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OUR EXPERIENCE OF THE SURGICAL TREATMENT
OF PRIMARY HEART TUMORS

Abstract. In this article there has been generalized an clinical experience of the surgical treatment of primary
heart tumors for the 33-years of the work of cardiac surgery department of the NSCS named after A. N. Syzganov.
The clinical manifestation of the heart tumors and the diagnostic methods were described. The surgical treatment is a
basic method of treatment in this pathology. The morphology of primary heart tumors are presented.

Key words: primary heart tumors, surgical treatment, heart myxoma, long-term results.

Introduction. In the cardiac surgery practice the primary heart tumors are related to rare diseases.
According to literary data they are found in 0,01-0,5% of cases from total quantity of heart diseases.
Taking into account extremely unfavorable prognosis in the development of this disease and a good long-
term result of modern operation, the problem solution of the surgical treatment of heart tumors is
extremely relevant.

The aim of research — evaluation of the long-term results of the surgical treatment of primary heart
tumors.

Material and methods. The analysis was based on the results of 99 hospitalized patients since 1983
till 2016. The age of patients varied from 7 years till 67 years (on average — 37,5 years), while 65% were
females. The greatest group (93%) was made by patients of working-age from 21 till 54 years. In 82 cases
a tumor was located in the left atrium, in 13 patients — in the right atrium, in 2 patients — in the right
ventricle, in 1 patient — in the left ventricle and in 1 case — in both atria simultaneously. The NYHA
classification was used for evaluation of severity of a functional class that provides the distribution of
patients into 4 classes, while there was used the classification of N.D. Strazhesko and Ch.F. Vassilenko
that provides the stages of the circulatory disorders. According to data of classification 38 patients were
related to IV class, 48 patients — to III class and 13 patients — to I class;the circulatory insufficiency of the
I stage was found in 11 patients, II Astage — in 51 patients, II bstage — in 37 patients that testifies to
severity of hospitalized patients [1].

Before hospitalization 12 (12%) patients were on disability, 75 (75%) patients were engaged in a
work, 5 (5%) patients were pupils, 8 (8%) patients were retired. These data testify to a necessity of the
surgical treatment for faster social rehabilitation of patients [2].

Results. 95 patients underwent a surgical treatment. 3 patients died in the hospital at the stage of
examination and preparation for operation during the period of the development of these operations in our
center.According to data of pathological and anatomical autopsy 2 patients died of an obstruction of the
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left atrioventricular orifice with tumor, and 1 patient died due to development of an acute cardiac and
pulmonary insufficiency. One patient was discharged from the hospital having refused the offered surgical
treatment. The diagnosis of a heart tumor serves as a basis for the surgical removal of a tumor by urgent
indications. Operations were performed according to common rules of oncology which means that there
was performed a maximum resection of nearby tissues with following closure or plastic repair of the
formed defect. In cases when the radical excision of the heart tissue was not possible owing to complex
anatomical structure, there was performed an electric coagulation, a maximum resection of a place of
tumor [3].

Long term results of the surgical treatment of patients with heart tumors in the term from 3 till
12 years have been studied in 65 patients of 94, discharged from the hospital (69 %). 29 males and
36 females aged from 27 till 59 years were observed.

Evaluation of the long term results was carried out on the basis of clinical and instrumental
investigation, including electrocardiography, chest X-ray and EchoCG. In accordance with clinical results,
the observed patients were divided into 3 groups: with good, satisfactory and unsatisfactory results. One
patient died of developed cardiac and pulmonary insufficiency due to progression of the leiomyosarcoma.

The group with good results included 48 patients with significant improvement of the condition, in
which the physical activity did not cause dyspnea, tachycardia and fatigue. They led healthy lives, a
working ability was restored, there was a positive dynamics of the objective methods and investigation
(ECG, X-ray data, EchoCG).According to their condition the patients were transferred to functional class
higher by 2 classes.

The group with satisfactory results included 10 patients, in which, there was an improvement of the
condition as well, but it is less expressed than in first group. Usual physical loading caused dyspnea,
palpitation, fatigue. They have the signs of the moderate heart decompensation in great blood circulation
saved that we had to use periodically the cardiotropic medicines. The positive dynamics of instrumental
methods of investigation in patients of this group was less expressed. According to their condition the
patients were transferred to functional class higher by 1 class.

The group with unsatisfactory results included 2 patients which did not have any improvement after
operation and any positive dynamic on the side of methods of an investigation. According to their
condition the patients remained in the same functional class. We have estimated the long term results the
following way.

Long term results of the surgical treatment of patients with heart tumors

Results of operations Quantity of patients %
Good 52 80,0
Satisfactory 10 154
Unsatisfactory 2 3,1
Died 1 1,5
Total 65 100

Conclusion. Myxomais the most common form (95,9%) among primary heart tumors being localized
predominantly in the left atrium (86%), rare in the right atrium (12 %), where in majority of cases it is
attached by fibrous leg to atrial septum in the oval fossa (90%). The diagnosis of heart myxoma is an
indication for urgent operation in order to avoid an occlusion of the atrioventricular orifice and frag-
mentation of a tumor with development of the acute arterial obstruction. Good long term results of the
surgical treatment of benign heart tumors 52 (80%) contribute a social rehabilitation of patients and
restoration of their working ability. [4].
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AnHotanusa. Makanana A. H. CesranoB ateiafarsl ¥ATThIK FeutbiMu Xupyprust OpTanbiFbl KapIuOXHPYP-
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Tepi CUNaTTaliFaH. ATajFaH CHIPKATTBIH HETI3T1 eMJIeY JKOJIbI — XUPYPTHsUIBbIK 9J1ic. XKypekTin OipiHIIUIiK icikTepiHig
MOpP]OIIOTHSCH OepiireH.
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COMPARATIVE ANALYSIS OF FACTORS MOTIVATING
TOBACCO USE AMONG ADOLESCENTS
IN THE REPUBLIC OF KAZAKHSTAN

Abstract. Objectives. The prevalence of tobacco use among schoolchildren continues to be a significant
societal problem. A comprehensive study of personal and behavioral aspects of children and adolescents, and their
impact on smoking is one of the most promising areas to address this issue. This study aimed to examine various
conditions promoting the use of tobacco among children and adolescents.

Methods. The current study examined 1,715 eligible students, aged 13—15 years (grades 7-9) from the Global
Youth Tobacco Survey (GYTS) conducted in Kazakhstan (2014). The GYTS is a school-based survey on tobacco
use prevalence and key tobacco control measures among a representative sample. The survey has standardized
methodology: a two-stage sample of schools and classes.

Results. Survey results indicated that 2.8% of schoolchildren smoked tobacco. Parental smoking (smoking by
one or both parents) influenced smoking among their children. Furthermore, smoking youth demonstrated a positive
image of tobacco use. Significant motivating factors included 1) helping to feel comfortable at parties, 2) a positive
response to an offer to smoke from friends, and 3) hookah smoking.

Conclusions. Effective psycho-pedagogical educational technologies/programs are needed that target parents,
especially those who smoke, as well as schoolchildren. These programs should be targeted at the family and school
levels to develop negatives attitude toward smoking and strengthen care for quitters. Additionally, strong legislative
measures to create smoke-free environments and to reduce the availability of tobacco should be enacted.

Keywords: tobacco smoking, tobacco use, children, adolescent, behavioral risk factor, motivating factor.

Background. The prevalence of tobacco use among schoolchildren continues to be a significant
societal problem. Rapid growth in the number of smokers has led to a "rejuvenation" of smoking and a
decrease in the age of smoking initiation. Currently, the average age of young smokers is 13 years. Every
day, approximately 80—100 thousand young people worldwide become addicted to tobacco [1-5].

The World Health Organization considers the health of young people through key indicators,
including tobacco smoking. Regardless of the number of tobacco products consumed per day, teenagers
who regularly smoke constitute a risk group, which, by the end of schooling, shows serious deviations in
health status. The threat of increases in disease rates among children and adolescents has prompted the
need for active implementation of effective and systematic mechanisms for monitoring the prevalence of
tobacco smoking, and control, management, and identification of factors that increase the risk of tobacco
smoking among the younger generation [1, 6—11].

Comprehensive study of personal and behavioral aspects, and their impact on smoking status among
children and adolescents is a promising but insufficiently developed research area in the effort to reduce
the incidence of smoking among youth [12-16]. Currently, there is a need to examine various conditions
that prevent children and adolescents from using tobacco. In addition, there is a need to develop and
implement measures to prevent smoking, by examining aspects of the individual’s personality that lead to
the initiation of smoking behavior. Thus, national representative studies in Kazakhstan on the prevalence
of smoking among adolescents and systematic monitoring of key indicators of tobacco control are
important and necessary steps toward the implementation of relevant policies and programs aimed at
reducing tobacco smoking.
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Methods. The Global Youth Tobacco Survey (GYTS) was administered among a representative
sample of adolescents, aged 13—15, in 7 regions of the Republic of Kazakhstan, on the initiative of the
World Health Organization, and through the coordination of the National Center for Problems of Healthy
Lifestyle Development (2014). The GYTS, a component of the Global Tobacco Surveillance System
(GTSS), is the international standard for the systematic monitoring of the prevalence of tobacco
consumption (both smoking and smokeless) among young people and the monitoring of key indicators of
tobacco control.

The GYTS uses a globally standardized methodology that includes a two-stage sample where the
likelihood of choosing schools is proportional to the number of students in schools comprising students of
the appropriate age range. Classes in selected schools are chosen at random, and all students in the
selected classes have the right to participate in the survey. The survey uses a standard core questionnaire
with a set of additional questions, which allows it to be adapted to meet the country's needs for infor-
mation on tobacco use and on key indicators of tobacco control. Participants assent and the permission of
their parents were obtained.

The study involved 2,083 students in grades 7-9, of which 1715 were 13—15 years of age. The cur-
rent study presents results of a comparative assessment of motivating factors for smoking among both
smokers and non-smokers.

Statistical processing of research materials was carried out using Excel and SPSS 15.0 for Windows.
When analyzing the conjugacy tables, the Pearson chi-square criterion was used. This method makes it
possible to evaluate the statistical significance of the differences in indicators of factors related to
smoking among smokers and non-smokers. A binary logistic regression analysis of the predictors of
smoking was performed and the odds ratio (OR) indicator was calculated.

Results. According to the results of the GYTS study, the prevalence of tobacco smoking among
children aged 13—15 was 2.8% (girls = 3.5%, boys = 1.9%).

Investigation of the relationship of parental smoking showed that, one or both parents of smoking
adolescents smoked more often (9.8%) than did parents of non-smoking adolescents (3.8%). Furthermore,
"smoking only by the father" was noted by 39.0% of smoking adolescents, and in only 10.7% of non-
smoking adolescents. Additionally, "smoking only by the mother" was observed in 14.2% of smokers and
12.9% of non-smokers. A Pearson's ¥*> comparison test points to the presence of statistically significant
differences between the data of the two groups of adolescents (¥> = 38.9, df = 3, p < 0.001; figure 1).

Children who smoke do not always fully understand the negative consequences of smoking on
health. Awareness in children about the dangers of smoking is reflected in the distribution of answers to
the question "Do you think that smoking tobacco harms your health?" Among the adolescents surveyed,

80
70
60
M Current
50 tobacco
9% 40 smokers (13-15
30 - year olds)
20 - Non smokers
10 - 1 | (13-15 year
O B T . T T 1 OIdS)

Parents don't Both parents Only father Only mother
smoke smoke smokes smokes

Factor: parental smoking X% Pearson = 38.9
p < 0.001

Figure 1 — Parental smoking and smoking status of adolescents
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Figure 2 — Adolescents’ awareness of the dangers of smoking

78.7% of smoking teenagers and 91.2% non-smokers answered that smoking is harmful to health
(x*=27.4, df =3, p <0.001; figure 2).

In the youth environment, behaviors such as curiosity, imitation of friends/parents, as well as the
desire to appear as adults, independent, modern, and fashionable are common. Often, smoking is
considered by youth as an indicator of the above "achievements.” During this study, respondents' opinions
were considered, specifically concerning how much smoking can affect communication. We asked if they
believed that young people who smoke usually have more or less friends. Results indicated that
adolescent smokers (39.1%) were significantly more likely to think smoking made it is easier to find
friends. However, this opinion existed in only 10.2% of non-smoking teenagers (y*> = 44.2, df = 2,
p <0.001).

We further examined the opinion of whether smoking makes young people more (or less) attractive.
A total of 24.4% of smokers and 11.7% of non-smokers believed that smoking made an individual more
attractive. Conversely, only 31.1% of teenage smokers noted that smoking lowers attractiveness, while
more than half (54.3%) of non-smoking individuals held this belief. Statistical testing demonstrated a
significant difference between these groups (y*=11.7, df =2, p <0.01).

Nearly half of the smokers (43.5%) believed that smoking helps young people to feel more
comfortable at public events, such as celebrations and parties, while non-smokers demonstrated this
opinion four times less frequently (11.8%). It was noted that only 8.7% of smokers and 26.4% of non-
smokers believed that smoking made an individual less comfortable at such events. Most non-smoking
respondents (61.8%) answered that smoking has no effect on comfort, while fewer smokers (47.8%)
agreed with this answer. Such misconceptions can lead to an increase in the prevalence of addictive
behaviors in children and adolescents.

We asked whether respondents would agree to smoke if their best friend(s) offered the opportunity to
smoke. A positive response was given by more than half (51.1%) of adolescents who smoked, but only by
2.8% of non-smokers.

According to the data of our study, 52.2% of smoking adolescents also reported hookah smoking,
compared to only 7.8% of non-smoking adolescents. These differences were statistically significant
(@*=106.5,df=1,p <0.001).

The prevalence of smokeless tobacco consumption among teenagers was 0.6% (95% CI 0.3—-1.3).
Similar to the results for hookah smoking, the number of children using nasvay (chewing tobacco)
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(13.0%) was significantly higher in the group of tobacco smokers (among non-smokers, the figure was
3.7%).

To more accurately identify the relationship between adolescent smoking and motivating factors
(predictors), binary logistic regression models were used and ORs were calculated. To form dichotomous
data, a combination of similar variables or an exception of independent variables was carried out.
Specifically, two statistical approaches were used. First, all eight factors were included in the regression
model to determine the strongest predictors (table 1). Then, a model of step-by step inclusion of the most
significant predictors was built.

Table 1 — Logistic regression of predictors of smoking among children aged 13—15 by the Enter method

Regresglon Standard Wald | (df) | Significance Exp
coefficient error (Sig.) (B)
(B) (S.E.) '
Factor — parental smoking 1,037 1,023 1,027 1 0,311 2,821
Opinion about the dangers of smoking 0,555 1,093 0,258 1 0,611 1,742
Opinion on the 1nﬂgence of smoking 0222 1,093 0.041 1 0.839 1,249
on the number of friends
Opinion qbout the influence of smoking 0,628 1,089 0333 | 0.564 0.533
(Step) on attractiveness
1 Belief t.hat smoking makes one feel comfortable 3,182 1,450 4,815 1 0,028 24,098
at parties
Positive response to offer to smoke from friends 2,598 1,051 6,114 1 0,013 13,441
Hookah smoking 1,673 1,030 2,638 1 0,104 5,326
Nasvay use 1,575 1,264 1,553 1 0,213 4,831
Constant -17,061 5,126 11,078 | 1 0,001 0,000

The results of binary logistic regression modeling showed statistically significant associations with
smoking among children and the following predictors: smoking helps me feel more comfortable at parties;
a positive response to a proposal to smoke from friends; and hookah smoking (table 2).

The ORs for each motivating factor are presented in table 3. Each of the separately examined factors
(predictors) played a role in motivation for smoking. Similar to the results of the regression, the most
significant factors associated with adolescent smoking initiation were that smoking helps individuals to

Table 2 — Logistic regression of predictors of smoking among children aged 13—15 by the Forward Conditional method

Regress.lon Standard Wald | (df) | Significance | Exp
coefficient error (Sig.) (B)
B) (S.E) )
(?t(zr))) Positive response to offer to smoke from friends 3,750 0,773 23,547 1 0,000 42,500
Constant 7,163 2,025 12,505 1 0,000 0,001
(Step) Bellef'that smoking makes one feel comfortable 2,405 1110 4,691 1 0.030 11,078
2(b) | at parties
Positive response to offer to smoke from friends 3,146 0,819 14,751 1 0,000 23,239
Constant -8,798 2,387 13,583 1 0,000 0,000
(Step) Bellef.that smoking makes one feel comfortable 2362 1,150 4218 1 0.040 10,611
3(c) | atparties
Positive response to offer to smoke from friends 3,272 0,869 14,166 1 0,000 26,370
Hookah smoking 1,930 0,876 4,850 1 0,028 6,887
Constant -12,420 3,300 14,162 1 0,000 0,000
a — Variable entered on step 1: Positive response to offer to smoke from friends.
b — Variable entered on step 2: Does smoking make you feel comfortable at parties?
¢ — Variable entered on step 3: Hookah smoking.
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Table 3 — Odds ratio for smoking: motivating factors

Current tobacco Non-smokers Odds ratio
smokers (children (children (95% CI)
13—15-year-olds), 13-15- Probability

% year-olds), % of error
One or both parents smoke 63,4 27,4 4,6 (2,4-8,8)
Parental smoking P
Parents do not smoke 36,6 72,6 p<0,001
Opinion of children about No harm 213 8,4 2,9 (1,4-6,0)
the dangers of smoking Does harm 78,7 91,6 p<0,01
The opinion of chi.ldren about Smokers have more friends 78,3 19,7 14,7 (5,4-40,1)
the effect of smoking on the
number of friends Smokers have less friends 21,7 80,3 p<0,001
The opinion of children about Smoking makes people more 44,0 17,7
. ; attractive 3,7 (1,6-8,2)
the influence of smoking Smoking makes people less <0,01
on attractiveness ne peop 56,0 82,3 P=5,
attractive
Children’s belief that smoking More comfortable 83,3 30,9 11,2 (3,8-33,1)
helps people feel more
comfortable at parties Less comfortable 16,7 69,1 p<0,01
Response to best friends offering Positive 51,1 2,9 35,3 (18,6-67,1)
tobacco product Negative 48,9 97,1 p<0,001
Yes 52,2 7.8 12,9 (7,0-23,6)
Hookah smokin T ’
& No 478 92,2 p<0,001
N Yes 13,0 3,7 3,9 (1,6-9,5)
asvay use
Y No 87,0 96,3 p<0,01

feel comfortable at parties, a positive response to use a tobacco product if offered by best friends, and
hookah smoking. Factors with the lowest ORs were awareness in children about the dangers of smoking
(i.e., knowledge of the harm that smoking inflicts does not influence involvement in tobacco smoking),
the association between smoking and the attractiveness of a person, and nasvay use.

Discussion. Because smoking was, and remains, one of the most common behavioral risk factors
affecting a large part of the youth population, it is important to study the causes and motivating factors of
this high level of early tobacco use. Despite strict laws and anti-smoking programs, the problem of
tobacco use among children and adolescents remains.

As our research and studies of other scientists show, among the factors predisposing individuals to
smoking, social factors (e.g., environment, parents' example, awareness) play a leading role [7, 8]. For
various reasons, children and adolescents easily would use a tobacco product if it was offered by their best
friends.

Often among teenagers, false ideas (i.e., myths) about smoking can be propagated. The current
results indicate the development of several incorrect beliefs about tobacco use, such as "young people
who smoke usually have more friends," "smoking helps young people feel more comfortable at parties,"
etc. Knowledge about the negative impact of tobacco on health among adolescents who smoke is insuf-
ficient and fragmentary. Unfortunately, this dearth of adequate information leads to a lack of formation of
positive motivations for not initiating or quitting smoking.

A comparative evaluation of two groups (i.e., smokers and non-smokers) showed that smokers were
significantly more likely to have parents who smoked (one or both parents smoking). Furthermore,
children who used tobacco were more likely to report that smoking does not harm health and that young
people who smoke usually have more friends. Additionally, smoking teens were much more likely to
believe that smoking makes young people more attractive, helps them feel more comfortable at parties
and other similar events, and were more likely to freely agree to smoke when it was suggested by friends.
Moreover, smoking hookah and the use of nasvay were significantly more common among adolescent
tobacco smokers. Finally, the most important factors motivating smoking among children and adolescents
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were 1) smoking helps individuals feel comfortable at parties; 2) a positive response to an offer to smoke
from friends, and 3) hookah smoking.

Conclusions. The findings of this study reveal the need for effective psychological, pedagogical, and
educational technologies in addition to legislative measures, when developing primary and secondary
smoking prevention measures for children and adolescents. In addition, these measures should be aimed at
the level of schools and families, and families with parental smoking should be targeted.
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K. E. barrakosa, I11. 3. 96aipaxmanoBa, A. A. Anaesa, T. U. CaaxuéBa
KP ICM KoraMasIK AeHCAYIIBIK CaKTay YITTHIK OpTanbIFel, ActaHa K, Kazakcran

KA3AKCTAH PECITYBJIMKACBIHJA /KACOCHIPIMIAEP APACBIHJIA TEMEKIHI
TYTBIHYFA BIHTAJIAHABIPATBIH ®AKTOPJIAPBI CAJIBICTBIPMAJIBI TAJIJIAY

Annotanusi. Kipicne. OKylbIIap apachlHa TEMEKiHI TYTHIHY/IbIH Tapalybl KOFaMaFbl KETEKIIl dJISyMETTIK
MaHbI3/IbI Macenenepain Oipi Oonbln Kanmyda. bamamap MeH jkacecmipimiep apacblHIa TYJIFaIBIK JKOHE MiHE3-
KYJIBIKTBIK ACIIEKTUIEp QHE OJIApJbIH TEMEKI HIEryre BIKIAIbIH JKaH-)KaKThl 3€PTT€y ©CKEEH YpIlaK apachlHJa Te-
MEKi LIery >XMIJIriH TOMEHJIETY >KOHIHJer! Iapaiap skyleciHae yMmiti 30p OarbITTapabiH Oipi OoJbin TaObLIAIbI.
AranraH 3epTTeyne Oanaigap MEH jkacecHipiMIep apachlHAa TEMEKiHI TYThIHYFa BIKMAJ eTeTiH (akropiap KaTapbl
3epTTenye.

9dicmep. 3eprreyre Kazakcranna (2014 xpbuisl) eTkiziiren JKactapasl TeMeKiHI TYThIHY OOMBIHIIA FaJlaMJIBIK
seprrey (Global youth tobacco survey, GYTS) menoOepinme 13-15 xactarbl (kammsl OUTIM OepeTiH MEKTENTEP/iH
7-9 cebimTapsl) 1715 okymsl kamTbuiabl. GYTS TeMekiHi TYTHIHYABIH Tapaiybl Typajbl MEKTEN cayajlHaMachlH
JKOHE KalTaslall TaHBICTBIPMAJIBI ipiKTEMe apachlHlia TEMEKire Kapchbl KYpPEeCTiH HEri3ri InapajlapblH KepceTeni.
3epTTeyAiH HeriziHe MEKTENTep MEH CHIHBINTapAbl €Ki CaThbUIbl IpiKTeyAi KAMTHTHIH CTaHIApTTAFaH 9JicTeMe
JKaTasIbl.

Homuoicenepi. Cayanmnama HOTHKeNepi OKyIIbUIapiblH 2,8%-bI TeMEKi HIEKKEHIH KepceTKeH. ATa-aHaHbIH
OipeyiHiH Hemece eKeyiHiH TeMeKi 1eryi Oananap apacblHIa TeMeKi meryre siknai erkeH. COHbIMEH Katap, TeMeKi
IIETreTiH JKacTap TEMEKi TYTHIHY/IbIH JKaFbIMI/IbI OeifHeCiH KopceTKkeH. TeMeKki mery 1i bIHTalaHABIPaThiH (aKTopap
Oap: 1) Temexi 1ery KemTepae ©3iHIl XKalilbl ce3iHyre KeMeKTecei 2) 1ocTap/iaH TeMeKi IIeryre YChIHBICTaH OH
JKayarl aty JkoHe 3) KOPKOp TapTy.

Kopvimuinowl. Ata-aHanapra, acipece TeMeKi IIETeTiH aTa-aHaJlapFa, COHAal-aK OKyLIbUIapFa apHaJFaH THIM/I
TICUXOJIOTHSUTBIK-TIEAar OTUKANIBIK, OKBITY TEXHOJIOTHsIapbl/OaraapiamManap KaxeT. byn Oarmapiamanap TeMekire
Kepi Ke3KapacTbl JIaMbITy JKOHE TEeMEKiHI TacTaFrbIChl KEJICTIHAEpre KOMEKTI KYIIEHTy YIIiH OTOAchl )KOHE MEKTell
JeHreiiine Garnapnanysl KaxeT. COHBIMEH KaTap, TYTIHCI3 OpTaHbl KYPY MEH TeMEKire KOJDKETIMALTIKTI TOMEHIETY
JKOHIHJIET] Nyl 3aHHAMaJIbIK [apaiapabl KaObULAay KaXKeT.

Tyiiin ce3mep: IWIBLIBIMKOPIBIK, Oananap, *xacecHipimzaep, MiHE3-KYJIBIKTBHIK KayinTi ¢axropnap, bIHTaJIaH-
JBIPYIIBI pakTopIIap.

K. E. Barrakosa, 111. 3. AGapaxmanoBa, A. A. AgaeBa, T. U. CiraxneBa

Harmmonaneaseiii LleHTp 00IIecTBEHHOTO 3ApaBoOXpaHeHUs] MUHHCTEPCTBA 3PABOOXPAHCHUS
Pecnyoimku Kazaxcran, Actana, Kazaxcran

CPABHMTEJIbHBII AHAJIN3 ®AKTOPOB, MOTUBUPYIOLIIUX
K IIOTPEBJIEHUIO TABAKA CPE/I ITOJAPOCTKOB B PECIIYBJIUKE KA3AXCTAH

AHHOTanmsl. Beeoenue. PacripocTpaHeHHOCTh yHoTpeOieHus Tabaka Cpean IMIKOJILHUKOB MPOJOJDKAeT 0CTa-
BaTbCs OI[HOﬁ n3 BEAYHIUX COUAJIbHO 3HAYMMbBIX np06neM O6H16CTBa. BCCCTOpOHHee MN3Yy4YCHUEC JIMYHOCTHBIX U
MOBCIACHYCCKHX ACIIEKTOB U UX BJIHAHUA Ha CTATyC KYpCHHs CpEaAn HeTeﬁ 1 MMOAPOCTKOB SABJIACTCA OAHUM W3 HaU-
OoJiee MEPCHEKTUBHBIX HANPABICHUH B CUCTEME MEp IO CHIXKEHHUIO YaCTOThI KYPEHHs CPEAX I0PACTAIOUIETro I10-
KoJIeHUsl. B 1aHHOM HCClieIOBaHMM H3Y4YarOTCs Psifi (PaKTOPOB, CIOCOOCTBYIOIIMX YIOTPEOJICHHIO Tabaka cpeau
JleTed U NMOAPOCTKOB.

Memoow. B uccnenoBanue Obu10 BKItoueHo 1715 mkonbHUKOB B Bo3pacte 13-15 ner (7-9-ble kiacchl o01ie-
00pa3oBaTeNbHbIX IIKOJ) B paMKax [J1o6ambHOro 00ciieoBanusi MOJIOJEKH 10 roTpediiennto Tabaka (Global youth
tobacco survey, GYTS), nposenennoro B Kazaxcrane (2014 rox). GYTS npezacrasisieT co00#i IIKOIBHBIA OMPOC O
pacipocTpaHEeHHOCTH yHOTpeOieHHs: Tabaka 1 KIIIOUEBBIX Mepax OOphObI MPOTHB Tabaka Cpelu pernpe3eHTaTUBHOI
BblGOpKl/I. B ocnoBe HCCJICAOBAaHUS JICKUT CTAaHAAPTU3UPOBAHHAA MCTOJO0JIOTHA, KOTOpas BKJIOYACT B Ce6ﬂ ABYX-
CTYNEHYaTYIO BEIOOPKY IIKOJI M KJIaCCOB.

Peszynomamer. Pe3ynbTaTsl onpoca mokasand, uyto 2,8% HIKOJBHUKOB Kypunu Tabak. KypeHue omgHoro uimau
o0oux poauTeneil BIMsUIO Ha KypeHue cpeau jereil. Kpome Toro, Kypsiias MOJOAEKb JEMOHCTpHUpOBaja MOJIO-
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KUTENbHBIM 00pa3 yrnorpedienus tabaka. CyliecTBeHHbIE MOTUBUpYIOLIKE (DAaKTOPbl KypeHus BKiIovanu: 1) Kype-
HHE TIOMOTaeT 4YyBCTBOBAThH ce0si KOM(pOPTHEE HA BEUEPUHKAX 2) MOJI0KUTEIbHBINA OTBET Ha MPEUIOKEHUE TOKYPUTh
OT Apy3ei u 3) KypeHue KallbsHa.

Boi600b1. Heo0x0aumbl 3¢ (G eKTHBHBIC TICHXO0JI0r0-TIEIarorn4ecKue 00pa3oBaTe/IbHbIC TEXHOJIOTHH / IPOrpaM-
MBI, MPEIHA3HAYCHHBIE Ul POJUTENCH, OCOOCHHO Ul TeX, KTO KYPHT, & TAKXKe IIKOJIbHUKOB. DTH MPOrpaMMbI
JIOJDKHBI ObITH OPUEHTUPOBAHBI HA CEMEWHBII M IIKOJIbHBIN YPOBHH JJIsl pAa3BUTHUSI HEMATHBHOTO OTHOIICHHS K Kype-
HHUIO U YCHJICHHUS MOMOIIM KeJalmuM OpocuTh Kyputh. Kpome Toro, cieayer NpUHSATh pELIMTEeNIbHbIE 3aKOHO-
JIaTeNbHbIE MEPBI 10 CO3/IaHHI0 OE3ILIMHOM CPEJIbl U CHIDKEHHUIO JOCTYTHOCTH TabakKa.

