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EVALUATION OF COMMON BUNT RESISTANCE IN BREAD WHEAT
GENOTYPES FROM PRIMARY YIELD TRIALS

This study was conducted to determine the reactions of 50 bread wheat (Triticum aestivum L.)
genotypes at the preliminary yield trial stage against common bunt (7illetia foetida) across seven different
locations in Tiirkiye, including Antalya, Canakkale, Denizli, Kirikkale, Kirsehir, Mersin, and Siirt under
artificial epidemic conditions during the 2024-2025 growing season. The pathogen population was
virulent on Bt-0, Bt-2, Bt-3, Bt-4, Bt-6 and Bt-7 resistance genes, but avirulent on Bt-1, Bt-5, Bt-8, Bt-9,
Bt-10, Bt-8,9,10, Bt-11, Bt-12, Bt-13, Bt-14 and Bt-15. The high disease severity (85-100%) in the
susceptible controls, Little Club and Yakar-99, confirmed successful infection across all locations.
Among the tested genotypes, 94% (46 genotypes) were in the susceptible reaction group, while only 6%
(3 genotypes) showed moderately resistant reactions. The crosses of Esperia/Sonmez 2001 (line 10),
Bezostaja-1/S6nmez 2001 (line 17), and Tosunbey/Sénmez 2001 (line 31) showed the highest resistance,
with maximum disease severity values of 12%, 13%, and 14%, respectively. Disease severity varied
across locations, with Kirsehir showing the highest infection rate (95%), while infection remained
relatively low in Antalya, likely due to climatic conditions. The findings show that genetic diversity for
resistance to common bunt is limited in the tested wheat gene pool and reveal that S6nmez 2001 can be
used as a donor in resistance breeding programs.

Keywords: Tilletia laevis, Bt resistance genes, Artificial epidemic, Breeding material, Genetic
resistance
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Bacrankpl 6HIMAUIIK CBIHAKTAPBIHAAFBI :KYMCAK 0M1aii TeHOTHNTEPiHiH KaTThI
Kapakyiiere Te3iMIUTIriH 0aranay

Byn 3eprrey 20242025 >KbUlFbl BereTalMsIIBIK MayChIMAA JKacaHIbl 1HIET >KarJalbIHIA
TypkusHBIH KeTi Typii aiimareiHma — Amntanmsa, Yamakkame, [lenwmsmu, Keipeikkane, Keipmexup,
Mepcun xoHe Cuuprre — OacTamkbl OHIMAUIIK CbiHarbl Ke3eHingeri 50 skymcak Oumai (Triticum
aestivum L.) renoruminig katTel Kapakyiere (Tilletia foetida) peakumschlH aHBIKTay MaKcaTBIHIA
xkyprizinmi. [Taroren momymsimmsicer Bt-0, Bt-2, Bt-3, Bt-4, Bt-6 xone Bt-7 Te3simainmik TeHIepiHe
BHpYJIEHTTI, aix Bt-1, Bt-5, Bt-8, Bt-9, Bt-10, Bt-8,9,10, Bt-11, Bt-12, Bt-13, Bt-14 »xone Bt-15 rennepine
aBupyneHTTh 6onasl. Cesimran 6akputay coptrapsl — Little Club sxone Yakar-99 — OoiibiHIna aypyabig
xKorapel namy neHreiti (85-100%) Oapnblk aiiMakTapia >KYKTBIPYABIH COTTI ©OTKEHIH pacTalbl.
3epTTenreH reHOTUNTepIiH iimiHge 94%-b1 (46 TEHOTHIT) ce3IMTaN Peakirs TOOBIHA KATKBI3bUIIBI, Al TCK
6%-b1 (3 reHOTHII) opTamia Te3iMIi peakmus kepcerti. Esperia/Sonmez 2001 (10-nuuus), Bezostaja-
1/Sénmez 2001 (17-nunussn) >xoHe Tosunbey/Sénmez 2001 (31-nunmsa) OynmaHaapbl €H KOFapbl
TO3IMIUTIKTI KOpCeTTi; ONapAblH aypyAblH €H KOFapfbl namy naeHreiti tuicinme 12%, 13% sxone 14%
Oonael. AypyablH maMy OeHreidi aiiMakrapra OaiJIaHBICTBI ©3Tepill OTHIPABI: €H JKOFaphl 3aIAIaHy
nenreiti Keipmexupae (95%) Oalikanca, AHTanusiaa KIMMAaTTBIK JKardaiaapra OalnaHBICTBl aypyIablH
Tapaxybl CaJbICTBIPMAIIbl TYPAE TOMEH OONAbl. AJNBIHFaH HOTHXKeEJep 3epTTelreH Ounail reHooHAbIH A
KaTThl Kapakyihere TO3IMAUIIK OOWBIHINA TCHETHKAJBIK SPTYPJILTIKTIH MIEKTEYIl eKeHIH KOPCETTI JKoHE
Sonmez 2001 copThIHBIH TO3IMIIIIK CENEKIUICH OaraapiaMaiapblHIa JTOHOP PETiHIC MaialaHbLIybI
MYMKIiH €KCHIH aHBIKTA]IbI.

Tyiiin ce3aep: Tilletia laevis, Bt Te3iMIiIiKk TeHAEpi, KacaHAbl 1HAET, CENCKIUSIBIK MaTepHal,
TE€HETUKAJIBIK TO3IMIUIIK.
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Ouenka ycTOHYMBOCTH TeHOTUIIOB MATKOM NMIIIEHNIbI K TBEPI0i rOJI0OBHE B
NpeABAPUTEILHBIX COPTONUCTIBITAHUSAX

HanHoe nccienoBanue ObLIO MPOBENEHO C LENBIO ONpeAeieHus] peakuud 50 TeHOTUIIOB MATKOU

mirenuiibl (Triticum aestivum L.) Ha tBépayro ronoeHio (Tilletia foetida) Ha sTame npeaBapUTEILHOIO
COPTOHCITBITAaHHSA B YCIOBHUSIX UCKYCCTBEHHOTO MH(PEKIMOHHOTO ()OHA B TEUCHHE BETE€TALIMOHHOTO CE30Ha
2024-2025 rr. B ceMHu pa3iIM4yHBIX pernoHax Typruu: AHTanbs, Yanakkane, Jenusmu, Keipeikkane,
Keipmexup, Mepcun u Cunprt. [lomymsius matorera Opi1a BUPYJICHTHA K TeHaM ycroitunBocty Bt-0, Bt-
2, Bt-3, Bt-4, Bt-6 u Bt-7, Ho aBupyna k reram Bt-1, Bt-5, Bt-8, Bt-9, Bt-10, Bt-8,9,10, Bt-11, Bt-12, Bt-
13, Bt-14 u Bt-15. Bricokas crenens pazutus OonesHu (85-100%) y BOCIpHUMYMBBIX KOHTPOJIBHBIX
copros Little Club u Yakar-99 noareepauiia yCrenHoe 3apakeHiue BO BCEX MyHKTaX HCIbITanui. Cpean
WCCIIEIOBAaHHBIX TeHOTUTIOB 94% (46 TeHOTHUIIOB) OBLIIM OTHECEHBI K TPYIIE BOCIPUUMYHBHIX, TOTIa KaK
ToIbKO 6% (3 reHoTHmna) MpPOSBWIM YMEPEHHO YCTOMUYMBYIO peakuuio. HanOomplnyio ycTOHYMBOCTD
nokasanu rubpunHsle komOuHanun Esperia/Sonmez 2001 (muaus 10), Bezostaja-1/Sonmez 2001 (uHus
17) u Tosunbey/Sonmez 2001 (quuausa 31), MakCcUMalibHas CTEICHb MOPAXKEHUSA Y KOTOPBHIX COCTaBHJIA
cootBeTcTBeHHO 12%, 13% u 14%. Crenens pa3BuTHs 00JIE3HN BaphbHPOBAJIa B 3aBUCHMOCTH OT PETHOHA!
HauOOJNBIINI ypOBEeHb 3apaxkeHuss Obul oTMeueH B Keipmexupe (95%), Torma kak B AHTaibe
pacipocTpaHeHre OOJIE3HH OCTaBajOCh CPAaBHUTEIbHO HHU3KUM, BEPOSTHO, H3-3a KIMMAaTHUECKUX
YCJIOBUH.
[lonmy4yeHnHsle pe3ynbTaThl NOKa3bIBAIOT, YTO TEHETHYECKOE pa3HooOpa3ue Mo yCTOHYMBOCTH K TBEPIOH
TOJOBHE B HCCIEIOBAHHOM TeHO(QOHAE MIICHUIBl OTPAaHUYECHO, @ TaKXKe CBHICTEIBCTBYIOT O
BO3MOYKHOCTH HCITONIB30BaHUs copra SOnmez 2001 B KadecTBe MOHOpPA YCTOMYMBOCTH B CEJIEKITMOHHBIX
nporpaMmax.

KuaroueBnie cioBa: Tilletia laevis, rensl ycrounBoctu Bt, nckyccTBeHHBIN HH(DEKINOHHBIN (HOH,
CENIEKITMOHHBIN MaTepual, FeHeTUYeCKas yCTOMYUBOCTb.

Introduction

Bread wheat (7riticum aestivum L.) is a strategic crop used for both human and animal
nutrition and one of the most widely produced cereals worldwide. Breeding studies have
contributed significantly to increasing yield per unit area worldwide (Tekin et al., 2022). In
recent years, particularly following developments related to global climate change and
geopolitical instability in major wheat-producing countries, further exacerbated by the COVID-
19 pandemic, the strategic importance of wheat has increased. Wheat is also one of the most
important agricultural products in international trade, and the demand for sustainable food
security continues to rise, as cereals, especially wheat, can be stored for long periods under
suitable conditions. However, abiotic and biotic stress factors causing yield and quality losses in
global wheat production pose a significant threat to food security, potentially leading to
unpredictable price fluctuations. It is clear that challenges arising from food insecurity may have
serious consequences for both social stability and public health.

It has been reported that six species associated with common bunt have been described,
among which the fungal pathogens Tilletia laevis (syn. Tilletia foetida) and Tilletia caries (syn.
Tilletia tritici) are the primary causal agents. Common bunt is a seed-borne disease that causes
varying levels of yield and quality losses in bread wheat (Triticum aestivum L.) (Goates, 2012).
In addition to yield losses, the disease is among the critical diseases that cause a trimethylamine
odor in the grain and a dark color in the flour in the milling sector (Aydogdu and Kaya, 2020).

It is important to reduce, and if possible, completely eliminate, economic losses caused by
common bunt at all levels. Seed treatment is the adopted method for controlling the disease on a
near-global scale. It has been reported that, in the absence of seed treatment, yield losses in
susceptible cultivars average 15-20%, and disease incidence can reach up to 96% (Dodov and
Todorova, 1974; Aktas, 2001). Given the effectiveness of seed treatments in disease control,
selection for genetic resistance has not been a primary selection criterion in global and Tiirkiye
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wheat breeding programs (Barroga-Matanguihan et al., 2011; Ak¢ura and Akan, 2018; Akan et
al., 2026).

As in other breeding studies, the classification of common bunt reactions is critically
important. In cases where the susceptible control cultivar shows 100% susceptibility, the
resistant and moderately resistant reactions of the tested genotype are more critical. However,
previous studies have examined different evaluation scales, assigning varying percentage ranges
to reaction groups such as resistant, moderately resistant, moderately susceptible, and susceptible
when classifying host reactions in breeding materials. For example, Hoffman and Metzger
(1976), Dumalasové and Bartos (2007), Dumalasova and Barto$ (2010), and Dumalasova et al.
(2014) classified pathogen virulence as 0-10% disease incidence (avirulent) and 11-100%
(virulent). Similarly, Dodoff and Todorova (1974) defined reaction classes as 1-10% (Resistant),
11-30% (Moderately Resistant), 30-50% (Susceptible), and 51-100% (Highly Susceptible).
Szunics and Szunics (1990) and Veisz et al. (2000) proposed a more detailed scale: 0.0% (Highly
resistant), 0.1-5.0% (Resistant), 5.1-10.0% (Moderately resistant), 10.1-30.0% (Moderately
susceptible), 30.1-50.0% (Susceptible), and 50.1-100.0% (Highly susceptible). More recently,
Akcura and Akan (2018) and Akan et al. (2026) classified reactions as 0% (Immune), 0.1-10.0%
(Resistant), 10.1-25.0% (Moderately resistant), 25.1-40.0% (Moderately susceptible), 40.1-
70.0% (Susceptible), and > 70.1% (Very susceptible).

The main objectives of this study are (i) to determine the disease reactions of bread wheat
genotypes at the preliminary yield trial stage against common bunt (7illetia foetida) across
multiple locations Tiirkiye, including Antalya, Canakkale, Denizli, Kirikkale, Kirsehir, Mersin
and Siirt; (i1) to evaluate these reactions according to the most recent classification scale
proposed by Akcura and Akan (2018) and Akan et al. (2026), to classify genotypes.

Material and Method
Plant Material

The plant material used in this study consisted of 50 bread wheat genotypes at the
preliminary yield trial stage, provided by Tasaco Tarim (Antalya, Tiirkiye) (Table 1). In addition,
a differential set of 17 genotypes was used to confirm the pathogen's race and to determine its
virulence/avirulence pattern against specific resistance genes. The differential set includes the
genotypes: Heines VI (Bt-0), SEL 2092 (Bt-1), SEL 1102 (Bt-2), Ridit (Bt-3), Turkey 1558 (Bt-
4), Hohenheimer (Bt-5), Rio (Bt-6), Sel 50077 (Bt-7), M78-9496 (Bt-8), M82-2098 (Bt-9), M82-
2102 (Bt-10), P.1. 178383 (Bt-8,9,10), M82-2123 (Bt-11), P.I. 119333 (Bt-12), P.1. 181463 (Bt-
13), Doubbi (Bt-14) and Carleton (Bt-15).

Table 1. Breeding and origin of tested materials and maximum bunt reaction

No [Pedigree Average of maximum | Maximum disease Reaction group Ranking*
scores for all score (%)
environments (%)
1 [Esperia/ Alcione // Esperia 55 77 Susceptible |21
2 |Esperia/ Bezostaja-1 54 73 Susceptible |6
3 |Esperia/ Flamura 85 57 86 Susceptible (38
4 |Esperia / Ikizce 96 55 86 Susceptible |39
5 |Esperia / Kate A-1 58 89 Susceptible |46
6 |Esperia/ Konya-2002 58 74 Susceptible |9
7 |Esperia / Pehlivan 58 74 Susceptible |10
8 |Esperia/ TSCK-9 57 88 Susceptible |43
9 |Esperia/ TSCK-10 55 75 Susceptible |12
10 [Esperia / Sonmez 2001 9 12 Moderately |1 (Most
Resistant Resistant)
11 |Esperia/ Tosunbey 54 74 Susceptible |11
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12 |Genesi/ Kate A-1 58 77 Susceptible |22
13 |Genesi/ Pehlivan 60 87 Susceptible |40
14 [Kate A-1/ Aldane 60 77 Susceptible |23
15 |Kate A-1/ Tosunbey 61 88 Susceptible |44
16 |Bezostaja-1 / Kate A-1 53 75 Susceptible |13
17 |Bezostaja-1 / Sonmez 2001 9 13 Moderately |2
Resistant
18 |Bezostaja-1 / Flamura 85 57 78 Susceptible |26
19 |Bezostaja-1 / Konya-2002 58 75 Susceptible |14
20 |Bezostaja-1/ Ikizce 96 // Bezostaja-1 57 88 Susceptible |45
21 |Bezostaja-1/ Esperia // Esperia 57 90 Susceptible |48
22 |Tosunbey / TSCK-9 61 79 Susceptible |27
23 |Tosunbey / Bezostaja-1 59 77 Susceptible |24
24 |Tosunbey / Konya-2002 59 77 Susceptible |25
25 |Tosunbey / Flamura 85 // Esperia 58 76 Susceptible |15
26 |Tosunbey / Esperia // Esperia 60 76 Susceptible |16
27 |Tosunbey / Ahmetaga 57 76 Susceptible |17
28 |Tosunbey / Sagittario 60 76 Susceptible |18
29 |Tosunbey / Genesi// Genesi 60 90 Susceptible |49
30 |Tosunbey / Comert 60 84 Susceptible |37
31 |Tosunbey / S6nmez 2001 9 14 Moderately |3
Resistant
32 |Tosunbey / TSCK-10 61 87 Susceptible |41
33 |Tosunbey / Bora 60 87 Susceptible |42
34 [Bora/ Rumeli 58 69 Susceptible |4
35 |Bora/ Adana-99 61 90 Susceptible |50 (Most
Susceptible)

36 |Bora/ Ahmetaga 60 83 Susceptible (35
37 |Bora/ Axum 60 76 Susceptible (19
38 |Ahmetaga / Bora 57 73 Susceptible |7
39 |Ahmetaga / Bezostaja-1 // Ahmetaga 60 89 Susceptible |47
40 |Ahmetaga / Genesi 60 81 Susceptible (32
41 |Ahmetaga / Comert 61 82 Susceptible (34
42 |Ahmetaga / Bayraktar 2000 60 79 Susceptible |28
43 |Ahmetaga / Altindane 61 83 Susceptible |36
44 |Ahmetaga / Rebelde 59 79 Susceptible |29
45 |Ahmetaga / Sagittario 60 79 Susceptible (30
46 |Bayraktar 2000 / Tosunbey 59 81 Susceptible |33
47 |Bayraktar 2000 / Adana-99 59 80 Susceptible (31
48 |Bayraktar 2000 / Sagittario 58 76 Susceptible |20
49 |Bayraktar 2000 / Axum 58 72 Susceptible |5
50 |Bayraktar 2000 / Ahmetaga 58 73 Susceptible |8

*The ranking of tested materials from the most resistant (1) to the most susceptible (50) considering the “Maximum
disease score (%)

Disease Inoculation

The inoculum source for the common bunt pathogen consisted of a fresh spore population
of Tilletia laevis (syn. Tilletia foetida), which was collected annually and used in a previous
study by Akcura and Akan (2018). The spores used in this study were collected on July 30, 2024,
from infected spikes obtained from the experimental fields of Kirsehir Ahi Evran University,
where disease reaction tests were conducted under artificial epidemic conditions. The collected
material was stored at +4°C until inoculation.
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Prior to inoculation, random samples were taken from infected wheat spikes, and the
pathogen was re-identified as 7. laevis based on teliospore morphology, as described by Goates
(1996). Diseased grains were crushed in a sterile mortar, and teliospores were separated from
plant debris using a sterile sieve. Approximately 4 g of teliospores for each test genotype were
placed in new paper envelopes. Inoculation was carried out prior to sowing at all locations by
mixing teliospores with healthy seeds at approximately 0.5% (w/w), following the method
described by Akan et al. (2026).

The experiments were conducted in multiple locations in Tiirkiye, including Antalya,
Canakkale, Denizli, Kirikkale, Kirsehir, Mersin, and Siirt during the 2024-2025 growing season.
All genotypes were sown manually between October and December 2024, in a randomized
design with three replications. Sowing was carried out at a depth of 5-7 cm, in 1 m rows with 33
cm row spacing. The cultivar Little Club (LC) was used as a susceptible control and was sown
after every 10 test genotypes. Along with LC, the susceptible control cultivar Yakar-99 was also
sown in four border rows around the experiments. No chemical or organic fertilizers were
applied, and all experiments were conducted under rainfed conditions without irrigation.

