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Phytoexamination of spring wheat seeds as a factor of optimization
of sowing process in the conditions of the Pavlodar region
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Abstract. Wheat seeds provide a favorable environment for pathogenic
microflora, which leads to a decrease in seed viability and the release of various
mycotoxinsthatseriously affectplantgrowth and development. Theinitial growth
of spring wheat seeds and the phytopathogenic load were studied as indicators
of phytosanitary status and sowing quality. The phytosanitary state of spring
wheat seeds in the conditions of the Pavlodar region was determined. A total of
22 varieties of spring wheat were analyzed. The sowing characteristics of spring
wheat seeds of different varieties were determined and varietal differences
affecting the sowing qualities of seeds were revealed. Phytosanitary results of
seeds of grain varieties are presented to determine the composition and level of
contamination of seeds. The results of the study revealed a high level of infection
of spring wheat seeds with root rot pathogens: Bipolaris sorokiniana, such fungi
as Alternaria spp., Fusarium spp. and the pathogens of spring wheat bacteriosis
prevailed on the studied samples. The role of hydrothermal conditions in the
invasion of seeds by plant pathogens was determined.

Keywords: phytoexamination, spring wheat, germination, sowing qualities,
pathogen
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Introduction

Increasing the productivity of crops and cultivating high-yield varieties resistant to stress
situations and pests is a primary issue in agricultural production [1]. Seeds containing all the
genetic information necessary for growth and development during the growing season are key
to a successful harvest of any agricultural crop. Possible unexplained losses during the growing
period require the necessary knowledge to understand the processes of initial plant growth.
Annual significant crop losses, in which pathogens are the main source of infection, are inherent
to any seed's infectious load. Wheat seeds provide a favorable environment for pathogenic
microflora, which, when developing, decreases seed viability and their nutritional value for
seedlings. Additionally, many microorganisms are noted for producing various mycotoxins
that significantly affect plant growth and development [2-5]. The study aims to establish
the phytosanitary condition and sowing qualities of seed material of spring wheat based on
indicators of initial growth and phytopathogenic load of seeds.

Methodology

The research was conducted at the Biological Research Laboratory of Toraighyrov University
in 2022. The object of research was seeds of 22 varieties of spring wheat harvested in 2021.
Among the varieties are seeds of the Omsk selection (Omskaya 18, Omskaya 35, Omskaya 36,
Omskaya 37, Omskaya 38), Boevchanka, Memory of Asiev, Likomero, Trizo, Grani, Konditerskaya,
Favorite, Saratovskaya 74, Stepnaya Volna, Pobeda, Severyanka, Alabuga, Irene, Kuryer, Voyevoda,
Novosibirskaya and Uralosibirskaya. Seed analysis was conducted according to State standard
12044-93: macroscopic and biological methods and the roll method [6, 7]. Mycological and
phytopathological analyses of spring wheat grain were performed using the methodologies of
Pidoplichko and Bilay [8, 9].

Results and Discussion

The period of filling and ripening of spring wheat occurred in August 2021. The humid
conditions of 2021, with 45 mm of precipitation and an average temperature of 19.8°C, gave
the spring wheat that matured in August a slight advantage, allowing it to expand its ecological
niche. These results confirm data previously obtained in the Pavlodar region. It was established
that the dependence of Alternaria spp. on hydrothermal conditions during the ripening and
maturation of spring wheat was higher than that of B. sorokiniana. In addition to the embryonic
plasma, seeds were infected with Fusarium and Penicillium.

The optimal soil moisture for the crops is 70-75% of the minimum moisture content. Spring
wheat requires easily accessible nutrients in the soil due to its short vegetative period and the
low nutrient absorption capacity of its root system. Wheat is suppressed by high soil acidity. The
optimal reaction is slightly acidic or neutral (pH 6.0-7.5). Shortly after germination, soft wheat
roots spread widely and penetrate deeply into the soil compared to durum wheat. The type of
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soil affects root penetration depth. The root mass at maturity in sod-podzolic soil at a depth of
20 cm constitutes 68% of the total root mass, while in dark-clay soil it is 52%. In conditions of
moisture deficit, root growth at shallower depths is halted.

Spring wheat is characterized by uneven and shaggy buds, which can be explained by
increased soil acidity in northern regions and seed invasion by Fusarium spp fungi. Seeds of
spring wheat germinate at temperatures of +1... +2°C; viable sprouts germinate at +4... +5°C for
germination. However, at these temperatures, germination and emergence of seedlings occur
very slowly. If the soil temperature at the depth where the seeds are placed is 5°C, the shoots
will appear on the 20th day, on the 13th day at 8°C, on the 9th day at 10°C, and on the 7th day
at 15°C. Sprouts can withstand short-term frosts up to -10°C. Spring wheat is most resistant to
negative temperatures in the early stages of development. For example, it can withstand frosts
from -6 to -13°C during seed germination and from -8 to -9°C during the vegetative period.
During flowering and ripening, it can be damaged by frosts from -1 to -2°C.

At temperatures of 10-12°C, it tolerates wilting well. Low soil temperatures at this time
contribute to the formation and development of nodal roots and increase yield. The optimal
temperatures for grain formation during ear emergence and ripening are 16-23°C. Negative
temperatures during ripening can damage the grain. Frozen grain has low technical quality and
seed viability. Spring wheat is sensitive to high temperatures, 38...40°C, and paralysis from heat
stress occurs within 10-17 hours. The negative impact of high temperatures is exacerbated by
dry winds during hot seasons.

Varieties of spring wheat adapted to northeastern Kazakhstan are most resistant to high
temperatures. Among early spring grain crops, wheat is the most resistant to high temperatures
when well-watered. Water consumption at various stages of development is distributed as
follows: during seedling emergence - 5-7% of total water consumption for the entire growing
season; during tillering - 15-20%; during tube formation and ear emergence - 50-60%; during
milking stage - 20-30%; during wax ripeness - 3-5%. From germination to milk ripeness, it
accounts for 70-80%.

If the spring water reserve in a meter layer is less than 100 mm, a water deficit arises; if
it is less than 60 mm, yield decreases sharply. Critical periods for water absorption are the
tillering and ear emergence stages. A lack of moisture in the soil during this period leads to an
increase in the number of barren spikelets, which is often observed in northeastern Kazakhstan.
Subsequent precipitation (including heavy rain) cannot compensate for the lack of moisture at
this time. Under such conditions, wheat quickly transitions from one stage to another, and yield
decreases rapidly. In northern Kazakhstan, later sowing dates provide optimal conditions for
growth and development.

Research results conducted under laboratory conditions show that among low-stature
varieties, Omskaya 38 and Trizo have the shortest coleoptile lengths of 4.2 cm and 4.1 cm
respectively. Other varieties can be classified as medium coleoptile based on Y.S. Larionov's
grading [10]. In terms of sprout length, those exceeding 11 cm include Memory of Aziev,
Likomero, Omskaya 35, Boevchanka, and Uralosibirskaya, as presented in Table 1.
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Table 1
Sowing qualities of spring wheat seeds of the harvest 2021
Variety Length, cm Germination, %
root coleoptile sprout

Memory of Asiev 12.2 5.8 13.4 97
Likomero 10.8 4.8 11.9 96
Omskaya 18 10.5 6 12.2 77
Omskaya 35 14 5.3 171 96
Omskaya 36 11.4 5.2 18 95
Omskaya 37 13.2 5.5 14.7 91
Omskaya 38 11 4.2 5.7 97
Boevchanka 12 5.3 16.9 90
Trizo 6.3 4.1 8.2 91
Grani 13.4 4.7 7.4 98
Uralosibirskaya 12.3 5 18.7 87
Konditerskaya 8.5 6.5 11.9 93
Favorite 9.5 6 14.3 89
Saratovskaya 74 7.7 4.6 11.6 65
Stepnaya Volna 12.6 5.6 13.3 88
Pobeda 7.5 5 9.5 90
Severyanka 9.5 5.2 111 80
Alabuga 10.7 6 14.1 84
Irene 13.6 6.1 15.2 90
Kuryer 13.5 6.5 15.3 79
Voyevoda 12.3 6 12.8 86
Novosibirskaya 12.9 5.3 15.8 96
Average 11.3 5.8 13.5 84

All studied varieties samples had germination rates above 80%, except for the varieties
Omskaya 18 (77%) and Kuryer (79%). The maximum possible germination rates of 97-98%
were shown by the varieties Memory of Aziev, Omskaya 38, and Grani. Table 2 presents data
on the ratio of healthy to infected seeds, the prevalence of root rot, and its pathogens in spring
wheat seeds.
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Table 2
Results of phytoexamination of spring wheat seeds of the harvest 2021, %
Variety Healthy Seeds Including bacteriosis
seeds infe_cted S & s, &
with S © & 2
pathogens: E ‘§ § §.
2a] < = L
Memory of Asiev 59 41 4 38 2 3
Likomero 64 36 5 12 7 5
Omskaya 18 60 40 4 37 2 6 41
Omskaya 35 38 62 3 7 12 7 4
Omskaya 36 28 72 0 4 0 8 16
Omskaya 37 42 58 4 21 28 2 34
Omskaya 38 49 51 10 44 13 0 4
Boevchanka 76 24 17 52 2 2 28
Trizo 62 38 12 31 1 14
Grani 37 63 0 37 20 4 22
Uralosibirskaya 27 73 2 46 9 0 10
Konditerskaya 31 69 0 44 7 0 30
Favorite 36 64 6 45 3 18
Saratovskaya 74 51 49 1 61 2 2 10
Stepnaya Volna 39 61 5 39 18 9 39
Pobeda 30 70 6 55 7 3 29
Severyanka 68 32 2 49 7 3 26
Alabuga 76 24 5 39 2 2 35
Irene 67 33 3 45 5 1 41
Kuryer 69 31 9 39 5 6 33
Voyevoda 24 76 4 25 49 2 48
Novosibirskaya 60 40 1 19 17 1 6
Average 51.5 48.5 3.9 44.9 15.6 2.0 34.1

The pathogens causing seed mold were mainly represented by Penicillium spp.

The composition and level of seed infection on spring wheat varieties are shown in Figure 1.
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Figure 1. Composition and level of seed infection on spring wheat
varieties in 2021, %

Moreover, it has been noted that even when seeds are heavily colonized by fungi causing
root rot, they do not necessarily exhibit disease symptoms at the germination stage. Therefore,
not all varieties with the highest degree of fungal invasion showed signs of root rot, except for
Uralosibirskaya and Voyevoda varieties, which had the highest percentage of infected seeds and
consequently more seedlings with signs of root rot.

Phytosanitary examination of seeds is an integral part of modern production technology and
has the potential to protect crop yields and grain quality, as it can predict the likelihood of
plant disease. Only accurate disease diagnostics, knowledge of their causes, and specifics of
development form the basis for successful preventive and protective measures [2, 6]. Quality
seed treatment with fungicides should begin with mandatory phytosanitary examination.

According to numerous studies, the main causative agent of root rot is Fusarium spp [11-
13]. Infection of ears by fungi of the genus Fusarium spp. leads to a decrease in grain quantity,
seed germination, and partial seedling death. Fusarium spp. infection can result in yield losses
of up to 50%. Yield losses can exceed 10%, and seed germination may decrease by 40%. Fungi
produce mycotoxins that are hazardous to humans and livestock.

Fungi of the genus Alternaria spp. colonize seeds during plant development in the field before
harvest. Seeds affected by alternariosis have low germination energy and germination rates.
The harmfulness directly depends on the climatic conditions under which the grain ripened and
the conditions of its storage. Alternaria spp. has the ability to produce toxins that are dangerous
not only to plants but also to humans and animals.

In addition to phytopathogenic fungi, saprotrophic mold fungi (species of the genus
Penicillium spp.) can cause significant damage to seed material. In field conditions, these fungi
develop in years with high humidity during grain ripening and harvesting. Seeds affected by
saprotrophic fungi can become reinfected during storage [4].
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Bacterial diseases cause decay at the root stem, hollow stem, and in the germination zone of
seeds. The most dangerous of the aforementioned diseases is invasion in the seed germination
zone. Sometimes up to 50% of spring wheat seeds have blackened embryos, leading to a 35%
reduction in seed germination and a decrease in plant density, severe root rot, and a sharp
decline in yield. Overall, complexes of seed infections reduce yield by 30-70% and germination
by 35%.

As shown by the conducted phytosanitary examination, no seeds free from pathogenic
microflora were found among the studied spring wheat varieties. The minimum infection load
among all studied varieties was noted for Boevchanka and Alabuga varieties, with 76% healthy
seeds. On average across all varieties, 51.5% of infected seeds were identified (ranging from
24% to 76%).

The most affected samples were Omskaya 38, Omskaya 35, Grani, Omskaya 36, Uralosibirskaya,
and Voyevoda (with 51% to 73% infected seeds).

[t should be noted that the most harmful root rot pathogens, such as Bipolaris sorokiniana,
were not found as actively in the seeds from the 2021 harvest; the highest infection rate was
observed for Boevchanka variety at 17% infection. The majority of pathogenic microflora in the
seeds consisted of fungi from the genera Alternaria spp., bacterial pathogens, and Fusarium spp.

If seeds that are heavily infected with plant pathogens are used for sowing, prolonged
outbreaks of fusariosis and premature appearance of Alternaria spp may occur. Crop losses
can reach 50%, while the quality of fiber and seeds decreases. In confirmed phytosanitary
conditions, it is undesirable to use seeds infected with a higher number of plant pathogens
than indicated; however, in cases of extreme necessity, forced thermal treatment (heating)
and pre-sowing seed treatment should be carried out. To enhance plant resistance, it is also
recommended to treat seeds with a complex of microelements and growth regulators, as well
as to adhere to effective sowing conditions for spring wheat seeds.

Since antagonistic microorganisms are the most important natural factors suppressing
parasitic activity and survival of root rot fungi, the toxicity threshold of root rot fungi varies by
zones and soil types and depends on soil suppression.

Seed treatment should not be viewed as the sole method for improving seed quality; it
should be used in conjunction with other technical measures that enhance plant resistance and
chemical effectiveness. Heating, calibration, and exposure to pulsed low-frequency electric fields
are very effective for improving sowing qualities of seeds and phytosanitary parameters. Grain
crop seeds are heated at 20°C for 5 days in a stirred storage facility or in an open area. Seeds
can be ripened in a dryer for 1.5-2 hours (maximum 5-8 hours) at a carrier temperature of 45-
50°C and in a humid heap at 25-30°C for 15-20 hours. Calibration increases field germination
by 10-12%, especially for grain harvested in cold, wet weather in autumn and seeds with
physiologically immature embryonic plasma. Calibration removes small grains (less than 2.5-3
mm in diameter), and its effect on improving germination ranges from 5 to 20% depending on
the batch and variety, while the biological effect against root rot and septic fungi is 30% or more.

Seed treatment should be conducted using preparations according to the "List of Pesticides
and Agrochemicals,” such as Vitavax 200FF (2 1/t), Raxil Ultra (0.2 1/t), Dividend Star (1.0 1/t),
Tebu 60, ME (0.4-0.5 kg/t). These preparations are widely used in the Pavlodar region. Good
results under favorable conditions are also provided by growth regulators like Biosil.
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To enhance the physiological resistance of plants to harmful organisms when there is a
deficiency of microelements in the soil, ammonium molybdate and zinc sulphate (2 kg/t), boric
acid (1.5 kg/t), copper sulfate (1-2 kg/t), as well as plant growth regulators, are added to the
treatments.

Conclusion

Thus, by checking seeds in phytosanitary conditions, it is possible to accurately determine
their state, select fungicides with a specific spectrum of action, and carry out treatment in a
differentiated manner (that is, with minimal impact on nature and maximum economic benefit
for the enterprise). The results of this research can be used in breeding work to select varieties
with specific resistance to seed infection and diseases during the growing season. Phytosanitary
examination of cereal seeds allowed for the identification of the main phytopathogens
transmitted through spring wheat seeds: Bipolaris sorokiniana, fungi of the genera Alternaria
spp., and Fusarium spp.

As a result of the research, a high degree of contamination of seeds with root rot pathogens
was identified. The studied samples were dominated by: alternariosis up to 44.9%, bacteriosis
up to 34.1%, fusariosis up to 15.6%, Bipolaris sorokiniana up to 3.9%, and seed mold Penicillium
spp. up to 2.0%. An exceedance of the economic threshold value (ETV) for Alternaria spp. on
wheat was noted at 44.9%. Based on the results of the phytosanitary examination, the most
effective seed treatments and growth regulators have been recommended.
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P.M. YasinmeBa, M.O. JKakcbi6eK
Topaiirvipos yHusepcumemi, [lasaodap, Kasakcman

IlaBs10AAp 06/1BICHI XKaFAANBIHAA €TiC TEXHOJIOTHACHIH OHTalIaHABIPY GaKTOpHI peTiHAe
’Ka3JbIK, 6MAAN TYKbIMBIHBIH PUTOIKCIIEPTU3ACHI

Angarna. buga TyKbIMAaphl MaTOreHAiK MUKOQJI0pa YIIiH KOJIAM/Ibl OpTa GOJIbIIN TabbLIaAbI, OYJI
TYKbIMHBIH 6MipllIeHiriHiH ToMeHJeyiHe )oHe oCIMIKTep/iH ecyi MeH JaMyblHa eJieyJii acep eTeTiH
9PTYPJIi MUKOTOKCHUHAEP/iH, O6stiHyiHe aKeseai. 2Ka3blK 6Mail TYKbIMbIHBIH, 6aCTaNKbI 6Cy JeHreui
*koHe PUTONMATOreH/iK XKYKTeMe GUTOCAHUTAPJIBIK KaFAal MeH eriCTiK camacblHbIH KepceTKiliTepi
peTinze 3eptTei. [laByogap o6JbICH KaFJalbIHAA Xa3AblK 6UJall TYKbIMBIHBIH GUTOCAHUTAPJIBIK
*KaFJaiibl aHbIKTaJ1bl. BapJIbIFbI )Ka3/bIK OUAaNAbIH 22 Typi 3epTTenai. XKa3ablK 61U/1al COPTTAPBIHbIH,
TYKBIM/JIbIK CHIIaTTaMaJlaphl }koHEe TYKbIMHBIH Ce0Y caracblHa 9CEP €TETIH COPTTHIK albIPpMaIlbLIBIKTAP
aHbIKTaJ1bl. TYKbIMHBIH KypaMbl MeH 3aKbIM/IAaHY AeHTIeUiH aHbIKTay YILUiH J9H/AI JaKbL1ap COPTTaphl
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TYKbIM/IAPbIHbIH, GUTOCAHUTAPJBIK HOTIXKeJlepi YChIHbUIFAH. 3ePTTey HOTUKesepi KasAblK O6ujai

TYKbIM/JapbIHbIH, TaMbIPILiPiK KO3/ bIPFbIIITAPbIMEH 3aKbIM/JaHYbIHbIH, }KOFaphl JeHreliH aHbIKTabl:

Bipolaris sorokiniana, Alternaria spp. »xaHe Fusarium spp. TYKbIMJacCbIHbIH CaHbIPayKy/JIaKTaphbl

’KOHe »Ka3/blK OuJlall OaKTEpHO3bIHbIH, KO3JbIPFBIIITApbl 3epTTEJreH yJrijepae 6acbiM 60JAbI.