KiwoueBble ciioBa: TabakoKypeHHE, NETH, MOJPOCTKH, MOBEACHYECKHe (AKTOPhl PHCKA, MOTHBHPYIOIINE
(akTopsl.
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CENOFLORA OF ADONIS WOLGENSIS STEVEN
IN NORTHERN KAZAKHSTAN

Abstract. The article presents the research results of the Adonis Wolgensis Steven cenoflora in Northern Ka-
zakhstan. The materials were gathered in the process of field studies, the literary data was taken into account. The
list of Adonis Wolgensis flora in Northern Kazakhstan is given on the basis of detailed-route studies. Cenoflora
analysis of systematic structure, life forms composition, ecological groups, life expectancy of the individuals and
ecological cenotic groups revealed the features of the Adonis Wolgensis populations' current state and position in the
vegetation cover. According to systematic structure and composition of the ecological groups, this cenoflora does
not differ significantly from the flora of Northern and Central Kazakhstan. It reflects particularity of the steppe
zone's shrub thickets in Northern Kazakhstan. Spectrum of life forms and composition of ecological cenotic groups
reflects the influence of zonal steppe communities. The peculiarity of modern ecological niche for Adonis Wolgensis
is characterized by a group of meadow plants found in the communities of shrub thickets of Northern Kazakhstan.
Currently, the cenopopulation of Adonis Wolgensis retains its ability for self-sustain and regeneration within the
occupied ecological niche with a small anthropogenic load.

Key words: Adonis Wolgensis Steven, cenopopulation, Northern Kazakhstan, systematic structure, ecological
cenotic groups.

Introduction. Adonis Wolgensis Steven is a steppe Pontic-Pannonian Zavolzhsky Kazakh type,
widespread in the southern and the southeastern regions of the European part of Russia, in the central and
the southern regions of Ukraine, in Central and Northern Kazakhstan, in the south of Western Siberia. The
species was listed into the Red Book of Kazakhstan in 2014, as well as into the Red Book of the Saratov
Region in 2006 [1, 2]. Literary data describes status of some Adonis Wolgensis populations in the Saratov
region indicating the main phytocenoses in which they grow [3]. In Kazakhstan this kind of work has not
been carried out before. Rare and endangered species need cenotic environment, which can show threats
to their existence. Although floristic studies in Northern Kazakhstan have a long history, no studies have
been carried out to study the cenoflor of rare species. Therefore, the aim of the research is to study the
cenoflora of Adonis Wolgensis in Northern Kazakhstan.

Material and research methods. The studies were carried out during the flowering period of Adonis
Wolgensis (26.04 — 15.05. 2018) in Pavlodar, Akmola and Kostanay regions: the eastern border - Ekibas-
tuz district; the western border - Kostanay district (figure 1). For floristic description were selected the
places with a high density of flowering Adonis Wolgensis. The studies were carried out by a detailed-route
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Figure 1 — Placement of studied Adonis Wolgensis Steven populations in Northern Kazakhstan

method, there have been examined and described 8 loci of Adonis Wolgensis populations and the
communities with its participation. Basing on the collected data, there has been compiled a list of species,
the analysis of which is present in this article.

The volume of families is given according to the summary of S.K. Cherepanov (1995), including
modern data [4]. The families of flowering plants are arranged by the system of A.L. Takhtadzhyan [5].
The species in genera and the genera in families are arranged alphabetically.

Results and discussion. Populations of Adonis Wolgensis can be found almost on the entire territory
of Northern Kazakhstan, which is more common in comparison with the existing data from the Flora of
Kazakhstan [6]. The species was found for the first time in Kokshetau floral district.

It should be noted that in the south of Russia the spectrum occupied by Adonis Wolgensis steppe
community is quite wide - from the most mesophytic variants of communities with a dominance of Poa
angustifolia L. on the slopes and bottoms of shallow gulches and ecotones on the border with forest
phytocenoses to the white wormwood-fescue phytocenoses on solonetsous chestnut soils [3].

In Northern Kazakhstan, Adonis Wolgensis also grows in various types of communities. Its popu-
lations occupy areas of 200-600 square meters. The location of plants is curt: each curtain is made up of
several individuals of different age. In spring adonis forms an aspect and its projective coverage can reach
up to 3%.

In the environs of Ekibastuz populations of Adonis Wolgensis (CP 1,2) are located along the slopes
and inter-sugarloaf downhills in shrub thickets on slightly and moderate saline clay soils. In the Bayanaul
Mountains (CP 3) this species grows in dells and at the foot of slopes on dark chestnut soils in thickets of
steppe shrubs. In the Erejmentau Mountains (CP 4), the population under study is in the solonetsous
meadow formed at the foot of a hill. In Kostanay region the populations are found along the fringes of
pine forests on sandy soil (CP 5) and also on the site of an old burnt forest (CP 6) with a formed cereal-
bean community (4dmygdalus nana). Another population grows on the territory of "Stone Lake" in the
shrubs thickets (CP 7). On the Kokshetau Upland (CP 8) Adonis Wolgensis populations are located along
the edges of birch and pine forests on not-completely developed chestnut soils. The data on the location of
the investigated cenopopulations is presented in table 1.

The cenoflora of Adonis Wolgensis includes 119 species belonging to 28 families and 75 genera (table 2).
The most rich in species composition families are Asteraceae, Rosaceae and Poaceae. Only four families
(Asteraceae, Rosaceae, Poaceae, Fabaceae) have more than three genera, the remaining have 1-3 genera.
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Table 1 — Characteristics of cenopopulations (CP) of Adonis Wolgensis Steven

Number . . Density of species, | GPS,
of CP Location of CP Habitat species/1 00m’ o,
CP 1 Pavlodar region, Ekibastuz district, N51.66494°, Inter-sugarloaf downbhills, 24 60

W75.28173°, h=412 m above sea level feather grass-fescue steppe.
Pavlodar region, Ekibastuz district, natural Eastern slope of suearloaf
CP2 boundary "Three birches", N51.57517°, feather rap-f g " i 29 60
W75.13187°, h=403 m above sea level catiict grass-iescue steppe.
CP 3 Pavlodar region, Bayanaul district, N50.2209°, Slope foot, fossilized 29 90
W75.8009°, =406 m above sea level fescue-feather grass steppe.
Akmola region, Erejmentau district, Mount Slope foot, solonetsous
CP4 Ereimentau, N51.65717°, W73.19056°, h=313 m | sagebrush-feather grass 25 100
above sea level steppe.
Kostanay region, Shcherbakov district, Sparse pine forest on th
CP5 | N53.20453°, W64.21550°, h=193 mabove sea | 0 ¢ PR TOTES O TR 20 30
level ’
Kostanay region, Ozerny district,
CP6 Novonezhenskoe forestry, quarter #21, stzcoid;r}t]hzsaﬁzogfh z}tlrtleol d 38 100
N52.43971°, W64.09279°, h=213 mabove sea | (PP P
level '
Kostanay region, Zarechny district, natural Northern slope to the lake
CP7 monument "Stone Lake", N52.28013°, basin, shrubbery feather 23 100
W63.76616°, h=134 m above sea level grass steppe.
Akmola region, Katarkol district, N52.93287°, . .
CP8 W70.49210°, h=431 m above sea level Edge of birch-pine forest. 20 60
Note. GPS - general projective grass covering.
Table 2 — Composition of Adonis Wolgensis cenoflora
Species 1 3
1 2 3 4

Equisetaceae Rich. ex DC. family

Equisetum hyemale L. | P | Lr | XM Meadow

Pinaceae Spreng. ex Rudolphi family

Pinus sylvestris L. | P | T | XM Forest

Ephedraceae Dumert. family

Ephedra distachya L. | P | Sh | X Steppe

Ranunculaceae Juss. family

Adonis Wolgensis Steven P Shr M Steppe

Pulsatilla flavescens (Zucc.) Juz. P Shr M Steppe

Pulsatilla patens (L.) Mill. P Shr M Steppe

Ranunculus polyanthemos L. P F M Meadow

Ranunculus polyrhizos Steph. P F M Meadow

Betulaceae S. F. Gray family

Betula pendula Roth P T M Forest

Caryophyllaceae Juss. family

Eremogone longifolia (M.Bieb.) Fenzl P Lr XM Meadow

Gypsophila paniculata L. P Tr XM Steppe

Otites wolgensis (Hornem.)Grossh. O-B Tr XM Steppe

Silene chlorantha (Willd.) Ehrh. P Tr M Meadow

Polygonaceae Juss. family

Rumex acetosa L. | P | Tr | M Meadow

Limoniaceae Ser. family

Limonium gmelinii (Willd.) Kuntze | P | Shr | XM Steppe
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Continuation of table 2

1 I 5
Tamaricaceae Link family
Tamarix ramosissima Ledeb. ‘ P ‘ Sh ‘ XM ‘ Steppe
Primulaceae Batsch ex Borkh. family
Androsace maxima L. ‘ E ‘ Tr ‘ GM ‘ Steppe
Brassicaeae Burnett family
Alyssum desertorum Stapf E Tr GM Steppe
Draba nemorosa L. E Tr GM Steppe
Salicaceae Mirb. family
Populus tremula L. ‘ P ‘ T ‘ M ‘ Forest
Crassulaceae J. St.-Hil. family
Sedum telephium L. ‘ P ‘ Lr ‘ M ‘ Meadow
Rosaceae Juss. family
Amygdalus nana L. P Sh XM Steppe
Filipendula stepposa Juz. P Tr XM Steppe
Filipendula ulmaria (L.) Maxim. P Tr M Meadow
Filipendula vulgaris Moench P Tr XM Steppe
Fragaria vesca L. P Lr M Meadow
Fragaria viridis (Duchesne) Weston P Lr XM Meadow
Potentilla arenaria Borkh. P Lr X Steppe
Potentilla asiatica (Th. Wolf) Juz. P Shr XM Steppe
Potentilla bifurca L. P Lr XM Meadow
Potentilla canescens Besser P Shr XM Steppe
Potentilla humifusa Willd. ex Schltdl. P Shr XM Steppe
Rosa acicularis Lindl. P Sh XM Steppe
Rosa majalis Herrm. P Sh XM Forest
Rosa spinosissima L. P Sh XM Steppe
Spiraea hypericifolia L. P Sh XM Steppe
Onagraceae Juss. family
Oenothera biennis L. ‘ O-B ‘ Tr ‘ M Weed
Fabaceae Lindl. family
Astragalus testiculatus Pall. P Ssh X Steppe
Caragana frutex (L.) K.Koch P Sh XM Steppe
Genista tinctoria L. P Sh XM Steppe
Glycyrrhiza uralensis Fisch. P Lr M Steppe
Medicago falcata L. P Tr XM Steppe
Melilotus officinalis (L.) Pall. O-B Tr XM Weed
Valerianaceae Batsch family
Valeriana tuberosa L. | P | Tr ‘ M ‘ Steppe
Dipsacaceae Juss. family
Scabiosa isetensis L. | P | Lr ‘ XM ‘ Steppe
Apiaceae Lindl. family
Ferula soongarica Pall. ex Spreng. Tr M Steppe
Seseli ledebourii G.Don Shr XM Steppe
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Continuation of table 2

1 2 3 4 5

Seseli libanotis (L.) W.D.J.Koch P Tr M Meadow
Xanthoselinum alsaticum (L.) Schur P Shr M Meadow
Asteraceae Bercht. et J. Presl family

Achillea asiatica Serg. P Lr XM Meadow
Achillea millefolium L. P Lr M Meadow
Achillea nobilis L. O-B F XM Steppe
Achillea setacea Waldst. & Kit. P Lr XM Steppe
Ancathia igniaria (Spreng.) DC. O-B Tr X Steppe
Artemisia absinthium L. P Shr XM Weed
Artemisia austriaca Jacq. P Lr XM Steppe
Artemisia campestris L. P Tr XM Steppe
Artemisia commutata Besser P Tr XM Steppe
Artemisia compacta Fisch. ex DC. P Tr XM Steppe
Artemisia dracunculus L. P Lr XM Meadow
Artemisia filatovae Kupr. P Tr XM Steppe
Artemisia frigida Willd. P Ssh XM Steppe
Artemisia nitrosa Weber P Lr XM Steppe
Artemisia pauciflora Weber P Tr X Steppe
Artemisia schrenkiana Ledeb. P Tr X Steppe
Carduus crispus L. O-B Tr XM Weed
Carduus nutans L. O-B Tr XM Weed
Centaurea marschalliana Spreng. P Tr XM Steppe
Centaurea scabiosa L. P Tr XM Weed
Echinops sphaerocephalus L. O-B Tr M Weed
Galatella sp. P Lr XM Steppe
Galatella tatarica (Less.) Novopokr. P Lr XM Steppe
Hieracium umbellatum L. P F XM Forest
Jacobaea erucifolia (L.) Gaertn., Mey. et Scherb. P Shr M Meadow
Jacobaea vulgaris Gaertn. O-B Tr XM Weed
Jurinea multiflora (L.) B.Fedtsch. P Lr X Steppe
Saussurea salsa (Pall. ex M.Bieb.) Spreng. P Tr XM Steppe
Scorzonera ensifolia M.Bieb. P Shr X Steppe
Serratula cardunculus (Pall.) Schischk. P Lr XM Steppe
Solidago virgaurea L. P Shr M Forest
Taraxacum officinale F.H.Wigg. O-B Tr M Weed

Rubiaceae Juss. family

Galium verum L. | P ‘ Shr ‘ XM ‘ Steppe

Boraginaceae Juss. family

Onosma simplicissima L. ‘ P ‘ Lr ‘ XM ‘ Steppe
Scrophulariaceae Juss. family

Linaria vulgaris Mill. P Lr M Weed
Verbascum phoeniceum L. P Tr XM Steppe
Veronica incana L. P Lr X Steppe
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Continuation of table 2 ‘

sophytes, M - mesophytes, GM - gigromesophytes).
Column 4 shows ecological cenotic groups.

1 2 3 4 5

Veronica longifolia L. P Lr M Meadow
Veronica spicata L. P Lr XM Steppe
Veronica spuria L. P Lr XM Steppe
Lamiaceae Martinov family
Phlomoides tuberosa (L.) Moench Tr XM Steppe
Thymus marschallianus Willd. Lr XM Steppe
Thymus serpyllum L. P Lr XM Steppe
Liliaceae Juss. family
Fritillaria ruthenica Wikstr. P Br M Steppe
Gagea fedtschenkoana Pascher P Br M Steppe
Gagea granulosa Turcz. P Br M Steppe
Tulipa biebersteiniana Schult. & Schult. f. P Br M Steppe
Tulipa patens C.Agardh ex Schult. & Schult. f. P Br M Steppe
Alliaceae Borkh. family
Allium globosum M.Bieb. ex Redoute P Br XM Steppe
Allium nutans L. P Br XM Steppe
Allium strictum Schrad. P Br XM Steppe
Allium tulipifolium Ledeb. P Br M Steppe
Cyperaceae Juss. family
Carex ericetorum Pollich P Lr XM Steppe
Carex pediformis C.A.Mey. P Lr XM Steppe
Carex sp. P Lr XM Meadow
Carex supina Willd. ex Wahlenb. P Lr X Steppe
Poaceae Barnhart family
Achnatherum splendens (Trin.) Nevski P Shr XM Steppe
Agropyron cristatum (L.) Beauv. P Shr XM Steppe
Agropyron pectinatum (M.Bieb.) Beauv. P Shr XM Steppe
Bromopsis inermis (Leyss.) Holub P Lr M Meadow
Calamagrostis epigeios (L.) Roth P Lr XM Meadow
Elytrigia repens (L.) Nevski P Lr M Weed
Festuca valesiaca Gaudin P Shr X Steppe
Koeleria cristata (L.) Pers. P Lr X Steppe
Phleum phleoides (L.) H.Karst. P Lr XM Steppe
Phragmites australis (Cav.) Trin. ex Steud. P Lr M ggiztgi_
Poa angustifolia L. P Lr XM Steppe
Poa pratensis L. P Lr M Meadow
Stipa capillata L. P Shr X Steppe
Stipa pennata L. P Shr X Steppe

Note.

Column 1 shows the life span of individuals (P — perennials, O-B — long-vegetating one-biennials, E — ephemera).

Column 2 shows the life forms (T - tree, Sh - shrub, Ssh - semi-shrub, Lr - long-root grasses, Shr - short-root grasses,
Tr - tuberous grasses, Br - bulb grasses, Tr - taproot grasses, F - fibrous grasses).

Column 3 shows ecological groups in relation to the moisture availability of habitats (X - Xerophytes, XM - xerome-
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In the Asteraceae family, there have been found four species of the Achillea genus and eleven species
of the Artemisia genus. This indicates that the cenoflora on the one hand has a meadow-steppe character,
and on the other, includes solonetsous habitats. The Rosaceae family has five species of the Potentilla
genus and three species of the Rosa genus.

The composition of the leading families does not include Caryophyllaceae and Brassicaceae, but the
Ranunculaceae and Liliaceae families have a higher rank in comparison with the spectrum of the flora
leading families of all Kazakh hills.

The noted changes give the Adonis Wolgensis cenoflora a more boreal character than the steppe flora
of the Central-Kazakhstan hills [7], thus, it is more characteristic of the Eastern Europe flora [8]. These
features of cenoflora correlate well with the ecological conditions of shrub thickets in which Adonis
Wolgensis populations emerge - with greater protection from drying and a smooth change of temperatures
much lower than in open steppe areas.

The basis of the cenoflora is perennial plants (96 species). One-biennial plants are represented by
13 species, which is 11% of the species composition of the cenoflora. The latter group consists of long-
vegetating one-biennials (10 species) and ephemerals - annuals with a short vegetation period (3 species).
An insignificant part of one-biennials' participation in the composition of the cenoflora is characteristic of
meadow-steppe cenofloras. A group of long-growing one-biennials mostly consists of weed plants, which
reflects anthropogenic effects on the cenoflora.

As for the life forms, long-root grasses (38 species) predominate in composition of the cenoflora.
They are represented mainly by long-term meadow-steppe plants. Taproot plants (24 species) are
represented mainly by steppe species and one-biennial weeds. Short-root perennial herbs are represented
by 22 species. The cenoflora also has a significant proportion (9 species) of tuberous grasses, which
reflects the zonal conditions of the steppe with a strong summer drought. A rather large proportion (8%,
9 species) is represented by shrubs, which reflects the peculiarities of the habitat of Adonis Wolgensis.

Concerning factor of moistening, the cenoflora is formed by mezoxerophytes (63 species) and
mesophytes (38 species). The predominance of mezoxerophytes and mesophytes is easily explained by
the habitat of cenopopulations in shrubby thickets and along the edges of small-leaved and pine forests,
and by the peculiar microclimate that they make. It is noteworthy, that the participation of xerophytes is
comparatively small (14 species), and this fact again indicates the mesocerotrophic character of the
Adonis wolgensis cenopopulations.

While analyzing the cenoflora composition by ecological cenotic groups, selection of groups and
reference of specific species to a certain group were made on the basis of predominant occurrence of one
or another species in various locations of Adonis Wolgensis. Thus, the species belonging to a particular
ecological cenotic group reflects here its predominant occurrence in one or another vegetation type and its
local ecological "preferences".

The core of cenoflora is represented by the species of zonal steppe type (80 species), which actually
characterizes the Adonis Wolgensis cenopopulations. Meadow species have a subordinate position
(22 species) and they are not regular in the composition of cenoflora, as well as forest (6 species) and
coastal-aquatic (1 species). Weed species are not numerous (8 species), which indicates a moderate
anthropogenic impact.

Only 8 species have a prevalence of more than 50% among 8 studied communities. They are steppe
species Stipa capillata and Festuca valesiaca, which again speaks about a steppe nature of the cenoflora.
There was noted a high occurrence (62.5%) of Spiraea hypericifolia, which emphasizes that the cenoflora
belongs to shrubberies. Among other species with high occurrence there are Onosma simplicissima,
Phlomoides tuberosa, Potentilla humifusa, Calamagrostis epigeios, Bromopsis inermis.

Conclusion. Adonis Wolgensis Steven is located in Northern Kazakhstan near the north-eastern
border of the area. There it occupies a rather wide ecological niche in the thickets of steppe shrubs and on
the edges of deciduous and pine forests. In these conditions, Adonis acts as an assectator, and in some
cases as a dominant early spring species of steppe communities. Despite the area is considerably wast, the
cenoflora of these communities is not great, but quite diverse in species composition. Systematic structure
and ecological groups' composition of the cenoflora do not differ significantly from the flora of Northern
and Central Kazakhstan. It reflects particularity of the shrub thickets in steppe zone of Northern Kazakh-
stan, and moreover a relatively high humidity of the substrate and the air, and a greater snow accumula-
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tion in winter. Spectrum of life forms and composition of ecological cenotic groups reflect the influence
of zonal steppe communities. The peculiarity of modern ecological niche occupied by Adonis is empha-
sized by a small, but characteristic group of meadow plants found in the communities of shrub thickets in
Northern Kazakhstan. Currently, the cenopopulation of Adonis Wolgensis retains its ability for self-sustain
and regeneration within the occupied ecological niche with a little anthropogenic load.

The research was carried out within the framework of grant financing project of the Ministry of
Education and Science, the Republic of Kazakhstan for 2018-2020. "Molecular genetic analysis of gene
pools of rare plant species populations in Northern Kazakhstan" Ne AP05132458, number of the state
registration is 01 18RK00404.
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I'. XK. C¥HT3HF33HH31, A. H. Kyl'lpl/lleOBz, H. A. XpyCTaneBaz,
I. A. AﬁnneBal, H. C. Beiimosa’

'A. baiitypceinoB areingarsl Kocranaii memnexertik yuuBepeureti, Kocranaii, Kazakcras,
2Ky36ac 6otanukaibik Oarel, PFA Cb xemip sxoHe keMip xumusickl Denepasib/ii 3epTTey OpTabIFbl,
Kemeposgo, Peceit

COJITYCTIK KABAKCTAHIAFBI EALT /KAHAPI'YJITHIH (ADONIS WOLGENSIS STEV.)
HEHO®JOPACHI

Annoranus. Makanana Conrycrik Kazakcraunarel Enin sxanapryninis (Adonis wolgensis Stev.) nenodmopa-
CBIH 3epTTEY HOTHKEJepi KenTipireH. MaTepuanaap JalanblK 3epTTeyiep HOTIDKECIHIE albIHABI, o1e0u JepeKTep
eckepinai. Hakteuis-mapmpy Tt 3eprreyiep Herizinae Conrycrik Kazakcranmarer Exin xanapryni ¢inopackHEIH
Tizimi KenTipineni. CHCTEeMaTHKAIBIK KYPBUIBIM, TIpIIUTIK HBICAHAAPHI MEH 3KOJOTHSIIBIK TONTAPBIHBIH KYPaMEbl,
COHBIMEH Oipre xapajapIblH TIPLIIUIK Y3aKTBHIFBI MEH 3KOJOTHSA-LEHOTHKAIBIK TONTAap OOWBIHIIA IIEHO(IOPaHbIH
tanpaysl Adonis wolgensis TOMyIALMATIAPbIHBIH Ka3ipri sKaFIalbIHBIH ePEKIIETIKTePiH JKOHE OCIMAIK JKaMBUIFBICHI
KYpaMBIHIaFbl OpPHBIH aHBIKTanbl. lleHodnopa cucTeMaTHKalbIK KYPBUIBIMBI MEH SKOJIOTHSUIBIK TONTAapBIHBIH
Kypambl OoiibiHma Contycrik sxoHe Opranbik KasakcranHbIH (uopacklHaH alTapliiblKTail epekiieneHOeini xoHe
Contycrik KazakcTaHHbIH Janaibl aiiMarblHAaFbl OyTallbl TOFAilsIap/AbIH epeKIIelirin kepcereni. TipUIIiK HbICaH-
JIApBIHBIH, CHEKTPi J)KOHE IKOJIOTHS-LIEHOTHKAIBIK TONTapblH Kypambl aiiMakThIK Jajiayibl OipJecTIKTep/iH dcepiH
kepcereni. Exin skaHapryiiMeH KaMTBUIFaH SKOJOTMSUIBIK AeHreinin e3remriniri Coxrycrik Kasakcranga Oyrais
TOFaiiap OipJIECTIKTEepiHAe KE3ACCETiH IIAIFBIHABI OCIMIIKTEp TOOBIMEH aHbIKTanmaabl. Kaszipri yakeitta Emin
JKaHAPTYIIHIH HEHONOMYJISLUSCH alaThlH 3KOJIOTHSJIBIK JACHIeH asChlHAa INAFblH aHTPOIOTEHIIK XYKTEMeae o3
KaJITIbIHA KeTyiHe KaOiIeTTiNiriH caKTaiIbL.

Tyiiin ce3nep: Adonis wolgensis Stev., neHonomysiius, Contyctik KazakcTaH, cHCTEeMaTHKAIBIK KYPBUTBIM,
9KOJIOTHA-IIEHOTUKAJIBIK TOITap.
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I'. XK. CyJITaHFa3I/lHal, A. H. Kyl'lpl/lleOBz, H. A. XpyCTaneBaz,
I. A. AﬁnneBal, H. C. Beiimosa’

'Kocranaiickuii rocyapcTenHblii yauepcuteT uM. A. Baiitypcsinopa, Kocranaii, Kasaxcran,
2Ky36accl<14171 Goranmueckuii can, @enepaiabHbIA HCCIeT0BaTeNbCKUN eHTp Yuia u yrnexumuu CO PAH,
KemepoBo, Poccuiickas

HEHO®JIOPA AJOHUCA BOJIZKCKOI'O (ADONIS WOLGENSIS STEV.)
B CEBEPHOM KA3AXCTAHE

AnHOTanusi. B cratee npuBeeHbI pe3yibTaThl H3y4eHHs LICHO(IIOPHI aI0HNCa BOJDKCKOTO (Adonis wolgensis
Stev.) B CeepHom Kazaxcrane. Matepuansl IONydYeHBI B pE3ylbTaTe IOJEBBIX HCCICIOBAHUH, YYTEHBI
JIuTepaTypHbIe JaHHBIE. Ha OCHOBaHMHM [ETaTbHO-MapIIPyTHBIX UCCIEIOBAaHNIH MPUBOIUTCS CITUCOK (IIOPHI aOHKCA
Bomkckoro B CeBepHoM Kazaxcrane. AHanmu3 IEeHO(IIOPHI MO CHCTEMaTHYECKOW CTPYKTYPE, COCTABY >KH3HEHHBIX
(hopM ¥ 3KOIOTHUECKUX TPYIII, a TAKXKE [UINTEIBHOCTH >KU3HH OCOOCH M 3KOJIOr0-LIEHOTUYECKUM TPYIIaM BbISBUII
0COOEHHOCTH COBPEMEHHOTO COCTOSHUS MOMyIAnuil Adonis wolgensis U UX TOJIOKEHUE B COCTaBE PaCTUTEIBHOTO
nokpoBa. Ilo cucremMaTHuecKkoil CTPyKType M COCTaBy 3KOJOTMYECKHX TPYyNI LEHO(IOpa CYIIECTBEHHO HE OTIIH-
gaercs oT ¢uopsl CeBepHoro u llentpanbHoro Kaszaxcrana, oHa oTpakaeT crnenuduKy KyCTapHHKOBBIX 3apocieit
crerHo# 30HbI CeBepHoro Kaszaxcrana. CnekTp jKM3HEHHBIX (DOPM M COCTaB IKOJIOTO-LEHOTHYECKUX TPYIIl OTpa-
JKaeT BIMSHHME 30HAJBHBIX CTEHHBIX cooOmecTB. CBoeoOpa3ne COBPEMEHHON HKOJOTUYECKOW HHIIH, 3aHUMAaeMOil
AJIOHHCOM BOJDKCKHMM, TOAYEPKUBAETCS I'PYIIION JIyTOBBIX pacTeHHH, Bcrpedatomuxcsi B CeepHom Kaszaxcrane B
coo0IecTBax KyCTapHHUKOBBIX 3apociieil. B HacTosimee Bpems IIEHOMOMYJISLHMS aJ0HHCA BOJDKCKOTO COXPaHseT
CHOCOOHOCTh K CaMOMOJJICPKaHUI0O M BOCCTAHOBJICHHUIO B Tpefesax 3aHMMaeMOH SKOJIOTMYECKON HUIIM NpPH Ha-
JUYUU HEOOJBIIOW aHTPOIIOTEHHOM HATPY3KH.

KuaroueBsle cinoBa: Adonis wolgensis Stev., nenononysinust, CeBepHbrii Kazaxcran, cucreMaTideckas CTpyK-
Typa, 3KOJIOTO-IIEHOTHYECKUE IPYIIIIBL.
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MtDNA CONTROL REGIONS ANALYSIS
AT ETHNIC KAZAKHS

Abstract. The analysis of mitochondrial DNA of modern Kazakhs with a wide geographic localization and
tribal affiliation shows that the Kazakh’s maternal lines are characterized by great diversity of mtDNA haplogroups,
reflecting the historical migration of the population of Eurasia with the predominance of “Asian” and “European”
components. The analysis of mutations of hypervariable regions of mtDNA (HVR1, HVR2) regarding affiliation to
Zhuz determines the genetic affinity of all Kazakh maternal lines.

Keywords: modern Kazakh, mtDNA, HVR1, HVR2, haplogroup.

