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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 (Tilletia 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/Sonmez 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 Sénmez 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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BacTankpl 6HIMAUTIK ChIHAKTapPbIHAAFBI )KYMCAK, 0HU/]aii reHOTUNTEPiHiH KaTThI
Kapakyuere Te3imM/ijIirin 0araiay

Byn 3eprrey 2024-2025 XbUIFbI BereTal[UsiIbIK, MayCbIMZia >KacaH[bl iHZET >KarAalbiHAa
TypKUsiHBIH, XKeTi TypJii allmarbiHAa — AHTanus, Yanakkane, leausnu, Keipsikkane, Koipiiexup, Mepcux
kaHe Cuuptre — OacTankbl eHIM/iTIK chiHarbl Ke3eHiHeri 50 xxymcak Ouzgaii (Triticum aestivum L.)
reHOTHMiHiH KaTThl Kapaky#ere (Tilletia foetida) peakijusicblH aHBIKTay MaKCaThIH/A XKYPrisingi. [Taroren
nonynsauusace! Bt-0, Bt-2, Bt-3, Bt-4, Bt-6 >xoHe Bt-7 Te3imMzinik reHaepine BUpyneHTTi, an Bt-1, Bt-5, Bt-8,
Bt-9, Bt-10, Bt-8,9,10, Bt-11, Bt-12, Bt-13, Bt-14 aHe Bt-15 ren/iepine aBupynaeHTTbI 60761 Ce3iMTan
Oakpuiay coprrapbl — Little Club >xane Yakar-99 — 6olibIHIIIa aypy/biH >KOFaphkl famy AeHreidi (85-100%)
Oap/bIK aliMaKTap/ia >KYKTLIPY/IbIH CITTi 6TKEHIH pacTa/ibl. 3epTTe/ITeH TeHOTUNITep/iH, itiHge 94%-b1 (46
TeHOTHIT) Ce3iMTa/ peakiysA TOObIHA YKATKbI3BIIAbI, al TeK 6%-bI (3 TeHOTHM) opTallla Te3iM/i peakiys
kepcerti. Esperia/Sénmez 2001 (10-munus), Bezostaja-1/Sénmez 2001  (17-nuHusisi)  KaHe
Tosunbey/Sénmez 2001 (31-nuHust) OymaHAapel €H >KOFapbl TO3IMATIKTI KOPCETTi; 0/apAblH aypyAbIH eH
JKOFapFbl ZlaMy JeHredi Tuicinme 12%, 13% xaHe 14% Oonapl. AypyzblH JaMy JdeHreili aliMakrapra
0aliaHBICTHI ©3rePiM OTHIP/BI: eH KOFaphl 3aia/any geHreii Keipiexupze (95%) baiikanca, AHTanvsjaa
KJIMMATThIK, >KaFJaiiapra 6aiiiaHbICThI aypY/bIH Tapanybl CalbICTEIPMAaJIbl TYPZe ToMeH 00/1bl. AbIHFaH
HOTIKeJiep 3epTTesireH Oujaii reHO(MOHIBIHAA KATThI Kapakyiere Te3iMAiMK OOHbIHINIA TeHETHKAJIBIK
SPTYPUILIIKTIH, IIeKTeyJ/i eKeHiH KepceTTi aHe Sonmez 2001 COpPTBHIHBIH, TO3IMAUIIK CeJIeKLUAChI
Oarjap/iaManapbiH/ia JOHOP PeTiH/e Mak/janaHbLUTybl MYMKIH €KeHiH aHBbIKTa/lb.

Tyuin ce3gep: Tilletia laevis, Bt Te3iMinik reHzaepi, >kacaHbl iHJET, CeJeKIUSJIBLIK MaTepual,
reHeTHKasbIK TO3IMLIIK.
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OHEHKa YCTOﬁqHBOCTH T€HOTHIIOB MSATKOH NineHrunbl K TBép}lOI‘/’I rojioBbHe B
npeaBapyuTEe/IbHBIX COPTOUCIIBITAHUAX

IanHOoe ucciefioBaHue OBIIO TIPOBEJIEHO C I[eJIbI0 OTpe/iesieHus peakiy 50 reHOTUITOB MSTKOM
meHupl (Triticum aestivum L.) Ha TBépayro ronosHio (Tilletia foetida) Ha 3Tame mpegBapuTenbHOTO
COPTOUCITBITAHHUS B YCIOBHUSIX MUCKYCCTBEHHOTO MH(EKI[MOHHOTO (h)OHA B TeueHHe BereTaljMOHHOTO Ce30Ha
2024-2025 rr. B ceMu pa3nuUyHbIX perroHax Typuuu: AHtanbs, YaHakkane, [leHusnu, KeIpeikkare,
Keipiexvp, Mepcun v Cuupt. ITony/siiust maToreHa Obljla BUPYJ/IeHTHA K TeHaM ycToiuuBocTH Bt-0, Bt-2,
Bt-3, Bt-4, Bt-6 u Bt-7, Ho aBupysa k renam 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 crerieHb pa3Buths 60se3nu (85-100%) y BOCTIPUMMUMBBIX KOHTPOJIBHBIX COPTOB
Little Club u Yakar-99 noareepzusia ycrielllHoe 3apa)keHHe BO BCeX MyHKTax HcrbITaHui. Cpenu
UCCIIeIOBAaHHBIX TeHOTHNOB 94% (46 reHOTHUIOB) OB OTHEeCEHBI K TPYTINe BOCIPUMMYUBLIX, TOT/a KakK
TOMBbKO 6% (3 TeHOoTWIa) TPOSIBUIM YMEPEeHHO YCTOWUMBYIO peakiyio. HanbombInyr0 yCTOMUMBOCTB
roKa3aau rubpuHble KombuHaiuu Esperia/Sonmez 2001 (muaus 10), Bezostaja-1/Sonmez 2001 (muHust
17) u Tosunbey/S6nmez 2001 (muHus 31), MakCMMasbHasi CTeleHb MOPa)KeHUsl Y KOTOPBIX COCTaBU/IA
Co0TBeTCTBeHHO 12%, 13% u 14%. CTeneHb pa3BuTHs 60/I€3HN BaphbUpPOBaja B 3aBUCUMOCTH OT PerMoHa:
HavOO/BILMK ypOBeHb 3apakeHusi Oblm oTMeueH B Keipmexupe (95%), Torga Kak B AHTabe
pacrpocTpaHeHye 60Jie3HA 0CTaBa/IOCh CPABHUTEILHO HU3KUM, BEPOSITHO, M3-3a KIIMMAaTUYeCKUX YCITOBHH.
[MonyyeHHBIe pe3y/ibTaThl MOKA3bIBAIOT, UTO reHeTHUeCKOe pa3HooOpasve 10 yCTOMYMBOCTU K TBEPAOU
TOJIOBHE B MCCJIEJOBAHHOM I'eHO(OH/Ie IIIIeHULIbI OTPaHHuEeHO, a TAK)Ke CBUZETE/LCTBYIOT O BO3MO>KHOCTH
HCTob30BaHus copta Sénmez 2001 B KaueCTBe JOHOPA yCTOMUHMBOCTU B CeJIEKLIMOHHBIX TTPOrpamMmax.

KnroueBnble cioBa: Tilletia laevis, reHsl ycroiiunBocT Bt, MCKycCTBeHHBIN MHGMEKIIMOHHBIM (OH,
CeJIeKLIMOHHBIN MaTepyar, reHeTH4ecKas yCTOMUHMBOCTb.

Introduction

Bread wheat (Triticum 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
wheat breeding programs (Barroga-Matanguihan et al., 2011; Akcura and Akan, 2018; Akan et al.,
2026).
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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),
Dumalasova and Barto$ (2007), Dumalasova and Barto$S (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 (Tilletia foetida) across
multiple locations Tiirkiye, including Antalya, Canakkale, Denizli, Kirikkale, Kirsehir, Mersin and
Siirt; (ii) 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.I. 178383 (Bt-8,9,10), M82-2123 (Bt-11), P.I. 119333 (Bt-12), P.I. 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
12 |Genesi/ Kate A-1 58 77 Susceptible (22
13 |Genesi/ Pehlivan 60 87 Susceptible |40
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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/ Sénmez 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 / Sénmez 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.

Prior to inoculation, random samples were taken from infected wheat spikes, and the
pathogen was re-identified as T. laevis based on teliospore morphology, as described by Goates

9



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

(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 L.C, 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; Akcura 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 Akcura 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 L.C 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, B
t-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).'
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 Sénmez 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/Sénmez 2001 (line number 17) and Tosunbey /
Sénmez 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 Kirgehir 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 Kirgehir, 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 Sénmez 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
Canakkale. In Denizli, Kirikkale, Mersin, and Siirt, the highest disease rate reached to 70%,
whereas Kirgehir 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
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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 (Tilletia 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, Kirgehir, 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 L.C
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 (Akcura 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 Akcura 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 X
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 Sénmez 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 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.
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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
Sénmez 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®OPYHKIIMOHAJ/IBHBIE OCOBEHHOCTHN MAKPO®DAI'OB ITPH
3KCIIEPUEHTAJIbHOM CITAEYHOM ITPOIIECCE BPFOIITHOM IIOJIOCTH

CriaeyHbIii TIporjecc OPIOIIHOM MOIOCTH TIpe/iCcTaB/sieT co00W CIOKHOe OUOIOTHUecKoe siB/IeHUE,
CBSI3aHHOE C Pa3BUTHEM BOCHA/JUTE/NBHBIX peaklydi, W3MeHeHHeM K/IeTOUHONH aKTUBHOCTH U
PeMO/Ie/TMPOBaHUEM COeIMHUTETBHOU TKaHW. Ba)KHYIO POJib B IAHHBIX MPOIleccax UrparoT Makpodard —
KJIeTKA BPOXKAEHHOTO UMMYHWUTETA, YUYaCTBYIOIIME B PETY/SLUN BOCTaneHus1, (paroruro3e M TKAaHEBOU
pereHepauuy. Llenbi0 HACTOSAIEro0 MTEpPaTypHOro 0030pa SIB/SIETCS aHA/M3 COBPEMEHHBIX HAy4YHBIX
JAaHHBIX 0 (PYHKI[MOHAIBHOW aKTUBHOCTH Makpo(aroB ¥ UX y4aCTHH B IaTOTeHe3e CIIaeyHOoro Tporiecca.
PaccMOTpeHbI ~ MeXaHWU3Mbl ~ AKTHBALMM ~ MakpodaroB, OCOOEHHOCTM  HX  (heHOTUIHUECKOH
IUbGhEPEeHIIUPOBKYA, a Takke BWSHWE I[IMTOKMHOB U (akTOpOB pocta Ha (OpMUpOBaHHE
COeTUHUTETbHOTKAaHHBIX CTPYKTYP. AHA/M3 IUTEPaTyPhl TIOKa3bIBaeT, UTO MaKpOGharu SB/sOTCS BaKHBIM
KOMIIOHEHTOM KJIETOYHOTO MUKPOOKDY’KEHHS, PETYUPYIOIIAM MPOIIeCcChl BoCTanieHus, GrOpo3rpoBaHHUs
Y BOCCTAHOBJIEHHUS TKaHEH.

KinroueBble ciioBa: Makpodaru, criaeuHblii Irporiecc, OprolIHasi To/oCTh, BoCHaneHue, ¢pubpos,
[UTOKUHBI, (DaroruTos, CoeAUHNTE/TbHAS TKaHb.
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Morphofunctional Features of Macrophages in Experimental Peritoneal Adhesion
Formation

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.
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MakpodarrapablH YKCIEPUMEHTTIK KYPCAK, KybICBIHBIH JKa0bICy mporeci Ke3iHjeri
MOp(ho(yHKIIMOHAIABIK epeKIeTiKTepi

Kypcak KybIChIHBIH »KabbICy Mpoljeci — KabbIHY peakiysaapbIMeH, »KacyllaiblK 0enceHAiTiKTiH
e3repyiMeH >kaHe [[9HeKep TiHHiH KaliTa KYPhITYbIMEH CHUTATTAJaThIH KYP/e/li OMOOTHUSITBIK, KYOBUIBIC.
By npouiecTepsie Tya GiTkKeH UMMYHHTET Kacylliaiapbl 00/bIN TabblaTeiH Makpodarrtap MaHbI3gbl el
aTKapasibl, ofap KaObIHYAbI peTTeyre, (arolMTO3Fa )KoHe TiHAEpAiH pereHepalusiChbiHa KaTbiCcabl. OChI
31ebM LIOMy/bIH, MaKCaThl — MakKpoQarTap/biH, (QyHKIIMOHAMIBIK Oe/ICeH/Iiiri KaHe onap/blH, XKaobIcy
ripoljeciHiy, MaroreHe3iHjeri pesiH Ka3ipri FeUIBIMU JepekTep HerisiHfe Tanzay. MakpodartapbiH
Oenceny MexaHW3Mzepi, onapAbiH GeHOTUNTIK AnddepeHMaLUsACHIHBIH epeKIIeTiKTepi, COHAAN-aK,
LIUTOKMH/IEp MeH ecy (aKTOpJIapbIHbIH, JoHeKep TiH KYPbUIbIMAPBIHBIH TY3iyiHe 9cepi KapacThIPbUIFaH.
OnebueTTep i Tangay Makpodartap/plH KaObiHYy, GHOp03 »KaHe TiHAep/iH Ka/lllbiHa Kely TpoLecTepiH
peTTelTiH »Kacylla/iblk MUKPOOPTAKThIH, MaHbI3/Ibl KOMIIOHEHTI eKeHiH KepceTe[.

TyiiiH ce3aep: Makpodarrap, >kabbICy TIporieci, Kypcak KybIChl, KaObiHY, (prOpO3, LIUTOKUH/IED,
(harouyTo3, I9HEKep TiH.

Beepenne

dopMupoBaHUe CriaeK B OPIOIITHOM MOJI0CTH COMPOBOXK/AETCS Pa3BUTHEM a0[0MUHATLHOTO
6osieBOro CUHPOMa, HapyllieHeM (yHKL[MM OPraHOB OPIOIITHOM M0JIOCTH U MaJIOTo Ta3a, a Takxke
BO3HUKHOBEHHEM Pa3/TMUHBIX OCJIOXKHEHUH, CITOCOOHBIX CYII[eCTBEHHO YXY/IIaTh KaueCTBO XKU3HU
opranu3ma [1, 2]. Pa3BuTue crmaeuHoro mporiecca HabIrOfaeTcsi Kak TIPU BOCHA/IATETbHBIX
3a00/1eBaHUSIX OpPraHOB OpIOIIHOW IMOJIOCTU W MAajoro Tas3a, TaK W TOC/TIe XUPYypruueCcKux
BMeILIaTe/bCTB [3].

OcHOBy (HOpMHUpPOBAHHUSI CIaeK COCTaB/IsIeT HakKoruieHWe (GuOprHa W BOCHAIUTETHHOTO
JKCcyzara B OpIOIIHOM TOJIOCTH C TOC/eAyIolleld opraHu3aluell CoeJMHUTeNTbHOM TKaHU U
pazButueM ¢pubposvpoBanus [4]. CyiieCTBeHHYIO POJIb B PETY/ISIUU JaHHBIX MPOL[ECCOB UTPAIOT
K/JIeTKM UMMYHHOM CHUCTeMBbl, TpexkJe Bcero Makpodaru. brarogaps darouyrapHoi akTUBHOCTH
Makpodaru criocoOHbI yaasITh TIPOAYKTHI TKAHEBOTO pacmaza, GuOpHH 1 SKCCyaT, orpaHUUHBast
pa3BUTHe CIaeyHOro mnpoijecca [5, 6].