['uapoTepMUsIbIK KaFLahaap/iblH 6CIM/IiK IaTOreHAePiHiH TYKbIM HHBA3UsICbIHIaFbl POJ1i aHbIKTAJAbI.
Ty¥iH ce3aep: PUTO3IKCIEPTHU3], XKA3/bIK OUAAM, OHTIIITIK, Ce0y canachl, maToreH

P.M. YanueBa, M.A. ¥Kakcbi6ek
Topatizvipos yHusepcumem, llasaodap, Kazaxcmax

duTOIKCIEPTH3A CEMSH IPOBOM MIIEHHUIIbI KaK PAKTOP ONTUMHU3AIMH TEXHOJIOTHH MOCEBA
B yciaoBusax IlaBiogapckoi 06/1actv

AnHoTanus. CeMeHa NIleHULbI SIBJSIOTCS 6J1aronpusTHON cpeslod /sl MaTOreHHOM MUKOQJIOPHI,
KOTOpas BbI3bIBAeT CHW)KEHHE KM3HECIIOCOOHOCTH CEMSIH U BblJieJIeHHe Pa3JIMYHbIX MUKOTOKCHHOB,
Cepbe3HO BJMSIOLIMX Ha POCT U pa3BUTHe pacTeHUH. Bbuin uccienoBaHbl HayalbHbIM POCT CEMSH
sIpOBOM MUIEHUIbI U QUTONATOreHHasl Harpy3ka Kak Nokas3aTeJd (pUTOCAHUTApPHOTO COCTOSHUSA U
IIOCEBHbIX KaueCTB. YCTaHOBJIEHO GUTOCAHUTAPHOE COCTOSIHUE CEMSIH SIpPOBOM NIEHHUIIb], B YCIAOBUAX
[TaBaogapckoit o6J1acTu. B 0611e# CJI0’)KHOCTH ObLJIO IPOAHAIU3UPOBAHO 22 COPTa SIPOBOM MIlIEHHUIIbI.
OnpefiesieHbl TOCEBHBIE XapaKTEPUCTUKU CEMSIH COPTOB SIPOBOM MILEHHUILbI U BbISIBJEHBI COPTOBbIE
pas/inuud, BAUAKIIME Ha 1I0CeBHble KadyecTBa ceMsH. [IpeficTaBieHbl UTOCAaHUTApHbIE pe3yJIbTaThl
CeMSH COPTOB 3€pPHOBBIX KYJbTYp AJis OIpeJieJleHHUs COCTaBa U YPOBHS 3apa)KeHHOCTU CEMSIH.
Pe3sysbTaThl UcC/ef0BaHUA BbIIBUJINA BbICOKUN ypPOBEHb 3apa)KEHHOCTH CeMSH SIPOBOM MNIIEHULbI
BO30YAUTENSAMH KOPHEBBbIX rHUjed: Bipolaris sorokiniana, rpu6amu poga Alternaria spp., Fusarium
Spp- ¥ BO36yAuTe M 6aKTEPHO30B SIpOBOM MIIEHUIbI peob/aZiavu Ha UcclelyeMblX 00pa3uax. belia
omnpe/iesieHa poJib THAPOTEPMUYECKUX YCJIOBUH B UHBA3WU CEMSIH IAaTOT€HAMU PacTEHUH.

Knro4eBble c10Ba: puTOIKCIIEpTU3a, APOBast MILIEHULA, BCX0KECTb, I0CEBHbIe KaueCcTBa, NaTOreH
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UcciepoBaHue CBOMCTB KpaxMaJsia U3 kopHed Karpana Kouyu n
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AnHoTanus. CTaTbsl 3aTparMBaeT aKTyaJbHYI MO cel JleHb NpobJseMy IMOHCKa
Y HCCJIeloOBaHUA HETPaAULHOHHBIX HCTOYHUKOB ChIPbs [JI NMULIEBOU U Nepepaba-
ThIBalOIlel MPOMBIIJIEHHOCTU. PacTeHUsl SIBJASIOTCS YHUBEPCAJIbHbIM HUCTOYHUKOM
pas3JIMYHBIX MaTepHUaJioB, IEKapCTBEHHBIX CPeJCTB U MHUILHU AJid YesoBeka. Kpaxman
- OJUH W3 HauboJiee IMIMPOKO PaCHPOCTPAHEHHbIX PACTUTEJNbHBIX GHOIOJIMMEDPOB,
KOTOPBIN NpeACTaB/sAeT LeHHOCTb KaK [JJig MUILeBOH U NepepabdaTbiBalollied Mpo-
MBILIJIEHHOCTH, TaK U [Jis1 IPOM3BO/CTBA YIaKOBOYHOr0 MaTepuasa. Kpaxman cun-
Te3UpYIOTCA NPAaKTUYECKH BCEMH BUJAMM PAacTeHUH, OJHAKO CpeJid HUX eCTb BUJBI,
HaKallJIMBalollye ero B 3HaYMTeJIbHbIX KondecTBaxX. Hanbosiee U3BeCTHBIMU MCTOY-
HHUKaMM KpaxMmaJia NpeACTaBJsSIOTCA TaKhe KyJbTyphl, KaKk KapTodesb, 3epHOBBIE, B
TponuKax MaHUOK. CBOMCTBa Kpaxmasia, MOJy4YEHHOT0 U3 Pa3HbIX PaCTEHUU, MOTYT
HEeCKOJIbKO OTJIMYAThCS, 03TOMY cdepa X IPUMEHEHUs TaKkKe MOXKeT ObITh Pa3J/iny-
HoH. CeMelicTBO KanycTHble oTiM4aeTcs 60J1bIIUM pa3Ho06pa3reM BULOBBIX GopM U
apeasioM pacnpocTpaHeHus. HekoTopble BU/Ibl JAHHOTO CEMENCTBA BBE/IEHBI B KYJIb-
TYpy U LIMPOKO NPUMEHSIOTCA B KayecTBe IMUILEBOTO Cbipbsl, TOrZa KaK OOJIbIINH-
CTBO BU/JI0B 00J/1alaeT BbICOKUM MOTEHLMAJIOM U /10 CUX MOpP OCTAKTCA MaJIOUCCIIe-
JIOBaHHBIMH Ha IIpeJMeT [UTaTeJbHON U 6H0JI0rMYecKol 1ieHHOCTH. [laHHas cTaTbsA
MOCBsIleHa UCCIeS0BAHUI0 CBOMCTB KpaxMaJsia, BbIJeJIeHHOT0 U3 HETPAAULIMOHHOTO
pPacTUTENILHOTO ChIPbs — U3 KOpHel pacTeHul Kampax Kouu v Ceepbuza eocmouHasi,
KOTOpbIe SIBJISIOTCS NPeACTaBUTENAMU ceMelicTBa KanycmHule. Kak nmokasasnu uccie-
JlOBaHHs, KOPHU pacTeHUH KaTpaH U CBepbOUra Coco6Hbl HaKalJIMBaTh 3HAUYUTEb-
HOe KOJINYeCTBO KpaxMasia B KOPHSIX U 110 COAEePKaHUI0 UX KOJIMYeCTBO MPaKTUYeCKH
CX0XKe C TAKOBBIM B KapTodeJie. B cBsI3U € TeM, YTO OpraHOM aKKyMyJISLIMU KpaxMaJja y
KaTpaHa U CBepPOUTH SIBJSIIOTCSA KOPHHU, TEXHOJIOTUSI IEPepabOTKU ChIPbsi MOXKET ObITh
CX0XKa C TeXHOJIOTHeH NMoJy4eHUsl KpaxMaJoB TallMOKOBOr0 KpaxMaJsa. B xoze uccie-
Jl0BaHHUS Bbl/IeJIEHHOTO KpaxMasia U3 KOpHel KaTpaHa U CBEpOUTH BbISIBJIEHO, YTO O
TeXHOJIOTUYeCKUM, OpPraHoJIeNTUYECKUM XapaKTepPUCTHUKaAM, a TaKKe 10 GU3UKO-XU-
MHUYeCKHUM IOKasaTeJssIM JaHHbIM BUJ He yCcTynaeT KapTodeabHOMY KpaxMasy, YTo
JleJ1aeT ero NpUroAHbIM /IS UCII0JIb30BAHUs B IUILEeBOM IPOMBIIIJIEHHOCTH.

Kiio4yeBble c/10Ba: HeTpaAULMOHHOE Chipbe, KpaxMaJl, BA3KOCTb, PACTBOPUMOCTD
KpaxmMasa

IlonydeHo: 26.08.2023. Penensuposanue: 01.11.2024 (1-i paynz), 11.12.2024 (2-i payHna). [Ipunsro:
11.12.2024. JoctynHo oHJaiH: 20.12.2024.
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Vccaedosanue ceoticms kpaxmara us koprei Kampana Kouu u CeepOuzu socmounot

BBeaeHue

Kpaxman - HauboJsiee LIMPOKO pacHpOCTPaHEHHbIN CJI0XKHBIA OHUOMOJMMEpP PAaCTEHUH U
HEKOTOPbIX [IUAaHOOAKTEPUH, SIBJISIOUIMICI OCHOBHBIM 3allacHbIM YTIJIeBOAOM. B oco6eHHOCTH
60JIbLII0E ero KOJMYECTBO COJEPXKUTCS B 3€epPHOBBIX KYJbTypax U Kay6Hsax. I[lo pacnpoct-
pPAaHEHHOCTU B pACTHUTEJbHOM MHpe KpaxMas YCTYNaeT JHUIb TaKOMy OpPraHUYecKOMY
COeJMHEHUIO, KaK Lestosio3a. KpaxMan Heo6XoAuM [JJis JiloJled Y KUBOTHBIX B KayecTBe
MCTOYHHUKA MUTATEJbHbIX BELECTB U S9HEPTUH.

Kpaxman - 3To yHUBepca/ibHOE COeJMHEHHe, XapaKTepusymwlleecs JOCTYNHOCTbIO, OT-
CYTCTBHEM KaKOW-TM60 TOKCHYHOCTH, CIIOCOOHOCTbIO K GHOJerpaZialiid B OKpYy:Kalolleu
cpefie, a TakXe LIHMPOKHUM CIEKTPOM BO3MOXXHOCTEW JJisl MPAKTUYECKOTO NpPHUMEHEHHS.
B nuueBod NPOMBILIJIEHHOCTH OH MCIHOJb3yeTCsl B MPUTrOTOBJEHWU MHOTOYHCJIEHHbBIX
MOJIOYHBIX U XJIE600Y/JIOYHBIX U3JEeJNUH, CyIOB U COYCOB, MSICHBIX NMPOJAYKTOB, a TaKXe JJis
M3rOTOBJIEHUS] MOKPBITUM AJI TOTOBBIX H3JeJui. KpoMme TOro, pacteT cnpoc co CTOPOHBI
HeNnulleBOM NPOMBIIIJIEHHOCTH Ha KpaxMaJl Kak Ha BO30OHOBJIsieMblil MaTepuas. HenuieBblie
NpHMeHEeHUs1 KpaxMaja BKJIOYAT ¢apMaleBTHUKY, TeKCTUJIb, MPOU3BOACTBO TOIJIMBA Ha
CIUPTOBOM OCHOBE, KJiesl, KpacuTesed U Mebesu [1-3].

Kpaxmasibl KJaccUQUIIMPYIOT MO0 TaKUM MPU3HAKAM, KaK ChIpbeBOM UCTOYHUK KpaxmaJsia,
pasMmep rpanyJi, Ha3HaueHue. Ha ceroaHsAmHUN JeHb cyuiecTByeT 6osiee 100 pa3/iMyHbBIX
coptoB. CaMbIMM pacCIpPOCTPaHEHHBIMH BHJAMU KpaxMasja SBJSIOTCH KapTodesbHBbIH,
KYKYPY3HbIH, pUCOBbIH, AYMEHHBIM, P>KaHOU U MIIEHUYHbIN [4].

PasyvyaloT NpupoHbIA (HAaTHBHBIM) KpaxMaa U padUHHUPOBAHHBIA (O4yMlleHHbIN). OH
IPOU3BOAUTCA U3 KpaxMasoCOJepKallluX pacTeHUW. HaTHBHBIA KpaxMmas B GOJIbIIMHCTBE
c/ly4aeB He 00/1aJlaeT AOCTATOYHBIMU QYHKIMOHAJbHBIMU CBOMCTBAMHU, UTO 3aTPYAHSET €ro
IprYMeHeHUE B pa3/IMUHbIX OTPAC/ISAX NIPOU3BO/ACTBA. B CBA3M € 3TUM KpaxMas MOAUPULUPYIOT
bU3UYeCcKU U/UJIM XUMUYECKH, YTOObI YJIYYLUIUTh CBOMCTBA UJIU CBECTH K MUHUMYMY ZieEeKThI
[3].

CoBpeMeHHasi KpaxMaJONaTO4YHAsi MPOMBIIIJIEHHOCTh - Ba)XHash OTpacJb HApPOJHOTO
xo3sicTBa. [Ipou3BOACTBO KpaxMaja M KpaXMa/JONaTOYHbIX NPOAYKTOB 3aHUMaeT
BeJlylllie MecTa B 9KOHOMHKe CTpPaH, TaK Kak cdpepa HUCNOJb30BaHUSI KaK HATUBHBIX, TaK U
MoAMGULMPOBAHHBIX BUJ0B KpaxMaJa pacIliUupsieTcs M3 roja B rof. ITO 0O0bSICHAETCA TeM,
YTO B OTJIMYHE OT CUHTETHUYECKHUX IOJMMEPOB U3 HePTH U rasa, U3Jesius U MPOAYKIHUS
C UCIOJIb30BaHHMEM KpaxMaJsia He HAaHOCAT BpeZa OKpYXawolled cpefie, a TakXe Kpaxmall
SIBJISIETCS] BO30OHOBJISIEMBIM MTOJIUMEPOM, KOTOPBINA MPOCT B MOJIyYEHUH.

Bo3pacTawias noTpebHOCTb B KpaxMaJie B KaueCTBe NMPOJAYKTa U Cblpbsl JJisl pa3JIMYHbIX
oTpacJiell MPOU3BO/CTBA AAOT 060CHOBAHUE JJisi TIOMCKA CIOCOGOB MOBBILIEHUS 06'HEMOB
IPOM3BO/ICTBA, a TAKXKe Pa3pabOTKU HOBbIX BU/I0B KPaXMaJIOHOCHOTO ChbIpbA [5].

B cBfI3W ¢ TeM, YTO KpaxMas SIBJSETCS 3alacHbIM MOJIMCAaXapUAOM pPacTeHUH, BUJbI,
HaKalJIMBawllue ero B 3HAYMTeJbHbIX KOJMYECTBAaX, MOTYT pacCMaTpPUBATbCA KaK MOTEH-
[[MaJIbHOE Ccbipbe. HeTpaZMLiMOHHbIE KYJbTYyPbl XapaKTEPU3YIOTCS BbICOKONH GUOJIOTUYECKOU
IJIACTUYHOCTBI0O U aJalTUBHOCTBIO, NPEBOCXOJHO COYETAIT BbICOKYH) MNPOAYKTUBHOCTH
C BBICOKOW 3KOJIOTMYECKOW YCTOWYUBOCTBIO, MPOJAYKTUBHBIM JOJITOJIETUEM, XOPOILIMMHU
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KOPMOBBIMH Y MUILEBBIMHU JOCTOMHCTBAMH, YCTOWYUBBIM CEMEHOBO/CTBOM [6]. B nocienHue
JlecITUeTUs1 ONyOJMKOBAaHO MHOXECTBO pPabOoT, MOCBALIEHHBIX HW3y4YEHUID CBOMCTB U
IpPYMEHEHHUIO KpaxMaJia, IOJIy4eHHOr0 U3 HeTPaAULIMOHHbIX pacTeHUil. OCHOBHOM TeH/ieHLuen
B [I0JIy4YE€HUHU JAHHOTI'0 OMON0JIMMepa AABJISAETCH UCI0JIb30BaHUE MECTHBIX HCTOYHUKOB ChIPbS
[7-10].

[Ipu ucciefoBaHrU NEPCIEKTUBHOCTU TOTO WM UHOTO pacTeHUs JJisl MOJy4eHrs KpaxMasa,
ciefyeT y4YUThIBaTb, YTO B (GOPMHUPOBAHUM KayecTBa KOHEUYHOTO MNPOJAYyKTa OOJbLIYIO
pOJIb UrpalOT pas3/inuHble QPaKTOpbl, BKJKOYash BUJOBble 0COOEHHOCTH ChIpbs, XUMUYECKHE
0COGEHHOCTU KpaxMaJlbHbIX 3e€peH U TEeXHOJIOTUs INepepaboTKU Chipbs. B cBOI0 ouepejp,
11 pa3pabOTKM TEXHOJIOTUM IMOJIyYeHUs KpaxMmasa U3 HeTPaJAULMOHHBIX HCTOYHUKOB
Heo6X0ZMMO IPOBECTH Mpe/iBapUTEJbHYIO0 OLIEHKY €ro TEXHOJOTUYeCKUX CBOUCTB [11].

B Kazaxctane npouspactaeT 0k0J10 13 ThIC. BUZ0B paCTEHUH, B TOM YK CJIE BBICIINX PACTEHUU
6300. B cocraBe mnpupoaHod ¢Jopbl Tosbko BocTtouyHoro KasaxcTaHa mnpeaBapUTebHO
BbIsIBJIeHO 189 BH/I0B AMKOPACTYIIUX MULIENPUTOHBIX pacTeHu. OHUMHU M3 MepCreKTUBHbIX
pacTeHHWM MOXXHO Ha3BaThb pa3JjiMuHble BUJbI poja KampaH (Crambe) u Ceepbuza (Bunias),
OTHoOcsIHecs K ceMelcTBY KanycmHule (Brassicaceae). Ha3aBaHHbIe 00'bEKThI HE IPUMEHSIOTCS
B KaueCTBe NHUILEBOTO Cbipbs B KazaxcTaHe, HEMHOTOYMCJIEHHbIE UCCJIe0BaHMS HallpaBJeHbI
Ha OLIEHKY HUX LIEHHOCTM KaK KOPMOBOHW KyJbTypbl. COTJIaCHO HAlUM HCCAEJO0BaHUSIM U
JlaHHbIM 3apybOeXXHbIX HCCeloBaTesied, pa3Hble BU/Jbl KaTpaHa W CBEPOWUTU CIOCOOHBI
HaKalJIMBaTh 3HAYUTEJIbHbIE KOJIMUeCTBA KpaxMaJsia, 0C06eHHO B KOpHeBOH yacTHu [6, 12-13].
[lesibto HAacTOALEN HAyYHOW pabOThI IBUJIOCH ONpe/ieIeHHe CBOMCTB HATUBHOI'O KpaxmaJia U3
kopHel KaTpaHna Kouu 1 CBepOUTrHA BOCTOUHOM.

MaTepuasibl U METO/bI HCC/IELOBAaHUE

Jl1s1 [OCTUXKEHUs1 TIOCTaBJIEHHOM 1ieJid OblJI0 TPOBEZEHO KOJIMYeCTBEHHOE ONpejiesieHue
KpaxMasia B cbipbe. [IpoBesieHa olleHKa COJep>KaHUs aMUJIO3HOW (paKL UM, MCC/e[0BaHbI
COOTHOIlIEHHEe aMUJIONEeKTHHA M aMUJI03bl, QU3MKO-XMMHUYECKUEe CBOMCTBA KaK 30JIbHOCT,
coJiep>kaHre GeJIKOB, »KUPOB, NMPOCTBIX YIJIEBOJOB, BSI3KOCTb KpaxMasa, pacTBOPUMOCTH
KpaxMaja U BOJOCBSA3bIBalOLlasl CHOCOOHOCTb. B KauecTBe KOHTpPOJISI MCHOJIb30BaU
KapTodesbHbIM KpaxMaJl, BblJieJIeHHbIM U3 KapTodess cTosoBoro copta Kosom6o.