Due to intensive studies over the past decades, considerable data on the DNA polymorphism in
human populations have been accumulated. A variety of polymorphic markers are used to analyze the
gene pool of populations and individual ethnic groups, determine their basic characteristics, dynamics,
history and geography. There are high polymorphic loci of coding genes, insertion-deletion polymor-
phism, micro- and minisatellite, single-nucleotide substitution (SNP), and copy number variants (CNV).

The Y-chromosome and mitochondrial DNA (mtDNA) polymorphisms have become widely used
genetic markers in population studies related to the genogeography and Human history because they
reflect the inheritance and variability of paternal and maternal lines. The mtDNA polymorphism charac-
terizes the absence of recombinations and the maternal type of inheritance. In this regard, the mitochon-
drial genome can evolve only through the successive accumulation of mutations in generations. In the
mitochondrial genome, two main areas are identified: the coding region and the non-coding region
(D-loop). The non-coding region is the most variable region of mtDNA and contains about 23% of the
variations in the entire mitochondrial genome. About 30% of the variability of mtDNA associates with
interpopulation and intergroup differences. In comparison with the nuclear genome, the mtDNA mutation
rate determined the advantages of mitochondrial DNA in front of nuclear genetic markers, which make it
possible to use it as a tool for population-genetic studies.

To date, there are huge data on population-based mtDNA polymorphism in many modern and ancient
human populations. In this respect, the most studied are the peoples of the New World, Africa, Southeast
Asia and Oceania, as well as Western Europe. At the same time, polymorphism of the mitochondrial
genome of Turkic-speaking peoples, one of the vast and most ancient ethnic groups in Eurasia, has been
little studied.

The ethnogenesis of the Kazakh people is based on historical, demographic, population-genetic and
anthropological background, conditioned by the influence of the Aryan, Indo-Iranian and Turkic tribes,
from Saks, Sarmatians, Massagets to Huns, Turks, Karluks, Oguzes, Kimaks, Kipchaks and other ethnic
groups. Later Turkic-Mongolian tribes later formed a Kazakh ethnos, known since the 15th century.
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A few genetic studies of archaeological material and modern populations from Kazakhstan [1-5]
testify the genetic homogeneity of modern Kazakhs, which makes it possible to differentiate the Kazakh
people from other Eurasian population, despite the wide polymorphism and intrapopulation diversity.

The usage of mtDNA markers indicates a high heterogeneity of mtDNA haplogroups among Kazakhs
and suggests that 55% of Kazakh mtDNA haplogroups originated from Eastern Eurasia, while 41% are
from Western Eurasia [2-5]. Some authors point to the similarity of mtDNA haplotypes of modern
Kazakhs with barrow cultures of the 1st millennium BC [5, 6]. A study of 304 Kazakhs with a wide
geographic distribution (10 populations of rural residents) revealed that 58-59% of Kazakhs exhibit Asian
mtDNA haplotypes (D, C, G, A, M and F) and 41% European (H, T, J, K, U2, I, U5 and HVR) [3, 7].
Based on the variability of the hypervariable region of mtDNA (HVRI1) analysis of the genetic
relationships of different Asian populations, which was performed on a large sample size (33 groups,
about 3,000 samples), showed the genetic relationship of Altai Kazakhs with other ethnic groups from
Altai (Kalmyks, Soyots, Hamnigans, Buryats, Tolengites and other Altai peoples) [7-9]. The distinct
differences in the nature of genetic variability between the maternal and paternal genetic lines among
Altai Kazakhs (119 individuals) was noticed by Dulik M.S. with co-authors [10]. While on the maternal
line the mtDNA haplotypes widespread in the East and West Europe were determined, the paternal type of
inheritance demonstrated a low genetic diversity. Population-genetic study of the Y-chromosome and
mtDNA of 160 representatives of the Kazakh tribe Naiman showed that maternal lines represent high
migration activity and the diversity of mtDNA [11].

So, the most studies were conducted on a representatives of separate tribe or specialized geogra-
phically location. To replenish the information about maternal lines of modern Kazakhs we conducted a
research of a selected cohort with high tribal affiliation and geographic distribution.

Materials and methods. Study objects. The study objects were data of questionnaires, EDTA-treated
peripheral blood samples which were taken from 96 modern Kazakhs with different tribal affiliation and
geographic localization. Before collection of blood samples we asked people the voluntary consent to
participate in genetic research. A detailed questioning was done after obtaining the signed voluntary
informed consents. The knowledge of the maternal line history was the main selection criterium for the
study. Questionnaires included the information on the paternal and maternal tribal affiliation of the
persons (shezhire).

Extraction of DNA. Genomic DNA was extracted from EDTA-treated peripheral blood samples using
“Genomic DNA Purification Kit” (Thermo Scientific). Qualitative and quantitative characteristics of the
DNA samples were estimated using Eppendorf BioPhotometer plus (Eppendorf, Germany) or NanoDrop
2000 (Thermo Scientific, USA). DNA samples were stored at -20°C.

Mitochondrial DNA analysis. Sequencing of the hypervariable regions of mtDNA (HVR1, HVR2), as
well as complete mtDNA sequencing, were performed using a next generation sequencing (NGS) analyzer
MiSeq (Illumina, San Diego, USA).

PCR amplification, for the creation of four amplicons (nucleotide positions: 29-285, 172-408, 15997-
16236 and 16159-16401) representing the 2 hypervariable regions of the ring mitochondrial DNA (HVR1,
HVR2), was performed in four separate reactions on a single sample using a kit “Human mtDNA D-Loop
Hypervariable Region” (Illumina, San Diego, USA). The quantity and quality of PCR amplicons were
determined by electrophoresis and the Quantus ™ Fluorometer. The DNA amplicons were normalized to
0.2 ng/ul and combined in a ratio of 1: 1: 1: 1 in a total volume of 20 pl (5 pl each). The DNA libraries for
sequencing were obtained from normalized PCR products (1 ng total input) using the “Next Era XT DNA
Sample Preparation” kit (Illumina, San Diego, USA) in accordance with the manufacturer's guidelines.
The mtDNA samples were combined with 25% PhiX control and were sequenced at a concentration of 10
pM according to the manufacturer's instructions in 2 x 151 cycles.

Bioinformatic and statistical analysis. The MiSeq data was analyzed using the mtDNA MiSeq
Reporter (MSR) plug-in, and interpreted using the BaseSpace® mtDNA Variant Processor v1.0 App
(Illumina, San Diego, USA) software. This program allows to align and order the sequenced sequences
which are matched to the reference sequence of the full mtDNA genome - Cambridge Reference Sequence
(rCRS) [12]. The program allows to analyze any part of the complete genome of the ring mtDNA using a
quality and overlapping coverage (Quality for variant call Q30) with the identification of start points. To
use this program, the primary sequencing data obtained in the FASTQ format (mtDNA MiSeq Reporter)
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were converted into BAM and VCF formats. For identification of mtDNA haplotypes we used the
Haplogrep programs (version 2.0, https://haplogrep.uibk.ac.at/), Haplofind (https://haplofind.unibo.it) and
mtDNA manager [13]. Mutation frequencies, molecular difference analysis and pairwise genetic distances
were calculated using the GeneAlEx 6.2 program. Phylogenetic relationships were defined using the
MEGA7 program.

Results and their discussion. The selection a cohort for the study was determined by the availability
of personal data on the maternal lines of inheritance. At the same time, we were oriented to the fact that at
least 2 generations (mother and grandmother) would belong to the same clan by maternal inheritance.
Also we have count the wide geography distributions and tribal affiliation. Thus, 96 persons were
selected, who belonging to different families and having different geographical localization. Among them
were 55 men and 41 women.

The table S1 (Application 1) presents our data on shezhire, mtDNA control region mutations (HVR1
& HVR2) and sex of investigated individuals. The diversity of mtDNA haplotypes in cohort of modern
Kazakhs with different tribal affiliations and geographical localization is shown on figure 1.

mtDNA haplotypes 2,08 u A (A5a; A15; A+152+16362)
in cohort of modern Kazakhs, %

1,04____ 3,13

=B (B20; B4h1)
9,38

uC (C4; C4a1a+195; C4ala2;
C4alada; C4a2a1; C4b1; Cha;
C5+16093)

u D (D4a6; D4b2d; D4e1a; D4elaft;
D4e5a; D4j2; D4j3; D4h1; D4o2a;
D4+195; D4s; D4t; D5)

" E (E1a2 +16261)

2,08
1,04
1,04
1,04 |
4,17 =F

2,08

Figure 1 — mtDNA haplotypes in cohort of modern Kazakhs

In total, 81 haplotypes of mtDNA were identified in the studied cohort:

1) ASa; Al5; A+152+16362; B20o; C4; C4ala2; C4alada; C4bl; C5a; C5+16093; D4a6; D4b2d;
D4ela; D4j2; D4hl; D4o2a; D4s; Ela2 +16261; F; G2a2; G2a5; 11; I1a; Hlela4; H1+16189; Hlao; H1b;
Hle2c; Hle-16129; H2a+152+16311; H2a2a; H2a2a2; H7al; H13ald; HV4b; J1cl6; J1d; J2blcl; JT;
Klc; L3hla2a; Z+152 (M8); M6; M10alalb; N1a3a; N9a2'4'5'11; R2; R7; R8; R31; T; Tlal; Tlal'3; T2;
T2b11; Ula3; Ulb2; U2elh; U2elb; U2el'2'3"; U3a3; U4; Udblblc; USa2+1629; X2; W3; W4 — for
1 person from studied individuals (1,04%)

2) B4hl, C4a2al; D4elal; D4e5a; D4j3; D4+195; DS; G2a; G2a+152; — for 2 persons (2,08%);

3) C4ala+195; D4t; — for 3 persons (3,13%);

4) N9a — for 4 persons (4,17%).

As can be seen from presented data, the highest frequency is typical for the D mtDNA haplogroup,
which together with the subclades (D4a6, D4b2d, D4ela, D4elal, D4e5a, D4j2, D4j3, D4hl, D4o2a,
D4+195, D4s, D4t, D5) represents 20 individuals (20,83%). Subclades of haplogroup H (Hlela4,
HI1+16189, Hlao, Hlb, Hle2c, Hle-16129, H2a+152+16311, H2a2a, H2a2a2, H7al, H13ald, HV4b)
were identified in 13 individuals (13,54%). Another most distribted hapogroup of mtDNA is C (11 per-
sons — 11,46%), which represented in studied cohort by subclades of C4, C4ala+195, C4ala2, C4alada,
C4a2al, C4bl, C5a, and C5+16093.
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Application 1

Table S1 — Haplotypes of mtDNA of studied cohort regarding the tribal affiliation of modern Kazakh individuals

16390A

Maternal line mtDNA mutations No.
Haplotype Gender| of
Tribe ‘ Subtribe ‘ Clan ‘ Subclan HVRI1 HVRI1 ind.
Uly zhuz
. 16093C, 16176T, 73G, 94A, 194T, 263G,
Zhalaiyr Andas Borte D4elal 16223T., 16362C 315.1C male | 1
Dulat ? Hle-16129 16129A 263G, 309.1C, 315.1C | male 1
16051G, 16129C,
Saty ? U2el'2'3 16182d, 16183C, 732(2’3152;’5211(7:& female | 1
16189C, 16362C ’ )
Alban Alaman D4+195 16218T, 16223T |73G, 195C, 263G, 315.1C| female | 2
16069T, 16126C 73G, 152C, 185A, 228A
f) 9 9 b bl 9 9
Kanly ; Jlel6 16218T 263G, 309.1C, 315.1C | ™ale | 1
Oshakty
Atalyk Alimbet | Biguly | Karasirak N9a 1622%?& 6116]2,57A’ 73G, 150T, 263G, 315.1C| female | 1
16223T, 16261T
() bl 9
Konyr 7 C5sa 16288C. 16298C 73G, 249d, 263G, 315.1C | male 1
73G, 185A, 188G, 228A,
Taszhurek ? Jlc2 16126C 263G, 295T, 309.2C, male 1
315.1C
Uisun (Sary o D4i3 16184T, 16223T, 73G, 146C, 227T, 263G, male 1
uisun) ’ ) 16311C, 16362C 309.2C, 310C, 315.1C
73G, 195C, 199C, 203A,
Zhakyp ? Ila 1612??52136% 72€, 204C, 250C, 263G, female | 1
309.1C, 315.1C
16078G, 16126C,
Pusyrman ? T2 16177G, 16294T, 73G, 263G, 315.1C female | 1
16296T
16223T, 16298C, 73G, 152C, 195C, 2484,
Suan Aksham C4 16327T 263G, 315.1C male 1
Shaprashty
16093C, 16129A,
Ikei Kosai C4ala2 16223T, 16298C, 3G, 1953(%52143(1’ 263G, female | 1
16327T )
73G, 146C, 234G, 248d,
Eskozha Baba C4bl 1622%53;?%98C’ 249A, 263G, 309.1C, male 1
309.2C, 315.1C
Koshek Alshan H7al 16126C, 16261T 263G, 309.1C, 315.1C |female| 1
16111T, 16214A
. ’ > | 73G, 146C, 152C, 263G,
Ysty Tilik Ulb2 16231C, 16249C, 285T.300.1C. 315.1C male 1
16327T
Shanyshkyly
16126C, 16163G,
Arynshi ? Tlal 16186T, 16189C, 73G’31)5921C(’: 139155C’1é63G’ male 1
16294T T )
16093C, 16223T,
16227G, 16234T
() 9 9
Katagan ? G2a5 16278T, 16309G. 73G, 152C, 263G, 315.1C| male 1
16362C
Mamyt ? Klc 16224C, 16311C 73G, 146C, 152C, 263G, male 1
315.1C
Orta zhuz
16148T, 16189C,
Argyn ? U3a3 16343G, 16355T, |73G, 185A, 263G, 315.1C| male 1
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73G, 189G, 195C, 204C,
Saidaly Nla3a 16201T, 16223T, 207A, 210G, 263G, female
16265G
315.1C
Tolengit M6 16223T, 16362C | 73G, 195T, 263G 315.1C | male
H33c 16188T, 263G, 315.1C female
16223T, 16274A,
D4b2d 16278T 16287T, 73G’212312;’ %C{g”(}’ male
16362C » 91
Karzhas 73G, 195C, 217C, 228A,
U2elh 11661085315’11661192391% 263G, 309.1C, 309.2C, | male
’ : 315.1C, 340T
Khangeldi- 152C, 263G, 309.1C,
Kushik Hl13ald 16234T 315.1C male
. 16169T, 16223T,
AT‘dal‘b;’rl' G2at152 | 16227G 16265C. | 2O 1463(31’5115(2:C’ 263G, | fomale
wp 16278T :
o 73G, 263G, 309.1C,
Suindik R31 16362C 15 1c male
Kulboldy 16129A, 16223T, | 73G, 195C, 248A, 263G,
Aidabol | C413T195 1 08¢ 16327T 309.1C, 315.1C male
16169T, 16223T,
Gat152 | 16227G, 16265C, | 126 1463(:1’Slféc’263G’ male
16278T :
Kulik JT 16126C 73G, 146C, 315.1C | male
16093C, 16223T,
? C5+16093 | 16288C, 16298C, |73G, 248A, 263G, 315.1C| male
16327T
o
shy 16153A, 16193T e
. 16129A, 16213A, | 73G, 195C, 198T, 2474,
Kemei | Daua Dét 16223T 16298C 309.1C, 315.1C male
. 16189C ,16193.1C,
Meiram Baibori N9a 16223T. 16257A, |29 1502’1?56135’ 309.1C,) o male
16261T :
16093C, 16223T, | 535 1550 2074, 235G,
? Al5 16290T, 16319A, 2100.2C. 315 1C male
16362C oLy 910
Boshan-
Aksha | Mostat | Dacsa 16223T, 16274A,  |73G, 152C, 263G, 309.1C,|
. 16362C 315.1C
Koyanshi
16184G, 16264T, |60.1T, 64T, 152C, 309.1C,
Kara H2a2a2 16295T, 16390A 309.2C, 315.1C female
Tuiten-
Karakesek Tanas- 16129A, 16193.1T,
Botei- | Ml0alalb | 16223T, 16311C, 73G, 146C male
Batshor- 16357C
Bolat- | Shekshek
kozha | Tuiten- 16167T, 16171G,
Bi t‘: Candal 16213A, 16223T, | 47A, 73G, 152C, 248A, |
Batsbor. 16298C, 16327T, | 263G, 309.1C, 315.1C
Shashty 16344T, 16357C
, 16126C, 16163G,
) Tlal'3 161861 16189C, 73G,1523Cl,5119éc,263G, nale
16192T, 16294T :
R N% 16189C, 16223T, [73G, 150T, 263G, 309.1C,[ -
: 16257A, 16261T 315.1C
16093C, 16193.1T,
Begendik | Kozgan L3hla2a 16223T, 16311C, 73G’31;;61C(’: 139195C’1é63G’ male
16357C, 16399G s 30
Toka- 161294, 16182C,
Kuandyk | Karpyk Kulumbet B4hl 16183C. 16189C. 73G,263G, 315.1C female
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16261T
16129A, 16223T, 73G, 143A, 189G, 194T,
Temesh W4 16284G, 16287T, 195C, 196C, 204C, 207A,| male
16304C, 16362C 263G, 309.1C, 315.1C
o | SREINE g e g, s
Basentiyin ongr | 263G.309.1C,315.1C
Karpyk HV4b 16069T 263G, 315.1C male
16092C, 16111T,
? D4ela 16213A, 16223T, 73G§33?61261§’12C63G’ male
16362C T :
RS 16357C 73G, 195C, 263G, 309.1C, female
Koybas | Zhaush 315.1C
Tobykty G2a2a 16223T, 16227G, 195C, 207A, 263G | female
16278T
16189C, 16193.1C,
Momyn Zhuan- R7 162223T, 16261T, |/°5- 183 %§613CG’ 3091C female
tayak 16319A, 16362C ’
D4t 16223T, 16362C 73G, 309.1C, 315.1C | female
Atveai D4a6 16093C, 16129A, 73G, 152C, 204C, 217C, male
ye 16223T, 16362C 263G, 315.1C
16235G, 16311C, 73G, 146C, 152C, 195C,
. Udblble 16356C 263G, 309.1C, 315.1C_ | ™ale
Kanzhigaly 16192T, 16270T
USa2+16294 16294T 73@G, 263G, 315.1C male
16223T, 16257A
. () 9 9
Kerei ? N9a 16261T 73G, 150T, 263G, 315.1C| female
16184T, 16223T,
? D4;3 16265C, 16311C, 73G, 152C3’1§613CCI’ 309.1C, female
Ashamaily 16362C )
Tteli Asha- Ddo2a 16093C 16223T 73G 195C 210G 263G female
maily 16232T 16290T 309.1C 315.1C
) Kosai- Ds 16173T, 16223T, | 73G, 146C, 199C, 263G, | -
’ batyr 16362C 315.1C
16093C, 16223T, 73G, 189G, 194T, 195C,
? Zhantekei | Bodes W3 16270T, 16292T, |196C, 204C, 207A, 263G,| male
16311C 309.1C, 310C, 315C
o Ddesa 16223T, 16274A, |73G, 152C, 263G, 309.1C, male
) 16362C 315.1C
Konvrat 16051G, 16129C,
y Kvlshash Uelb 16182d, 16183C, | 73G, 152C, 200G, 217C, |
Y 16189C, 16256T, 263G, 315.1C, 340T
16362C
. Kulshy- 16129A 16223T 73G 195C 249d 263G
Koktinuly ¢ash C4ala+195 16298C 315.1C female
Kypshak ? G2a 116622273;,’ 1166232672% 73G, 263G, 315.1C female
Zhambai ? H1+16189 16189C, 16193.2C 263G, 309.2C, 315.1C | female
16174T, 16223T
. :? 2 b
Naiman ? D4hl1 16362C 73@G, 263G, 309.1C male
73G 150T 152C 263G
Medet D5 16189C 16223T 309.1C 315.C female
Tumatai T 16126C 16294T 3G 152§1§613CG 309.1C female
16093C 16129A 73G 195C 247d 263G
0
‘ C4al+195 1162037 16298C 315.1C female
Tolegetai
. . . baba- 16187T, 16223T, 73G, 150T, 235G, 263G,
Okiresh Belgibai | Suinshi Kytai bi- ASa 16290T. 16319A 309.1C. 315.1C female
Karakerei
. . 16185T, 16189.Del(T), 73G, 152C, 246T,
Tolegetai Matai Togyz Z+152 16223T, 16260T., 247 Del(-G), 263G, female
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16288C, 16298C 309.1C, 315.1C
73G 150T 152C 263G
0
Uak ? D5 16189C 16223T 309.1C 315.C female
16223T, 16227G
0 \ ,
. G2a 16278T. 16362C | 73G> 152C, 263G, 315.1C| male
. 16223T, 16291T
r? 2 2
‘ D4j2 L6362 73G, 263G, 315.1C | female
Kishi zhuz
Baiuly
. . . 16129A 16213A 73G 195C 198T 247d
Adai Tazike |Kabakai Alke D4t 16223T 16298C 309.1C 315.1C female
) 0 16129A, 16223T, | 73G, 199C, 204C, 250C, |
' 16311C, 16391A 263G, 309.1C, 315.1C
16167T, 16171G,
. 16223T, 16298C 47A, 73G, 2494, 263G
l’) 9 b 9 b & 9’
Salik : Céazal 16327T, 16344T, 309.1C, 315.1C male
16357C
Alimuly
Kete 16189C, 16193.1C
() bl bl
(Ak-kete) . Hib 163560, 16363C 249G, 263G, 315.1C | male
. Kozha- 93G, 143A, 263G,
Shomekei Keldi Hlao 16278T 308.1CT, 315.1C female
A+152+1636 L008OC, 16223T, 1 5 157 535G, 263G,
Tortkara ? ) 16256T, 16290T, 309.1C. 315.1C male
16319A, 16362C s 210
Zhetiru
. H2a+152+16 152C, 207A, 263G
) , , )
Zhagalbaily ? 311 16311C, 16324C 309.1C, 315.1C male
73G, 263G, 309.1C
0 . , ) )
7 Hle2c 315.1C male
16069T, 16126C,
16148T, 16193T,
Tama 16261T, 16301T,
? blel | 16311C. 163194, | 126 1503T1’51féc’ 263G, | | ale
16355T, 16356C, :
16362C, 16368C,
16390A, 16399G
? D4t 16223T, 16362C | 73G, 194T, 279G, 315.1C| male
16147A, 16172C,
16189C, 16223T,
Tabyn Ela2+(16261 16261T, 16301T, | (3 735 150C, 199C,
? ) 16311C, 16319A, 04C. 2636, 315.1¢ | male
16355T, 16356C, > 220
16362C, 16368C,
16390A, 16399G
Non belong to any zhuz
Tore ?
? D4elal 16223T, 16362C | 73G, 94A, 263G, 315.1C | male
. . 16182d, 16183C, | 73G, 146C, 263G, 285T
() 9 b bl 9 9 9
Zhadik auleity Ula3 16189C, 16249C 309.1C, 315.1C male
16037G, 16071T, |73G, 152C, 263G, 309.1C
f) b b 9’ 9 9 b
Kozha 7 R2 16172C 315.1C female
16092C 16182C
Aksuick B2o 16183C 16189C 73G 263G 315.1C | female
16217C
161294, 16150T,
. 16223T, 16298C,
Eoerﬁ;'“ ? Caalada | 16301T. 16311C. | 1O 1953?’52?(?‘1’ 263G, | feomale
z 16327T, 16355T, :
16356C, 16368C,
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16390A, 16399G
4 263G, 309.1C, 309.2C
() 9 b b
Seyit ? Hlela4 16311C 315.1C female | 1
Sunak ? H2a2a - 263G, 315.1C male 1
. 16166G, 16172C,
E“galzl ? N9Oa24's'11 | 16223T, 16257A. |19 1502’1?135’ 391G ate | 1
aza 16261T, 16304C :
73G, 195C, 263G, 309.1C
f) 9’ 9 9 b
. U4 16356C P male | 1

Corresponding to the Cambridge Reference Sequence (CRS) [12, 13], with which all other Human
mtDNAs were compared, the D haplogroup was originated from haplogroup HVR D haplogroup has an
East Asian origin [14]. It is believed, that mtDNA D haplogroup appeared in Asia 48000 B.C. [15]. The
subclade D4 are the principle branch of D. D4 is the most common mtDNA haplogroup among modern
populations of northern East Asia, such as Japanese, Okinawans, Koreans, and Mongolic- or Tungusic-
speaking populations of northern China [7, 16]. D4 is also the most frequently occurring haplogroup
among the Buryats, Khamnigans, Kalmyks, and the Telenghits and Kazakhs of the Altai region [7, 17].
D4 mtDNA branch spread also all over China, Southeast Asia, Siberia, Central Asia, and indigenous
peoples of the Americas [18, 19].

H haplogroup is believed to have arisen in eastern Europe or western Asia [20]. There is an opinion,
that origin of H clade is associated with Southwest Asia [21], around 20000 to 25000 years ago.
Nowaday, the mtDNA haplogroup H is predominantly found in Europe, and is believed to have evolved
before the Last Glacial Maximum (LGM). Firstly it expanded in the northern Near East and Southern
Caucasus between 33000 and 26000 years ago. Later migrations from Iberia allows to suggest, that the
clade reached Europe before the LGM. mtDNA H haplogroup has also spread to parts of Africa, Siberia
and inner Asia. Today, around 40% of all maternal lineages in Europe belong to haplogroup H.

It is believed, that mtDNA C haplogroup to have originated somewhere between the Caspian Sea and
Lake Baikal some 24000 years B.C. Haplogroup C is spread in Northeast Asia [7], including Siberia.
Rissian scientists showed, that, in Eurasia, mtDNA C haplogroup was most frequent among populations
of arctic Siberia, such as Yukaghirs and Nganasans [19]. At indigenous peoples of the Americas, the
haplogroup C (with subclades Clb, Clc, Cld, and C4c) is one of five mtDNA haplogroups, the others are
A, B, D, and X haplogroups [22]. The subclade Cla is found only in population of Asia.

For most mtDNA haplotypes, regional and racial specificity have been established. For an example,
in the gene pools of the peoples of Europe and Western Asia, there are mainly 10 major mtDNA
haplotypes (HVR *, H, V, J, T, U, K, I, W, X). In the gene pools of Mongoloid populations of Eastern,
Central and Nothern Asia another 10 mtDNA haplogroups found (A, B, C, D, E, F, G, Y, Z, M *), and in
Negroids - mtDNA of macro group L [2, 4, 7, 23].

Known data about modern Kazakh mtDNA types are contradictory, which may be due to the
insufficient amount of collected genetic material for reliable generalization. According to the studies of
two different research groups [2, 4], 31.7-45% of mitochondrial haplotypes of the Kazakh ethnos have an
"West Eurasian" origin, 50-63.4% have an "Eastern Eurasian" origin, and 0-4.9% are characteristic of the
population of India. We should note that in the work of D. Comas and others [2] mtDNA haplotypes of
232 individuals from 12 populations were investigated, among others only 20 were Kazakhs, which is an
unrepresentative sample for any conclusions.

More representative population of modern Kazakh (246 individuals with different geographical
localization) has been studied by Berezina G.M. with co-authors [3]. According to the results, 58% of
Kazakh mtDNAs were haplogroup D (17.9%), C (16%), G (16%), A (3.25%), F (2.44%), presumably
Eastern Eurasian. And 41.46% were haplogroups H (13%), T (4.07%), J (4.07%), K (4.07%), U5 (3.25%),
1(0.41% ), V (0.81%), W (1.63%), presumably of Western Eurasian origin.

In general, in the studied cohort of modern Kazakh, the presence of typically "Asian" mtDNA
haplotypes (ASa, Al5, A+152+16362, B2o, B4hl, C4, C4ala+195, C4ala2, C4alada, C4a2al, C4bl,
CSa, C5+16093, D4a6, D4b2d, D4ela, D4elal, D4e5a, D4j2, D4;3, D4s, D4t, D4+195, D402a, D5, Ela2
+16261, F, G2a, G2a+152, G2a2, G2a5, Z+152(MS8), M6, M10alalb) is estimated as 50%, "European"
(H1+16189, Hlao, H1b, Hlela4, Hle2c, Hle-16129, H2a+152+16311, H2a2a, H2a2a2, H7al, H13ald,
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HV4b, 11, 1la, Jicle, J1d, 12blcl, JT, Klc, Tlal, T1al'3, T2, T, T2bl11, Ula3, Ulb2, U2elh, U2elb,
U2el"2'3", U3a3, U4, Udblblc, U5Sa2+1629, X2, W3, W4) - 38.54%; and ancient groups traced from
"Middle East", but originated in Central and South-East Asia (Nla, Nla3a, N1b, N9a N9al'3,
N9a2'4'5'11, R2, R7, R8) - 7.29%; there is even 1 person with an ancient "African" group - L3hla2a
(1.04%).

The presence of such a variety of maternal lines for a small cohort of representatives of the same
tribe testifies the Kazakh history full of migrations. That’s why we should to mention the malestones in
Kazakh ethnic history.

Ethnic history of the Kazakh people is rooted in the ancient period of settling the territory of
modern Kazakhstan. The first archaeological finds in the territory of Kazakhstan belong to the Paleolithic
period. According to archaeological and paleoanthropological data, the ancient tribes spread on the
territory of Kazakhstan since the Bronze Age. During the Bronze Age the ancient population of Kazakh-
stan was concentrated at the center of a large ethno-cultural region of Eurasia and was one of the repre-
sentatives of extensive anthropological formation of steppe type proto-European trunk [1]. Nomadic
animal husbandry becomes the predominant type of activity to the I millennium BC. The irrigated
agriculture, the production of iron and metal manufacture have been developed. Stratification occurred
among the nomads, the tribal leaders were indicated, new association of tribes and tribal units appeared,
among which the most widely known was Saka Union of tribes. During this period, Savromats tribes
settled in western Kazakhstan. At the end of I millennium BC in Kazakhstan there are new tribes: Usuns
(from Balkhash to Issyk-Kul lakes), Kangyuy (foothills of Karatau mountains and Syrdarya river basin),
Alans (between Aral and Caspian seas).

