and 5%, 
correspondingly. The corrections were shown to 
be practically irrespective of major constituents of 
different types of rocks.

High penetrability of neutrons and high-energy 
gamma-rays being taken into account, when the 
corresponding analytical signals of 198Au and 59Au 
are formed by the whole sample volume, reliability 
of gold determination depends on the correctness 
of iron analysis by XRF. The demonstrated simple 
high-sensitive approach can be considered as a rather 
convenient and reliable one in case of geochemical 
exploration of homogenous rocks, when low 
penetration depth of Fe characteristic X-rays 
(<1 mm) doesn’t matter. XRF should be gingerly 
applied to determine Fe if sedimentary and other 
rocks characterized by its significant heterogeneity 
are analyzed for industrially significant Au contents. 
Other macroelements surely determined both by 
INAA and XRF may be tried then as the internal 
standards, or another method of Fe determination can 
be applied.
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Experience in production of 18F isotope in the Cyclone-30  
for synthesis of fluorinated radiopharmaceuticals

Abstract. This article provides a brief overview of the 18F isotope production using the Cyclone-30 
cyclotron and two liquid targets with the volume of 0.5 and 2.0 ml, water enriched with the 18O isotope 
was used as the target material. The obtained isotope was used for serial production of the [18F]FDG 
radiopharmaceutical and supply of this medicine to the operating PET centers in Almaty. The isotope 
was also used for experimental syntheses of [18F]PSMA-1007 and Na[18F]F to assess the possibility of 
implementation these medicines into the production and medical practice of the Republic of Kazakhstan. 
The need for the implementation of [18F]PSMA-1007 is associated with the problem of early diagnosis and 
control of prostate cancer treatment, and Na[18F]F – with the earliest possible detection of bone metastases 
in malignant tumors of various localization.
This paper provides the average radiochemical yield and the main quality parameters for [18F]FDG, [18F]
PSMA-1007 and Na[18F]F.
This scientific and practical work allows us to evaluate the three-year production experience and the possibilities 
of fluorine production by reaction (p,n) on the cyclotron С-30, and also reflects the prospects of using fluorine 
in the development of new-generation radiopharmaceuticals for the diagnosis of oncological diseases.
Key words: 18F, cyclotron, radiosynthesis, radiochemical yield, radiopharmaceutical, diagnostics, PET, 
nuclear medicine.

Introduction

Positron emission tomography (PET) is a modern 
method of nuclear medicine that enables us to obtain in 
vivo information about disturbances of physiological 
and biochemical processes at the molecular level by 
determining the concentrations of compounds labeled 
with positron emitters in biological tissues specified 
by the researcher [1].

More than 90% of PET procedures in the 
world are implemented with 18F isotope due to the 
longest half-life (110 min) among ultra-short-lived 
radioisotopes as well as the ability to synthesize 
a fairly wide range of labeled compounds, 
such as 18F-fluorodeoxyglucose, 18F-PSMA, 
18F-tyrosine, 18F-fluorocholine, 18F-fluorothymidine, 
18F-fluoromizonidazole, 18F-DOPA, 18F-flumazenyl, 
18F-fluoropurine, 18F-fluoroputrescine, 
18F-fluoruredine, 18F-fluorocytidine, 18F-flunarizine, 
etc. [2]. During the last three years, the “Institute 
of Nuclear Physics” (Almaty) has been performing 
serial production of Deoxy-2-[18F] Fluoro-D-glucose 
([18F]FDG) on the synthesis module Synthera 
and experimental work on labeling an artificially 

synthesized protein tropic to prostate-specific 
membrane antigen (PSMA) with isotope 18F ([18F]
PSMA-1007) and preparation of Na[18F]F in the 
research facility SynthraRNplus.

Electrophilic and nucleophilic fluorination 
methods are used to introduce 18F into the structure 
of various molecules [3,4,5]. The first method is 
associated with production of fluorine by irradiation 
of neon by the reaction 20Ne(d,α)18F, when the 
daughter radionuclide is stabilized in the chemical 
form [18F]F2 and characterized by the strongest 
electrophilic properties. The second method is based 
on preparation of fluorine from oxygen 18O(p,n)18F, 
which leads to formation of fluoride anion [18F]
F-, which is subsequently used in nucleophilic 
substitution reactions.