CopeprkaHue Kpaxmasia B uccieyeMoM cbipbe onpeensau no 'OCT 10845-98 [14]. s
NpoBeJileHUs1 UCCIel0BAaHUM KpaxMaJl BblJIeJISVIM CIeAy0IUM 00pa3oM: KOPHU U3MeJib4alId Ha
JIabopaTOpHOU MeJIbHHULIE U CMEIIHUBAJIU C BOJIOM B COOTHOLIEHUH 5:1, NOJIy4YEHHYIO CYCIIEH3UIO CO
B3BECHI0 MEJIKOAMCIIEPCHBIX YACTHUL], OTAEJSANN OT WPOoTa PUABTPOBaHUEM depe3 cuTo. lllpoT
IPOMBIBAJIM TPEXKPATHO, XXUAKOCTb COOMpPa/IM B OAHY EMKOCTb. B CBSI3U € TeM, YTO KpaxMaJl
yMMeeT OOJIbLIYI0 MacCy 0 CpPaBHEHHUIO C MOJIeKyJaMU 6esika, QUAbTpAT LeHTPUPYrupoBaIu
B TedueHHe 10 MUHYT co ckopocTbio 3500 06/MUH /151 ocaxkJeHUs KpaxmaJsa. [losydeHHbII
KpaxMaJl BbICYIIMBaJU Ha NOBEPXHOCTU C obecliedueHueM CBOOOJHOW LUPKYJISALUK BO3Ayxa
npu temiepatype 40 °C B cylunibHOM LIKaQy.

B BblJjeJIeHHOM KpaxmaJie onpefessiid MaccoByw Aot »xkupa no 'OCT 29033-91 [15],
MaccoByto foJ1t0 6esika corsiacHo 'OCT 10846-91 [16], MaccoBy10 10110 YTJIEBO/IOB ONIpeAeIsIN
nepMaHraHOMeTPUYEeCKHUM MeTO/I0M, MaccoBy1o AoJito 30kl o 'OCT 25555.4-91 [17].
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Jl1s onpeiesieHUs COAEPKaHUSA aMUJIO3bl U MacCOBOI'0 COOTHOLIEeHUs PpaKLUi Kpax-MaJia
(AIl/AM) rcnosib30Ba/iv CIEKTPOGOTOMETPUYECKHU METO/, IPU ABYX AJIMHAX BOJIH, OTBEYAIOIIUX
MaKCcMMyMaM abcop6uuu KoMmiiekcoB Hozga ¢ AM u All (620 HM 1 550 HM, COOTBETCTBEHHO)
[18]. PacTBOphI KpaxmaJia [iJisl UCCAeJ0BaHUS MT0JIyda/id MyTeM Jucnep-rupoBanusa B 1 M NaOH
c mocjeaywliledl HelTpanusanued. KoHueHTpauuu ¢pakiydil kpaxmajia B pacTBope Mocie
JlobaBsieHUs1 peakTuBa (BOAHBIA pacTBop, coaepkamuid 0,2 % ¥opga u 2% Hojauaa Kasius)
paccyuThiBaJM B COOTBETCTBUM C JAHHOM MeTOAMKON. 3a MaccoBoe cooTHouieHue All/AM
NpUHUMAJIM OTHOIIEHHEe KOHIIeHTPalUUui JaHHbIX GpaKuui B pacTBope [19].

PacTBOpHMMOCTb U BOAOY/lepXKUBalllasi CIOCOOHOCTb ompejessaachk no Mmetony lloxa.
K HaBecke mnoJsiydeHHoro mnpogaykta 1 r npuiauBaid 50 MJI JUCTUIJIMPOBAaHHOUW BO/JBL.
Boigep>kuBasiv B U36bITKe Bo/ibl B TeueHUe 30 MUHYT npu TemnepaTtype 25 °C, 40 °C, 60 °C, 70
°C, 80 °C, 90 °C, 3ateM ueHtpudpyruposasu B TeueHue 10 MuHyT npu ckopoctu 2500 06/MuH.
Kupkyro pasy oTAess/1u U onpeiesisiiv B HeH [J0J110 CyXUX BelllecTB. PacTBOpUMOCTb 06pas1oB
pacCYUTBIBAIU KaK IPOLLEHTHOE OTHOILIEHUEe Macchl QUIbTPATa U COAEPKAHUSA CyXUX BELECTB.
KonnyecTBO CBA3aHHOM BOJBI PAacCYMTHIBA/IM OTHOCHUTEJIBHO HadaJbHOM MacChbl OCaZKa.
BiiarocBsispiBamwIy0 CIOCOOHOCTb PacCYUTHIBAINA KaK OTHOLIEHHEe KOJIM4eCcTBa CBSI3aHHOU
BOJ bl K Macce HaBeckH [20].

[nsa onpejesieHUss BSA3KOCTHM PAacTBOPOB KpaxMaJsla HCNOJIb30Bajaud BUCKo3uMeTp OcT-
BaJbJa C AuaMeTpoM Kanuadpa 0,99 mMM. B kKadecTBe pacTBOpUTE/A UCIOJb30BaIu
JUCTUJJIMPOBAHHYIO BOAY, B JaJIbHEMILUX pacuyeTax UCIO0JIb30BaJU U3BECTHbIE NOKa3aTeau
BO/Ibl KaK pacTBOpUTeJis. PacTBOpbI KpaxMaJsia rOTOBUJIM B KoHIleHTpauusx 0,1 r/x, 0,25 r/x;
0,5r/n; 1 r/n; 2 v/n pns ganbHelero nocTpoeHust rpadpukos. Jlyis 3TOoro HaBecKy Kpaxmasia
pactBopssn B 20 MJI X0JIOAHOU BOZBI, IOJYYeHHYI0 CyClIeH3UI0 BauBaau B 30 MJ1 KUIALEeN
BO/Ibl U, lepeMellBasi, HarpeBaJu 10 KuneHus. [losiyueHHbIe pacTBOPbI OCTABJISAJIM Ha CYTKHU.

OTHOCHTENIbHYI0 BA3KOCTb PACCYUTBIBAJIA KaK OTHOIIEHHE BpeMeHH UCTeYeHNs pacTBOpa

I,Z[?:lHHOIt/'I KOHIEHTPalKuHu T KO BpeMeHH NCTeYEHUA PAaCTBOPUTEIIA TC:
n= T
To

YnenbHas BA3KOCTb ONpeJesisieTCs OTHOLIeHHeM pa3sHOCTU MeX /Ay BA3KOCTSAMU pacTBOpa 1
¥ YUCTOTO PaCTBOPUTEJISA 1), K BA3KOCTU YUCTOIO PACTBOPHUTEJISA:

n = N—To
No
YienbHY10 BA3KOCTb, OTHECEHHYI0 K KOHLIEHTPALMM pacTBOpa C, Ha3blBalOT NPUBEJ€HHON
BA3KOCTbIO:
_ ya
nanB C

[Io paccyuTaHHBIM 3HAYEHUSM y/leJIbHOM BA3KOCTH Pa3/IMYHbIX KOHLEHTPALUH, CTPOUIIH
rpaQuK 3aBUCHMOCTH NMPHUBEJEHHOH BA3KOCTH OT KoHueHtpauuu 7, =f (c. Ilo rpaduky
onpeJiesisiii XapaKTePUCTHUYECKYI0 BSI3KOCTb (TO4YKa MepeceyeHUs rpaduka C OCbI0 OpAMHAT)
[21].
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PeBYJIbTaTbI HCC/ieA0BaHUA

Jl1s1 BBINOJIHEHUSI TOCTaBJEHHOM LieJld HaMU ObLJIO MCCJIe[0BAaHO KOJUYECTBEHHOE
coZlepkaHMe KpaxMaJsia B pacTUTEeJbHOM Chipbe. B Xo/le 9KCIEpUMEHTOB BBISIBJIEHO, UTO
B KOPHSAX CBepouru cogepxkasnocb 18,87 % kpaxmasna, B karpaHe 20,32 % kpaxmaJsa, 4To
NpaKTUYeCKH COOTBETCTBYET COLEpP>KaHUI0 JaHHOTO MOoJiMcaxapuJa B HEKOTOPBIX COpPTax
kaptodess [22], Tora Kak B UCCelyeMOM COpPTe ero cojiepkaHre coctaBuio 16,2 %.

UccnepoBanue (U3MKO-XMMHUYECKHUX IOKa3aTesel MNpuBefeHO B Tabsaune 1. B xoge
3KCIEePUMEHTOB BbISIBJIEHO, YTO HCCJAeZyeMble 00paslbl pas3jiMyajvcCh O COJEepP>KaHUIO
aMWJIO3bl M aMuJoNeKTHHa. W3BecTHO, YTO COOTHOLIEHUE [aHHBbIX MOJIEKYJ, BBUAY HX
CTPOEHUs 3HAYUTEJIbHO BJIMSIET HA CBOMCTBA U TEXHOJIOTUYECKHUE XapaKTEPUCTUKU KpaxMasia
Y KpaxMaJoNpOAYKTOB.

Ta6smmna 1
Du3uKo-XUMHUYeCKHEe XapaKTepUCTHKH KpaxMaJia

Katpan Kouu CBepbura BOCTOYHAs Kaprtodesb
AmMunosa, % 18,5+0,8 26,5%+1,4 22,3+2,5
AvuionexkTuH, % 81,5+2,9 73,5+3,0 77,7+5,4
CootHowieHrne AM/AII 0,23+0,04 0,36+0,02 0,29+0,03
3osbHOCTB, % 0,31+0,01 0,25+0,04 0,28+0,03
MaccoBas gons 6enka, % 0,18+0,001 0,29+0,0009 0,22+0,002
MaccoBas fond xupa, % 0,1+0,005 0,120,004 0,07+,001

Kak npuBeseHo B Tabuuie 1, Bce ucciefoBaHHble 06paslibl cojep:kald HeKoTopoe
KOJIMYECTBO KUPA U 6EJIKOBBIX BEIIECTB, KOTOPOE BJIKAIO0 6b HA YHKIIMOHAIbHBIE CBOMCTBA
KpaxMaJia, cJe/joBaTe/IbHO, OHU JI0JKHbI ObITh YAaJ/IeHbl B X0/le TEXHOJIOIMYECKOW OYHUCTKHU.
OTMeveHO Takxe HeOOJIbLI0e CoAepKaHue 30JIbHbIX BEIleCTB.

M3BeCTHO, YTO KpaxMaJl COCTOUT M3 2 TUIIOB MOJIEKYJI: pa3BETBJIEHHBIX 10JIUMEPOB I[VTIOKO3bl
- aMUJIONEKTUHA U Hepa3BeTBJIEHHOIO IVIIOKONOJMMepa - aMuJo3bl. [IpeobsiagaHue TOro
WJIM MHOT'O BHU/JIa MOJIEKYJI B COCTaBe KpaxMaJ/IbHbIX 3epeH oNpeJesisieT Takhe CBOMCTBA, Kak
pPacTBOPUMOCTD, BSA3KOCTb, BOJONOIVIOLAILYI0 U BOAOYAEPKUBAIOLLY0 CIOCOOGHOCTH [23].
Kak nokasasiv Hallu KccieloBaHus, B 06pa3iax CBepoUru BOCTOYHOM COOTHOLIIEHHE aMHUJI03bI
K aMUJIONIEKTUHY ObLJIO BhILIE [0 CPaBHEHUIO ¢ KapTodesieM U KaTtpanoMm Koun Ha 25 % u 31
%, cooTBeTcTBeHHO. Co/lep>kaHue aMUJIONeKTHHA GbLIO BhIlIE 110 CPABHEHHIO C KpaxMaJioM
kaptodessa Ha 10 % u Ha 17 % oTHocUTe/IbHO 06pa3ioB CBepouru. Ha ocHoBe moJiy4eHHbIX
JIaHHBIX MOXXHO 3aKJIIOYHUTh, UYTO TEXHOJIOTHUYeCKHe CBOMCTBA KpaxMaJsa U3 KopHeil KaTpaHa
Kouu no cpaBHeHUI0 co CBepOUT0H U UCCIefyeMOoro copTa KapTodesiss HEOAHOPOAHBI.

KpaxMas n/ioxo pacTBopsieTcsl B XOJIOJHOW BOJie, OJJHAKO NPHU HarpeBaHUHU MPOUCXOAUT
dbopMHpoBaHHKe KOJIJIOUIHOTO pacTBopa. Ha prcyHke 1 mpuBeeHbI pe3ybTaThl UCCIEJ0BAHHUS
pacTBOpUMOCTH KpaxMmasja u3 KarTpana, CBep6buru u kaprodesss B BoJe INpPU pa3HOHU
TeMIepaType.
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PucyHok 1. UcciegoBaHve pacCTBOPUMOCTH KpaxMaJia,
rJle: o 0CH abCIMCcC: TeMIlepaTypa pacTBopuTelis, °C; 1o ocu OpAUHAT: CTENIeHb PaCTBOPUMOCTH, %

Kak BUJHO W3 PHCYyHKa, ypOBEHb PAaCTBOPHUMOCTHU HCCJAEyeMbIX 00Opa3lOB Kpaxmasia
NOBbILIAJIACh [0 Mepe yBeJWYeHUs TeMIepaTypbl BoJbl. [Ipy mocTeneHHOM MOBBILIEHUHU
TeMnepaTypbl pactBopuTess (Boabl) A0 40 °C 3HAYMTE/NIbHbIX U3MEHEHHUN PAacTBOPUMOCTH
KpaxMaJsia He HaOJuioganochk. [Ipu temepatype Bozabl B 60 °C KOJMYECTBO PacTBOPEHHBIX
yacTul coctaBuio 8 % a5 o6pa3uoB us Katpana, 14 % aas kaptodens u 18 % asisa CBepouUru.
JanbHenlee noBeiuieHUe TemnepaTypsbl 0 70 °C npyBesio K MOBBILIEHUIO paCTBOPUMOCTHU
KpaxMaJia IpaKTU4YecKd B 4 pasa. [Ipu fanbHelieM yBeJIMYEHUM TeMIlepaTypbl U3MEHEHUe
pPacTBOPHUMOCTH KpaxMaJia ObljI0 He CylleCTBEHHbIM. TeM He MeHee, IPU CpPaBHEHU U BbISIBJIEHO,
YTO PacCTBOPUMOCTb KpaxMasia CBepOUTu Obljia Bhille MO0 CPABHEHUIO C MOKa3aTeJsIMU AJis
KapTodesbHOro Kpaxmasa Ha 10 %, u Ha 27 % oTHocuTesIbHO 06pasLa U3 kopHel KaTtpaHa.
BeposiTHee Bcero 3To CBsI3aHO C OOJIbIIMM COJlep>KaHHEeM aMUJI03bl, KOTOpasi, KaK U3BECTHO,
006J1a/1aeT Xopollel paCTBOPUMOCTbIO B TENJION Boje [24].

BsiarocesidbiBarolliee CBOMCTBO KpaxMaJsia — OJIHA U3 BaXKHbBIX XapaKTEPUCTHK, OMpPees A0l uX
BO3MOXXHOCTb €ro INpUMeHeHHUsl B KauecTBe CTPYKTypooOpa3oBaTesisi B MUIIEBOU CHUCTEME.
JKcnepUMeHTa/llbHble JlaHHble 10 OILleHKe BJIaroCBs3bIBalOLled CIHOCOOHOCTH 006pa3LoB
KpaxMaJsia Ipe/CcTaBJIeHbl Ha PUCYHKeE 2.
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PucyHok 2. Ucciego0BaHMe BJIarocBA3bIBalolieil CNOCOGHOCTH KpaxMaJia,
rJle: 0 OCH abcuucc: TeMnepaTypa pactBopuTess; °C, 10 OCU OpPAWHAT: KOJUYECTBO CBSI3aHHOHU
BOJIbI, T'/T

BnarocssispiBaw1asi cCnocCO6GHOCTb 06pa3l0B KpaxMaJsa HalpsIMYyK KOppeJupyeT C JiaH-
HbIMH, NOJIyYeHHbIMU IPU HMCCAeLO0BAaHUU PAacTBOPUMOCTU. Kak BUJHO M3 pHUCYHKa, BCe
006pa31bl NPaKTUYECKU OJJMHAKOBO CBSI3bIBAJIU BJIAry U3 Cpe/ibl B TeMIIEPAaTyPHOM JiUana3oHe
ot 25-40 °C. [Ipu noBbllleHUU TemnepaTypbl Ao 60 °C KOJHMYECTBO CBSI3aHHOU BOZbI
YBEJIMYMJIOCH B 2,5 pa3a, npu nosbilieHUH TeMnepaTtypsl o 70 °C, T.e. B 10 pa3 0oTHOCUTEJILHO
MCXOHBIX JaHHBIX. [Ipy cpaBHEHMH BJIAarocBs3bIBalOIedl CIOCOOHOCTH pa3HbIX 00pa3LoB
MOXKHO CKa3aTh, YTO HanboJiee aKTUBHO CBSI3bIBaJl BOAY KpaxMaJl, BblJleJleHHbIM u3 KaTpaHa.
Kpaxmaus, nosyyeHHbId U3 CBepOUrH, OT/IMYaAJICd HauMeHbllIed CIOCOOHOCTbIO CBS3bIBATH
BJsary. /lajipHelllee NOBbIIEHUE TEMIEPATYPbl He MPUBEJIO K 3HAYUTENbHBIM U3MEHEHUSIM
NOKasaTeJeH.

CorsiacHO NOCTaBJIEHHBIX IieJiel Obljia onpejie/ieHa BA3KOCTb pPacTBOPOB KpaxmaJia pas-
HOW KOHLieHTpauuu. Ha pucyHke 3 npuBezeHbl pe3y/bTaTbl MCCIeL0BAaHUS 3aBUCHMOCTHU
M3MeHEeHHUs] OTHOCUTEJNIbHOUN BA3KOCTH KpaxMaJsIbHbIX paCTBOPOB OT €r0 KOHLLEHTPAL UK.

Kak BMAHO M3 pUCYHKa, BA3KOCTb KpaxMaJa BO3pacTaeT C yBeJMYEeHWEM KOHLLEeHTPALUH,
O/IHAKO IpU CPaBHEHHUU MOKHO OTMETUTD, YTO BA3KOCTb KpaxMaJsia KaTpaHa 6blia HeCKOJIbKO
Bblllle TAKOBOTO KapTodesbHOro Kpaxmasa Ao 14 % B guana3oHe KoHUeHTpayui ot 0,5 r/ .
BsaskocTh KpaxMmasa, BblJeseHHOro u3 CBepOWry, ominyanach OT 0Opa3loB KpaxMmasa U3
kaptodessa u Katpana B cpeaHem Ha 7-10 %.
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PucyHok 3. Ucciiej0BaHue OTHOCUTEIbHOU BA3KOCTH KpaxMaJia,
rJle: 10 OCU a6CLMCC: KOHLIEHTPANMs KpaxMaJia, I'/JI; 0 0CU OpAUHAT: BA3KoCTb, 10-4 [1a*c

Ha ocHoOBe [aHHBIX OTHOCUTEJbHOM BA3KOCTH paCcCYMTaHbl IOKa3aTeJu yAeJbHOU U
NpYBEJEHHON BA3KOCTU JJig KaXKJoro obpasua. Ha ocHoBe pe3y/bTaTOB 3KCIepUMeHTa
BbIsIBJIEHbI 3HaY€HUs 0Ka3aTeslel XxapaKTeprUCTUYeCKON BA3KOCTHU 06pa3LoB. [/ Kpaxmasia
13 KopHel KaTpaHa ero 3HaueHue coctaBuJio 0,84 s1/r, asist 06pasuoB us CBepouru - 0,73 a1/,
TOTZa KakK B KOHTpoJie (kapTodenbHbli Kpaxmas) — 0,38 s1/r. XapakTepucThieckasi BA3KOCTb
IIOJIMMEPHOI0 PAaCTBOPA 3aBUCUT OT TUIIOB [IOJIMMEpPA U PaCTBOPUTEJISA M BO3PACTAeT C PpOCTOM
MOJIEKYJIIPHOM Macchl JIMHEWHBIX MaKpoMoJieKyJl. TakuM 06pa3oM, Ha OCHOBE MOJIy4YeHHbIX
JIaHHBIX MOXKHO IIPeZINI0JIOKHUTh, YTO KpaxmaJl, BblAesieHHbIN u3 KaTpana Koun umMeeT 60J1b111y10
MOJIEKYJIIPHYIO0 MacCy [0 CPaBHEHMIO C OCTaJIbHbIMU 06pa3LaMu U obJsazjaeT 60Jiee THOKOU
CTPYKTYpOM MoJieKys. MoJsiekyigpHas Macca KpaxMmasa u3 CBepOUId NpesoJIoKUTETbHO
TaK>Ke BbILIE, YeM Y KapTodesIbHOro KpaxmaJa.