The statehood on the territory of Kazakhstan established in the I millennium AD. There were areas
of sedentary culture: Turk Kaganat (VI cent.), Turgesh and Karluk kaganats (VIII cent.). At the same
period the great migration of tribes began from the Altai, southern Siberia and Central Asia to the territory
of present-day Kazakhstan and further to the west. The Hun period of “Great Migration” is dated by I'V-
VII centuries. However, the large-scale movement of the Hun tribes, which led to significant changes in
the ethnic and political map of Eurasia, began in I-II centuries. The Huns ancestors - Turkic people
“hunnu” lived in the territory of modern Mongolia, Buryatia, and North China.

In X-XI centuries a significant territory of Semirechye was a part of Karakhanid State. Nomadic
tribes from south-west and western Kazakhstan entered into an Union of Oguz tribes. In the north-eastern
Kazakhstan territory tribal Union of Kimaks was formed. The vast territory of Central Kazakhstan became
known as the Kipchaks country or Dasht-i-Kipchak. Start of the XIII century marked by the Mongol
invasion and the establishment of the Mongol districts (ulus — Mongolian) in the territory of Kazakhstan.
The first Kazakh Khanate (XV-XVI centuries, Semirechye) was a tribal union and included the tribes
Uisuns, Kangly, Dulats, Zhalair, Naimans, Argyns and others. These tribes formed a single ethnic array.

Interesting data on paleo-mtDNAs have been presented by C. Lalueza-Fox with co-authors [4]. They
studied human teeth 36 of 15 graves located in Kazakhstan, radiocarbon dates vary from XIV-XI centuries
BC to the III-V centuries BC. The 21 teeth revealed Caucasoid (Western Eurasian) mtDNA haplotypes,
and 6 teeth — the Eastern Eurasian. The authors noticed the dynamics of changes in the haplogroups of the
ancient population of Kazakhstan in the direction to the East Eurasia.

Territorially all Kazakh tribes were divided into three major groups ("Zhuzes"): Elder Zhuz (Uly
zhuz, 12 tribes), Middle Zhuz (Orta zhuz, 6 tribes), and Junior Zhuz (Kishi zhuz, 3 tribes). Elder Zhuz
tribes were mostly occupied South and South-East Kazakhstan, the Middle Zhuz tribes lived in Eastern,
Northern and Central Kazakhstan, and the Junior Zhuz tribes traditionally lived in Western Kazakhstan.
Also, there are 5 (or 7) tribes which not included to any zhuz.

Obtained data revealed that the modern descendants of ancient Kazakh tribes demonstrate a high
degree of heterogeneity in relation to the maternal lines. Because the our studied cohort represents the vast
variety of mtDNA haplogroups reflecting the history of ancient nomadic tribes migration we have tried to
look after genetic distances between representatives of different tribes combining the data fo tribes unions
— Zhuzes.

For this analyses we took into account the mutations in total number of 135 loci in HVR1 and HVR2
regions of mtDNA. Genetic heterogeneity of each locus and cohort (Table 1), the genetic distances and
identity (Nei) were calculated in the program GenAlEx 6.2 (table 2).
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Table 1 — The heterogeneity characteristics of studied cohorts on HVR1 and HVR2 mtDNA loci

Indexes* N Na Ne I h uh Po}jforili(?r&hic
Cohort Grand Mean and SE over Loci for each Cohorts
Uly zhuz 19,0000 0,889+0,085 | 1,104+0,016 | 0,132+0,015 | 0,075+0,010 | 0,080+0,010 43,70%
Orta zhuz 55,0000 1,541+0,073 | 1,097+0,014 | 0,144+0,012 | 0,075+0,008 | 0,076+0,008 77,04%
Kishi zhuz 11,0000 | 0,837+0,085 | 1,142+0,019 | 0,164+0,018 | 0,099+0,012 | 0,109+0,013 41,48%
Non zhuz 9,000+0 0,533+0,076 | 1,090+0,015 | 0,106+0,016 | 0,064+0,010 | 0,072+0,011 25,93%

Grand Mean and SE over Loci

Total Cohort 23,500+0,80 | 0,950+0,043 | 1,108+0,008 | 0,136+0,008 | 0,078+0,005 | 0,084+0,005 | 47,04+10,75

*Na - number of different alleles; Ne - number of effective alleles; I - Shannon's information index; h — diversity;
uh - unbiased Diversity.

Table 2 — Nei Genetic distance and identity between representatives of modern Kazakh based
on mutations of variable regions (HVR1 and HVR2) of mtDNA

Pairwise Population Matrix of Nei Genetic Distance // Identity
Scoring
0,000 // 1,000 Uly zhuz
0,003 // 0,997 0,000 // 1,000 Orta zhuz
0,009 // 0,991 0,006 // 0,994 0,000 // 1,000 Kishi zhuz
0,006 // 0,994 0,006 // 0,994 0,008 // 0,992 0,000 // 1,000 Non zhuz
Uly zhuz Orta zhuz Kishi zhuz Non huz

Evolutionary connections were defined by the Neighbor-Joining method [24]. The phylogenetic tree
was inferred using the UPGMA method and constructed in the MEGA7 program [25]. The figure 3
presents obtained phylogenetic tree. The optimal tree with the sum of branch length = 0.01216667 is
shown.

0.0015

Uly-zhuz
0.0015
0.0015
Orta-zhuz
0.0008
0.0030
Non-zhuz
Kishi-zhuz
0.0038
} } } i
0.0030 0.0020 0.0010 0.0000

Figure 3 — Evolution relationships of modern Kazakh
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The presented data show that the maternal lines of representatives of different zhuzes are characteri-
zed by genetic proximity despite of great genetic diversity. The Kishi zhuz maternal lines are more distant
from representatives of other tribe unions (GD=0,0038). We suggest that this is due to the lower migration
activity of the population of Western Kazakhstan in comparison with other regions of the Republic.

Thus, the analysis of mitochondrial DNA of modern Kazakhs with a wide geographic localization
and tribal affiliation shows that the Kazakh’s maternal lines are characterized by great diversity of mtDNA
haplogroups, reflecting the historical migration of the population of Eurasia with the predominance of
“Asian” and “European” components. The analysis of mutations of hypervariable regions of mtDNA
regarding Zhuz-affiliation determines the genetic affinity of all Kazakh maternal lines.
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STHUKAJIBIK KABAKTAPIBIH mtJHK BAKBLIAY AMMAKTAPIBIH TAJIJIAVYBI

AnHotanus. ['eorpadusiiblk OpHAJNIAaCybIHA XOHE PyBIHA Kapal Kasipri 3aMaHFbl Ka3aKTapblH MHTOXOH-
npusnblk JIHK-Ha sxacamraH Tammay OapiblK aHamap JTHHUSUTAPBIHBIH "a3usuiblK" KoHE "eBpOMANBIK" TONTaphIHA
KaThICTHI EBpa3us XaabIKTapbIHBIH TapUXH KOHBIC ayAapybiH kepceteTid MTIHK rarmmorontapbiHbIH opTYpILTiriMeH
cunarrananel. JKysre xateictel MTJHK (HVRI1, HVR2) runepBapmabenzi ayqaHIapbHBIH MYTAlWsSCBIH TaNIay
Ka3aKTapAbIH OapIbIK aHaIap TUHUAIAPBIHBIH T€HETHKAIBIK TYBICTHIFBIH aHBIKTANIBL.
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AHAJIN3 KOHTPOJIBHBIX PETUOHOB mMT/THK Y DTHNUYECKHUX KA3AXOB

Annoranusa. ITposenennsiii ananu3 muroxonapuanbHeix JJHK coBpeMeHHBIX Ka3axoB ¢ IMHUPOKON reorpa-
(hmueckoi Jokanu3aneld U poIOBOM NMPHHAIUIC)KHOCTHIO CBUAETENBCTBYET, YTO MATEPUHCKUE JIMHUM Ka3aXOB Xa-
paktepusyroTcsi 0oabpIMM pazHoobpasuem ramrorpynn MtIHK, oTpaskaromM ncropryeckne MUTpalii HacelIeHus
EBpaszuu ¢ npeobiaaHneM «a3uaTCKOro» U «EBPOIEHCKOro» KOMIOHEHTOB. AHAJIN3 MyTallli rHrepBapradenbHbIX
paiionoB mT/JHK (HVR1, HVR2) B OTHOMmIEHNA 5Ky30BOH MPHHAUICKHOCTH OMpPEIEIsAeT TCHETHUECKYI0 POACTBEH-
HOCTb BCEX MAaTEPHHCKHUX JINHUH Ka3aXO0B.
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DEVELOPMENT OF FUNCTIONAL BEVERAGES
ON THE BASE OF WHEY

Abstract. Nowadays, there are new facts on the connection of intestinal microbiome with diseases of not only
the digestive tract. Because of violations in immune status and in composition of normal microbiome largely due to a
decrease in food quality and safety, the humanity is experiencing an epidemic of opportunistic infections. In these
conditions, the development, based on modern achievements of science and technology, fundamentally new original
processes and technologies, which allow receiving innovative and functional products based on traditional and non-
traditional raw materials that will contribute to the public health is of great importance. A special place in this
respect belongs to curd and cheese whey, which is not inferior to the whole milk in terms of its biological value but
mainly falls into the waste because of its taste qualities. The scientific data and rationale for the use of whey as a
high-grade raw material for the production of beverages, improving the digestive function, immune system and
metabol ic processes in the human body, regulating them through the use of lactic acid microorganisms and natural
plant supplements containing biologically active substances, preventing the emergence of a number of pathological
conditions of the body are given. Specific examples of the production of whey-based beverages with improved
organoleptic properties for a wide range of consumers are shown.

Key words: whey, functional beverages, lactic acid bacteria, phyto-additives, organoleptic properties.

The need to create functional foods is caused by a significant deterioration in the health status of the
population, which is largely due to the decline in food quality and safety [1, 2]. Nowadays, there are new
facts on the connection of intestinal microbiome with diseases of not only of gastrointestinal tract, but also
with obesity, diabetes, malignant tumors, allergic, autoimmune, cardiovascular diseases and other [3-7].
Currently, everyday products are added with a large number of various physiologically unjustified food
additives that lead to "diseases of civilization" and to a violation in the composition of the normal
microflora of the gastrointestinal tract. In addition, contamination of raw materials and foodstuffs by
extraneous microorganisms and their metabolic products, which have a toxic effect on the human body,
takes place at all stages of production. In these conditions, the development, based on modern
achievements of science and technology, fundamentally new original processes and technologies, which
allow receiving innovative and functional products based on traditional and non-traditional raw materials
that will contribute to the public health is of special importance.

Because of violations in the composition of normal microbiome and the decrease of immune status,
the humanity is experiencing an epidemic of opportunistic infections, one of the leading places among
which belongs to mycoses. The most frequent mycotic infection in all age groups is candidiasis of the
mucous membranes of the digestive organs. Yeast of the genus Candida is widely spread in nature and
their constant contact with a person explains the significant prevalence of transient candidiasis in human
population.

Candida albicans is a commensal fungus of the oral, gastrointestinal and genital tracts in up to 80%
of healthy individuals [8, 9]. Under specific host and environmental conditions, C. albicans can transit
from its commensal state to a parasitic state causing mucosal (oral and vaginal) candidiasis and life-
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threatening systemic disease. Yeasts of the genus Candida are easily included in microbial associations,
contributing to exacerbation of chronic diseases [10]. They complicate surgical interventions, are the
cause of systemic intractable mycoses, mimic oncological and tuberculosis diseases [11]. Cure of
candidiasis requires diligence and time, as the fungus can take various forms, encapsulate, develop
immunity to drugs and revive after treatment [12-14]. All the foregoing calls for the urgent need for
scientific development of ways to prevent and eliminate the imbalance of microbiota, using specially
selected functional foods [15-17]. Currently, one of the priority areas in healthy nutrition in international
practice is the creation of functional wellness products. Worldwide, there is a growing demand for natural
non-toxic compounds with a wide spectrum of action against pathogenic and opportunistic micro-
organisms, the use of which does not cause side effects. So, the actual task in this regard is the search for
natural antibacterial and antimycotic agents.

Treatment of dysbiosis is largely based on the probiotic lactic acid bacteria and their metabolites. The
consumer market of functional products is formed by 50-65% by lactic acid products suppressing
putrefactive bacteria, preventing dysbiosis and intoxication of the body. Bacterial starter cultures used in
such products are in fact unique probiotics adapted to the human digestive tract. At present, new
functional properties of lactic acid bacteria, in addition to antimicrobial and antifungal ones, continue to
appear: the ability to accumulate antioxidants, peptides, fibrinolytic activity, synthesis of polyglutamic
acid, degradation of harmful components etc., which are the essential criteria for choosing starter cultures
in increasing the biological value of dairy products and their directed physiological and biochemical
properties [18-32].

A special place in the production of functional foods belongs to curd and cheese whey, a secondary
product of the dairy industry. The whey mainly falls into the waste despite the fact that it contains up to
50% of milk solids, up to 250 different valuable compounds, about 20% of milk proteins, other nitro-
genous, micro- and macro compounds, milk fat, mineral salts, lactose, vitamins, enzymes, and organic
acids [33-39]. Whey proteins include more essential amino acids than caseins, which possess a biological
value superior to that of chicken eggs that are a benchmark in nutritional evaluation of foods. The
composition of milk whey indicates that it is a full-fledged kind of raw material, which is not inferior to
the whole milk in terms of its biological value. The energy value of whey is 3.5 times lower than that of
whole milk, which makes it expedient to use whey in the production of dietary food. Processing of
secondary dairy raw materials, providing a closed production cycle, would significantly improve the
efficiency and profitability of the food industry.

Methods for the production of various useful products, such as milk fat (whey cream), whey protein
complex, lactose, have been developed on the basis of whey. The opportunity of extraction vitamins,
peptides, amino acids, bacteriocins, bacterial pool, and water from the whey seems promising. Cued and
cheese whey is the ideal medium for probiotic microorganisms, and on this paradigm, it is possible to
reconsider the whole concept of obtaining dairy products. It is also the starting material for the synthesis
of prebiotics, for example lactulose. On the basis of whey it is possible to implement the principles of
biotechnology of synbiotics [39]. In this regard, in last few years, there has been an increase of interest in
whey [41, 42]. The possibility of effective use of whey products in the treatment and prevention of
diabetes, bowel diseases, hypertension, infections of integumentary and bone tissues, immunodeficiency,
complications after surgical interventions has been clinically proven [43].

Unfortunately, the whey is not popular as a drink because of its taste, despite its useful properties. To
increase consumer demand, the development of opportunities to regulate its organoleptic indicators is
being carried out.

A popular way to increase the organoleptic parameters of whey is the addition of milk or cream,
kefir, yogurt, and fruit juice, which greatly enriches the product. Fruits, berries and vegetable additives are
used as phytocomponents [44-49]. The most popular functional foods on the market are beverages
containing various fruit mixes, which give the drink a fruit ease and freshness. A special place is occupied
among them by combined milk and vegetable products with increased nutritious and biological value.
Drinks with milk and vegetable extracts can be classified as neuroceutical functional group, as they are
characterized by high content of antioxidants, amino acids, vitamins, mineral compounds, polyphenols,
have anti-stress and hypoglycemic effect, increase resistance and working capacity. The beneficial effect
of lactic acid products is associated with their suppressive action against a number of microorganisms
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including pathogens. This effect is due to the ability of lactic acid bacteria to produce lactic acid and other
substances (hydrogen peroxide, acetic acid, benzoic acid, bacteriocins, etc.) that stop the development of
pathogenic bacteria in the intestines, which usually leads to inhibition of putrefactive processes and the
cessation of the formation of toxic decomposition products. Lactic acid not only gives certain taste
qualities to the beverage, but also determines its dietary and preventive properties. The result of its action
is activation of the release of digestive enzymes into intestinal tract and stimulation of their action. Lactic
acid also increases the absorption of phosphorus and calcium in the body.

A number of technological solutions have been developed for the production of whey based
beverages to improve digestive functions, immune system, metabolic processes in the human body, exert
a bifidogenic effect, and prevent the emergence of a number of pathological conditions of the body —
stress, atherosclerosis, myocardial infarction, malignant neoplasms, etc. [50-77]. A synergistic effect of
herbs and extracts combinations was established [78].

The technology of new functional combined whey and vegetable nano-drinks for healthy nutrition
based on whey with vitaminized additives in the form of nanostructured purees and phyto-additives in the
form of phytoextracts has been scientifically proven and developed. To give the original taste and aroma
to nano-drinks, they are added with additives in the form of phytoextracts from non-traditional spicy
aromatic and medicinal raw materials (marjoram, basil, melilot, oregano, coriander seeds, lemon peel) and
phytoextracts from natural spices, which, possessing antimicrobial activity, contribute to the products
shelf life prolongation. It has been shown that the new nano-drinks exceed the known analogues in
chemical composition and content of bioactive compounds (L-ascorbic acid, phenolic compounds,
flavonol glycosides, tannins, catechins, etc.) and can be used as products with potential immunomodu-
lating action [79]. In order to improve the organoleptic parameters, as well as adjust the micronutrient
composition, and increase the nutritional and biological value of the final product based on a combination
of whey with vegetable purees from table beet, carrots and pumpkin, fermentation of the drink with pro-
biotic cultures was carried out. A common for all variants was a significant increase in the fermentation
rate in comparison with the control, as well as intensification of the process with increasing mass fraction
of puree. At the end of the fermentation time, the titrated acidity in whey samples with Jerusalem
artichoke was 113-130°T, with carrots 108-121°T, with beets 104-119°T. The received data testify that
the introduction of puree vegetable additives allows not only improving the organoleptic parameters of
fermented whey-based beverages and balancing their micronutrient composition, but also intensifying the
fermentation process due to the prebiotic effect. The greatest bifidogenic potential for Bifidobac-
terium longum had Jerusalem artichoke. Carrots and table beets had slightly less effect. The degustation
evaluation of fermented samples showed that the ratio of puree and whey 25-30 : 75-80% was optimal
from the point of view of taste qualities.

Based on the data obtained, the technology and recipe of whey beverages with pulp from individual
vegetables and their mixtures, designed for functional nutrition, have been developed. The beverage had a
pleasant sweet and sour taste, a homogeneous consistency characteristic for drinks with pulp, contained
viable cells of bifidobacteria in an amount of >10° CFU/g, which allows them to be positioned as
functional. The use of such drinks contributes to the multifaceted positive effects that pre- and probiotics
exert on the activity of the gastrointestinal tract and the state of the whole organism [80].

To expand the assortment of food products with functional properties on the basis of whey, recipes
for desserts were developed, which were optimized with the help of mathematical modelling [81]. At the
same time, the optimal ratio of whey base and fruit and vegetable fillers was determined, which provided
favourable taste qualities of the desserts. The results of experimental studies give the reason for recom-
mending the introduction of developed desserts into industrial production as functional food products.

A group of gelled products with the addition of fruits and/or berries, as well as citric acid, corn
starch, sugar, fragrances and colorants are also produced on the basis of whey [82-84].The introduction of
these additives, as well as the use of clarification of whey in the production process are disadvantages that
negatively affect the functional qualities of the processed products, lead to a decrease in the biological
value of the jelly and to increase in production costs. Despite the great choice and attractiveness of mo-
dern colorants, flavors, fillers and products with their use, their application is physiologically unjustified,
especially in children's nutrition, so competent consumers prefer environmentally friendly products based
on natural components.
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Structured whey-based products are very popular. It should be noted that, because of their high
popularity, their assortment is intensively growing, mainly with the use of jelly-forming agents. For
example, pectic substances, changing the consistency, give the product the desired properties. The
prospects of using pectic substances for the production of functional foods based on whey are proved [85].

It is known that the addition of mono- (xylitol, sorbitol), poly- (pectins, dextrin, inulin) and oligo-
saccharides (monosaccharides linked together by glycosidic bonds), antioxidant vitamins (A, C, E),
microelements (selenium), plant extracts containing bioflavonoids, polyunsaturated fatty acids and other
biologically active substances to useful microorganisms and their metabolic products positively affect the
functions of the digestive tract. The presence of dietary fibres that are not digested in the gastrointestinal
tract but effectively improve digestive functions and stimulate the beneficial intestinal microflora is of
particular importance. This allows us to consider that the combination of lactic fermentation products and
plant additives is one of the most promising ways of creating functional food products with the desired
properties.

However, the list of developments with the use of bioactive cultures of microorganisms, as well as
products aimed at normalizing the intestinal microflora with preventive action against fungal micro-
organisms, is limited.

At present, a special role in functional nutrition is given to products that contribute to optimizing the
microecological status of the human body, since eubiosis is the key to immunobiological stability and
potentially to the health in general [86]. Synbiotic products meet these criteria to the greatest extent,
because they promote the colonization of the digestive tract by probiotic microorganisms and increase the
biological activity of its own positive microflora due to the presence of prebiotic ingredients in the
product. The starting cultures immobilized on the sorbent, which are plant fibers, have an additional
degree of protection, including resistance to bile [87], due to which they are better reactivated upon
ingestion in the digestive tract. The process of reactivation will also be accelerated due to quorum sensing
of closely located cells on the sorbent [88]. In addition, the biodegradable sorbent will also serve as a
source of nutrition not only for introduced bacteria, but also for resident microflora representatives.

Particularly relevant is the use of propionic acid bacteria producing Bi,vitamin, increasing the
immune status of the human body, its anti-stress and antimutagenic properties, and preserving dairy
products [89-91], as well as of yeast microorganisms, the cell walls of which actively absorb toxins and
toxic metabolites, have a high lacto- and bifidogenic effect, acting not only as nutraceuticals, but also as
parapharmaceuticals [92, 93], in the compositions of starter cultures.

A review of the existing scientific literature on the importance of curd and cheese whey as a secon-
dary raw material for the production of food products with high levels of nutritional and biological value
testifies to the inadmissibility of neglecting it and to an urgent need for its targeted use.

The work is carried out within the framework of the AP05132352 project financing under the budget
program "Development of science", subprogram "Grant financing of scientific research" of the Ministry
of Education and Science of the Republic of Kazakhstan.
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M. I'. Cay6enoBa, E. A. OneiinukoBa
MuxpoOHOIOT S KOHE BUPYCOJIOTHS FRUIBIMHA-OHIIPICTIK OpTaibFbl, AnMaTsl, KazakcTan
CYT CAPBICYBIHBIH HETT3IH/JIE ®YHKIIMOHAJIJBIK CYCBIHJIAP JAUBIHJIAY

Annoranus. Kasipri ke3ze imiek OMOIICHO3BIHBIH TEK KaHa acKa3aH-ilIeK TPaKThl aypyjiapbiMEH FaHa eMec
OaiinaHbIChl XKalbIH/AA MATIMET OEpeTiH jkaHa JaenaeMelep naina 6onyna. UMMyHIBIK xKyiie MEH KaJbIIThl MHK-
podiiopa KypaMbIHBIH OY3bUTyJIapbIHA OaiJIaHBICTHI, aUTAPJIBIKTAN JOPEKEAC a3bIK-TYJIK OHIMICPiHIH Carnachl MEH
KayiIci3airi TeMeHzeyiHe OaiaHbICThI aJlam3aT ONIOPTYHUCTTIK MH(EKIHsuIap iHaeTiH OackiHaH Kemripyne. byn
JKaF/aiylapaa epeKiie MaHbI3Fa KOFaM JEHCAyJIBIFBIHBIH KYHIH jKakcapTyFa MYMKIHAIK OepeTiH (pyHKIHMOHAIIBIK
MIHJIETKE M€ WHHOBALMSUIBIK a3bIK-TYJIIKTEp, ASCTYPII XKOHE JIOCTYpJIi eMec INHUKi3aTTap Heri3iHie aixyra OojaThlH
FBUIBIM MEH TEXHHWKAHBIH 3aMaHayH JKeTICTIKTepiHiH 0a3achlHa, MAKCATThl TYPAE KaHA TYMHYCKAIBIK IPOLECCTEp
MeH TexHonormsiap ue. OcbiFad OaiIaHBICTBI MAHBI3IIBI OPBIHFA, ©31HIH OHOIIOTHSUIBIK KYHIBUIBIFEI )KaFbIHAH Ta0u-
FH CYTTEH KaJbICHAUTBIH, OipaK JOMIIK calachl HOTHXKECIHIE KAIABIKTapFa jKaTKbI3bLUIATBIH CYT CapbICYhl Ue. AaM
OpraHu3MiH/ETI UMMYH/BIK JKYiie MEH 3aT alIMacy MpOLECTePiH, ACKOPHITY KbI3BIMETTEPIH KaKCapTAThIH, CYTKbIII-
KBULIbI MUKPOOPTaHU3MIEP MEH TaOuFH ©CIMJIIK TEKTI Kocmanap/pl Naianany apKblUibl peTTey, OpraHu3MHIH Oip-
Hellle MaTOJOTHMAIBIK KYHiHIH maiina OONyBIHBIH ajiblH alyllbl, CYCHIHAAp OHAIPICiHE apHaJIFaH TOJIBIK KaHIIbI
IIMKI3aT PETiH/E CYT CapbICybIH NalaiaHy >KOHIH/Er FhUIBIMH MAJIIMETTEp MEH Jalenaeyiep kearipiaeni. TyTol-
HYIIBUIAP/ABIH KeH asiChl YILITH TapTHIM/IBUIBIFBIH JKOFapbUIATyFa MYMKIHIIK O€peTiH aKcapThUIFaH OPraHoJIeITHKA-
JIBIK KOPCETKIIITEPIHE He, CYT CapbICybIHBIH HETi31H/IeTi CyChIHAAp OHIIPICiHIH HAKTHUIBI MBICATIIAPHI KENTIpLIreH.

Tyiiin ce3aep: cyT capbicybl, QYHKIMOHAIIB! CyChIHAAP, CYTKBIIIKBUIAB OakTepusuiap, Gpurokocnanap, opra-
HOJIENTHKAIBIK KOPCETKILITED.

M. TI. CaybenoBa, E. A. OneiinukoBa
Hay4Ho-npon3BOICTBEHHBIN LIGHTP MUKPOOHOJIOTUH U BUpycolorun, AnmMartel, Kazaxcran
PA3PABOTKA ®YHKIIMOHAJIBHBIX HATIUTKOB HA OCHOBE MOJIOYHOM CHIBOPOTKH

AnHoTanusi. B Hacrosmiee Bpemst MOSBIIAIOTCS. Bce HOBBIE (haKThbl, CBUIETEILCTBYIONIME O CBSI3M KUIIEYHOTO
OuoreHo3a ¢ 3a00J1eBaHUSAMH HE TOJIBKO XKEeTyA0YHO-KHIIEYHOro TpakTa. 113-3a HapylieHnid MMMYHHOI CHCTEMBI U
COCTaBa HOPMAJIBHOH MHKPOQIIOPHI, B 3HAYUTEIHHOM CTEIICHM W3-3a CHIDKEHHS KadecTBa M OE30IacCHOCTH IIPO-
JyKTOB IIUTaHMs, YEJIOBEYECTBO MEPEKMUBACT SIHJIEMHIO ONIOPTYHHUCTHYECKUX HH(EKIHA. B 3THX ycnoBusx ocodoe
3HaYEHHE MPUOOPETAIOT pa3paboTKH Ha 06a3e COBPEMEHHBIX JTOCTIDKCHNI HAyKW M TEXHUKH MPUHIMITHAIBHO HOBBIX
OPHUTHHAIBHBIX MPOLIECCOB U TEXHOJIOTHH, TO3BOJISAIOIINX MOTy4aTh HA OCHOBE TPAJUIMOHHOTO U HETPAAUIIHOHHOTO
CBIPbS, MHHOBALMOHHBIE IMPOAYKTHl (DYHKIIMOHAJIBHOTO HAa3HAYCHHUS, CIIOCOOCTBYIOLIME YIIYULIEHHIO COCTOSHHUS
3710poBbs1 HaceseHusi. Ocoboe MECTO B 3TOM IUIAHE 3aHUMAET MOJIOYHAsI CBIBOPOTKA, KOTOpPasi HE YCTYNAeT LieJb-
HOMY MOJIOKY TI0 CBOEH OMOJIOrM4ecKol IIEHHOCTH, HO NMPEHMYIECTBEHHO MOMAJaeT B OTXObI BCIEICTBUE CBOUX
BKYCOBBIX KauecTB. [IpuBojsiTCS HayuyHble JaHHbIE ¥ ODOCHOBaHHE HCIIOJIb30BAaHHMS MOJIOYHOW CBHIBOPOTKH Kak
MOJTHOLIEHHOTO CHIPbsI JUISl IPOU3BO/ICTBA HAIIUTKOB, YIYUIIAONIMX (QYHKINH IMHUIIEBAPEHHS, UMMYHHON CHCTEMbI U
0OMEHHBIX MPOILIECCOB B OPraHU3ME YEJIOBEKa, PETYIMPOBAHUS UX ITyTeM HMCIOJIB30BAHUS MOJIOYHOKUCIIBIX MUKPO-
OpPraHU3MOB M HaTypaJbHBIX PAaCTUTENbHBIX T00aBOK, colep)KallnX OHMOIOTMYECKH aKTUBHBIE BEIECTBA, IPEOT-
BPAIIAIOIINX BO3HUKHOBEHHUE pPsiia MATOJOTMYECKUX COCTOSHMH opraHm3Mma. [loka3aHbl KOHKPETHBIC NPHMEpHI
MIPOM3BO/ICTBA HA OCHOBE MOJIOYHOW CHIBOPOTKH HAIHMTKOB C YJIyUYIICHHBIMH OPTaHOJECHTUYECKUMH TTOKa3aTelsIMH,
CHOCOOCTBYIOIIMMHY HOBBIIIEHHUIO PUBJICKATEIBHOCTH AJIS IIMPOKOTO KpyTra HOTpeOuTeeH.