OfHaKO KOMIIEHCAaTOpHbIe BO3MOXXHOCTH (DarorToB He Bcerza 00eCreurBarOT TOTHOE
yCTpaHeHWe BOCMa/JUTeNbHOr0 CcyOcTpaTa, BC/IACTBHE Uero CO3JAlTCS  yCJIOBUS ISt
JanpHeiero (GopMUpPOBaHUS  COeAMHWTE/NBHOTKAaHHBIX CTPYKTYp [7]. Kpome Toro,
aKTUBUPOBaHHbIe Makpodaru MOryT y4acTBOBaThb B CTUMY/SLMK (GuOporeHesa rocpeicTBOM
CHHTEe3a TPOBOCTIA/IUTE/BHBIX [IUTOKMHOB U (DaKTOPOB pOCTa, TOJJ/IeP>KUBasi XPOHHUYECKOe
BOCTIa/IeHHe U MPOoLieCcChl peMo/ie/TMPOBaHUsI TKaHeid [8, 9].
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@yHKI[MOHaNbHAsi aKTUBHOCTh Makpo(aroB TeCHO CBsi3aHa C UX MOP(OIOrHUecKUM U
Y/BTPaCTPYKTYPHbIM COCTOsSIHMEeM. HecMmoOTpsi Ha 3HauMTe/lbHOE KOJMYeCTBO MCCI/Ie[0BaHUM,
0cobeHHOCTH MOP(OPYHKIIMOHAIBHOTO CTaTyca Makpogaros Mpy Pa3BUTHH CITaeuHOTO TPoLiecca
OpIOIIIHOM T0JIOCTH /10 HACTOSIIIIEr0 BpeMeHU OCTalTCsl He[JOCTaTOUHO M3yUeHHBIMH.

CrniaeuHblid TIpOL[eCC OPIOIIHOW TIONOCTU SIB/ISIETCS Pe3Y/IBTAaTOM CJOKHBIX K/IETOYHBIX M
MOJIEKY/ISIDHBIX ~B3aUMOZENCTBUI, BO3HUKAIOL[MX B OTBET Ha TIOBPeXJeHWe TKaHel W
BOCIanuTe/bHbIe peakiyu [10]. dopmupoBaHye criaek COMPOBOXK/IAeTCsl HaKoTuieHreM (GrbpHHa,
aKTUBal[Mell KJIeTOK WMMYHHOM CHCTeMbl U YyCWUJIEHHMEM TPOLIeCCOB CHHTe3a KOMIIOHEHTOB
BHEK/IeTOYHOro Marpukca [11]. B HopManbHbIX (pU3H0/I0rHYeCcKUX YC/IOBUSX MOC/Ie TTIOBPEXKeHUsI
TKaHeli 00pa3oBaBIIMiiCS (GUOPUHOBLIA C/IOK TIOABEPraeTCsl TIOCTETIEHHOMY JIM3UCY TIO[
JielicTBrEeM cHCTeMbl prbprHOMM3a. OfHAKO MPU HApYIIEeHWH JaHHOTO MeXaHW3Ma TPOHCXOJUT
130BITOUHOE HAKOTIeHHe COeAMHUTE/IbHOW TKaH! U (POPMHUPOBaHHe CTOMKHUX CITa@UHBIX CTPYKTYD
[12].

[To maHHBIM 3apy0eKHBIX UCC/IeI0BAHUM, Haua/lbHbIE 3Tallbl ClIalfkooOpa30BaHUs CBSI3aHbI C
TIOBPe)XX/IeHNeM Me30Te/ThaIbHBIX K/IeTOK OpIOMIMHBI U Pa3BUTHEM JIOKAJTbHOU BOCIA/IUTETHbHOM
peakuuu. T. Diamond u M. Freeman oTmeuaroT, UYTO TpaBMaTH3alUsl TKaHeW COTMPOBOXK/AeTCs
MOBBIIIEHUEM COCYAUCTOM TPOHUL[@eMOCTA U MUIpalyeld MMMYHHBIX KJIeTOK B odar
TIOBPEXKJEHUsI, UTO CIIOCOOCTBYeT aKTHBAIMM K/IeTOYHBIX MeAuaTopoB BocraseHus [13]. B
ucciefioBaHusix Liakakos v coaBTOpOB MoKa3aHO, UTO K/FOUeBOe 3HaUeHHe B MaToreHese Criaek
VMeeT HapylleHue OaaHca MeXXy TpoLjeccaMy CUHTe3a U JleTpa/laljii BHEKIETOYHOTO MaTpPUKCa
[14].

Ocoboe BHMMaHHE WCCAeOBaTe/d YIEJNSIOT POJM MakpodaroB Kak I[eHTpaJIbHBIX
pery/asiTopoB BOCIa/JleHUs1 U TKaHeBOro pemogenupoBaHus. CornacHo gaHHeiM T. Wynn u K.
Vannella, Mmakpodaru yuacTByOT B KOOPAMHALIMKA MEXK/IETOUHBIX B3aUMO/|€MCTBUI 110CPeCTBOM
CeKpeLuM LUTOKWHOB, XeMOKMHOB U (aKTOpPOB pOCTa, PperyavpyrooLuX aKTUBHOCTb
¢bubpobnacroB [15]. TIpu 3ToM dyHKIMOHAMbHAs AaKTUBHOCTh MAakKpo(aroB 3aBHUCHUT OT HX
(beHOTUNHMYeCKOM Mo pU3aLivu.

Kak ykaspBatoT S. Gordon u F.O. Martinez, Mmakpogaru c¢eHotuna M1 cHHTe3UpYIOT
MIPOBOCIIA/IUTe/bHbIE LIMTOKUHBI U aKTHUBHbIe (DOPMbI KHUCIOPO/Ja, YCHIMBasi BOCIAIUTENbHYIO
peakiuto [16]. B mnpoTHBOMOAOKHOCTL 3TOMY, M2-makpodaru yuacTBYIOT B MpoLeccax
perapariuy TKaHel, CTUMY/IMPYIOT mponvdeparyio ¢ubpobsacToB ¥ CHUHTe3 KoJijlareHa.
V36biTOuHast akTHBaLysl M2-MakpodaroB MO>KeT MPUBOAUTE K YCUIEHHOMY (hHOpPO3MPOBaHUIO U
(hopMHUPOBaHUIO TIJIOTHBIX COeAMHUTETbHOTKAHHBIX Criaek [17].

Wccnenoranust Krishnan v coaBTopoB 1mokasaiu, uTo Makpodaru CrioCOOHbI PeryMpoBaTh
aKTHBHOCTh T/Ia3MUHOT€HOBOM CHCTEeMBI, OKa3bIBaIOLIlel BIIMsTHUE Ha TipoLiecchl (pubpuHommsa [18
]. CHwkenne (GUOPUHOMUTUUECKOW aKTUBHOCTH TIPUBOJUT K COXpaHeHWIO (GUOPUHOBBIX
OTJIO)KeHWH, KOTOpbIe B Ja/IbHEHIIeM CTaHOBSATCS OCHOBOM /i1 0Opa3oBaHMs 3pefbix criaek. [1o
MHeHuto Koh u DiPietro, amuTenbHasi akTUBal[Msl MakKpo(aroB COMPOBOXKAAETCSI XPOHUUYECKUM
BOCTa/IeHWeM M HapyllleHueM HOPMaJIbHOTO TeueHusi TKaHeBOU pereHepatiyu [19].

Kpome TOro, coBpeMeHHble WCC/Ie[OBaHUS [EMOHCTPUPYIOT yyacThe MakKpodaroB B
perysisifiiy CUHTe3a KOMITOHEHTOB BHEK/IETOUHOTO MaTpuKca. B paborax Wynn oTmeuaeTcsi, 4To
JIaHHbIe KJIeTKW CIOCOOHBI CTUMYJTUPOBATh BHIPAOOTKY TpaHchopmupyoiiero ¢akropa pocra [3
(TGF-B), koTOpBIli SBISIETCS OJHUM M3 OCHOBHBIX MHAYKTOPOB (uOpo3upoBaHus TKaHei [20].
[MoBbimienHast 3kcrpeccuss TGF- aktuBupyer ¢ubpobsacTbl U CIOCOOCTBYeT yCHUIEHHOMY
CUHTe3Y KOJUIareHOBbIX BOJIOKOH.

CornacHo wuccnenoBaHusiM Nathan u Ding, xpoHuueckass BOCIajuTeNbHasi peaklus
COTIPOBOX/IaeTCsl TMOCTOSTHHOM MPOAYKLMel MpoBocnanuTesbHbIX OUTOKMHOB TNF-o, IL-13 u
IL-6, mopep>KvBarOLMX KAETOUHYH WH(UIbTPALMI0 U MPOLIeCChl peMOJe/MPOBaHUs TKaHeu
[21]. AHanorvuHble pe3ynbTaTbl Mpe/CTaB/ieHbl B ucciefoBaHusx Ghosn u coaBTopoB, T7e
MOJUYEpPKHBAeTCsl BakHasi pojib Makpo(aroB B Peryssiliii B3aUMOZENCTBUS MeXAy UMMYHHBIMU
K/IeTKaMH U COe/JUHUTEe/TbHOM TKaHbto [22].
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Takum 00pa3oM, COBpeMeHHbIe JMTepaTypHble [aHHbIe CBU/IETETbCTBYIOT O TOM, UTO
Makpodary siBJISIFOTCS K/IF0UeBbIMU K/IeTKaMH, yUaCTBYHOLLMMHU B [1aTOreHe3e CriaeqyHoro npotiecca
OprourHo# monocT. OHU Pery/vpyOT MHTEHCUBHOCTh BOCIAJIeHus], TIPOLecchl (GubpUHOM3a,
CHHTe3 BHEK/IETOUHOTO MaTpUKCa U pa3BuTHe (prbpo3rpoBaHus TKaHel, obecrieunBasi ClI0KHYIO
B3aMMOCBSI3b MeXK/1y K/IeTOUHBIMU Y MOJIEKY/ISIPHBIMU MeXaHHW3MaMH (pOpMUPOBaHUs CIiaek.

MaTEpI/IaJIbI H MeTO0/bI

OKCIlepUMeHTa/IbHOe MCCJ/Ie[lOBaHWe BBINO/IHEHO B COOTBETCTBUU C  IIOJIOXKEHUSIMU
HupektuBbl EBpomneiickoro coobiijectBa 86/609/EEC 1o 3aiuTe KUBOTHBIX, UCITOb3yeMbIX B
HayuyHbIX Le/IgX, a TakKke B COOTBETCTBUM C TMpUHLMNAMM XeJbCUHKCKOW JeK/apalyH,
peryaupyolieii mpoBejieHre OMOMeIUIIUHCKUX UCC/IeJOBaHUM C yyacTHeM 3KCIepUMeHTa/IbHbIX
JKUBOTHBIX. CoJlep)KaHre JXUBOTHBIX OCYILeCTB/SUIOCh B CTaHJAPTHBIX YCIOBUSX BUBapus IPU
eCTeCTBEHHOM CBETOBOM peXuMe, CBOOOJHOM [OCTyre K BoJe W KOpMy U COOJIrOJjeHUd
CaHUTAPHO-TUTMeHNYeCKUX HOPM.

WccnemoBanvie  of00peHO  JIOKadbHBIM  3THUeCKMM  Komutetom ®PI'BOY BO
«HoBoCHMOWPCKUI  TOCY/apCTBEHHBI MeJULIMHCKUN  yHUBepcuTeT» MuH3gpaBa Poccum
(npotokon Ne 161 ot 15.10.2024 1.).

B skcniepyuMeHTe MCMOMb30BaIy MOJIOBO3PeIbIX CaML[OB KpbIC MTMHUM Wistar Maccou 215 +
22 r, iosiyueHHbIX U3 BuBapust @T'EOY BO HI'MY. )KuBoTHbIe ObITH pa3/ie/ieHbl Ha [IBe TPYIIIThI:
9KCIIePUMEHTA/IbHYIO TPYTIITY CO CMO/e/TAPOBAHHBIM CTTIa@YHBIM ITPOLeCCOM OPIOIITHOM TTOJIOCTH U
VHTaKTHYIO KOHTPOJ/IbHYIO TPYIIILY.

MopenpoBaHue CTIaeYHOTO TPOoLiecca OCYIIeCTBISUIA B YC/IOBUSIX 001eil aHectesun. [1is
HapKo3a MCII0/Ib30Ba/li BHYTPUMBILLIEYHOE BBeJleHWe pacTBOpa TWeTaMUHAa THPOXJIOpUzAa U
3o/1a3enama. B acenTrueckux yc/0BUSIX BBINOHAIN CPeIMHHYIO janiapoToMuto. [Tocie BCKpuITHS
OpIOIIHOM TOJIOCTH TIET/IM KUIIIeYHWKA OCTOPOXKHO BBIBOJIW/IM Ha CTepuibHbIe candeTkd. Ha
napueTasbHON OprorHe W OOJBIIIOM CajlbHUKE C TIOMOINBI0 CKapuduKaTopa HaHOCHIU
MHO>KeCTBEHHbIe [TOBEPXHOCTHBIE MMOBPEXJeHUs AIMHONW 0K0/0 0,5 cM. JlomoHUTEeNbHO MeTIn
KHIIeYHUKA I0/iBeprajyd KpaTKOBPEeMEeHHOW BO3ZJYILIHOW CYILIKe /JI1 YCHJIeHWs IOBPeXK[eHUs
Me30TeJIMa/IbHOr0 CJI0S1 ¥ UHAYKLMY BOCIIa/IMTeIbHOTO MPOLiecca.

[Tocre 3aBepiieHUss MaHUMNYJISILMM ONePALjUOHHYI0 PaHy YIIHWBaIU MOCJIOUHO CTePUIbHBIM
IIIOBHBIM MaTepHasioM C COOJIr0/JleHreM MPaBU/T aCeNTUKU U aHTUCENTHKH. B rocsieornepalioHHOM
Teprofie KUBOTHbIE HAXOAWINCh TI0J] €XeJHeBHbIM HaO/II0/eHrneM U COJep)Kaluch B
CTaHZAPTHBIX YCIOBUSIX BUBapUSl.

BriBesieHMe >KMBOTHBIX M3 SKCIEPUMEHTAa OCYILECTBISIM Ha 7-e U 21-e CyTKM IOCIe
MO/Ie/IMPOBaHUs CIIaeyHOro Tpoljecca MyTeM AeKarnuTaluu 1oj, obield aHectesuell (Mo MATh
JKUBOTHBIX B KaKA0W moArpyte). st MOpgooruueckoro mMcciieoBaHus 3abupamd y9acTKH
Ccriaek OpFOIIHOM MOMOCTH, PparMeHThbl OPbDKENKU U KUIIIeUHHKaA.

[MTonyuennbni Ouonornyeckuit Marepuan QukcupoBami B 10%-M  HelTpasbHOM
3abydepeHHOM QopMasHHe, MOC/Ie Uero MpoBO/IU/IN CTaHaPTHYH0 THCTOIOTMUEeCKYH0 MPOBOAKY U
3a/MBKy B mnapaguH. C MOMOLbI0 POTAlMOHHOIO MHUKPOTOMA TOMyYaau CepuiiHble Cpe3bl
TOMIMHOW 5 MKM. [ln oueHKu Mop¢Oo/IOTUYeCKUX U3MEHEeHUM TMPUMEHSIIM OKpacKy
reMaTOKCHA/IMHOM Y 3031HOM.

MMMyHOrucToXuMruyeckoe MCCae0BaHUe BBITOIHAIM C UCIO0Jb30BaHUEM CTaHZApPTHOIO
MepoOKCHIa3HOTO MeToza. [ OLeHKM BOCIHa/JWTE/NbHOW aKTUBHOCTM M (PYHKLIMOHATbHOTO
COCTOSTHMS KJIETOK TPUMEHS/IM MOHOKJ/IOHA/IbHBIe aHTHTeNa K ruTokuHaM TNF-q«, IL-1f, IFN-y,
IL-10 u TGF-3 B COOTBETCTBUM C UHCTPYKLMSIMUA TIPOU3BOJUTEIIS.