O6cyxaeHue

Kpaxmasn - mosvMep, npucylmum [ BCeX BUJOB PAaCTEeHUM U MMeEET B L|€JIOM CXOXKHUe
cBorcTBa [25]. OfHAaKO 3epHa KpaxMaJ/la pas3/IMyalTcd MO0 CTPYKType, popMe U pa3Mmepy
y Pas3/IMYHbIX PacTeHUH, MO3TOMY MOpPQOJIOrUs, KPUCTAIJIMYHOCTb, U JApyrde KOHEYHble
byHKLMOHA/JbHble CBOMCTBA KpaxMaja 3aBUCAT OT OOTAaHWYECKHUX XapaKTepUCTHUK
MCTOYHHUKA U YCIOBUHM ero npouspactaHusa [26,27]. KpaxmMan - BaXHbIW NUILEBOW NPOAYKT
Y YHUBepCaJbHbIM 6MOMaTepHall, UCIOJIb3yeMbld BO BCEM MUpe [JIl pa3/IM4YHbIX LieJled BO
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MHOTHUX OTpac/JgaX NPOMBIIIJIEHHOCTH, BKJIIOYas NHULIEBYI0, MeJULMHCKYI0, TEKCTUJIbHYIO,
XMMHWYECKYI0 W MaUIMHOCTPOUTEJIbHYI. YHUBEPCAJBbHOCTb KpaxMasa B MPOMBILIJIEHHOM
IpMMEHEHUU BO MHOIOM olpefenseTca ero ¢QU3UKO-XUMHUYECKUMH CBOUCTBAMHU H
dyHkuMoHanbHOCThIO [28]. Kpaxman o6safjaeT cBOMCTBaMM 3aryCcTuTeJis, CTabuu3aTopa
U CTPYKTYpHUpYIOLIero areHTa. 3TO BeLIeCTBO CHOCOOHO MO3BOJIUTb CHU3UTh COJEpKaHHUe
»KUPOB, CBSA3bIBATH MEX/AY COO0M YaCTULbl CMeCeH, YAep>KUBAaTh apoOMaTUYeCKUe KOMIIOHEHTHI
Y peryJiMpoBaTh BJAAKHOCThb [29]. Bce aTo fesiaeT KpaxMaJsi OJHUM K3 CaMbIX YHUBEPCAIbHbIX
U JOCTYIHBIX WUHIPEAUEHTOB. JTOT yIJIEBOJ B MPOMBILLJIEHHBIX MacliTabax BbIJENSOT B
OCHOBHOM M3 KYKypy3bl, TAIMOKU (MaHUOKH ), NLIEHULb], KapTOodeJisi, caro, ropoxa, MapaHThI
v puca. /IBa HauboJiee pacnpoCcTpaHEeHHbIX UCTOYHMKA KpaxMasa — KykKypy3a (75% MupoBoro
npou3BoACcTBa) U Tanuoka (12%). B EBpone kpaxmaJ/ B OCHOBHOM MPOU3BOJAT U3 KYKYPY3bl,
NuIeHUIbl U KapTodensa. Kpome Toro, ropoxoBbli KpaxMmas NpousBoAAT komnaHuu Emsland
Group (I'epmanusi) u Roquette Freres (®panuus). OBcAHBIM Kpaxmasj TaKxkKe IIMPOKO
ucnosib3yetcs B ¢papMalleBTUUECKOW U KOCMETUYECKOW MPOMBILIJIEHHOCTH. PUHAAHAUA -
O/lHa M3 HEMHOTUX CTPaH B MUpe, NPOU3BOAALUX SYMeHHbIN KpaxmaJ. [30]. UccaepoBanus,
HanpaBJ/IeHHble Ha TOMCK aJIbTEPHATUBHBIX PECYPCOB [JIs1 KPaXMaJIONAaTOYHOTO ChIPbS, OUeHb
Ba)KHbI, TAK KaK IOTPeOHOCTb B JAHHOM NIOJIUMepe A0CTaTOYHO BbIcoKa [31,32]. B pa3inuHbIx
CTpaHaX MPOBOJSATCS UCCAEeJ0BAaHUS HETPAJUIMOHHBIX UCTOYHHUKOB ChIpbS, @ TaKXKe OLlEHKa
IPOAYKTOB U BTOPUYHOTO ChIpbs, MoJjydyeHHoro M3 HUXx [33]. K mpumepy, kpaxman wus
pactenus Achira (Canna edulis) npousBoautcsa B Konymbuu u BeHecyane, a Dua Naga, Ltd.
(MuaoHe3urs) nocTaBjsieT KpaxMaJsl U3 MECTHOT'O pacTeHHUs apaH/a. KpaxmaJs U3 KopHs jioToca
npousBoguTca Yangzhou Lianshun Food Co., Ltd. (Axuwxkoy, Kutait) . Kpaxman ns 60608 MyHr
MoxkHO npuob6pecty B Hengshui Fuqiao Starch Co., Ltd. (3uHcsnb, Kutait) [34].

Hamu wuccnefoBaHusi OblIM HampaBJjieHbl Ha OLEHKY CBOMCTB HAaTUBHOTO Kpaxmasa
M3 pacTeHUM ceMeMCTBa KalycTHble. B xoJe ucciefoBaHUSA BBISIBJIEHO, UTO KOJHWYECTBO
JlaHHOTO MoJiucaxapuzia B kopHax KaTpaHna u CBepOUru nprub6aM3UTENbHO ObLJIO CXOXKUM C €T0
coZlepkaHHeM B KapTodeuie.

KpaxManbHble TpaHy/Jibl COCTOST W3 pa3BeTBJEHHBIX [MOJUMEPOB aMUJIONEKTUHA
IpeuMyIeCTBEHHO JMHEWHOTO MOJMMepa aMUJI03bl. B GOJIBLIIMHCTBE CIy4aeB COJepKaHHUe
aMuyoneKkTHHa KoJiebsetcd oT 15-30 %, B HEKOTOPBIX COpPTax BOCKOBU/JHBIX 3€PHOBBIX
UX cojJiepkaHue MoxeT gocturath 6osiee yem 80 % [34, 35]. CooTHolleHUe AaHHBIX
MOJIEKYJl BJIMSIET Ha TaKWe CBOMCTBA, KaK BA3KOCTb, BOJOCBA3bIBAWOIAs CHOCOOHOCTb U
pacTBOpUMOCTb [36-37]. UcciefoBaHrEe COOTHOLIEHHW aMUJIONIEKTUHA U aMUJI03bl IOKa3aJlo,
YTO /10J1s1 aMUJIONIEKTUHOBOM $pakiuu npeobJafaeT Bo Bcex obpasyax kpaxmasa. OgHako
IpU CpaBHEHUMU MOXKHO CKasaTbh, uTO Kpaxman u3 Karpana Kouu copepxkan 6osibliee
KOJIMYECTBO aMMWJIONEKTHHA N0 CPaBHEHUIO C KpaxMasoM U3 CBepburu u kaptodess.
B cBow oyepenb, B CBepbure oTrMedyeHO 0o0Jiblliee HaKOMJIeHHE aMU03bl. [losyyeHHble
pe3ysibTaTbl MOTYT OOBbSCHUTH OOJIBLUIYI0 PAaCTBOPUMOCTb Kpaxmasa u3 CBepOUrH, Tak Kak
IpU MOBBIIIEHUM TEMIEpPAaTypbl aMUI03a YaCTUYHO AUPPYHAUpPYyeT U3 aMOpPPHOM 4YaCTH
3epeH U MepexoAuT B pacTBOP, a aMUJIONEKTUH OCTAeTCS B HEPAaCTBOPEHHOM COCTOSIHUM
[24,38]. BaarocssisbiBaroliasi CiocCO6HOCTb KpaxMasia u3 KaTpaHa 6bl/1a HECKOJIBKO BbIIIIE, YEM
y KpaxMaJia u3 KopHei CBepOUru U KapTodessi, Npeno0KUTE/TbHO BCIeCTBUE 6O0JIbILETO
coZlepKaHHWs aMUJIONIEKTHUHA, KOTOPbIM IPU HarpeBaHUHU HabyxaeT U 006pa3yeT KJIeUcTep.
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Bs3KOCTb pacTBOPOB KpaxMasia TaKKe fIBJISeTCS ero QyHKIIMOHAIbHON XapaKTepUCTUKOM
Y NI03BOJIAET NpeJiBApUTEJIbHO CAe/1aTh NpeJINoJoKeHre 0 TOM, Kak cebs MoBeJeT TOT UJIU
MHOU BH/1 KpaxMaJia B TEXHOJIOTUYECKOM IPOLiecce U B COCTaBe KOHEUYHOT0 NPOAYyKTa. BA3kocThb
pacTBOpOB NoOJIMMepa BO MHOI'OM OIpeJesisieTcs ero MoJieKyaspHon maccou [39]. CornacHo
NOJIyYeHHbIM pe3y/ibTaTaM, XapaKTep KpPUBOW HU3MeHeHHUs BS3KOCTH PacTBOPOB KpaxmaJa,
IOJIYYEHHOI'0 U3 UCCJIe[lyeMbIX PaCTEHUH, ObLJI CX0X C KapTodeJbHBIM KpaxMasoM. OHaKo
06pa3s1bl U3 HETPAAULMOHHbBIX KPaXMaJIOHOCOB 06.J1a/1a/14 60J1b1lIel BA3KOCTbIO 10 CPABHEHHUIO
C KOHTpoJIeM. Pac4éTel xapaKTeprUCTUYeCKON BA3KOCTH JAl0T OCHOBAHUeE MPEAII0I0XKUTh, UTO
MOJIeKYJISIpHBIM Bec KpaxMaJsia U3 KaTpaHa Bbllle, 4eM y o6pasna u3 CBepouru u kaptodeJs.
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Ko4yu KaTbipaHbl 2k9He IlIbIFbIc Malipake6ici TaMbIp/IapblHAH aJILIHFAaH
KpaxMaJIJbIH KaCUeTTepiH 3epTTey

Angarna. Makasia emkamaH 63eKTiIriH KOFaJTHANTBIH TaMak, JKoHe KaWTa eHJey eHepKacibi
YLIiH IIMKI3aTThIH A9CTYpPJIi eMec Ko3/lepiH i3[eCTipy KoHe 3epTTey MaceJeCiH Ko3Fauabl. OcimaikTep
ajlaM YUIiH apTypJii MaTepualJap/blH, A9pPi-A9pMEKTEePAiH *oHe TaFaMHbIH oMb6e6an Ke3i 60JibIn
Tabbu1aJbl. Kpaxmas -a3bIK-TYJIiK KoHe eHJey eHepKacibi yIIiH Ae, KanTamMa MaTepUasblH 6HAIpY
YUIiH /e KYH/bLJIBIFbI )KOFapbl KEH TapaJsiFaH eciM/lik 6uonoarMMepJepidiy 6ipi. OciMaikTep/iiy 6apJibIK
TYpJiepi KpaxMaJsl CHHTe3/el ajla/ibl, 6ipak o0/1apAblH apacblH/ia KpaxMaJslJibl 601 bIHA alTYJIbl MeJILLIEepe
KUHAUTBIH TYpJiepAiH MaHbI3bl 30p. KpaxmanblH eH TaHbIMaJ Ke3Jepi - KapToll, A9H/AI JaKpLijap,
TPOINUK eJifiep/ie MaHUOK eciMAiri 60JiblN TabbLIaAbl. OPTYPJli eciMIiKTepAeH ajJblHFAaH KpaxMaJl/JiblH
KacHeTTepi apTypJii 60/FaHABIKTAH 0J1ap/ibl KOJAAHY asichl 6ip/ieil 60/1Maybl MYMKiH. KbIpbIKKabaTTap
TYKbIM/IAChIHA KATATbIH TYpJiep TYP ¢popMasapblHbIH X9He Tapa/ly allMaFbIHbIH ajJyaH TypJiJirine
epekiieneHeai. bys TykbIMJacKa KapacThbl 6ipa3 eciMAaik TypJepi MafieHU AAKbl1 peTiHAe eHrisiiimn
’KOHe TaFaMJbIK IIHUKi3aT ecebGiH/le KeHiHEH KOJIAaHbLIAJbl, a1 6ACKA dJIeyeTi »KOFaphbl KeITereH
TYpPJEPAiH TaFaM/bIK *KoHe OHOJIOTUSJIBIK KYH/bIIBIFBI 9J1i KyHre JediH TOJIbIK 3epTTesMereH. by
MaKaJiaZia I9CTypJii eMec eCiM/iK MIKMKi3aThIiHAH — KbIpbIKKA6aTTap TYKbIM/IAChIHBIH, 6Kiepi 60JIbII
TabbL1aThblH Kouu KaTbipaHbl MeH llbiFbic Malpakebici eciMaikTepiHiH TaMblpJapblHaH 6eJiiHin
QJIbIHFAH KpaxMaJi/iblH KaCUeTTepiH 3epTTey HOTIKeJepi KapacCThIPbLIFAaH. 3epTTey/ep 6apbIChIHAA
Kouu KaTbIpaHbl x9He IlIbIFbIc Maiipakebici eciMIikTepiHiH TaMbIpJjapbl 60WbIHJA KpaxMaJiJIbIH
eldyip MeJllepiHiH, >KUHAKTaJaTbIHbl >KoHe MeJllepi j»XaFblHAH KapTONTKA *KaKblHAAHWTbIHbI
aHbIKTaAbl. Kpaxman KaTblpaH MeH MalpakebicTiH TaMblpJapbliH[a }KUHAKTaIa/ibl, JEMEK aTaysbl
IIMKi3aTThl 6HJAEY TEXHOJOTHACHI MAHMOK TaMbIPbIHAH KpaxMaJl ajly TEXHOJIOTUSIChIHA YKCAC GOJIYbI
MYMKiH. KaTblpaH MeH Malipakebic TaMbIpJlapblHaH ajJbIHFAH KpaxMaJibl 3epTTey 6apbIChIH/Ia OHbIH
TEXHOJIOTHSLJIBIK, OPraHOJIENNTUKAJIBIK CUTIaTTaMaJsIapbl, COHJIal-aK pU3NKa-XUMUSJIBIK KOpCeTKilTepi
OGOMbIHIIA KapTON KpaxXMaJiblHAH KeM TYCHeWTiHi aHbIKTa/AAbl, 6yJ1 OHBbIH TaMakK eHepKacibiHe
KOJIJaHy¥a )apaM/Jbl eTe/i.

Ty#iH ce3aep: A2CTYp/leH ThIC IIUKI3aT, KpaxMaJl, TYTKbIPJIbIK, KpaXMaJi/[blH epirintiri
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Study of starch properties from Crambe kotchiana and Bunias orientalis roots

Abstract. This article touches upon the problem of searching and researching of non-traditional
sources of raw materials for food and processing industry, which never loses its urgency. Plants are
a universal source of various materials, medicines and food for humans. Starch is one of the most
widespread plant biopolymers, which is of value both for the food and processing industries and for the
production of packaging material. Starch is synthesized by almost all plant species, but there are species
that accumulate it in significant quantities among them. The most famous sources of starch are crops
such as potatoes, cereals, and cassava in tropical lands. Properties of the starch obtained from different
plants may be somewhat different, so the scope of their application may also be different. The Cabbage
family is characterized by a great diversity of species forms and the range of distribution. Some species
of this family have been introduced into culture and are widely used as food raw materials, while most
species have high potential and still remain poorly studied for their nutritional and biological value.
This article is devoted to the study of the properties of starch isolated from a non-traditional plant raw
material - from the roots of plants Crambe kotchiana and Bunias orientalis, which are representatives
of the Cabbage family. As studies have shown, plants are able to accumulate a significant amount of
starch in the roots and their content is almost similar to potatoes. Due to the fact that the organ of
starch accumulation in Crambe kotchiana and Bunias orientalis are roots, the technology of processing
can be similar to the technology of obtaining starches from the cassava roots. During the research of
isolated starch from Crambe kotchiana and Bunias orientalis roots it has been revealed that with respect
to technological, organoleptic characteristics as well as physical and chemical properties this species is
not inferior to potato starch which makes it suitable for use in food industry

Keywords: unconventional raw materials, starch, viscosity, starch solubility
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Pe3ynbTaThl CpaBHUTE/IbHBIX aHATOMHYECKHX MCC/IeJ0BaHUI BU/0OB
poaa Suaeda Forssk. ex J.F. Gmel. apuaabix peruoHos KazaxcraHna
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AHHOTanus. B craTbe NPUBOASATCA pe3y/abTATbl HCCA€OBAaHUS AHATOMH-
YeCKUX CTPYKTYp BUZAOB poja Suaeda Forssk. ex ].F. Gmel,, npouspacraroumux B
apuaHbix 30Hax Kasaxcrana. PaccmaTpuBaloTcsi aHaTOMUYeCKHEe OCOGEHHOCTHU
CTPOEHMUS JIUCThEB U CTeOJIel ciaeAyrouMx BUAOB: Suaeda altissima (L.) Pall, S.
acuminata (C.A. Mey.) Moq., S. linifolia Pall., S. physophora Pall. u S. microphylla Pall.
AHaTOMHYECKOe CTPOEHUE JIUCThEB CYKKYJIEHTHBIX PACTEHUH, B YaCTHOCTH, CBE/
(Suaeda), 3Ha4YNTENBHO OTJINYAETCA OT CTPOEHUS HECYKKYJIeHTOB. Pe3ynbTaThl U3-
y4yeHHs] aHaTOMHUYECKOTO CTPOEHHUS JIUCTbEB NePeYUCIeHHbIX BU/IOB CBU/IETEb-
CTBYIOT, UTO, KaK ¥ 60JIIIMHCTBO NpeCcTaBUTe el posa Suaeda, OHU OTHOCSTCA K
TUIY casb3uHa (Salsina-type). [Ipy onMcaHuM aHATOMUYECKUX CPE30B ObLIU MPO-
BeJleHbl 6MoOMeTpUUuecKue uccaefoBaHus. CYKKyJeHTHbIA XapaKTep rajoQUTHBIX
npejicTaBuTesIed poJia 06yCJ0BJIEH UX CIOCOOHOCTBIO HAaKalJIMBAaTh BOAY B BU/JE
COKa B Ha/I3eMHOM YaCTHU BO BpeMsl Ce30Ha JI0XK/Jel. ITO M03BOJISIET UM JOBOJIbHO
JJINTeJIbHOE BpeMsl 00X0AUThCsA 6€3 NOCTYIJIeHUs BJaru u3BHe. Byara Hakaniu-
BaeTCs NPeUMyLeCTBEHHO B CTe6JISAX U/ B JIUCThSIX. B mepBoM ciydae pacTeHus
Ha3bIBAIOTCA CTe6JIEBBIMH, @ BO BTOPOM JIMCTOBBIMH CYKKYJIEHTaMU. XapakKTep-
HbIM IIPM3HAKOM aHATOMMWYECKOTO CTPOEHHUS JIMCTA U3ydyaeMbIX BUJOB fABJSAETCSA
pacroJiokeHre najucazHoro Me3odpusiia noj NOKPOBHOM TKaHbIO, KJIETKU KOTO-
poro UMerT NPOAO0JIroBaTyr0 popMy. AKTyaJIbHOCTb M3y4eHHUs poja Suaeda 06-
yCJIOBJIEHA MPUHA/IJIEXKHOCTBIO UX K TPYyIe BAXKHBIX raJloPUTHBIX KOMIIOHEHTOB
dJiopbl Kak MYCTbIHHBIX, TAK U CTENHbIX perioHoB. Cpeju HUX UMEIOTCH JieKap-
ctBeHHbIe (Suaeda microphylla Pall.), kopmossie (S. altissima (L.) Pall.) pacteHus.
Buggr S. linifolia, S. acuminata ;0BoJIbHO 4aCTO COPHUYAIOT U MOTYT ObITh MHUKA-
TOpaMHU aHTPONOTE€HHBIX HAPYLIEHUH.