KiroueBble €j10Ba: MOJIOYHAS CHIBOPOTKA, (BYHKIMOHAIbHBIC HAIIMTKH, MOJOYHOKHCIBIE OaKTepuH, HUTONO-
6aBKH, OPraHOIENTUIECKHE TTOKA3ATEIH.
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ESSENTIAL OILS FROM PLANTS OF THE GENUS THYMUS L.
OF KAZAKHSTAN FLORA: CHEMICAL COMPOSITION
AND PROSPECTS OF APPLICATION

Abstract. The in-house data on chemical composition of essential oils from 14 plants pecies of Thymus L.
genus of the family Lamiaceae Lindl. in Kazakhstan flora have been generalized. The author conducted a compa-
rative analysis of the obtained results with the published materials on essential oils from 7Thymus L. species. The
article discusses biosynthetic pathways of the main components of 7/ymus L. species which have been confirmed by
the results of chemical analysis of essential oils undertaken by the author. The screening data of essential oils from
thymes for the biological activity are provided.

Keywords: Thymus L., essential oils, mono- and sesquiterpenoids, gas chromatography-mass spectrometry,
biosynthesis.

Introduction. Nowadays, the arsenal of a pharmaceutical market has considerably expanded with
highly effective natural medicines. Over 1000 species of essential oil-bearing plantsgrow in the flora of
Kazakhstan. Some species from the families Lamiaceae, Apiaceae and Asteraceaeare of great interest,
they used to be overlooked earlier, or else there are only minor data on their chemical composition and
biological properties. From this viewpoint, the family Lamiaceae L. is worth mentioningas it is one of the
leaders in Kazakhstan flora. Thus, this family incorporates 233 species combined in 45 genera in the
territory of Kazakhstan [1].

Plants of the genus ThymusL. are the most popular among them because they are a rich source of
essential oils which is very widespread. The genusThymus L.ranks first on a species diversitywith27
species growing in Kazakhstan [1]. The contemporary studies have shown that essential oil from thymes
is active against many poly-resistant pathogens due to the presence ofa monoterpenic phenol thymol in
their composition [2]. Taking into account a high antimicrobial, antioxidant, and antiviral activity of
essential oils from thymes [2-5], plants of this genus can be considered as a prospective source of herbal
raw materials for the medicines with a wide range of pharmacological activity, low toxicity, and high
efficiency against strains, viruses, and microbes resistant to the main classes of antibiotics.

The aim of the research is to study the chemical composition of essential oils from Thymus
L.species growing in Kazakhstan.

Objects of research aretheessential oils from Thymus crebrifolius Klok., Thymus Dmitrivae
Gamajun., Thymus karatavicus A. Dm., Thymus Lavrenkoanus Klok., Thymus Marschallianus Willd.,
Thymus minussinensis Serg., Thymus mugodzharicus Klok. et Schost., Thymus petracus Serg., Thymus
rasitatus Klok., Thymus roseus Schipz., Thymus serpyllum L., Thymus stepposus Klok. et Schost., Thymus
sibiricus (Serg.) Klok. et Schost., andThymus vulgaris L.

Research methods. Plant material was collected in 2011-2017 in the East Kazakhstan, South
Kazakhstan regions, and in Central Kazakhstan.

Essential oils were extracted by a hydrodistillation method on Klevendzher’s apparatus from the air-
dry mass of plant raw materials [6]. The weight of dry plant material varied from 20 to 100 g depending
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on a sample. The hydrodistillation of each sample was carried out within 3 hours with hexane used as a
solvent to collect essential oil. The quantitative content of essential oils was calculated in volume-weight
percentage per the air-dry mass of plant material. The obtained essential oil was placed in amber glass
bottles, hermetically sealed and stored at a temperature of +1-4 °C. The research was done on the
organoleptic and physico-chemical properties of the extracted essential oils.

The chemical composition was investigated by the gas chromatography-mass spectrometry method
on the Gas Chromatograph with Mass Selective Detector Agilent 7890/5975C (Table 1). HP-5SMS 5%
Phenyl Methyl Silox (30 m X 0,25 mm) column with a speed of helium carrier gas of 1ml/min was used.
Evaporator temperature was 2300°C. The gas chromatography column was maintained at a temperature of
40 °C within 10 min. with the temperature programmed up to 240 "C,and a temperature change speed of
2 °C/min, then it was sustained in the isothermal mode for 20 min. The sample input mode wasstream
division 100:1. Sample volume was 0,2 pL. Conditions of mass spectrarecordwere 70 eV, the massrange
was 10-350m/z. The quantitative content of constituents was calculated automatically based on the
peakareas of the general ion chromatogram. The quantitative analysis was carried out by means of the
internal normalization method on the peakareas without the correcting coefficients. The components were
identified as per the mass spectra and the retention time using Wiley GC/MS library.

Research results. The genus Thymus L. (a thyme) is one of the largest and taxonomically complex in
the family Lamiaceae Lindl. All studied species of Thymus L. grow in Kazakhstan [1].

Thymus crebrifolius Klok. isa semi-bush up to 4 cm high with a pleasant lemon scent. It is found on
the precipices of temporary water way currents and rocks in regions of the Western Kazakh Uplands
(Melkosopochnik) and Ulytau. It is an endemic plant. The raw material reserves of this species are noticed
in the territory of Karaganda region [7]. The chemical composition of its essential oil has not been
studied. The essential oil that we investigated for the first time represents the mobile liquid of a light
yellow color with a pleasant lemon fragrance. Among the identified 74 components, the main are (in %)
in Thymus crebrifolius Klok essential oil:linalool 31.9 (1), borneol — 9.6 (2).

Thymus Dmitrivae Gamajun. represents a dwarf semishrub up to 14 cm high, the distinctive features
of this plant are thickish curved ligneous stipes sometimes with additional roots and also reddish leaves. It
is encountered on the open stony slopes, on rockslides, andgravelfrom the mountains forest belt to the
Alpine highlands of Zailiysky Alatau, the Kyrgyz Alatau, and the Western Tien Shan. We have studied
the essential oil of this plant for the first time, the main component of which is 4-methyl-4-
isopropylphenol 57.7% (3) among 17 identified.

Thymus karatavicus A. Dmitr. ex Gamajun. is an endemic plant. It grows on stony slopes and taluses
of low mountains. It is found in Karatau and the Talas Alatau [1]. The are no data on the chemical
composition of its essential oil. The investigated essential oil represents the yellowliquid with a pleasant
scent andyield of 1.49%. We have identified 19 constituents, the main of them in7Thymus karatavicus
essential oil are (in %): thymol - 39.5 (4), p-cymene — 18.5 (5), thymol acetate— 13.0 (6) [8].

Thymus Lavrenkoanus Klok. represents a dwarf subshrub with a height of 3-12 c¢cm and short
corollasof pink-violet color. It grows on stony and steppe tall-grass slopes, and on the hill tops. It is found
in Karaganda and the East Kazakhstan regions. It is an endemic plant. In the composition of7hymus
lavrenkoanus Klok essential oil 100 components have been identified, the main of which are (in %): p-
cymene - 32.2 (5), y-terpinene - 7.5 (7), thymol - 26.0 (4).

OH OH
@ \\\\\OH
OH OAc
1 2 3 4 5 6 7

Thymus Marschallianus Willd. is the most widespread species of thyme in the territory of Kazakh-
stan. The analysis of morphological features of Thymus Marschallianus Willd. has allowed us to define
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the following characteristic signs: the oblong sessile elliptic leaves pubescent with rare cilia, more sel-
dom - glabrous; the inflorescences are extended, short-verticillate; the corolla is pale violet with a short
tube. It grows in steppes, edges, and ravineslopes. This species can be a substitute for Thymus serpyllum
L. and Thymus vulgaris L. Besides, Thymus Marschallianus Willd. is widespread in the conditions of
Central Kazakhstan. It also grows in steppes, on hillslopes, in the river floodplains in the European part of
Russia, in the Caucasus, in Western and Middle Siberia, and in Central Asia. According to the perfor-
meddistribution and raw material stocks analysis of Thymus Marschallianus Willd.herb in the territory of
Karaganda region, the overallarea of its thickets is estimated as 85,8 hectares withtheexploitable
reservesof 40,6 tons, andthe volume of potential annual harvestingof raw materials of 17,52 tons. It is
pertinent to collect plant materials once in 3 years in onearea [21].

There are numerous data on the chemical composition of Thymus Marschallianus Willd. essential oil
in literature (table 1) which confirm its complex constituent structure [9-19].

Table 1 — Major components of Thymus Marschallianus Willd. essential oil.

Place of growth Essential oil components Reference
China v -terpinene (18.0% to 22.4%), thymol (28.0% to 32.9%), 9
p-cymene (7.7% to 25.4%)
Hungary thymol - 32.9% 10
Kazakhstan p-cymene, thymol,[]-terpinene 11
Caucasus geraniol — 30.3% 12
— 0, = 1 _ 0, _ 0,
China thymol — 32.9 A:), [-terpinene — 22.4%, carvacrol — 8.0%, 13
p-cymene — 7.7%
Germany caryophyllene, cadinene, nerolidol 14
Russia, Saratovregion p-cymene -20.9%,thymol - 54.6% 15-16
Russia borneol — 30.0%, [J-pinene — 10.7%, sabinene —9.9%, 17
thymol — 5.5%
Russia, Voronezh region thymol — 16,5%, p-cymene 9.6% 18
Russia, Altai territory, Burlinregion a-terpinenol acetate, p-cymene 19
Russia, Altai territory, Loktevsky region, 220 | p-cymene, limonene, [J-terpinene 19
m above the sea level
Russia, Altai territory, Ust-Koksin region p-cymene, [I-terpinene, thymol 19
Russia, Altai territory, Ust-Pristan region ~-terpinene , p-cymene, thymol 19
Russia, Altai territory, Loktevsky region, geraniol, geranyl acetate
19
430 m above the sea level
East-Kazakhstan region, Zyryanovsk region [-terpinene, p-cymene, thymol 19

As is seen from table 1, the chemical composition of Thymus Marschallianus Willd. essential oil can
be divided into 3 groups. The majority of the studied essential oils had a high content of the sum of
thymol and carvacrol up to 80% and a noticeable content of borneol up to 13%, at the same time a high
content of monoterpene hydrocarbons was also observed up to 45%. The second group of essential oils
contained a rather low content of phenols (7.0-38.8%) in their structure, and [J-terpineol (14.1-45.9%) and
monoterpene hydrocarbons were identified as the major components. The third group of essential oil
samples were marked by a high content of geraniol (33.7-70.2%) and geranyl acetate (5.5-13.3%), a small
content ofneral (0.7-6.4%) and geranial (1.7-10.1%), as well as a low content of monoterpene hydro-
carbons [20]. In the investigated essential oil we identified 111 components, the major ones are thymol
19.3 (4) and p-cymene 18.2 (5).

Thymus minussinensis Serg. is a plant with floriferous sprouts of 1(2)-6 cm high, with reddish, short,
down-directed hairs, and a pink corolla5-6 mm long. It grows on dry-steppehillslopes and granite rocks. It
is encountered in Akmola region, in the East Kazakh Uplands and Bektau-Ata Mountains. We have
studied the chemical composition of Thymus minussinensis Serg. essential oil by the GC-MS method for
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the first time. Twenty-three components have been found, the main of them are (%): p-cymene 22.5 (5),
thymol 19.3 (4), [J-terpinene 18.0 (7).

Thymus mugodzharicus Klok. et Schost. is anundershrub growing on stony slopes, steppe hills, and
dry slopes of river valleys. We collected Thymus mugodzharicus Klok. et Schost in the Mugodzhar Hills
during blossoming period in 2014. Thymus mugodzharicus essential oil contains 25 components of which
the following prevail (in %): thymol - 37.6 (4), borneol 8.3 (2), [-terpinene 7.5 (7) [22].

Thymus petraeus Serg. is a mountain-steppe plant representing a prone vegetatively motionless
subshrub of stlanictype. It is found in steppes of Altai and Krasnoyarsk regions, the Tyva Republic and a
North-West part of China, with huge populations marked in the Republic of Khakassia [23]. In
Kazakhstan it grows in mountain steppes and on the crushed rock slopes. It is seen in the Tarbagatai and
Dzungarian Alatau. It is an endemic plant. There are scarce data in literature on the essential oil com-
position,of which the main components are linalyl acetate, y-terpinene, p-cymene, thymol, andmyrcene
[19,24]. In the researched oil we have found 59 components, the major of them are (in %)o-cymene
46.3 (8) andthymol 13.2 (4).

Thymus rasitatus Klok. is an endemic plant which grows on stony and steppe slopes, low mountains
peaks, on granite taluses, and in the rockcracks of the Dzungarian Alatau, in Karkaraly, in the Irtysh and
Balkhash-Alakulsk floristic regions, the East Kazakh Uplands [23]. We have studied the chemical
composition of its essential oil for the first time, the main constituents are (in %): thymol 23.6 (4),
p-cymene 21.2 (5), y-terpinene 11.1 (7).

Thymus roseus Schipz. is a tinydwarf semishrub withviolet-rose or white floretshavinga pleasant
fragrance. It grows on stony tops and slopes of mountainsand low-mountains, on granite rocks and
rockslides. It is common in Western Siberia, Kazakhstan, and Mongolia. The data on its essential oil are
sporadic. A.V. Tkachev investigated theessential oil from Thymus roseus Schipz growing in the Altai
Republic (Russia) where the major constituents arethymol, p-cymene, y-terpinene [19]. In the investigated
essential oil we have defined 66 compounds, the major ones are (in %) o-cymene 14.1 (8), linalool
12.7 (1).

Thymus sibiricus (Serg.) Klok. et Schost. is a plant with floriferous branches 1,5-10 cm high, densely
pubescent under the inflorescence with long and short downward hairs. It grows on the southern stony
slopes, dry meadows, in pine woods on the sand. It is spread in Western Siberia, the Tarbagatai, and the
Dzungarian Alatau. The main components of oil fromThymus sibiricus (Serg.) Klok. et Schost harvested
in Buryatia are thymol (20.9%), [-terpinene (14.0%), o-cymene (42.3%) [26]. The major components of
the researchedessential oil from Thymus sibiricus(Serg.) Klok. et Schost (in %) are linalool 25.2 (1)
andgeranyl acetate 18.0 (9).

Thymus serpyllum L. is a dwarf subshrub up to 13 cm high usually with petiolate,elliptic leaves
pubescent with long cilia on the edge; the inflorescences are of a densecephalanthium form; thecorolla is
bright pink with a long tube. It is widespread in the whole territory of the CIS countries including Arme-
nia, Kazakhstan, the Russian Federation, Ukraine,it is also found in the foothills of Tibet, in the north of
India, and in North America. The aerial parts of Thymus serpyllum L. are widely used both in traditional
and folk medicine of many countries of the world as a valuable herb. The plant therapeutic effects are due
to the presence of various biologically active agents (flavonoids, tannins, macro- and minor constituents,
essential oil)in its raw material. It is included as a medicinal raw material in the State Pharmacopoeia of
Kazakhstan [8]. Thymus serpyllum L. is an extremely polymorphic genus related to the Siberian and
Central Asian thymes which is split to a number of minorspeciesthat are geographically isolated or pecu-
liar for certain localities. In this regard, the chemical composition of essential oils is also very diverse. For
instance, as is seen from Table 2 thymol (4) and carvacrol (10) are the main components of essential oil
from Thymus serpyllum L. growing in Albania, Armenia, Hungary, India, China, Pakistan, and Ukraine.
Thymol (4) is the main component of the essential oil fromThymus serpyllum L. growing in Egypt, Japan,
Iran, and Serbia, whereascarvacrol (10) is commonfor the essential oil from Italy, Poland, and Russia.
Thymol (4) and carvacrol (10) are absent in the essential oils of Thymus serpyllum L. chemotypes gro-
wing in Belarus, Estonia, Finland (7. serpyllum L. ssp. serpyllum and T. serpyllum L. ssp. tanaensis (Hyl.)
Jalas), Lithuania (7. serpyllum L. ssp. Serpyllum and T. serpyllum L. ssp. serpyllum var. serpyllum),
Turkey, Sweden, and Poland (the Central part) (table 2).
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Table 2 — Major constituents of Thymus serpyllum L. essential oil and its subspecies

Place Constituents Reference
of growth
1 2 3
Albania phenols (47-74%), p-cymene (8.5-36.5%) [27, 28]
Armenia (1) thymol (81.5/76.1%), p-cymene, carvacrol, f-caryophyllene, a-terpineol, [27,29]
(2) carvacrol (49.0-62.0%), thymol (21.5-29.7%), p-cymene, B-caryophyllene, a-terpineol ’
y-terpinene (21.4%), p-cymene (19.0%), thymol [27, 30]
Belorussia | camphene (1.75-12.62%), B-myrcene (2.26-14.61%), 1,8-cineole (up to 23.12%), camphor
(4.24-27.59%), B-caryophyllene (1.12-22.64%), (-)-borneol (2.02-33.39%), caryophyllene oxide [31]
(3.79-28.7%), thymol (3.59%), carvacrol (up to 3.69%)
T. serpyllum L. var. mongolicus Ronn. [27, 33-34]
Chi p-cymene (30.3%), thymol+carvacrol (20.0%), B-phellandrene (14.0%); ?
ina
T. serpyllum L. var. mongolicus Ronn. [27,34]
thymol (23.9%), 2,4,5-trimethyl benzyl alcohol (16.9%), p-cymene (16.3%), carvacrol (10.6%) ’
Croatia thymol (30.0%), carvacrol (49.4%), y-terpinene (5.3%), [35]
Egypt thymol (62.02%), B-phellandrene (13.50%) [36]
(E)-nerolidol (70.1%), caryophyllene oxide (45.0%), myrcene (20.2%), (E)-B-caryophyllene [37]
Estoni (13.3%), germacrene D (12.4%)
stonia
geranyl acetate (up to 46.4%), linalyl acetate (up to 31.4%), geraniol (up to 30.3%), myrcene (up
[37]
t0 20.2%)
T. serpyllum L. ssp. serpyllum
(1) monoterpene hydrocarbons (33%), 1,8-cineole (12.5-15.0%), germacra-1(10),5-dien-4-ol (3- [2738]

12%), germacrene D (10.0-12.0%)
(2) monoterpene hydrocarbons (30%), 1,8-cineole (26%)

T. serpyllum L. ssp. tanaensis (Hyl.) Jalas
Finland (1) linalool (21.9-43.8%), linalyl acetate (8.9-17.6%), [27,39-40]
(2) 1,8-cineole (17.2-27.6%), myrcene (15.4-22.4%), B-caryophyllene (6.8-19.1%)

T. serpyllum L. ssp. tanaensis (Hyl.) Jalas
(1) linalool (52.2%), monoterpene hydrocarbons (13%)

(2) linalyl acetate (58.3%), monoterpene hydrocarbons (15%) [27.38]
(3) monoterpene hydrocarbons (33%), 1,8-cineole (12.5-15.0%)
Hungary | carvacrol (39.5/45.9%), thymol, p-cymene (25.0%), linalool, nerol [27, 41]
carvacrol (49.4%), p-cymene, thymol, zingiberene [27, 42]
Indi thymol (57.6%), p-cymene (20.0%) [27, 43]
ndia
Uttarakhand Hills thymol (19.4-60.1%), y-terpinene (0.3-13.8%), p-cymene (3.5-10.4%) [44]
Uttarakhand Himalaya thymol (37.27-55.56%), thymyl methyl ether (3.26—12.93%) [45]
| carvacrol (48.8%), thymol (13.8%), p-cymene (12.3%) [46]
ran
y-terpinene (22.7%), p-cymene (20.7%), thymol (18.7%), germacrene D (5.1%) [47]
Italy North East Italy carvacrol + carvacrol methyl ether (44.9%) [48]
T. serpyllum L. s. 1.: 1,8-cineole (16.3-19.0%), B-caryophyllene (9.6-11.3%), myrcene [27, 49]
(9.7-10.7%) ?
T. serpyllum L.: a-pinene (6.3-25.6%), camphene (23.6-48.9%), B- myrcene (1.6-51.5%), 50]
Lithuania | 1.8-cineole (6.3-33.3%)
T. serpyllum L. ssp. Serpyllum 1,8-cineole, germacrene B, (E)-B-ocimene, a-cadinol [51]
T. serpyllum L. ssp. serpyllum var. serpyllum [52]
1,8-cineole (8.9-13.9%), caryophyllene oxide (6.5-12.5%), borneol (7.4-10.5%)
thymol (42.6%), p-cymene, carvacrol, borneol, [27, 53]
carvacrol (44.4%), o-cymene (14.0%), a-terpineol (6.47%), a-pinene (6.06%), B-caryophyllene
(5.25%) [34]
Pakistan
thymol (53.3%), carvacrol (10.4%), p-cymene (8.8%) [55]
Muzaffarabad, the State of Jammu and Kashmir thymol (16.5-18.8%), borneol (1.6-3.1%), ledol [56]

(0.2-7.3%), safrole (1.1%), 1,8-cineole (14.0-18.0%),
—— 49 ——
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Continuation of table 2
1 2 3
Central Poland: camphene (8.07-13.91%), B-myrcene (6.53-17.97%), cyneole (1.41-11.64%),
B-caryophyllene (1.06-9.02%), borneol (0.15-16.91%)
the North-Western Poland: carvacrol (30.90-46.16%), y-terpinene (5.72-9.09%), p-cymene
(4.51-13.46%)
T. serpyllum L. s. 1. village Kolyvan’ (Kurijnski area, 150 m above sea-level) B-myrcene
(4.0%), p-cymene (3.8%), 1,8-cineole (14.0%), cis-B-terpineol (8.2%), camphor (4.0%), trans- [59]
Russia nerolidol (29.8%)
T. serpyllum L. s. 1. village Mendur-Sokkon (Ust-Kanski area, 500-750 m above sea-level)

[57]
Poland

[58]

p-cymene (14.5%), 1,8-cineole (5.6%), y-terpinene (17.2%), carvacrol (29.6%) [59]

trar.zs-nerolidol (24.2%), germacrene D (16.0%), thymol (7.3%), 6-cadinene (3.7%), [60. 61]
Serbia B-bisabolene (3.3%) >

trans-caryophyllene (27.7%), y-murolene (10.5%), a-humulene (7.5%), a-pinene (6.9%), 61, 62]

3-octanon (6.6%), thymol (5.6%), camphor (3.6%)
Turkey 2.,4,6-trimethylanisol (73.41%), 3,5-dimethyl benzoic acid (5.38%), B- bisabolene (3.67%) [63]

(1) thymol (50.0/35.1%), y-terpinene (12.7/18.0%), p-cymene (8.6/14.1%),
(2) carvacrol (48.4/55.2%), y-terpinene (10.1/27.1%), p-cymene (8.0/7.1%)

Ukraine [64]

We have investigated in detail the composition of Thymus serpyllum L. essential oil., collected in
8 various regionsof Kazakhstan. The composition is mainly presentedbythymol (5.1-58.2%) and carvacrol
(1.2-55.2%) and depends on the place of growth [64]. It is known that in the wild there are populations
and even certain plants which essential oil has a distinctive composition very unlikethe typical one for this
species.

For example, the so-called lemon Thymus serpyllum L. form belongs to such a group, which oil has a
peculiar fragrance different from other samples dueto the present of a considerable amount of geraniol (to
60-70%). We can assume that a sample collected in the neighborhood ofAkmola region belongs to the le-
mon form. Trans-geraniol (55.9%) and lavandulyl acetate (28.5%) are biosynthesized in this essential oil.

Thymus stepposus Klok. et Schost. generally has linear leaves on very short leafstalks; the in
florescence is elongated, verticillate; the corolla is violet with a longer tube. A.V. Tkachev considers that
Thymus stepposus Klokov & Des. - Shost. is a synonym of Thymus Marschallianus Willd [19]; however,
in the Flora of Kazakhstan it is included as a separate specieswith a number of distinctive morphological
features [1]. The main components ofthe essential oil from this plant harvestedin Buryatia are thymol
(20.9%), [O-terpinene (14.0%), p-cymene (42.3%) [26]. In the plant essential oil from the north of
Kazakhstan, the main constituents are trans-nerolidol (21.5%), 1,8-cineole (16.0%), camphor (10.3%),
trans-[]-ocimene (6.1%), camphene (4.2%), and borneol (2.9%) [66].

According to our data, the main components of Thymus stepposus Klok. et Schost. are (in %): thymol
57.7 (4), O Oterpineol 25.2 (11), 1,8-cineole (12) — 8.9.

o ¢ o C

8 9 10 11 12

Thymus vulgaris L. is a typical representative of the vegetatively-fixed subshurbs remaining the main
root system during the whole life cycle. It is widespread in the Western part the Mediterranean: on the
Iberian Peninsula, in Southern France, in the North-West of Italy. The main commercial product is the
essential oil produced from Thymus vulgaris L. cultivars. The oil composition is rather well studied and is
subjectto a variability. Literature data confirm that the genus 7hymus L. features a considerable intra-
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species and cultivarpolymorphism both in regards to the morphological characteristics and the mass
fraction of essential oil and its compositional structure which serves as a basis when determining
the chemotype. The existence of several chemotypes within its world geographic rangehas been
revealed.

Over 20 various chemotypes of Thymus vulgaris L. are described in the literature. [26]. Usually it
contains more phenols: up to 60% of thymol and 2-10% of carvacrol; p-cymene (up to 20%), y-terpinene
(12%), and caryophyllene (2-10%), etc. are also present[67-73]. The essential oil that we have extracted
from Thymus vulgaris L. contains 100 components, the main of them are (in %): thymol 58.6 (4), o-
cymene 11.2 (8).

The majorityof terpenoid volatiles that we have found in the essential oils from the genus Thymus L.
belongs to the monoterpene group. The essential oils from thymes usually contain over 90% of
monoterpenes with aminor content of sesquiterpenes. About 300 mono- and sesquiterpenes are observed
in Thymus L.essential oils., of which 34 were chosen as the most significant volatile components [27,74].
Thymol (4) is found in the essential oils of 77 taxons of Thymus L. Over a half of thyme taxons (89 taxons
or 55%) belong to the phenolic and 73 (45%) - to the non-phenolic group [27]. As a matter of fact, thymol
(4) and carvacrol (10) are also found in other plants but in a meagre amount. That is what makes the genus
Thymus L. the most rich source of monoterpenoid phenols interesting for the search of thymol (4) and
carvacrol (10).

Plants of the genus Thymus of Kazakhstan flora also accumulatethe aromatic alcohols of thymol (4)
and carvacrol (10). The essential oils of the studied 10 speciescontainthymol (4) from 0.09% to 50.1%.
Thymol (4) has been found in small amounts in the essential oilsfrom Thymus Dmitrivae Gamajun.,
Thymus stepposus Klok. et Schost., Thymus crebrifolius Klok. and in rather high amounts in Thymus
petraeus Serg., Thymus minussinensis Serg., Thymus Marschallianus Willd., Thymus rasitatus Klok.,
Thymus karatavicus A. Dm., Thymus mugodzharicus Klok. et Schost.

A high content of monoterpene hydrocarbons p-cymene (5) in 56 taxons and [J-terpinene (7) in 38
taxons of Thymus L. has also been noted irrespective of the presence of thymol (4) and carvacrol (10). All
four monoterpenes are closely related by the biogenetic processes.

A number of researchers [26, 74-77] offered biogenetic schemes according to which the components
of essential oils are formed by successive transformations, starting from geranyl pyrophosphate (figure 1)
where the conversion of one terpene component to another is controlled by one gene coding the synthesis
of the corresponding enzyme. If the required enzyme is absent, the sequence of the biosynthetic chain
stops and the precursor accumulates. The primary accumulation of a precursor in the essential oil of
thyme species determines the diversity of the biochemical composition of various representatives of the
genus Thymus L., which is confirmed by the results of our studies of the chemical compositions of the
extracted essential oils.

Among the monoterpene compounds, the dominant components are linalool, borneol, y-terpinene,
a-terpineol, 1,8-cineole.

The sesquiterpene fraction is represented by caryophyllene, y-murrolene, germacrene D, B-bisa-
bolene, y-cadinene, c-cadinene, a-bisabolene, caryophyllene oxide, but their content is minor. Moreover,
all studied essential oils samples from 14 species contain caryophyllene (0.49-3.07%) and caryophyllene
oxide (0.74-2.1%). All the actual data indicate the interrelation of these components in the biosynthetic
process which proceeds according to the known scheme of geranyl diphosphate with the predominant
formation of p-menthaneand pinane types. The predominant biosynthetic pathway of sesquiterpenes is the
cyclization of farnesyl diphosphate with the subsequent formation of a germacryl cation followed by
branching to caryophyllanes, humulans, etc.

Despite the fact that in general the oil composition of all samples is similar, some samples containt
components in significant amounts that are absent in other samples. For instance, 1,8-cineole (12) is
present only in the essential oilsamples from Thymus stepposus Klok. et Schost, Thymus minussinensis
Serg, Thymus mugodzharicus Klok. et Schost., linalool is found in the essential oils of Thymus
Marschallianus Willd, Thymus roseus Schipz., Thymus crebrifolius Klok., etc.
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Figure 1 — The alleged scheme of biogenesis of the essential oils components in thymes

Thymus Lavrenkoanus Klok., Thymus crebrifolius Klok, Thymus karatavicus A. Dm. Thymus
rasitatus Klok., and Thymus petraeus Serg. are the endemic species. Thymus sibiricus (Serg.) Klok.et
Schost. is a plant that is difficult to identify by botanical features, as there are its hybrids with Thymus
Marschallianus Willd. and other species. In the essential oil of Thymus sibiricus (Serg.) Klok. et Schost.
monoterpenoids linalool (1) and geranyl acetate (9) have beendetermined. These monoterpenoids can be
proposed as chemotaxonomic markers for Thymus sibiricus (Serg.) Klok. et Schost. The major component
of essential oil from Thymus Marschallianus Willd., growing in different locations, is thymol (4),
therefore, the species can be differentiatedby chemical composition of their essential oils, i.e. based on the
chemotaxonomic markers.