Each of the methods for preparation of compounds 
with 18F has its advantages and disadvantages. The 
advantages of the electrophilic method include 
high rate of the fluorination reaction [6]. The 
disadvantages of the method include low selectivity 
of fluorination and the resulting low specific activity 
of the labeled compound [3]. The advantage of 
the method for preparation of 18F by nucleophilic 

https://orcid.org/0000-0003-3900-3818
https://orcid.org/0000-0002-3748-5721
https://orcid.org/0000-0003-1866-6444
https://orcid.org/0000-0002-1968-3169
https://orcid.org/0000-0003-4901-828X
https://orcid.org/0000-0002-5533-4986
mailto:gurin.andrey@inp.kz


103

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 15, № 1 (2022)

A.N. Gurin et al.

substitution is high selectivity of labeling and 
production of the preparation with high specific 
activity; the disadvantages include possible adverse 
reactions during synthesis, which requires more 
stringent maintenance of the specified technological 
parameters of synthesis [7].

Despite the above-mentioned disadvantages of the 
nucleophilic method, most modern PET centers use 
the nucleophilic method to prepare 18F compounds, 
including the radiopharmaceutical production site at 
the “Institute of Nuclear Physics” in Almaty.

This paper describes the experience of 18F 
isotope production and production of fluorinated 
radiopharmaceuticals, obtained in the INP over the 
past 3 years.

Materials and methods

All chemicals, reagents and solvents, required 
for the synthesis of [18F]FDG, [18F]PSMA-1007 
and Na[18F]F, were purchased from ABXGmbH 
(Germany). In addition, the synthesis kits, disposable 
synthesis cassettes and reference compounds, 
used for quality control, were purchased from 
ABXGmbH. The purchased disposable synthesis 
cassettes and reagent kits were used as received, with 
no adjustment of the factory parameters. Methods 
and standard operating procedures were developed 
and implemented at the site of radiopharmaceutical 
production at the “Institute of Nuclear Physics” in 
Almaty. Synthesis was performed on two different 
modules: SynthraRNplus and Synthera (Fig.1). 
Reagents for gas chromatography (GC), high-
performance liquid chromatography (HPLC) and 

(thin-layer chromatography) TLC were purchased 
from Sigma-Aldrich.

The HPLC analysis was performed using 
the Agilent Infinity 1260 system with ultraviolet 
(G1314B) and refractometric (G1362A) detectors, as 
well as a radiochemical detector from LabLogic. The 
HPLC system is controlled by the Laura software. 
Before quality control, reference standards of each 
compound were used to determine the retention time. 
Gas chromatography (Agilent 7890A, ChemStantion 
software) was used to determine the number of residual 
solvents using a DB-WAX column (0.32 mm, length 
30 m). Identification of radionuclides was verified 
by measuring the half-life using a dose calibrator 
(VDC-404). Radionuclide purity was determined by 
gamma-spectrometry with a multichannel high purity 
germanium detector (Canberra Industries). The level 
of cryptophix was determined by comparing the 
staining intensity on chromatography paper. The 
radiochemical purity was determined by TLC (Scan-
RAM Radio-TLC Detector LabLogic and Laura 
software) using silica gel plates F254 (20×100 mm) 
and a mixture of acetonitrile: water (95:5, v/v) as a 
stationary and mobile phase, respectively.

18F production 
The utilized in INP 18F production technology 

is based on the nuclear reaction 18O (p, n) 18F. The 
threshold of the nuclear reaction is 2.6 MeV, the cross 
section is growing and reaches its maximum 300 mb at 
8 MeV, then it slopes down and at 20 MeV is 16 mb [8]. 
This means that to produce 18F isotope, it is necessary to 
irradiate the 18O oxygen nuclei with protons of energies 
not lower than 3 MeV and not higher than 20 MeV.

                                      А                                                                                      В

Figure 1 – synthesis modules A- Synthera, B – SynthraRNplus
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In addition to the target nuclear reaction, other 
reactions occur with the formation of side isotopes 
[9]. All the resulting isotopes are characterized by 
very short half-lives, about tens of seconds [10]. 
The most “long-lived” of them is the isotope 13N, 
the half-life of which is 10 minutes. It is produced in 
the reaction of 16O(p,a)13N. The nuclei of the oxygen 
isotope 16O are inevitably present in the target 
material, although in small quantities. In addition, 
at proton energies above 18 MeV, the reaction of 13N 
production will already take place on 18О nuclei: the 
nuclear reaction 18O(p,α2n)13N. This is a limitation 
on the maximum energy of the proton beam used 
for 18F production.