MopdomeTprueckuii aHainu3 IPOBOAW/IM C UCIO/Ib30BaHMEM CBETOBOIO MMKPOCKOMa AXio
Lab.A1 (Carl Zeiss, I'epmanusi). Uunc/leHHYIO IIJIOTHOCTb K/IE€TOK C (DeHOTUITMUECKUMHU
NpU3HaKaMy MakpoQaroB Ofpezesisiii B BOCHA/TIUTENbHbIX UHQUIbTPAaTaX METOLOM TOUYEUHOTO
cyueta B 60 mossix 3peHus mnpu yBennueHuu %400 C KWCMHOIb30BaHUEM TECTOBOM CUCTEMBI
¢dukcupoBaHHoU ioiagu 1600 MKm?2,
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Craructrueckyto 06pabOTKY /IaHHBIX BBITIOHSIN C UCTIO0/Ib30BaHKeM rporpamm Microsoft
Excel u Statistica 10.0 (StatSoft Inc., CIITA). Pe3ysibTaThl Mpe/CTaB/IeHbl B BUE MeJHAHbI U
MeXXKBapTu/ibHOrOo pasMaxa (Me [Ql; Q3]). [ OLeHKM pasiduvid MeXAy TrpynrnaMu
WCTIO/Mb30Ba/lM  HelapaMeTpuueckuii  Kputepudd  MaHHa—YuTHUA. Pasnuuus  cuurtanu
CTaTUCTUYeCKU 3HaunMbIMu 1ipu p < 0,05.

Pe3ynbrarhl

[TpoBenéHHOe MCCIe0BaHKe TI0KA3al0, YTO B yC/IOBHUSIX SKCIIEPUMEHTAa/IbHOIO CIIaeuyHOoro
niporiecca OpIOIIHON TOMOCTH HaOJOAI0TCS BbhIpa)KeHHbIe HM3MeHeHUss MOp(hOMeTpUUYecKuX U
YABTPAaCTPYKTYPHBIX XapaKTePUCTUK MakKpodaroB, 3aBUCAIME OT OCOOEHHOCTeH TeueHUs
BOCITa/IMTe/IbHOTO MpoLjecca.

Y ’KUBOTHBIX 5KCIIePUMEHTa/IbHOW TPYIIbl OTMEUYEeHO yBe/lnueHre pa3MepoB Makpogaros B
JUHaMUKe HabstofieHus: C 7-X 10 21-e CyTKU WX pa3Mephbl Bo3pacTaiu B cpegHeM B 1,7 pasa. [1pu
3TOM Ha 7-e CyTKA Makpodarw JaHHOW rpymmbl Obutd Ha 19,7% KpyIiHee IO CPaBHEHHIO C
VHTaKTHBIMU JKUBOTHBIMH, a K 21-M CyTKam UX pasMep yBeJUUMBasICs [0 2,5 pa3a OTHOCUTEIbHO
KOHTpOJIsA (Tabs. 1).

B rpyrirne )KUBOTHBIX CO CTIaeYHBLIM TpoLieccoM 0e3 JI0TOTHUTeTbHOTO BO3/JIeCTBUS Ha 7-
CYTKU SKCIIepUMEeHTa pa3Mepbl Makpo(aroB B BOCIHAJWTE/NbHBIX WH(UIbTPAaTax IMpeBbIIaan
TOKa3aTe/ld MHTaKTHOM rpymibl Ha 27,4%. OfgHako K 21-M cyTKaM Habroanoch X HEKOTOpoe
yMeHbllIeHre, U TI0 CBOMM MODP(OMEeTPHYeCKMM XapaKTepHUCTUKaM KJIeTKH TMPHUOJIKaINCh K
3HaueHWsIM WHTAKTHBIX )KUBOTHBIX (Tabs1. 1).

AHanmu3 sepHO-LMTOIUIA3MaTUYeCKOro COOTHOLIEHUWs] II0Kasasa, 4YTO Y JKUBOTHBIX C
HeJleueHHbIM CIaeyHbIM TPOLIeCCOM OHO ObIZIO CMeIleHO B CTOPOHY si/ipa Ha MPOTSDKEHHUH BCETOo
niepriozia Habmopenus. [1pu 3ToM pa3mepsl siiep MakpodaroB Ha 7-e ¥ 21-e CyTKH TPEeBBIIIa/ N
ToKa3aTe/d WUHTAKTHOM TPYIIbl COOTBETCTBeHHO Ha 36,2% u 17%. 3To CBUjeTeNbCTBYET O
COXpaHAoLLeics (PyHKIIMOHATBHOM aKTUBHOCTU KJ/IETOK B YC/IOBHUSIX BOCTIA/IeHUS.

B rpymme >KMBOTHBIX C BO3/IelICTBUEM HCC/elyeMOro ¢akropa siZilepHO-LIMTOoI/Ia3MaTUue CKoe
COOTHOIIIEHWE W3MEHSUIOCh B CTOPOHY TIpeoOnafjaHusi LWTOIUIa3Mbl K 21-M CyTKaM, YTO
COTIPOBOX/Ia7IOCh CHM)KEHHEM OTHOCUTEeIbHOTO sifIepHOro 0ObEéMa I0 CPaBHEHWIO C TPYIMIOi
HeJleueHHbIX )KUBOTHBIX. [laHHbIe M3MeHeHHsl MOTYT yKa3blBaTh Ha yCUieHHe (PYHKLIMOHaIbHON
aKTUBHOCTM Makpo¢aroB, CBfI3aHHOM C mporeccamMu ¢aroquro3a W BHYTPUK/IETOUHOU
niepepabOTKK MaTepHarna.

[Ipy ynbTPacCTPyKTYPHOM MCC/IOBaHUM BBISIBJIEHO, UTO ILIMTOIIa3Ma Makpogaros
XapakTepu3yeTCsl HaIuuvMeM Ppa3BUTOM CeTH IIepOXOBaTOM 3SHJOIIa3MaTUUeCKOW CeTH,
3HAUUTe/IbHBIM KOJMYECTBOM JIU30COM M  (ParoimM3ocoM, CoZep)Kalux (arolUTHPOBAHHBIN
MaTepuan. OTMeueHO akKTUBHOe (JOPMUPOBaHUe TICeBAOIO/UIM, UTO CBUETETLCTBYET O BHICOKOU
MUTPaLMOHHOM U (Parol¥TapHOM aKTUBHOCTH KJIETOK.

B rpymnme >XMBOTHBIX CO CIaeyHbIM TpoLleccOM 0e3 OTIOHUTeNBHOTO BO3ZEHCTBUS
KomuecTBo (arocoM U (aronm3ocoM OBIJIO OTHOCUTENBHO CHI)KEHO I10 CPaBHEHWIO C
JKCIlepUMeHTa/ibHON  rpymmoi. Takke Habmofamach MeHee BBbIDaKEHHas Pa3BUTOCTb
IIIepOX0BaTON  JH/OTIa3MaTUUYeCKOM CeTH, UYTO OTpakaeT Oojee HU3KUM  YpPOBeHb
(GyHKL[MOHATbHOM aKTUBHOCTH MaKpo(QaroB B JJAHHBIX YCI0BUSIX.

Takum 06pa3oM, MoTyueHHbIe pe3y/bTaThl CBU/ETe/IbCTBYIOT O CYIlle CTBEHHBIX Pa3/IMuUsiX B
MOP(OPYHKIIMOHATLHOM ~ COCTOSIHMM ~ MakpogaroB B  3aBUCMMOCTH OT 0COOEHHOCTeM
JKCMepUMEeHTaNbHOM MOZEe/NM, UTO OTpakaeTcsi Ha UX (aroluTapHOM aKTUBHOCTU W
BHYTPHKJ/IETOYHOM OpraHU3aLuy.

B yc/ioBusiX 3KCIepuMeHTaabHOTO CTaeyHOro Tpoliecca OpIOIIHON TOJIOCTH BbISIB/IEHBI
BbIpa)KeHHbIe M3MEHEeHMs] SKCIpPecCMM LUTOKWHOB Makpodaramy, 3aBUCALMEe OT CPOKOB
HabmrofieHrst 1 0COOeHHOCTe TPYTITIbI JKUBOTHBIX.
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Tabmuia 1 — MopdomeTpruecKre TIOKa3aTe/ i MakpogaroB Mpy 3KCIIePUMEeHTaIbHOM CITaeuyHOM
ripotiecce OPIOLIHOM MOIOCTH

I'pynna 1 (cnaeussrii I'pynna 2 (cnaeunbiit

I'pynna 3 (MHTaKTHbIE npouecc, C
IToka3arenn Py ( nporiecc 0e3 porecc,
JKMBOTHbIE) " BO3/ieiicTBHEeM
BO3/IeiiCTBUA)
(akTopa)
+27,4% mo +19,7% 110
Pasmep makpodaros N
(7-e cyTkH) ba3oBrbliit ypoBeHb CPaBHEHHUIO C CPaBHEHUIO C
y KOHTpoJIeEM KOHTpOJIEM
Pa3mep makpodaros . TIPUOTIKAETCS K B 2,5 pasa Bbille
bazoBbliit ypoBeHb
(21-e cyTtkn) KOHTPOJIIO KOHTPOJISA
[JuHaMmuka pa3mepoB 0e3 3HAUNMBIX TeH/IeHLUs K
- yBennueHue B 1,7 pasa
(7-21 cyTKn) H3MeHeHUM CHIKEHUIO
AnepHo- CMellleHre B CTOPOHY
CMellleHle B CTOPOHY
LIUTOI/Ia3MaTu4yecKoe (u3nonoruueckoe P uuToriasmel (k 21
COOTHOITIEHHE AP CyTKaM)
Paswmep szep (7-e . 0e3 BbIpa’keHHBIX
P snep ( 0a30BbIl YPOBEHD +36,2% baxen
CYTKH) OTIMYUMA
Pa3wmep sizep (21-e . 0e3 cy1jecTBEeHHBIX
p Anep ( 0a30BbIii YpOBEHb +17% yIecTse
CYTKH) OT/INYMI
®darornuTapHas
aKTUBHOCTb HU3Kasl/(pU3nosoruueckast yMepeHHast TIOBBIIIIEHHAS
(KOCBEHHO)
BbIpa)KeHHast
aKkTuBaLus (MHOTO
Y bTpacTpyKTypHbIe
HOpMa yMepeHHasi aKTUBaLUsI JIM30COM,
TIpU3HAKU
(haromzocom,
TICeB/IONO/IN)

Tak, uucneHHass 1ioTHOCTh (Nai) wmakpodaros, skcrpeccupyrommx IL-1, B
3KCIIepUMeHTa/IbHOM I'PyTITe Ha 7-e U 21-e CyTKu Obla HUpKe T10 CPaBHEHHUIO C IPYIITION KOHTPOJIS
B 4,6 1 1,8 pa3a cOOTBeTCTBeHHO. AHa/I0OTMYHasi TeHAEeHLUsl OTMeueHa U B oTHoweHnn TNF-a: Ha
7-e CyTKM KOJIMUeCTBO MakpodaroB, SKCIPeCCUPYIOLMX JaHHbIM [TPOBOCIA/TIUTe bHBIN [IUTOKKH,
CHWKaJIOCh B 3,2 pa3a M0 CPaBHEHUIO C KOHTPOJIbHOW IPYIIION.

@dparmMeHThl MaKpo(daroB Ha 7-e CyTKHU 3KCIIePUMEHTA B CrlaliKax OpPIOIIHOM MOIOCTH KPBICHL.

(a) [pyrmna 1 — oTMevaeTcst HeOOBILIOE KOJTMUECTBO JTM30COM U (harocoM, €/1abo BeIpaXkKeHbI TICEBAOTOHH.

(6) I'pynma 2 — BBIABISETCS 3HAUMTENLHOE KOMHUUECTBO JIM30COM, (DaroM30COM U PasBUTHIA ILIEPOXOBATHIN
3HZIOTUIa3MaTUYEeCKUM PETUKY/IYM, aKTUBHO ()OPMHUPYIOTCS IICEB/OMOANH.

Yeenuuenue x25 000.
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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 To ke Bpemsi B TOH >ke TpyIme Hab/Ofanoch yBelUueHWe YMC/IeHHOM IJIOTHOCTH
Makpo(aroB, 3KCIIPeCCUPYIOLIUX TPOTHBOBOCIAIUTENbHBIE U TIPO(PUOPOTHUECKHE I[UTOKUHEI
IL-10 u TGF-f, kak Ha 7-e, Tak 1 Ha 21-e CyTKU KCIIePUMEHTa 10 CPABHEHHIO C KOHTPOsieM. OTO
yKa3bIBaeT Ha rpeobaZiaHue pPeTy/sTOPHBIX U PerapaTUBHBIX MeXaHW3MOB B 30He (HOPMHUPOBAHUS
Criaex.

Okcripeccusi IFN-y Makpodaramu Ha 7-e CyTKH Obl/la CHYDKEHA: UMC/IeHHasl TUIOTHOCTh
COOTBETCTBYIOIIUX K/IeTOK Obljla B 2 pa3a HUWKe TI0 CpaBHeHHIO C KoHTposjeM. OfHako K 21-M
CyTKaM OTMEYeHO 3HauuTe/JbHOe YCU/IeHWe SKCIPeCCHH [AaHHOIO LIUTOKWMHA — YWC/IeHHast
n10THOCTh  IFN-y-no3MTUBHBIX MakpogaroB yBeiduwiacb B 3,2 pa3a MO CpPaBHEHUIO C
Tpe/IbIAYIIM CPOKOM HabmozieHust 1 Obia Ha 44% Bblilie, YeM B KOHTPOJIBHOM TPYTITIe.

[TonyueHHble faHHBIe CBUETE/NLCTBYIOT O JAUHAMUYECKOM W3MEHEHWU LMTOKUHOBOIO
npoduiss Makpodaroe B Tiporiecce (JOpPMHUPOBaHMS CITaeK OPIOITHOW TIOJIOCTH, UTO OTPa’KaeT
repexo/ OT HauajbHOM (pa3bl BocraneHus K (ha3e akTHBHOTO TKAHEBOT'O PeMO/|eTMPOBaHMUS.

O6cyxaeHue

[TpoBenéHHBI aHAMM3 TMIOKa3aj, YTO TMOMY/Sus MakKpodaroB B BOCHA/IHATEIbHBIX
WHOUIbTPaTax CriaeK OPIOIIHOM MOJIOCTU XapaKTepU3yeTCsl BbIPDAKEHHOW r'eTepPOreHHOCThI0 U
IMHaMUUeCKOM MU3MEHUYMBOCTBHIO B 3aBUCUMOCTHM OT CPOKOB 3KCreprMeHTa. Ha paHHMX 3Tamax
dbopMupoBaHus CraeyHoro mporecca (7-e CyTKM) B 3KCIepPUMEHTAalbHOW TpyIilie OTMedaeTcs
npeobnajaHie  MakpodaroB C  (DyHKIMOHA/JLHBIMU  TIpU3HaKaMu  M2-eHOTHIa, UTO
No/ITBep KAaeTcsi TioBbIillleHHoN 3kcrpeccuert IL-10 u TGF-B. laHHble W3MeHeHHsI OTPa)KaroT
aKTUBAI[UI0 PEeTry/IATOPHBIX W perapaTUBHBIX MeXaHU3MOB, HarpaB/ieHHbIX Ha OrpaHhuYeHHe
BOCIA/IUTeTbHOW peaki[uu U 3arycK MpoLeCCOB TKAHEBOTO PeMO/ie/TMPOBaHUsI.