Promising for isolation of new compounds are the essential oils of Thymus crebrifolius Klok.,
Thymus Dmitrivae Gamajun., Thymus Lavrenkoanus Klok., Thymus petraeus Serg., and Thymus ser-
pyllum L. Based on the results of gas chromatography-mass spectrometry, in all thyme species were
detected compounds witha functional hydroxyl group (borneol, terpineol-4, etc.) in their structure,
molecules that have double bonds, and a system of conjugated bonds (thymol, cymene, etc.) in their
structure which are responsible for the antioxidant activity. For the targeted search of new biologically
active compounds, we have screened the essential oils extracted from 7hymus species for analgesic,
antioxidant, antimicrobial, antifungal, antiviral, and cytotoxic activities.
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When screening samples of essential oils from plants of this species, it was revealed that they all
exhibita weak and moderate antimicrobial activity against gram-positive and gram-negative strains [3,78].
The study of antimicrobial activity was carried out on the strains of gram-positive bacteria Staphylococcus
aureus, Bacillus subtilis, gram-negative strain of Escherichia coli, and yeast fungus Candida albicans by
the agar diffusion method (wells). Comparator drugsare Cefazolin for bacteria and Nystatin for yeast
Candida albicans.

The results that we have obtained are in alignment with data on the antimicrobial activity of essential
oil in the research of S.V. Kushnarenko [79], in which the intrinsic antimicrobial activity of the essential
oil from Thymus Marschallianus Willd. is due to the high content of monoterpene phenols such as thymol
and carvacrol. In theinvestigated sample of Thymus Marschallianus Willd., harvested in the Southern
Altai, the content of thymol was 37.1%, carvacrol - 2.2% of the total essential oil mass.

We have studied the effect of essential oils on the larvae of marine crustaceans Artemia salina
(Leach) under in vitroculture conditions to determine the cytotoxic activity potential. The cytotoxic acti-
vity range based on the median lethal doseLDs, expressed in pg/ml, is as follows:all essential oilsamples
subjectedto the research of cytotoxic activity revealedtheir activity against the larvae of marine crusta-
ceans Artemia salina.

Essential oils of Thymus petracus Serg, Thymus rasitatus Klok., Thymus serpyllum L. were screened
for the analgesic activity. The investigated essential oils were studied at a dose of 50 mg/kg with intra-
gastric injection. The comparator drug Metamizole sodium (Diclofenac) was tested at a dose of 50 mg/kg.
The researched objects and the comparator were introduced 30 minutes prior to the injection of 0.75%
solution of acetic acid. As a result of the study it was found that Thymus rasitatus Klok.E. sample has an
analgesic effect, besides the changes are reliable compared to the control. The remaining samples did not
reveal an analgesic activity.

The antioxidant properties of thymol, essential oils from Thymus Marschallianus Willd. and Thymus
petraeus Serg. were evaluated byin vitro experiments on rat liver microsomes. The research results
showed that all samples have pronounced antioxidant properties.

When comparing the antioxidant properties of the tested samples with the antioxidant effect of a-
tocopherol, it was shown that thymol, essential oils of Thymus Marschallianus Willd. and Thymus
petraeus Serg. have a more pronounced antioxidant activity which exceeds the action of vitamin E by
almost 90% [4]. The conducted experiments show that all investigated objects had a dose-dependent
antioxidant effect on the processes of peroxidation, with the highestantioxidant effect observed in thymol
which inhibited LPO processes by 83% at a protein concentration of 2 pug/mg.

The screening of essential oils for the antiviral activity was carried out on the model of influenza
virus (strain A/Almaty/8/98 (H3N2). In the research, a comparative study of the virus-inhibiting and
virucidal activities of the investigated drugs with the commercial preparations Amizon and Geviran was
made. It was shown that Amizon and Geviran cannot inhibit the replication of the virus A/Almaty/8/98
(H3N2) in a dose range up to 3.2 mg/kg. When studying the ability to suppress the infectious activity of
the virus A/FPV/Rostock/34 (H7N1), it was found that essential oils from Thymus rasitatus Klok. And
Thymus petraeus Serg. exceed the activity of commercial drugs Amizon and Geviran by over 1.0 Ig [5].

The most interesting for further research and isolation of individual components with an
antimicrobial effect are the essential oils from Thymus vulgaris L., Thymus Dmitrivae Gamajun., Thymus
sibiricus (Serg.) Klok. et Schost., Thymus crebrifolius Klok., Thymus roseus Schipz.exhibiting the pro-
nounced antibacterial action against gram-positive strains (St. aureus, Ba. subtilis). Whereas, samples of
essential oils from Thymus lavrenkoanus Klok., Thymus vulgaris L., and Thymus sibiricus (Serg.) Klok. et
Schost. showed a pronounced antibacterial activity against gram-negative bacteria (£. coli).

In addition, the essential oils from Thymus vulgaris L., Thymus Dmitrivae Gamajun., and Thymus
crebrifolius Klok. have a pronounced cytotoxicity and are promising substances for these archof
compoundswith potential antitumor activity. As a result of conducted research it was confirmed that a
sample of essential oil from Thymus rasitatus Klok. has an analgesic effectwith thereliable changes as
compared to the control.

Conclusions. The majoressential oilcomponents of the studied 14 species of Thymus L. are thymol
(4), carvacrol (10), p-cymene (5), y-terpinene (7), linalool (1), geraniol and its acetate (9), and other com-
ponents that can be viewed as a renewable material for the synthesis of new compounds.
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Thymol (4), carvacrol (10), p-cymene (5), and y-terpinene (7) are the main ones in 12 studied
essential oils. This fact evidences the interrelation of these components in the biosyntheticprocess. As is
shown in Figure 2, y-terpinene (7) is a precursor of p-cymene (5), and with further addition of the OH
group, either thymol (4) or carvacrol (10) is formed depending on the position. The study of chemical
composition of Thymus L. essential oils has also a theoretical value since it gives opportunity toinves-
tigate the biosynthesis of mono- and sesquiterpenoids in nature.

The obtained results significantly expand the knowledge of chemical composition and biological
activity of the extracted essential oils from plants of the genus Thymus L.,updateinformation on the
dynamics of mono- and sesquiterpenoids accumulation and show the dependence of their content on the
growth conditions. Essential oils from the following species are considered prospective for isolation of
new compounds: Thymus crebrifolius Klok., Thymus Dmitrivae Gamajun., Thymus lavrenkoanus Klok.,
Thymus petraeus Serg., and Thymus serpyllum L.

Thus, the essential oils fromThymus L. plants of the family Lamiaceaeof the flora of Kazakhstan,
which contain a complex of biologically active substances and exhibit a wide spectrum of pharmaco-
logical action, are undoubtedlyof interest for further study and creation of new effective drugs on their
basis.

REFERENCES

[1] Pavlov N.V. Flora of Kazakhstan. Almaty: Publishing House of the Academy of Sciences of the Kazakh SSR. 1964.
Vol. 7. 497 p.

[2] Reyes-Jurado F., Franco-Vega A., Rami'rez-Corona N., Palou E., Lo'pez-Malo A. Essential oils: antimicrobial activities,
extraction methods, and their modeling // Food eng. rev. 2015. N 7. P. 275-297.

[3] Sadyrbekov D.T., Ryazantsev O.G., Akhmetova S.B., Seidakhmetova R.B., Kenesov B.N., Atazhanova G.A., Adekenov
S.M. Thymes: composition and biological activity of essential oils / In book: Innovative development and the relevance of
science in modern Kazakhstan. Almaty, 2011. P. 153-158.

[4] Kazbekova A.T., Atazhanova G.A., Seitembetova A.Zh., Seitembetov T.S., Niyazova R.E., Adekenov S.M. The
relationship between the level of polyphenols and the antioxidant activity of essential oils of thyme distributed in the territory of
Kazakhstan // In book: Phenolic compounds: Fundamental and applied aspects. M., 2012. P. 75-78.

[S] Atazhanova G.A., Ryazantsev O.G., Adekenov S.M. Innovative patent of the Republic of Kazakhstan Ne 27863.
Antiviral agent. Appl. 12/18/2013.

[6] State Pharmacopoeia of the Republic of Kazakhstan. First edition. Astana, 2008. 230 p.

[7] Akhmetalimova A.M., Ishmuratova M.Yu., Ivasenko S.A., Loseva 1.V. Anatomical structure of the aerial organs of
Thymus eremita Klok // Proceedings of IV (XII) International Botanical Conference of Young Scientists. SPb., 2018. P. 35.

[8] Jia H.L., Ji Q.L., Xing S.L., P.H. Zhang, Zhu G.L., Wang X.H. Chemical composition and antioxidant, antimicrobial
activities of the essential oils of Thymus Marschallianus Will. and Thymus proximus Serg. // Journal of food science. 2010.
Vol. 75, N 1. P. E59-E65.

[9] Gaal B. The essential oils and oil content of native Hungarian thyme // Magyar Gyogyszeresztudomanyi Tarsasag
Ertesitoje. 1926. Vol. 2. P. 217-247.

[10] Dembitskii A.D., Yurina R.A., Krotova G.I. Composition of Thymus Marschallianus essential oil // Chemistry of
natural compounds. 1985. N 4. P. 477-481.

[11] Kasumov F.Yu. Component compositions of the essential oils of the genus Thymus // Chemistry of natural com-
pounds. 1987. N 5. P. 637-638.

[12] Jia H., Ji Q., Ai L., Zhang P., Zhu G., Wang X. Analysis of volatile oil of Thymus Marschallianus Willd from Xinjiang
by gas chromatography-mass spectrometry. Zhongguo Tiaoweipin. 2008. N 6. P. 60-63.

[13] Schratz E., Hirster H. Zusammensetzung des Ttherischen ales von Thymus vulgaris und Thymus Marschallianus in
Abhangigkeit von Blattalter und Jahreszeit // Planta medica. 1970. Vol. 19. P. 160-176.

[14] Berezutsky M.A., Durnova N.A., Vlasova A.V. New data on the distribution and chemical composition of thyme
species (Thymus L.) in the flora of Saratov region // In book: Development, research and marketing of new pharmaceutical
products. Pyatigorsk, 2009. P. 13-14.

[15] Durnova N.A., Romanteeva Yu.V., Kovtun A.N. Chemical composition of essential oil from Thymus Marschallianus
Willd. and Thymus Pallasianus H.B. growing in the territory of Saratov region // Chemistry of Plant Raw Material. 2014. N 2.
P. 115-119.

[16] Spiridonova S. I. Essential oil of Thymus Marschallianus Willd. // Zhurnal Obshchei Khimii. 1936. Vol. 6. P. 1510-1513.

[17] Korenskaya I.M., Izmalkova LE., Slivkin A.l., Falaleyev A.V., Maltseva A.A. Pharmacognostic and gas
chromatography-mass-spectrometric study of the aerial parts of Thymus satureioides and Thymus marschallianus Willd. //
Bulletin of VSU, series: Chemistry, Biology, Pharmacy. 2016. N 4. P. 137-141.

[18] Tkachev A.V., Prokusheva D.L., Domrachev D.V. Wild-growing essential oil-bearing plants of Southern Siberia.
Novosibirsk: Offset-TM LLC, 2017. 575 p.

[19] Sur S.V. Composition of essential oils from thyme herbs // Chemical and Pharmaceutical Journal. 1988. N 11. P. 1361-
1366.

— 54 ——



ISSN 2224-5308 Cepus 6uonoeuueckas u meouyunckas. Ne 5. 2018

[20] Akhmetalimova M., Orazbayeva P.Z., Ishmuratova M.Yu., Ivasenko K., Glowniak S.A. Study of raw material re-
sources of Thymus Marschallianusin the territory of the Central Kazakhstan // Bulletin of Karaganda University. Series: Biology.
Medicine. Geography. 2017. N 4(88). P. 8-14.

[21] Sarsenbaeva L.A., Gering A.V., Mukasheva F.T., Atazhanova G.A., Adekenov S.M. Chemical composition of
essential oils from Thymus mugodzharicus Klok. et Shost. and Thymuskaratavicus A. Dmitr. exGamajun. // In book:
Development, research and marketing of new pharmaceutical products. Pyatigorsk: Pyatigorsk GFA, 2016. Issue 72. P. 66-68.

[22] Dutova S.V. Pharmacological and pharmaceutical aspects of the immunotropic action of extracts from the raw material
of essential oil plants. Diss.doc. diss. in the speciality 14.03.06 Pharmacology, clinical pharmacology. Volgograd, 2016. 330 p.

[23] Myadenets M.A., Domrachev D.V., Vodolazova S.V. Investigation of the chemical composition of Nepeta sibirica L.,
Thymus petraeus L. and Schizonepeta multifida L., growing in the territory of the Republic of Khakassia // Chemistry of Plant
Raw Material. 2012. N 4. P. 119-124.

[24] Akhmetalimova A.M., Ivasenko S.A., Ishmuratova M.Yu. Prospects for the use of endemic representatives of the
genus Thymus L. as a medicinal plant raw material / Sechenov Bulletin. 2016. N 2(24). P. 35-36.

[25] Rabzhaeva A.N. Peculiarities of accumulation of the biologically active substances in Thymus baicalensis Serg.
depending on the environmental factors, Diss. ... cand. of biol. sci. in spec. 03.02.08 - Ecology, 03.02.01 - Botany. Ulan-Ude,
2011. 114 p.

[26] Stahl-Biskup E, Saez F. Thyme. The genus Thymus. London: Taylor and Francis, 2002. P. 85-124.

[27] Asllani U. Albanian Thyme varieties and their essential oils // Bulletin I Shkencave te Natyres. 1973. Vol. 27. P. 111-127.

[28] Abetisjan R.G., Aslanjaic C.K., Arutjunjan E.G., Akopjan C.W. The essential oils of Mentha longifolia (L.) Huds. and
Thymus serpyllum L. (Armenian SSR). // Rast. Res. 1988. Vol. 24. P. 605-610.

[29] Popov V.I., Odynets A.L. Study on the chemical composition of the essential oil of the Ukrainian thyme grown in
Belorussia (Thymus serpyllum) // Mater. S'ezda Farm. BSSR 3rd. 1977. P. 166-168.

[30] Buzuk A.G., Jurchenko R.A., Vinarskiy V.A., Buzuk G.N. Comparative pharmacognostical analysis of grass thyme //
Newsletter of Pharmacy. 2011. Vol. 53, N 3. P. 19-24.

[31] Hong-ju F., Jing-hua N., Shou-quan L., Yu-xiu F. The chemical composition of Thymus mongolicus Ronn. and
T. quinquecostatus. Celak oils of Chinese origin. // Flavor Fragr. Journal. 1988. Vol. 3. P. 73-77.

[32] Luo J., Song Y. Components of essential oil from Thymus mongolicus Ronn. // Linchan Huaxue Yu Gongye. 1989.
Vol. 9. P. 53-58.

[33]Zhang H., Wang Y., Zhang Zh. Study on chemical constituents of essential oil from Thymus mongolicus Ronn. // Acta
Bot. Boreal.-Occident. Sin. 1992. Vol. 12. P. 245-248.

[34] Kulisic T., Radonic A., Milos M. Antioxidant properties of thyme (Thymus vulgaris L.) and wild thyme (Thymus
serpyllum L.) essential oils // Ital. J. Food Sci. 2005. Vol. 3. P. 315-324.

[35] Eweis M., Imhemmed A.A.-A., Gad A.S Influence of Thymus serpyllum essential oil on Aspergillus parasiticus
morphology and aflatoxins production // Research journal of pharmaceutical, biological and chemical sciences. 2012. Vol. 3, N 2.
P. 322-332.

[36] Raal A., Paaver U., Arak E., Orav A. Content and composition of the essential oil of Thymus serpyllum L. growing
wild in Estonia / Medicina (Kaunas). 2004. Vol. 40, N 8. P. 795-800.

[37] Stahl-Biskup E., Laakso I. Essential oil polymorphism in Finnish Thymus species. // Planta Med. 1990. Vol. 56.
P. 464-468.

[38] Ivars L. Kemotaxonomiska undersijkningar av Thymus serpyllum // Famz. Aikak. Famceutisk Notisblad. 1964.
Vol. 73. P. 324-332.

[39] Von Schantz M., Ivars L. Uber die Zusammensetzung des itherischen Oles von Thymus serpyllum ssp. tanaensis
(Hyl.) Jalas. // Ann. Univ. Turku. A. II., 1964. Vol. 32. P. 301-307.

[40] Varga E., Bardocz A., Beldk A., Maraz A., Boros B., Felinger A., Boszérményi A., Horvath G. Antimicrobial activity
and chemical composition ofthyme essential oils and the polyphenolic content of different thymus extracts // Farmacia. 2015.
Vol. 63, N 3. P. 351-361.

[41] Razdan T.K., Koul G.L. Zur Zusammensetzung des Quendeloles (Thymian) // Riechstoffe, Aromen, Koérperp-
flegemittel. 1975. Vol. 25. P. 166-168.

[42] Gulati B.C., Gupta R. Essential oil from Thymus serpyllum. // Indian Perfumer. 1977. Vol. 21. P. 162-163.

[43] Verma R.S., Verma R.K., Chauhan A., Yadav A.K. Seasonal Variation in Essential Oil Content and Composition of
Thyme, Thymus serpyllum L. Cultivated in Uttarakhand Hills // Indian J Pharm Sci. 2011. Vol. 73, N 2. P. 233-235.

[44] Mohan M., Seth R., Singh P., Lohani H., Gupta S. Composition of the Volatiles of Hyssopus officinalis (L.) and
Thymus serpyllum (L.) from Uttarakhand Himalaya // National Academy Science Letters. 2012. Vol. 35, N 5. P. 445-448.

[45] Rasooli 1., Mirmostafa S.A. Antibacterial properties of Thymus pubescens and Thymus serpyllum essential oils //
Fitoterapia. 2002. Vol. 73. P. 244-250.

[46] Sefidkon F., Dabiri M., Mirmostafa S.A. The composition of Thymus serpyllum L. oil // Journal of Essential Oil
Research. 2004. Vol. 16, N 3. P. 184-185. DOI 10.1080/10412905.2004.9698691.

[47] Porto C., Decorti D. Analysis of the volatile compounds of aerial parts and essential oil from Thymus serpyllum L.
cultivated in North East Italy by HS-SPME/GC-MS and evaluation of its flavouring effect on Ricotta Cheese // Journal of
Essential Oil Bearing Plants. 2012. Vol. 15, N 4. P 561-571. DOI 10.1080/0972060X.2012.10644089.

[48] Loziené¢ K., Vaiciuniene J., Venskutonis P.R. Chemical composition of essential oil of creeping thyme (Thymus
serpyllum L.) growing wild in Lithuania // Plant Medica. 1998. Vol. 64. P. 772-773.

[49] Kruma Z., Galoburda R., Balins A., Kausinieks J., Sabovics M., Alsina 1., Zukauska 1. Volatile compounds compo-
sition of thyme belonging to different genetic clones // International Conference on Food Innovation. 2010. P. 1-4.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[50] Lozioné K., Venskutonis P.R. Chemical composition of the essential oil of Thymus serpyllum L. ssp. serpyllum
growing wild in Lithuania. // Journal of Essential Oil Research, 2006. Vol. 18, N 2. P. 206-211. DOI
10.1080/10412905.2006.9699067.

[51] Mockute D., Bernotiene G. 1,8-cineole-caryophyllene oxide chemotype of essential oil of Thymus serpyllum L.
growing wild in Vilnius (Lithuania) // Journal of essential oil research. 2004. Vol. 16, N 3. P. 236-238. DOI
10.1080/10412905.2004.9698708.

[52] Sattar A., Malik M.S., Khan S.A. Essential oils of the species of Labiatae part IV. Composition of the essential oil of
Thymus serpyllum // Pakist. J. Sci. Ind. Res. 1991. Vol. 34. P. 119-120.

[53] Hussain A.l,, Anwar F., Chatha S.A.S., Latif S., Sherazi S.T.H., Ahmad A., Worthington J., Sarker S.D. Chemical
composition and bioactivity studies of the essential oils from two Thymus species from the Pakistani flora // LWT - Food Science
and Technology. 2013. Vol. 50. P. 185-192.

[54] Ahmad A.M., Khokhar 1., Ahmad I., Kashmiri M.A., Adnan A., Ahmad M. Study of antimicrobial activity and
composition by GC/MS spectroscopic analysis of the essential oil of Thymus serphyllum // Internet Journal of Food Safety. 2006.
Vol. 5. P. 56-60.

[55] Aziz Sh., Habib-ur-Rehman, Irshad M., Asghar S.F., Hussain H., Ahmed I. Phytotoxic and antifungal activities of
essential oils of Thymus serpyllum grown in the state of Jammu and Kashmir // Journal of Essential Oil Bearing Plants. 2010.
Vol. 13, N 2. P 224-229. DOI 10.1080/0972060X.2010.10643816.

[56] Osinska E., Weglarz Z., Angielczyk M. Preliminary investigation on the variability of Thymus serpyllum L. growing
wild in Central Poland // Proceed XVIth EUCARPIA Gen Res. 2002. P. 253-256.

[57] Wesotowska A., Jadczak D., Grzeszczuk M.Influence of distillation time on the content and composition of essential
oil isolated from wild thyme (Thymus serpyllum L.) // Herba Polonica. 2012. Vol. 58, N 4. P. 40-50.

[58] nBanaeva Yu.A., Pokrovskiy L.M., Tkachev A.V. Chemical composition of the essential oil of Thymus serpyllum L.s.1.
growing wild in Altai region // Proceedings of the International Conference on Natural Products and Physiologically Active
Substances (ICNPAS-98). Russia, Novosibirsk, 1998. P. 145.

[59] Petrovi¢ S.S., Risti¢ M.S., Babovi¢ N.V., Lazi¢ M.L., Franciskovi¢ M., Petrovi¢ S.D. Chemical composition and
antioxidative activity of essential oil of Thymus serpyllum L. // Hemijska industrija. 2013. OnLine-First (00): 51-51, doi
10.2298/HEMIND130513051P.

[60] Stanisavljevi¢c D.M., Zlatkovi¢ B.P., Risti¢ M.S., Velickovi¢ D.T., Pordevi¢ S.M., Lazi¢ M.L. Hemijski sastav
etarskog ulja (Thymus serpyllum L.) sa podrucja Kopaonika // Savremene tehnologije. 2012. N 1. P. 25-29.

[61] Jarit C., Mitrovit M., Pavlovit P. Review of Ethnobotanical, Phytochemical, and Pharmacological Study of Thymus
serpyllum L. // Hindawi Publishing Corporation. Evidence-based complementary and alternative medicine. 2015. Article ID
101978. http://dx.doi.org/10.1155/2015/101978.

[62] Ummihan T., Mitsuru S., Motonobu G., Semih O. Chemical compositions and antioxidant properties of essential oils
from nine species of Turkish plants obtained by supercritical carbon dioxide extraction and steam distillation. / IntJFoodSciNutr.
2008. Vol. 59. P. 619-634. DOI 10.1080/09637480701553816.

[63] Sur S.V., Tulyupa F.M., Tolok A.Ya., Peresypkina T.N. Composition of essential oils from the aboveground part of the
Thyme // Khim. Farm. Zh. 1988. Vol. 22. P. 1361-1366.

[64] Kirillov V., Stikhareva T., Mukanov B., Chebotko N., Ryazantsev O., Atazhanova G., Adekenov S.. Composition of
the Essential Oil of Thymus serpyllum L. from Northern Kazakhstan / TEOP. 2016. 19(1). P. 212-222.

[65] Suleimen E. M., Ibataev Zh. A., Iskakova Zh. B., Ishmuratova M. Yu. Constituent composition and biological activity
of essential oil from Thymus stepposus // Chemistry of Natural Compounds. 2016. Vol. 52, N 1. P. 171-172. DOI
10.1007/s10600-016-1583-x.

[66] Satyal P., Murray B.L., McFeeters R.L., Setzer W.N. Essential oil Characterization of Thymus vulgaris from various
geographical locations // Foods. 2016. N 5. Doi 10.3390/foods5040070 www.mdpi.com/journal/foods

[67] Sokovi¢ M., Vukojevi¢ E., Marin P.B., Brki¢ D.D., Vajs V., Griensven L. Chemical composition of essential oils of
Thymus and Mentha species and their antifungal activities / Molecules. 2009. N 14. P. 238-249; doi 10.3390/-molecules
14010238.

[68] Borugd O., Jianu C., Misca C., Golet 1., Gruia A.T., Horhat F.G. Thymus vulgaris essential oil: chemical composition
and antimicrobial activity // Journal of Medicine and Life. 2014. Vol. 7, N 3. P. 56-60.

[69] Kulpa D., Wesotowska A., Jadczak P. Micropropagation and composition of essentials oils in garden Thyme (Thymus
vulgaris L.) // Not Bot Horti Agrobo. 2018. 46(2). DOI 10.15835/nbha46211020.

[70] Pirbalouti A.G., Hashemi M., Ghahfarokhi F.T. Essential oil and chemical compositions of wild and cultivated
Thymus daenensis Celak and Thymus vulgaris L. // Industrial Crops and Products. 2013. Vol. 48. P. 43-48.

[71] Grosso C., Figueiredo A.C., Burillo J. Composition and antioxidant activity of Thymus vulgaris volatiles: Comparison
between supercritical fluid extraction and hydrodistillation // J. Sep. Sci. 2010. Vol. 33, N 14. P. 2211-2218.

[72] Letchamo W., Marquard R., Holzl J., Gosselin A. The selection of Thymus vulgaris cultivars to grow in Canada //
Angewandte Botanik. 1994. Vol. 68. P. 83-88.

[73] Starchak Yu.A. Pharmacognostic study of plants of the genus Thymus L. as a promising source for phyto-drugs
production. Diss. ... doct. pharm. sci. — Kursk, 2016. — 470 p.

[74] Ramak P., Osaloo S.K., Sharifi M., Ebrahimzadeh H., Behmanesh M. Biosynthesis, regulation and properties of plant
monoterpenoids // Journal of Medicinal Plant Research. 2014. Vol. 8(29). P. 983-991.

[75] Majdi M., Mashhady A.M., Maroufi A., Crocoll C. Tissue-specific gene-expression patterns of genes associated with
thymol/carvacrol biosynthesis in thyme (Thymus vulgaris L.) and their differential changes upon treatment with abiotic elicitors //
Plant Physiology and Biochemistry. 2016. DOI: 10.1016/j.plaphy.2017.03.016.




ISSN 2224-5308 Cepus 6uonoeuueckas u meouyunckas. Ne 5. 2018

[76] Mikio Y, Tacko U. Biosynthesis of thymol / Chem. Pharmaceu. Bull. 1962. Vol. 10. P. 71-72.

[77] Sadyrbekov D.T., Ryazantsev O.G., Kenesov B.N. On theissue ofessential oils composition of some endomic thymes //
In book: Innovative development and the relevance of science in modern Kazakhstan. Almaty, 2011. P. 111-114.

[78] Kushnarenko S.V., Utegenova G.A., Shegebayeva A.A., Ozek G., Ozek T., Abidkulova K.T., Kotukhov Yu.A.,
Danilova A.N. The antimicrobial activity of essential oils of some plantsof Kazakhstan // Bulletin of KazNU. Biological Series.
2016. N 2(67). P. 199-206.

I'. A. ATaxxanoBa
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3®UPHBIE MACJIA PACTEHUMPOJA THYMUS L.
®JIOPHI KABAXCTAHA: XUMHUYECKHAW COCTAB U TEPCIIEKTUBBI UCITIOJIb30BAHUSA

AnHotanusi. O000IICHBI COOCTBEHHBIC AHHBIC [0 XUMHYCCKOMY COCTaBy 3(HUpPHBIX Maced 14 BUIOB pacte-
Huid BunoB Thymus L. cemeiictBa Lamiaceae Lindl. ¢pnopsl Kazaxcrana. [IpoBeneH CpaBHUTENIBHBIM aHAIN3 TOIY-
YEHHBIX aBTOPOM PE3YJIBTaTOB C OIyOJIMKOBAaHHBIMU MaTepHaiaMu 1o 3upHbIM MaciaM BUIOB Thymus. B cratbe
00CyXJaroTcsi IyTH OMOCHHTE3a OCHOBHBIX KOMIIOHEHTOB B BHJax 1hymus L, KOTOpbIe IOATBEP)KIECHBI PE3yiib-
TaTaMM HCCIEJOBAHUS aBTOPOM KOMIIOHEHTHBIX COCTaBOB (GHpPHBIX Maceln. [IpuBeneHbl NaHHBIE IO CKPHHHUHTY
9(UPHBIX Macel THMbSHOB HAa OHOJIOTHYECKYI0 aKTUBHOCTb.