The Cyclone-30 cyclotron manufactured by the 
Ion Beam Applications SA (IBA, Belgium) is used 
to produce the accelerated proton beam. The target 
material is water, 95% enriched with 18O isotope. 
The target is a niobium capsule filled with water, 
covered from the beam side with a foil, made of 
Havar alloy. The cyclotron, the beam transportation 
line and the target station are a single complex, which 
is controlled from the cyclotron control panel.

Taking into account that the energy of the proton 
beam, produced by the C-30 cyclotron, can be varied 
from 15 to 30 MeV, the 18 MeV operation mode is 
an optimal one for the production of 18F. It allows 
obtaining the maximum yield of the target isotope 
18F with a minimum production of by-products. The 
target provides full absorption of the proton beam. 
The irradiated water is pumped for further synthesis 
through the capillaries 0.9 mm in diameter into a 

receiving tank located in a hot cell. This process is 
performed automatically using high-purity helium 
gas. The transportation line is pre-purged with 
helium, and then the liquid is pumped, the line is re-
purged.

Two targets manufactured by IBA are successfully 
operated in the INP for the production of 18F isotope: 
a small-volume target of 0.5 ml and a large-volume 
target of 2 ml for irradiation with currents of 25 and 
40 µA, respectively.

18F Separation
The first stage of [18F]FDG, [18F]PSMA-1007 

and Na[18F]F synthesis is the extraction of 18F isotope 
from irradiated H2

18O. Extraction is performed by 
solid-phase extraction using a cartridge with anion 
exchange resin QMASep-Pak®, conditioned with 
2 ml of ethanol and 2 ml of water. Irradiated 18F- 

containing water is passed through a pre-conditioned 
cartridge with anion exchange resin QMASep-Pak®, 
while the fluoride ion is retained on the resin. Various 
eluents were used for elution of the 18F- fluoride 
ion, for example, during the synthesis of [18F]FDG, 
an aqueous solution of acetonitrile containing 
potassium carbonate and an average equimolar 
amount of the interfacial cryptofix catalyst (K222) 
was used, where potassium cation in the carbonate 
composition was used as a counterion for 18F-. In the 
synthesis of [18F]PSMA-1007, a 0.075 M solution of 
tetrabutylammonium bicarbonate (ТВАНСО3) was 
used as an eluent, and in the synthesis of Na[18F]F 
-0.9% sodium chloride solution was used (Fig. 2).
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Figure 2 – A) scheme of 18F- extraction from irradiated target for [18F]FDG production, 
В) scheme of 18F- extraction from irradiated target for [18F]PSMA-1007 production,  

C) scheme of 18F- extraction from irradiated target for Na[18F]F production
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The yield at the stage of 18F- extraction from the 
irradiated target in case of listed elements is from 87 to 
95% of the 18F obtained activity. In case of [18F]FDG 
and [18F]PSMA-1007 production, for preparation for 
the next stages of synthesis the eluates are dried in 
a helium current at a high temperature. In case of 
Na[18F]F production, the eluate is not dried.

Results and discussion

During serial production of [18F]FDG 
radiopharmaceutical using the Synthera 
radiosynthesis module, the following averaged data 
for 3 years were obtained:

According to the results of 685 cycles of 
irradiation in the Cyclotron C-30 a target with 2 ml 
of enriched water with protons of 18 MeV energy and 
38±2 µA current and subsequent cycles of [18F]FDG 
synthesis using the Synthera module, it was shown 
that activity of 18F in the preparation [18F]FDG was 
75±12 GBq at the end of synthesis. The irradiation 
time was 160±15 min, and the synthesis time was 
27±2 min.

The quality parameters of the preparation 
corresponded to the pharmacopoeia requirements.

The activity of the resulted preparation was 
sufficient for daily injection up to twenty patients, 
depending on their weight (target activity is 370MBq/
body weight).

For experimental syntheses of [18F]-PSMA-1007 
and Na[18F]F, 6 irradiation cycles were carried out 
in a target Cyclotron C-30 with 0.5 ml of enriched 
water with protons of 18 MeV energy and 20±2 µA 
current. The target was irradiated for 30-60 minutes. 
The synthesis was carried out at the SynthraRNplus 
research facility.

[18F]-PSMA 1007
Three experimental syntheses of 18F-PSMA-1007 

were carried out. The synthesis time was 45 minutes, 
the average activity of 18F-PSMA-1007 was 1.6±0.4 
GBq, which corresponds to a radiochemical yield of 
31± 9%.

Na[18F]F
Three experimental Na[18F]F series were produced 

using the SynthraRNplus synthesis module. The 
synthesis time was 15 minutes, the average activity 
of Na[18F]F was 5±1 GBq, which corresponds to a 
radiochemical yield of 75±2%.