KiwoueBble cjioBa: aHaToMus, JHUCT, crebenb, Suaeda, Chenopodiaceae,
Suaedoideae

Ilosyyeno: 02.04.2024. PeunensupoBanue: 09.12.2024. IIpunaro: 11.12.2024. [locTymHO OHJIAWH:
20.12.2024.
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Pesyrvmamul cpastumervtvix anamomuveckux uccaedosaruii 6udos poda Suaeda Forssk. ex J.F.Gmel.
apudrolx pezuoros Kasaxcmana

BBeaeHue

[IpeacraBuTenu poga Suaeda Forssk. ex ].F. Gmel. cemeiictBa Chenopodiaceae Vent. (Amaran-
thaceae Juss.) pacnpocTpaHeHbl o Bced CpeHell A3MM M BCTpedarOTCs, KaK NMpaBWJIO, B
IPHUMOPCKUX rasioPpUTHBIX coobuiecTBax. 3 40 cpegHea3uaTCcKux NpejcTaBuTeseil poja [1-
10] Bo dsope Kazaxcrana HacuuTbiBaeTcsd 18 BuoB, 15 (83%) U3 KOTOpPbIX BCTpeyarTCs B
Apasio-banxanickoM pervoxe.

AHaToOMHYecKoe CTpOeHUe JIMCTbeB CYKKYJIEHTHBIX PaCTEHUH, B YaCTHOCTH, cBeJ (Suaeda),
3HAYUTEJbHO OTJIMYAETCS OT CTPOEHHUS JIMCTA BU/IOB, HE OTHOCALIMXCS K 3TOM 3KOJI0TUYeCKOU
rpymnme. AHaTOMUYECKOe CTPOeHHe JIMCTbeB CYKKYJEeHTHBIX PacTeHHWU, B 4aCTHOCTH, CBeJ
(Suaeda), 3Ha4MTENBHO OTJIMYAETCA OT CTPOEHUS] HECYKKYJIEHTOB. /l/Is1 HUX XapakTepHa: ocobas
COYHOCTb (CYKKYJIEHTHOCTB); MSICUCTOCTb; IMOBBbILIEHHAsA NpPO3padyHOCTb. PopMa JIUCTbeB
TaKUX pPacCTEHUH OOBIYHO LIMJIMHJpPUYECKas. ITO CBA3AHO OTYACTH C OOUJIMEM KJIETOYHOTO
COKa U 6eJHOCTBIO XJIOPOPHUJIJIOM, OTYACTH C HE3HAYUTEJIbHOCThIO Pa3MePOB MeXKKJIETOYHbIX
IPOCTPAHCTB [2-6].

TosuHa MCTBEB 00YC/IaBANBAETCA NPEUMYLECTBEHHO YBeJMYeHUEM pa3MepOB KJIETOK
Me30(duJIa, KOTOpbIE AeJal0TCs KPYIHbIMH, OKPYIJIBIMU. B OTAE/bHBIX C/IyyasiX BHYTPEHHHUE
KJIETKH B pe3yJsibTaTe 00eJHeHNUS XJI0POPUJIJIOM CTAHOBATCA OY€Hb CBETJIBIMHU U BBINIOJHAIOT
GYHKI M0 BOJOHOCHOM TKaHM, OKPY>XeHHOW NaJMCaJHbIMH KJeTKaMu (Hanpumep Suaeda
linifolia). Tlpu 3TOM manvcazHas TKaHb JOCTHUrAaeT 3HAYMTEJbHOIro pa3BUTUA. OTAesbHbIE
KJIETKH ee YAJMHAKTCA U YaCTO NPOUCXOAUT UX NONepeyHoe JesleHUe.

Y o4eHb MHOT'HMX BH/IOB CBe/J] Ha I0BEPXHOCTH 3MUAEpMUCA IPUCYTCTBYET BOCKOBOU HaJIeT,
KOTOPbIN NpUJaeT UM rolyboBaThIi, TYCK/bIN 1BeT [7-8].

MaTepHaJIbI U MeTOoAbl UCC/IEA0OBAHUA

O6'beKTOM HCCIeI0BaHUS ABJSAOTCA BBl poja Suaeda apujHbIX peruoHoB KasaxcTaHa.
MaTepuasibl JJisi aHATOMHUYECKOTro cpe3a obpabaThiBasivch B 45% cnupTte. Juisi dukcanuu
06beKTa ObIJ1 UCIIOJIb30BAaH T'UCTOJIOTUYECKUN MapaduH B crenyanibHbIX $opMax pa3MepoM
15x15 M. [lomepeyHble cpe3bl 06pa3l0B MPOU3BOAUJIKUCH C MOMOIIbI «PoTanuoHHOTO
nosyaBToMaTuyeckoro Mukporoma» (MEDITE M530). ToswmuHa momnepeyHoOro cpesa
coctaBusa 40 MkM. [IpocMOTp momepevyHbIX CPe30B OCYILECTBJSJICA C HCIOJb30BAaHUEM
Mukpockona Levenhuk Zoom&Joy (Kutaii). CHUMKY nonepeyHbIX Cpe30B ObIIM BbINOJJIHEHBI
kamepod Levenhuk D740T 5.1 c momompio nporpammbl LevenhukLite. BuomeTrpuueckue
JlaHHble ObLJIM MOJIyYeHbl TaKXe C MCI0JIb30BaHWEM JlaHHOM nporpaMMmbl. CpesHee 4YUC/IO
M CTaHJapTHas OIIMOKAa OMOMETPUYECKUX [AaHHBIX BBIYUC/ISJIMCH C MoMolubio Microsoft
Excel ¢ ucnosb3oBaHWeM (QYHKLMMA aHa/lIu3 JaHHbIX. [Ipy omMcaHMM aHATOMHUYECKOU
CTPYKTYPhI UCCJIelyeMbIX 00Pa3L0B YUUTHIBAIMCh COBPEMEHHbIe aHATOMUYECKHEe OMUCAHUS
6/IM3KOPO/CTBEHHBIX BU0B [10-21].
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PeBy_]IbTaTI)I 1 UX OGCY)K,Z[GHI/IG

Jl/1s1 n1poBeileHUsl CPAaBHUTEJIbHOI0 aHATOMUUYECKOT0 aHa/IM3a ObLJIY BbIOpaHbI NAATh BU/0B
poaa Suaeda: S. altissima, S. acuminata, S. linifolia, S. physophora v S. microphylla. lna Suaeda
altissima 6blL1 clle/laH aHAaTOMUYECKUN cpe3 CTebJis, a JJisl OCTaJbHBIX YeTblpex BUJOB —
aHAaTOMHUYeCKHe cpe3bl CTe0JIs1 U JIUCThEB.

CnefyeT OTMETHTb, UTO paccMaTpUBaeMble BUJbI poja Sudeda OTHOCATCS K pPa3HbIM
cekuusM: S. altissima, S. linifolia, S. microphylla BXofaT B cocTaB cekjuu Schanginia, S. acuminata
- B cekuuwo Conosperma, a S. physophora - B cexkuuto Physophora. Pon Suaeda (cemeiicTBO
Chenopodiaceae, nopcemelcTBO Suaedoideae) WMeeT HECKOJbKHX CTPYKTYpPHBIX THIIOB
AHATOMMHU JIUCTA, B KAX/JIOM U3 KOTOPBIX NPUCYTCTBYIOT KpaHl-kjeTku. OCHOBHOE OT/IMYUE
Pa3HBIX TUIOB 3aKJIIOYAETCS B HAJIMYUHU UJIM OTCYTCTBUH TMIIOAEPMbI U JPYTUX CTPYKTYPHBIX
eIMHUL] (BOAOHOCHOM TKaHU, KYTHKy/bl). Hanmpumep, aHaToOMHYecKass CTPYKTypa JIKUCTa
S. linifolia v S. physophora Bxto4aeT: anuziepMuc (E), HECKOIBKO C/10€B NaIMCaIHON Me3EHXUMbI
(M) u cocyauctyio TkaHb (VB). A S. acuminata umeeT runozepmy (H), mokpriBawIy KpaHIij
kiaetok (Kc), koTopass okpy:KaeT COCYAMCTble MYyYKHU LEHTPaJbHOTO LUJAHHJApA. JlucT S.
microphylla nmeeT nog MeseHxuMoi (M) cs10¥ BojoHOCHBIX KjaeTok (Wc), 06yciaBaMBaOLUX
Kpyriyto GopMy JIUCTA.

B npouecce u3yyeHust OTMeYeHO, YTO cTebesb S. altissima Ha monepe4yHOM cpe3e MMeeT
okpyryto opmy. KiieTKH anriiepMaibHOTO CJ1051 OKPYTJI0-0BaJIbHOM POPMBI U OTHOCUTEBHO
MeJIKMe pacrnoJiaraloTcs B 1 psj. 3a HUM B LIeHTPOCTPEMHUTENbHOM HalpaBJeHUU PacCloJIOXKeH
koptekc (Cx) - HapyxHas 30Ha cTebss1, cPopMHUpOBaHHAsA NepUPEePUNHONW YaCThIO
BepxylleyHoll MepucteMbl. [lanee ciepyeT sHfofepma (En) - BHyTpeHHUH OAHOPSAAHBIN
CJION MJIOTHO COMKHYTBIX MapeHXHMHBbIX KJeTOK. Ee KJeTKM HMeWT MNpoJoJiroBaTo-
oBasibHY10 popmy. [loJ HUMHU pacnoJioKeHbl COCYAUCTbIE MYYKH, IpeCTaBJeHHble KCUIEMOH,
OKpyX€HHbIe (Ji03MOoN. K/IeTKH LeHTPaJbHOr0 LUJIWHAPA PbIXJble, UX TKaHb COCTOUT W3
KPYIHbIX BaKyOJU3WPOBAaHHbIX U BOJOHOCHBIX KJIETOK (TabJ. 1).

B mpouecce u3y4eHuss OTMeYeHO, YTO cTebesb S. altissima Ha monepeyHOM cpe3e UMeeT
okpyrayto ¢opmy. KneTku anuiepMabHOTO CJ10s1 OKPYIVIO-OBaJIbHOM GOPMbI U OTHOCUTEJIBHO
MeJIKWe pacrnoJaratloTcs B 1 psifi. 32 HUM B IIEHTPOCTPEMUTELHOM HalpaBJIeHUH PacloJIOKeH
kopTekc (Cx) — Hapy:Hasi 30Ha cTebJss, copMUpOBaHHAas NepuPepUNHON YaCTbIO BepXY-
me4yHou MepucteMsbl. [lanee caenyet sangozepma (En) - BHyTpeHHUN OA4HOPSAHBIN CJIOU
IJIOTHO COMKHYTBIX MapeHXUMHBIX KJeTOK. Ee KJeTKUM HMeWT MNpOoA0JIroBaTO-OBaJbHYIO
dopmy. [log HUMU pacIoJioKeHbl COCYAUCTbIE MYYKH, IPeJCTaBJIeHHbIE KCUJIEMOU, OKPYKEHbIE
¢dsioamoi. K/leTKM LEeHTpasibHOTO IUJMHJPA PhIXJble, UX TKaHb COCTOUT W3 KPYMHbIX
BaKyOJIM3UPOBAHHbBIX U BOJLIOHOCHBIX KJIETOK.

S. linifolia Tak e, Kak W NpeAbIAYLUNA BHUJl, OTHOCMMasl K CeKIMU Schanginia, uMeeT
aHAJIOTUYHOEe aHATOMUYECKOe CTpoeHHe cTebsis. [lomepeyHbId cpe3 JIMCTA MOKas3as, 4YTO
IpO/I0JITOBAaTO-0BaJIbHble KJIETKU €ro 3MUJepMbl, OTHOCHUTEJbHO 0OoJiee KpyNHbIE, YeM Y
JIpyTUX CpaBHUBaeMbIX BH/IOB, pacroJiaraoTcsd B 1 psJi. 3a Hell mpeAcTaBJieH MaMCcaJ[HbIN
Me3zodus (PM), mocjie KOTOPOTo cjaeAyeT CJ0M BOJAOHOCHBIX KJeToK (WCc), oKpy:Karlero
npoBozAux nydku (VB).
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Ta6suna 1
AHaTOMHYECKOE CTPOEHHE C/I0eB TKaHEH JIUCThEB U CTe6Jis BUAOB poja Suaeda

Cexuus Schanginia

v..".

T

.
-

dp L0 &

iWm,
.‘

[Tonepe4HsIH cpe3 JIMCTA U CXeMa PACIIOI0KEHUS
KJ1eToK Suaeda linifolia

Honepequlﬁ Cpe3 JIMCTA U CXeMa PACIlIOJIOKEHHUA

[TonepeuHslit cpe3 cTebs Suaeda microphylla
KJIeTOK Suaeda microphylla
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Cexkyus Conosperma

[TonepeyHbIi cpe3 JIMCTa U CXeMa PacooKeHUs [TonepeyHbl#t cpe3 cTebs Suaeda acuminata
KJIeTOK Suaeda acuminata

Cexuus Physophora

Cx Sc Ka Ph X

[TonepeyHbIN Cpe3 JIMCTA U CXeMa PACIIOJIOKEHUS [TonepeyHbllt cpe3 cTebsis Suaeda physophora
KJIeTOK Suaeda physophora

0O603Hauenue: E - snugepma; En - sngosepma; PM - manucagnbii mesodpusn; VB -
npoBogsaimue nyykd; H - runogepma; Wc - BogoHocHass TkaHb; K - kyTukyna; Cx - kopa
(kopTekc); Sc - ckaepeHxruMa; Kc - kpaHi kiaeTky; Ka - kosienxuma; Ph - duiosama; X - kcuiema;
Gt - oCHOBHAas TKaHb LEHTPAJbHOr0 UUJIMH/APA, COCTOAILLAA U3 U3MeJIbYeHHbIN KOJIJIEHXUMBI,
CKJIEPEHXHMBbI U IApEHXHMBI.

AHaJsiorM4HOe CTpOeHMe JIUCTA HabJoAaeTcs y S. microphylla, KJ1eTKYU 3MUieEPMbl KOTOPOTO
TaKXe MPOoJ0JIr0BaTO-0Ba/IbHOM (GOPMBI, KPYTIHbIX pa3MepoB (kak y S. linifolia), pacno/ioykeHHbIX
B 1 psaa. 3a anujepMalbHBIM CJ10eM cjaeAyeT najavcajHblii mMe3odunn (PM) c 6Gosee
IPO/I0JIrOBAaTbIMY, YeM Y OCTAJIbHbIX BU/IOB, KJIETKaMH, U OJUH CJIOM IJIOTHO PacloIO)KeHHOI0
KkpaH1-kaeTok (Kc). OTanuus B crpoeHuu iMcta S. microphylla 3ak/to4aeTcs: B paco10XKeHUH
npoBojsAuX ny4koB (VB) B BUJe 4eTKOro noJiykoJibla. lleHTpasibHbIi LUJIMHAP COCTOUT U3
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BOZJOHOCHBIX KJIETOK, PacloJIOKEHHBIX 10 06e CTOPOHBI OT NPOBOASAIIUX COCYA0B MOJYyKOJIbLA.
B nonepeyHoM cpese cTe6J151 3TOr0 BUA XOPOIIO BhIPAXKEH CJIOM CKJIEPEHXUMbI, OKPYKaO LU
NPOBOJASAIIME COCYAbI U LIEHTPA/IbHYI0 NAPEHXUMY. Y KYCTAPHUKOBOTO BU/13, KOTOPBIM SIBJISIETCS
S. microphylla, cknepeHXUMa BBINIOJIHSET POJIb CTe6JIeBOr0 Kapkaca. KpoMe Toro, anuaepMuc
cTebJis1 HeCeT MHOT'OKJIETOUHbIE BOJIOCKH.

OCHOBHO€ OTJIMYME CTPOEHHS] CPABHUTEJIbHO MJIOCKUX JIMCTbEB S. acuminata oT APYyrux
M3y4aeMbIX BUJIOB COCTOUT B XOPOIIO BbIPAXKEHHOM cJioe Tunojepmsbl (H), pacnosioxxeHHOM
noz snugepmoii (E). lanee cieayroT: nanucaaHbiii Me3odusi (PM) u ciioit kpaHi kjaeTok (Kc),
OKpy:Karoiui npoBofsiue nydku (VB). B ctpoenuu cTebis cieayetT o6paTUTh BHUMaHHKE HA
KOPTEKC, KJIETKH KOTOPOTo y S. acuminata CpaBHUTEJILHO 60JIbIIHE U COCTABJISIOT HECKOJIBKO
ps/I0B.

Bug S. physophora (cexkuus Physophora) numeeT aHanoruuynymo S. linifolia cTpyKTypy cTpoe-
HUS JrcTa. OTJIMYKMe COCTOWUT B HAJMYMHU Y pacCMaTPHUBAEMOro BUJA OHOPS/IHbIX BBITSHYThIX
BJIOJIb anujiepMuca kiaeTok KyTUKy bl (K). KapkacHyio ¢yHKIMIO B cTebJie 3TOTO BH/A, KaK U
y APYrUX KYCTapHUKOB 3TOTO PO/Ia, BBIMOJIHSIOT CJIOH CKJIEPEHXUMbI (SC) U HECKOJIBKO PSIZ0B
KJIeTOK KoJl1ieHXUMbI (Ko).