KnioueBble cji0Ba: THMbsH, 3QUpHbIE Macia, MOHO- U CECKBUTEPIEHOUJIBI, XPOMAaTO-MaCC-CIIEKTPOMETPH,
6uocuHTe3.
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ANALYSIS OF MORBIDITY OF ADOLESCENT POPULATION
OF PRIARALIA

Abstract. Analysis of statistical data showed that in the period from 2006 to 2016, the number of respiratory
diseases in children aged 15 to 17 living in the Kyzylorda region decreased to the minimum values for Kazakhstan.
The number of adolescents with blood diseases, hemopoietin organs and immunity disorders has been doubled,
many noted the presence of iron deficiency anemia, an increase in the number of digestive system diseases by 30%,
the nervous system by 40%, eye diseases and its adnexa by 52 %, compared with the average republican indicators
for the same period. At the same time, teenagers living in rural areas of Kyzylorda region registered 46% more cases
of blood diseases and immune reactivity, 24.1% more children with iron deficiency anemia, 10% more children
suffering from diseases of the nervous system and 52 % more adolescents with diseases of the digestive system,
compared with adolescents living in urban conditions in the Aral Sea region. Only in terms of health of the eyes and
its appendages, the number of rural adolescents was 30% less than the number of urban children with impaired and
disturbed visual function.

Key words: Priaralye, teenagers, health, disease.

Introduction. Because of the intensive development of irrigation since 1960 in Kazakhstan and
Central Asia, the run off to the lower reaches of the Syrdarya and Amudarya rivers has been steadily
decreasing. As a result, there was a steady decline in the level of the Aral Sea, which led to the deserti-
fication of river deltas, the deterioration of the state of ecosystems. The active processes of soil salinity
due to increased groundwater mineralization and salt-dust removals from the exposed bottom of the Aral
Sea, the drop in groundwater levels outside irrigation systems and the absence of horizontal water ex-
change led to the development of aridization and desertification processes in this region [1].

The change in hydrological conditions caused a sharp decline in soil fertility and degradation of
vegetation. Lowering the level of groundwater has led to deterioration in the water supply of the surroun-
ding regions. Environmental problems caused global and regional climate changes, due to the intensi-
fication of the greenhouse effect, an increase in the concentration of carbon dioxide in the atmosphere,
salt-dust removals and disturbed human living conditions in the Aral Sea area [2].

Analysis of the incidence of adolescent population in Kyzylorda region. In connection with the
developing ecological disadvantage of the region, there was a significant increase in the overall morbidity
of the Aral Sea area population, exceeding the average republican indicators. The 2002 year in Kyzylorda
region the total morbidity was 71538 cases per 100 thousand of population with the average republican
value of this indicator 57518, which is almost 25% of the increase. In the period 2006-2007 the total
morbidity of Kyzylorda region residents was 18-20% higher than the average republican indicators, in
2008-2010, this indicator was higher by 10%, in the period from 2011 to the present, the data on the
general incidence of the population of the Aral Sea area show the average republican level (figure 1).

In the period 2006-2007, the incidence rate of the adolescent population (79210.5) in Kyzylorda
region corresponded to the average republican level (77,403.5) with insignificant fluctuations in the
direction of growth. In the structure of morbidity, the leading position of respiratory diseases (15595.7),
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Where 1-11 is the period from 2006 to 2016 (blue - Republic of Kazakhstan, red- Kyzylorda region)

Figure 1 — The dynamics of the overall incidence of the population of the Republic of Kazakhstan and Kyzylorda region
for the period 2006-2016 (per 100 thousand populations)

diseases of the digestive organs (22581 cases per 100 000 people of this population) was revealed, which
is 3.3 times higher than the average republican indicator (6773.9). The high incidence rate of adolescent
population with blood diseases, hematopoietic organs and immunity (8691.4) with iron deficiency anemia
(8677.0) is shown. There was a tendency to an increase in diseases of the urinary system (6354.1), disea-
ses of the eye and its appendages (4870.8), the ear and mastoid process (3696.2), diseases of the nervous
system (2662.7) [3].

Analysis of statistical data for the period 2015-2016 on the incidence of adolescents from 15 to
17 years of Kyzylorda region showed that the total incidence is 69962.3 cases per 100 thousand of the
corresponding population, which is 18% less than the average republican indicator (85228.8 in the
Republic of Kazakhstan) and by 11.6% less than in 2006-2007 (figure 2).
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Where 1-11 is the period from 2006 to 2016 (blue - Republic of Kazakhstan, red- Kyzylorda region)

Figure 2 — The indicators of the overall incidence of adolescents in the Kyzylorda region in comparison
with the average republican data for the period 2006-2016. (per 100 thousand population)

In the structure of diseases in the region, the teenage population retained leading positions in the
incidence of respiratory diseases (19426,1), which is 24.5% more than in 2006-2007, digestive apparatus
diseases (9240.6), 32% the average republican indicator for 2016 (6997.4) and 59% less than in 2006-
2007. It was found out that 45% more sick teenagers in rural areas (10509.4 cases) than in the city
(7218.0). It was also found out that the number of adolescents with eye diseases and its appendages
(8205.8) increased by 52% in the region, as compared to the data for the same indicator for the Republic
of Kazakhstan [4].
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Statistics show that over the past 10 years, the teenage part of the population of Kyzylorda region has
decreased by 8% the incidence of blood diseases, hematopoietic organs and immunity (7976.8), iron
deficiency anemia (6898.6), compared with the corresponding data for 2006-2007. However, in relation to
the average republican indices of 2015-2016, the incidence of children with blood diseases in the region
was 2 times higher than in the Republic of Kazakhstan. High indicators were also revealed in the inci-
dence of diseases of the nervous system in adolescents (3263.8), which is 9% higher than the national
indicator (2989.1) and 22.5% higher than the corresponding indicator in the period 2006-2007, while the
incidence rural schoolchildren was 10% more than urban. The incidence of congenital anomalies (malfor-
mations), deformities and chromosomal abnormalities in the period 2015-2016 in the teenage population
of the region (144.9) was significantly lower than the average republican values (325.2) [3-9].

Thus, a comparative analysis of the incidence of children aged 15 to 17 years living in the Kyzylorda
region for the period 2006-2016 a high incidence of children with blood diseases, hematopoietic organs
and immunity disorders, iron deficiency anemia, the number of which exceeded the average republican
indicators by 2 times. So, if in the RK the number of such diseases was 3792.2 cases, respectively, for 100
thousand adolescents, in children from 15 to 17 years old living in Kyzylorda region, suffering from
anemia and blood and immune system diseases is 7976.8 cases, that 2 times more than the average
republican indicators. At the same time, an increase in the number of children with blood diseases and
immune reactivity living in rural areas by 46% was found, with signs of iron deficiency anemia by 24.1%,
compared with the data of the RK [3-9].

An increase in respiratory diseases by 28-30% has been revealed in the region, in comparison with
the data of 2006-2007. Nevertheless, when compared with the average republican data, over the past
10 years, the number of respiratory diseases in both the adult population and schoolchildren aged 15 to
17 living in the Kyzylorda region was consistently 40-50% lower than in other regions of Kazakhstan. So,
in 2016, the incidence in the region was 19426.1 diseases per 100,000 adolescents against 39679.6
respiratory diseases, on average in the country.

A 30% increase in diseases of the digestive system in children aged 15-17 is shown, compared with
the average republican values, which leads Kyzylorda region to the third place in Kazakhstan, after the
Almaty and Pavlodar regions. At the same time, according to the data of 2015-2016, the number of
diseases of the digestive system and those living in rural areas exceeded by 52% the number of urban
teenagers with similar problems.

In addition, the analysis of statistics 2015-2016 shows that the diseases of the nervous system in
adolescents of the Aral Sea area have a pronounced tendency to increase and constitute 4635.1 diseases
per 100 thousand people, which shows the third place in Kazakhstan, after Pavlodar and Almaty region
and 40% more than the average republican indicators. At the same time, the number of children living in
rural areas and suffering from diseases of the nervous system is 10% higher than in urban areas (village
3377.4 and city 3082.7).

Particularly significant growth was found in the incidence of eye and adnexa in adolescents in the
Kyzylorda region, whose rates exceed the average republican data by 52%, which is 8205.8 per 100,000
of the population against 5395.1 average republican values. It is noted that the incidence of diseases of the
eye and its appendages in adolescents aged 15 to 17 living in rural areas of Kyzylorda region is 30%
(7028.3) less than the incidence of urban children with a similar visual function disorder (10082.7 disea-
ses per 100 thousand people of the corresponding population). It should be noted that for this disease the
region also ranks third in the Republic after the Aktobe and Pavlodar regions [3-9].

Analysis of the morbidity of the growing population of the Aral Sea region living in an ecologically
crisis region over the past 10 years has made it possible to identify the leading groups of diseases that.

Conclusion.

1. Comparative analysis of statistical data on the incidence of adolescent population in the Kyzylorda
region for the period from 2006 to 2016 showed an increase in the incidence of respiratory diseases,
diseases of the nervous system, eye diseases and its adnexa.

2. Over the past 10 years, the incidence rate of blood diseases, hematopoietic organs and immunity
disorders, iron deficiency anemia, digestive organs in the adolescent part of the region's population has
decreased, compared to 2006-2007.
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3. Incidence of children aged 15 to 17 years living in rural areas of Kyzylorda region, respiratory
diseases, blood diseases and immune reactivity is higher than in the city.

4. Comparative analysis of statistical data of Kyzylorda region with average republican data on the
incidence of children from 15 to 17 years showed that in 2015-2016, in the region the number of adoles-
cents with eye diseases and its appendages has significantly increased, leading positions on the incidence
of blood diseases, blood-forming organs and immunity disorders, and diseases of the nervous system have
been preserved.

The work was carried out within the framework of the science project: "Physiological and genetic
assessment of adaptive reserves and general resistance of the organism in children of school age living in
different regions of Kazakhstan."
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1. K. baxTusposa, Y. H. Kansimena, b. U. ’KakcpimoB

KP BFM PMK HIKX «Anam >xoHe sxaHyapiap (pU3U0IOTHSIChI» HHCTUTYTHI,
Anmarsl, Kazakcran

APAJI MAHBIHJIATBI
KACOCHIPIMAEPAIH AYPYJIAPBI ’)KANUJIBI CAPAIITAMA

AnHoTanus. CTaTUCTHKAIBIK ManiMeTTep Ooibiama, 2006-2016 >xputnap apansiFbiHaa KelbI3butiopaa 00IIbI-
ceiHza 15-17 »kac apanbIlFbIHIarbl Oayianap/iblH THIHBICATY JXKYHeci aypynapbiHbIH Ke3zuecyl Kasakcran OoitbiHIina
anfaHaa MHHUMAJIbJI KepceTKilike neiiH TteMeHnereH. JKacecmipiMIepAiH KaH OHE MMMYHHUTETTIH OY3bLIybI
aypyJapbl caHbl 2 ece yiiFaiifaHbl aHbIKTan bl. OnapAblH KOIIIUIriHAE OChl XKbULIAPbl apalbiFbiHAa Pecny0mnnka
OolibIHINIA OpTa KOPCETKILINEH CAIBbICTBIPFAHIa TEMIPTAMIIbUIBIFGl aHEMUSIChI, aCKOPBITY JKOJIIapbl aypyJIapbIHbIH
30%, xyiike xyieci - 40%, kepy Kyieci MeH Ke3 aypyJapbl - 52% apbITbIKaHABIFb aHbIKTANABI. COHBIMEH Oipre,
Kp13bu10p/ia 00JIBICBIHBIH aybUIIBIK alMaKTapblHIa TYPAThIH KacecHipiMAEpIiH Kajana TypaThliH jKacecmipiMaep-
MEeH canbIcThIpraHia 46% KaH aypyJapbl MEH UMMYHIBIK aypyJapbHbIH OeieH anraHiblFbl, Oananapasiy 24,1%
TEMIPTAaIIIbLIBIFB aHeMHsChI, 10% xylike xyleci aypynapbl sxoHe 52% acKOPBITY KOJIJAPbIHBIH KU Ke31eCeTIH/Ir
aHbIKTabl. Tek Kepy jKyHeci MeH Ke3 aypyJsiapbl OOWBIHINA aYBUIABIK JKEPJE TYPAThIH JKacecHipiMAep KaJlaJbIK
xerkiHmekrepre kaparanaa 30 30% TeMeH eKeH I aHBIKTaIIbI.

Tyiiin ce3nep: Apai, xacecnipimep, IeHCayIbIK, aypyJiap.
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II. K. baxTusiposa, Y. H. Kansimena, b. U. ’KakcpimoB

PI'TI na ITXB «MuctutyT huznonorun yenoseka u xuBotHbx» KH MOH PK,
Anmatsl, Kazaxcran

AHAJIM3 3ABOJIEBAEMOCTH NOJIPOCTKOBOI'O HACEJIEHUSI ITPUAPAJIBSI

AHHOTaUMA. AHAJIU3 CTATUCTUYECKUX JAHHBIX MokKa3al, 4to B mepuoa ¢ 2006 mo 2016 roapl KOJIUYECTBO
3a0oJIeBaHNI OpPraHoB JbIXaHUs y AeTed oT 15 mo 17 ner, npoxwuBatomux B Ke3putopAnHCKO# 001acTH, CHU3MIIOCH
JI0 MMUHUMaJIBHBIX 3HaueHHH mo Kazaxcrany. BulsiBieHO yBenuueHue B 2 pas3a 4HCIIa MOJPOCTKOB C OOJE3HIMH
KPOBH, KDOBETBOPHBIX OPTaHOB M HApYyIIEHUI IMMYHHTETa, Y MHOTUX OTMEUYEHO HAJIMYHME JKee301e(UIMTHOI aHe-
MHH, POCT 4KciIa 3a00JI€BaHUI NHUIIEBAPUTENBHON crcTeMbl - Ha 30%, HepBHOH cuctemsl - Ha 40%, 3aboneBanuii
a3 ¥ ero NpHIATOYHOro ammapara - Ha 52%, 1o CpaBHEHHIO CO CpelHEpecHyONMKaHCKUMH TMOKa3aTelsIMU 3a
aHANOTUYHBIA Tepuo. [Ipu 3ToM, y TOAPOCTKOB, MPOKHUBAIOIINX B CEIHCKOH MeCTHOCTH KBI3BLIOpIUHCKON 00-
JIacTH, 3aperucTpupoBaHo Ha 46% Oompire yucia 3a00JeBaHWN KPOBH M MMMYHHOW peakTHBHOCTH, Ha 24,1%
OoJpllie OKa3aoch JeTel ¢ xene3oaeduIuTHON anemueid, Ha 10% Oosble merel, cTpamarmux 0OJE3HIMHA HEPB-
HOW cHCTEeMBI B Ha 52% OO0IbIIe MOAPOCTKOB, 3a00JIEBIINX OOJIE3HAMH MUIIEBAPUTEIEHOW CUCTEMBI, IT0 CPABHEHHUIO
C TOJIPOCTKaMH, IIPOXKHUBAIOIIMMH B TOPOJCKHX ycaoBusxX [Ipuapanbs. TonbKo MO MoKa3aTensM 310pOBbs IJ1a3 U €ro
MPUJATKOB YHUCIIO CEIbCKUX IMOJPOCTKOB OKazanoch Ha 30% MeHble Yucia FopoiCKUX JeTed ¢ HapyIeHUsIMU U
paccTpoNHCTBOM 3pHUTENBHOM (DYHKIHH.

KiroueBblie ciioBa: [Ipuapanbe, moapocTKH, 310pOBbe, 3a00IeBaHNE.
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BIOLOGICALLY ACTIVE SUBSTANCES FROM
PLANT SUDAEDA VERA AND THEIR ANESTIZING ACTIVITY

Abstract. The article presents the results of a complex study of the chemical compositions of conditional phy-
topreparations obtained from the aerial part of the Suaeda Vera family of the Chenopodiaceae collected during the
flowering period in the Ili region of the Almaty region of the Republic of Kazakhstan.

The structures of the compounds characteristic for the given plant and providing some aspects of their the-
rapeutic activity. Examined and proven, in particular high-performance liquid chromatography from an alcohol
extract obtained from the aerial part of Suaeda Vera, apigenin and rutin, flavanoids characteristic of plants of the
family Chenopodiaceae and having proven anti-inflammatory, antioxidant and immunostimulating activity, are also
found amino acids, tannins, carbohydrates, phenols, alkaloids, saponins, triterpenoids typical for plants common in
arid zones.

The drug in question showed significant analgesic activity in an in vivo test on laboratory animals, while the
diclofenac sodium, well known in medical practice, served as a comparative drug.

The work on the study of the plant continues.

Key words: Chenopodiaceae, Suaeda Vera, standardization, phytopreparation, content of BAS, activity.

Introduction. The purpose of this work is to identify biologically active substances from certain
plants growing in arid zones of Kazakhstan and to study the activity of a conventional phytopreparative
obtained from this plant.

One of the research tasks was the study of the phytochemical compositions of the conditional
phytopreparations obtained from the above-ground part of Suaeda Vera [1-7]. The choice of objects is
related to:

- The wide distribution of representatives of the genus Suaeda on the territory of the Republic of
Kazakhstan, which determines their industrial reserves;

- Unpretentiousness, endurance, easy adaptation to the environment;

- The expediency of harvesting the aerial part of plants, since it takes about a year for vegetative
restoration, whereas in the case of harvesting roots - two years;

- The optimality of the methods of obtaining conditional phytopreparations in the form of dry
residues, cost-effectiveness and environmental safety of the technology.

Thus, Suaeda Vera, indeed is a promising plant, to create domestic phytopreparations, obtained from
plant raw materials, growing in the arid zone of Kazakhstan.

In this paper, we studied some hydrolysable phenolic compounds contained in 85% ethanol extract
isolated from the aerial portion of the Suaeda Vera plant of the Chenopodiaceae family.

From the plant under investigation, a conditioned phytopreparation was obtained.The indicators of
good quality of the conditional phytopreparation: humidity, total ash, 10% insoluble ash in hydrochloric
acid and sulfate ash, are determined in accordance with the methods described in the State Pharmacopoeia
of the Ist edition of [8].
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From the plant under investigation, a conditioned phytopreparation was obtained. During the
extraction, the plant material studied showed a high level of extraction.

An important indicator of the good quality of raw materials is the mineral composition, which
contains the following elements: K. Na, Mg, Ca, Fe, C, Si, P less often and in a smaller amount of Cu,
Mn, Al etc. [9-14].

Methods. At the initial stage, we obtained an 85% water-alcohol extract from the aerial part of the
Suaeda Vera plant, according to the following procedure:

The air-dried raw material was subjected to extraction by infusion with 85% aqueous ethanol at room
temperature for 3 days. Extraction is repeated twice. The combined extract is concentrated on a rotary
evaporator until ethanol is completely removed.

Methods of two-dimensional and one-dimensional paper chromatography using specific developers
as well as by TLC in various solvent systems found that 85% hydroalcoholic extract of the major groups
of biologically active substances aboveground mass of the test plants are substances of phenolic character
which previously attributed to oxidized forms of flavonoids (aglycone - quercetin, izoramnentinu, hrizo-
eriolu, flavonolovym glycosides), carbohydrates (fructose, galactose, glucose, xylose, rhamnose), phenols
(pirokate in, pyrogallol, resorcinol, hydroquinone), carotenoids, phenolic, amino and fatty acids [15-26].

Further, by high-performance liquid chromatography with an ultraviolet detector at a wavelength of
254 nm in a methanol / 5% acetic acid solvent system in a ratio of 40:60 with a Zorax CB C-18 column
150 * 4.6 mm at a flow rate of 0.5 ml/min. The weight of the sample 0.001 g in 5 ml of the solvent from
the phytopreparation was isolated a number of substances, after comparison with the obtained data with
standard samples; we managed to identify apigenin and rutin.

In our work, the analgesic activity of the 85% Suaeda Vera extract was determined on the scientific
and technological basis of JSC "International Research and Production Holding Fhitochemistry "in a
chemical peritoneal stimulus test on white mongrel mice. By the following method. A 0.75% solution of
acetic acid was administered intraperitoneally in an amount of 0.1 ml per 10 g of animal weight. 30 minu-
tes prior to the administration of acetic acid, the subjects under study were intragastrically administered at
a dose of 5 mg/kg. Immediately after the introduction of the stimulus, the cortex was counted for 30 mi-
nutes.

The analgesic effect of the sample was determined by the ability to reduce the number of "cramps"
during 10, 15, 20 and 30 minutes, compared with the corresponding values in the control group [30].
Comparison drug "Diclofenac sodium", which was tested at a dose of 8 mg/kg.

Results and discussion. Suaeda Vera found: flavonoids, amino acids, tannins, carbohydrates,
phenols, saponins, triterpenoids.

Using high-performance liquid chromatography with a spectrometric detector using standard samples
in 85% extract obtained from the aerial part of the Suaeda Vera plant, we identified, identified, and
quantitated routines and apigenin belonging to the flavonoid class. The data are presented in table 1.

Table 1 — Flavonoids identified in the aerial part of Suaeda Vera using standard samples

Number of compound

Name of compound

Molecular formula

Retention time, min

Qantity, %

1

Apigenin

C15}110()5

11,294

0,21

2

Routine

(:27}{30()16

9,303

0,03

Table 2 — Results of the determination of the anesthetic activity of the extract from the aerial part of Suaeda Vera

Reducing the number of "vinegar cramps" and the difference
Name é)é‘sseample, from those shown in the control
10 min 15 min 20 min 30 min
Control - 2848,1 50,5+4,7 64,8475 91,0+12,4
Diclofenac sodium 8 mg/kg 23,5+5,6 41,3+£5,0 56,3+5,2 65,3+7,9
Suaeda vera 5 mg/kg 29+8,6 43,0+10,8 55,8+10,3 71,3£16,0

— (4 ——
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In addition, by in vivo method in laboratory mice, we determined the biological activity of 85%
alcohol extract from the aerial part of Suaeda Vera, as a result, it was revealed that the extract of the plant
under study has some anesthetic effect. Data on anesthetic action are presented in table 2.

In general, comparable in the level of exposure to sodium diclofenac, with a comparable effect
achieved with a lower dose of the drug administered, 5 mg/kg of Suaeda Vera extract against 8 mg/kg of
diclofenac sodium.

Conclusion. As a result of the study of the chemical composition and biological activity of 85% of
the extract obtained from the above-ground portion of the Suaeda Vera plant of the Chenopodiaceae
family, we found that the investigated object contains minor flavanoids: rutin and apigenin, plant BAS
classes such as phenolic acids, amino acids, free organic acids, polysaccharides, carbohydrates, phenols
and carotenoids. Anesthetic activity of 85% alcohol extract was determined and it is proved that it is
comparable in effectiveness with the drug Diclofenac sodium.

The work on further study of the chemical composition and biological activity of the plant to study
the plant Suaeda Vera continues.
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B. C. Ockanos', E. C. Uxcanos', ¥O. A. JIutBunenko', C. M. Anexenos, I, I1I. Bypamesa'

'On-Mapabu ateiHaarsl Ka3ak yITThIK YHHBEPCUTET,
XuMust )KOHEe XUMHSIIBIK TeXHoJorus (akynbreti, Anmarsl, Kasakcran,
2«@UTOXUMM S XanskapaisIK FbLIBIME OHipicTik xommuuri» AOG Kaparanna, Kasakcran

SUAEDA VERA ©CIMAIT'THIH BUOJIOT'USJIbIK BEJICEH/I 3ATTAPBI
7KOHE OHBIH AYPYJIbl BACY KABIJIETTIJIIT'T

Annoranus. Makanana Kasakcran PecnyOmukacel, AnMmartel 00JbICH, [€ aynaHbIHAH TYJICY KE3iHIC KH-
Hanral Chenopodiaceae TykbIMaacel, Suaeda Vera eciMIiriHiH sxep OeTi OeliriHeH ajbIHFAH MIAPTTH (QUTONpE-
NapaTThIH XUMUSUIBIK KYPaMbIHBIH KEeIIEeH/ 1 3epTTey HOTHXKEIepi XKypri3iireH.

3epTTeneTiH ©CIMIIKKE TOH 3aTTap KapacThIPBUIBIN, TEPANeBTIK OEICEHIUNIK KOpPCETETiH KOCHUIBICTAPIbIH
KYpIBICH KenTipiireH. JKoFapFel CYHBIKTEI XpoMaTorpadus oaiciHiH keMmeriMeH Suaeda Vera eCIMIITiHIH XepTYCTI
OeJiriHeH aNbIHFAH CIUPTTIK SKCTPAKTiACH allMTeHUH JKOHE PYTHH aHBIKTanFaH, Oyn 3arrap Chenopodiaceae
TYKBIMIAChIHA TOH OOIBINT ecemTeNielli, COHBIMEH Karap ©OCIMAIKTe aMHHKBIIKBUIIAp, KeMipcynap, QeHommap,
TPHUTEPIICHAEP, CAIOHUHAEP, ATKAIONATAp XKOHE TePi MIIETIII 3aTTap aHBIKTAJFaH, OJap KaOBIHYFa, TOTHIFY YpIiCiHe
XKOHE IMMYHCTUMYJIICYII KACHET KOPCETE .

AJBIHFaH TpenapaT 3epTXaHaNbIK JKarnaiina in vivo mecm Ke3iHAe aypyIsl OacyIibl OeICeHAITIK KOPCeTKEeH,
CaJIBICTBIpPMaJIbI Mperapar ecebiH/ie MeIUIMHAIBIK IPaKTHKaa OeNTil HaTpui TuXiIoQeHari ajabIHFaH.

OCIMIIKTI 3epTTeY KYMBICHI KaJFacya.

Tyiiin ce3nep: Anabyra Tykeimuac (Chenopodiaceae) ecimuix: Suaeda Vera, crannmaprray, ¢guronpenapar,
BB3 kypamsl, 6enceHaitiK.

B. C. Ockanos', E. C. Uxcanos', ¥O. A. JIutBunenko', C. M. Anexenon?, I, I1I. Bypamesa'

'Ka3axckuii HAMOHABHBIN YHHBEPCUTET HM. ab-Dapabu,
@akynbTeT XMMUHU U XUMUYIECKOH TeXHOJIOTHHU, AnMmatsl, Kasaxcras,
’AO «MexIyHapOaHbIi HAyYHO-TIPOM3BOACTBEHHbIH Xomauur « DUTOXUMMU Iy, Kaparanaa, Kasaxcran

BUOJIOT'NMYECKHU AKTUBHBIE BEHIECTBA U3 PACTEHUMS POJA SUAEDA VERA
N NX AHECTU3UPYIOIIIAA AKTUBHOCTD

AnHoTanusi. B cratbe mpezcTaBiieHbl pe3yNbTaThl KOMILIEKCHOTO HCCIECIOBAaHHMS XHMHUYECKHUX COCTaBOB
YCIIOBHBIX (DUTOIpENapaToB, IOIYYCHHOTO W3 HaJ3eMHBIX uacteil Suaeda Vera cemeiictBa Chenopodiaceae,
coOpaHHBbIe B Iepuo iBeTeHus B MnniickoMm paiione AnmaruHckor obnacti Pecrryonmkn KazaxcraH.

PaccMoTpeHs! 1 J10Ka3aHbl CTPYKTYPBI COSIMHEHUH XapaKTEPHBIX ISl JaHHBIX PACTEHUH W 00eCTIeYHBAIOIINX
HEKOTOPbIE ACTIEKTHl MX TEPANleBTHIECKOW aKTMBHOCTH, B YACTHOCTH METOAOM BBICOKOA(()EKTUBHON KHUIKOCTHOH
XpoMaTorpaduu U3 CIIUPTOBOIO HKCTPAKTA MOIYUYCHHOTO U3 HAI3eMHOM yacTu Suaeda Vera BbIIEICHB alUTCHUH U
PYTHH siBIIsIIOINMEcs (UiaBaHOMOAMH XapaKTEpPHBIMHU Ul pacTeHui cemeiictBa Chenopodiaceae v MMelomue no-
Ka3aHHYI0 MPOTHBOBOCIAIUTENbHYIO, aHTHOKCHAAHTHYI0O M MMMYHOCTHUMYJIHPYIOUIYI0 aKTHBHOCTh TaKke OOHa-
PYKEHBI aMUHOKHUCIIOTBI, yOWIbHBIC BEIIECTBA, aTKAJIOU/IbI, YTIEBObI, (DEHOIBI, CAIOHHHBI, TPUTCPIEHONIBI.

PaccmarpuBaeMblil Ipenapar MOKa3ajl 3HAYUTENIbHYH) aHaJIbI'€TUYECKYH) aKTUBHOCTb IIPU TECTE in Vivo Ha
1a00paTOPHBIX JKUBOTHBIX, MPENapaToM CPaBHEHHs IPU 3TOM BBICTYNA]T XOPOLIO HM3BECTHBIM B MEIUIIMHCKOMN
MPaKTHKE AUKIO(PEHAK HATPUSL.

PaboTa 1o nccneioBaHuio pacTeHUs! IPOIOIKACTCSL.

KiroueBble ciaoBa: pactenust cemeilictBa Mapesole (Chenopodiaceae): Suaeda Vera, crannmapruzanms,
¢uronpenapat, conepxxanue BAB, akTHBHOCTS.
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NEW TRENDS OF MEDICAL MEDIA
IN TRAINING AND PRACTICE

Abstract. According to the authors, the solution of emerging conflicts in the field of medicine can be solved
with the help of mediators. Mediation is used to resolve problems and disagreements in the sphere of labor relations,
professional disputes, problems in the construction industry, education and health care, conflicts in the domestic
sphere. Public and private organizations and companies are adopting mediation to resolve internal and external
conflicts in their daily activities. Courts of law and legal advice consider mediation as an opportunity to resolve
contradictions arising from the treatment. Consequently, professionals in various fields increasingly have to act as
initiators of mediation on voluntary terms.

Keywords: mediation, medicine, conflicts, negotiations, procedure, dispute, decision.

Introduction. Mediation is a special technology for resolving a conflict through negotiations with
the participation of a specially trained mediator-mediator. Mediation is widespread in world practice. In
Europe and the US, the use of mediation in settling a wide variety of conflicts has long been considered
very effective and at the same time low-cost.