Conclusion

The process of 18F isotope production using the 
cyclotron C-30 is stable and provides 18F activity 
sufficient for both serial production of [18F]FDG and 
experimental work on the introduction of technologies 
for the production of new preparations for PET, such 
as [18F]-PSMA-1007 and Na[18F]F.

The application of the automated synthesis 
system for mass production is quite reliable since 
only 5 equipment failures were recorded for 685 
production cycles, which is 0.7%.

The synthesis module SynthraRNplus for 
experimental works is suitable for the production 
of new radiotracers. The research module was 
used to produce [18F]-PSMA-1007 and Na[18F]
F with a radiochemical yield comparable to that of 
commercially available cyclotron synthesis modules.

Domestic production of a wide range of 
radiopharmaceuticals will improve the quality of 
medical care, reduce the mortality rate and increase 
the overall survival rate and progression-free survival 
in patients with various forms of cancer and improve 
the quality of life of patients.

This research is funded by the Science 
Committee of the Ministry of Energy of the Republic 
of Kazakhstan (Grant No.BR09158958)».
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Development of a technology for processing waste plastic bottles  
and bags to obtain various types of biodegradable polymer films

Abstract. Currently, one of the most important problems in the world is waste bottles made of polyethylene 
terephthalate, the number of which is currently growing every hour, polluting the environment. One of the 
ways to protect the environment from polyethylene terephthalate waste is the invention of biodegradable 
polymer materials from PET waste. Currently, several methods for processing polyethylene terephthalate 
waste have been proposed, but the work on the production of biodegradable materials has not been fully 
solved. Currently, various technologies for recycling plastic bottles and bags are being developed. The 
most promising technology in this direction is chemical processing, which is based on obtaining the 
final product in the form of a monomer or oligomer, which can be used as a new raw material for the 
synthesis of polymers. In this work, these polyethylene terephthalate wastes were chemically degraded with 
ethylene glycol solvent in the presence of zinc acetate catalyst and bis-hydroxy ethylene terephthalate was 
obtained. This work aims to obtain bis-2-hydroxyethyl terephthalate (BHET) by glycolysis of polyethylene 
terephthalate (PET) waste for the synthesis of various types of biodegradable polymer films. Biodegradable 
films based on polyvinyl alcohol and BHET have been synthesized. Water-soluble copolymers based on 
BHET and PVA were obtained by grafted copolymerization. (PVA) polyvinyl alcohol (5; 15; 25 wt. %) 
was dissolved in distilled water at 75-80°C until complete dissolution, ammonium persulfate, used as an 
initiator, was added to the initial mixture and biodegradable films based on PVA and BHET were obtained 
for the first time. It has also been proved that the resulting biodegradable films are formed by hydrogen 
bonds using IR spectroscopy.
Key words: PET, depolymerization, recycling, biodegradable films, BHET.

Introduction

In recent years, intensive work has been carried 
out to obtain biodegradable polymer materials that do 
not harm the environment and the human body. The 
problem of environmental protection is global, so 
the increase in the amount of synthetic plastic waste 
hourly raises serious concerns. The most suitable way 
to solve these problems is to create environmentally 
friendly biodegradable polymer materials. Currently, 
many methods have been proposed for the 
development of biodegradable polymer materials, 
but the production of biodegradable polymers has 
not been completely solved [1-5]. Recycling of used 
plastic materials is the main problem of polymer 
production, mainly due to the harmful effects of 
plastic waste on the environment. Plastic materials 
are stored for a long time under normal conditions due 

to their high resistance to environmental influences. 
We can consider the recycling of plastic materials 
as an important economic factor, since the material 
and energy are reused. This will reduce the cost of 
raw materials, reduce the use of the necessary energy 
source, and bring economic benefits. In the global 
world, various types of recycling are offered [5-12]. 

Currently, mechanical and chemical methods 
of recycling are used. In addition, during chemical 
processing, monomers are removed, and then new 
polymer raw materials, chemicals and fuel are 
obtained. Methods of incineration and disposal of 
waste polymer materials have lost their importance, 
as new directions of methods of processing polymer 
materials are being introduced. Currently, strategies 
for the processing of biodegradable polymers and 
the secondary use of polymer materials are being 
considered [13-16]. 
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The following incentives are necessary for the 
implementation of secondary use: legal requirements, 
low price, consumer demand, environmental aspect. 
Recycling of polyethylene terephthalate waste in the 
global world has received rapid development and is 
just beginning in Kazakhstan.