Disease Evaluation

The spikes of each tested genotype were evaluated between May and July 2025 at Zadoks
growth stage 91 or later, according to the Zadoks development scale (Zadoks et al., 1974). In this
context, the number of healthy and infected spikes was recorded separately for all test materials
and genotypes in the differential set. Based on these data, the disease infection rate (%) was
calculated using Equation 1 (Akan et al., 2006; Dumalasova and Bartos, 2007, 2010;
Dumalasova et al., 2014; Akgura and Akan, 2018; Aydogdu and Kaya, 2020)

Infection rate (%) = (Number of diseased spikes/Total number of spikes) x 100

To evaluate the results, genotypes were grouped based on the maximum disease rate (%)
observed at each location. Disease reactions were categorized according to the classification
scale proposed by Akc¢ura and Akan (2018) and Akan et al. (2026): 0% (Immune), 0.1-10.0%
(Resistant), 10.1-25.0% (Moderately resistant), 25.1-40.0% (Moderately susceptible), 40.1-
70.0% (Susceptible), and over 70.1% (Very susceptible).

In evaluating the differential set, the highest disease reaction observed for each genotype
was considered. According to the method of Hoffman and Metzger (1976), a disease rate of 0-
10% was considered resistant (pathogen avirulent), whereas 10.1-100% was considered
susceptible (pathogen virulent).

The pedigree information of tested materials, along with the mean of maximum disease
scores across all environments (%), the maximum disease score (%), reaction group, and the
ranking of genotypes from the most resistant (1) to the most susceptible (50) for common bunt,
are presented in Table 1.

Results

Common bunt developed under artificial epidemic conditions in all locations. Disease
reactions of the susceptible control genotypes LC and Yakar-99 ranged from 85% to -100%
across all locations. These high reaction rates in the susceptible controls confirmed the
effectiveness of the inoculation and the reliability of the disease evaluation.

It was determined that the pathogen population was virulent on the Bt-0, Bt-2, Bt-3, Bt-4,
Bt-6, and Bt-7 resistance genes, while it was avirulent on Bt-1, Bt-5, Bt-8, Bt-9, Bt-10, Bt-8,9,10,
Bt-11, Bt-12, Bt-13, Bt-14, and Bt-15.

The grouping of the test materials based on their reactions to common bunt is presented in
Tables 1 and 2.
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Table 2. Grouping of the reactions of test materials to common bunt

Test Material
Location First group Second group Third group Fourth group Fifth group Sixth group
Immune Resistant Mod.erately Modera.tely Susceptible Ver)f
resistant susceptible susceptible
%0 %0.1-10.0 %10.1-25.0 %25.1-45 %45.1-70.0 >%70.1
Number | % | Number | % | Number | % | Number | % | Number | % | Number | %
Antalya 0 0 1 2 2 4 0 0 4 8 43 86
Canakkale 0 0 3 6 0 0 5 10 42 84 0 0
Denizli 0 0 0 0 4 8 9 18 36 72 1 2
Kirikkale 0 0 3 6 0 0 0 0 38 76 9 18
Kirsehir 0 0 0 0 3 6 0 0 1 2 46 92
Mersin 0 0 3 6 0 0 0 0 47 94 0 0
Siirt 0 0 3 6 0 0 0 0 47 94 0 0
Total 0 0 0 0 3 6 0 0 1 2 46 92

Common Bunt Reaction Evaluations of Test Materials

Evaluation of the 50 genotypes at the tested preliminary yield trial stage revealed that the
majority of the population was highly susceptible. According to Table 1, 46 genotypes (92%)
were classified as susceptible, whereas only 3 genotypes (6%) showed moderately resistant
reaction.

Among the test materials, the most resistant reactions were observed in genotypes derived
from crosses involving the Sonmez 2001 cultivar. The genotype Esperia/Sénmez 2001 (line
number 10) stood out as the most resistant line, with a mean disease rate of 9% and a maximum
of 12%. This line was followed by Bezostaja-1/Sonmez 2001 (line number 17) and Tosunbey /
Soénmez 2001 (line number 31), with maximum disease rates of 13% and 14%, respectively.
These three genotypes were classified as moderately resistant (Table 1).

The most susceptible reactions were observed in genotypes involving Bora and Adana-99.
The genotype Bora/Adana-99 (line number 35) was found to be the most susceptible, ranking
50th with a maximum disease rate of 90%. Similarly, Bezostaja-1/Esperia//Esperia (line number
21) and Tosunbey/Genesi//Genesi (line number 29) were also among the most susceptible
genotypes, with a disease rate of 90%.

The results showed that genotypes derived from widely used parents such as Esperia and
Tosunbey generally showed high disease rates, with reactions typically exceeding 70% (Table 2).

Evaluation of Common Bunt Reactions of Test Materials on a Location Basis

Studies conducted across different locations revealed that common bunt reaction levels
varied significantly depending on ecological conditions. According to Table 2, the highest
disease rate was observed in Kirsehir and Antalya. In Kirsehir, 92% of tested genotypes were
classified as highly susceptible, compared with 86% in Antalya (Table 2).

At the Mersin and Siirt locations, 94% of the genotypes were classified as susceptible
(Table 2). A clear contrast was observed between locations: while 46 genotypes showed a very
susceptible reaction in Kirsehir, only 1 genotype was in the very susceptible reaction group in
Denizli, highlighting substantial variation among environments. Overall, 46 of the 50 genotypes
were in the very susceptible reaction group.

When the highest disease scores were evaluated across all locations, no genotype was
classified as immune or resistant at any location. Genotypes derived from Soénmez 2001 had
relatively lower disease scores than other genotypes and were identified in the moderately
resistant group (Table 2).

The susceptible controls LC and Yakar-99 showed reactions ranging from 85% to -100%
across all locations, confirming the effectiveness of inoculation and disease evaluation. The
maximum disease reaction observed in the test materials was 58% in Antalya and 69% in
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Canakkale. In Denizli, Kirikkale, Mersin, and Siirt, the highest disease rate reached to 70%,
whereas Kirsehir had the highest disease severity, with a rate of 95%.

Since no chemical or organic fertilizers were applied during the experimental period, it was
concluded that plant nutrients had no possible effect on disease reactions. Climate data indicated
that temperatures were generally above, and precipitation below, long-term averages during the
winter and spring seasons across all locations.

Discussion

The findings of this study, which analyzed the common bunt (7illetia foetida) reactions
and genotype x environment interactions of the bread wheat breeding materials, are
comprehensively discussed in light of the current literature. Within the scope of the study
conducted in Antalya, Canakkale, Denizli, Kirikkale, Kirsehir, Mersin, and Siirt provinces
during the 2024-2025 growing season, common bunt reactions were successfully determined
under artificial epidemic conditions. The methodological validity of the study was confirmed by
the susceptible control genotypes LC and Yakar-99, which showed disease reactions ranging
from 85% to 100% across all locations. This result indicates that inoculation and disease reaction
tests were successfully conducted in accordance with scientific standards (Akc¢ura and Akan,
2018; Tekin, 2023; Akan et al., 2026).

When the effectiveness of the pathogen population on the differential set was evaluated, it
was determined to be virulent on Bt-0, Bt-2, Bt-3, Bt-4, Bt-6, and Bt-7 resistance genes, whereas
it was avirulent on Bt-1, Bt-5, Bt-8, Bt-9, Bt-10, Bt-8,9,10, Bt-11, Bt-12, Bt-13, Bt-14, and Bt-15.
The results are consistent with those of Ak¢ura and Akan (2018), Tekin (2023), and Akan et al.
(2026), indicating that the pathogen population has not changed significantly. Similarly, Mourad
et al. (2023) reported that Bt-10, Bt-11, Bt-12, and Btp resistance genes are effective against
common bunt races in the USA and Tiirkiye. Furthermore, it has been reported that the Bt-10
gene is widely used in breeding programs worldwide due to its effectiveness against many races
of T. laevis and T. caries (Menzies et al., 2006). The use of differential sets to identify pathogen
races and evaluate the effectiveness of resistance genes, as proposed by Goates (2012), was
found to be methodologically consistent with this study's findings.

In a similar study conducted by Akan et al. (2026), genotype, environment, and genotype %
environment interaction were highly significant (p < 0.01) for common bunt reactions, as
indicated by variance analysis. In another study, Tekin (2023) reported a broad-sense heritability
of 0.92 for reaction groups among 102 Turkish bread wheat cultivars, indicating substantial
genetic variation. In the present study, only 3 out of 50 genotypes (6%) were in the moderately
resistant reaction group, indicating that the tested breeding materials have limited resistance
potential against common bunt. Aydogdu and Kaya (2020) reported that 77.41% of Turkish
spring wheat cultivars showed a very susceptible reaction. These findings confirm that resistance
sources are limited in modern breeding materials and suggest that genotypes such as Sonmez
2001 can be considered as strategic gene sources in breeding programs for resistance to common
bunt (Tekin, 2023).

Variation in disease reactions among locations reflects the pathogen's environmental
adaptation and infection success. The high infection level observed in Kirsehir (up to 95%)
indicates that this environment is highly conducive to the common bunt epidemic (Akan et al.,
2026). In contrast, relatively lower disease reactions in Antalya, a region more suitable for spring
production, were directly associated with climatic factors.

During the growing season, winter and spring temperatures were above long-term averages,
accelerating plant phenology and causing genotypes to reach the Zadoks 91+ stage earlier than
expected. This rapid development process temporally limited the systemic progression of the
pathogen toward the spike (Zadoks et al., 1974; Akan et al., 2026). Environmental factors in
these locations, especially soil temperature and moisture content during the sowing period, are
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thought to increase the pathogen's ability to penetrate. Previous studies have shown that climatic
factors influence common bunt infection; for example, Johnsson (1992) reported that climatic
factors influence common bunt infection in winter wheat, while Liatukas and Ruzgas (2009)
found a positive correlation between low temperatures and disease incidence. However, in this
study, it was found that the phenological escape mechanism had a more dominant limiting effect
on pathogen penetration.

It is thought that these climatic conditions could accelerate plant phenology, leading to test
materials maturing earlier. It is estimated that this rapid development process, depending on
climate conditions, temporarily negatively affected the pathogen's systemic development and
limited disease progression. This situation is thought to have prevented the disease's severity
from becoming more severe, especially in the Antalya area.

As previous studies have indicated, the availability of resistance sources to common bunt
within the modern wheat gene pool remains limited (Tekin et al., 2022). Nevertheless, Tiirkiye is
recognized as one of the gene centers of wheat, and it has been stated that it hosts genetic
resources that can provide resistance against many diseases, including different cultivars,
landraces, and wild relatives, and a significant portion of these resources has been characterized
(Ipek et al., 2023; Tekin et al., 2022).

Conclusion

In conclusion, line 10 was identified as resistant among the 50 lines evaluated and
represents a promising donor for breeding programs to develop new resistant varieties to
common bunt. In the absence of chemical or organic fertilization, the observed reactions largely
reflect the genetic resistance of the tested materials. Keeping resistant lines derived from genitor
parents, such as Sonmez 2001, in the gene pool and enhancing their resistance through marker-
assisted pyramiding strategies targeting avirulent pathogen genotypes is of great importance for
sustainable management of common bunt.
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MOP®OPYHKIHNOHAJIBHBIE OCOBEHHOCTHU MAKPO®ATI'OB ITIPHU
3KCIEPUEHTAJIBHOM CIIAEYHOM IPOIECCE BPIOIITHOM MOJIOCTH

CriaguHbIi Tporiecc OPIONIHOM TMONOCTH MPEACTABISAET COOOW CIIOMKHOE OMOJIOTHYECKOE SIBIICHUC,
CBS3aHHOE C pPa3BUTHEM BOCHAIHMTENBHBIX pEaknuii, HW3MEHCHHEM KICTOYHOW aKTHBHOCTH W
peMOICTMPOBAaHUEM COSTUHUTEIILHOM TKaHU. BakHyI0 pOJib B JTaHHBIX MPOIECCaX UTPAIOT Makpodara —
KIICTKH BPOXKIEHHOTO UMMYHHUTETA, YYACTBYIOIIME B PETYISAIUU BOCIAICHHS, (aroluTo3e U TKAHEBOU
pereHeparui. llenpio HACTOSIIETO JUTEPATYPHOTO 0030pa SBISIETCS aHAIW3 COBPEMEHHBIX HAYYHBIX
JTAHHBIX O (PYHKIIMOHAIHLHOW aKTHBHOCTH MaKpo(aroB u MX y4acTUH B MATOTEHE3€ CIIACYHOTO MPOoIiecca.
PaccMoTpeHbl  MeXaHM3MBI  aKTHUBalMM ~ MakpodaroB, 0COOEHHOCTM WX  (PCHOTHITMYCCKON
mubdepeHIMpPOBKY, a TakKe BAMSHHE IMTOKMHOB W (haKTOPOB pocTa Ha (HOpMHpPOBAHUE
COCTMHUTEIIFHOTKAHHBIX CTPYKTYP. AHAIHN3 JTUTEPaTYPhI IOKA3BIBAET, YTO MAaKPO(ard SIBJISTFOTCS BaXKHBIM
KOMITOHEHTOM KJICTOYHOTO MUKPOOKPY>KECHUSI, PETYITUPYIOLIUM TPOIECChl BOCaneHus, pudpo3upoBanus
1 BOCCTAHOBJICHUS TKaHEH.

KuoueBble cjioBa: Makpodaru, CliaedyHblii mpoiiecc, OprolIHas MOJNOCTh, BOcmajeHue, Guopos,
[UTOKUHEI, ()aroIiTO3, COSJAMHUTEIIbHAS TKAHb.
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Peritoneal adhesion formation is a complex biological process associated with inflammatory
responses, changes in cellular activity, and remodeling of connective tissue. Macrophages—cells of the
innate immune system—play a key role in these processes by regulating inflammation, phagocytosis, and
tissue regeneration. The aim of this literature review is to analyze current scientific data on the functional
activity of macrophages and their involvement in the pathogenesis of adhesion formation. Mechanisms of
macrophage activation, features of their phenotypic differentiation, and the influence of cytokines and
growth factors on the formation of connective tissue structures are considered. The literature analysis
demonstrates that macrophages are an important component of the cellular microenvironment, regulating
inflammation, fibrosis, and tissue repair processes.

Keywords: macrophages, adhesion formation, peritoneal cavity, inflammation, fibrosis, cytokines,
phagocytosis, connective tissue.
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MaxkpodarrapabiH IKCIIEPUMEHTTIK KYPCAaK KYbICBIHBIH Ka0bIcy npoueci Ke3inaeri
MOpPGoPYHKIIMOHAABIK epeKIIeTiKTepi

Kypcak KybICBIHBIH KaOBICY Mpoleci — KaObIHY peakiusIapbIMEH, *KacyIIaablK OCICCHIITIKTIH
e3repyiMeH JKoHE JIOHEKep TIHHIH KalTa KYPbUIYBIMEH CHIIATTAJAThIH KYpHAETi OUOJOTHSIIBIK KYOBLIBIC.
By npouectepae Tya 6iTKeH HIMMYHUTET JKacylianapbl OOJBIN TaObUIATEIH Makpodartap MaHbI3Ibl Poll
aTKapaapl, olap KaOBIHYIBI peTTeyre, GaroiuTo3Fa KOHE TIHAECPAIH pereHeparsachiHa KaTbicambl. OChI
91e0u MIONyIBIH MaKcaThl — MakpodartapapH (yHKIMOHAIIBK OEJICeHIUTIr KoHe ONapblH xKaObIcy
NPOLIECiHIH MaTOreHe31HAeri peiiH Ka3ipri FbUIBIMH JepeKTep HerisiHae Tangay. Makpodarrapasiy
OejceHy MexaHU3MIEpi, ONapAblH (QEHOTHUNTIK audepeHINAIMSICHHBIH epPeKIIeNiKTepi, COHAal-aK
UTOKUHJEP MEH 6cy (aKTOpIapbIHBIH ASHEKEP TiH KYPBUIBIMAAPBIHBIH TY31IyiHE 9cepi KapacThIPBLIFaH.
Opneduerrepai Tannay MakpodartapabH KaObiHy, puOpo3 *oHE TiHAEPIIH KalIblHA Kely MpOolecTepiH
PETTEHTIH jKacyIIaiblKk MUKPOOPTaKTHIH MAaHBI3Ibl KOMIIOHEHTI €KeHiH KOpCeTei.

Tyiiin ce3mep: Makpodarrap, xabbIiCy MPOLECi, KYpcaK KybIChl, KaObIHY, (hHOPO3, LIUTOKUHIECP,
(harouTo3, ToHEKEp TiH.

BBenenue

dopMHUpoBaHUE CMaeKk B OpIOMIHOM  TOJIOCTH  COMPOBOXKAAETCS  pa3BUTHEM
a0IOMUHATILHOTO OO0JIEBOTO CHHIpPOMA, HapylleHHeM (YHKIIUH OPTraHOB OPIOIIHOW TOJIOCTH U
MaJIOr0 Ta3za, a TaKXKe BO3HUKHOBEHUEM DPA3IMYHBIX OCJIOXKHEHHH, CIIOCOOHBIX CYIIECTBEHHO
YXyIIIaTh Ka4eCTBO JKU3HU opraHusma [1, 2]. Pa3Butre crmaeyHoro mporecca HaOM0gaeTCs Kak
P BOCIMATUTENbHBIX 3a00JIEBAaHUSAX OPTaHOB OPIOIIHOW MOJIOCTH M MAJIOTO Ta3a, TaK U MOCIe
XUPYpPruyeCKrUX BMEIIATENIbCTB [3].

OcHoBy (OpMHUPOBaHHUS CIIACK COCTaBIIACT HAaKOIUIeHHWE (HUOpPHHA W BOCHAIUTEIHHOTO
JKccyzaTa B OPIONIHOM TOJIOCTH C TOCJEAYIONMICH OpraHu3allue COCIWHUTEIBHON TKaHU H
pasButHeM (ubposupoBanus [4]. CylIeCTBEHHYIO pPOJIb B PEryJsAlHM JAaHHBIX IPOLECCOB
UTPAIOT KJIETKM MMMYHHOW CHUCTEMBI, TpeXnae Bcero makpodaru. braromapsi daromurapHoii
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aKTUBHOCTH Makpogaru crocoOHbI yaalsTh TPOIYKTHl TKAaHEBOTO pacmaaa, puOpuH U dKcCynart,
OrpaHMYNBasl Pa3BUTHUE CIIA€YHOTIO mpoiecca [5, 6].

OpHako KOMIIEHCATOPHBIE BO3MOXHOCTH (haroluTOB HE Bcerza o0ecreduBaroT IOJIHOE
yCTpaHEHHWE BOCHAIUTENBHOTO CyOCTpara, BCIEJACTBHE YEro CO3MAIOTCSA  YCIOBUS  JUIS
JnanpHEenIero  (GopMUpPOBaHUS  COCIMHHUTEIBHOTKaHHBIX  cTpykTyp [7]. Kpome Toro,
aKTUBHPOBAHHBIE MaKpoQard MOTyT y4acTBOBaTh B CTUMYISILUHU (hubporeHesa mocpeacTBOM
CHUHTE3a IPOBOCHAIUTENIBHBIX IHUTOKWUHOB W (AKTOPOB POCTA, MOANEPKUBAS XPOHUYECKOE
BOCHAJIEHHUE U MPOLIECCHI PEMOAEINPOBAHUS TKaHel [ 8, 9].

OyHKIMOHANbHAs aKTUBHOCTh Makpo(aroB TECHO CBfA3aHa C WX MOPQOJOTHYECKUM U
yABTPACTPYKTYPHBIM COCTOSIHMEM. HecMOTpsi Ha 3HAuMTENbHOE KOJIMYECTBO HCCIIEOBAHUH,
ocobeHHoCcTH MOPGODYHKIIMOHATBLHOTO CTaTyca MakpodaroB TMpH pa3BUTHH CHACYHOTO
npoliecca OPIOUIHOM MOJIOCTH 10 HACTOAIIETO BPEMEHH OCTAIOTCS HEOCTATOYHO U3YYEHHBIMHU.