B TO >Xe BpeMsi B TpyIIe KUBOTHBIX 0e3 /OMOIHUTE/NHLHOTO BO3JeMCTBUSI HabmomaeTcs
Oosiee BbIpaKeHHasi aKTUBHOCTb MakpogaroB M1-tura, 0 4éM CBH/I€TE/ILCTBYeT TOBbIILIEHHAS
9KCTIPeCCHUsI TIPOBOCIIAUTE/NBbHBIX ITUTOKUMHOB IL-1 1 TNF-a. 3To yKa3biBaeT Ha rpeoOsiajaHue
BOCTIAJTUTE/IHHOTO KOMITOHEeHTa W 0ojiee WHTEHCHBHOE TIOBPEX/EeHUWe TKaHel B YCJIOBUSAX
OTCYTCTBUS MOAY/IUPYIOLIETO BIAUSHUS.

K 21-M cyTkaM »3KcriepyMeHTa OTMeuaeTcsi HW3MeHeHHe IJUTOKWUHOBOTO Mpodus
MakKpodaroB ¢ TeHjjeHI[Mel K yCuieHH0 M1-accoluMpoOBaHHONM aKTUBHOCTH, UTO TIPOSIB/ISIETCS
yBenuueHuem skcripeccur TNF-a, IL-1 u IFN-y. [JanHbil (akT MOXKeT CBUJETe/NbCTBOBATb O
COXpaHEeHUM XPOHWUECKOTO BOCMAJUTENbHOTO TpoLiecca W HEeMOJHOW 3aBepLIEHHOCTU
pernapaTyMBHBIX peakiyii B 30He (POPMUPOBAHUS CIIaekK.

[TonyuyeHHbIe pe3y/bTaThbl MO3BOJISIOT MPEANOI0KUTh, UTO Ha PAaHHUX 3Tarax CraeyHoro
riporjecca Makpodary npemumyleCTBeHHO YYaCTBYIOT B Pery/siliii U OrpaHUYeHHUH BOCIaIeHus],
TOT/Jla KaK B Oosiee Mo3HUE CPOKU HAO/IOZAeTCsl CMellleHre WX (QyHKI[MOHATbHOW aKTUBHOCTH B
CTOPOHY TMO//iep’KaHusl BOCTA/IUTeTbHOTO OTBETa M TKAHEBOTO PeMO/e/TMPOBaHus. TO OTpaXkaeT
CJIOKHYIO TIAaCTUUHOCTh MakpogaroB M WX K/IOUEBYIO PO/b B JAWHAMHKe BOCMA/UTEIbHO-
(bUOpOTUUECKHX TIPOIIECCOB.

Mopdosornueckre W yabTPaCTPYKTYpPHbIe [aHHbIE TIOATBEPXKJAIOT (QYyHKIIMOHA/IbHbIE
V3MeHeHUs1 MakpodaroB, BbLISIBJIeHHble Ha MOJIEKY/ISIDHOM YDOBHe. YBeluueHHe KO/IW4yecTBa
¢arocom u MM30COM, pa3BUTHE 1I€POXOBAaTOM SHJOIIa3MaTUUECKON CeTH, a TakKe HM3MeHeHHe
S1epPHO-1[UTOT/Ia3MaTHYeCKOTO COOTHOILIEHUS] CBUJETENbCTBYHOT 00 yCHIeHWH QaroiuTapHou
aKTHBHOCTHU KJIETOK Y X BOBJIEUEHHOCTH B MPOLIECCHI YAa/IeHHs KJIeTOYHOTO IeTPUTA U SKCCy/arTa.
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Takum ob6pa3om, Makpogaru B yC/IOBUSIX CITAeYHOTO TpoLiecca OpIOIITHOM MOI0CTH UTPAoT
K/IIOUEBYH0 pOJib B KOODJWHALMM BOCIMAJUTE/NbHBIX M pernapaTMBHBIX peakluii, a uX
(byHKI[MOHA/IbHOE COCTOsSIHME orpefiesisieTcss O6amaHcoM mMexay M1- u M2-deHoTHaMu, uto B
KOHEYHOM UTOre BAUsieT Ha XapakTep (h)OpMHUPOBaHHsI COeJUHUTE/IbHOTKAHHbIX CIaek.

3aK/IloueHue

B Xope npoBejHHOrO KMCCIe0BaHKS YCTaHOB/IEHO, YTO Makpo@daru UrpatoT LieHTpaabHYI0
posib B JOPMHUPOBAaHUU CIIAEYHOTO Tpoljecca OpIOIIHOM MO/I0CTH, obecreunBasi KOOPAWHALAIO
BOCMAJUTebHBIX W pernapaTMBHBIX peaklyid. BrbisgBrieHa Bblpa)kKeHHasi 3aBUCUMOCTb UX
(GYHKIMOHABLHOTO COCTOSIHUSL OT CTA[iUU SKCIIePUMEHTA U YCJIOBUM BO3/|eHCTBUS.

Ha panHuMx cpokax Habmofaercs mipeobmaziaHve M?2-acCcOLMHUPOBaHHBIX Makpodgaros,
XapaKTepU3yIoIKXCs noBbiiieHHOM skcrpeccredt IL-10 u TGF-, uto yka3biBaeT Ha aKTUBALIUIO
TIPOLIECCOB Pery/IsiliUK BOCTa/eHUss ¥ TKaHeBOro peMo/ie/TupoBaHus. Ha Gosee mo3aHUX 3Tarax
TIPOMCXOJUT CMellleHre LMTOKWHOBOTO Mpoduis B CTOpoHy Ml-deHoTuna c ycuieHuem
skcripeccuu I1L-1, TNF-a u IFN-y, uTo oTpa)kaeT coxpaHeHHe BOCIa/MTe/bHOM aKTUBHOCTH B
30He CIaeyHoro Ipotecca.

Mopdosnornyeckue ¥ yabTPaCTPYKTYpPHble HWCCA€JOBaHUS TOATBEPAWINA  BBICOKYIO
(GYHKIMOHANMBHYI0 aKTUBHOCTh Makpo(aros, TMpPOSBISIOUIYIOCS pPa3BUTHEM (haroluTapHOro
anrapara, yBeJu4yeHHeM KOIWUYecTBa JIM30COM M ()aroam3ocoM, a TakKe U3MeHEeHWeM SiZIepHO-
LMTOI/Ia3MaTUUeCKOr0 COOTHOLLIeHHUS.

[TonyueHHbIe pe3ynbTaThl MOATBEP)KAAIOT yyacTHe Makpo(daroB B MexaHHW3Max BOCMa/leHus
¥ ¢Gubpo3urpoBaHusi Tipu (HOPMHUPOBAHMHU CTaeK OpPIONIHOM TIOJIOCTU Y YKa3bIBAalOT Ha WX
3HAYMMOCTb B Pery/sILiUU MEKK/IeTOUHBIX B3aUMOZEMCTBU B YC/IOBUSIX TKAHEBOTO TIOBPEXK/I€HHSI.
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KA3AKCTAHHBIH OHTYCTIK-IIIBIFBIC AUMAFBIH/IA BUJAW Y/IT'IJIEPTHIH
KATTBI KAPA KYYE (Tilletia caries (DC.) Tul) AYPYBIHA
TO3IM/II/IITTH AHBIKTAY

Bupaii akbUIBIHBIH, aca KayinTi caHpIpayKyJiak aypy/iapbIHbIH 0ipi KatTel Kapa Kyiie (Tilletia caries
(DC.) Tul). Eric anmkabbIH/ja KaTThl Kapa KYHeHiH Te/lMocriopanapbl Ou/iai IgHiHiH 9H/[0CrepiMiHiH OpHbIHA
naia Oo/IbIN, cay MacakKThiH, iliHeH OatikanMait Typazpl. Tilletia caries (DC.) Tul matoreHi smuguToTHs
KbUIZIAPBI €TiC amKaObIH/A aCTBIKTHIH, CarachlH TOMEHZETYiMeH Karap, OHbI TOJBIKTal >KapaMChi3 eTefi.
KaTThl Kapa Kyiie aypybIHBIH, aifiblH any YIIiH TYKbIMIbl XUMUSJIBIK 6HZeyre 0omazbl, Oipak XUMUSITBIK
TiperaparTap/pbl l1aMa/iaH ThIC KO/IJJaHy KOpIllaFaH opTara 3usiH Turisesii. COHIBIKTaH KaTThl Kapa KylieMeH
KYPECYZiH eH TUIMJi KOJbl IIapyallbUIbIKKA Te3iMJiI copTTapAbl eHrisy. Kasipri TaHja opraHukKasiblK
IIApYaIlbIIBIKTBIH, JAMyblHa Oal/IaHBICTBI SPTYPJIi XUMHUSJIBIK TIperapaTTap/blH, OPHbIHA CaHbIPAYKYJIaK,
aypy/apbIMeH Kypeci YIIiH OpraHuKa/iblK 6HiM peTiHJe Te3iMZi copTTapibl NakjanaHy ©3eKTi Maceie
OonbIn caHamabl. 3epTTey )KYMBICHIHBIH MaKCaThl AJIMaThbl 00/IBICBIHBIH KAaTThl Kapa Kyiie MOmy/IsusCbiHa
PYMBIHUSTBIK  Oupail  yirisiepiHiH, Te3iMALMriH cbiHay. 3epTTey HbICAHBI PpeTiHJe pPyMBIHHUSIIBIK,
oupaiinapaeiy 10 yarici aneiHgel. AypyFa Te3iMci3 ctaHaapt peTiHze borapHasi 56 cOpThI KOMAaHBLIABL.
3epTTey HITWXKeCiH/e aypyra Te3iMmzi ger 9 6umait coptel epekienenzi. Omap: F07270G2, F08034G1,
F08245G1, F08126G1, F06393GP10, F08347G8, F06659G-1, RETEZAT xsne PARTENER.
OcimpikTepaiy, 6vomacca uHzAekc KepceTkimiH (NDVI) aHbIkTay OapbIChiHAa 2 YATiHIH GMOMaccace
JKOFaphl fienl TaHbligbl. KypelibIMAbIK, Oenrisiepine Tangay Gapeickiiza F08347G8, PARTENER kaHe
F08245G1 ynarinepi eHimMaiTiK KepceTkimTepi OOMBIHINA >KOFaphbl [en OaranaH/bl. JKacaHAbl iHIETTIK
OopTajla KATThl Kapa Kyilere Te3iMzi Oo/iFaH >KoHe OHIM/IIIK KOepCeTKillTepi »KOFapbl OosiraH Oujai
yurinepin cenexiys 6arnapnamackina Tilletia caries (D.C.) Tul maroreHiHe Te3iM7Ii JOHOP peTiH/le €HTi3yre
Gonasibl.

TyiiiH ce3aep: TO3iMi COPT, CesleKIUs, NaToreH, KaTThl Kapa Kylie, ouzai.

K. l'aneimoex*, C.b. Bakupos, P.JK. [HkyHycoBa, b.b. Aman6aii, A.b. TypceiH
Kazaxckuii HallMOHA/IbHBIN TelaroruuecKuil yHUBEPCUTET UMeHU Abas,
Anmatsl, Kazaxcran
*e-mail: kanat.galymbek@mail.ru

OnpejeneHue yCTOMYHUBOCTH 00pa3L0B MIIIEHULIBI K 3a00/IeBAaHUI0 TBEP/I0H ro/IOBHel
(Tilletia Caries (dc.) tul.) B rora-Bocrounom peruone Kasaxcrana

OpHuM 13 Hanboree OMacHBIX TPUOHBIX 3a00/1eBaHUM MIIEHULBI AB/sieTCs TBepaas royiosHs (Tilletia
caries (DC.) Tul). B mose Temociopsl TBEP/IOH TOJIOBHU MOSIB/IAIOTCSA BMECTO SH/IOCIIEPMA MIITEHUYHOTO
3epHa U OCTAlOTCS HEBHIUMBbIMU BHYTPH 370poBoro kosoca. Bosoymurens Tilletia caries (DC.) Tul
CHWKAET KauecTBO 3epHa B TIOJie B TOABI AMUGMUTOTUN U /IelaeT ero TOMHOCTBI0 HENPUTOAHBIM. UTOOKI
TIPeIOTBPaTUTh Cephe3HOe 3ab0sieBaHNe TBEP/IOU rOJIOBHON ceMeHa MOKHO 00pabaThIBaTh XUMHUUECKUMU
BellleCTBaMU, HO Upe3MepHOe HCTIObh30BaHNe XWMHKATOB HaHOCUT Bpe[| OKpy»katoireil cpefe. [losTomy
Hanbosee 3(hhHeKTHUBHBIM CIOCOO0M OOpLOBI C TBEpPAOW TOJOBHOU SIBJSETCS BHEAPEHWE YCTOWUMBBHIX
copToB. B HacTosiiiee BpeMsi B CBSI3W C pa3BUTHEM OPTraHUUECKOTO 3eMJieiesiisi aKTyalbHbIM BOTIPOCOM
CUMTAeTCS WCTO/Mb30BaHWE B KauyeCTBE OpPraHWYecKOW TIPOAYKUUM st GopeObl C TPUOKOBBIMHU
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3a00/1eBaHUAMH YCTOMUMBBIX COPTOB BMECTO Pa3/IMUHbIX XUMHUECKUX TIperiapatoB. Llenb ncciefoBaHus -
TIPOBEPUTH YCTOMUHMBOCTb 00Pa31[0B PYMBIHCKOM ITIIIEHUI[bI K TTOMYJ/ISI[UM TBEP/IOU rOJIOBHH AJIMAaTUHCKOM
obnactu. B kauecTBe 06bekTa uccienoBanys ObiM B35AThl 10 00pa3ijoB pyMbIHCKOM MIIeHULILL. B KauecTBe
CTaHZIApTa HEyCTOWYMBHI K 00JIe3HSM KCTIOMb30Baid copT borapHast 56. B pe3ynbTare vcciefoBaHUN
BBIJIe/IEHO 9 COPTOB TIIIEHMIILI, YCTOMUUBBIX K 3aboneBanuto. 3T1o: F07270G2, F08034G1, , F08245G1,
F08126G1, FO6393GP10, F08347G8, F06659G-1, RETEZAT u PARTENER. IIpu onpezeseHnn HHAEKCa
6romaccel pactenuii (NDVI) 6romacca 2 o6pa3iioB 6bisia MpU3HaHa BHICOKOH. TTpH CTPYKTYPHOTO aHa/13e
obpaznpl F08347G8, PARTENER u F08245G1 6butd olleHeHBI KaK BBICOKHMM mMoKa3aressiM. O6pasiibl
TMIIeHULbl, YCTOMUMBbIE K TBEPJOW TOJIOBHE B YCJIOBUSIX MCKYCCTBEHHOW Cpefie U MMeloIlle BbICOKHe
ToKa3aTeji YPOXKalHOCTH, MOTYT OBbITh BBe/IeHBI B Ce/IEKI[MOHHbIE MPOTPaMMbI B KaueCTBE /IOHOPOB,
ycToiumBbIX K Bo30Oyauremo Tilletia caries (D.C.) Tul.
KnroueBble cj10Ba: yCTOWUMBLIN COPT, Ce/ieKLUs, I1aToreH, TBep/asi T0JIOBHS, MILIeHULIA.

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 (Tilletia 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, F08347G8, F06659G-1, RETEZAT and
PARTENER. When determining the plant biomass index (NDVT), 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.

Kipicre

JKanmel Famamzblk, [J9H/I AaKbulgap imiHze Owjalt eHipici yHeMi OipiHIIi OpbIHAA.
Ka3zakcraH OyKin asieM OolibiHILA caraibl Ouail (KbUT caliblH OH MJIH TOHHAaFa )KYbIK) OHZipyLIi
esn.