Ta6smmna 2
BuoMeTpHUYecKHe AaHHbIE C/I0EB TKaHel cTe6/1A BUAOB poja Suaeda
Bubl E Cx Sc Ka En Ph X Gt
Suaeda 24,4 65,3 - - 21,84 33,7 17,7 267,3
altissima +0,7 +3,8 +2,3 +2,8 +1,2 +7,3
Suaeda 19,6 120,3 - - - 55,6 22,3 290,8
linifolia +09 +6,67 +4,2 +1,9 +7,3
Suaeda 11,8 55,2 47,9 - 10,8 26,8 18,6 202,3
microphylla +0,5 +2,7 +2,5 +0,4 +1,7 +0,8 +5,7
Suaeda 17,7 214,1 - - 20,1 22,6 10,4 431,5
acuminata +1,5 +2,4 +1,5 +1,3 +0,64 +8,6
Suaeda 32,8 120,3 43,5 41,5 - 33,8 9,1 92,3
physophora +2,1 +49 +2,6 +1,5 +3,1 +0,8 +3,3

rae: E - anunepma; En - angosepma; PM - nanucaaneiit Mesodust; VB - mpoBoasiue Myyuky;
H - runogepma; Wc - BogoHocHasd TKaHb; K - kyTukyma; CX - mepBudYHas kKopa (KOpTeEKC);
Sc - cknepenxuma; Ke-kpann kietky; Ka - kosienxruma; Ph - duioama; X - kcuieMa; Gt - ocHOBHasi TKaHb
LeHTPaJIbHOTO [UJIMHAPA, COCTOSAIAs U3 U3MeJIbYeHHbIN KOJIJIEHXUMbI, CKJI€PEHXUMbI U TAPEHXHUMBI.

[Ipy onmvcaHUM aHATOMMUYECKUX CPe30B JIMCTbEB U CTebJsiel ObLIM NMPOBeJEeHbl GHOMET-
pUYecKHe Uccae0BaHuA. U3 aHHbBIX TabJIMIbI 2 C/IelyeT, YTO pa3Mephl aUJepMuca cTebieit
M3y4aeMbIX BUJIOB MOTYT BapbupoBaTh OT 11,8 MKkM 10 32,8 MKM, B TO BpeMs KaK CJ101 KJIeTOK
LeHTPaJbHOTO LWJMHApPA MoxeT aocturath A0 431,5+8,6 mkm (Suaeda acuminata). Ectb
pas/vyuA U B pa3Mepax KJIETOK NMPOBOAALIMX NMy4YKOB. Tak, Hanpumep, cpelHeCTaTUCTUYECKU N
pasmep kJjeTok ¢uoaMbl Suaeda linifolia coctaBasieT 55,6%4,2 MKM, a KJIETOK KCHUJIEMbI
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22,3+1,9 MKM. B cTpoeHUHU CTeOJIsT MHOTOJIETHUX CBEJl UMEETCs CJIOU CKJepeHXUMbl (Suaeda
microphylla u S. physophora) v xonnenxumsl (S. physophora), KaxAblii U3 KOTOPbIX MOXET
JocTuraTb pasMepa 47,9 MKM.

AHaToMHUYeCKOe CTPOeHUE JIMCThEB OTJMYAETCS OT CTPOEHUs CTebJsl, MpUuYeM pasMep
KJIETOYHbBIX CJI0€B 3aBHUCUT OT BbINOJIHAEMON QyHKUMU. Hanpumep, MakcUMa/ibHbIM pa3Mep
3aNUJepMuca — IOKPOBHOIO CJIOS], paCloJIOXKEHHOT'0 B OAUH PsJZl, MOXKET AOCTUraTh 36,6+1,2
MKM. KpaHI| KJeTKH MO0 CTPOEHUI0 M pa3Mepy O4YeHb CX0XKHU C KJEeTKaMHu 3MUJepMuca u
pocturatotT 59,3+2,5 MKM TOJILUHBL. PasMep npoBoAALUX NYYKOB (B 3aBUCUMOCTH OT MX
pacmnoJioKeHH!s1 B IMCTOBOU MJIACTUHKE U OT IPUPO/ibl ILCTA) MOKET BapbUpoBaTh oT 14,5%0,7
(Suaeda acuminata) pno 69,3+3,7 MM (Suaeda microphylla). 'vnofgepMa ¥ BOJOHOCHas
TKaHb OTBEYAIOT 3a HAKOIJIEHHE BO/bI B KJIETKE, I0O3TOMY pa3Mep UX CJA0eB 6O0Jiblle APYTUX
(H-138,4+7,3 MmkMm u WC - 187,3+12,2 mxM). [Ipy aHaTOMHUYECKOM HCC/IeIOBaHUU pojia Suaeda
OJlHOpSiIHAs KYTHUKYJIa, IOKPbIBAIOLlas 3NUAEPMUC, OTMeYeHa TOJIbKO y Suaeda physophora
KoTopas 06pasyeT ofuH psj (okoso 3,6+0,3 MKM liMprUHOM) (Tab. 3).

Ta6smna 3
BuoMmeTpHuuyeckKHe AaHHbIE C/I0E€B TKaHEH JIUCThEB BU/bI poja Suaeda
Buapbl K E PM Kc VB Wc H
Suaeda linifolia - 23,5 109,9 34,2 30,7 - -
+1,7 +5,6 +1,8 +2,5
Suaeda microphylla - 37,4 43,2 22,9 69,3 187,3 -
2,5 +1,5 +1,3 +3,7 +12,2
Suaeda acuminata - 36,6 71,1 17,4 14,5 - 138,4
1,2 +2,5 +0,9 +0,7 +7,3
Suaeda physophora 3,6 13,7 108,2 59,3 28,3 - -
+0,3 +0,6 +3,5 +2,5 +1,07

rae: E - anugepma; En - aggonepma; PM - manucagubiii Me3ooust; VB - npoBoasiuive nyuyku; H -
runozaepma; Wc - BogoHOCHadA TKaHb; K — KyTukysa; Kc-KpaHILl KJ1eTKy;

BbIBOABI

Pe3ysnbTaTbl M3yYyeHHs] aHAaTOMMUYECKOTO CTPOEHMsl JIUCTbEB BUJOB: Suaeda acuminata,
S. linifolia, S. physophora u S. microphylla cBUAETENbCTBYIOT, YTO, KaK U OOJIBLIMHCTBO
npejcraBuTesied pojAa Suaeda, OHM OTHOCATCA K THUNAM calb3uWHa (Salsina-type) wn
kopucnepmous (Corispermoid-type). TlepBblil M3 HUX XapaKTepU3yeTCs HaJUYUEM OJHOTO
psZia majucaZHoOW BOJOHOCHOM MapeHXHWMbl U KpaHL, KJIeTOK, a Takke neprudpepuyecKuMu
COCYAUCTBIMU NYy4YKaMH, pacloJIO)KeHHbIMU B ¢GopMe MOJIyKOJbLa B LieHTpe JjucTa. s
BTOPOTO THUIA XapaKTEpPHO HaJM4Me YacTOKOJIbHOM MapeHXUMbl MO0 06e CTOPOHBI JIMCTA
M BOJIOHOCHBIX KJETOK B CpeJHed 4yacTH. AHaTOMHUuecKas CTPYKTypa HEKOTOpbIX BH/OB
OTJIMYAEeTCSA OT TUIIMYHOTO CTPOEHHUS HaJIMYUEM TUNOJEPMBbI B JIMCThSX UJIH IPy3 MOJ CJI0EM
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INOKPOBHOM TKaHU. UMewTcs pa3/inuus CTpoeHUsl U Ha MOp(doJIoruiecKkoM YpoBHe (Haluyue
ILeTUHOK U [ip.). XapaKTepHbIM NPHU3HAKOM aHAaTOMHUYECKOI0 CTPOEHMUS JINCTA M3ydaeMbIX
BU/IOB SIBJISIETCS pACIOJIOXKeHUe NaJucaHOro Me30du/ia noj MOKpOBHOM TKaHbIO, KJIETKU
KOTOpPOT0 UMEIOT NPoAoaroBaTyto ¢opmMmy. OHM pacrnoJioxKeHbl IJIOTHO, KaK [IPAaBUJIO, B OJJUH,
MHOT/ZA B [1Ba pPA/ia, a 0/ HUMHU HAxOAATCA KpaHL, KJeTKU. KpynHble KJIeTKU LieHTPaJbHOI0
[IMJIMH/Ipa BOJOHOCHOW NapeHXUMbl UMET OKpyriyio ¢opMy. OTMeueHO, YTO BHYTPEHHHUE
KJIeTKH OoJiee GJieiHble U3-3a OTCYTCTBUA XJIOPOOUIL/IA UK HAJIMYUA ero B He3HAYUTEJTbHOM
KoJIn4ecTBe. AHAaTOMHUYeCKas CTPYKTypa CTe6J1d U3ydaeMbIX BUL0B cx0xa. OT/IMYMA UMEeI0TCs
TOJIBKO Yy MHOTOJIETHUX KYCTapHUKOB, KJIETKM CKJEPEHXHMbl U KOJIJIEHXUMbI KOTOPBIX
pacroJioKeHbl B HECKOJIBKO PAJOB.
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Ka3akcTaHHBIH eJ1i eHipepiHiH Suaeda Forssk. ex ]. F. Gmel. TyKbIMaac TypJiepiHiH,
CaJIBICTBIPMaJibl aHATOMHUAJIBIK, KYPBL/IBICBIH 3€PTTEY HITIKeJ1epi

Anpgarna. Makanaga KaszakcTaHHBIH KypFaKaliMaKTapbiHaaeceTiH Suaeda Forsskex].F.Gmel. Tybic
TYpJIepiHiH aHaTOMUAJIBIK KYpbLJIbIMJApbIH 3epTTey HOTHKeJepi KeaTipiireH. Keneci Typriepziy
»KanblpaKTapbl MeH cabaKTapbIHbIH KYPbLJIbIMbIHbIH aHATOMUSJIBIK epeKILeiKTepi KapacThIpblIabl:
Suaeda altissima (L.) Pall,, S. acuminata (C.A. Mey.) Moq., S. linifolia Pall., S. physophora Pall. xxane
S. microphylla Pall. llIbipbIHABI 6CIMIIKTEPAiH aNblpaKTAPbIHbIH aHATOMHUSJIBIK KYPbLJIBIMbI, aTall
alTKaH/Ja, WBIPbIHABI (Suaeda), WBIPBIHABI €MeC KYpbLIbIMBIHAH alTapJbIKTall epekiieseHen|.
Osiapra TOH: epeKlle IIbIPbIHABIIBIK; €TTi; KamblpaK >KacyllajJapblHAAFbl MeJJipJiKTiH
»KOFapbliaybl. MyHaall eciMAikTep/iy *kanblpak MilliHI 9/eTTe UUJUHAP TOpi3/i Keseni. ATaaraH
TYpJiePAiH KalblpaKTapblHbIH aHATOMHUSJIBIK KYPbIJIBIMbIH 3€PTTEy HOTHXKeJiepi Suaeda TYbICBIHbIH,
KeNTereH OKijZepi CUAKTBI, oJlap cajb3uHa (Salsina-type) TuliHe »KaTaTbIHABIFBIH KepCeTexi.
CabakTapAblH aHATOMHUSAJIBIK KYPbIJIbIMbI HAKTbI TYPJEPAiH TipLIijik popMackl MEH 3KOJOrUsCbIHA
GaisianbIicThl. [lasmucagTel Me30dWJUIAIH Kacyllasapbl y3blH MilIiHAI KaOblH TiHiHIH acThIHJA
OpHaJIacybl 3epTTeJIeTiH TypJIepAiH >KanblpaKTapblHbIH aHAaTOMUAJBIK KYpbLJIBICBIHBIH, CUIIATThI
6esrici 60s1bIn TabbLIaAbL KanblpaKTap MeH cabaKTap/blH aHAaTOMUSIJIBIK KeCiHAiepiH cunaTray
Ke3iHAe OUOMETpUsIBbIK 3epTTeysep Kyprisingi. TyblcTblH ranoduT ekinjepiHiH CYKKyJeHTTIK
CUIIaThl OJIapAblIH aHOBIP MaycbIMbl Ke3iHJe xep GeTiHzgeri GeJiriHae IWbIPbIH TYpiHAEri cynbl
’KHUHaAKTay KabijsieTiHe 6aiiaHbICThI. ByJ1 oylapFa y3akK yakbIT 60Hbl CBIPTTAH bIJIFa Tycled TypyFa
MYMKiHAiK 6epeni. blaran kebiHece cabakTapia HeMece KamblpaKTapZa WHajaaabl. Suaeda
TYKBbIMbIH 3epjieJieyAiH ©3eKTuIiri oJsiapAblH, ¢JiopaHbIH MaHbI3Abl TaJOPUTTIK KOMIOHEHTTepi
TOOBIHA, I6JI/Ii Ae, JaJaJbl 1a eHipJiepre XKaTaTbIH/bIFbIHA HerizAenreH. Onapably iminge aapiaik
(Suaeda microphylla Pall.), a3bIKTHIK (S. altissima (L.) Pall.) ecimaiktep 6ap. S. linifolia, S. acuminata
TYpJiepi kUi Ke3Jecesli )koHe aHTPOINOTeH/JiK OY3blay/1ap/blH, UHAUKATOPJ1apbl 60/1ybl MYMKIH.

Ty#iH ce3aep: anaToMus, Xalblpak, cabak, Suaeda, Chenopodiaceae, Suaedoideae
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Results of comparative anatomical studies species of the genus Suaeda Forssk.
ex J.F.Gmel. of arid regions of Kazakhstan

Abstract. The article presents the results of the study of anatomical structures of species of the genus
Suaeda Forssk. ex ].F. Gmel. growing in arid zones of Kazakhstan. Anatomical features of leaf and stem
structure of the following species are considered: Suaeda altissima (L.) Pall,, S. acuminata (C.A. Mey.)
Mogq,, S. linifolia Pall., S. physophora Pall. and S. microphylla Pall. The anatomical structure of leaves of
succulent plants, in particular Suaeda, differs significantly from that of non-succulents. The shape of
leaves of such plants is usually cylindrical. The results of studying the anatomical structure of leaves of
the listed species indicate that, like most representatives of the genus Suaeda, they belong to the Salsina-
type. Biometric studies were carried out while describing anatomical sections of leaves and stems. The
succulent nature of halophytic representatives of the genus is due to their ability to accumulate water
in the form of juice in the above-ground part during the rainy season. This allows them to do without
moisture from the outside for quite a long time. Moisture accumulates mainly in the stems or leaves. In
the first case, the plants are called stem plants, and in the second, leaf succulents.The relevance of the
study of the genus Suaeda is due to their belonging to the group of important halophytic components
of the flora of both desert and steppe regions. Among them there are medicinal (Suaeda microphylla
Pall.), fodder (S. altissima ( L.) Pall.) plants. Species S. linifolia, S. acuminata quite often weed and can be
indicators of anthropogenic disturbances.

Keywords: anatomy, leaf, stem, Suaeda, Chenopodiaceae, Suaedoideae
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Abstract. Small RNAs (sRNA) play an essential role in the epigenetic
modulation of the genome. They are implicated in numerous processes,
encompassing factors that mitigate both abiotic and biotic stressors. Notable
among these are heat shock proteins (HSP), enzymes involved in reactive oxygen
species (ROS) scavenging, and nuclear factor Y (NF-Y). Molecularly, sSRNAs are
characterized by sequences of approximately 21-23 nucleotides in length.
Based on contemporary understandings in plant science, numerous abiotic
constraints have the potential to curtail crop yield, growth, and reproductive
potential in plants. These constraints exert their deleterious effects by
undermining cellular homeostasis, perturbing ionic equilibrium, and impinging
upon essential physiological processes. However, evolution has endowed certain
plant species with the ability to adapt to elevated thermal conditions through
the nuanced regulation of genes and proteins, notably heat shock factors (HSF)
and HSP. While there has been an incremental growth in literature concerning
microRNA (miRNA) functionality in plants, the emergent targets of miRNA and
their intricate relationship with the HSF-HSP complex remain underexplored. In
this scholarly review, we delve into the thermal responses of HSF-HSP in both
Hordeum vulgare and Arabidopsis thaliana, emphasizing their regulation by
miRNA under conditions of heat stress.

Keywords: small RNAs (sRNA), heat shock proteins (HSP), microrna (miRNA),
abiotic stress, heat shock factors (HSF), gene regulation
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The role of small RNAs under abiotic stress in plants

Introduction

Small RNAs (sRNA) represent a specific subset of non-coding RNAs, typically spanning
21-24 nucleotides in length. They play a pivotal role in modulating gene expression through
two primary mechanisms: transcriptional gene silencing (TGS) and post-transcriptional gene
silencing (PTSG) [1-3]. The biogenesis of SRNA commences with the endonuclease action of
Dicer-like proteins (DCL) acting upon the helical regions of RNA precursors composed of an
array of molecular structures. Subsequent to this, one strand of the generated duplex associates
with an Argonaute protein (AGO). This particular sSRNA strand possesses the capability to
hybridize with its complementary target RNAs. The AGO protein, in turn, can either directly
catalyze or indirectly suppress the activities of these target genes. This repression is evidenced
at various stages such as the downregulation of translational processes, increased instability of
RNA, and the imposition of repressive chromatin modifications [4].

MicroRNAs (miRNAs), which are encoded by MIR genes, undergo transcription by RNA
polymerase II. These primary miRNAs subsequently experience modifications, especially at
their 5'-3' terminal regions [5]. Recent scientific investigations have underscored the crucial
regulatory functions of miRNA and short interfering RNA (siRNA) in plant cells subjected to
extreme thermal conditions. Under standard conditions, miRNAs bind to a set of target genes
leading to their repression. Furthermore, they can modulate the expression of genes, some
of which code for vital entities like transcription factors. This emerging body of knowledge
solidly positions miRNAs as integral players in orchestrating plant development and fortifying
resistance against various stressors [2].

The aim of this review is to elucidate the multifaceted roles of small RNAs, with a particular
focus on miRNAs, in orchestrating plant responses to abiotic stressors. By synthesizing recent
findings, we aim to provide a comprehensive understanding of the molecular mechanisms and
regulatory pathways underpinning these responses, thereby highlighting potential avenues for
enhancing plant resilience in a changing environment.

Roles of small RNAs in plant under abiotic stress

In recent times, there has been an upsurge in the identification of miRNAs, especially those
interacting with genes integral for thermos-tolerance. With increasing temperatures, a distinct
pattern emerges where three specific miRNAs are discerned across seven diverse plant species.
Intriguingly, these miRNAs, when induced by thermal extremes, are implicated in various facets
of plant growth and developmental stages [6].

Cold and heat stress mechanisms in plants are intricately regulated by miRNAs. Despite
many miRNAs maintaining a consistent presence across various plant species, certain miRNAs
display specificregulatory patterns, acting in a more selective manner. As an illustrative example,
miR172 exhibits differential regulation; it gets activated under cold conditions in species like
Brachypodium and Prunus persica but is found to be suppressed in wheat and grapevine [7].

Salt-induced osmotic stress in plants precipitates ion toxicity, adversely impacting various
physiological attributes, notably affecting organ growth and development. Plants, through
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evolutionary processes, have devised protective mechanisms such as ion exclusion to combat
such stresses. Complementing these intrinsic mechanisms,amultitude of genesand transcription
factors get expressed to counteract the deleterious effects of stress. Within this complex
regulatory framework, miRNAs emerge as key post-transcriptional regulators. Depending on
the stress context, miRNAs can either upregulate or downregulate target genes that are pivotal
for stress tolerance [8-9].

Drought, as an abiotic stressor, poses profound challenges, imperiling vital plant processes
from development and reproduction to overall growth and crop yield. Plants have evolved
multifaceted strategies to mitigate drought stress. These strategies span from temporal
adjustments in reproductive cycles to physiological alterations like maintaining a high-water
potential and optimizing water use by modulating root depth and reducing transpiration. These
adaptive mechanisms encompass a host of processes such as turgor maintenance via osmotic
adjustments, cellular plasticity enhancements, and reduction in cell size, all governed by an
extensive gene network [9].