Materials and methods

Development of a technology for processing 
waste plastic bottles and bags to obtain various types 
of biodegradable polymer films. Obtaining bis-2-
hydroxy ethylene terephthalate by glycolysis of 
polyethylene terephthalate waste from plastic bottles. 
Currently, different technologies are developed 
for the recycling of waste plastic bottles and bags. 
The most promising technology in this direction is 
chemical processing, which is based on obtaining the 
final product in the form of a monomer or oligomer, 
which can be used as a new raw material for the 
synthesis of polymers.

The aim of this work is to obtain bis-2-hydroxy 
ethylene terephthalate (BHET) by glycolysis of 
polyethylene terephthalate waste (PET) for the 
synthesis of various types of biodegradable polymer 
films. After the mechanical rinsing with acetone 
and methanol, removing glue and other substances, 
the beverage bottles produced by Bonaqua™ were 
crushed into small pieces. 

Depolymerization of PET waste was carried out 
in a three-necked flask equipped with a thermometer, 
a refrigerator, and a mechanical stirrer, in the 
temperature range 140 ÷ 190°С at a mass ratio of 
ethylene glycol to PET equal to 1:1, in the presence 
of a catalyst – zinc acetate (0.5% by weight PET), 
is the most effective catalyst for PET glycolysis. 
The degree of PET degradation (or conversion) was 
determined gravimetrically. For this, samples were 
taken at regular intervals, weighed with an accuracy 
of 0.0002 g, and calculations were performed. The 
reaction was carried out until the complete glycolysis 
of PET, after which distilled, water was added to 
the resulting destructive at a ratio of 1:100. For the 
complete precipitation of BHET, the contents of the 
flask were kept for at least 24 hours. The formed 
precipitate was filtered off, after which the filtrate 
containing water was concentrated by evaporation of 
water at a temperature of 80-90°C, and then cooled in 
a refrigerator at a temperature of 3-5°C. The filtration 
residue was dried in a vacuum oven to constant 
weight. The output of BHET is 77%.

Figure 1 presents data on the study ща the effect 
of temperature on the conversion of PET in the 
presence of zinc acetate. The results showed that as the 
temperature rises from 140 to 190°C, there is a regular 
increase in PET conversion. Thus, the complete 
glycolysis of PET at 140oC takes 2 times longer than 
at 160°C and 3 times longer than at 190°C.

Figure 1 – Effect of temperature on PET conversion  
in the presence of zinc acetate as catalyst

The synthesis of biodegradable films is based 
on copolymers of polyvinyl alcohol and bis-2-
hydroxyethyl terephthalate

Synthesized biodegradable films based on 
polyvinyl alcohol and BHET. Water-soluble 
copolymers based on BHET and PVA (FlukaChemie 
GmbH (Switzerland), Mw = 145000 kDa) were 

prepared by the graft copolymerization method. PVA 
(5 wt. %) was dissolved in distilled water at 75-80°C, 
till complete dissolution, ammonium persulfate, used 
as an initiator, was added to the initial mixture. A 
15% aqueous solution of BHET was added through a 
dropping funnel at a rate of 20 drops/min. To adjust 
the pH of the reaction mixture (the optimum pH of the 
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reaction medium is 3.8), a certain amount of glacial 
acetic acid was added to the reactor, the reaction 
mixture was heated for 2 hours at 75°C. At the end of 
the process, the reaction mixture was cooled to room 
temperature. In this case, a white homogeneous mass 
is obtained.

Results and discussion

The obtained PET Glycolyzed production is the 
form of a white crystalline powder with a melting point 
of 108°C. To confirm the structure of the obtained 
product, IR spectroscopy was investigated (Fig. 2).

Figure 2 – IR spectrum of bis-2-hydroxyethyl terephthalate.

Thus, by the glycolyzed PET waste, bis-2-
hydroxyethyl terephthalate was obtained for 
the synthesis of various types of biodegradable 
polymer films. Figure 2 shows the IR spectrum 
of the BHET of the pure product obtained. If we 
compare the spectra of the obtained copolymer and 
BHET, it turns out that the monomers are obtained 
in pure form and do not have chemical bonds. 
Benzene rings are located in the spectrum of the 
BHET, demonstrating the absorption of 1716-
1677cm-1 and 726-875cm-1, and 1133cm-1 C-O-C 
bonds were also observed. Two vertices connected 
in the spectrum at 3447cm-1 and 2931cm-1 showed 
us the existence of hydroxyl groups, i.e., they 
manifested themselves acutely, which tells us 
about the elongation of the O-H groups in the 
composition of the CH2-CH2-OH bonds and can 
serve as a basis for the fact that we have obtained 
a pure monomer.