®AO wmoasimerTepiHe cyiieHcek, 2050 >XblIFa Kapad jkep LIapblHZAAFbl XasblK CaHbl 2-3
MUWIJIMOH aJlaMFa fiediH Kebettin, 9 Mutnapaka »xetefi. OcbiraH 0aiyiaHbICThI OWIAl MeH Kypill
ericTiridiy Heri3ri 6esniri A3ust MeH Contyctik Adpukaga [1]. Kerkeliablk 3epTTeyiep acipece
arpoTexXHUKabIK 3/icTepiH - WH(eKLusFa YIIbipaFaH [JaKblIJap[blH, TapaaiyblH OHBIH Jamy
JMHAMUKAChIH >KoHe 3USIH/BIIBIFbIH PeTTey/le MaHbI3/bl POJT aTKapaThIHbIH aHbIKTaAbl. KaTThl Kapa
KYWEHIH 3USHIBUIBIFBl [9HHIH OpHbIHA CrOpa TY3LIN KaHa KOWMaM, Beretauyst Ke3eHiHe
eCIMZIKTiH aWTap/bIKTal OeiriHiH )KOMbLTybIHa, 3cipece Ky3zik Ougail Kelll ceOiireH »Karaija
cebent 6omazpl. 3anmangaHraH eCIMZIKTIH as30eH KyaHIIbUIBIKKA TO3iMzimiri temeHzaelai. OraH
KOCa, 6CiMZIIKTep aypy KO3/bIDFbILLLIMEH KYpecCy YILIiH KOl SHeprus >XyMcai/bl, O/ 63 Ke3eriHje
o/apJblH eHIM/i/liriHe Kepi acep eTin eHiIMHIH a3 >KWHadyblHa bIKnan etefi [2]. Kasakcranja
KATThl KapaKyle aypyblHa A9H/i JaKbLIZapAbl KOpFay/blH, HETi3ri TaCi/li TYKbIM/bl XUMUSIJIbIK
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TiperapaTTapMeH eHiey 00/bIT TabbL1azibl. Aslaii/ia, aTasFaH aypy/AbIH a/IZIbIH aly YIITiH XUMUSIIBIK,
d/licTi makifianany, Kapakyiie aypy/iapbIMeH 00/IaThIH M3CeJIeHi TOJTBIFBIMEH IIEIITKEeH )KOK, OUTKeHi
GbyHruLMATEeD TOMEH TUIM/ITIKKe He HeMece eCiM/IIKTiH, LIapyalibUIbiK, Oarasbl benrinepide Tepic
acep etesi. XKyienik dyHrurmaTep 6uzali A9HiHe eHesli e, Kyile caHbIpayKy/laKTapbIHbIH 6CYyiH
Texeli. bipak osap TombIpak, aya >keHe Cy apKbUIbl KOpIIaFaH OpTara 3UsiH TUTi3e/li, ajlaM >KoHe
JKaHyap OopraHu3MiHe a3blK apKbUibl TyCezi. COHFbI YaKbITTa, XUMUS/IBIK 9/1iCTePAiH OPHbIHA TYPJIi
aypyJiap, ararn alTKaHJja Kylhe caHbIpayKy/laK aypy/lapblHa Te3iMIiMKTI KamMTamachl3 eTy YILiH
OpraHUWKasIbIK, 3ZIicTep/i MaianaHy celeKIMoHep/epAiH 6acTbl MiHAeTTepiHiH O0ipi O0JIBINT OTHIP
[3]. AtanraH aypyAblH ajafiblH any YIIiH XUMUSTBIK 9/iCTi MaiiianaHy, Kapakylie aypy/apbiIMeH
OosIaTbIH MaCeJieHi TOJBIFBIMEH IIEIIKEH >KOK, OWTKeHi (YHIMLMATED TOMEH THIMZLIIKKe He
HeMece eCiMZIKTiH, IIapyalibliblK, Oaranbl benrinepide Tepic acep eteni [4]. KarTel Kapa Kyiie
aypybIMeH KYPecyZiH eH TUiMZi 97ici eciMZiKTep/iH reHeTHKa/bIK KOpFaHybl, Oy eHZipicke
OupaliibIH KaTThl Kapa Kylie aypyblHa >KaHa Te3im/i y/irijiepfii eHriy apKbUIbl >KYpPTi3ijiefi.
Ocbuaiitia, 6ugai AoHiH XUMUSIIBIK, OHZeY JKYPTi3yZiH OpHbIHA, 6CiM/IiK aypy/aapbIMeH Kypecy
YILIiH OpraHUKajbIK Kypanjap KakeT. Ka3zakcTaH Oujaizibl SKCIOPTTAWTBIH €71, COH/BIKTaH
YKOFaphbl 1IapyallbUIbIK-KYH/bI Oesrisiepi 6ap Te3imzi coprrapzbiH, 60mybl eTe MaHBI3ABI [5].
KarTel Kapa Kyiere Te3iMAiMIKTiH Herisri reHzepiMeH OailylaHBICTBI MOJIEKY/IAbIK MapKepJiep
Ti36eri a3ipnensi. Ka3ipri Tanga 6y aypyra Te3imaismik kepceTeTiH 15-ke XybIK reH Oerisi. By
TYpakThl BtreHepiHiH, 11apyamibuiblk, KYH/bIIBIFbI )KOFaphl [6].

3epTTey MaTepHua/iiapbl MeH JjicTepi

Ky3zik 6uzaiipiH KaTThl KapaKyiie aypyblHa TYPAKThUIBIFBIH 3€PTTEY OAapbIChIHZA €ryTe eH
)KaKChl yaKpIT Kellirinm ceOy, OuzaiaplH KAaTThl Kapakyiere TYPaKThUILIFBIH Oarasayia eryziy,
TepeH/iri MaHbI3/Ibl PO/ aTKapabl. TYKBIMHBIH, Tasi3 eTiyiH 00 pIpMay KaXKeT. 3epTTey iciHe
coMikec ery Matepuanbl 7-10 cMm TepeHzikTe cebineni. Omapsl 2 Karapra, Y3bIHALIFEI 1 MeTp/ieH,
KaTapJiap apasibirbl 15 cM esiemze, KaiiTasamachl 2-10 Katap apasbIFbiHa ceOini.

3epTTey Marepuasbl metenmik 6ugaiabH 10 yariciven (Pymbinus) >kyprisiizgi. borapHas
56 COpTBI  CTaHAApT peTiHJe asbIHAbL. TaTOoreHiMeH Ouzakabl WHOKyasarusiayaa A.U.
BoprraparaAnnuioroBanbl, ofici KongaHbuiabl [7]. Green Seeker — armapaThl apKbLIbl
eciMzikTiH 6uoMacca kepceTkimimen eseHzi (NDVI — Normalized Difference Vegetative Index)
[8]. ®uTonaTonorusiisik, 6aranayga M. KotiiibiOaeB 1mikaiackl KOMAaHbUIAB [9].

3epTTey HITH)XKe/Iepi MeH o/1apAbl TaAjay

bupgaiipiH KaTThl KapakyilieMeH 3aKbIM/JaHybl acTbIK carlacblHa JCep eTeTiH TaObICThIH
JKOFapbl KeyieMzie KOFasyblHa dkesiefii. Cos cebenTi 6i3 fana >kargaiibiHAQ 11T esfik Oupait
yiarinepin KaszakcTaHHBIH, KIMMAaTTBIK >KaF[ailblHAa TeKkcepAik. [ana >karfaiiblHAQ 3epTTey
HITW)KeCiH/le PyMbIHUSJ|aH a/IbIHFaH Y/rijiepre KaTThl Kapa Kyuere TO3iM/IIIr Typasibl AepeKkTep
anbiHABL. TaHANTBIK >KacaHbl iHAeT asscbiHAa ougait yarinepi Tilletia caries (D.C.) Tul. & C. Tul n
aToreHiMeH 3a/asJaHblIJbI.

2021 »xbutrbl PyMbIHUSATBIK OWziali yirisiepin gurornaTanorusiiblk, 6aranay HaTvKeciHze 1
bamnapik peakius turiMeH RETEZAT, PARTENER, F08126G1, 02429GP-1, F06659G-1,
F08245G1, F08034G1 xane F07270G2 aypyfra »ofapbl Te3iM/li e epekiieneHzi. KarTel Kapa
Kyiiere MR 6enricimen opraia te3imzinik Taneitkangap FO6393GP10 >kane F08347G8. Tilletia
caries (D.C.) Tul. & C. Tul natorenimen 30% pneHreiizie 3ananganrad 02429GP-1 yarici anci3
Te3imci3 (MS) gen TaHblIAbI. BaranaHy 1mkanackl 2 6aniabl Kypane! (kecrte 1).

2021 >KbUTFBI PYMBIHUSTBIK, OWZIal yIITiNepiHiH KaTThl Kapa KylieMeH 3a/ia/laHy KepCeTKillli
2020 >KpLIFBICBIHA KapaFaH/a a/1jeKaiia TeMeH (kecte-1), (kecte-2). ByraH Tikeneu acep eTyuii
(akropnapzpbiH 6ipi 2021 KbLTFbI KTMMAaTTIK XKaFJakIbiH KaTThl Kapa kyiie (Tilletia caries (D.C.)
Tul. & C. Tul) aypybIHbIH, AaMyblHa KOJalChI3 OO/MybI SIFHM ’Ka3 Me3Ti/liH/e >KaybIH-IIAIIbIH
KeMIi/iik aiiMakrapza 40 %-aaH a3 TYCTi »kaHe KYPFaKIIbIIbIK JeHreli XKoFapbl 00//IbI.
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Kecre 1 — Anmatbl 06sbick! 6oiibiHIna Tilletia caries (D.C.) Tul. & C. Tul narorenine 6upaii
yaArisiepiniy, resimaiiri, 2025 x.

Yrinepaiy, JKanrbl 3ananfaHraH 3anangany Baranay Ikana
araysbl MacakTap CaHbl, | MacakTap CaHbl, JeHreiti, % KOPCeTKILII OolibiHia
JlaHa JlaHa
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
BorapHas 56 78 19 23 MS 2

2020 >xplngaparsl 3a1anjaHFad Ouzail yariiepiHie, sKarbl MalbI3bIK KOPCETKIIITepiHe
KesleTiH Ooscak, Korapbl Te3imai gen Tabeirad F08245G1, RETEZAT, PARTENER, F08347G8
»xoHe F06393GP10. JKanmnel 6ugait canbiHbIH 63% Kypaiigsl. Aypyra MS 6enriciMen Te3iMi ger
tabbutrad F08034G1 oane F08126G1 6umait yirinepi >xanmnbl Ouzmai caHbiHbIH 19% KaMThIZABL.
Opraiia Te3iMci3 e anbikTanrad F06659G-1 copTTaphbl »Kasrbl OKzai caHbIHBIH 9 % Kypaibl.
JKorapel Te3imci3 gen Tabbutran 02429GP-1 copthbl »arel Ouzai caHbIHBIH 9% KaMThIAbI (2-
KecTe).

Kecre 2 — KarThl Kapakyiie aypybiHa Ouaii yirinepid ¢dutonaronorusiibik, 6aramay, 2025 k.

Ne Yrisniepaiy aTaysl 3ananpaHy aeHreiti, % Baranay
KOPCeTKIilli

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 BorapHas 56 20 R

Ynrinepai nagekc 6uomacca (NDVI) kepceTkimrepi GobIHIIIA YIII PeT ecerl >KYprisingi
(xecte 3). Hmekc 6momaccackr 6oiibiHia 0,50-71eH ackad ougait yarisnepi 02429GP-1, F07270G2
eH, >KOFapFbl KBPCETKIIlITepiMeH aHbIKTanabl. VIHAekc 6uomaccacer 0,47-0,49 apanbIFbIH/ja OpTailia
nen OarananraH yiarinep F06393GP10, F08347G8, F08034G1, F08245G1 >kone F06659G-1 .
Nupekc kepcetkiwi 0,410,43 apaceiHzia TemMeH fen aubikranraH yiariiep PARTENER, RETEZAT
kaHe F08126G1.
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Kecre 3 - Haekc 6uomacca kepcetkiminid (NDVI) Hatwkenepi, 2025

No Yrinepaiy, NDVI
aTaybl I-1ui ecen II-1m1i ecent ITT-1m1i ecen Opraiua MaHi
1 | F07270G2 0,54 0,66 0,38 0,53
2 | F08034G1 0,52 0,68 0,25 0,48
3 | F08347G8 0,50 0,62 0,31 0,48
4 | FO6393GP10 0,56 0,57 0,22 0,45
5 | F06659G-1 0,59 0,58 0,30 0,49
6 | F08245G1 0,57 0,55 0,32 0,48
7 | F08126G1 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 | borapHaga 56 0,56 0,56 0,35 0,49

Bupaii ynrinepiHiH, KypbeUIbIMIBIK OenrinepiHe Tanjay >KYPri3y[iH HITWKecCiHAe epre
MacakTtanrangap F06659G-1, RETEZAT (26.05.2021) >koHe ke wmacakraHraH F08245Gl1,

F07270G2  (31.05.2021).

AtanraH ynariziepfin

dpdCbIHAAFbI

MdCaKTaHYJbIH  OpTalla

albIpMaIbUILIFBI 6 KYH/I Kypaabl. OciMaik OwuikTiri (BP) 6oiibiHIa 6ugait yiarisepidiy OuikTiri
60 meH 75 cm apackiHga 6onael. EH 6uik menm FO8126G1 (75 cM) aHbIKTasica, €H anaca el
02429GP-1 (60 cm) yarici Tabeuigel. YarinepiH, OUikTiri OOWMbIHIIIA —aWbIPMAIIBUIBIK 15 cM

apasbIFbIHza (KecTe 4).

Kecre 4 — buaii yarinepiHiH KypbeIIBIMIBIK Oenrinepide Tanzgay, 2025 5k

Yarinepaiy | Macakra| Ocim Macak, MacakTarbl Herisri Herisri 1000 ponHIH
arTaysl HY KYHI AiK | Y3BIH/BIFBL| MacakKila | MacaKTaFbl| macakTaFbl ca/Marshl,
2021 x ouik M Jlap caHbl, | [9H CaHBbI, JI9HHIH r
Tiri, HAaHa HAdHa ca/iMarhbl, T
cM
F07270G2 31.05. 65 9,25+0,20 | 18,20+0,60 | 43,00+5,44| 1,70+0,35 39,19+3,38
F08034G1 27.05. 63 10,42+0,37 | 20,7£0,90 | 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 32,754£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

MacakTbIH, Y3bIHABIFEI 8 fieH 10,6 cM-Te feliiH e3repreH. Macak, Y3bIHABIFbI OOHBIHIIIA €H

y3bIH fien aHbIKTanFaH FO6659G-1 yirici eH kpicka gen TabbiiraH PARTENER yoricinen 3,5 cM-
re y3biH. MacakianapbiHbiH, caHbl 20 laHa/laH acKaH 5 YIITi »KOFaprbl KOpCeTKillike ue 0o//pbl,
onap: F08034G1, PARTENER, F06393GP10, F08245G1 »xone F08347G8. Herisri macakrarsl
I9H canbl 60 maHagan kemn 6osraH: PARTENER, F08245G1 >xone F08347G8 copTTaphbl JKOFapFbl
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KOpCeTKilllke ue aen Tadblaabl. Herisri MacakTarbl I9HHIH canMarbl 1,3-2,5 rpaMM apasibiFbIH/Ia
6onran. F06659G-1 (2,5 rp) >xoraprbl Kepcetkimke ue 6omgel, PARTENER eH TemeHri
KOpCeTKITi KepceTTi. MbIH [9HHIH cajMarbl OobibiHia 40 rpamvHaH ackaH F08245Gl1,
F06659G-1, F08347G8 »ane F07270G2 y/risiepi eH KoFapbl KBPCETKIIIl OObIHIIIA epeKIIie/ieHce,
30-35 rpamm apansirbiHZarel RETEZAT, 02429GP-1, F08126G1, F06393GP10 TtemeHri
KOPCETKIILTI KBPCeTTi.