Crniaeynblif Iporiecc OPIOIIHOM MOJOCTU SABISETCS PE3YIbTaTOM CIIOXKHBIX KIETOYHBIX U
MOJIEKYJIIDHBIX B3aUMOJCUCTBUM, BO3HHMKAIOIIMX B OTBET HA I[OBPEXKACHUE TKAaHEU U
BocnanuTenbHbie peakiuu [10]. dopmupoBaHue ciack COMpOBOXKAAETCS HaKOIUIeHneM (GpubprHa,
aKTHBAllMEH KJIETOK HMMMYHHOH CHUCTeMbl M YCHJICHHEM IIPOIIECCOB CHHTE3a KOMIIOHEHTOB
BHEKJIETOUHOro Mmatpukca [11]. B HopManbHBIX (DHU3HMOJOTHYECKHUX YCIOBHUSAX IOCIE
NOBPEXJICHHUST TKaHeH oOpa3oBaBIIMKCS (UOPUHOBBIM CIOW MMOABEPraeTcs IMOCTEIIEHHOMY
JU3UCY MoA JeicTBreM cucTteMbl pudpuHonu3a. OAHAKO MpU HAPYIIEHUH JAaHHOTO MEXaHHU3Ma
IPOMCXOIUT HU30BITOYHOE HAKOIJICHHE COCIMHUTEIBHOM TKAaHM M (OPMHPOBAHUE CTOMKHUX
CIIACUHBIX CTPYKTYp [12].

[To maHHBIM 3apyOEKHBIX HCCIEIOBAHUMN, HAUYAIbHBIC ITAIbI CIAKOOOPA30BAHUS CBS3aHBI
C TIOBPEXJACHHEM ME30TeIHMANbHBIX KJIETOK OpIOMIMHBI M pPa3BUTHEM  JIOKAIbHOMN
BocnannTenbHOU peaknuu. T. Diamond u M. Freeman oTmedarot, 4To TpaBMaTH3aIusl TKaHEH
COTIPOBOYK/IAETCS MOBBIILIEHUEM COCYIUCTON MPOHUIIAEMOCTH M MUTpalllieil HIMMYHHBIX KJIETOK B
oYar MOBPEXKACHUS, YTO CIIOCOOCTBYET aKTHBAIIMU KJIETOUYHBIX MeauaTopoB Bocnanenus [13]. B
uccinenoanusx Liakakos u coaBTOpOB Mmoka3zaHo, YTO KIIOYEBOE 3HAYEHHE B MATOr€HE3E CIacK
UMeeT HapyluleHHe OajaHca MeXIy TIpoleccaMd CHHTE3a M JIerpajlalliil BHEKJIETOYHOTO
Marpukca [14].

Ocoboe BHUMaHHME HCCIENOBATENN YACISAIOT pPOJIM MakpodaroB Kak LEHTPAJIbHBIX
peryJaaTOpOB BOCHAJEHUS W TKaHeBOro pemopenupoBaHus. CornacHo gaHHbiM T. Wynn u K.
Vannella, wmakpogaru yd4acTBYIOT B KOOpPAMHAIMM MEKKIETOUHBIX  B3aHMMOACHCTBHIMA
MOCPEJCTBOM CEKPEIMH LINTOKUHOB, XeMOKMHOB U ()aKTOPOB POCTA, PErYJIMPYIOIIUX aKTUBHOCTh
¢ubpobnacroB [15]. IIpu 3TOoM (yHKUMOHATBHAS AKTMBHOCTH Makpo(aroB 3aBUCHUT OT HX
(beHOTUNIMYeCKON MO PU3ALIH.

Kak ykassiBator S. Gordon u F.O. Martinez, makpodaru ¢enoruna M1 cuHTE3UpYIOT
MPOBOCHANNUTEIbHbIE LUTOKUHBI U aKTUBHBIE (DOPMbI KUCIOPOAA, YCHIIMBAs BOCIAJIUTEIbHYIO
peakiuio [16]. B mpoTHBONONOXKHOCTH 3TOMY, M2-makpodaru y4acTBYyIOT B Ipoleccax
pemnapanuyu TKaHEHW, CTUMYJIHPYIOT mpoiudepanuio (GpuOpoOIacToB M CHHTE3 KOJUIareHa.
N36pITounas aktuBanus M2-mMakpoharoB MOKeT IPUBOIUTH K YCHIIEHHOMY (pHOPO3UPOBAHHIO U
(GhOpMHUPOBAHUIO TUIOTHBIX COCTMHUTEILHOTKAHHBIX criaek [17].

UccnenoBanus Krishnan u coaBTopoB mokasainu, 4To Makpodaru criocoOHbl peryiaupoBaTh
AKTUBHOCTH IJIA3MUHOTEHOBOW CHCTEMBI, OKa3bIBAIOIIEeH BIMSHHE Ha IMpolecchl GuOpHHOIN3a
[18]. CHmxenue (UOPMHONIUTUYECKOW AKTMBHOCTH HPUBOIUT K COXPAHEHUIO (HOPHHOBBIX
OTJIOKEHUH, KOTOPBIE B JaJTbHEHIIIEM CTAaHOBSITCS OCHOBOW JUIsi 0Opa3oBaHUs 3penbix crmaek. [lo
mHeHnto Koh u DiPietro, mymtensHas akTuBanus Makpo(aroB COMpOBOXKIACTCS XPOHUUYECKUM
BOCMAJICHUEM M HAPYIIEHHEM HOPMAJILHOTO TEYEHHUS TKaHEBOU pereHepanuu [19].

Kpome Toro, coBpeMeHHBIE HCCIENOBAHUS JIEMOHCTPUPYIOT YydacTHe Makpo(daroB B
peryisluy CUHTE3a KOMIIOHEHTOB BHEKJIETOUHOTO MaTpukca. B paborax Wynn ormedaercs, 4uto
JTAaHHBIE KJIETKH CIOCOOHBI CTUMYIUPOBATh BBIPAaOOTKY TpaHchopmupyroero ¢akropa pocra 3
(TGF-B), xoTOpHIil ABISETCS OMHUM W3 OCHOBHBIX MHAYKTOPOB (prOpo3upoBaHusi TkaHei [20].
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[oBbiennas skcnpeccusi TGF-B aktuBupyer ¢(pubpobdnacTtel M COCOOCTBYET YCHIECHHOMY
CHUHTE3Y KOJUIAr€HOBBIX BOJIOKOH.

CornmacHo wuccienoBanusiMm Nathan u Ding, XpoHHYecKas BOCHAIHMTEIbHAS PEAKIIH
COIIPOBO’K/IAETCSI TIOCTOSHHOW MPOAYKIMEH MPOBOCTIATUTENbHBIX HUTOKMHOB TNF-a, IL-1PB u
IL-6, mognepKUBAIOIMKUX KJICTOYHYI0O WHOUIBTPAIMIO W IPOILECCHl PEMOICIUPOBAHUS TKaHEH
[21]. AmHamormuHble pe3yibTaTbl MpeACTaBieHbl B uccienoBaHusx Ghosn u coaBTopoB, rae
NOAUEPKUBAETCS BayKHasl poJib MaKpo(aroB B PETYISALUN B3aUMOAECHCTBUS MEXy UMMYHHBIMU
KJIETKaMH U COCIMHUTEILHON TKaHbIO [22].

Takum 00pa3oM, COBpEMEHHBIE JIUTEPATYPHbIE JaHHbIE CBUIETENbCTBYIOT O TOM, 4YTO
Makpogard SBISIOTCS KIIOYEBBIMM KJIETKaMM, YYacCTBYIOUIMMU B TaTOr€HE3€ CIIa€4HOTO
nporecca OpromHON mnosoctd. OHU  PeryaupyroT HHTEHCUBHOCTb BOCIHAJIEHHUS, IMPOLECCHI
¢ubprHOIN3a, CHHTE3 BHEKJIETOUYHOIO MaTpHKca W pa3BUTHE (UOPO3MPOBAHUS TKAHEH,
o0ecrieunBasl CIIOKHYIO B3aUMOCBSI3b MEXJy KJIETOYHBIMH M MOJIEKYISAPHBIMH MEXaHHU3MaMH
dbopMupoBaHUs CIackK.

MarepuaJibl 1 METOABI

OKCHEPUMEHTAIbHOE HCCJIE0OBAaHUE BBIIIOJHEHO B COOTBETCTBUM C IOJOKEHUSIMU
Hupextussl EBpornetickoro coobmiectBa 86/609/EEC mo 3ammTe KUBOTHBIX, HCTIOIb3YEMBIX B
Hay4yHbIX LENsIX, a TakXKe B COOTBETCTBUM C INPUHLUIAMU XEJIbCUHKCKOM JeKJapainui,
perynupymoiiei npoeaeHne OMOMEIUIIMHCKUX UCCIEI0BaHUMN C yHaCTHEM SKCIIEPUMEHTaTbHbBIX
XKUBOTHBIX. CoJlepsKaHNE KUBOTHBIX OCYIIECTBISIOCH B CTAHJAPTHBIX YCJIOBMSIX BUBApHs NpU
€CTECTBEHHOM CBETOBOM pEeXHME, CBOOOJHOM JOCTyNe€ K BOJE U KOPMY U COOJIIOJIEHUU
CaHUTAPHO-TUTHEHNYECKUX HOPM.

HccnenoBanue  0g00peHO  JIOKANBHBIM — dTHYeckuM  komuterom ®OI'BOY  BO
«HoBocuOMpCcKuil TOCYZapCTBEHHBI MEIUIMHCKMNA yHHMBepcUTeT» Mun3apaBa Poccun
(mpotoxost Ne 161 ot 15.10.2024 1.).

B skcniepuMenTe HCIONB30BaANIM TIOJIOBO3PEIBIX CaMIIOB KpbIC TuHUKM Wistar maccoit 215 +
22 1, nmonyueHHblx u3 BuBapus ®I'bOY BO HI'MY. XKuBoTHble ObLIM pa3fciieHbl Ha JBE
TPYIIIBL: SKCIEPUMEHTAIBHYIO TPYIILY CO CMOJAEIMPOBAHHBIM CHACYHBIM IPOLIECCOM OPIOIIHOM
MIOJIOCTH M UHTAKTHYIO KOHTPOJIBHYIO TPYIIITY.

MopenupoBaHue CIIa€YHOTO MpoIiecca OCYIIECTRIUIN B YCIOBHIX 00mIel anecte3uu. Jns
HapK03a MCIHOJIb30BAJIM BHYTPUMBIIIEYHOE BBEJCHUE PACTBOPA TWUIETAMUHA THAPOXJIOpUAA U
3o0ja3enama. B acenTuueckux yCIOBUSAX BBINOJNHSUIM CpeIuHHYI0 Jjanaporomuro. [locie
BCKPBITHSI OpIOIIHOIM MMOJIOCTH TMETIM KHUIIEYHHKA OCTOPOKHO BBIBOJWUJIM Ha CTEpUIIbHBIC
canderku. Ha mapueranpHoi OpromnHe W OOJBIIOM CAJbHUKE C MOMOUIbIO CKapH(HKaTopa
HAaHOCWJIM MHOXECTBEHHBIC IIOBEPXHOCTHBIE MOBpEXACHUS JIMHOM okomo 0,5 cM.
JIOTIOJTHUTENBHO IETIM KHUIIEYHHMKA II0JBEPrajid KPaTKOBPEMEHHOW BO3IYIIHOM CyLIKE I
YCUJIEHUS TOBPEXKICHUSI ME30TEINAIIbHOIO CJI0S U MHIYKIIUH BOCIIAJIMTEIBHOTO IpoLecca.

[Tocne 3aBepiieHuss MaHUIYJISALUN ONEPALMOHHYIO PaHy YIIMBAIM MOCIOWHO CTEPUIBHBIM
HIOBHBIM  MaTepHajioM C  COOJIIOJIGHUEM TMpaBWUJI  AaCeNTHUKM U  aHTHCENTUKH. B
MOCJICONEPAI[IOHHOM TIEPHOJE >KUBOTHBIE HAXOJIWJINCH TIOJ €XEeIHEBHbIM HAONIOJEHUEM U
COJIEPXKAINCh B CTAHAAPTHBIX YCIOBUSAX BUBAPUSL.

BoiBeneHne JKMBOTHBIX M3 SKCIIEPUMEHTA OCYLIECTBISUIM Ha 7-€¢ U 21-€ cyTKM Iocie
MOJIEJIMPOBAHUSl CHACUYHOTO Ipolecca MyTeM JAeKamuTaluu 1oj oOmiel aHecte3ueil (MO MATh
KHUBOTHBIX B KaxJoW moarpymme). ns mopdonornyeckoro uccieqoBanus 3a0upaid y4acTKH
criaek OpIONIHOM MOJIOCTH, (PparMeHThl OPEDKEHKN 1 KUIIICYHUKA.

[lonyuyennslii Ouonoruyeckuii Matepuan ¢ukcupoBanu B 10%-M  HelTpasbHOM
3a0ydepenHoM popmanrHe, Mocie Yero MpOBOAMIA CTAaHAAPTHYIO THCTOJOTUYECKYIO TTPOBOJIKY
U 3a1uBKy B mapa¢uH. C HMOMOIIBIO POTAIMOHHOTO MUKPOTOMA IOJy4alld CEpPUUHBIE Cpe3bl
ToMmUHOW S5 MKM. s omeHkd MOpPGONOTHYSCKUX W3MEHEHUW TPUMEHSUIM OKPaCcKy
reMaTOKCUIIMHOM U 303MHOM.
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VMMyHOTMCTOXMMHYECKOE HCCIIEJOBAHUE BBINOJHSIN C MCIOJb30BAaHUEM CTaHAAPTHOIO
NEPOKCUIA3HOT0 MeToja. J[Is OIEHKHM BOCHANUTENBbHOM aKTMBHOCTH W (DYHKIIMOHAJILHOTO
COCTOSIHHSI KJIETOK NMPUMEHSIIIH MOHOKJIOHAJbHBIE aHTuTeNa K muTokuHaM TNF-a, IL-1B, IFN-y,
IL-10 u TGF-} B cOOTBETCTBUU C MHCTPYKIUSAMH TPOU3BOIUTEIIS.

Mopdomerpruueckuii aHaIN3 MPOBOAMIINA C UCTIOJIH30BAHUEM CBETOBOTO MUKPOCKOIa AXio
Lab.A1 (Carl Zeiss, I'epmanusi). UHCICHHYIO IUIOTHOCTh KJIETOK C (PEHOTUIHYECKUMHU
npU3HaKaMu Makpo(aroB OMPEENsaud B BOCHAIUTEIbHBIX HHPUIbTPATAX METOJIOM TOUYEHYHOTO
cyueta B 60 monsx 3penuss npu ysenuueHun >400 ¢ UCMOIB30BAHHEM TECTOBOM CHUCTEMBI
dbukcupoBarHoi momaau 1600 Mrm?,

CraTtuctuieckyio 00pabOTKy JaHHBIX BBIOJIHSIIN C UCIIOIb30BaHUEM ITporpamm Microsoft
Excel u Statistica 10.0 (StatSoft Inc., CIIIA). Pe3ynbTaThl npeAcTaBieHbI B BUJIE MEAUAHBI U
MEXKBapTHIbHOTO pazmaxa (Me [Ql; Q3]). [ns oOueHKH pa3nuyuil Mexay TpyIinaMu
WCMOJIb30BaJIM ~ HEmapaMeTpuueckuii  kpurepuit  ManHa—YuTHH. Paznuumst  cuuranu
CTAaTUCTUYECKH 3HaAUUMbIMU T1pH p < 0,05.

Pesyabrarsl

[IpoBenénnoe nccienoBaHue MOKa3aao, YTO B YCIOBUAX IKCIEPUMEHTAIBHOIO CIAEYHOTO
mporiecca OpPIOITHOW TMOJIOCTH HAOMIOAAIOTCS BBIpAXKEHHBIE M3MEHEHUSI MOPHOMETPHUYECKUX U
YABTPACTPYKTYPHBIX XapaKTEPUCTHUK Makpo(daroB, 3aBUCAIINE OT OCOOCHHOCTEH TEYeHUS
BOCHAJIUTEIHLHOTO IIpoIecca.

VY ’KMBOTHBIX KCIIEPUMEHTAIILHON TPyl OTMEYCHO YBEIUYCHUE Pa3MEepOB Makpoharon
B JMHAMHUKE HaOMIONEHUs: ¢ 7-X 1o 21-e CyTKM UX pa3Mepbl BO3pacTaju B cpenHeM B 1,7 pasa.
IIpu sToM Ha 7-€ cyTkHM Makpodaru TaHHOM rpymnmbl 0butd Ha 19,7% KkpynHee 1o cpaBHEHUIO C
MHTAKTHBIMH )KMBOTHBIMH, a K 21-M CyTKaMm UX pazMep yBeIUUYUBaJICsS 10 2,5 pa3a OTHOCUTEIBHO
KoHTpouis (Tadu. 1).

B rpymnme )uBOTHBIX CO CITAa€YHBIM MTPOIIECCOM 0€3 JOTIOTHUTEIHLHOTO BO3CHCTBUS Ha 7-€
CYTKH DJKCIIEpUMEHTa pa3Mepbl Makpo(haroB B BOCHAIUTEIBHBIX HHQPUIBTPATAX MPEBHIIIATN
MoKa3aTesld MHTaKTHOM rpynnsl Ha 27,4%. OnHako kK 21-M cyTkaMm HaOioAanoch UX HEKOTOPOe
YMEHBIIIEHHUE, U MO0 CBOUM MOP(HOMETPUYECKUM XaPAKTEPUCTUKAM KJIIETKH MPUOIMKAINCH K
3HAYEHUSIM WHTAKTHBIX )KHBOTHBIX (Ta0IM. 1).

AHanmu3 AIepHO-LUTOIUIA3MAaTHYECKOTO COOTHOIICHHUS I[OKa3all, YTO Yy J>KUBOTHBIX C
HEJICYCHHBIM CIIa€YHBIM MPOLIECCOM OHO OBUIO CMEUIEHO B CTOPOHY s/ipa Ha MPOTSHKEHUU BCETO
nepuoaa HabmoneHus. [Ipu 3Tom pasMepsl siaep MakpodaroB Ha 7-¢ U 21-e CyTKU IpeBbIIIATN
MOKAa3aTeau WHTAKTHOM TIPYIIBI COOTBETCTBEHHO Ha 36,2% u 17%. DTO CBUAETENBCTBYET O
COXpaHSoIIeHCcs GYHKIIMOHATHHONW aKTUBHOCTH KJIETOK B YCIIOBHSIX BOCTIJICHUS.

B rpymme KMBOTHBIX €  BO3ACWCTBUEM  HccieqyeMoro  (Qaxrtopa  saepHO-
[UTOIIA3MATHYECKOE COOTHOIICHHE H3MEHSUIOCh B CTOPOHY Mpeo0iaqaHus IUTOIIa3Mbl K 21-M
CYTKaM, YTO COMPOBOXAAIOCH CHUKEHUEM OTHOCUTEIBHOIO SIIEPHOr0 00bEMa MO CPaBHEHHUIO C
TPYNION HEJNEUEHHBIX J>KUBOTHBIX. JlaHHbIE HM3MEHEHHMs MOTYT YKa3blBaTh Ha YCHJICHHE
(GYHKIIMOHATBHON aKTHBHOCTH MakpodaroB, CBSI3aHHOW C TmporeccaMu (arommro3a U
BHYTPUKIIETOYHOU TIepepabOTKH MaTepuana.

[Ipu yABTPACTPyKTYPHOM HCCIEAOBAaHUU BBISBICHO, YTO LUTOIUIa3Ma Makpodaron
XapaKTepU3yeTcss HaJIUM4YUEeM pPa3BUTOM CETH IMIEPOXOBATOM DHIOIUIA3MAaTUYECKOW CETH,
3HAYUTEJIbHBIM KOJUYECTBOM JIM30COM M (PAroim3ocoM, coepKamux ¢(aroluTHPOBaAHHBIN
matepuan. OTMEYEHO aKTHBHOE (POPMUPOBAHUE TICEBIONONNMN, YTO CBUIETEIHCTBYET O BBICOKOU
MUTPAIIMOHHON U (harolUuTapHON aKTUBHOCTH KJIETOK.