To confirm the interaction reaction between 
PVA and BHET, IR spectra analysis was studied. 
As shown in Figure 3, the obtained films based on 
PVA and BHET showed an absorption band at about 

3265.13 cm-1, attributed to OH groups. The band at 
1712 cm-1 characteristic of the carbonyl group (C 
= O) is related to the presence of residual acetate 
groups in the copolymer, which remained after 
the preparation of PVA by hydrolysis of polyvinyl 
acetate. The absorption bands at 1126 and 1066 cm-1 
are due to stretching vibrations of the C – O, C – O 
– C groups, and the band at 724 cm – 1 refers to the C 
– H2 groups. In addition, at 1712 cm-1, an absorption 
peak characteristic of the carbonyl group of acetic 
acid is observed, and at 568 and 670 cm-1, a band of 
vibrations of C-H groups characteristic of aliphatic 
compounds appears.

Polymer films of the obtained copolymers were 
prepared by pouring a 4% aqueous solution of 
copolymers into polyethylene Petri dishes, followed 
by evaporation of the solvent at room temperature 
and keeping in a vacuum drying oven at 30°C until 
constant weight. Photographs of the obtained films 
based on PVA and BHET copolymers are shown in 
Figure 4. It can be seen that films based on PVA and 
BHET interpolymers are equally homogeneous and 
elastic.
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Figure 3 – IR spectra of P(PVA-co-BHET)

Figure 4 – Photographs of films based on P(PVA-co-BHET)

Development of a technological scheme for the 
processing of waste plastic bottles and bags

Completed work:
- A technological scheme for the processing of 

waste plastic bottles and bags has been developed.
These studies, showed the fundamental 

possi bility of obtaining secondary BHET by 
glycolysispolyethylene terephthalate from waste, 
and indicate the advantage of the ethylene glycol 
solventless over water.

The optimal conditions for the PET destruction 
process are:

- temperature – 190°С;
- the mass ratio of ethylene glycol and PET, equal 

to 1: 1;
- catalyst – zinc acetate (0.5% to the weight of 

PET).
Based the laboratory results, a technology for 

producing BHET from secondary PET was proposed. 
This technology includes several stages (Figure 5):

- in the reactor at a temperature of 180-190°C 
and a pressure of 1 MPa for 1 h, PET is mixed with 
ethylene glycol in the presence of zinc acetate as a 
catalyst;

- separation of unreacted PET from the solution;
- separation of BHET from ethylene glycol and 

water is carried out by filtration in a drum vacuum filter;
- separation of a mixture of ethylene glycol 

with water is carried out in a column separation at 
a temperature of 200°C, where part of the ethylene 
glycol is returned to the first stage of processing to 
soften PET.

Shredded polyethylene terephthalate is fed into 
the reactor (R-1) from the vessel (B-1), zinc acetate is 
pumped from the tank (E-2) by the pump (N-3), and 
recycled ethylene glycol at the temperature of 206°C 
is also pumped into the reactor. In the reactor (R-1), 
the process of glycolysis polyethylene terephthalate 
occurs at a temperature of 190°C.

To maintain the temperature of the process, due 
to the exothermicity of the target reaction, the reactor 
(R-1) is equipped with a jacket, into which water 
vapor is supplied with a pressure of 2.4 MPa.
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Figure 5 – Flow diagram of the process of obtaining BHET from glycolysis polyethylene terephthalate.  
Note: B-1 – storage hopper; BF-1 – drum filter; VK-1 – evaporator-crystallizer; E-1, 2, 3, 4, 5 – containers;  

К-1 – rectification column; KP-1, 2 – compressors; N-1, 2, 3, 4, 5, 6, 7, 8 – pumps; R-1, 2, 3 – reactors;  
SSh-1 – drying apparatus; Т-1 – heat exchanger; X-1, 2, 3 – condenser refrigerator; F – filter

From the reactor (R-1), the mixture is fed to the 
filter (F-1), where the unreacted PET is separated 
from the solution. The solution after F-1 is cooled 
in a refrigerator X-2 to a temperature of 2-3°C and 
transferred to receive BHET in the reactor (R-2), 
in which BHET is released at a temperature not 
exceeding 60°C and pressure at 101.3 kPa.