KopbITBIHABI

KopniTa kenreH/ie, KacaH/pl iHET asChIHa pyMbIHUSIBIK, 10 6uzaii yaricin Tilletia caries
(D.C.) Tul. & C. Tul naroreHine Te3imisiri cbiHamabl. @UTOTIATONIOTUSIBIK, OaFaay HITHXKeCiH/e
KATThl Kapa Kylere >KOFapbl TO3iM/li >KoHe opTalla Te3iMmzi ger 9 Oujall yirici epekiieneH/i.
F07270G2, F08034G1, F08245G1, F08126G1, FO6393GP10, F08347G8, FO6659G-1, RETEZAT
xxoHe PARTENER. bupaii ynarinepiniy, MacakraHny mep3iMmi 26-11i MaMmbIpgaH 31-111bl MaMbIpFa
JleliiH >KanFacKaHblH Kepe anambi3. EH eprte macakranranzap: RETEZAT xene F06659G-1.
Ocimaik ouikTiri 6oMbIHIIa Oap/IbIK OUgal yarinepiHiy 6uikriri 60-75 cm apabIFbiHAa O0JIBIT, OH
KepceTkilike ve 6ongel. bruomacca nuzgekc (NDVI) kepceTkimTepi O60oibIHIIA 2 YIITi €H >KOFapbl
kepceTkill kepceTTi onap: F07270G2 »xanHe 02429GP-1.
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TYPAKTbI BUOTEXHOJIOI'YISI: PEPMEHTTE/I'EH KEBEK HET'IBIH/IEI']
INPOBUOTUKTEPAIH 3KOJ/IOT'AJIBIK TUIMAL/IIT'T

byn wmakanaga ¢epMmeHTTenreH KebGekKe Heri3fenreH TPOOHMOTHKANIBIK KyhenepAi amyablH
9KOJIOTUS/IBIK KAYirCi3 >koHe OUOTeXHOIOTUAMBIK, THIM/[i 3/licTepi KapacThIpbuiaibl. MUKPOOHO/IOTHSIITBIK
(hepMeHTalUs TIpoLiecTepi KypAeni OpraHWKasiblK CyOCTpaTTap/biH OHMOXUMUSJIBIK TYpJeHyiHe >KoHe
JKOFaphbl besiceH/1i MpoOMOTHKAMBIK, KOHCOPLIMYMAAP/bIH KAIbITaCyblHa MYMKIiH/IK Oepesi. ®epMeHTaI[Us
OapbIChIH/A CyOCTPATThIH, XUMUSTBIK KYPaMbI ©3repir, 61uobenceHzii MeTaboMUTTEP/IiH, MOJIIIIEPi apTa/ibl,
all CYTKBINIKbUIZBI OaKTepUsIap/bH, (epMeHTAaTHUBTIK, aHTAaroHWCTIK >kaHe OediMmzenriin KacwerTepi
kymeiieni. CoHbIMEH KaTap, asblHFaH TPOOMOTUKABIK JKyhenepiH MUKpoOWOTara acep eTy
MeXaHU3M/Iepi, OHBIH ilIiHAe MUKPOOTBIK Tere-TeHJiKTi peTTey >XoHe OWOKOPFaHBIIITBIK 3CepJiep
KApaCThIPbUIa/IbL. 3€PTTeY HITHXKeIepi MyH/Iali OMOTeXHOOTUATBIK, OHIM/ep/IiH hYHKI[MOHAI/BIK 3/1eyeTi
JKOFaphl eKeHiH >kaHe MUKPOOHOIOTHSILIK, OMOTeXHOIOTHS CalachIHAA XKaHa OaFbITTap/ibl JAMBITYFa HETi3
0o/a anaTbiHBIH KepceTefi. By Tacil TypakKThl yKoHe THIMJI MpoOHUOTUKAIBIK, OH0XKyHenep i a3ipsieyre
MYMKiHZiK Gepesi.

KinTri ce3gep: depmeHTTeNTeH KeOeK; TMPOOMOTHKANBIK KOHCOPIIUYM; CYTKBIIIKBUIIbI
Oakrepusinap; OMOXeTIMAIMIK; MUKPOOMOTA; aHTaroHUCTIK OesiceHAinik; OuobenceHzai merabomuTrep;
MHKPOOHOJIOTUA/IBIK, OMOTEeXHOJIOTHSI.

Zh.A. Orynbayeva., Z.B. Tungushbayeva
Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
*e-mail: journal of biology@mail.ru

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.

JK.A. OpsinbaeBa., 3.b. Tynrym6aeBa
Ka3axckuii HallMOHA/IbHBIH ITeflarorueckKuii yHUBepcuTeT UMeHu Abast, AiMatbl, Ka3zaxcraH
*e-mail: journal of biology@mail.ru

YcroitunBas 6HOTEXHOJIOTHS: YIKoTornyeckast K(ppeKTHBHOCTH MPOGHOTHKOB Ha OCHOBE
(hepMeHTHPOBAHHBIX O0TPyOei

B faHHOIl craTtbe pacCMaTpUBAIOTCA SKOJOTMUecKH Oe3omacHele U OHMOTEXHOIOTMYECKU
3P QeKTUBHBIE METO/bI TIONyUeHUsT TPOOHMOTUUECKUX CHCTEM Ha OCHOBe ()epMEHTHPOBAaHHBIX OTpYOei.
I[Tporjeccel MUKpOOHO/IOrUYecKoil (epMeHTali 0obOecrieurBalOT OHMOXMMUYECKYI0 TpaHC(opMalyio
CJIOKHBIX ~ OpraHMYecKux CyOcTpaTtoB ¥ (OpPMHpPOBaHHWE  BBICOKOAKTHUBHBIX — MPOOMOTHYECKUX
KOHCOPIIUYMOB. B xoze ¢depmeHTaluM M3MeHseTCs XWMHUECKUH COCTaB CyOCTpara, yBe/lHUHBAeTCs
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cozep)kaHre OMOJIOTHYECKH AaKTHBHBIX MeTabO/MTOB, a TaKkKe YCHIMBAIOTCS (GepMeHTaTUBHbIE,
AQHTAarOHUCTHUUECKWe W  aJlalTal[iOHHBbIe CBOWCTBA MOJIOUHOKMC/IBIX — Oakrepuit. Kpome TOroO,
PacCMaTpUBAIOTCST MEXaHHU3Mbl BO3/IEMCTBUS TMOyYEHHBIX MPOOMOTHYECKMX CHCTEM Ha MHKPOGHOTY,
BK/IOUasi PEryysiiui0 MUKPOOHOro OanaHca ¥ Guo3amfuTHble 3GQeKTbl. Pe3y/nsraTbl HCCIeI0BaHUS
TM0Ka3bIBAIOT, UYTO TaKWe OHOTEXHOJOTHUECKHe TMPOAYKTbI 00/1aZial0T BBICOKMM (DYHKIIMOHATbLHBIM
TIOTeHI[{a/IoOM U MOTYT C/Iy)KWTh OCHOBOW /Il Pa3BUTHsSI HOBBIX HAIpaB/IeHHUH B MUKPOGHOIOrHYEeCKOM
OHOTeXHOIOTHK. JlaHHBIN TOAXOJ M03BOJISIET CO3/laBaTh YCTOWUMBBIE U 3(M(PEKTUBHbIe TIPOOHOTHYECKKEe
OMOCUCTeMBL.

KiroueBbie c/ioBa: hepMeHTHPOBaHHbIE OTPYOH; MPOOHMOTHYECKHI KOHCOPI[UYM; MOJIOUHOKHUC/IbIE
Gakrepun; GHOMOCTYITHOCTh;, MUKPOOMOTA; aHTArOHUCTHUECKAsh aKTUBHOCTh, GHOJIOTHUECKH aKTHBHbBIE
MeTabo/IMThl; MUKPOOHOIOruecKast GHOTeXHOIOTHS.

Kipicmne

Kazipri Tanga Ka3zakcraHga OMOTeXHONOTHSI cCasaCblH JAMBITY >KoHe 3KOJIOTHSUIBIK,
TYPaKThIIBIKThI KAMTaMachl3 €Ty MaceJiesiepi CTpaTerusIbiK MaHbI3/[bl OaFbITTap/bIH Oipi 60/BITT
Tabbu1azbl. EfT 5KOHOMUKACKIH/A aybUl IIapyallibUTbIFbl MeH a3bIK-TY/TiK @HZipici alpbiKiiia OpbiH
aJFaHJbIKTaH, OHJIPICTIK KaaAbIKTapAbl TUIMJI KauTa 6©HJEeYy JKoHe OfapAbl KYH/bI
OuonpoAyKTTapFa altHa/AbIPY KaXKeTTiliri apTein oTeip. OChl TYPFbI/IaH ajiFaHza, epMeHTTe/reH
kebOeK Heri3iHzeri MpoOMOTUKTEPAl aly TEXHOIOTUSCH] “XKaChlT OMOTeXHOIOTHS” KaFraaapbiHa
TOJIBIK, COMKeC KesleTiH ©3eKTi OarbIT O0JIBIN caHaa/ibl.

Ka3akcraHza acThIK eHfey ©HepKacibi KeH JaMbIFaHABIKTaH, KeOeK TypiHeri >kaHama
eHIM/Iep XKbIJT CalibIH Y/IKEH Kejemje Ty3iiefi. Ayaiifia oyapblH, 6ackiM 06JIiri TonbIK THiMZA
navjanaHblIMand, TOMEH KOCBbUIFaH KYHMEH Hemece Ka/AblK peTiHJe Kasbll KosiAbl. MyHzaau
JKar[al SKOJIOTHS/IBIK, JKYKTEMEHi apTThIpbIl KaHa KoOKMal, SKOHOMUKA/bIK TYPFbIJaH [ia
IIbIFBIHFA 9Kesie/i. COHABIKTAH OChI IIMKi3aTThl OMOTEXHOIOTUS/IBIK TTPOIIECTEP aPKbLIbI XKOFAPhI
KYH/IbI TPOOMOTHKAJIBIK, OHIM/Iepre aifHaJbIpy MaHbI3/bl FHITBIMU-TIPAKTHUKABIK Macese 00IbIr
TaObLIa/IbI.

depmeHTTeNITeH KebeK Heri3iHAeri TPOOMOTHKAMBIK >Kyiesep illek MHUKPOOHMOTachiH
TYpaKTaH/bIPYFa bIKIa/I eTeTiH 61obesiceH i KOChUTBICTAap MEH Tai/jaibl MUKPOOPTaHU3M/IeP/IiH,
Ke3i peTiHZe KapacCThIpbUla/ibl. By TeXHOMOTWsl »Kepri/ikTi IIMKi3aTThl MaijafaHy apKbUIbl
VUMITOPTKA TOYeJIUTIKTI a3aiiTyra, OTaHABIK OuorperaparTap 6HZAIPiCiH [aMbITyFa >KoHe
OMOTEeXHOJIOTHS/IBIK OH/IIPiCTIH 63iH/iK KYHBIH TOMeH/IeTyre MYMKiH/IIK Gepei.

Kazipri TaHga OWOTEXHO/IOTHSHBIH, TYPAKThl JiaMy OarbIThl  aybLIIIAPYallbIIbIK
Ka/IZILIKTapbIH TUIMJi TaiilajaHy, KopllaFaH OpTara 3UsHChbI3 HZIpiCTep/i JaMbITy >KoHe aZiaM
JleHCay/IbIFBIH KO/JayFa OarbITTalFaH >KaHa Ouorperiaparrtap 93ipiey KaKeTTiiriMeH ThIFbI3
OaiiyaHbicTel. bugait keberi — Ka3akcTaH/a KeH, TapajFaH 9pi KO/DKeTiM/i arpOeHepKaCinTikK
Ka//IbIKTapAbIH 6ipi. OHbIH KYpaMbIH/Ia TaFaM/IbIK Ta/IIIIbIKTap, MUHEPA/IZIap, aMUHKBIIIKbUIZAPHI,
(UTOXUMUSIIBIK, aHTUOKCUAHTTAP JK9He eCiMAiK MoudeHo/Aapbl MO/ Ke3Jiece/li, COHbIKTaH O
OMOTEXHOJIOTHSIIBIK, TIPOLIeCTEDP YIITiH OMONOTUS/IBIK KYH/IBI CyOCTpaT 60/bIn caHanazpl [1].

CoHFBI XblIJapAarbl 3epTTeysepJe KeOeKTiH MpoOMOTUKAIbIK MUKPOOPraHU3MJep YLIiH
Tamailla 6Cy OpTachl OO/ATHIHBIH, all OHBIH (DEPMEHTTeNreH TYPi aJjlaM JleHCay/IbIFbIHA OH, 3Cep
eTeTiH OWOMOTUsNBIK, OesiceH/li KOChLIbICTapAbIH, TaOUFK KailiHap Ke3i ekeHiH [ganenzeyze [2].
depmeHTTENTEH KeOEK KYPAMbIH/[aFbI TTPeOMOTHKAJIBIK, KOMITOHEHTTEP illleK MUKPOOMOTACHIHBIH,
Tere-TeHJIriH KaJbIITaCThIPbIN, OJUrocaxapyu/Tep, OpPraHUKasblK KbIILIKbUILAD ’>KoHe KbICKa
Ti30ekTi Mai Kpinkbuigapbl (SCFA) Ty3inyiHe bIKmam etefi, Oy illleK MHUKPOOMOTACHIHBIH,
camanblK KYpPaMbIH JKaKCapTbill, ar3aHblH WMMYHOJIOTUSJIBIK  JK9HE  MeTabOMKasIbIK,
TYPaKTBIIBIFBIH apTThIPYFa >KaFak kacaizpl [3]. MyH/jalt eHiMzep immek—baybIp OCiHe OH acep
eTir, MeTaboMMKaJIBIK aypy/IapAbIH, alIbIH amyJa MaHbI3bl POJI aTKApa/ibl.