B rpymme XKUBOTHBIX CO CHAEYHBIM TIPOIECCOM O€3 JTOMOIHHTEIHLHOTO BO3JIEHCTBUS
KOIM4YecTBO ¢harocoM u (paromm3ocoM OBUIO OTHOCHUTEIBHO CHIDKEHO IO CPaBHEHHUIO C
JKCIIEPUMEHTaNbHOM rpynmoi. Takxke HaOmromamach MeHee BBIpaKEGHHAs pa3BUTOCTh
IEPOXOBATOM  DHAOIIA3MATHYECKOM  CETH, 4YTO OTpakaeT Oojiee HHU3KUH  YpPOBEHBb
(GYHKIIMOHATHHON aKTUBHOCTH MaKpO(aroB B TaHHBIX YCIOBUSIX.
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Takum 006pa3zoM, MOTYUEHHBIE Pe3yIbTaThl CBUAETEIBCTBYIOT O CYIIECTBEHHBIX Pa3IHUUsIX
B MOphO(YHKIIMOHAIEHOM COCTOSIHUM MakpogaroB B 3aBHCHUMOCTH OT OCOOCHHOCTEH
SKCIEPUMEHTAIbHONM MOJENN, 4YTO OTpakaeTcd Ha MX (arouuTapHOW AaKTUBHOCTH M
BHYTPHUKJIETOYHON OpraHU3alUU.

B ycinoBusX 3KCHEpUMEHTAIBHOIO CHAEYHOIO Ipoliecca OPIOIIHOW IMOJIOCTH BBISBIECHBI
BBIpQ)KEHHBIC W3MEHEHHsSI SKCIPECCHH LUTOKWHOB Makpodaramu, 3aBHCSIIME OT CpPOKOB
HaOJIIONIEHUST U OCOOEHHOCTEH TPYTIIBI )KHBOTHBIX.

Tabmuma 1 — Mopdomerprueckrie mokazarelid MakpogaroB Mpu 3KCIEPUMEHTAITBHOM CIIACYHOM

nporecce OPIOIIHON MOIOCTH

., | I'pynna 2 (cmaeyHbIi
I'pynna 1 (cnaeunsblii
I'pynna 3 (MHTaKTHBIE npouecc, ¢
IMoka3zaTesn npouecc 0e3 N
’KUBOTHbIE) N BO3/elicTBHEM
BO3/1€iicTBUA)
(axTopa)
Pasmep maxpodaros . +27,4% 1o cpaBHeHuto | +19,7% o cpaBHEHUIO
ba30BbIi1 ypoBEeHb
(7-e cyTKm) C KOHTPOJIEM C KOHTPOJIEM
Pasmep makpodaror . MIPUOITKACTCS K B 2,5 pa3a BEIIIIE
BazoBslii ypoBeHb
(21-e cyTkn) KOHTPOJIIO KOHTPOJIS
JluHamuKa pa3mMepoB 0e3 3HaYMMBIX TEHIEHIHNS K
N yBenuueHue B 1,7 paza
(7-21 cyTkn) M3MCHEHHI CHIDKCHUIO
SnepHo- CMELICHUE B CTOPOH
AP CMEIICHUE B CTOPOHY IH POty
UTOIIa3MaTHIECKOE ¢dusnonornyeckoe . UTOTIa3MBI (K 21
COOTHOIIEHHE P CYTKaMm)
Pa3mep snep (7-¢ N 0¢e3 BRIpAXKEHHBIX
p ep ( 0a30BbIl YPOBEHB +36,2% pazen
CYTKH) OTIINYUI
Pasmep simep (21-¢ . 0e3 CylIecTBEHHBIX
p anep ( 0a30BbIi YPOBEHB +17% ym o
CYTKH) OTINYHN
®darouurapHas
HU3Kas/(PU3n0I0rnIecKas yMepeHHast MOBBIILICHHAS
aKTHBHOCTH (KOCBEHHO)
BBIpaXEHHAS
aKTUBanus (MHOTO
YapTpacTpyKTypHBIE
HOpMa yMepeHHas aKTHBAIHA JU30COM,
NpPU3HAKU
(harommzocom,
TICEBIOTTOTUH)
Tak, wuwucnennas twiotHocTh (Nai) wmakpodaros, skcnpeccupyromux IL-1, B

JKCIEPUMEHTAIbHON Tpynne Ha 7-¢ u 21-e cyTku Oblia HIDKE 1O CPAaBHEHUIO C TPYIIION
KOHTpoJIs B 4,6 U 1,8 pa3za cOOTBETCTBEHHO. AHAJIOTUYHAs TEHACHIMSA OTMEUEHA U B OTHOIIIEHUH

TNF-a: Ha 7-¢

CYTKHA KOJINYE€CTBO

Makpo¢aros,

AKCHPECCUPYIOIINX

JTaHHBIA

MPOBOCHIAJIUTENBHBIN IIMTOKUH, CHUKAJIOCh B 3,2 pa3a 1o CPAaBHEHUIO C KOHTPOJIbHOW TPYIIIOM.
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OparmenTsl Makpo(haroB Ha 7-¢ CYTKH KCIEPUMEHTA B CHIaliKax OPIOIIHOM MOJOCTH KPBICHI.

(a) I'pynma 1 — oTmevaercst HEOOJIBIIOE KOIMIESCTBO JIU30COM H (harocoMm, cinado BBIPAKESHBI TICEBIONONH.

(6) Tpymma 2 — BBISBISCTCS 3HAUMTENBHOE KOJIMYECTBO JIM30COM, (DaroiuM3ocoM M pasBUTHI LICPOXOBATHIH
9HJIOIIA3MATHYCCKUI PETUKY/IyM, aKTHBHO (DOPMUPYIOTCS TICEBIOTIOMNH.

VBenmuuenue x25 000.

Fragments of macrophages on day 7 of the experiment in peritoneal adhesions of rats.

(a) Group 1 — shows a small number of lysosomes and phagosomes with poorly developed pseudopodia.

(6) Group 2 — demonstrates numerous lysosomes, phagolysosomes, and well-developed rough endoplasmic reticulum
with actively forming pseudopodia.

Magnification x25,000.

B 10 xe BpeMs B TOW ke Tpymie HaOIOAaNoCh YBEIWYCHHE YUCICHHOW IUIOTHOCTU
Makpo(aroB, SKCIPECCUPYIOMIUX MPOTUBOBOCHAIUTENIbHbIE U MPOPUOPOTUYECKHE HUTOKHHBI
IL-10 u TGF-B, kak Ha 7-e, Tak U Ha 21-€ CyTKM IKCIEPUMEHTA MO CPABHEHHUIO C KOHTPOJIEM.
OTo yKa3blBaeT Ha NpeodiafaHue pEryasTOPHBIX M penapaTUBHBIX MEXAaHHW3MOB B 30HE
(hopMUpOBaHUS CIIaeK.

Oxcnpeccusi [FN-y makpodaramu Ha 7-¢ CyTKM ObUTa CHHIKEHA: YMCIICHHAs TJIOTHOCTH
COOTBETCTBYIOIIUX KJIETOK OblIa B 2 pa3a HWXKE MO CpaBHEHUIO ¢ KoHTpoiem. OmHako Kk 21-m
CyTKaM OTMEYEHO 3HAUWTEIbHOE YCHUJICHHE SKCIPECCHH JaHHOTO IUTOKMHA — YHCIIEHHAas
w10THOCTh [FN-y-mo3UTHBHBIX MakpodaroB yBenuuwiach B 3,2 pa3a O CpPaBHEHHIO C
MPEBITYIIUM CPOKOM HabmtoneHus 1 Obuia Ha 44% BbIle, Y4eM B KOHTPOJIbHOMU TPYIIIIE.

[TomyueHHbIE NaHHBIE CBHACTENHCTBYIOT O JUHAMHYECKOM H3MEHEHUH ITMTOKUHOBOTO
npodwisi MakpodaroB B mporecce GOpPMHPOBAHUS CHAcK OPIOIIHOW IMOJOCTH, YTO OTpa’kaeT
nepexoj] OT HayaabHOU (ha3pl BOCcTaIeHHs K (pa3e aKTHBHOTO TKAHEBOTO PEMOACITUPOBAHUSI.

Obcyxaenne

[IpoBenéHHpli aHANM3 TMOKa3ald, YTO MOMYJSUS MakpoparoB B BOCHAIUTEIBHBIX
MHOQUIBTPATaX CHAaeK OPIOIIHOM IMOJIOCTH XapaKTepU3yeTCsl BBIPAXKEHHON TI'€TEpPOr€HHOCTHIO U
JUHAMHYECKON M3MEHUYMBOCTBIO B 3aBUCHMOCTH OT CPOKOB 3KcrepuMeHTa. Ha paHHMX sTanax
(dhopmupoBaHus craeqHoro mporiecca (7-€ CyTKH) B AKCIIEPUMEHTAIbHOW TPYIIIE OTMEYAEeTCs
npeobnaganue MakpodaroB ¢  (pyHKIMOHAJIBHBIMH NpHU3HAaKaMu M2-peHoTuma, UTO
noaTBepxkaaeTcss nosbimeHHoW 3kcnpeccueit 1L-10 u TGF-B. JlanHbie M3MEHEHHUS OTpPa)KaroT
AKTUBALMIO PETYJIATOPHBIX M PpENapaTMBHBIX MEXAHU3MOB, HAIIPABJICHHBIX HAa OrpaHUYEHUE
BOCIAJIMTEIBHON PEaKIMU U 3aITyCK MTPOLIECCOB TKAHEBOI'O PEMOJEIMPOBAHHUS.

B To xe Bpems B rpyIie >KHUBOTHBIX O€3 JOMOJHUTEIHHOIO BO3ACHCTBUS HAOIIONACTCS
Oosee BbIpayK€HHas aKTMBHOCTb MakpodaroB M1-tuma, o 4éM CBUAETENHCTBYET MOBBIIICHHAS
JKCHpeccHs MpoBocHanuTeNbHBIX TUTOKMHOB IL-1 u TNF-a. D10 yka3piBaeT Ha npeobnasaHue
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BOCTIAJIUTETILHOTO KOMIIOHEHTa W 0ojiee WHTEHCHBHOE MOBPEXKIEHHE TKaHEW B YCIOBHIX
OTCYTCTBHS MOAYJIMPYIOLIETO BIUSHUS.

K 21-M cyTkam »SKcIiepuMEHTa OTMEYaeTCsi HM3MEHEHHE ITUTOKHHOBOTO TPOQuIIs
Makpo¢aroB ¢ TeHACHIUEH K ycuineHnto M1-accOlMMpOBaHHON aKTUBHOCTH, YTO NPOSBISIETCS
yBennueHueM skcnpeccuu TNF-a, IL-1 u IFN-y. Jlanublii gakT MOXET CBHIIETEIHLCTBOBATH O
COXPAaHEHHU XPOHMYECKOIO BOCHAJIUTEIBHOIO IIpollecca M HEMOJIHOM 3aBepLIEHHOCTU
penapaTuBHBIX peakuil B 30He (POPMUPOBAHUS CIIACK.

[TonyueHHbIe pe3ynbTaThl MO3BOJSIOT MPEANOIOKUTh, YTO HA PAaHHUX 3Tanax CHaeyHOIro
npolecca Makpodaru NpeuMyIIeCTBEHHO yYacTBYIOT B PETYIISLIMN U OTPAaHUYEHUU BOCIIAJICHMUS,
TOrJa Kak B OoJsiee Mo3HME CPOKU HAOIONAeTCs CMEIeHNE X (PYHKIMOHAJIBHON aKTUBHOCTH B
CTOPOHY HOJJIEPKaHMsI BOCIIAIIUTEILHOTO OTBETA U TKAHEBOI'O PEMOICITUPOBAHUSA. DTO OTPaXKaeT
CJIOKHYIO TUIACTUYHOCTh Makpo(aroB M HX KIIOUEBYIO pOJb B JTUHAMUKE BOCHAIUTEIBHO-
(bUOPOTUYECKHUX TTPOIIECCOB.

Mopdonornyeckue U yabTPacTPyKTYpHBIE NaHHbIE HOATBEPXKIAIOT (YHKUIMOHAIbHbIE
U3MEHEHUsT Makpo(aroB, BBISBICHHBIE Ha MOJIEKYJISIPHOM YPOBHE. YBEIMUYCHHE KOJINYECTBa
(arocom U IM30COM, pa3BUTHE IIEPOXOBATOM HHIOMIA3MATUYECKONW CETH, a TAaKKe M3MEHEHUE
AJIEPHO-IIUTOIIa3MaTHYECKOT0 COOTHOILEHUSI CBHUJICTEILCTBYIOT 00 YCHJIEHHHU (harouuTapHOU
AKTUBHOCTH KJIETOK M MX BOBJIEYEHHOCTHM B IPOLECCHl yOAJIEHUs KIETOYHOIO JETpUTA U
JKCCyara.

Takum 0Opa3oM, Makpodaru B yCIOBUSAX CIIAEUHOTO IMpoIiecca OPIOIIHON MOJIOCTH UTPAIOT
KJIIOUEBYI0 pOJb B KOOPAMHALMU BOCHAIMUTENBHBIX M pENapaTHMBHBIX pEakUMi, a ux
(yHKLIMOHATBHOE COCTOSIHME ompezensercsa O6amancoM Mexay M1- u M2-denorunamu, 4ro B
KOHEYHOM MTOTe BIUSET Ha XapakTep (OpMUPOBAHUS COEAUHUTEIbHOTKAHHBIX CIIAEK.

3akJjaroueHue

B xone npoBen€HHOro nccien0BaHus yCTaHOBIIEHO, YTO MaKpo(aru UrparoT LEHTPATIbHYIO
poib B (pOPMUPOBAHMM CIIAEYHOTO Tpolecca OPIOIIHONW MOJOCTH, 00ecreunBas KOOPAWHAIMIO
BOCHMAJIMTEIbHBIX M pENapaTUBHbIX peakuuil. BblsiBiIeHa BbIpaXK€HHas 3aBHUCHUMOCTb HX
(YHKLIMOHATBHOTO COCTOSIHUS OT CTAMH HKCIIEPUMEHTA U YCIOBUNA BO3/IEHCTBHSL.

Ha pannux cpokax HaOmomaeTcsi npeobiagaHue M2-acCOIMUPOBAHHBIX Makpogaros,
XapakTepu3syomuxcs nosbimeHHoi sxcnpeccueit IL-10 u TGF-B, uro ykaszpiBaeT Ha aKTUBALIUIO
IPOLIECCOB PEry LMK BOCIAJICHUS U TKaHEBOTO peMonenupoBanus. Ha Gosnee mo3nHux sramax
IPOMCXOIUT CMEIIEHUE IUTOKUHOBOro mpodmiss B cropoHy Ml-¢peHotuna c ycuieHHEM
skcnpeccun IL-1, TNF-a u IFN-y, 4to oTpa)xaer coxpaHeHUE BOCHAIUTEIbHON aKTUBHOCTH B
30HE CIIAEYHOT'0 Mpolecca.

Mopdonorndyeckre u  yIbTPACTPYKTYPHBIE HCCIEJOBAHUS TOATBEPIMIIA  BBICOKYIO
(YHKLIMOHAIBHYIO AKTUBHOCTH Makpo(aroB, MPOSBISIONYIOCS pa3BUTHEM (ParouTapHOTo
anmnapara, yBeJIMYE€HUEM KOJIMYECTBA JIM30COM U (Daroiam3ocoM, a TakKe U3MEHEHHEM sJIepHO-
[IUTOIIA3MaTHYECKOTO COOTHOIIICHUSI.

[TomydyeHHble pe3ynbTaThl MOATBEPXKJAIOT ydacTHE MakpogaroB B  MEXaHU3Max
BOCTIaJieHHst ¥ (uOpO3upoBaHus MpU (POPMHUPOBAHUH CTIACK OPIOLTHOM MOJOCTH U YKa3bIBAIOT HA
UX 3HAYUMOCTb B DETYIALUU MEXKKIETOUHBIX B3aMMOJAEHCTBUIA B YCJIOBHUSAX TKAHEBOIO
TOBPEXKICHHS.
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KA3AKCTAHHBIH OHTYCTIK-IIBIFBIC AMMAFBIHIA BUJIAN YJTLJIEPTHIH
KATTBI KAPA KYE (Tilletia caries (DC.) Tul) AYPYBIHA
TO3IMALTITTH AHBIKTAY

Bupaii nakpUTBIHBIH aca KayinTi caHbIpayKyJlaK aypyJlapblHbIH Oipi KaTThl Kapa kyie (Tilletia caries
(DC.) Tul). Eric ankaOblHma KaTThl Kapa KYHEHIH TeJIMOCIOpajapbl OuWmail MoHIHIH SHIOCIEPIMIHIH
OpHBIHA Maiina OombIN, cay MacakThlH imiHeH Oaiikanmail Typansl. Tilletia caries (DC.) Tul maroreni
SNUGUTOTHS KBUIIAPHI eric ankaObIHIa acTHIKTBHIH CamachlH TOMEHJIETYIMeH Karap, OHBI TONBIKTai
xapaMch3 ereai. KarTel Kapa Kyie aypybIHBIH aJIbIH Ay VIIH TYKBIMIIBI XUMHSUTBIK OHAEyTe Oonaipl,
OipaK XUMUSUIBIK TIperapaTTapabl IIaManaH THIC KOJIaHy KopIlaraH opTara 3usH Turizemi. COHIBIKTaH
KaTThl Kapa KyHeMeH KYpecyliH €H THIMII JKOJBI IMapyarmblIbIKKa TO3IMII cOpTTapmabl eHrizy. Kasipri
TaHJa OPraHUKAJBIK IIAPYAIIBUILIKTBIH JaMyblHa OaWlIaHBICTBI SPTYPJl XWMHSIIBIK TpernaparTapblH
OpHBIHA CaHBIPAyKYJIaK aypylapbIMEH Kypeci YIIiH OpraHWKaIbIK ©HIM peTiHAe Te31MIi COPTTapIIbl
naiianany e3eKTi Macese OOJIBIN caHaaabl. 3epTTEY KYMBICHIHBIH MaKCcaTbl AJIMaThl OOJNBICBIHBIH KATThI
Kapa Kyie MOMmyNsIUsIChIHA PYMBIHUSUIBIK OWAail YATLIepiHIH TO3IMAUITiH ChlHAY. 3epTTey HBICAHBI
peTiHae pyMBIHMSUTBIK Oumainapasiy 10 yarici ansiHasl. AypyFa Tesimci3 cranaapt perinae borapnas 56
COPTHI KONIAHBUIABL 3EPTTEy HOTIDKECIHAE aypyra Te3iMmmi merm 9 Oummaii copTel epekmeneHmi. Omap:
F07270G2, F08034G1, F08245G1, F08126G1, F06393GP10, F08347GS8, F06659G-1, RETEZAT >xone
PARTENER. Ocimaikrepnin 6momacca mHIekc kepcerkimiid (NDVI) aneikray GapbeicbiHIa 2 YITiHIH
Omomaccachl KOFapbl Jiell TaHBUIABL. KypbUibIMABIK — Oenriepine Tanmay OapeickiHna F08347GS,
PARTENER sxone F08245G1 ynrinepi eHIMAINIK KepceTKiITepi OOWBIHIIA >KOFaphl Aen OarajaHIbl.
JKacanap! iHAETTIK OpTaza KaTThl Kapa Kyiere Te3iMal OOJFaH jKoHE OHIMIUTIK KOPCETKIIITEpi >KOFaphl
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OosiraH Ounail yirinepin cenekuus 6armapnamaceita Tilletia caries (D.C.) Tul natorenine Te3iMal TOHOP
peTiHe eHTi3yTe 0O0aIbL.
Tyiiin ce3mep: Te3imMai COPT, celeKLHs, MaTOreH, KaTThl Kapa Kyiie, Oumai.