Drought conditions invariably induce alterations in the expression profiles of a myriad of
genes crucial for plant survival. Examples include genes like glutathione S-transferase (GST)
and those induced by abscisic acid (ABA) such as Late embryogenesis abundant protein (LEA),
Ras-related protein RABG (RAB), Cold-regulated protein (COR), RuBisCo, helicase, proline,
and various carbohydrates. In this dynamic interplay, miRNAs serve as pivotal regulators,
orchestrating the expression of genes that confer drought tolerance [10].

Table 1
Changes of essential miRNA expression in A. thaliana under abiotic stress [24]

miRNA Type of regulation Source [24]

miR156, miR159, miR167, miR168, miR171, Up-regulated A. thaliana
miR172, miR319, miR393, miR394a, miR395c,
miR395e, miR396 miR397

miR161, miR168a, miR168b, miR169, Downregulated A. thaliana
miR171a miR319c

Recent research insights suggest that plant responses to drought stress, mediated by miRNA
regulation, vary according to developmental stages and are also species-dependent. The
intricate relationship between miRNA-guided regulation of drought tolerance mechanisms
and developmental processes appears to be deeply intertwined, potentially representing facets
of a unified adaptive response. For instance, some of miRNAs in plants like Arabidopsis (table
1), Prunus persica, and Hordeum vulgare exhibit repression in rice. In contrast, while miR169
is found to be downregulated in certain species, it is upregulated in others, underscoring the
complex regulatory landscape [11-13].

A case in point is miR169c, a significant miRNA that targets entities like the nuclear factor
Y (NF-Y) transcription factor (TF), the heme-activated protein (HAP), and the CCAAT-binding
factor (CBF). This miRNA modulates its targets, primarily by diminishing the levels of NF-Y RNA.
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The expression patterns of miR169c, especially under drought conditions, are influenced by
degradation-responsive elements present in its promoter region. This expression, however, is
contingent upon various external factors including, but not limited to, the onset, duration, and
severity of the stress exposure [14-15].

Regulation of NF-Y by sRNA and its effect on plants under stress

The nuclear factor, often termed as the CCAAT Binding Factor (CBF) or Heme Activator
Protein (HAP), comprises three subunits: NF-YA (CBF-B/HAP2), NF-YB (CBF-A/HAP3), and NF-
YC (CBF-C/HAPS). This complex is pivotal for recognizing and binding the CCAAT box in DNA.
While these subunits collaboratively function as heterodimers or heterotrimers, their individual
modulation is independent [16-17].

Unlike animals and yeast, where all subunits of NF-Y are encoded by a single gene but have
multiple splicing forms, plants have multiple genes encoding subunits of NF-Y. Several of these
subunits, notably NF-YA, NF-YB, and NF-YC, have defined roles under drought stress conditions.
Specifically, NF-YAS5 overexpression correlates with decreased water loss from leaves and
heightened drought tolerance. Furthermore, drought stress conditions induce increased
expression of many NF-Y subunits, with NF-YB1 exhibiting the capability to modulate drought
tolerance without the involvement of ABA signaling [18].

In a broader genomic perspective, miR169 predominantly targets the genes encoding the
NF-Y subunit A. The NFYB and NF-YC subunits, characterized by their inherent histone fold
domains, synergize to form heterodimers. These heterodimers play a critical role in ensuring a
robust and stable interaction with NF-YA. An inverse correlation is observed between the down-
regulation of miR169 and the elevated expression of NF-YA5, suggesting a potential regulatory
mechanism wherein miR169 modulates drought stress tolerance through NF-YAS. Further
accentuating this hypothesis is the observation that the transgenic upregulation of NF-YA5
bolsters drought resistance in plants [19-20].

However, it's essential to highlight that the expression levels of various NF-Y subunits can
exert dual impacts on drought tolerance. Therefore, specific miRNAs, through their modulation
of genes encoding NF-Y subunits, can be pivotal in enhancing or attenuating plant drought
resilience [20].

Regulation of HSFs and HSPs by sRNA and their effect on plants under stress

Heat Shock Factors (HSFs) play a pivotal role in plant thermotolerance, primarily by
regulating heat shock proteins (HSPs) which serve as molecular chaperones for key proteins.
Enhanced expression of certain HSF and HSP genes, namely CaHSP25.9, ZmHSFO05, TaHSP23.9,
and OsHSP20, augments the host cell's resilience against elevated temperatures [6]. Small
heat shock proteins (sHSPs or Hsp20s) are integral in counteracting the detrimental effects
of abiotic stresses in plants. Specifically, CaHsp25.9 is associated with enhanced drought and
thermal stress tolerance, an observation underscored by its overexpression. Recent findings
indicate that CaHsp25.9 is localized in the cell membrane and cytoplasm. Enhanced expression
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of CaHsp25.9 curtails malonaldehyde (MDA) accumulation, electrolytic leakage, and levels
of reactive oxygen species (ROS) such as superoxide anion and hydrogen peroxide during
multifaceted abiotic stress. Conversely, overall chlorophyll levels decrease [7].

HSPs, essential molecular chaperones, encompass five primary families: sHSPs (Hsp20s),
Hsp60s, Hsp70s, Hsp90s, and Hsp100s. Notably, Hsp20s spearhead the plant's initial defense
against stress, operating in tandem with ATP [21-22]. Hsp20s proteins are recognized for their
binding capabilities, altered physicochemical attributes, and collaboration with the HSP70-SP100
bi-chaperone system in refolding and disassembling molecules [9]. Most Hsp20s have molecular
weights within the 15-42 kDa range. Key functions linked to the structure of Hsp20s include:

1. The Hsp20 domain, or a-crystallin domain (ACD), characterized by its compact 3-sheet
architecture, aids in the dissociation of oligomers and facilitates interaction with non-native
proteins.

2. C-terminal extensions contribute to the stabilization of the oligomeric assembly.

3. The variable N-terminal region orchestrates and relays cellular signals [23].

According to recent studies, Hsp20s have sub-families: cytoplasm/nuclear, mitochondria,
chloroplast, peroxisome, and EPR. Each subfamily serves distinct roles within the cell. Regardless
of their spatial distribution and structural attributes, they respond to various abiotic stresses,
including drought, salinity, and thermal stress. In A. thaliana, AtHsp21 underpins heat stress
tolerance and thermomemory, attesting to the positive modulation of plants by Hsp20s during
stress conditions [24].

Furthermore, miRNAs enhance thermotolerance by modulating HSF/HSP genes. During
thermal stress episodes, genes such as HEAT STRESS ASSOCIATED 32 (HSA32) and HSP17.6A
are upregulated. However, the miR156 module downregulates their expression, a critical
component in establishing plant stress memory [13].

In transgenic plants possessing miRNA-resistant genes, namely CSD1, CSD2, and CCS,
there is a diminished expression of HSF genes (HSFle, HSFA2, HSFA3, HSFA7b) and HSP
genes (HSP17.6, HSP70B, HSP90.1). This reduced expression culminates in programmed cell
death (PCD). Conversely, mutant plants exhibit enhanced gene expression, thereby conferring
thermotolerance. Intriguingly, as a shown in table 2 the interaction between HSFA1b, HSFA7b,
and the promoter region of miR398b indicates a positive regulatory feedback mechanism [27].
While research in this domain is rapidly advancing, our understanding of certain signaling
pathways and the regulatory roles of miRNA remains incomplete.

Table 2
Effects of gene expression of some HSFs by regulating miRNA [12, 25, 26]
Genes miRNA Effect of genes Type of plants [12, 25, 26]
HSFA1, HSFA1b sha-miR319d Heat tolerance Solanum habrochaite
AsHSP17.0, AsHSP26.7a Osa-miR393 Heat tolerance Arabidopsis thaliana

Reactive oxygen species (ROS) are unavoidable byproducts of cellular metabolism. Under
many circumstances, they induce oxidative damage to proteins, lipids, and result in electrolyte
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leakage. Nonetheless, plants possess an antioxidant defense system categorized into enzymatic
and non-enzymatic ROS scavenging pathways, ensuring a balance between ROS production and
elimination [16].

The H202-H202 signaling interactions are modulated by various phytohormones and
distinct signaling pathways. Salicylic acid (SA), jasmonic acid (JA), auxin, ethylene (ET), abscisic
acid (ABA), and other phytohormones can negatively influence H202 homeostasis. These
hormones can prompt alterations in gene expression, specifically targeting stress-responsive
cis-regulatory promoter elements downstream of transcription factors. Additionally, they
amplify signaling cascades, such as mitogen-activated kinase pathways, with ROS (Figure 1)
acting as mediators [17], [18].

Under low-temperature stress, plants deploy protective strategies, including changes in
gene expression, cell membrane modifications, antioxidant accumulation, and synthesis
of cryoprotectants and cold-regulated proteins [19]. Prominent antioxidant enzymes like
superoxide dismutase (SOD), catalase (CAT), and ascorbate peroxidase (APX) actively
participate in ROS scavenging. Oxidative stress often emerges as a secondary response to these
stressors. MiRNA, when induced by temperature stress, can inhibit the expression of genes such
as CSD1 and CSD2, leading to elevated ROS levels in cells. Consequently, these elevated ROS
levels stimulate the overexpression of heat shock factors (HSFs) and other genes crucial for
plant thermotolerance [28].

The interplay between miRNA, HSF, and ROS scavenging enzymes is intricate. For example,
miR398 can be modulated by tocopherol and PAP in plants. Increased ROS accumulation or
the suppression of ROS scavenging enzymes can trigger the activation of HSF1Aa and HSF1Ab
in transgenic plants. However, for many miRNAs, such as miR319d, their specific targets,
localization, and involvement in signaling pathways remain to be elucidated [29].

Figure 1. The effect of ROS-scavenging pathway regulating by small RNA to abiotic stress.
Adapted from [28]
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Conclusion

In the intricate landscape of molecular responses that Hordeum vulgare deploys against
abiotic stress, small RNAs emerge as paramount modulators. Their pivotal role in orchestrating
adaptive mechanisms is evidenced not only by their direct interaction with stress-responsive
pathways but also by their nuanced regulation of key molecular entities. Among these entities,
the Nuclear Factor Y (NF-Y) transcription factor stands out, shedding light on the profound
interplay between small RNAs and gene expression dynamics in response to environmental
challenges. Additionally, the interwoven relationship of small RNAs with the ROS scavenging
pathway underscores their crucial function in maintaining cellular homeostasis, emphasizing
their significance in managing oxidative stress.

Further compounding the importance of small RNAs in Hordeum vulgare's abiotic stress
response is their interaction with HSF/GSP factors, illuminating yet another layer of molecular
defense strategies. The cumulative insights from this review underscore the multifaceted roles
of small RNAs, highlighting their potential as vital targets for future research endeavors. Delving
deeper into these small RNA-mediated mechanisms not only enhances our understanding of
plant stress biology but also paves the way for innovative approaches in crop improvement and
sustainable agriculture.
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Kimi PHK-HbIH eciMaiKkTepae aGMOTUKAJIBIK CTPECC XKaFJaiibIHAaFbl PeJIi

Angarna. Kimi PHK (SRNA) reHOMHBbIH 3MHUTIeHETHUKAJIbIK MOJUPUKALMUSAChIHIA MaHbI3AbI PeJl
aTkapajbl. Oyiap abGUOTHUKAMBIK XoHe GUOTUKAJIBIK CTPECCTEPAl XeHinleTeTiH dakTopapMeH 6ipre
KOIITereH mnpollecTepre KaTbicaJbl. OJIapablH illliHAe Kby MIOKTaphl 6esokTapbl (HSP), peakTuBTI
orteri Typsepin (ROS) TasapTyfa KaTbicaTblH ¢depMeHTTep xoHe sAposblK ¢aktop Y (NF-Y)
epekineseHeli. Mosiekynanblk geHreige sRNA mamameH 21-23 HYK/JI€OTH[ Y3bIHABIKTA GOJIATBIH
TizbeKkTepMeH cUnaTTatabl. OciMAIKTep FBIIbIMbI CajlacblHAAFbI Ka3ipri TyciHikTepre calikec, KenTereH
abMOTHKAJBIK, LIIeKTey/Iep eCiMAiK eHIM/iliriH, ecyiH koHe peNnpoAYKTUBTI aJieyeTiH alTapJibIKTau
TeMeH/leTyi MyMKiH. ByJ mekTeysep »acyiiajblK roMeocTa3/bl 6y3y, MOH/bIK TeHrepiM/i 6y3y koHe
MaHbI3/1bl GU3UOJIOTHUSAJIBIK IPOLECTEPTe dCEP €TY apKblabl 3UAH/bI bIKNAAbIH TUTi3eAi. JlereHMeH,
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3BOJIIOLIMSA KeWbip eciMAik TypJ/iepiH »KoFapbl TeMmepaTypaJyapfa GeiliMmaenyre MyMKiHAik Gepres,
OyJ TeHAep MeH GeJIOKTapZbl, acipece »bL1y oK ¢akTopsapbiH (HSF) xoHe HSP peTTey apKblibl
ky3ere acajibl. Ocimaiktepae MUKpopHK (miRNA) ¢yHKIMOHANABIFB! Typasibl FLIBIMU AepPeKTEPAIH,
ecyiHe KapamactaH, miRNA »xaHa muiieHesiepi MeH osiapabiH, HSF-HSP kemenimeH kyppeni e3apa
9pEeKeTTeCTIriHiH 3epTTeyi aJii e a3. by moay *kymbicbiHAa 6i3 Hordeum vulgare >xaHe Arabidopsis
thaliana ecimaikTepinge HSF-HSP xbLny peakijusiiapblH 3epTTeI, 0J1apAbIH XKbLIYy CTPeci XKaFJalbIHAa
miRNA apKbL/Ibl peTTesyiHe epeKlle Ha3ap ayJapaMbl3.

Tyiin ce3aep: Kimi PHK (sRNA), xkbiiy mokTtapsl 6esokTapbl (HSP), MukpoPHK (miRNA), abuoTu-
KaJIbIK, CTpecc, by oK ¢pakTopaapsl (HSF), ren perrenyi
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PoJsib masbix PHK nipu aGuoTH4ecKoOM cTpecce y pacTeHU

AnHoTanus. Masnbsie PHK (sRNA) urpatoT BaXkKHY0 poJib B 3UTeHETUUECKON MO PHUKAI[UU TeHOMa.
OHM y4acTBYIOT B MHOTOYHMCJIEHHBIX IPOLIECCAX, BKJI0Yasi GaKTOPbl, KOTOPbIE IOMOTAIOT IPE0/10JIeBATH
KaK abHOTHUYeCcKUe, TaK U GUOTUYECKUe cTpecchl. Cpeid HUX MOXKHO BbIZIENUTh OEJIKU TEIJIOBOTO
moka (HSP), depMeHTHI, yuyacTByWOIIMe B yTHAN3ALWN aKTUBHBIX GopM Kucaopoaa (ROS), u agepHbIi
¢dakTop Y (NF-Y). Ha MmosiekysisspHoM ypoBHe SRNA xapaKTepU3yHTCs NOC/AeJ0BaTENbHOCTIMH, JJIMHA
KOTOPBIX COCTaBJjisieT npuMepHo 21-23 HyksaeoTuga. CorsiacHO COBpEMEHHBIM NpeJCTaBJEeHUSM B
06J1aCTM HAyKHd O pacTeHUSX, MHOXKECTBO abUOTHYeCKUX (AKTOPOB MOIYT 3HAYMTEJbHO CHU3WUTH
YPOKaWHOCTb, POCT W PENpPOAYKTUBHBIM MOTEHLUaJ pacTeHUW. ITHU (aKTOpbl OKa3bIBAIOT CBOE
paspyuIMTeJbHOE BO3JEWCTBHE, Hapyllasd KJAeTOYHbIM romMeocTa3, Hapyllas HOHHBIM 6GasaHC U
BO3/IEMCTBYS Ha BakHelIIue ¢pusnosorudeckre npoueccol. OfHaKO 3BOJIIOLMS HaZeJnIa HEKOTOphIE
BU/Ibl pacTEeHUH CIOCOOHOCTBIO alallTUPOBATHCS K IOBBILIEHHBIM TEMIIepaTypaM NOCPeACTBOM TOHKOH
pery/isiliui reHoB U 6esIKOB, B YaCcTHOCTH, pakTopoB TemioBoro moka (HSF) u HSP. HecmoTps Ha pocTt
Hay4YHbIX AaHHBIX 0 PpyHKUHOHAIbHOCTH MUKPOPHK (miRNA) B pacTeHusx, HoBble MulieHM miRNA
Y UX CJI0KHBbIe B3aMMOCBsA3U ¢ koMmekcoM HSF-HSP ocraroTcsa MmanousydyeHHbiMu. B janHoM 0630pe
MBI UccieayeM TemioBble peakuud HSF-HSP B Hordeum vulgare u Arabidopsis thaliana, akinentupys
BHHMaHUe Ha uXx peryasuuy miRNA B yc10BUsIX TeNJI0BOTO CTpecca.

KioueBsle ciioBa: masibie PHK (sRNA), 6esku TensioBoro moka (HSP), MmukpopHK (miRNA), abuo-
THUYeCKUH cTpecc, pakTopsl TemnoBoro uoka (HSF), peryasuus reHoB
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Hay4yHada cTaTba

B/iMsiHMe MOJIOYHOKHCJIBIX GaKTEPHI Ha psAJ, aClIEKTOB npoiecca
MOJIy4eHUs ChIpa U3 BePO6JII0KbEro MOJIOKa

J.A.Ta6puabsaan* , P.C. AinGeKkoB

FOoxcHo-KasaxcmaHckuli yHusepcumem um. M. Ayasosa, Llvimkenm, Kazaxcma

*Aemop da5 koppecnoHdenyuu: gabrilyants@mail.ru

AHHOTaumsa. HccnefoBaHuWe TEeXHOJOTMH NPOU3BOJACTBA Chbipa U3 Bep-
OJII0’)Kbero MoJIOKa OCTAeTCsl aKTyaJbHOM 3aZadyeil MUPOBOM HAyKU U MOXET
BHECTHU 3HAYUTEJbHbIN BKJIA/l B IPOJ0BOJIbCTBEHHYI0 6€30NaCHOCTb U 3KOHO-
Muueckoe pasBuTue KazaxcTtaHa. [lepepaboTka BepOJII0>)KbEro MOJIOKA B ChIp
C IpUMeHeHUEM COBPEMEHHBIX TEXHOJIOTMYECKUX UHHOBALUW CTajla BO3MOX-
HOU 6J1arojaps NpUKJIaAHbIM HccaefoBaHUsIM. Mcnosib30BaHUEe 3aKBACOYHbIX
KYJIbTYD, BepOJ/II0>)Kbero XMMO31MHa U 000ralljeHhe MOJIOKA Pa3/IMYHbIMU UH-
rpeiIueHTaM| M03BOJIMJIO 3HAYUTEIbHO YAYUIIUTh KaueCTBEHHbIe apaMeTpPhl
CbIpOB. 3aKBacO4YHble KYJbTYpbl, COCTOALIAE U3 MOJIOYHOKUC/BIX OaKTepHuH,
UTPAIOT KJIOYEBYIO POJib B MPOU3BOJACTBE cbipa. OHU CIOCOOBCTBYIOT 06pas3o0-
BaHMUIO CTYCTKA, MPe06pasys JIAKTO3Y B MOJIOYHYIO KUCJIOTY, YTO 0becrieyrBaeT
ONTUMAaJIbHbIA YPOBEHb aKTUBHOM KUCJOTHOCTH(pH) /711 KOoaryisiiuu MoJio-
Ka. JTO, B CBOIO O4yepe/ib, BIAMSET Ha TEXHOJOTUYECKUH MPOLeCcC, a TaKXKe Ha
COCTaB U KaueCcTBO rOTOBOr0 NpoAyKTa. B faHHOU paboTe 6bLIM MCIIOIb30Ba-
Hbl pa3/IMuHble KOMMepYecKhe 3aKBACOUYHbIE KYJbTYPhl, OTHOCAIIMECS K Me-
30QUJIbHBIM, TePMOPUIBHBIM U KOMOMHHUPOBAHHBIM MOJIOUHOKHCJIBIM GaKTe-
puaM, [l IOJyYeHHUs Cbipa U3 BepOJIIOKbero MoJioka. Pe3ynbTaThl aHa/in3a
GU3UKO-XUMUYECKOT'0 COCTaBa CbIPOB NIOKa3a/id 3HAYUTEJIbHbIE PA3JIUYUS: CO-
Jlep>kaHue 6esiKkoB BapbupoBasioch oT 11,18+1,43 no 17,85+1,78%, »kupa - ot
34,72+0,68% no 37,12+0,86%, BaaxxkHOCTH - oT 49,45+1,71 no 66,76+1,49%,
aKTUBHOM KUCJOTHOCTHU — OT 4,79+0,09 o 5,67+0,09 enunun,. Boixos ceipa U3
BepOJIIOXKbero MoJsioka coctaBus ot 17,97+1,35 no 27,80+1,98 r/100 r. AHa-
JIU3 KU3HECMOCOOHOU MHUKPOQJIOphI MOKa3as, YTO CbIp, HIPUTOTOBJIEHHBIN C
MCI0JIb30BaHMeM 3akBacouHbIX KyJabTyp CHN-19 u "Lactoferm eco" (Biochem.
srl), comeprkas HauoboJIblllee KOJIMYeCTBO YKU3HECIIOCOOHBIX MUKPOOPTraHU3MOB.