[TpobuoTHKTepAiH imek—0ayblp OCi apKbLIbl 9Cep eTy MeXaHW3Mi COHFBI OHXKBbUIJBIKTA
OvoMeaMLIMHA CcaslaChiHBIH, 0acThl 3epTTey HbICAHbIHA adHasbIn OThIp. Anc6uo3, TOKCHUHEp
TachiMasbl, KAObIHY MeZMaTOpP/apbIHbIH, apThIK 6HAipiayi 0ayblp KbI3MeTiHiH, Oy3bLIbICTapbIHA
Tikeneli GalinanbicThl [4,5]. @epmeHTTeNTeH KebeK HeriziHeri mpoOHuoTHKaIbIK, KOHCOPLIMYMHBIH
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TepareBTiK a/ieyeTiH Oarasiay — OWONOTHS >KoHE TYpPaKThl OHMOTEXHOJOTHSI OaFbITTapPbIHBIH
MaHBI3/IbI TOFBICHI OOJIBITT TaObIIA/BI.

byn 3eprrey depmeHTTeNTeH KeOeKTi TaijanaHy apKbUIbl SKOJOTUS/IBIK —KAyillcCis,
9KOHOMUKAJIbIK, KO/DKeTiM/Ii yKoHe MeJULIMHAbBIK TYPFbIZIAH TUIM/Ii TPOOMOTHKABIK Orornpernapar
33ip/iey MyMKiH/IiIKTepiH KellleH [i Typ/ie KapacThIpajibl. 3ePTTeY HITHXKeIepi OMOTEXHOIOTUSIAFbI
“waste-to-value” TyKbIpbIM/IaMachlH KOJ//lan KaHa KokMal, ayblillapyallbUiblK KaJJblKTapblH
KaliTa eH/Iey/liH TYpaKThl MO/Ie/liH Ka/IbITITaCThIpyFa y/iec Kocajsl [6].

depmeHTTE/ITeH KebeKKe Heri3fesreH NMPOOMOTHKABIK KOHCOPLMYM/ApAbl 33ipyiey Tek
OMOJIOTUSIIBIK, KYHZBUIBIFBI JKOFAaphl OHIM ajlyFa FaHa eMec, COHbIMEH KaTap aybLIIIapyallblibIK
OH/IIPiCiHIH KOJIOTUSJIBIK, i3i MeH SKOHOMMKAJbBIK IILIFBIHAPBIH a3aiiTyFa MYMKIHZIK Oepepi.
Ocipece CYTKBILIKbUIABI OakTepusiap/blH, (epMeHTaTUBTIK OesCeH/iMiri apKachlHa KeOeKTiH,
KYPBUIBIMBI ©3repill, OHbIH KYPaMbIH/[aFbl OM0KeTiM/Ii KOCBITbICTap/IbIH, KOHLIEHTPAL[USIChI apTaZibl
[7]. HatwkeciHge anbiHFaH Ouoriperiapar MeTabO/MKA/BIK Oy3blIbICTap, OaybIpABIH, YBITTHIK,
3aKbIM/IaNybl >KoHe [JUCOMO03 CUSKTBI KeH TapasiFaH TIaTOJIOTUS/IBIK JKaF/Jaiiapabl Ty3eTyre
apHaJ/IFaH TUiM/Ii KypasFa ailHamybl MyMKiH [8].

Bynan 6enek, KaszakcTaH »KaraiibiH/a aybUIIIAPYallbUIbIK, KA/IABIKTapPbIHBIH KaliTa HJemy
JleHrei TeMeH OOJIFaH/BIKTAaH, KeOeKTi OMOTeXHO/IOTHS/IBIK MakKcaTTa MakfanaHy — e
arpapJibIK CEKTOpbIHA MHHOBAIUSUILIK, CEPITiH OepeTiH 6arbiTTap/sIH, 0ipi [9]. By TexHOMOTHsIIap
a3bIK-TY/K, BeTepuHapus, (apMalieBTUKa >koHe (YHKI[MOHA/AbI TaFaM OHJipiCiHZie KeHiHeH
KOJ/IIaHbLYbI BIKTUMAJI.

depmeHTTENTEH KeOeK Heri3iHeri MpoOUOTUKTED/i 3epTTeyY TeK TEOPUSIBIK, KYH/IbUIBIKKA
Ve eMec, COHbIMEH KaTap XaJbIK [eHCAY/IbIFbIH yKaKCapTyFa OarbITTasFaH MPAKTUKA/IBIK MaHbI3bI
)KOFapbl Oactama Oombin TaObL1aApl. MIHAyCTpUanabl TaFaMTaHy, ypOaHH3aIrus )KoHe CTpecc
dakTopiapsl ek MUKPOOHOTACKIHBIH, OY3bI/bICEIHA 9KeJIeTiH Ka3ipri 3aMaH/ia TabuFU Heri3jeri
npoOMOTHKAJIBIK, OHIM/Iepre /leTeH CYpaHbIC apThin Kestei [10].

Ochbl FBITBIMA 3epTTeyZiH 63eKTi/liri — depMeHTTenreH Kebek cyOCTpaThbiHAa ecipiiireH
NpOOMOTHKANBIK — IITAMMJApAbIH, illleK—0ayblp oOciMeH Oai/laHbIC apKplbl  OAybIPABIH,
KYPBbUTBIM/BIK-(DYHKLIMOHA/I/IBIK ©3TrepicTepiH Ty3eTy aJ/ieyeTiH FbUTbIMU HeTi3/ey. CoOHbIMeH Oipre,
depmeHTTEeNTeH KeOEeKTiH OWOTEeXHOJIOTHSUIBIK KACHUETTEPiH ally apKbUIbl 3KOJOTHSIIBIK,
JKYKTeMeHi a3alTaThbiH )kKaHa OybIH OHOIIperiapaTTapbiH 6HAipYAiH FBIIBIMUA HeTi3i KalaHa/bl.

3eprTey/iH, Herisri MakcaTtbl — (QepMeHTTe/NreH KeOeK HeTi3iHge MpoOHOTHKABIK,
KOHCOPIIYM 33ipJier], OHbIH 0aybIpbIH MOP(hOJIOTHSIJIBIK, XKoHe OMOXUMUSIIBIK, KAJITIbIHA KeTyiHe
acepiH Oaranay, COHJail-ak Oyl KOHCOPIMYMZBI TYPaKThl OHOTEXHOJOTHS TYPFbIChIHAH
KOJIJ@HY/bIH TUIM/IITIH aHbIKTay.

depmeHTTENTeH KeOeK OWUOTeXHONOTHSUIBIK TYDPFBIZIAH Y/IKEH JJIeyeTKe We TaOuru
cyoctpartapzbiH 6ipi 60s1bIT caHana el [11]. Bugaii KeberiHiH, XUMUSIBIK KypaMbIH/Ia [eJI/TF0/I03a
MeH reMUI[e/I/TF0/I03aHbIH 45—60%-Fa fieiiHri Mesiepi, GUTHH KbIIIKbUILI, B TOObI BUTaMUH/IEPI,
(heHOIBIK aHTHOKCUAHTTAP JKoHe MUHEPA/IZIBIK 3/IeMEHTTep Korl Keaeceni [12]. Anatizia Taburu
KebekTeri QuraTrrap MeH OaitylaHBICKAH TOMM(eHOMAAPAbIH, 00Mybl OHBIH, OMOXKETIMIiMIriH
TOMeH/IeTeTiH 1eKTeyli dakTopaapAbH 6ipi 60k Tabbuiazabt [13].

depmMeHTAaIMsI TTPOLIEC 0ChI OMOXKETIM/ITIK Po6/IeMaCchIH KOs OTBIPBIT, KeOeKTeTi Kyp/eti
OpraHUKaJIbIK KOChLIBICTapP/IbI bIABIPATHII, 0JIap/bIH a/laM aF3achiHa CiHIM/iIITiH apTThipabl [14].
CYTKBIUKBUIABl  OakTepusimapAplH, (epMeHTaTUBTIK  OelceHAiMiri HaTwkKeciHZe Kebek
KYPaMBIHZAFbI (DUTATTAp TUAPOIN3/EHIT, OMOAKTUBTI eNTU/TED TY3i/Ie/i, an KbICKa Ti30eKTi Maii
KbIIIKbUIZIAPBI — alleTarT, MPOMHUOHAT >K9He OyTHpaT CeKi/iZii MeTaboMMTTepiH Ty3i1yi Kyleiesi.
Byn e3repictep FaHa eMec, MUHEpa/IZApAbIH OMOXKeTiM/Ii/iri apThiTl, KeOEKTiH AHTUOKCHIAHTTHIK,
6encenpiniri 25-40%-fa [eliH KOFapblIaUTBIHGI JasieneHred [15]. OckiHzal MeTaboMKaIbIK,
KaliTa KypbIIbIMIAHy hepMeHTTereH KebeKTi TpoOMOTHKABIK 6HIM 6HIpY YIIIiH eTe THiM/i api
(byHKIMOHAIbI CyOCTpaTKA alHa/IAbIPaZbl.

OKOJIOTUSITBIK TYPFBIZIaH ajiFaH/ja hepMeHTTeNreH KeOeKTi OH/1ipy MoziesTi arpOeHePKICITITIK
Ka/IIbIKTap/ibl KaiiTa eHeyiH, bipereit »kombl 60s1bin Tabbu1azb! [16]. KebekTi THiMzai nmakganany
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OpraHUKaJIbIK Ka/bIK K6/IeMiH a3alThIll KaHa KOMMal, TOTbIPAK, 3p03UsIChl MEH MapHHUKTIK ra3zaap
LIbIFAPbIH/bIIAPbIHBIH, TOMEH/EYiHe bIKMa/a eTeli >KoHe “)Kachbll SKOHOMHUKA” KaFujajiapbiHa
TONbIK catikec Kenmeni [17]. ®epmenrarus mporecidig 30-37°C  apa/bIFbIHAAFBl  TaOWFU
Karalnap/a >Kyprisiiyi sHeprusi IbIFbIHBIH alTap/bIKTall TOMEHAEeTill, OHAipiC UUKIbIH 24—48
caraTka JeWliH KbICKapTaZbl. by TeXHOMOTUSIHBIH, SKOMOTUS/IBIK, i3i [le a3ailbill, OHbl TYPAKThI
OMOTEeXHOJIOTHUSTHBIH, TUIMZII y/TiciHe aitHa/bIpazbl [16].

CoHbIMeH Karap 3epTTeyle Ko/ngaHeulaThiH Pediococcus xoHe Lactobacillus
TYBICTACTBIFbIHA >KaTaTbIH MPOOHMOTHKAJBIK, ITaMMaapAblH GRAS Kayirci3gik crarychlHa ue
Oosybl, ONAp/bIH, TIATOTEH/i TeHZEep/ieH Ta3a >KoHe AHTUOMOTUKTEpre >KOFapbl Ce3iMTal/IbIK
TaHBITYbI OH/IiPiCTiH OUOOTUSUIBIK, TOyeKeiepiH OaphiHIla a3aiTa/s! [18].

depmeHTTENTEH KeOEK HerisiHze anblHFaH NMPOOMOTUKTED/IiH, aJjaM aF3achblHA THTi3eTiH
naiizacel epekiie. By eHiMzep ilieKk MUKPOOHMOMAaChIH Ka/llibIHA KeTipir, Aucbro3 Oenriiepin
TeMeH/zieTesli, an Bifidobacterium »anHe Lactobacillus nonynsiiysiiapbIH apTThIPy apKbLbl illleK
9KO)KYMeCiHiH TYPaKTbUIbIFbIH KaKcapTazsl [19].

depmeHTTENTEH KeOEK apKpl/Ibl TY3i/IeTiH KbICKA Ti30eKTi Mal KbIIIKbLIAAPhI illleK—0aybIp
OCi apkKpIIbl acep eTin, KaObIHYy TpoliecTepiH TeMeHAeTesi, OaybIp/bIH, pereHeparUsChbH
OesnceHipe i >kaHe TUITU/TI a/TMacyIbl KaablKa Kkenripesi [20]. By MexaHN3M aTKOTOJTbIiK XKoHe
Oelia/IKOTOMB/IIK CTeaTOTeNaTHT JKaFJakapblH/ia TeparneBTiK TYPFbIZAH aca KyHabl [21].

depMeHTAaIMsI HITWKECiH/Ie a/TbIHATbIH MeTabOUTTED aF3a/jaFbl aHTHOKCH/IAHTTHIK, KYHeHi
6encengipeni: MJJA nenreiinig Temenzeyi, SOD >xone GSH depmentrepiniH aptysi, TNF-o
xoHe IL-6 cekingi KaObIHY IMTOKWHJEPiHIH TeMeH[ieyi (depMeHTTe/NreH KeOeKTiH KaObIHyFa
KapChl 9cepiHiH >Korapbl eKeHiH Kkepcereni [18]. KnuHUKa/AbIK 3epTTeysep COHAAM-aK,
bepMeHTTeNTeH KeOEKTiH, IVIFOKO3a JieHreliH TypaKTaHAbIPY, UHCY/IMHTe Ce3iMTa[bIKThl aPTThIPY
JK9He ceMi3/likKe KapChl Po(UIaKTUKabIK 9Cep KepCceTy MYMKIHZITiH Aa/enaereH [22].

JKanmer Tanmaii Kenme, (gepMeHTTeNTeH KeOeK HeTi3iHeri NMPOOMOTUKTED 3KOIOTHSIBIK,
OUMOTeXHOOTUSUIBIK, TYPFbIZIaH Oipereil apThIKIIBUILIKTapFa ve. byl eHiM/ep aybuIapyalibUibiK,
pecypcCTapblH THIM/i KOJ/ZIaHyFa, OWONOTUS/IBIK KA/IBIKTapZAbl KaliTa eHJeyre, 3KOJOTHSIIBbIK
JKYKTeMeHi TeMeH/leTyre, COHJai-aK XaJblK [eHCay/bIFblH HbIFAUTAaTBIH >KaHa OybIH
OuonpenaparTapbiH >KacayFa MyMKiH/IiK O0epefi. ’KahaH/pIK TypakTbl OMOTEXHOJIOTHS TPEHATEPI
asiChIHJ@ MYH/]aii TIPOOMOTHKTED SKOJIOTHSI/IBIK Kayilcisziri, SHeprusi YHeMJi/Iiri >kaHe y3ak
Mep3iM/li SKOHOMHKAJbIK TUIMALIITiMeH epeKiieseHe/,.

KopeIThIH/IbIIaN Kesle, KebeKTi (epMeHTarusiyiay OHBIH OHOXKETiMZIIIri TeMeH Taburu
KYPBUIBIMBIH ©3repTir, MPOOHMOTHKTEp YIIIiH aca KYHZbI 3pi GYHKI[MOHA/bI CyOCTpaT )Kacau/pl.
depmenTTeNTeH  KebeK  HerisiHferi  mMpoOMOTHKTep  illlek—0ayblp  OCiH  peTTer,
TernaTonpOTEKTOP/IbIK, aHTUOKCHIAHTTHIK, >KoHE KaObIHyFa KApChl aliKbIH acep KepceTesi. By
TeXHOJIOTUS aybUILLapyalllbUIbIK, KaJJbIKTapblH KalTa eHAeyZiH SKOJIOTHSJIbIK, Kayirci3 >KaHe
pecypcC YHEeM/IEWTIH 9/iici peTiHZie MaHbI3/ibl OPBIH anazbl. OHipiC MOJei KapanalbiM, SHEPrys
THIM/Ii )K9He >KaCbl OMOTEeXHOJIOTHSI Ta/lalTapbiHa TOMBIK ColiKecC Kesiei. @epMeHTTe/ITeH KebeKke
Heri3e/nreH MpoOUoTHKTEp (DYHKIIMOHA/IIBI TaFaM/iap, OUOJIOTHSUIBIK, Oe/ICeHi KocCmanap >KaHe
TeparieBTiK OHompernaparTap eHAipiCiHAe KeHiHeH KojlaHyFa MYMKIHZIK Oepefi, Oy osapsl
Ka3ipri OMOTeXHOIOTUSHBIH, TIePCIIeKTUBA/IbI OAaFbIThIHA aliHAIBIPA/IBL.