K. l'nabsimoex*, C.b. bakupos, P.K. /I:xxynycoBa, b.b. Amano6aii, A.b. Typcbin
Kazaxckuit HalinoHaIBHBIN MEarOTMUYEeCKU YHUBEPCUTET UMEHU Abast,
Anmartel, Ka3zaxcran
*e-mail: kanat.galymbek@mail.ru

OmnpenesieHne yCTOHYUBOCTH 00pa310B NIIEHUIBI K 3200/1€eBAHNI0 TBEPA0ii T0JI0BHEH
(Tilletia Caries (dc.) tul.) B 1ora-soctounom peruore Kazaxcrana

OpauM W3 HaWOOJEe OIMACHBIX T'PUOHBIX 3a00JICBAHMIA TINCHUIIBI SIBJISICTCS TBEpPAAs TOJOBHS
(Tilletia caries (DC.) Tul). B mone Teauocmopsl TBEPJOH T'OJOBHH IOSBISIOTCS BMECTO 3HIOCIIEpPMA
MIICHUYHOTO 3€pHAa U OCTAIOTCS HEBUIAVMBIMU BHYTPHU 310poBOro Konoca. Bozoymurens Tilletia caries
(DC.) Tul cHMXaeT Ka4ecTBO 3epHA B TOJIC B TOMBI SMHU(DUTOTHH U JETACT €ro MOJHOCTHIO HEPUTOIHBIM.
Uro0Obl TPEOTBPATUTH CEPhE3HOE 3a00JIeBaHUE TBEPIOW TOJOBHON ceMeHa MOXKHO 00padarhiBaTh
XUMHYECKHMH BEIIECTBAMU, HO YPE3MEPHOE HCIIOIb30BaHNE XMMHKAaTOB HAHOCHT BpEd OKPYKaromen
cpene. [loaromy Hambomnee 3(h(heKTUBHBIM clTOCOOOM OOpPHOBI C TBEP/IOH TOJIOBHOU SBISETCS BHEIPECHUE
YCTOHYMBEIX COPTOB. B HacTosIee BpeMs B CBS3H C PA3BUTHEM OPTaHUYECKOTO 3EMIICIICITUS aKTyaThbHBIM
BOIPOCOM CUHTACTCS MCIIOIB30BaHUE B KAYECTBE OPTaHHUUECKON MPOAYKIMU JUIst OOPHOBI ¢ TPUOKOBBIMU
3a00JIeBaHUSIMY YCTOHYMBEIX COPTOB BMECTO PA3IMYHBIX XUMHUECKUX MpenapaToB. Llems uccnenoBanus -
MPOBEPUTh yCTOMYMBOCTh OOpA3IOB PYMBIHCKOM MINEHWIBI K TOMYJASIUA TBEPIOW TOJIOBHHU
AnmaruHckod oOmactu. B kadectBe oObekTa ucciemoBaHusi Obutd B3sAThl 10 00pasioB pyMBIHCKON
MIICHUIBEL. B KadecTBe cTaHmapTa HEYCTOHYHMBEI K OOJNE3HSM HMCIOIL30BadM copT borapHas 56. B
pe3yabTaTe UCCAeIOBaHUN BBIICIICHO 9 COPTOB MIICHUIIBI, YCTOMYMBEIX K 3a0oneBanuto. Jto: FO07270G2,
F08034G1, , F08245G1, F08126G1, F06393GP10, F08347G8, F06659G-1, RETEZAT u PARTENER.
[pu onpenenennu naaexca 6momaccsl pacreHuit (NDVI) 6uomacca 2 06pa3uoB Obliia MpU3HaHA BEICOKOH.
IIpu cTpykrypHOTO aHanm3e oopasiel F08347GE, PARTENER u F08245G1 6butn orieHEHBI KaK BRICOKHM
nokazarensaM. OOpasilbl MIICHUIIB], YCTOWYUBBIC K TBEPOH IOJIOBHE B YCIOBUSIX HCKYCCTBECHHOH Cpejie U
MMEIONINE BHICOKHE TOKa3aTel YpOXKaHOCTH, MOTYT OBITh BBEIIEHBI B CEJIEKIIMOHHBIE TPOTPaMMBI B
Ka4eCTBE JIOHOPOB, YCTOWUUBHIX K Bo3Oymnurento Tilletia caries (D.C.) Tul.

KiroueBble cjioBa: yCTOWYMBBIA COPT, CEJIEKIIUS, TATOTEH, TBEPAAs TOJIOBHS, MIIIEHUIIA.

K. Galymbek*, S.B. Bakirov, R.Zh. Dzhunusova, B.B. Amanbay, A.B. Tursyn
Abai Kazakh National Pedagogical University, Almaty, Kazakhstan

Determination of resistance of wheat samples to common bunt (Tilletia caries (DC.) Tul.)
in the south-eastern region of Kazakhstan

One of the most dangerous fungal diseases of wheat is common bunt (7illetia caries (DC.) Tul). In
the field, common bunt teliospores appear instead of wheat grain endosperm and remain invisible inside a
healthy ear. The causative agent Tilletia caries (DC.) Tul reduces the quality of grain in the field during
the years of epiphytosis and makes it completely unusable. To prevent serious disease, common bunt
seeds can be treated with chemicals, but overuse of chemicals is harmful to the environment. Therefore,
the most effective way to control common bunt is to introduce resistant varieties. Currently, in connection
with the development of organic farming, the use of resistant varieties as organic products to combat
fungal diseases instead of various chemicals is considered an urgent issue. The purpose of the study was
to test the resistance of Romanian wheat samples to the population of common bunt in the Almaty region.
As an object of study, 10 samples of Romanian wheat were taken. Variety Bogarnaya 56 was used as a
standard disease-resistant variety. As a result of the research, 9 varieties of wheat resistant to the disease
were identified. These are: F07270G2, F08034G1, F08245G1, F08126G1, F06393GP10, F08347GS8,
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F06659G-1, RETEZAT and PARTENER. When determining the plant biomass index (NDVI), the
biomass of 2 samples was considered high. In structural analysis, samples F08347G8, PARTENER and
F08245G1 were rated as high. Wheat accessions that are resistant to common bunt under artificial
conditions and have high yields can be introduced into breeding programs as donors resistant to Tilletia
caries (D.C.) Tul.

Keywords: resistant variety, breeding, pathogen, common bunt, wheat.

Kipicne

Kanmel FamamablK JoHAI JaKbUigap imniHAe Oumail eHaipici yHeMi OipiHINI OpbIHJA.
Kazakcran Oykin onem OoiibIHINIA canaibl Ouai (KbUT CAaiibIH OH MJIH TOHHAFa JKYbIK) OHIIPYII
ell.

DAO momimerTepine cyihencek, 2050 xpuUtra Kapaid kep HIapbIHIAFbl XalbIK CaHbl 2-3
MUJIIMOH aJlaMFa JIeiiH keOeiiin, 9 munapaka sxkereni. OcbIiFan OaillaHbICThI OMIalt MEH KYpiIll
erictiridig Heri3ri 6emiri A3us meH Conrycrtik Adpukana [1]. Kemksuiablk 3epTreynep acipece
arpOTEXHUKAIIBIK OMICTePMAiH - WH(EKIMsIFa YIIbIpaFaH MAaKbULAAPABIH TapaTyblH OHBIH JaMy
JTMHAMUKACBHIH JKOHE 3WUSHIBUIBIFBIH PETTEY/IE MaHBI3bl POl aTKapaThIHBIH aHBIKTaAbl. KarTel
Kapa KYWEeHiH 3USHIBUIBIFBI JOHHIH OpHBIHA CIIOpa TY3UIN KaHa KoWMail, BereTanus Ke3eHiHae
OCIMJIIKTIH alTapJIbIKTai O6JITiHIH KOMBIUTYBIHA, dcipece KY3AiK Oumai ke ceOlIreH xaraanaa
ceben Oomanel. 3anangaHFaH ©CIMIIKTIH as30eH KyaHIIBUIBIKKA TO3IMAUIIri TemMeHaeiai. OraH
KOca, 6CIMAIKTEp aypy KO3JBIPFBIIIBIMEH KYpPECY YILIIH KOIl SHEPTHsl )KYMCal b, O 63 Ke3eTiHae
oJIapJbIH OHIMJUTIIIHE Kepl ocep €Til eHIMHIH a3 >KMHaIyblHa bIKnan ereni [2]. Kazakcranma
KAaTThl Kapakyie aypyblHa JOH[I AAKbULAAPABI KOPFay[bIH HETi3T1 TOCLT TYKBIMIBl XHUMHSITBIK
npernaparTapMer oHIey OonbIll TaObUIambl. AJaiiia, aTanFaH aypyAblH alIbIH aily YIIiH
XUMUSJIBIK SICTI Maiifanany, Kapakyiie aypyiapbiMeH OOJaThIH MOCENIeH! TOJBIFBIMEH IIEHIKeH
KOK, OUTKeHI (YHTUIHUITED TOMEH THIMAUTIKKE M€ HeMece OCIMIIKTIH MIapyallbUIbIK Oaraibl
Oenrinepine Ttepic ocep ereni. JKyiemik ¢ynruumarep Oupmaidi AoHIHE €HeAl e, Kyhe
CaHBIPAYKYJIaKTapBIHBIH OCYIH TeXeli. bipak omap TombIpak, aya KoHE Cy apKbUIbl KOpIIaraH
opTara 3UsH TUTi3ell, aJaM JKoHe JKaHyap OpraHu3MiHe a3bIK apKbUIbl Tyceni. COHFBI yaKbITTa,
XMMUSIIBIK OMIICTEP/IiH OpHBIHA TYPJi aypyiap, aTall alTKaHJa Kyie caHbIpayKyJIaK aypyJapbiHa
TO3IMAUTIKTI KaMTaMachl3 €Ty YUIIH OpPraHMKaJbIK OAICTEpi MaijanaHy CeleKIUOHEpIepAiH
OacThl MiHAETTEPIHIH Oipi 60bIT OTHIP [3]. ATanFaH aypyablH aJIIbIH ATy YIIIH XUMUSIIBIK ICTI
naiianany, Kapakyiie aypynapbIMEeH OOJaThIH MOCEJICHI TOJIBIFBIMEH HICHIKeH >XKOK, OMTKEHI
GyHTUIMATED TOMEH THIMIUTIKKE M€ HEeMece OCIMIIKTIH IMapyalbUIbIK Oaranbl OenrijiepiHe
Tepic acep ereni [4]. KarTel Kapa kyiie aypybIMEH KYpPECYAiH €H THIMAI 9JiCi ©CIMIIKTEpAiH
TCHETUKAJIBIK KOpFaHYbI, OYJI ©HJIpiCKe OWmaiIbIH KAaTThl Kapa Kyie aypyblHa jKaHa Te3IM/Il
yJIriniepai eHrizy apkbuibl skyprizuneni. Ocbunaiiima, Ougail 1oHIH XUMUSUIBIK ©HICY JKYPri3yaiH
OpHBIHA, OCIMJIK aypyJlapbIMEH Kypecy VIIiH OpraHUKaJIbIK Kypammgap KaxkerT. Kazakcran
Ougaiibl SKCIOPTTANUTBIH €J1, COHIBIKTAH JKOFaphl IIapyanbUIbIK-KYH/IbI Oenrijepi 6ap Te3iMai
copTTapablH 0o0iybsl eTe MaHbI3Ibl [5]. KarTel Kapa Kyiere TO3IMAUTIKTIH HETI3T1 reHaepiMeH
Oali;TaHBICTBI MOJIEKYJTAJIBIK Mapkepiep Tizoeri a3ipiennai. Kasipri ranga Oy aypyra Te3IMILTIK
KepceTeTiH 15-ke xybIK reH Oenrumi. bynm typaktsl BtrenmepiHiH mIapyambUIbIK KYHIBUIBIFBI
KOFaphl [6].

3epTTey MaTepuaAapbl MeH dicTepi

Ky3nik 6upgaiiieiH KaTThl Kapakyiie aypyblHa TYPaKThUIBIFBIH 3epTTEy OapbIChIH/IA €Tyre eH
KAKChl YaKbIT KemIirin ceOy, OMmIaiblH KaTThl Kapakyihere TYpPaKThUIBIFBIH Oarajayia eryJiiH
TEPeHIIr MaHbI3Abl POJI aTKapabl. TYKBIMHBIH Tasi3 €rilyiH OoiabipMay KaXeT. 3epTTey dficiHe
colikec ery marepuaisl 7-10 cm Tepenaikte cedineni. Omapasl 2 KaTapra, Y3bIHABIFEI 1 METp/IeH,
KaTtapJiap apajslFbl 15 cM enmemze, Kaiitanamacs 2-10 Karap apaibiFbiHaa ceOul.
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3eprrey mMarepuansl merenaik ounaiapy 10 yaricimen (Pymbiaus) sxxyprisinai. borapuas
56 copThl  CTaHAapT pETiHIE aJIbIHJBL. [aToreHiMeH Ounaiinpl WHOKymsmsIayga A.U.
boprraparaAnanunoroBansiH omici Kommawbuiabel [7]. Green Seeker — ammaparbl apKbUTBI
eciMIikTiH Onomacca kepcerkimimeHn emmenai (NDVI — Normalized Difference Vegetative
Index) [8]. ®uronartonorusibik 6aranayna M. KoisiOaeB mkanackl KOJIaHbUIIbI [9].

3epTTey HITHIKeepi MEH OJIapabl TAJAay

bupaiieiH KaTThl KapakyHeMeH 3aKbIMIaHybl acTBIK callachlHa ocep €TeTiH TaObICTHIH
KOFapbl Kelemje koramyblHa okeneni. Con cebenti 0i3 nanma »karjaidblHIa IIET €K Oumai
yaritepin  KazakcTaHHBIH KIMMATTHIK JKarmalblHAa Tekcepmik. Jlama jkarmalbiHAa 3epTTey
HOTIDKECIH/Ie PYMBIHUIaH aJIbIHFAH YJrIepre KaTThl Kapa Kyhere Te31MIUTIr Typajibl JepeKTep
anbIHbl. TaHANTHIK JKacaHabl IHIAET asgchiHaa ounait yarinepi Tilletia caries (D.C.) Tul. & C. Tul
MaTOTeHIMEH 3aJIajlIaHbLI/IbL.

2021 xbuTFel PyMBIHUSAIBIK Ouiaid yaTiIepiH GUTOMaTamoTUsUIbIK OaFanay HOTHkKeciHae |
Ooamnnpik peakuuss tumiMen RETEZAT, PARTENER, F08126G1, 02429GP-1, F06659G-1,
F08245G1, F08034G1 xone F07270G2 aypyra >korapbl Te3imMal aen epekmeneHai. KaTTel Kapa
kyiiere MR Genricimen oprama te3imaiiik TausiTkanaap F06393GP10 xone F08347GS. Tilletia
caries (D.C.) Tul. & C. Tul narorenimen 30% nenreiine 3ananganran 02429GP-1 ynrici anci3
te3iMci3 (MS) nen TanbpuABl. baranany mkamace 2 6amiabl Kypaiasl (kecte 1).

2021 KBUIFBI PYMBIHUSUIBIK OWJall YATUIEpIHIH KAaTThl Kapa KYWEeMEH 3alajijaHy
kepcetkimt 2020 KbUIFBICHIHA KapaFaHa dnjiekaiina TemeH (kecte-1), (kecte-2). byran Tikenei
ocep erymri dakTopiapasiH 6ipi 2021 KbUTFBI KIIMMATTBIK JKaFTalabIH KaTThl Kapa kyie (7Tilletia
caries (D.C.) Tul. & C. Tul) aypybIHbIH TaMybIHa KOJIAHCBI3 OOJIYBI SIFHU JKa3 ME3TUTIH/E )KaybIH-
IIaIIbIH KONk aiiMakTapaa 40 %-maH a3 TYCTi )KoHe KYPFaKIIbUIBIK ACHTeH1 )KOFaphl OOJIIBI.

Kecte 1 — Anmatsl obibickl Ooiibiaiia Tilletia caries (D.C.) Tul. & C. Tul narorenine Oumait
yirinepiig te3imainiri, 2025 x.

Yarinepmig JKanmer 3ananganraH 3anmanmany baranmay [xana
aTaybl MacakTap CaHbl, MacakTap CaHbl, JeHreii, % KepceTKiLui OoiipIHIIA
AaHa JaHa
F07270G2 63 0 0 R 0
F08034G1 52 0 0 R 0
F08347G8 56 4 7 R 1
F06393GP10 76 5 6 MR 1
F06659G-1 69 0 0 R 0
F08245G1 30 0 0 R 0
F08126G1 43 0 0 R 0
02429GP-1 67 20 30 MS 2
RETEZAT 88 0 0 R 0
PARTENER 58 0 0 R 0
Borapnas 56 78 19 23 MS 2

2020 xpU1IapAarsl 3ajanianFad Oujail yIriaepiHiH JKalmbl MalbI3IbIK KOPCETKIIITEPiHE
KeJeTiH Ooscak, xorapsl Te3imal aen tadsutrad F08245G1, RETEZAT, PARTENER, F08347G8
xoHe F06393GP10. JKanmbr 6unait cansiabiH 63% Kypaiiasl. Aypyra MS GenriciMeH Te3imi
nen tabpuran F08034G1 sxone FO08126G1 Oumpmait ynrimepi skanmbl Oumaid caHbiHBIH 19%
KamThIbl. Opramma te3iMmci3 gen anbikranFan F06659G-1 coprrapsl kanmbl Oumaidl CaHBIHBIH
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9 % xypaiinel. Xorapsl Teszimciz aen tadbuFaH 02429GP-1 copthl xanmbl 6unait canbiHBIH 9%
KaMTBIJIBI (2-KecTe).

Kecre 2 — KarTbl Kapakylie aypybiHa Ounaiil ynriiepid ¢puronaronorusisik 6aranay, 2025 x.

Ne Yonrinepnig ataysl 3ananpany aeHrewi, % baranay
KOpCeTKiIl

1 F08034G1 18 MS

2 F07270G2 0 R

3 RETEZAT 0 R

4 F08347G8 0 R

5 F06393GP10 0 R

6 F06659G-1 42 S

7 F08245G1 0 R

8 F08126G1 16 MR

9 02429GP-1 82 HS

10 PARTENER 0 R

11 Borapnas 56 20 R

Yurinepni ungexc 6uomacca (NDVI) kepcetkimrepi O0ibIHIIA YII peT eceml XKYpri3iiai
(kecte 3). Munexc Owmomaccackl OobibiHma 0,50-men ackan Oupait ynrimepi 02429GP-1,
F07270G2 eH >xoraprbl KepceTKimTepiMeH aHbIKTanasl. WHmekc Ouomaccacer 0,47-0,49
apaJIbIFbIHIA opTaria nen Oarananran yariuiep F06393GP10, F08347GS8, F08034G1, F08245G1
xoHe F06659G-1 . Unnekc kepcerkimi 0,410,43 apacbiHga TOMEH el aHBIKTAJIFaH YIATUIEP
PARTENER, RETEZAT xone FO08126G1.