The mixture of reaction products from the reactor 
(R-2) is pumped out by using the pump (N-4) into 
the vacuum drum filter (BF-1), where the BHET 
is separated from the liquid part of the mixture. A 
mixture of water and ethylene glycol is fed to the 
R-3 reactor. Then BHET goes for drying to the dryer 
(SSh-1), where the air is supplied by the compressor 
(KP-1). The dried BHET is removed from the plant 
as a finished product.

From the R-3 reactor, the resulting mixture 
of water and ethylene glycol is fed to the VK-1 
crystallizer through the H-5 pump and cooled in the 
x-3 refrigerator, and the mixture is fed to the K-1 
Steam column through the H-6 pump. Water vapor is 
removed from the top of the column, which condenses 
in the (X-2) refrigerator. Water condensate enters the 
(E-4) tank, from which the ( H-8) pump is pumped 
to the sewage system. From the bottom of the (K-1) 
column, the (N-7) pump pumps out ethylene glycol, 
part of which is heated in the (T-1) heat exchanger 
with water vapor, returns to the K-1 column cube as 
irrigation, and the other part enters the( R-1) reactor. 
The balance amount of EG is removed from the 
installation.

Process flow diagram of the production process 
of biodegradable polymer films based on PVA and 
BHET

To obtain polymer films based on CPL PVA-
BHET, the method of casting films from solutions on 
a substrate (“dry” method) was used. This method is 
economic and technological advantages, firstly, the 
“dry” method is more industrially applicable due to 
the prostate equipment and low cost, and secondly, 
it allows you to obtain films with high-performance 
characteristics.

The basic and principle of this method is to form a 
viscous polymer solution. The mixture is thoroughly 
mixed, the excess air is removed under a vacuum. A 
film is formed from the resulting solution, dried and 
then cut to the required size.

The production of film materials consists of 
two technological lines for the production of water-
soluble and grafted films. The main stages of the 
technological process of forming water-soluble films:

–  Dissolution of copolymers;
–  Preparation of copolymer solutions (solution 

filtration);
–  Deaeration of the molding solution;
–  Forming a film on the surface of the dryer belt;
–  Film stretching and drying;
–  Reception, winding and cutting of finished 

film;
–  Stamping, packaging, and marking of finished 

products.
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In the production of grafted films, the stages of 
thermal grafting and saturation of films with drugs 
are additionally included.

For the pilot production of new water-soluble 
films based on CPL of polyvinyl alcohol and BHET, 
a technological scheme has been developed, shown 
in Figures 6 and 7.

From the measuring tank – dispenser (MD-1), 
the pure polyvinyl alcohol dissolves in distilled water 
in the mixer (C-1) with a corrosion-resistant inner 
coating, equipped with a frame mixer. As a solvent, 
CPL PVA and BHET uses water, which is obtained 
from a metering meter (MD-2). The loading of the 
CPL PVA and BHET into the mixing apparatus is 
carried out with the mixer operating. First, using a 
pump N-1, water is supplied in an amount of 10-
20% of the total volume of the solvent and CPL 
PVA-BHET is loaded in small portions through the 
hopper, then after a short stirring, half of the water is 
introduced through the dispenser. After swelling of 
the CPL PVA and BHET, the remaining amount of 
solvent water is fed into the mixer. The dissolution 
process lasts 12 – 24 hours with constant stirring at 
a temperature of 65-70°C. The prepared solution of 
CPL PVA and BHET is fed by a gear pump (N-2) 
under a pressure of several atmospheres to multistage 
filter presses (PF-1) to remove undissolved particles 
of CPL PVA and BHET.

In the filtration process of the solution, an 
increase in pressure is observed due to the clogging 
of filters. When the critical pressures are reached, 
the flow is switched to a backup filter press, and the 
clogged one is washed with water and then blown 
with compressed air.

To produce a water-soluble film, the filtered PVA 
and BHET solution was transferred to the mixer 
(C-1) and (C-2) to obtain a homogeneous molding 
solution. After prolonged mixing, a plasticizer is 
added to obtain homogeneous solution. The duration 
of the preparation of the film-forming solution at a 
stirrer speed of 40 – 60 rpm is 2 hours.

The mixing process of solutions can 
inadvertently introduce air bubbles into the liquid, 
therefore deaeration is a prerequisite for obtaining 
a homogeneous polymer solution. The film-forming 
solution is evacuated in a deaerator (D-1) and (D-2) 
for 4-6 hours and fed into the storage tank (E-1) and 
(E-2).

From the container (E-1), the copolymer solution 
is fed into the container of the smearing die (MF-1), 
from which it is applied to the surface of the moving 
continuous belt of the casting machine (FM-1). The 
forming speed is 1-5 m/min. The optimal drying 

mode was experimentally established at 28-30°C. 
The drying process takes 24 hours.