3epTTey 3picTepi MeH MaTepuasigap

3eprTey oOwekTici petiHge Lactobacillus spp. >xaHe Pediococcus spp. TybICTaCThIKTapbIHA
)KaTaTblH CYTKBIIKbUIAbI OakTepusiiap KOJZAHbUIBIN, CyOCTpaT peTiHze cTepusbjAeHTeH Oujait
Keberi TalganaHeUIABI, an QepmeHTalus Tporieci KarTthl (asanmbl  ambiTy  (Solid-State
Fermentation, SSF) agicimen 30-37°C Ttemneparypaja 24-48 carar apasnbiFbiHAa, 60—70%
bUIF/IbUIbIKTA JKYPri3iifi, opTa KbILKbUIABLIBIFEI pH-MeTp KemMeriMeH 3/71eKTPOATHIK, d9iCIieH
aHBIKTa/bl, MUKPOOHOIOTUSJTBIK, Tasljay CePUsTBIK CYMBIITY >K9He KOPeKTik arapra cefy (spread
plate) agicTepi apkpuibl XKyprisinin, HoTwkenep CFU/g petiHze ecenTensi, KbICKA Ti30eKTi Maii
KBIIKBLIAAPEI Ta3abel xpoMmartorpadus (GC) sgiciMeH aHBIKTa/[bl, aHTUOKCHUAAHTTHIK, Oe/ICeH MK
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DPPH pagukanaapbelH >KYTy 9fici apkpiibl 517 HM-[e CrieKTpoOoTOMeTpJIiK eJileyMeH
OarasaH/ibl, aHTAaroHUCTIK OesnceHAinik arapzaarbl auddys3usibik (agar well diffusion) agicimen
Escherichia coli, Staphylococcus aureus >xdHe Candida albicans TecT-MUKpOOpraHv3M/epiHe
KapChl aHBIKTa/I/bl, a/l cakTay TypakThlibiFbl 4°C TeMmrieparypaga 30 KyH 0Ooiibl GakbliaHbIT,
emipieH ik CFU e3repici O0ibIHIIIA eCenTe/li, albIHFaH HITHXKe/Iep/IiH, CTaTUCTUKAJIBIK OH/IeYi
Student’s t-test aziciMeH xyprizinim, p < 0.05 MaHi CTaTUCTUKAJIBIK MaHBI3bI €T KaObLIIaH/IbI.

depmenTarus 30-37°C  Temriepatypa apasblFbiHAa, 24-48 caraT OoWMbl aHA3POOTHI
Kargahga okyprizingi. Tlpomecc OapbickiHZa pH KepceTkillli, KbIIKBIIABIK JAeHrei jkKoHe
MHUKPOOMOJIOTHSI/IBIK, 6CY JTUHAMMKAChl OaKbUIaHZbl. MUKPOOPraHU3M/IEP/IiH, CaHbl CTaHJAPTThI
KOE/r (colony forming units per gram) a1ici apKbUIbI aHBIKTAJI/IbI.

depMeHTTe/ITeH >koHe (hepMeHTTeIMereH YITiNepAiH, XUMHUSIbIK KYPaMbIH CasbICThIPY
YIIiH JKadrbl aKybl3, KeMipCy, TaJIlblK >koHe OuobesceHi MeTabo/iMTTEp MeJiiepi
CeKTPO(OTOMETPHSIITBIK YKoHE TUTPUMETPHSIIBIK, 9/1iCTep apKbLIbl aHbIKTaAbl. KbICKa Ti30eKTi
Mal KBIIIKbIIIapPbIHGIH, (al[eTaT, IMPOIMOHAaT, OyTHUpaT) KOHI[eHTPAL[UsChI ra3jbl XxpoMarorpadus
9/iCiMeH eJILLIeH,|.

AHTHOKCHIAHTTRIK, OenceHzinik DPPH pagukangapeiH GeiiTapanTaHAbIpy SZiCi apKbLIbl
Oarananabl. COHBIMEH Karap, CYTKBIIIKBIIAbI OaKTepusiap/blH, aHTAarOHWCTIK OeceHzisiri
IapTThI NIATOTeH/li MUKPOOpraHU3M/lepre Kapchl arap Au(@ys3usiiblK 9/jic Heri3iHze 3epTTes/,.

AnpiHFaH MPOOMOTHKAJIBIK, KOHCOPLIUYMHBIH MHKPOOHOJIOTUSIBIK, TYPAKThIIBIFBI CaKTay
Mep3imi 6otibiHa (0-30 KyH) 6aKbL1aHbIT, TipLIiTiKKe Ka0ieTTi )kacyIiasap caHbl aHbIKTa/IZbI.

HaTuxesiep MeH Ta/IKbl1ay/1ap

JKyprisinren 3eprTey HaTwKenepi depMmeHTTenreH KebeK HerisiHeri MpoOHMOTHUKAIIBIK,
)KyreHiH (epmeHTarus rporjeci 6apbIChIH/Ia alTap/IbIKTall MUKPOOUOIOTHSIIBIK, OMOXUMUSIIBIK,
)K9He  (YHKIMOHA/JABIK e3repicTepre  YIIbIDAWTBIHBIH KOPCeTTi. AJIbIHFaH /JiepeKTep
NPOOMOTHKANBIK ~ KOHCODI[MYMHBIH >KOFapbl OesiCeHJi >KoHe TYPaKThl JKyhe peTiHze
KAJIbITACKAHbIH /19/1e/JeMIi.

depmMeHTaLUs MpoLieci HoTwKeciHAe opTa pH feHreiHiH 6.5-TeH 4.2—4.5 apasibIFbiHa [leHiH
TOMeH/IereHi aHbIKTaAAbl, Oyl CYTKBILIKbUIABI OakTepusiiapblH KapKbIHAbI MeTaboiu3MAiK
OesiCceHi/MITIMEH >KoHe OpPraHWKAJbIK KbIIIKbIIAAP/bIH JKUHATYbIMEH Oal/laHbICTBI eKeHi
Oalikanapl. MyH/jall KbILIKbUIZAHY OPTAaHBIH, MUKPOOWOOTUSJTBIK, Ce/IeKTUBTIITIH apTThIPHITI,
MaToreHzli MUKPOOPTraHU3M/eP/IiH 6CyiH Te)Xenai.

MuKpoOuoMoTusAnbIK ~— Tanjgay  HaTwkenepi  Lactobacillus  xaHe  Pediococcus
mraMmmzapbiHbiH, cadbl 107-10° KOE/r meHreliiHe >KeTKeHiH KepceTTi, Oy »XKOFapbl OenceH/i
NIPOOMOTHKABIK, KOHCOPLIMYMHBIH, KA/IbIIITaCKaHbIH J13/1e/1e .

XUMUSTBIK ~ KypaMZIbl  CajbICTBIpY  (hepMeHTarvist  HITWKecCiHze  OuobenceHsi
MeTabOMUTTep/iH, alTap/bIKTali apTKAaHbIH KOPCeTTi: KbICKA Ti30eKTi Mail KbIIIKbIIJapbIHbIH,
Kaurel Memepi 1.8-2.5 ece »xorapeinarad. COHbIMEH KaTap, aHTUOKCH/IAHTTHIK, OesiceH imiK 30—
45% apasibIFbIH/a aPTKAHbI aHbIKTaJI/bI.

AnTHOKCHAAHTTHIK, OesiceHinmik kepceTkimTepi 30-45% apasbIFbiH/A >KOFapblIaFaHbI
Gatikanapl. by depmenTalus riporjeci Ke3iHze (heHOMIbIK, KOChUIBICTAp/bIH, 60cam LIbIFybIMeH
YK9He >KaHa peJloKC-0esiceH/Ii MeTabo/MUTTepiH Ty3inyimMeH TyciHaipinezi. HoTmxeciHze xyleHiH
6oc pagukanzapel belitapanTaHbIpy KabineTi KylelreH.

AHTaroHMCTIK TeCT HITHKe/epi MPOOMOTHKaNBIK KoHCcOpuuMyMHBIH, Escherichia coli,
Staphylococcus aureus >xaHe Candida albicans cusiKTbI 11apTThl MaTOreHfepre Kapchl alKbIH
TEXKETIIll 3cep KepCeTeTiHiH fasneneni. IHryounuys aiiMarel 12—22 MM apasibIFbIH/A TipKei.

Kecrte 1 — ®epmeHTalusiFa eiiiH >)KoHe KeUiHri KepCeTKillTep
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Kepcerxim (IJEPMEHTauHHFa dJGERMeHTaummaH @srepic
Aeitin KeliH

pH nenretii 6.5 4.2-4.5 | KpIIKBUIAHY
Lactobacillus Spp.- 4 5 ; 5 .
(KOE/r) 104-10 107 -10 1 aUKpIH 6CY
Kpicka  misGekri - maji 0azasbIK, 1.8 — 2.5 ece xorapsbl 1 apTThl
KBIIIKBLIAAPbI
AHTHOKCH/QHTTEIK 100% 130 — 145% t 30-45%
beceHALTIK
[Tarorenre KapChl 12-22 MM  Texeny

L TOMEeH - 1 JKOFaphI
beiceHTIK afiMarbl
TypakTeiiblK (30 KYyH) | — <1 log TemeHgey 7 TYPaKThbl

Cakray TYPaKTBUIbIFBIH 3epTTey OapbIChIH/A TPOOUOTHKABIK IITAMM/APABIH 6MipLIeH/iri
30 xyH iminzge 1 log neHreimeH a3 TeMeHzereHi 6arkanabl, OY/1 6HIMHIH YKOFapbl OMOIOTHSIBIK,
TYPaKTbUIbIFbIH KOpCeTei.

Kecte — 1 KeGekTi (hepmeHTTEy Ke3iH/€Ti MUKPOOMOIOTHS/IBIK, KOPCETKIIITED

—8— [pobuoTrkTep (Lactobacillus) . F
o depMeHTTep cuHTesl \

MpobuoTtukTep caHel (log CFU/Q)

0 10 20 30 40 50 60 70
depmMeHTTEY yaKbIThI (CaF)

CoHbiMeH Karap, (epMeHTalus TMpoleci OapbIChIHAAQ CyOCTpPaTThIH, KYPbUIBIMIBIK-
MopdosorusiybK,  e3repictepi Oakanabl. MUKDPOCKONUSIBIK, Tanfay HOTHIKe/epi TasllbIKThl
MaTpULIaHbIH, illliHapa bIAbIparl, MoJUCaxapyu/TIK KellleHAepAiH AUCiepCUsiIaHybIH KepceTTi. by
e3repicTep MUKPOOTHIK (hepMeHTTepiH (1e/I/Tr0/1a3a, aMuIa3a >KoHe TpoTeasa) OesiceH i acepiMeH
OaiiaHbICTBI OOJIBIT, CyOCTPATTHIH, OMOXKETIM/ITITiH alTap/IbIKTal apTTHIP/BL.

BruoXuMUSITBIK Tasizay HoTWKesiepi OOMBbIHIIA epirill akybI3fap MeH TeMeH MOJIEKY/Iasibl
NenTyuATepiH, Meiepi (GepMeHTauusaH KeiliH 1.5-2.3 ece apTkKaHbl aHbIKTa/ibl. COHbIMEH
Katap, (eHONABIK KOCBUIBICTApPABbIH, 00C KyWre OTyi HITWXKeCiHZe >Ka/bl aHTHOKCUJAHTTHIK,
MOTeHLUAIIbIH KYLLEeli TipKeJiJi.

@®epmeHTTeNreH YAriHiH pH-TBIH TeMeHzeyiMeH Karap OpraHUKa/blK KbILIKbUIAAp/AbIH,
acipece cyT, cipke JKoHe Mall KpIIIKbUIJAPbIHbIH, >KUHAKTanybl Oalkangel. byn Tek
MUKDPOOUOJIOTHSITBIK, TYPAKTHUIBIKTBI apTTHIPBIN KAaHA KOMMai, 1aToreH/ji MUKPOOPTraHU3M/IepiH,
eCyiH 11eKTeyIli Taburyu OMOKOHCEePBAHTHIK, OPTa Ka/bINTAaCThIP/BbL.

OyYHKI[MOHAMIBIK ~ KacHeTTepAi  KelleHZI  Oarajay  HITWDKesepi  TPOOHMOTHKAIBIK,
KOHCOPLIMYMHBIH ~ CTPecC-TO3IMAIIIriHIH  >KOFapbl eKeHiH Kepcetri. [lltammpap et
KBILLKbIJapbiHa )xoHe ToeMeH pH opraceiHa Te3imzinik Tectinge 80—90% eMipliieHirid caKrazsbl,
OyJ1 o/1apAbIH, illIeK OpTachiHZA Oe/ICeH IiMIriH CaKTak asaThIHbIH A3/1e/IAek .
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JKanmbl wHTerpanapl Tanzay QepMeHTALUsi HITWXKeCiH/e asblHFaH OWOXKYHeHiH TeK
MHUKpPOOHO/IOTHSI/IBIK  €MeC, COHbIMEH Karap OMOXUMUS/IBIK TYDPFbIIAaH /la TYPaKThl >KoHe
(yHKIMOHA//IbI KellleH eKeHiH KepceTTi. By gpepMeHTTe/ireH Kebek HeriziHzeri mpoOHUOTHKATBIK
KOHCOPIIMYMHBIH, 6H/1ipiCTiK OMOTeXHOIOTHsA/]a KO/JaHbLTY 9/IeyeTiH OZJaH dpPi apTThIPA/[bL.

KopbITBIHABI

JKyprisiniren 3epTrey  HoTWKesepi  depMeHTTesreH KeGeK  HeTi3iHAe  asbIHFaH
NIPOOMOTHKATBIK >KYWEHIH, KOFapbhl OMOTEXHOJOTUS/IBIK >KoHe (YHKIIMOHAJ/IBIK JJIeyeTKe ue
ekeHiH KepceTTi. depmeHTalUsl Tipolieci OapbIChIHAA CyOCTpPATThIH (U3MKa-XUMUSIIBIK KoHe
MHUKPOOHOJIOTHSIIBIK  KaCHeTTepi alTap/bIKTail e3repim, >KyileHiH TypakTel OuobenceHzi
KOHCOPLIMYM peTiH/Zle Ka/IbINTacyblHa KOJIaW/Ibl XKaFJail »kaca/bl.

Aran autkaHga, opra pH pgeHreui 6.5-TeH 4.2-4.5 apanblifblHa [eMiH TeMeHJer,
CYTKBILIKbUIABI ~ OakTepusiiapAblH, OenceHAi MeTabonM3Mi HOTHXKeCiHJEe KBIIKbLT —OpTa
KaJIbINITaCKaHbl aHbIKTa/NAbl. byn e3 keseringe Lactobacillus spp. »aHe Pediococcus spp.
canbIHbIH, 107—10° KOE/r geHreiiiHe feiliH apTybiHa bIKIIA/ €TTi.

CoHbIMEH Karap, OHOXUMUSIIBIK KOpCeTKIlTep OOWbIHIIA KbICKa Ti30ekTi Mail
KBIIKBLIAAPBIHBIH MeJiepi 1.8—-2.5 ece, am aHTUOKCUAAHTTHIK, OesiceHAimiK 30—45% apasibIFbIH/a
apTKAHBI OaliKaiabl. AHTarOHUCTIK OeICeH/IiMiK HOTYKeIepi MapTThI TaToreHAepre Kapcel 12—22
MM Te>Xe/y aiMarbIHbIH, Ka/IbITaCKAHbIH KOPCETTi.

Cakray TYpPaKTbUIBIFBIH Oaranay OapbhIChIHZQ TIPOOMOTHKAMBIK ITammzaapisiH 30 KyH
itminge emipieniri 1 log-TeH a3 feHreiifje TeMeHzereHi aHbIKTaAAbl, OV ajbIHFaH >KYWeHiH
JKOFaphbl TYPAKTHUIbIFbIH XKoHe NPAKTUKA/IbIK, KOJIJaHyFa KapaMbLIbIFbIH J9/1e/eUIi.

XKanmel  anraHga, QepmeHTTesNTeH Kebek HerisiHAeri TMPOOMOTUKANBIK KOHCOPLIMYM
JKOJIOTUSIIBIK,  Kayirci3, (yHKIMOHANABIK OesiceHi >koHe OHOTEXHOOTUS/IBIK TYPFbIIaH
TepCrieKTUBa bl ©HIM  peTiHJe KapacThIpbUlaZibl. AJIBIHFAaH HOTIKenep Oyl KyleHiH
MHUKPOOUOJIOTHSITBLIK, OMOTEXHOJIOTHSI CalaChIH/ia )KaHa THiM/Ii OMoTperiapaTTap/ibl 93ipieyre Heri3
6osia asnaTbIHBIH KOpCeTesi.
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