Kectre 3 - Muaekc ouomacca kepcetkiminia (NDVI) wotmxkenepi, 2025 x

Ne Ynrinepaig NDVI
aTayel [-mmi ecen [I-mmi ecen 11-1mi ecen OprTamra MoHi
1 | F07270G2 0,54 0,66 0,38 0,53
2 | F08034G1 0,52 0,68 0,25 0,48
3 | FO8347G8 0,50 0,62 0,31 0,48
4 | F0O6393GP10 0,56 0,57 0,22 0,45
5 | FO6659G-1 0,59 0,58 0,30 0,49
6 | F08245G1 0,57 0,55 0,32 0,48
7 | FO08126Gl1 0,51 0,49 0,29 0,43
8 | 02429GP-1 0,61 0,58 0,32 0,50
9 | RETEZAT 0,57 0,49 0,26 0,44
10 | PARTENER 0,44 0,49 0,31 0,41
11 | boraphas 56 0,56 0,56 0,35 0,49

bunaii yariiepiHiH KYPBUIBIMIBIK OCNTIEpiHe Tanaay >KYPTi3ydiH HOTHXKECIHIE epTe
Macaktanrangap F06659G-1, RETEZAT (26.05.2021) »xone kem Macaktanran F08245Gl1,
F07270G2 (31.05.2021). Atanran yiruiepmaig apacblHAAaFbl MacaKTaHyJblH OpTala
alBIPMAaIIBUIBIFBI 6 KYHII Kypassl. Ocimaik owuiktiri (BP) OolibiHmma 6umaii yariiepinia OWIKTIT1
60 meH 75 cMm apaceiHaa 6onnbel. Ex Ouik gem FO8126G1 (75 cm) aHbiKTasica, eH anaca Jen
02429GP-1 (60 cm) ynrici TaObUIIBL. YJATUAEpAiH OMIKTIrT OOHBIHINA aWBIPMAIIBUIBIK 15 cm
apanbIFbIHIA (KecTe 4).
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Kecte 4 — bumaii ynrinepinia KypbUIBIMABIK Oenrinepine tanaay, 2025 x

Yorinepaiy | Macakra| Ocim Macak Macaxkrarbl Herisri Herisri 1000 moHHIH

aTaybl HY KYHi JIK | Y3BIHIBIFBL,| Macaklla | MacakTarbl | mMacaKTaFbl caJIMarkl,
2021 x Ouik cM Jlap CaHbl, | JIOH CaHbl, TTOHHIH r
TIIl, JaHa JaHa CaJIMarbl, T
cM

F07270G2 31.05. 65 9,25+0,20 | 18,20+0,60 | 43,00+5,44 | 1,70+0,35 39,1943,38
F08034G1 27.05. 63 10,42+0,37 | 20,7+090 | 50,4+2.29 | 1,82+0,08 36,03+1,54
F08347G8 27.05. 64 10,30+0,55 | 18,80+0,87 | 48,10+6,39 | 1,83+0,21 38,31+3,20
F06393GP10| 27.05. 65 10,13+£0,55| 18,8+0,75 | 45,6+3,44 | 1,49+0,20 32,75+2,74
F06659G-1 26.05. 72 10,66+0,59 | 18,50+0,67 | 47,70+5,40| 1,91+0,33 39,83+3,44
F08245G1 31.05. 63 10,24+0,46 | 19,80+0,40 | 50,50+6,73 | 1,94+0,47 38,02+5,17
F08126G1 27.05. 75 9,87+0,36 | 17,70+0,90 | 46,60+7,58 | 1,67+0,31 35,62+1,60
02429GP-1 29.05. 60 8,65+0,61 | 16,30+0,78 | 36,60+3,72 | 1,12+0,17 30,35+2,06
RETEZAT 26.05. 65 8,99+0,35 | 18,80+1,17 | 50,30+4,15| 1,67+0,17 33,12+1,01
PARTENER | 27.05. 68 10,37+£0,42 | 18,19+0,78 | 28,5+8,87 | 0,99+0,36 36,93+2,21
Borapnas 56 | 01.06. 80 12+0,39 20,6+0,49 | 40,3+5,10 | 1,41+0,17 35,22+1,64

Macakrtbiq y3biHABIFB 8 feH 10,6 cM-re neifin esrepreH. Macak Y3bIHIBIFBI OOMBIHINA €H
y3biH gen anbiKTanrad F06659G-1 yirici eq kpicka nen tadbsiiran PARTENER ynriciaen 3,5
CM-Te y3bIH. MacakuianapbHblH canbl 20 JaHagaH acKaH 5 yiIri >KOFapFbl KOPCETKIIIKe ue O0Jabl,
onap: F08034G1, PARTENER, F06393GP10, F08245G1 xone F08347GS8. Herisri macakrarbl
noH canbl 60 nananan ken Oonran: PARTENER, F08245G1 xone FO08347G8 copTrapsl »kOFapfbl
KepceTKimke wue jnen  Tabpuiapl. Herisri macakrarsl JoHHIH canmarbl 1,3-2,5 rpamm
apaneirbiaga 6onran. F06659G-1 (2,5 rp) xoraprel kepcerkimke ue 6onabl, PARTENER en
TOMEHT1 KOPCETKIITI KepceTTi. MbIH MoHHIH canMmarbl OolibiHma 40 rpaMMHaH acKaH
F08245G1, F06659G-1, F08347G8 xone FO7270G2 yarinepi eH oFapbl KepceTkim OoiibIHIIa
epekienence, 30-35 rpamm apaneirbiiAarbl RETEZAT, 02429GP-1, F08126G1, F06393GP10
TOMEHT1 KOPCETKIIITI KOPCETTI.

KopbIThIHABI

KopsiTa kenrenze, skacaupl iHAET aschiHAa pyMbIHUSUTBIK 10 Ounaii ynricin Tilletia caries
(D.C.) Tul. & C. Tul naroreHiHe Te3IMAUII ChIHAIALL. @OUTOMATOJOTHUIBIK Oarajay
HOTIDKECIH/Ie KaTThl Kapa Kyhere >KOrapbl TO3IMJi XoHE opTama Te3iMAal aenm 9 Ompmail yirici
epexkmenenmi. F07270G2, F08034G1, F08245G1, F08126G1, F06393GP10, F08347GS,
F06659G-1, RETEZAT xone PARTENER. bupnaii ynrinepinin macakrany mep3imi 26-1i
MaMbIpaH 31-mpl MambIpra JCHiH JKalFacKaHbIH Kepe aliaMmbl3. EH epTe MmacakTaHraHaap:
RETEZAT xone F06659G-1. Ocimaik OuikTiri O0ibiHIIA OapiblK Oumail yATiIepiHiH OWIKTIri
60-75 cm apanbiFplHIA OOJNBIN, OH KepceTkimke ue Oonasl. buomacca wunaexkc (NDVI)

KepceTKimTepi OoibIHIIA 2 YIri €H XOoFapbl KepceTkim kepcerti omap: F07270G2 xone
02429GP-1.

OJjeduerrep Tizimi

1. FAO statistical yearbook 2013 World food in agriculture. Rome, 2013 —289.

2. Borggard A.L. (1961) Izbrannye trudy po fitopatologii [Selected works on phytopathology] M.,
pp. 207-215

30



Abai Journal of Biological Sciences, Nel (1), 2026

3. Koitmubaes M., SAxbesiBu A., Pcammes 111.C., KanapOexoBa A.b. JlocTnxkeHns U MEepCIEKTUBEI
CEJICKIIMA O3WMOM TIICHHIIBI Ha YCTOMYHMBOCTh K Ooie3HsM B LleHTpansHO# Asun. — buomorndeckme
OCHOBBI CEJIEKIIMH ¥ TeHO(OHIa pacTeHni. MexmyHaponHast HaydHast kKoHdepeHuus. 3-4 Hosops 2005 r. -
C. 117-121.

4. VYpazaimme P.A., XKanrazueB A.C. Cenmekmnusl 03MMOH TIICHHUIBI HA YCTOWYUBOCTH K TBEPIOM
rosioBHe. // DU3NOJOTO-TEHETUYECKHE OCHOBBI TIOBBIIICHUS YCTOWYMBOCTH ¥ MPOJYKTHBHOCTHU
CENbCKOX03AHCTBEHHBIX pacTeHul. - AnMa-Ara, - 1988. - C. 45-46.

5. Koishibaev M. (2002.) Bolezni zernovyh kul'tur.[Diseases of cereal crops.] — Almaty: Bastau, —
368 p [in russian]

6. Madenova A., Kokhmetova, A., Sapakhova Z., Galymbek K., Keishilov Z., Akan, K.,
Yesserkenov A. (2020). Effect of common bunt [Tilletia caries (DC) Tul] infection on agronomic traits
and resistance of wheat entries. Research on Crops, 21(4), 791-797.

7. Madenova A., Sapakhova Z., Bakirov S., Galymbek K., Yernazarova G., Kokhmetova, A.,
Keishilov, Z. (2021) Screening of wheat genotypes for the presence of common bunt resistance genes.
Saudi Journal of Biological Sciences, vol 28, no. 5, pp. 2816-2823.

8. Chu D., Lu L., Zhang T. (2007) Sensitivity of Normalized Difference Vegetation Index (NDVI)
to Seasonal and Intranasal Climate Conditions in the Lhasa Area, Tibetan Plateau, China // Arctic,
Antarctic, and Alpine Research. — vol. 39, no. 4, pp. 635-641.

9. Kowimeibaes M., lllamanua B.I1.,, MoprynoB A.M. CKpWUHHWHT NIICHHUIIBI HAyCTOMYHBOCTH K
OCHOBHBIM Oone3HsM // Ankapa-2014. — C. 47.

References

1. FAO statistical yearbook 2013 World food in agriculture. Rome, 2013 —289.

2. Borggard A.L. (1961) Izbrannye trudy po fitopatologii [Selected works on phytopathology] M.,
pp. 207-215

3. Koyshibayev M., Yakh'yavi A., Rsaliyev SH.S., Zhanarbekova A.B. Dostizheniya i perspektivy
selektsii ozimoy pshenitsy na ustoychivost' k boleznyam v Tsentral'noy Azii. — Biologicheskiye osnovy
selektsii 1 genofonda rasteniy. Mezhdunarodnaya nauchnaya konferentsiya. 3-4 noyabrya 2005 g. — S.
117-121.

4. Urazaliev R.A., ZHangaziev A.S. (1988) Selekciya ozimoj pshenicy na ustojchivost' k tverdoj
golovne. //  Fiziologo-geneticheskie =~ osnovy  povysheniya ustojchivosti i1  produktivnosti
sel'skohozyajstvennyh rastenij [Selection of winter wheat for resistance to hard smut. // Physiological and
genetic bases for increasing the stability and productivity of agricultural plants]. — Alma-Ata. — S.
45-46.

5. Koishibaev M. (2002.) Bolezni zernovyh kul'tur.[Diseases of cereal crops.] — Almaty: Bastau, —
368 p

6. Madenova A., Kokhmetova, A., Sapakhova Z., Galymbek K., Keishilov Z., Akan, K.,
Yesserkenov A. (2020). Effect of common bunt [Tilletia caries (DC) Tul] infection on agronomic traits
and resistance of wheat entries. Research on Crops, 21(4), 791-797.

7. Madenova A., Sapakhova Z., Bakirov S., Galymbek K., Yernazarova G., Kokhmetova, A.,
Keishilov, Z. (2021) Screening of wheat genotypes for the presence of common bunt resistance genes.
Saudi Journal of Biological Sciences, vol 28, no. 5, pp. 2816-2823.

8. Chu D., Lu L., Zhang T. (2007) Sensitivity of Normalized Difference Vegetation Index (NDVI)
to Seasonal and Intranasal Climate Conditions in the Lhasa Area, Tibetan Plateau, China // Arctic,
Antarctic, and Alpine Research. — vol. 39, no. 4, pp. 635-641.

9. Koyshybayev M., Shamanin V.P., Morgunov A.l. Skrining pshenitsy na ustoychivost' k
osnovnym boleznyam // Ankara-2014. — S. 47.

Ceéedenusn 00 asmopax:

Tanvivbex Kanam — PhD, accoyuposanmwiti  npogeccop Kaszaxckoeo wHayuonanvhozo
neoazoeuueckoeo yHueepcumema umenu Abas (Armamol, Kazaxcman, e-mail: kanat.galymbek@mail.ru).

baxupos Cepux baxuposuu - PhD, Kazaxckoeo HayuoHaibHo20 nedazocuteckozo YHusepcumema
umenu Abas (Arimamol, Kazaxcman, e-mail. serikbakirov95@gmail.com).

Ibicynycosa Paywan Kexcenbaesna - PhD, Kazaxckoeo HAYUOHATILHO20 Nedd202UtecKo2o
yuueepcumema umenu Abas (Arimamol, Kazaxcman, e-mail: rosh_81(@mail.ru).

31




Abai Journal of Biological Sciences, Nel (1), 2026

Amanbau banevin  Baiicarkeizvl - masucmp, Kazaxckoeo HAyuoHanibHo20 neda2o2uyeckozo
yHueepcumema umenu Abas (Arimamol, Kazaxcman, e-mail: balgynamanbay@gmail.com).
Typcoin  Axepxe baxvimgvizel - maeucmp, Kaszaxckoeo nayuonanvnozo nedazocuiecko2o

yHusepcumema umenu Abas (Armamel, Kazaxcman).

Information about authors:

Kanat Galymbek — PhD, Associate Professor at Abai Kazakh National Pedagogical University
(Almaty, Kazakhstan, e-mail: kanat.galymbek@mail.ru).

Serik Bakirov — PhD, Abai Kazakh National Pedagogical University (Almaty, Kazakhstan, e-mail:
serikbakirov95@gmail.com).

Raushan Zhunusova — PhD, Abai Kazakh National Pedagogical University (Almaty, Kazakhstan, e-
mail: rosh_81@mail.ru).

Balgyn Amanbay — Master s degree holder, Abai Kazakh National Pedagogical University (Almaty,
Kazakhstan, e-mail: balgynamanbay@gmail.com).

Akerke Tursyn — Master's degree holder, Abai Kazakh National Pedagogical University (Almaty,
Kazakhstan).

Aemopnap mypant manimem:

Fanvimbex Kanam — PhD, Abau amwvindaser Kazax Yammoulk neodacocukaivlk VHUGEPCUMEMIHIY
Kayvimoacmuipuliean npogeccopul (Arimamol, Kazaxkcman, e-mail: kanat.galymbek@mail.ru).

bakupoe Cepix baxuposuu — PhD, Ab6aii amwvindaser Kazax yaimmoulx neda2ocuxkaibvlk
yuusepcumemi (Aaimameol, Kaszaxcman, e-mail: serikbakirov95@gmail.com).

Kynicosa Paywan Kexcenbaiixvizol — PhD, Abaii ameindasvt Kazax yaimmolk nedazocuxanviy
yuusepcumemi (Arimamei, Kazaxcman, e-mail: rosh_81(@mail.ru).

Amanbau Banzvin baticarkvizer — maeucmp, Abaii amvindaset Kazax yimmolk nedazoeuxansli
yuusepcumemi (Aaimamei, Kasaxcman, e-mail: balgynamanbay@gmail.com).

Typcoin Axepxe baxvimgvizer — macucmp, Abau amwvinoazvl Kazax ynimmulx nedacocukanvl
yHusepcumemi (Arimamei, Kazaxcman).

MI'TAP 34.27.01 https://doi.org/10.51889/AJBS.2026.1.1.004

K.A. Opbindaesa* "=, 3.b. Tynrymoaesa
A0aii areinaarsl Kazak yITTBIK elarorukanbK yHuBepeuTeTi, Anmarsl, Kasakcran
*e-mail: journal of biology@mail.ru

TY¥PAKTbBI BUOTEXHOJIOI'UA: ®PEPMEHTTEJII'EH KEBEK HEI'T3IHAET'T
IMPOBUOTUKTEPAIH 3KOJIOI'UAJBbIK TUIMAILJIITT

byn wmakanama ¢epmentTenreH KeOekke HETI3AeNreH MNPOOMOTHUKANBIK >KYHeJIepai ailyIablH
JKOJIOTHSIIBIK KAYIIICi3 KoHE OMOTEXHOMOTHSUTBIK THIMII 9iCTepl KapacThIphlIaabl. MUKPOOHOIOTHUSIIBIK
(epMeHTaIUs TporiecTepl KypAeli OpTaHHKAIBIK CyOCTpaTTaplblH OWOXMMUSUIBIK TYpPJICHYIHE >KOHE
JKOFapel OelceHIi MpOOMOTHKANBIK  KOHCOPUMYMIAPABIH  KalblITaCyblHA MYMKIHIIK — Oepeni.
®DepmeHTaums OapbIChIHAA CyOCTPaTThIH XUMUSUIBIK KYpambl e3repir, OuobOernceHai MeTabomuTTepiH
MeJIepi aprajpl, ajl CYTKBIIKBUABI OaKTepusuIapablH (PEpMEHTATHUBTIK, AHTAarOHHMCTIK JKOHE
Oeitimmenrim  kKacuertepi Kyiueheni. CoOHbIMEH Karap, alblHFaH MPOOHMOTHKAIBIK JKYHEIepIiH
MHUKpOOMOTara acep €Ty MeXaHM3MJEpi, OHBIH IIIiHJIe MHUKPOOTBHIK TEle-TeHAIKTI peTTey JKoHe
OMOKOPFAHBIIITEIK dCepiep KapacThIPBUIANbl. 3epTTey HOTWXKeNepl MyHIal OWOTeXHOJIOTHSUIBIK
oHIMIEPIiH (YHKIMOHAIIBIK OJIEyeTI >KOFaphl EKCHIH JKOHE MHKPOOHOJIOTHSIBIK OHOTEXHOJOTHS
caylachlHJIa JKaHa OarbITTapbl JAaMBITYFa Heri3 Oojla ajaTbIHBIH KepceTeli. Byn Tocim TypakThl jkoHe
TUIMJII TPOOUOTUKAIIBIK OHMOXKYHETIepAl 93ipaeyre MyMKiHAIK Oepeti.

Kinrri ce3gep: ¢epmenTrenren KeOeK; NPOOMOTHKAIBIK KOHCOPIIMYM;  CYTKBIIIKBIIIBI
Oaxtepusiiap, OMOXKETIMAUTIK; MUKpPOOMOTAa; aHTArOHMUCTIK OeJceHAiTiK; OuobernceHli MeTabONUTTED;
MHUKPOOUOJIOTUSIIBIK OMOTEXHOIOTHSL.
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Sustainable biotechnology: environmental efficiency
of probiotics based on fermented bran

This article discusses environmentally safe and biotechnologically efficient methods for obtaining
probiotic systems based on fermented bran. Microbiological fermentation processes enable the
biochemical transformation of complex organic substrates and the formation of highly active probiotic
consortia. During fermentation, the chemical composition of the substrate changes, the level of bioactive
metabolites increases, and the enzymatic, antagonistic, and adaptive properties of lactic acid bacteria are
enhanced. In addition, the mechanisms of action of the obtained probiotic systems on microbiota are
considered, including the regulation of microbial balance and bio-protective effects. The results of the
study demonstrate that such biotechnological products have high functional potential and may serve as a
basis for the development of new directions in microbiological biotechnology. This approach enables the
development of sustainable and efficient probiotic bio-systems.

Keywords: fermented bran; probiotic consortium; lactic acid bacteria; bioavailability; microbiota;
antagonistic activity; bioactive metabolites; microbiological biotechnology.
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YcroiiunBasi 0MOTEXHOJIOTHS: IKOJIOrHYecKas K PpeKTHBHOCTH NPOONOTHKOB HA OCHOBE
(¢epMeHTHPOBAHHBIX OTPYOEi

B nmanHOW crathe paccMaTpHBAOTCS OKOJNOTMYECKH Oe3omacHble H  OMOTEXHOJOTHYECKH
3¢ peKTUBHBIE METOMABI MOJYYCHHUS MPOOMOTHUESCKHX CHUCTEM Ha OCHOBE (DEpPMEHTHPOBAHHBIX OTPYOEH.
IIpoueccer MHUKpoOOHONOTHYECKOH (PepMEeHTAMU 00eCIeUnBalOT OMOXMMHYECKYIO TpaHCHOpMAIUIO
CIOKHBIX ~ OpPraHWUYECKHX CyOCTpaToB W  (OPMHPOBAHHE BBICOKOAKTHUBHBIX  MPOOMOTHYECKHUX
KOHCOPIIMYMOB. B Xone ¢epmeHTanmu u3MeHsieTcsl XHMHUYECKHH cocTaB cyOcTpara, yBeIMYHBACTCSI
coJiepaHue OWOJIOTUYECKH aKTUBHBIX METa0OJMTOB, a TakKKe YCWIMBAIOTCS (PepMEHTATHBHBIC,
AHTAarOHWCTUYCCKHEC W  JaNTallMOHHBIC CBOWCTBA MOJIOYHOKHUCIBIX Oaktepuit. Kpome Toro,
paccMaTpuBalOTCST MEXaHM3MbI BO3JCHCTBHSI IMOJYYCHHBIX TPOOHMOTHYECKHX CHCTEM Ha MHUKPOOHUOTY,
BKITIOUasl PETYJSAIUI0 MHKpOOHOro OanaHca W OwozamuTHBIE S(QQeKThl. Pe3ynbraTel UcclenoBaHUS
MOKA3bIBAIOT, YTO TaKWe OWOTEXHOJOTMYECKUE TMPOJYKTHI OONATAI0T BBICOKUM (PYHKIIMOHATHHBIM
MOTEHIIMAIIOM M MOTYT CIY)KHTh OCHOBOMW JUISI pa3BUTHS HOBBIX HANPaBICHUN B MHUKPOOHOIOTHYECKOMN
OnoTeXHONOTHH. JIaHHBII MMOMXO]] MO3BOJSIET CO3/IAaBaTh YCTOWYMBbIE W 3(PPEKTUBHBIC POOUOTHUECKUE
OMOCHUCTEMBI.