In the casting machine, the film is dried to a 
residual solvent content of 15 – 20%, after which the 
film is removed from the substrate with a knife and 
enters the drying chamber (KD-1), where, passing 
through a system of rollers, it is pulled out for 
hardening and finally dried with heated air.

After that, the film transfers to the cutting unit 
(PM-1). It passes through a shaft equipped with a 
trimming device, after which it enters the winding 
machine, where it is cut along the web into 6 × 3 
plates, first packed in plastic bags then into paper 
boxes, marked and sent to the finished product 
warehouse. Waste is recycled.

The formation of a polymer solution to obtain 
grafted films is carried out in a mixer (C-2). At the 
beginning, the filtered copolymer solution enters 
the mixer, and then the dissolved grafting agent 
and plasticizer are introduced. The duration of the 
solution formation at a stirrer speed of 40-60 rpm is 
2 hours.

The molding solution is transferred to the 
deaerator (D-1), where it is processed for several 
hours, and then under pressure is fed into the container 
of the smearing die. The die ensures the formation 
of a layer of polymer solution of a given thickness 
and distributes it evenly over the entire width of the 
ground surface of the metal substrate strip stretched 
over the surface of the casting machine.

The solution layer is dried to a residual solvent 
content of up to 15-20%, the film is separated from 
the substrate surface and through a tear-off roller 
and a compensator is directed into a heat chamber 
(T-1) formed by several electric heating plates 
located in a horizontal plane. The film, passing 
through the rollers of the speed control system, is 
captured at the edges by using clamping clips and 
transported through the chamber using Gall roller 
chains. The speed of the chains is synchronized with 
the speed of the belt of the forming apparatus. The 
temperature in the chamber is 100°C; the duration 
of the stay of the film in the chamber is 4 hours. 
After the heating chamber, the film is directed into 
the bath (VO-1) to wash off the ungrafted part of the 
polymer. Then the film enters the drying chamber 
(VN-1).

The dried film is cut into oval-shaped plates 10 
× 20 mm in size, 10 plates are packed in contour-
cellular packaging made of PVA film and aluminum 
foil and marked.

All packed boxes are gas sterilized with ethylene 
oxide and then sent to the warehouse.
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Figure 6 – Technological scheme of pilot production of linear and grafted films based on CPL PVA and BHET.  
Note: MD-1, 2 – measuring tank-dispenser; C-1, 2, 3, 4 – mixer; H-1, 2 – centrifugal pump; F-1 – filter press; D-1, 2 – deaerator

Figure 7 – Technological scheme of pilot production of linear and grafted films based on CPL PVA and BHET.  
Note: E-1, 2-storage capacity; MF-1, 2-smearing die; FM-1,2-forming machine;  
CD-1, 2-drying chamber;RM-1, 2-stretching machine; RS-1, 2-cutting machine;  

T-1-heat capacity; VO-1 – bath for washing; VN-1-bath for saturation
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Conclusion

In this article, the method of secondary chemical 
treatment of polyethylene terephthalate waste is 
studied. The remains of PET bottles were first 
sorted by color and cleaned, disassembled into 
flexi. Optimal conditions for the chemical method 
of processing polyethylene terephthalate waste have 
been determined, i.e. it has been established that 
PET waste is destroyed in the presence of ethylene 
glycol solvent and zinc acetate (0.5% to the weight 
of PET) as a catalyst. In addition, 190°C was 
designated as the optimal destruction temperature. 
Biodegradable films based on polyvinyl alcohol and 
bis-hydroxy ethylene terephthalate were obtained by 
graft copolymerization, during which ammonium 
persulfate was used as an initiator. This method of 
obtaining biodegradable films based on PVA and 
BHET has not yet been considered in scientific 
research at all. Optimal conditions for the production 
of films based on polyvinyl alcohol and bis-hydroxy 
ethylene terephthalate have been established, i.e. the 
optimal temperature is 75-80°C and with a ratio of 
PVA and BHET 1:3 and pH = 3.8-4.0, it has been 
established that in the presence of glacial acetic acid, 
very strong and flexible, water-soluble films are 
obtained. It has been established that biodegradable 
films based on PVA and BHET are interconnected 
by hydrogen bonds along the IR spectrum and can 
attract water to it as a result of the presence of C-O-C 
bonds in the composition, and a technological scheme 
of a biodegradable film based on PVA and BHET. 
In addition, biodegradable films based on PVA and 
BHET were obtained for the first time.
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