In mediation, one of the fundamental principles is voluntariness of participation and equality for
parties actively involved in the dispute resolution process. They are and remain the "owners" of the
conflict. "Empowering" the development and decision-making, the parties themselves, the mediator
promotes them in the joint search for a viable, mutually satisfying solution. "Empowerment" by the
parties is one of the key features and at the same time the advantages of mediation as a modern method of
dispute settlement, which contributes to its relevance. The dissemination of mediation, its integration into
the legal culture is one of the manifestations of sensitive reaction of legal practice to the demands of the
modern world. At the same time, professional lawyers are responsible for informing and educating
citizens about the possibilities of using ARS and mediation in particular. Challenges of the time in relation
to the legal profession require the redefinition of the role of all its representatives, and thus the
redefinition of the existing traditional dispute settlement system to some extent. Depending on the legal
profession, the role, capabilities, approaches and tools for this mission can and should be different.

The meaning of complexity arises from the principle of the integrity of the educational process and is
being implemented at the various levels.

Main part. On the one hand it is the unity of professional and vocational training for employment;
the unity of the classroom and extracurricular work on the subject, the unity of the individual and
collective work of students, their self-cognitive activity and work under the guidance of a teacher.

Advantage of mediation:

- Resolution of the conflict without trial on a voluntary and equal basis by the parties themselves,
saving time, money, emotional forces and energy.

- The conflict is strictly confidential.

- The decision is made only by the parties themselves, taking into account the satisfaction of the
interests of each party to the dispute.
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In civilized countries, a method of settling conflicts or disputes through a mediator, that is, an
independent mediator, whose assistance consists in the search for alternative conditions in the resolution
of the conflict by the parties themselves has long been used. The practice of mediation shows that most of
the disputes do not reach the court or end in court thanks to the help of professional mediators.

According to the Law of the Republic of Kazakhstan "On Mediation", the mediation procedure has
the right to conduct a mediator, i.e. an independent natural person involved by the parties to conduct
mediation on a professional and unprofessional basis in accordance with the requirements of the Law
(Article 9). [Thus, the existing mechanism, on the one hand, does not presuppose the necessary conci-
liation procedures for the parties to the dispute on the other hand, does not contain genuine guarantees that
the mediation will be properly conducted.

An alternative to this concept could be additions based on the positive experience of implementing
the associated model in some foreign countries.

In the framework of experiments on working out mechanisms of interaction between courts and
mediators, reconciliation rooms were organized directly in the courts, where practicing mediators could
advise the parties on the possibility of conciliation proceedings on their dispute and invite them to use the
services of a specific organization or professional mediator. As a rule, such counseling was conducted by
mediators on a free basis and only at the first stages of the project implementation, since it does not di-
rectly relate to the activity of the mediator, is time-consuming and conducted on a gratuitous basis.

At later stages of the projects, as a rule, the parties explained their right to mediation to judges, many
of whom received appropriate training. The experiments showed a positive dynamics in the growth of the
number of consultations and ongoing mediation procedures, which required the preparation of additional
professional mediators and their involvement in ongoing projects. The increase in the number of me-
diation procedures conducted has also proved the viability of the chosen model. However, if a large
number of courts, professional mediators and organizations responsible for the procedure are involved in
judicial mediation practice, there will be a need for more coordinated coordination and direction of the
parties to the dispute for mediation. Here, one can combine the first experience of "reconciliation rooms"
with the institution of "judicial coordinators", known to some foreign countries.

Establishment of judicial coordinators in courts would significantly improve the effectiveness of
implementing the associated model of forensic mediation. On the one hand, they would assume the
responsibility for advising the parties on the possibility of using mediation, would be engaged in
providing the parties to the dispute with the necessary information about mediation and mediators active
in the settlement on the court site.

On the other hand, they can become a contact person for private mediators and organizations, interact
with the regional offices of SRO mediators, maintain judicial registers of mediators, monitor and collect
statistics related to mediation.

The creation of the post of judicial coordinator would have made it possible to spare judges the need
to explain to the parties the advantages and bases of mediation, to assess the suitability of the dispute for
mediation settlement (mediabelnost).

The parties to the dispute would have the opportunity to obtain all the necessary information related
to the conciliatory procedure that are in effect at the trial by professional mediators, organizations
responsible for quality control of procedure and attracting mediators to disciplinary responsibility. The
judicial coordinator could become a key figure for the development of judicial mediation on the asso-
ciated model.

As judicial coordinators, persons who have completed training under the state program of training
professional mediators and who have a higher legal education could act. This will allow the judicial coor-
dinator not only to understand the intricacies of the legal relations existing between the parties, but also be
able to analyze the conflict and give a full consultation on the procedure for mediation and its possibi-
lities. At the same time, the judicial coordinators themselves should not engage in the conduct of the
mediation procedure. They only coordinate the procedure for referring the parties to mediation and their
return to court with the corresponding result. They are also a contact person in court for the parties and the
mediator on all issues related to the procedure of mediation in a judicial dispute.

Inclusion of a mediator in the court register does not mean acceptance of the court for his activities,
but relieves the judges from the need to verify the availability of the mediator's documents on the
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completion of training under the state program for training professional mediators and fulfilling other
statutory requirements.

The verification of these data will be carried out once by the judicial coordinator when the data on
the judicial mediator is included in the court register, which will greatly simplify the work of the courts
and their interaction with the judicial mediators. Even if the idea of creating a position of judicial
coordinators is not supported by the judicial community, the creation of judicial registers of mediators
united in the federal register of judicial mediators will allow judges to direct the parties to more specific
and systematized information sources and, accordingly, will simplify the procedure for sending parties to
mediation.

In addition, you can also provide for a certain amount of government fees for including data on the
mediator in the register of forensic mediators. The funds received in this way can be used to pay for the
work of judicial coordinators. The inclusion of data on the mediator in the register of a certain court
should occur only if the mediator exercises his practice at the location of the court.

It is necessary to clarify the rules concerning the timing of independent mediation. As is known, in
case of extrajudicial mediation, an agreement on mediation concluded by the parties long before the
appearance of disputable legal relations has wide application. However, in view of the requirements of
§§ 1, 2, Art. 23 of the Law with mediation outside the civil process, the conclusion of a mediation
agreement before the dispute arises becomes simply meaningless.

Conclusion. It is necessary to clarify the provisions of the Law regarding the timing of mediation.
For extrajudicial and judicial mediation in the sphere of civil, labor, family and other legal relations, par.
1, 2, Art. 23 of the current Law, as a general rule, a period of 30 calendar days from the date of conclu-
ding a mediation agreement is established (in cases of necessity, by mutual decision of the parties or the
court, the period for mediation may be extended to 30, but not more than 60 calendar days in aggregate).
Mediation during criminal proceedings must be completed within the terms of pre-trial and judicial
proceedings established by the criminal procedure law.

As is known, with mediation conducted by arbitration courts, as well as extrajudicial mediation in
general, an agreement on conducting mediation, concluded by the parties long before the appearance of
disputable legal relations, has wide application. However, in view of the requirements of §§ 1, 2, Art. 23
of the Law with mediation outside the civil process, the conclusion of a mediation agreement before the
dispute arises becomes simply meaningless. In this regard, it is necessary to legislatively allow for the
out-of-court mediation the possibility of concluding a mediation agreement before the emergence of
disputable legal relations.
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M. H. Meip3axaHoBa, C. A. Kaa
Koxkmerayckuii rocygapcTBeHHBINH yHUBepcuTeT uM. 1. Yanuxanosa, Kazaxcran
HOBBIE TEHJEHIIUY MEJAULIMHCKON MEJUAIIMA B OBYUEHUU U HA TIPAKTHUKE

AnHotanusi. [To MHEHHIO aBTOPPOB peLIEHHE BO3HHKAIOUIMX KOH(IMKTOB B 00JACTH MEIMLIUHBI, MOXKHO
peLNTh IIPU MOMOLIM MEAMATOpOB. Menuanusi NpuMeHsieTcsl Uil pa3pelieHust npodiieM M pasHoriacuii B cdepe
TPYIOBBIX OTHOIICHHH, NMPOPECCHOHATBHBIX CHOPOB, MPOOJIEM B CTPOMTENBHOM oTpaciu, chepe oOpa3oBaHHS U
3paBOOXpaHEHUsI, KOHQIUKTOB B ObITOBOH cepe. ['ocynapcTBeHHbIE M YaCTHBIC OPraHU3ALNK ¥ KOMIIAHUH OepyT
Ha BOOPY’>KEHHE MEIMALMIO JUIsl YPeryJIMpOBaHHs BHYTPEHHUX U BHEIIHMX KOH(IMKTOB B CBOEH MOBCEJHEBHOH Jiesi-
tesnbHOCTH. CyzneOHble MHCTAHIMK W IOPUANYECKHE KOHCYJIBTANHA PACCMATPUBAIOT MEIHALNIO, KAK BO3MOXXHOCTh
paspemeHnst IpOTUBOPEUHi BOHUKAONIE B pe3ybTare jedeHus. ClienoBaTenbHo, MPO(ecCHOHaIaM B Pa3IMIHBIX
o0JacTsxX Bce Yalie NPUXOJUTCS BBICTYIIATh B POJIM MHUIIMATOPOB MEANANH Ha TOOPOBOJIBHBIX YCIOBHUSX.

KiroueBsble ciioBa: Menualis, MEIUINHA, KOHQIUKTEI, IEPETOBOPEI, IPOLELYPa, CIIOP, PEIICHHE.

M. H. Mrbip3axanoBa, C. A. Kaa
II1.YonuxaHoB ateinaakel Kekmeray MmemiiekeTTik yHuBepcuTeTi, Kasakcran
OKBITY )KOHE INPAKTUKAJAFBI MEJUIIMHAJIBIK BAK-TAPJIbIH ’KAHA BAFBITTAPBI

AHHOTanMsi. ABTOpIap/bIH MIKipiHIIE, MEIUIIMHA CAaChIHAAFbI Maiaa OOJIFaH KAKTHIFBICTAPABI IIEITy Me-
UATOpIAapAbIH KOMETiMeH MIemiTyi MYMKiH. Meauamusi eHOeK KaThIHACTaphl, KOCINTIK Haynap, KYPBUIBIC WHAY-
CTPUSICBIHBIH TIpo0OJieManapbl, OuriM Oepy KoHe [eHCayJbIK CakTay cajajapblHIarbl mpoliemanap MeH Kellic-
MEeYIIUTIKTEp/ll, OTAaHJBIK CaJla/laFbl KAKTHIFBICTAP/BI LICUIy YIIIH KOJJaHbLIa(bl. MEMJICKETTIK JKOHE YKEKEMEHIIIIK
yibIMIap MEH KOMIAHUsIIAP KYHICTIKTI KbI3METIH/IE 11IK] )KOHE CHIPTKbI KAKTBIFBICTAPIbI ICIY YUIIH MeIHaLlUSHbI
KaObu1naiabl. KyKbIK jKoHE KYKBIKTBIK KEHEC COTTapbl MEJUAIMsIHbI eMACYJIeH TYBIHIAWThIH Kapama-KalIbUIbIK-
Tappl LIenryre MyMKIHIIK peTiHae KapacTeipaisl. JleMek, Typili cananapliarsl MaMaHIap epikTi Typle Meanarus-
HBIH 0acTaMaIbIChl PETIHIE OPEKET €Tyl KepeK.

Tyiiin ce3nep: Menuarusi, MEUIIMHA, KAKTBIFBICTAp, KEJICCO3/EP, PACiM, Jay, HISHIiM.
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THE STRUCTURE OF THE MICROBIAL CENOSIS
OF PHYLLOSPHERE OF FRUIT CROPS AFFECTED
BY FIRE BLIGHT IN SOUTHERN KAZAKHSTAN

Abstract. The structure and diversity of microbial cenosis of the apple and pear phyllosphere in the zones of
industrial horticulture of Kazakhstan, where fruit trees were affected by fire blight, was studied. The study was
carried out in Zhambyl, South Kazakhstan and Almaty regions. 47 samples (shoots, leaves, fruits) from the phyllo-
sphere of healthy and infected organs of fruit trees were collected. In total 216 microbial isolates were selected.
Taxonomic identification of microbial species based on cultural and morphological traits was carried out. The
isolates were grouped into the following genera: bacteria (142 isolates): Erwinia, Pseudomonas, Bacillus, Lacto-
bacillus, Paenibacillus, fungi (37 isolates): Monilia, Venturium, Aspergillus, Podosphaera, Penicillium, Fusarium,
Trihothecium, Mucor, Verticillium, Alternaria; yeast and yeast-like microorganisms (37 isolates): Crypfococcus,
Rhodotorula, Pullularia, Saccharomyces. Bacteria have been found to predominate in the microbiocenosis. In all
samples infected with fire blight, bacteria of the genera Erwinia and Pseudomonas were detected.

Screening of potential bacterial antagonists to E. amylovora showed that some of the Bacillus, Pseudomonas
and Paenibacillus species have demonstrated inhibitory effect. The diameter of inhibition zones have been ranged
from 9 mm to 48 mm. Bacillus amyloliquefaciens demonstrated maximal antagonistic activity (48 mm).

Keywords: microbial cenosis, Erwinia amylovora, fire blight, bacteria-antagonists, biocontrol.

Introduction. Fire blight is one of the most harmful diseases caused by gram-negative bacteria
Erwinia amylovora, affecting several species of the Rosaceae family. This disease is found in most of the
world’s regions and can cause significant losses in important fruit crops, such as apple and pear [1].
Orchards protection from this disease is associated with the implementation of fire blight management.
Strategy to increase the fitness of a biological control agent upon delivery to the field is the use of copper-
based preparations or antibiotics in combination with agrotechnical techniques [2]. However, formulations
containing copper are not effective enough, and the use of antibiotics, which are also used for human and
animals’ treatment, is banned in many countries [3-5]. Such requirements derive from the risk of positive
selection of antibiotic resistant strains of E. amylovora and the negative impact on the environment [5-7].
For this purpose, biological control of fire blight using microbial antagonists is considered as alternative
to chemical control.

Associated with fruit trees, epiphytic microorganisms play an important role in their development,
participating in the supply of plant nutrients, phytohormones, vitamins and other growth factors. Many of
these microorganisms produce compounds that inhibit pathogenic microflora (toxins, antibiotics,
siderophores), and also contribute to the appearance of induced resistance to phytopathogens in partner
plants [3]. In this regard, the identification of new wild isolates from the phyllosphere of plants with
inhibitory effect against the fire blight E. amylovora pathogen, adapted to local climatic and ecological
conditions, as well as the biological traits of the pathogen, are of particular relevance. Such type of novel
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strains has potential for creation on its basis complex biopreparations with fire blight controlling and
phytoregulatory properties.

The objectives of this work were to study the structure of microbial cenosis of the phyllosphere of
fruit crops infected by fire blight in southern Kazakhstan and to identify novel wild bacterial
antagonists for the biocontrol of fire blight disease.

We have shown in our previous studies that non-pathogenic strain Streptomyces canofumeus is
effective against E. amylovora [8, 9].

Materials and methods. Samples of infected and healthy apple and pear organs (shoots, leaves,
fruits) selected from the industrial horticulture areas of Zhambyl, South Kazakhstan and Almaty regions
of Kazakhstan.

The samples were collected in compliance with the rules of transportation of biological material,
excluding external contamination and ensuring the safety of the original microflora of the samples [10].
The microbial community structure and diversity of the apple and pear phyllosphere, phenotypic and
morphological traits such as colony color and cell motility as well as physiological fingerprints of micro-
bial isolates were performed using conventional bacteriological methods [11-13]. The isolates were
identified according to Satton D. et al. and Bergey’s Manual of Systemic Bacteriology [14, 15]. Gram
staining was performed as previously described by Claus [16].

All isolates were examined for their ability to inhibit the growth of E. amylovora by agar-diffusion-
test [17]. This test was repeated with three replicates and the diameter of inhibition zones was assessed.

Results and discussion. 47 samples of infected and healthy organs of apple and pear plants from
orchard cenosis of Zhambyl, South Kazakhstan and Almaty regions, were selected.

The studies of the structure of microbiocenosis of the apple and pear phyllosphere in Southern
Kazakhstan revealed that bacteria (142 isolates) were numerically dominated. The number of other groups
of microorganisms was lower: fungi — 37 isolates and yeast — 37 isolates. The structure and diversity of
epiphytic microorganism’s community in the phyllosphere of fruit crops in the observed orchard
microbiocenosis is presented in tables 1 and 2.

Taxonomic identification of isolated pathogenic and concomitant microflora by conventional
bacteriological methods has demonstrated that the structure of the examined microbiocenosis was
represented by the following taxonomic groups.

Table 1 — The structure of epiphytic microorganism’s community isolated
from the affected apple and pear trees in Southern Kazakhstan

Region Number Number of isolates, pcs.
of samples, pes Total Bacteria Fungi Yeast
Zhambyl oblast
Zhamby] 8 42 30 5 7
Baizak 10 23 13 6 4
South Kazakhstan oblast
Sairam 5 38 26 7 5
Tolebi 7 24 15 3 6
Almaty oblast
Karasai 6 37 28 3 6
Talgar 6 33 20 8 5
Enbekshikazak 5 19 10 5 4
Total 47 216 142 37 37
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Table 2 — The diversity of epiphytic microorganism’s community isolated
from the infected apple and pear trees in Southern Kazakhstan

Epiphytic microorganisms

Bacillus amyloliquefaciens
Paenibacillus polimixa
Pseudomonas syringae

Fusarium oxysporum
Podosphaera sp
Mucor sp

Penicillium glacum
Aspergillus fumigatus

Region Bacteria Fungi Yeasts
Zhambyl oblast Erwinia amylovora Monilia fructigena Cryptococcus albidus
Pseudomonas syringae Trichoderma asperellum Rhodotorula rubra
Bacillus polimixa Alternaria sp Pullularia pullulans
Bacillus amyloliquefaciens Penicillium glaucum
Podosphaera leucotriha
Verticillium attenuatum
South Kazakhstan Pseudomonas syringae Monilia fructigena Cryptococcus albidus
oblast Erwinia amylovora Trichoderma asperellum Pullularia pullulans
Bacillus polimixa Aspergillus sp Saccharomyces cerevisiae
Mucor sp
Aspergillus niger
Podosphaera leucotriha
Almaty oblast Lactobacillus plantarum Monilia fructigena Cryptococcus albidus
Erwinia amylovora Fusarium oxysporum Rhodotorula rubra
Bacillus polimixa Trichoderma asperellum Pullularia pullulans

Saccharomyces cerevisiae

Bacterial community was represented by 5 genera: Erwinia, Pseudomonas, Bacillus, Lactobacillus,
Paenibacillus; fungi by 10 genera: Monilia, Venturiua, Aspergillus, Penicillium, Fusarium, Trihothecium,
Mucor, Verticillium, Alternaria (figures 1, 2). The causative agent of powdery mildew — Podosphaera
fungus, was determined only by microscopic analysis, as far as it is an obligate pathogen, and its morpho-
logical and cultural traits and testing for antagonistic activity was not possible to study. Yeasts were
represented by 4 genera: Cryptococcus, Rhodotorula, Pullularia, Saccharomyces.

Pseudomonas syringae

Lactobacillus plantarum Paenibacillus polimixa

Figure 1 — Colonies of bacteria isolated from the apple and pear phyllosphere
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Monilia fructigena Aspergillus sp Alternaria sp Trichoderma Fusarium oxysporum
asperellum

Figure 2 — The main types of fungi isolated from the phyllosphere of apple and pear

Due to the fact that the samples were collected in orchards, where fire blight was previously recor-

ded, Erwinia amylovora and Pseudomonas syringae were found in all studied samples in close symbiosis
(figure 3).

Figure 3 — Erwinia amylovora and Pseudomonas syringae bacterial colonies on agar plates

Initial screening in vitro conditions of epiphytic microorganisms isolated for the ability to inhibit the
growth of E. amylovora was carried out by agar-diffusion-test. The results of the screening showed that
some species of Bacillus, Pseudomonas and Paenibacillus genera demonstrated antagonistic activity
against E. amylovora. The diameters of inhibition zone have been depended on the species and ranged
from 9 mm to 48 mm. The maximum diameter of inhibition zone (48 mm) was exhibited by B.
amyloliquefaciens (figure 4).

Figure 4 — Inhibition of the E. amylovora growth:
1- E. amylovora, 2 - sterile water, 3 - B. amyloliquefaciens

The studied strains of fungi and yeasts have not exhibited antibacterial activity towards E. amy-
lovora.

Thus, as a result of the present study it was found that epiphytic microflora of orchard’s cenosis of
Zhambyl, South Kazakhstan and Almaty regions of Kazakhstan is characterized by a large variability,
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both in structure and diversity. In all collected samples E. amylovora was isolated in close symbiosis with
P. syringae, which is the causative agent of bark necrosis. Symptoms of diseases caused by P. syringae
are similar to fire blight, although there is a difference — in case of bark necrosis there are no "hooks" on
young shoots typical for fire blight [18].

The efficacy of novel bacterial strains isolated from the apple and pear phyllosphere in the zones of
industrial horticulture of the South of Kazakhstan to control Erwinia amylovora was evaluated under in
vitro conditions. B. amyloliquefaciens MV 4 demonstrated high antagonistic activity against the pathogen
in agar-diffusion-test. The efficacy of epiphytic bacteria B. amyloliquefaciens FZB42, B. amyloliquef-
aciens LMR2 against fire blight has also been reported by Chen et al. (2009) and Ait Bahadou et al.
(2018) [19, 20]. It was shown that the antagonistic activity of B. amyloliquefaciens FZB42 strain may be
due to the production of polyketide of dipyridine and dipeptide bacilysin compounds [19].

In our further studies, it is planned to study active metabolites with inhibitory effect to E. amylovora.
The novel strain B. amyloliquefaciens MB40 may be considered as potential candidates for development
microbial formulation efficient against fire blight disease.

Funding. This study was supported and funded by the Ministry of Education and Science of the
Republic of Kazakhstan (Grant no. APO5131543).
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A. K. Capanos, J. T. Hcmaniosa, K. 9. Uckanaaposa, O. H. llemmypa,
A. WU. CeiiToaTTanosa, 9. E. Mo/zkuruToBa

«MuKpOOHOIOTHS KOHE BHPYCOIOTHS FRUIBIMU-0HIIpicTik opTansrsny JKIIC, Anmatsr, Kazakcran

KA3AKCTAHHBIH OHTYCTIK ANMAKTAPBIHJA
BAKTEPHUSUIBIK KYMIKITEH 3AKBIMJIAJIFAH KEMIC JTAKBLTJAPBIHBIH
®NIOCOEPACBHIHBIH MUKPOBTBIK IIEHO3LIHBIH KYPBLILIMEI

AnHoTanusi. bypbiH jkemic ararmrapel OakTepHsUIBIK KYHIKIIEH 3ap/all mekkeH, KazakcTaHHBIH ©HEpKACINTIK
Oay-0akia mapyallbUIbIFBl aiiMarbIHAA anMa jKoHe anMypT (uitocdepachlHblH MHUKPOOTBIK LEHO3BIHBIH KYpPbI-
JBIMBI MEH ajlyaH TYPJILIri 3eprrenai. 3eprrey xymbictapsl JKamObu1, OHTyCTik Kasakcran sxoHe AnmMaTsl 00JibIC-
TapblHAa Kyprizinai. XKeMic aramTapblHBIH cay JKoHE 3aKbIMJalFaH MyluenepiHiy ¢unocdepacsinan 47 yuri (ep-
KEHJIep, JKarblpakrTap, skemicrep) ayblHabl. Onapaad xairbl 216 MUKpOOTHIK M30IATTap OeiHiN anbHAbL. Jlakbii-
JIBI-MOP(OJIOTHS CUITATTaMAaChl HETi31HAe MUKpOaF3allap JaKbUIAAPBIHBIH TAKCOHOMUSUIBIK UASHTH(OUKAIMACH 3epT-
tenni. M3onsaTrap kemeci TyplcTapra TomTanFaH: Oakxtepusuiap (142 m3onsarrapmad KypanraH): Erwinia, Pseudo-
monas, Bacillus, Lactobacillus, Paenibacillus, canpipaykyiaxkTap (37 uzonatrapaan Kypanran): Monilia, Venturium,
Aspergillus, Podosphaera, Penicillium, Fusarium, Trihothecium, Mucor, Verticillium, Alternaria; ambITKBI XOHE
amIbITKBl TOpi3ai Mukpoarzanap (37 wmsomsarrapmaH KypanraH): Cryptococcus, Rhodotorula, Pullularia, Saccha-
romyces. MUKpOOOLIEHO3/IbIH KypaMblHIa eH OacklM OosiFaHbl OakTepusiap. bapiblKk 3akbIMAaJIFaH MyIleJaepaeH
Oeuin ayblHFaH yiariuiepal 3eprrerenae Erwinia xxoue Pseudomonas TybIChIHA KaTaThlH OaKkTepusuiap Ke3JaeceTiHi
AHBIKTAJIJIBL.

Bacillus, Pseudomonas xoue Paenibacillus TybIChIHBIH oKiInepiH E. amylovora Kapchl aHTarOHUCTTIK Oel-
CEHJUTIKTEpIH TeKcepyre JKYPri3UIreH CKpUHHMHI HOTIDKeNepl KOpCeTKEH/EH, jKeKellereH Typiepre OaiyiaHbICThI
NaTOTeHHIH OCYiH IIeKTeyre KaOuteTTiirin kepcerti. [laroreHHiH ecy aiiMarbiH HiekTey auamerpi 9 Mm-ueH 48 MM
KyparaH. EH sxoraprbl aHTaroHUCTTIK OenceHninikTi Bacillus amyloliquefaciens (48 MM) TaHBITTBI.

Tyiiin ce3nep: MUKpPOOTHIK LeHO3, Erwinia amylovora, keMic NaKbUITAPBIHBIH OAaKTEPISUIBIK KYHiri, aHTa-
TOHUCT-0aKTepusnap, OnodakpLay.

A. K. Capanos, J. T. UcmaniioBa, K. A. Uckannaposa, O. H. lllemmypa,
A. U. CeiiToaTTanoBa, A. E. MoxkururoBa

TOO «HayuHO-IpOU3BOJCTBEHHBIN LIEHTP MUKPOOUOJIOTUH U BUpyCOJIOTHWY», Antmatsl, Kazaxcran

CTPYKTYPA MUKPOBHOI'O IEHO3A ®NJIJIOCPEPHI
INOPA’KEHHBIX BAKTEPUAJIBHBIM OKOI'OM IIVIOJAOBBIX KYJIBTYP
B IO’KHBIX PETHOHAX KA3AXCTAHA

Annortanus. VccrenoBana cTpykTypa U pa3HOOOpa3ne MIUKPOOHBIX IICHO30B (HILTOCQEpHI SOIOHH U TPYIIN B
30Hax MPOMBILIIIEHHOTO cajoBoAcTBa KazaxcraHa, rae paHee HaOMIONANOCh MOPaKEHHE IUIOAOBBIX JIEPEBbEB
OakTepuanbHBIM OKOTOM. MccnenoBanus npoBoamnuchk B JKamObuicko#, IOxxHO-KazaxcTanckoir U ATMaTHHCKOM
obmactax. M3 duiochepsl 3M0pOBBIX U MOPAKSHHBIX OPraHOB ILUIOMOBBIX JEPEBLEB ObLIO 0TOOpaHo 47 00pa3ioB
(moberu, nucThs, Wioasl). B 1emoM, BeiienacHo 216 MUKpOOHBIX M30yATOB. Ha OCHOBE KynbTypaibHO—MOpdoIIo-
TMYECKUX XapaKTePUCTUK MPOBEICHA TAKCOHOMHYECKAs WACHTH(HKAIMS KyJIbTYpP MHUKPOOPTaHHU3MOB. M30JAThI
ObUTM CrpynIUpoBaHbl B cieayronye poabl: Oaxrepun (142 wzonsra): Erwinia, Pseudomonas, Bacillus, Lactoba-
cillus, Paenibacillus,; rpuosl (37 uzonatoB): Monilia, Venturium, Aspergillus, Podosphaera, Penicillium, Fusarium,
Trihothecium, Mucor, Verticillium, Alternaria; NpoxKH W IPOXOKEHOIOOHBIC MHKPOOPTaHU3MBI (37 H30JATOB):
Cryptococcus, Rhodotorula, Pullularia, Saccharomyces.bakTepuu TOMHHUPOBAIIA B COCTaBE MHUKPOOOIIEHO30B. Bo
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BCEX MCCIEOBAaHHBIX 00pa3iax, 0TOOPaHHBIX U3 MOPAKEHHBIX OPTraHOB, MPHUCYTCTBOBAIM OakTepuu poaoB Erwinia
u Pseudomonas.

[IpoBeeHHBIH CKPUHUHT HA aHTATOHUCTUYECKYIO aKTUBHOCTh K E.amylovora 1mokasai, 4To OTACIbHBIC BHIbI
ponoB Bacillus, Pseudomonas u Paenibacillus ipo1eMOHCTPUPOBAIM MHTHOUpYIOIIee AeicTBre. JlnaMeTpbl 30HBI
MOJIABJICHUSI POCTA MATOreHa COCTaBisuiM OT 9 1o 48 MM. MakCUMasbHYI0 aHTArOHHCTHYECKYH) aKTUBHOCTB IPO-
sBun Bacillus amyloliquefaciens (48 Mm).

KaloueBble cioBa: MHUKpPOOHBIH 1eHO3, Erwinia amylovora, OGakrepuajbHBIA OXOT IUIOJOBBIX KYJBTYP,
0aKTepUU-aHTarOHUCTbI, ONOKOHTPOJIb.
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