KuroueBble cjioBa: pepMESHTHPOBAHHBIC OTPYOU; MPOOHUOTUIECKHI KOHCOPIIMYM; MOJOYHOKHCIIBIE
OakTepun; OHMOIOCTYITHOCTh; MHKPOOMOTA; aHTArOHUCTUYECCKAs AKTUBHOCTH; OWOJIOTMYECKH AKTHBHBIC
METa0OJUTEI, MUKPOOHOJIOTHIECKAsT ONOTEXHOIOTHS.

Kipicne

Kazipri tagma KazakcTtanga OMOTEXHOJOTHS CajlaChlH JaMbBITy JKOHE OSKOJIOTHSIIBIK
TYPAKTBUTBIKTHI KAMTAMAChI3 €Ty MOCENeNepl CTPATETUSIIBIK MaHbI3IbI OaFBITTAP IBIH Oipi OOJBII
TaObUIa bl EJT SKOHOMHMKACKIH/IA aybUT IIAPYaNIbUTBIFBl MEH a3bIK-TYJIIK OHAIPIiCI alpBIKIIa OPBIH
QTFaHABIKTaH, OHMIPICTIK KAIABIKTApAbl THIMII KaliTa ©HIEY KOHE OJapAbl KYHIbI
OMOMpOAYKTTapFa aWHaNABIPY KaXeTTUTIrT apThim  oTblp. OChl  TYpFBIIAH  ajFaHja,
(depMeHTTENreH KeOEK Heri3iHaeri MPOOHOTUKTEP Il ally TEXHOJIOTHICH! “Kachul OMOTEXHOIOTUs
KaFu1aJapblHa TOJBIK COMKEC KEJIETIH ©3€KTi OaFbIT OOJIBIT caHaATa Ibl.

Kazakcranga acTblK ©HJEY ©HEpKaciOl KeH JaMbIFaHIIbIKTaH, KeOeK TYpiHIeri jkaHama
OHIMJIED KBIJI CAlbIH YJIKEH KeJemie Ty3uledi. Anaiaa omapasiH 0ackiM 06Tl TOJNBIK THIM/II
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naianaHeUiMail, TOMEH KOCBUIFaH KYHMEH HeMmece KalAbIK PeTiHIe Kalblll Kosael. MyHnmai
JKAFJail OSKOJIOTHUSJIBIK JKYKTEMEHI1 apTTBIPBINT KaHa KOWMal, SKOHOMHUKAIBIK TYPFBIIAH J1a
HIbIFbIHFA 9Keneli. COHABIKTaH OChI IIUKI3aTThl OMOTEXHOIOTHSUIBIK TPOLIECTEP APKBUIBI KOFAPhI
KYH/IBI TPOOMOTHKAIIBIK OHIMAECPTe alHAIABIPY MaHbI3Abl FHUTBIMUA-TTPAKTHKAIBIK MOCETE OOJIBII
TaOBUIAIBI.

@epMeHTTENTeH KeOeK Heri3iHaeri MpoOMOTHKAJIBIK JKyHenep 1meK MHKPOOMOTACHIH
TYpaKTaHIBIPYFa BIKIAT €TETiH OM00EICeH Il KOCBIIBICTAp MEH TMal1abl MUKPOOPTaHU3MIEP I1H
KO3l peTiHAe KapacThIpbUIaAbl. Byl TeXHONOTus >KeprimiKTi IIUKI3aTThl HaiianaHy apKbUIbl
UMITIOPTKA TOYCJIUTIKTI a3alTyFa, OTaHABIK OWoIMpenaparrap OHIIPICIH JaMBITyFa JKOHE
OMOTEXHOJIOTUSITBIK OHIIPICTIH ©31HAIK KYHBIH TOMEHIETYT€ MYMKIHIIK Oepe/i.

Kazipri TaHma OWOTEXHOJOTHUSHBIH TYPAaKThl JaMy OaFbIThl  aybUIIIAPYalIbUIBIK
KaJJBIKTaphIH TUIMII Taiianany, KOpIlaraH opTara 3UsSHCHI3 OHIIPICTEP/l AAMBITY KOHE aJlaM
JIEHCAYJIBIFBIH KOJIZIayFa OarbITTalifaH jkaHa Oworpenaparrap o3ipiey KaKeTTUIINIMEH THIFbI3
OaiinmanpicThl. bumaii keberi — Kazakcranna keH TapaifaH opi KOJDKETIMII arpOeHEpPKACINTIK
KanAbIKTapAblH ~ Oipi.  OHBIH ~ KypaMmblHAAa  TaFaMIbIK  TajIIbIKTap,  MUHEpajaap,
AMUHKBIIIKBUIIAPEI, (QUTOXMMHSIIBIK AHTHOKCHUAAHTTAD JKOHE OCIMIIK MOMU(EHOIAaphl MO
Ke3/eCce/Il, COHIBIKTaH OJ OMOTEXHOJIOTHSIIBIK MPOLIECTEep YIIH OMOJOTHSIIBIK KYH/IBI CyOCTpatT
0o cananansl [1].

COHFBI XKBULIApJaFel 3epTTeyiiepae KeOSKTIH MPOOMOTHKAIBIK MHUKPOOpPTaHU3MIIED YILIiH
TaMalia ecy opTachl OONATHIHBIH, ajl OHBIH ()EPMEHTTEITEH TYpl ajJaM JeHCAyIbIFbIHA OH 9Cep
€TeTIH OMOJIOTHSUIBIK O€JICEH/II KOCBUIBICTAP/BIH TaOWFW KaiHap Ke31 eKeHiH manenzaeyne [2].
depMeHTTEeNreH KeOeK KYpaMbIHIaFbl PeONOTHKAIBIK KOMIIOHEHTTED 1IIEK MUKPOOHUOTACHIHBIH
TeMe-TeHITH KaJbIITaCTBIPBII, OJUIroCaxapHuITep, OPraHUKANBIK KBIIIKbUIIAp KOHE KbICKA
Ti30ekTi Mai Keimkbuimapsl (SCFA) tysimyiHe bIKnam erefi, Oyl ilieK MUKpOOHOTACHIHBIH
camaJblK KYpaMbIH JKaKCapThil, ar3aHblH HMMMYHOJIOTHSUIBIK JKOHE  MeETaOONMKaIIbIK
TYPaKTBUIBIFBIH apTTHIPYFa JKaFaail xkacaiapl [3]. MyHnait eHimMzep imek—0ayblp ociHe OH acep
eTiI, METa0OJIUKANIBIK aypyJiap/IbIH ajibIH aJlyJia MaHbI3/Ibl POJI aTKapabl.

[IpoOuotukTepaiH imeKk—0ayblp OCi apKbUIbI 9CEp €Ty MEXaHHU3Mi COHFBI OHXKBUIIBIKTA
OMoMeIMIIMHA CaJachlHbIH 0acThl 3epTTey HbICAaHBIHA alHaJbIl OTBIP. JncOHo3, TOKCHHAEP
TachIMalbl, KaObIHY MEIMATOPJIAPbIHBIH apThIK OHIIPLTYyl Oayblp KbI3METiHIH Oy3bUIbICTApbIHA
Tikened  OainaneicTel  [4,5]. @DepMmeHTTENreH  KEOCK  HETI3IHAETI  MPOOMOTHUKAIIBIK
KOHCOPIIMYMHBIH TEpaIeBTIK aJeyeTiH Oarajgay — OHOJOTHs KOHE TYPAKThl OMOTEXHOJOTHS
OarbITTAPBIHBIH MAHBI3/IbI TOFBICHI OOJIBITT TAOBIIA/IbI.

Byn 3eprrey ¢QepmentTenreH KeOeKTI mMaiiaiaHy apKbUIbI SKOJIOTHSUIBIK Kayilcis,
SKOHOMHKAJIBIK ~ KOJDKETIMII  KOHE MEIUIMHAIBIK TYPFBIIAaH THIMII — MPOOMOTHUKAIIBIK
OuonpenapaT a3ipiey MYMKIHAIKTEPiH KEUICHII TYpAE KapacThIpaibl. 3epTTey HOTHXKeNepi
OMOTEXHOJIOTUSIIAFbI “waste-to-value”  TyXbIpbIMAaMachlH  KOJJam  KaHa  KOWMaM,
ayBUIIIAPYAIIBUIBIK KAJIIBIKTAPBIH KalTa OHICYMIIH TYPAKThl MOJAETIH KaJbIITACTBIPYFa YJIecC
KocaJpl [6].

DepMeHTTENTeH KeOEKKe HETI3JENreH MPOOHOTHKAIBIK KOHCOPIUYMIAPbl d3ipiey TeK
OMOJIOTHSUIBIK KYHABUIBIFBI JKOFApbl OHIM ajlyFa FaHa €MeC, COHbIMEH KaTap aybUIIIapyallblUIbIK
OHJIIPICIHIH IKOJOTHSUIBIK 131 MEH 3KOHOMHUKAJBIK IIBIFBIHAAPBIH a3alTyFa MYMKIHJIK Oepei.
ocipece CYTKBIIKBUIAB OaKkTepusiapablH (HepMEHTATUBTIK OEJICeHITIr apKachiHAa KeOeKTIH
KYpPBUIBIMBI  ©3Tepill, OHBIH KYpaMBIHAAFbl OMOXKETIMII KOCBUIBICTAPABIH KOHIICHTPALUSACHI
aptaael [7]. HoTmxeciHme anmbiHFaH OuomperapaT MeTaOOJIMKAIBIK OY3bUIBICTap, OaybIpabIH
VBITTBIK 3aKbIMIAIYbl JKOHE TUCOMO3 CHSKTHI KEH TapajfaH MaTOJOTUSUIBIK >KaFaanIap/Isl
TY3€Tyre apHaJIFaH TUIMJII KypajFa alHaIybl MYMKiH [8].

Bynan Genek, KazakcraH kxarqaiiblHaa aybUIIIAPYAIIbUIBIK KAABIKTAPBIHBIH KalTa OHIeTy
JeHTeili ToMeH OOJFaHIBIKTaH, KEOEKTI OMOTEXHOJIOTHSUIBIK MakcaTTa TaijajaHy — eJJIiH
arpapiblK CEKTOpbIHA HHHOBALlMSUIBIK cepmiH  OeperiH OarbitrapaeiH  Oipi [9].  byn
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TEXHOJIOTHSUIAD  a3bIK-TYNIK, BeTepHHApHs, (apmaneBTHKa >KoHE (YHKUMOHANIBI TaFam
OHJIIPICIH/Ie KeHIHEH KOJIaHbUTYbI BIKTUMAJT.

depMeHTTENTeH KeOEK HET131HIEeT1 MPOOMOTUKTEPIl 3€PTTEY TEK TEOPHUSIIBIK KYHIBIIBIKKA
Ue eMec, COHBIMEH KaTap XalblK JCHCAYJIBIFbIH KaKCapTyFa OAFbITTAIFaH MPAKTUKAIBIK MAHBI3bI
JKOFaphel Oactama Oouibill TaObUIaAbl. MHIyCTpHaNIbl TaramMTaHy, ypOaHHM3aIus >XOHE CTpece
(axTopaaps! ieK MUKPOOHOTACHIHBIH OY3bUTBICHIHA OKEJIETIH Ka3ipri 3amaHia TaOury Heri3zeri
MPOOHMOTHKAJIBIK OHIMIEpTe JIETEH CYpaHbIC apThin keneni [10].

OcBbl FBUIBIMU 3€PTTEYMAIH ©3€KTiIIr — (epMeHTTeNreH kebek cyOcTpaThiHAa ecCipiireH
NpOOMOTUKAIBIK IITAMMJIAPABIH  IMIEK—0ayblp OCIMEH OailaHbIC apKbUIBl  OayBIPABIH
KYPBUTBIMIBIK-(DYHKIIMOHAJIBIK ©3TePICTEPIH TY3€Ty ONIeyeTiH FhUIbIMH Heri3aey. COHbIMEH
Oipre, (pepMeHTTENTeH KEOCKTIH OMOTEXHOJOTHSIIBIK KACHETTEPIH ally apKbUIbl AKOJOTHUSIIBIK
KYKTEMEHI1 a3aliTaThIH *aHa OybIH OHoIIpenapaTTapblH OHIIPYyAiH FBUIBIMUA HET131 KaJaHa bl

3eprreydiH Herisri MakcaThl — (EPMEHTTENTeH KeOeK Heri3iHae MpOoOMOTHKAIBIK
KOHCOPIIMYM 93ipJIeT, OHBIH OaybIpJIbIH MOP(OIIOTUSIIBIK XKoHE OMOXUMMUSIIBIK KAJIbIHA KeyiHe
ocepin Oaranay, coHIal-aKk OYJI KOHCOPIMYMJIBI TYPaKThl OHOTEXHOJOTHUS TYPFHICHIHAH
KOJIJIAaHYABIH THIMJIUTITIH aHBIKTAY.

depMeHTTENTeH KeOeK OMOTEeXHOJOTUSIBIK TYPFbIAAH YJIKEH oJieyeTKe He TaOuru
cyoctparTapaeiH  Oipi Oombin  canamanel [11]. bumaii keOeriHiH XUMUSIIBIK KYpaMbIH]IA
[EJUTIOJIO3a MEH TeMUIIeIITI0N03aHbIH 45—60%-Fa neiinri Memmmepi, GUTHH KBIIIKBUIB, B TOOBI
BUTaMHHJIEP], (DEHOIIBIK aHTHOKCHIAHTTAP KOHE MUHEPANJIBIK 3JIEMEHTTEep Ken kezaeceni [12].
Anaiima TaOurum KeOekTeri ¢urarrap MeH OaillaHbICKaH MOMUGEHONIAPABIH OONybl OHBIH
OMOXKETIMIILTITIH TOMEHIETETIH IeKTeyIi (hakTopaapasiH Oipi Oombin Tabbiians [13].

depMeHTAIMSA TPOIECT OChl OMOXKETIMAUTIK MPOOJIEMaChiH KOSl OTBIPHIN, KEOEKTeTi
KYpJIeli OpraHUKajblK KOCBUIBICTapbl BIABIPATHIN, OJApABbIH aJaM ar3achlHa CIHIMIUTITIH
aptTeipaabl [14]. CyTKBIIKBUIIE OaKTepUsiapaAblH (EepMEHTATUBTIK OCICEHIUIII HOTHKECIH IS
KeOCK KypamblHAAFbl (UTATTap TUAPOIU3IEHIN, OMOAKTUBTI MENTUATEp TY3UIEi, am KbICKa
Ti30€KTI Mal KBIIIKbUIIAPHI — arleTaT, MPOIMHOHAT XOHE OyTHpaT CEeKUIAl METabOIUTTEpAiH
Ty3inyl Kymeiieni. by e3repicrep Fana emec, MUHEpaIIapAblH OMOKETIMALIIT apThIl, KEOEKTiH
AHTUOKCUIAHTTHIK Oencenminiri 25-40%-ra fAeiliH  JKOFapbUIAWTHIHBI  JonenacHreH [15].
OcpiHaail MeTaboNMMKAJIBIK KaliTa KYpbUIbIMIaHy (PepMEHTTENITeH KeOEKTI MPOOHOTHKAIIBIK OHIM
OHJIIPY YIIIH 6Te THIM1 9pi PYHKIIMOHAIBI CyOCTpaTKa alHAIIBIPAIBI.

OKONOTHSIIBIK ~ TYpPFbIIAaH  anFaHia  (epMeHTTenreH  KeOekTli  eHIipy  Mojeni
arpOOHEPKICITITIK KAIIBIKTAPABI KaliTa OHACYIIH Oipereit xoibl 0ol Tadbutans! [16]. Kebekri
TUIMJI TaliJaJlaHy OpTraHUKAaJBIK KaJJbIK KOJIEMiH a3alThIl KaHa KOWMai, TOTMBIPAK PO3USICHI
MEH TMapHUKTIK Ta3lap UIbIFApbIHABUIAPBIHBIH TOMEHJIEYyIHE BIKHAl eTell >KOHE ‘“Kachll
OPKOHOMHKA KaFUJaNapblHA TOJNBIK coiikec kenemi [17]. depmenrtanus mpouecinig 30-37°C
apaIBIFBIHIaFBl TAOWFU JKaFaiIapia Ky pri3iiayi SHEPTys MIBIFBIHBIH alTapIbIKTall TOMEHIETIIL,
OHJIpic UMKIBIH 2448 caraTka JeiiH KbICKapTaJbl. Byl TEeXHOJIOTHAHBIH 3KOJOTHUIBIK 131 /1€
a3aiibIl, OHBI TYPAKTHI OMOTEXHOJIOTHUSHBIH THIMJII YATICiHE aitHanabIpaasl [16].

ConblMeH Karap 3eprreyle KonmaHbulaTthlH  Pediococcus wxone  Lactobacillus
TYBICTACTBIFBIHA KATaThIH MPOOHMOTHKANBIK MmTamMMmaapAslH GRAS kayimnci3mik crarychlHA He
Oonybl, ONapAbIH NATOTEHJI TeHICPJCH Ta3a >KOHE AaHTHOMOTHKTEpre >KOFaphbl CE3IMTaIbIK
TaHBITYBl OH/IIPICTIH OMOJIOTHSUIIBIK TOYEKeepiH OaphIHIa azaiTaasl [18].

@epMeHTTENTeH KeOeK HeTi3iHAe alblHFaH NMPOOHMOTHKTEPAIH aJaM ar3achlHa THUTI3€TiH
nanaacel epekime. by eHimzaep imek MEKpOOMOMACBhIH KaJIbIHA KENTIpin, Aucouno3 Oenriiepin
TeMeHzeTenl, an Bifidobacterium xoue Lactobacillus nonynasiysiapblH apTTHIPY apKbLIbI iIIEK
9KOXKYHECIHIH TYPaKTBUIBIFBIH XKaKcapTassl [ 19].

depMeHTTENTeH KeOeK apKbUIbl TY31J€TIH KbICKA Ti30€KTi Mali KBIIIKBIIAAPHI 1MIeK—0aybIp
OCl apKbUIBI ocep €Til, KaObIHY MpOIECTEepPiH TOMEHIETEeNl, OaybIpAbIH pereHeparusIChiH
OenceHaipel KoHEe JMIHUATI anMacynsl Kanblnka kentipenai [20]. Byn MexaHu3M alikoroibJIik
JKOHE OCHaJIKOTOJIBIIK CTEAaTOTeNaTHT JKaF/IaiyIapbIHIa TepaneBTIK TYPFbIAaH aca KyHasb! [21].
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depMeHTAIUsl HOTHIXKECIHIE albIHATBIH METAa0ONMHUTTep ar3afarbl aHTUOKCHIAHTTHIK
xyheni 6encenaipeni: MJIA nenreitinin temenaeyi, SOD xone GSH ¢depmenTTepiniy apTysl,
TNF-o sxone IL-6 cekinmmi KaObIHY HIHMTOKMHAEPIHIH ToMeHIEYl (EepMEHTTEITeH KeOeKTiH
KaObIHYFa KapChl 9CepiHiH XKOFaphl ekeHiH kepceteni [18]. Knunukanslk 3eprreynep coHaaii-ak
dbepMeHTTENTeH KEeOCKTIH TIII0K03a JIGHIeHIH TYpaKTaHABIPY, HWHCYIMHIE CE31MTaIIBIKThI
apTTBIPY JKOHE CEMI3IIKKe Kapchl MPOQMIAKTUKAIBIK dCEP KOPCETy MYMKIHIITIH JQJeJIereH
[22].

XKanmer Tanmait kene, GpepMeHTTENTeH KeOeK Heri3iHaeri MpoOMOTHUKTEp AKOJIOTHUSIIBIK,
OMOTEXHOJIOTHSUIBIK TYPFBIZIaH Olperel apTHIKIIBUIBIKTapra ue. by eHiMaep aybuImapyanibuTbiK
pecypcTapblH THIMAI KOJJIaHyFa, OMOJOTHSUIBIK KANABIKTApIbl KalTa ©HJEYre, SKOJIOTHUSIIBIK
KYKTEMEHI TOMEHJIETyre, COHIAi-aK XaJbIK JCHCAYIbIFBIH HBIFAHTATHIH JKaHa OybIH
OuonpenapaTTapblH kacayra MyMKiHAIK Oepeni. XKahaHabIK TypakThl OMOTEXHOIOTUS TPEHATEPI
asChIHIAa MYHJAl TPOOHMOTHKTEP SKOJOTHSIIBIK KayilCI3Miri, SHEPTrHs YHEMJIUIrl >KOHE Y3aK
Mep31MJIi IKOHOMHKAIIBIK THIMAUTITIMEH epeKIIeIeHe .

KopeiThiHapu1aii kenne, keOekTi (pepMeHTamnusiay OHBIH OMOXKETIMAUINIT TOMEH TaOuFH
KYPBUIBIMBIH ©3TepTil, MPOOMOTUKTEP YIIiH aca KYHJbI api (yHKIIMOHAIABI CyOCTpar skacaiiibl.
®depMmeHTTENTEH  KeOEK  HETI3IHAErT  NMpPOOHMOTHKTEp  ImeK—Oayblp  OCIH  pETTem,
TeraToNpOTEKTOPIIBIK, aHTHOKCUAAHTTHIK KOHE KaObIHyFa Kapchl alKbIH acep kepcereni. by
TEXHOJIOTHS aybUIIIAPYaIIbUIbIK KaJABIKTAPBIH KalTa OHICYIIH SKOJOTHSIIBIK Kayillci3 JKOHE
pecypc YHEMICUTIH 9JIici peTiHAe MaHbI3IbI OPBIH alaabl. OHIIpiC MOJEINI KaparmaibiM, SHEPTHSI
THIMJII JKOHE >KachbUl OWMOTEXHOJIOTHS TajanTapblHA TOJBIK Coiikec kenemi. depMeHTTeNnreH
KeOEKKe HeTi3JeNreH MNpoOHOTHKTEp (YyHKIMOHAIABI Taramaap, OWONOTHSUIBIK OelceH i
KOCITaJiap »oHe TeparneBTik Ouonpenaparrap oHaipiciHae KeHIHEeH KoJIAaHyFa MyMKIHIIK Oepei,
OYJ1 oapabl Kasipri OMOTEXHOIOTHSIHBIH NEPCIIEKTUBAIBI OaFbITHIHA AHAABIPAIBI.

3eprTey daicTepi MeH MaTepuanaap

3eprrey obwekTici petinae Lactobacillus spp. xone Pediococcus spp. TybICTaCTBIKTapbIHA
JKaTaThIH CYTKBIIIKBUIILI OaKTepHsIap KOJIAHBLIBIN, CyOCTpaT PEeTiHAC CTePUIIbIACHTCH Oumaid
keberi maiinamaneUiabl, an ¢epMmeHTanus mnpoueci Kartel (Qaszanbl ambity (Solid-State
Fermentation, SSF) ogmicimen 30-37°C temneparypaga 24-48 carar apanbirbiHga, 60—70%
BUTFAJIJIBUTBIKTA JKYPIi3UIai, OpTa KBIIIKBUABUIBIFEI pH-METp KeMeriMeH 3JeKTPOATHIK dJIiCTICH
AHBIKTAJIIbI, MUKPOOHMOJIOTHSUIBIK Tallay CEPHSUIBIK CYHBUITY >KOHE KOPEKTIK arapra cely
(spread plate) omictepi apkpuibl >kyprisimin, HoTmkenep CFU/g peringe ecenrtenni, KbICKa
Ti30€KTI Mail  KbeIIKbULAAphl ra3ael  xpomatorpadus (GC)  omiciMeH — aHBIKTAJJIbI,
AHTHOKCUIAHTTHIK Oencenainik DPPH pagukangapein xyTy omici apkpuibl 517 HM-ze
CIIeKTpO(OTOMETPIIIK ~ OJIIIeyMeH  OarajaHAbl, AHTArOHHWCTIK  OCJIICEHAUIIK  arapJarbl
muddysusbik (agar well diffusion) omicimen Escherichia coli, Staphylococcus aureus xoHe
Candida albicans TecT-MUKpOOPTaHU3MACPIHE KAPChI AaHBIKTAJIBI, aJl CAKTay TYPaKThUIBIFBI 4°C
temneparypanga 30 xkyH Ooifbl Oakputanbim, emipmeHAik CFU e3repici OoifbiHINIA ecenTesii,
aJIBIHFAH HOTYDKENIEPAIH CTAaTHUCTHKAIBIK oHJeyl Student’s t-test omicimen xyprizumim, p < 0.05
MOHI CTAaTUCTUKAJIBIK MAHBI3/IbI JIeTl KaObUIIaHIbI.

®epmentanusas 30-37°C  temmeparypa apanbiFbiHga, 2448 caraT 00ibI  aHAIPOOTHI
xarmaiga okyprizinmi. IIpomecc OapbichiHna pH kepceTkimi, KbIIKBUIABIK JEHIeHl >KoHe
MHUKPOOHOJIOTHSUTBIK ©CY ITWHAMHUKACHI OAaKbUTaHIBl. MUKPOOPTaHU3MICPAIH CaHbl CTaHIAPTTHI
KOE/r (colony forming units per gram) afici apKbliIbl aHBIKTAJIIBI.

depMeHTTENTeH XKoHE (PEPMEHTTEIIMEreH YIATUICPAIH XUMISUIBIK KYPaMbIH CaJbICTHIPY
YIIIH OKadmbl aKybl3, KeMIpCy, TaJlIIbIK >kKoHEe OuoOernceHai MeTaboauTTep M6OJIepi
CIEKTPO(HOTOMETPHUSIIBIK KOHE THTPUMETPHSUIBIK 9IICTEP apKbUIbl aHBIKTaIAbl. KpIcKa Ti30eKTi
Mail KbIIIKBUIIAPBIHBIH (AleTaT, MPOMHOHAT, OyTUPAT) KOHLEHTPALUACH Ta3sl XpoMaTorpadus
dIiCIMEH OJIIIEHI].
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AnTHOKCHIaHTTHIK Oencenainik DPPH pamukanmapein OefiTapantaHiblpy OHICI apKbLIbI
Oarananapl. COHBIMEH KaTap, CYTKBIIIKBUIABI OaKTepHsUIapIblH aHTaroOHUCTIK OeNlceHaLTir
MIapTTHI MATOTE€H Il MUKPOOPTaHU3MAEPTre Kapchl arap Tu(Qy3usuiblK 9J1ic HETI31HAE 3€PTTEI/II.

AnBIHFaH TMPOOUOTHUKAIBIK KOHCOPLUYMHBIH MHKPOOUOJOTHUSUIBIK TYPAKTBUIBIFBI CAKTay
Mep3imi 6oribiHAa (0—30 KyH) OaKbUIAHBIM, TIPIILTIKKE KAOUIETTI Kacymiagap CaHbl aHBIKTAJIJIbI.

HoaTu:kesnep MeH TajakbliayJiap

Kyprizinren 3eprrey HoTHXenepi (epMEHTTENTreH KeOeK HeTi31HIerT MPOOHOTHKAIBIK
KyHeHiH (epmeHTaIus mporeci 0apbIChIHAA alTapIIbIKTail MUKPOOHOIOTUSIIBIK, OMOXUMUSIIBIK
JKoHe  (YHKIIMOHAIIBIK  ©3repicTepre  YIIBIPAUTHIHBIH  KOPCETTI. AJIBIHFaH  JEPEKTEp
NpOOMOTHKANBIK KOHCOPLUYMHBIH KOFapbl O€JCeHIl JKOHE TYpakThl KyHe peTiHzae
KaJIbIITACKAHBIH JTOJICIICH I

®depMmeHTarus mporeci HoTwkeciHae opra pH meHreitiniyg 6.5-teH 4.2—4.5 apayibiFbiHa
JNeWiH TOMEHJETeHl aHBIKTaNAbl, OYJI CYTKBIIKBUIAL  OaKTEpHUsUIApABIH  KAPKBIHIBI
METa0OMM3MIIK  O€JICeHIUIINIMEH JKOHE OpraHUKANbIK  KBIIIKBUIIAPIABIH  KHHATYBIMEH
OailmaHbICTBl  €KeHl Oadkanabl. MyHJal KBIIKBUIIAHY OPTaHBIH  MHUKPOOHOJOTHUSIIBIK
CEJIEKTUBTUIIT1H apTTHIPHII, ATOTe€H/1I MUKPOOPTaHU3MAEP/IH OCYyiH TeXeH .

MukpoOuomoTHsIbIK, ~ Tajgay — HoTwxkenepi  Lactobacillus  xone — Pediococcus
mrammaapeiabiH cadbl 107—10° KOE/r neHreifine >kKeTKeHIH KOpCETTi, Oy sKOFaphl OelceHIl
POOUOTHKAIBIK KOHCOPIIMYMHBIH KaJIBIITACKAHBIH JTOJICIICH .

XUMMSUIBIK ~ KYpaMIbl — CalbICTBIPY  (epMeHTanus  HOTIDKeciHae  Ouobencenai
METa0OJIUTTEPAIH alTapJIbIKTail apTKaHBIH KOPCETTI: KbICKA Ti30€KTI Mail KBIIIKbUIIAPHIHBIH
xanmbl Memmepi 1.8-2.5 ece xorapeuiaraHn. COHBIMEH KaTap, aHTUOKCHIAHTTHIK OEICEHITIK
30-45% apanbiFblHIa apTKAHbBI AHBIKTAJIJIBI.

AHTHOKCHIAaHTTHIK OenceHAuTK KepceTkimTepi 30—45% apanbiFblHIa JKOFapbUIaFaHbI
Oaitkanael. by depmentanus nmpoueci ke3iHae GEeHONIBIK KOCBUIBICTAP/IBIH 00Cal IIBIFYbIMEH
KOHE >KaHa peloKc-OesiceHal MeTabOoNMMTTepAiH Ty3ilyiMeH Tyciaipineni. Hormxkecinae
JKYHeHIH 00¢ pagukangap/asl OedTapanTaHablpy KaOiieTi KyIenreH.

AHTaroHMCTIK TeCT HATHXKelepi NpoOMOTHKANBIK KoHcopiuyMHBIH Escherichia coli,
Staphylococcus aureus xoHe Candida albicans CHAKTBI MIApTTHI MaTOTEHAEPTe KapChl aKbIH
TEXKET1III acep KepceTeTiHiH nanenaeai. Maryounus aitmarsl 12—-22 MM apaibIFbIHIA TipKETIl.

Kecte 1 — @epmenTanusira AeiiiH koHEe KEHIHT1 KOPCETKIIITep

Kepcerkim (I)euI?MeHTaIIHHFa (I)eBMeHTaIII/IﬂI[aH Osrepic
aeiiin KelliH

pH nenreiii 6.5 42 -45 | KBITIKBUTIAHY
Lactobacillus spp. 4105 7100 .
(KOE/r) 10*-10 107-10 1 alKBIH Ocy
Kpicxa - Tisbexri  maii 0a3aJIbIK 1.8 — 2.5 ece xorapsl 1 apTThI
KBIIIKBLIIAPbI
AHTHOKCHIZHTTBIK 100% 130 — 145% 1 30-45%
OeNceHIUTIK
[TaTorenre Kapchl 12-22 MM Texemy

.. TOMEH N 1 XKOFaphl
OenceH ik anMarsl
Typakteuisik (30 kyH) | — <1 log TemeHaey 1 TYpaKTHI
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Cakray TYpaKThUIBIFBIH 3€pTTey OapbIChIHAA MPOOHOTHKAIBIK IITAMMIAPIbIH OMIpIICH I
30 xyH imwinge 1 log nexreiiaeH a3 ToemMeHaereHi oakanapl, Oy1 eHIMHIH KOFapbl OMOJIOTUSIIBIK
TYPaKTBUIBIFBIH KOPCETEI.

Kecte — 1 KebekTi pepMeHTTEY KE31HAETI MUKPOOHOJIOTHSUIBIK KOPCETKIIITED

—8— [pobuoTukTep (Lactobacillus)
- QepmeHTTEp CUHTESI

MpobuoTtukTep caHel (log CFU/g)

0 10 20 30 40 50 60 70
®depMeHTTeY YaKbITHI (Car)

ConblMeH KaTap, (epMeHTanus Tporeci OapbIChIHAA CyOCTPaTTBIH KYPBUIBIMIIBIK-
MOPQOJOTUSIIBIK  ©3repicTepl OalKayiabl. MHUKPOCKONMSUIBIK Tajfay HOTHXKEJIEepl TaIIbIKThI
MaTPHIAHBIH IIIIHApA BIABIPAI, MOJMCAXapUATIK KeIeHAePIiH AUCIIEPCUsIIaHybIH KopceTTi. by
e3repictep MHUKpPOOTHIK (epMeHTTepaiH (IleUTona3a, aMuiaaza »KoHe MpoTeaza) OenceH/Il
ocepiMeH OaillaHBICTBI OOJIBII, CYyOCTPATTHIH OMOKETIMAUTITIH Al TapIIbIKTali apTTHIP/IBL

BroXuMusIBIK Tangay HOTHXKeNIepl OOMBIHIIA epirill aKybl3gap MEH TOMEH MOJIEKYJaJIbI
NenTUATEpAiH Memmepi GepmeHTanmsinan keiin 1.5-2.3 ece apTkanbl aHbIKTaNAbl. COHBIMEH
Karap, (EHONIBIK KOCBUIBICTAPJBIH 00C KYWre oTyl HOTIKECIHJIC JKaJIbl aHTHOKCHIAHTTHIK
MOTEHIUAIBIH KYIICIO1 TIPKEIIi.

@®epMeHnTTenred yiariHiH pH-ThIH TeMeHAEyiMeH KaTap OpraHUKajblK KbIIIKbUIIAP/IbIH,
ocipece CyT, Cipke JKoHE Mall KBIIIKbUIIAPBIHBIH JKMHAKTANybl OalKanmabl. bynm Tek
MUKPOOHOJIOTUSIIBIK TYPAKTHUIBIKTBI apTTHIPHIN KaHa KOiiMaii, maToreH/1i MUKpOOPTaHU3MIEPIiH
©CYIH HIEKTeYII TaOUFU OMOKOHCEPBAHTHIK OPTa KAIBIITACTHIPABIL.

OYyHKIMOHAIABIK ~ KAaCHETTepAl  KemIeHai Oaraiay  HOTIDKENEpl  MPOOMOTHUKAIIBIK
KOHCOPIIMYMHBIH ~ CTPECC-TO3IMIUITIHIH  KOFapsl  ekeHiH kepcerti. ILlrammpmap et
KBIIIKBUIIapbIiHA JkoHe TeMeH pH oprackiHa Te3iMainik Tectinae 80-90% ewmipmieHIiriH
CaKTaJbl, OYJI OJIAPABIH iIIeK OpTAChIHIa OSICEHIUIITIH CaKTall allaThIHBIH JOJIEIACHII.

Kanner wHTETpanmpl Tangay QGepMEeHTAIMs HOTWKECIHIE ajblHFaH OWOXYHEHIH TeK
MUKpPOOUOIIOTUSIIBIK €MEC, COHBIMEH KaTap OWOXUMUSUIBIK TYPFBIIAaH J1a TYPAaKThl JKOHE
(GyHKIIMOHAIBI KEIIeH €KeHIH KopceTTi. by ¢pepmenTTenren kebek Heri3iHaer MpoOUOTHKAIIBIK
KOHCOPIIMYMHBIH OH/1ipICTIK OMOTEXHOIOTHIIA KOJIIAHBLTY QJICYETiH OJIaH 9pi apTThIPAIbI.

KopbIThIHABI

Kypriziiren 3eprrey  HoTwkenepi  (epMmeHTTenreH KeOeK  HEri3iHAe — alibIHFaH
MPOOUOTUKAJIBIK JKYHEHIH KOFapbl OMOTEXHOJOTHSIIBIK >KOHE (DYHKIIMOHAJIBIK OJIEyeTKEe He
eKeHiH KepceTTi. PepMeHTalusi npoueci OapbIChIHAAa CYOCTPAaTThIH (U3UKA-XUMUSIIBIK KOHE
MHUKPOOHOJIOTHSUTBIK ~ KaCHETTepl aWTaplIbIKTail e3repimn, KYWEeHIH TypakTel OnobOenceH/Il
KOHCOPIIMYM PETiH/E KAIBINTACYbIHA KOJAMITBI JKaFIai sKacasibl.
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Artan aiitkanma, opra pH nenreiti 6.5-ren 4.2—4.5 apanbifblHa JEHiH TOMEHJETI,
CYTKBIIIKBUIABI  OaKTepusuIapAblH —OeliceHIi MeTa0OIM3Mi HOTIKECIHAE KBIIKBII —OpTa
KaJIBINITaCKaHbl aHBIKTANBI. byn o3 keserinae Lactobacillus spp. xone Pediococcus spp.
canblHbIH 107-10° KOE/r nexreiiine neifin apTybiHa bIKIAN €TTi.

CoHbIMEH Karap, OHOXMMHUSIIBIK KOpCETKImTep OOMBbIHIIA KbICKA TI30CKTI Maid
KBIIIKBUIAAPBIHBIH,  Memiepi  1.8-2.5 ece, anm aHTHOKCHITAHTTHIK Oencenaimik 30-45%
apaJIbIFBIH/IA  apTKaHbl  OaWKayiabl. AHTAroOHUCTIK  OCJIICEHAUTIK  HOTHDKENEpl  MIapTThI
naroreHyiepre Kapcol 12—22 MM Texely aiiMarbIHbIH KaJIBINTACKAHBIH KOPCETTI.

Cakray TypakTbUIBIFBIH Oaranay OapbIChlHIA NPOOHMOTHUKANBIK ITaMMAapAasiH 30 KyH
iminge emiprmeniri 1 log-TeH a3 aeHreiie TOMEHAETeH! aHBIKTANABI, OYJI aJbIHFaH KYHEHIH
JKOFapbl TYPAKTBUIBIFBIH jKOHE MPAKTUKAIBIK KOJIJITAHYFa sKapaMAbUIBIFbIH 1IN 1.

XKanmer anranma, QepMeHTTENreH KeOeK Heri3iHAaeri NPOOHOTHKAIBIK KOHCOPIMYM
SKOJIOTHSUTBIK ~ Kayirci3, (YHKIMOHAIABIK OEJICeHII JKOHE OMOTEXHOJOTHSIIBIK TYPFbIIaH
NEPCIEKTHBAIbl OHIM peTiHIe KapacThIpbUIadbl. AJIBIHFAH HOTIKeNnep Oyl IKyHeHiH
MHUKPOOHOJIOTHSITBIK OMOTEXHOJIOTHS CalachlHla JKaHa THIMII Ouompemnaparrapabl d3ipiieyre
Heri3 00J1a anaThIHBIH KOPCETE .
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