KiirouyeBble c/10Ba: MOJIOYHOKHUC/blE 6AaKTEPUH, OMOTEXHOJOTHS, MOJIOYHAsI
KHCJIOTA, BEpOJII0KbE MOJIOKO, CbIp, MUKpOdJiopa

IMosryyeHo: 30.04.2024. PenensupoBanue: 28.10.2024 (1-i1 payHa), 06.12.2024 (2-i payHa). [Ipunsro:
11.12.2024. JocTtynHo oHJIaiiH: 20.12.2024.
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3.A. I'mbpurvany, P.C. AAubexos

BBeaeHue

BepO6u1102kbe MOJIOKO SIBJISIETCS aJbTEPHATUBHBIM UCTOYHHUKOM ChIpbsl U 60OraThIM HMCTOY-
HUKOM NHUTaTeJbHbIX BellecTB, 06/1a/Ial0lUX TepaneBTUYecKuMu cBoiictBaMu [1]. Biarogaps
BbICOKOM MHUILEBOW LIEHHOCTH U 3asBJIEHHbIM Jie4yeOHbIM KadyeCTBaM B MOCJAeJHUE TOJbl
Hab6JII0/jaeTcsl pacTyLMi UHTepeC K Bep6JII0XKbeMy MOJIOKY U TPOJAYKTaM, IPOU3BeJeHHbIM Ha
ero OCHOBe.

TepaneBTuueckuit 3¢ dekT BepO/IOKbET0O MOJIOKA 0OYCJOBJEH HaJWYMEM pPa3JIMYHbIX
6M0JI0TUYECKH aKTUBHBIX KOMIIOHEHTOB, KOTOpble 00/1a/Jal0T NOTEHLUAJIOM /51 NpodUIaK-
THUKH U JieueHUs psja 3abosieBaHui [2].

Celp fABJSIeTCA OJHUM M3 BaKHEHIIMX MPOAYKTOB, CIIOCOOHBIM JJIMTEJbHO COXPaHAThb
CBOM CBOMCTBa 06J/1arojapsi MCIOJb30BaHHUIO TEXHOJIOTMYECKUX METOJ0B, OCHOBAHHBIX Ha
dbepMeHTaLMU MOJIOKA C y4acTHeM MOJIOYHOKUC/bIX 6akTepui [3].

MoJsiouHokucsble 6akTepun (LAB) nMeloT 3HauMTe/IbHOE SKOHOMUYECKOe 3HAYeHUeE, TaK
KaK UrparoT KJIUYEBYIO poJib Ha BCexX 3Tanax ¢pepMeHTalMU TPaJAUMLMOHHBIX ChIpOB [4]. Ux
MCI0JIb30BaHUeE B BUJie IEPBUYHBIX UJIU JOTOJHUTENbHbIX 3aKBACOK CIIOCOGCTBYET 6bICTPOMY
HNOAKUCJEHUIO0 MOJIOKA 32 CYET BbIPAaOOTKH MOJIOYHOM KUCJIOThI, YTO NPUBOJUT K CHUXKEHUIO
ypoBHs pH. 3TOT npouecc oka3pIBaeT BJAMSHUE HA MHOXKECTBO aClleKTOB CbIPO/iesIusl, BKJ/II0Yasi
COCTaB, BbIXO/, IPOJYKIIMU U KOHEYHOE KayeCTBO ChIpa.

MoJIOUHOKHUC/IbIEe CTPENTOKOKKU SIBJSIOTCA HauboJiee U3BECTHBIMU IpeJCTaBUTEJSIMU
3aKBACOYHBIX KYJbTYp, NPUMEHSIEMbIX MPU MPOU3BOJACTBE KUCJIOMOJIOUHBIX NPOAYKTOB U
ChIPOB.

llesiblo JAHHOTO UCC/AeJ0BAaHUSA ABJSETCS OLeHKA XapaKTEPUCTHUK MOJTYYEeHHBIX ChbIPOB U3
BepOJII0XKbET0 MOJIOKA C UCI0JIb30BAHMEM Pa3/IMYHbIX KOMMePUeCKHUX 3aKBAaCOYHBIX KYJIbTYP.

MaTepMaJIbI A MeTOo/JAbl UCCZIEJO0OBAHUA

du3nKo-XxUMHUUECKHE NOKasaTeJd B oOpaslax MOJIOKAa M3Mepsiii C NOMOLbI0 npubopa
Milkoskan ft1.

Jlns u3MepeHuss akKTUBHOU KUCAO0THOCTU (pH) 06pasuoB ceipa uMcnosb3oBajicsa pH-meTp
HI98103 HANNA.

CozeprkaHue »kMpa aHaIM3MUpoBaiu o Metofy ['epbepa corsacHo I'OCT 5867-90. Mosioko u
MOJIOYHbIE NPOAYKTbL. MeTobl onpeaesieHus KUpa.

Conepxxanue Oeska ompegensau no Mertony Keenbgans, corsmacHo 'OCT 34454-2018.
[Ipoaykuus MosioduHas. OnpejiesieHHe MacCoOBOM Jj0J1u 6esika MeToAoM Kbesibass.

MukKpocKonupoBaHMe NPOBOJAUJIU Ha 3JIEKTPOHHOM MUKpockone Mapku Levenhuk D 400
LCD c yBesinuenuem 100x.

[logcyeT K/I€TOK MHUKPOOPraHU3MOB (JIaKTOOAKTEpPUIN) NMPOBOAUIA C MMMEPCUOHHBIM
06bexkTuBOM 100x. [TogcuuThiBasiu 10 nosieit 3peHus, nepeaBUras npenapar mno JuaroHaau
[5]. lanee paccyUThIBAIU CpeJjHEE KOJTUUYECTBO KJIETOK 10 GpopMyJie

Ya
A==
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rjie A - cpeJiHee KOJIMYECTBO KJIETOK B 10JIe 3peHUS;

Xa - obliee YUCJIO MO CYUTAHHBIX KJIETOK;

N - YHUCJIO MPOCUYUTAHHBIX M0JIEH 3pEHUS.

MaTeMaTHuYecKy0 06paboTKY AAHHBIX IPOBOAMUJIU C IOMOLIbI0 porpamMmbl Microsoft Excel.
Onpenensisiv cpefiHee 3Ha4eHUE U CTAHAAPTHOE OTKJIOHEHHE 3KCIIEPUMEHTAIbHBIX JaHHBIX.

PeBYJIbTaTbI 1 UX OGCY)K,C[GHI/IG

CocTaB Bep6.II0Kbero MOJIOKA BJIMSET Ha CBOMCTBA ChIPO/ieNs, TIOCKOJIbKY OH OonpefiessieT
€ro NUTaATeJbHYI LIeHHOCTb M TEeXHOJIOTMYeCKHe CBOMCTBa NpU INepepaboTKe MOJIOKA B

MOJIOYHBIE IPOAYKTHI [6].
du3uKO-XUMHUYECKHE CBONCTBA BEPOJIIOXKbEr0 MOJIOKA, UCII0JIb3yeMOT0 /Jisl TPOU3BO/ICTBA
ChbIpa, Mpe/JicTaBJ/ieHbl B TabJsule 1.

Ta6smmna 1
PU3NKO-XUMHUYECKHI COCTaB BepOJII0Kbero MoJIoKa

HaumMeHoBaHUe Bep6J1t0Xkbe MOJIOKO
Besakuy, (%) 3,73+0,01
XKupsl, (%) 4,68+0,33
Como, (%) 8,66+0,03
Cyxwue BemiecTBa, (%) 13,85+0,33
JlakTo3a, (%) 4,39+0,01
Touka 3amep3anus, (m°C) -568,2+3,3
KucnotHocts,T (°TH) 15,10+0,54
Mosiounas kucaoTa, (%) 0,135+0,005
[lnoTHOCTB, (T/0) 1030,8+1,00
Kazewus, (%) 2,63+0,04
r/ie, 3HaueHUs B TabJIMIlEe IBJISIOTCS CPEJHUMHU * CTaHZAPTHOE OTKJIOHEHHUE JIJisl TPEX OBTOPEHUM
(n=3).

Hcxons w3 pe3yabTaToB Tabusiuilbl 1, 3HaYeHUS HAXOAWJUCh B JiMala3oHe, O KOTOPbIX
coobuianock paHee aBTopoM Selda Bulca [7,8]. Habustojaemas pa3Huiia B XMMUYECKOM COCTaBe
MOXKET OBbITh 00'bSICHEHA BJUSHUEM Pa3JIMYHbIX GAaKTOPOB, TAKUX, KAK KOpMJIEHHE BEpOJIIO/0B,
CTa/iusl JIAKTALUK, BO3PACT U COCTOSIHUE 3/I0POBbsl, METO/Ibl YIIPABJIEHUS CTAZIOM U YCJIOBUS
OKpYy:KawlieH cpesbl.

3aKBaco4YHble KYJbTypbl MOJIOYHOKUC/BIX OaKTepUH [J06aBJSIOT B MOJIOKO JJis
MO/ KHCJIEHUS 3a CUET BBIPAOOTKU MOJIOYHOM KUCJIOThI, YTO MPUBOAUT K CHU?XKEHUIO aKTUBHOM
kucjaoTHocTu (pH), 4To BiMSIET HA HEKOTOPbIE acleKThbl Mpoliecca MPOU3BOJCTBA ChIpa U, B
KOHEYHOM UTOre, Ha ero coctas [9].
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CHMmKeHUe aKTUBHOM KUCA0THOCTU (pH), mpoucxoasiee npu ¢pepMeHTaL UM JJAKTO3HBIMU
6aKTepUsIMU [0 MOJIOYHOW KHUCJIOThI, OKa3bIBaeT KOHCEPBUPYIOLee AeHCTBHE HA MPOAYKT,
O/lHOBpPEMEHHO MOBbILIAs MUTATEJbHYIO IEHHOCTb U yCBOSIEMOCTb.

B Tabsne 2 npruBeAeHbl BU/bl U COCTAB MCI0JIb3yeMbIX 3aKBACOYHbIX KYJIbTYP, COCTOSILIHE
M3 MOJIOYHOKUCJIbIX GaKTEepUH B MOJIyYeHUH CbIpa U3 BepOJII0XKbET0 MOJIOKA.

Ta6smmna 2
CocTaB MCIO0JIb3yeMbIX 3aKBACOYHBIX KYJIBTYP M3 MOJIOYHOKHCJIBIX 6AKTEpUIA

HauMeHOBaHUe KyJAbTyp Bupg kynetyp | CocTaB Ky/AbTyphl

MW 0,36 Mesophilic Lactococcus lactis ssp. lactis, Lactococcus

(koHCOpIUYM 1) lactis ssp. cremoris, Lactococcus lactis ssp.
lactis biovar. diacetylactis, Leuconostoc ssp

Lb.helveticus (KoHCOpIIUYM 2) Thermophilic | Lactobacillus helveticus

CHN-19 Mesophilic L. lactis ssp. cremoris, Leuc. mesenteroides

(koHCOpIUYM 3) ssp. cremoris, L. lactis ssp. lactis biovar

diacetylactis

"LACTOFERM ECO" BIOCHEM.SRL Thermophilic | Streptococcus thermophiulus, Lactococcus
(koHCOpIUYM 4) lactis subsp. lactis, Lactococcus lactis subsp.
lactis biovar diacetylactis, Lactococcus
debrueckii subsp. lactis, Lactobacillus
helveticus, Leuconostoc ssp.

VIVO (koHCcopiuyM 5) Thermo- Streptococcus thermophilus, Lactobacillus
Mesophilic delbrueckii ssp. bulgaricus, Lactobacillus
acidophilus, Bifidobacterium lactis

B faHHOM Hcc/e0BaHHMU ObLIM B3SThl 3aKBACOYHbIe KYJbTYpPbl U3 MOJIOYHOKHUCJIBIX
6aKkTepuld Me30QUJbHBIX, TEPMOPUIBHBIX, a3 TaKXe CMeLIaHHbIX KYJbTYp [AJS MOJy4YeHUs
CbIpa U3 BepOJII0Kbero MoJIOKa.

CooTBeTCTBYyMOIAasA BbIPAOOTKA KUCJIOTHI C TOUKH 3pEHUS CKOPOCTU U BDEMEHMU OIpe/iessieT
aKTUBHOCTb KOAryJsiHTa, CKOPOCTb pOCTa MHUKPOOPTraHU3MOB, NPOYHOCTb KOAryJsHTA,
CUHEepe3HC reJisi, pPaCTBOPUMOCTb KOJIJIOUAHOTr0 pocdaTa KasbLUs U BbIXOJ ChIpa.

3aKBaco4YHble KyJbTYpPbl BBOJUJINA B BepOJ/IIOXKbe MOJIOKO NpU TeMmnepaTtype 32-34°C ajs
Me30puIbHbIX (KOHCOpUMyM 1, KoHCOpUUYM 3), AJs TEPMOPHUIbHBIX(KOHCOPIUYM 2, KOH-
copuuyM 4) TeMnepaTypa MoJioka — 38-40°C, a1 cMellaHHbIX (KOHCOPLUYM 5) TeMnepaTypa
MoJIOKa gocTturasaa — 35-37°C.

CkopocTb nogkucaeHusa (Tabauna 3) BepOJII0Kbero MoJI0Ka 3aKBAaCOUHbIMU KyJIbTYpPaMHU
3aMeps/iv B TedeHHe 100 MUHYT, MOKa aKTUBHAsA KUCJIOTHOCTb He JOCTUIJIA ONTUMaJbHOTO
3HauYeHUs AJid JaJbHENIlIEeN KOaryasuu.

66 N24(149)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
Bbuoroeusrvix eviavimoap cepusict
ISSN: 2616-7034. eISSN: 2663-130X



BAusiHue MOAOUHOKUCALLX 6&1(1’116}91411 Ha p;l() acnexmos npouecca noAyueHus cotpa u3 66}76}\}0}Kb€20 MOAOKA

Ta6smna 3
CKOpOCTb NOAKMCJIEHUSA MOJIOKA 3aKBACOYHBIMH KYJIbTypaMu

BpeMs, MUH | koHcOpPIUYM 1 | KOHCOPUUYM 2 | KOHCOPLUYM 3 | KOHCOPIUYM 4 | KOHCOPIUYM 5

0 6,40+0,03 6,40+0,03 6,40+0,03 6,40+0,03 6,40+0,03
10 6,31+0,02 6,26+0,09 6,29+0,1 6,35%0,1 6,40+0,1
20 6,28+0,01 6,24+0,01 6,24+0,09 6,22+0,09 6,39+0,09
30 6,25+0,01 6,11+0,09 6,22+0,09 6,19+0,09 6,35%0,09
40 6,22+0,01 6,10+0,09 6,20+0,09 6,15+0,09 6,32+0,09
50 6,20£0,01 6,03+0,09 6,18+0,09 6,09+0,09 6,30£0,09
60 6,18+0,01 5,98+0,09 6,16+0,09 6,08+0,09 6,28+0,09
70 6,16+0,01 5,96x0,09 6,14+0,09 6,03+0,09 6,26x0,09
80 6,14+0,01 5,89+0,09 6,09+0,09 6,0+£0,09 6,22+0,01
90 6,10+0,01 5,86x0,09 6,03%0,09 5,98+0,09 6,18+0,1
100 6,05+£0.01 5,84+0,09 5,98+0,09 5,97+0,09 6,14+0,1

Pazinuynsa Bo BpeMeHHU MOAKHUCJIEHUS UM 3HAYEHUSAX aKTUBHOM KucaoTHocTU(pH) moryrt
OBbITh 00bSICHEHbI PA3/IMYUAMHU MEX/Yy UCXOJHbIMU KYJbTYpaMU B CKOPOCTH U MHTEHCHBHOCTHU
NOJKUCJIEHUS.

Ucxona u3 pesysbraTa NOAKUCJIEHUS MOJIOKA, MOXXHO CKa3aTb, YTO BepOJIlKbe MOJIOKO,
VHOKYJIUPOBAaHHOE KYJbTYPOU KOHCOpLIMyMa 2, IPUBOAMJIO K 60Jiee BbICOKOW CKOPOCTH MOJI-
KHCJIEHUS], YEM TPU UHOKYJIALIMU KyJbTYPaMH KOHCOpIMyMa 5.

Bep6.it02kbe M0OJIOKO, MHOKYJINPOBAaHHOE KYJIbTypaMy KOHCOPLUYMOB 1, 3, 4, ©MeJio npoMe-
»KYTOYHYIO CTeleHb NOJKHUCIEHUS.

CoryiacHo Tabusiniue 3, M3HaAYaJbHBIA MoKa3aTeJb PH BepOJIIOXKbEro MOJIOKA COCTABUJI
6,40+£0,03ex., TOorga Kak B KoHILe NojkucaeHus, pH cHusuiaca o 6,08en. y Me3opuibHON
3aKBaco4HOM KysabTypbl MW 0,36, y TepMOGUIBHON Ky/AbTYypbl KOHCOpLUyMa 2 A0 5,84+0,09ex.,
y Me30pUIbHON KyJbTypbl KOHcopidyMa 3 go 5,98+0,09en., TepModuibHass 3aKBacOYHast
KyJIbTypa KoHcopuuyMa 4 cuusuia 3HadeHue pH 0 5,97+ 0,09e., a cMeliaHHas 3aKBaco4yHast
kyabTypa VIVO koHcopuuyma 5 g0 6,14+ 0,1en.

3aTeM B rOTOBbBIX B MAATKUX ChIpax, MOJy4YEHHBIX U3 BepOJII0XKbEro MOJIOKA C UCI0JIb30BAHUEM
pPa3/JIMYHBIX 3aKBAaCOYHbBIX KYJbTYp, UCCAe[0Bald 3HAaU€HUE aKTUBHOU KucjaoTHOcTU (pH),
BBIXO/I, @ TAKXKE COJlep>KaHUe KHPa, 6eJiKa, BJAXKHOCTH, IPUBeeHHbIE B Tab/uUIle 4.

Ta6smna 4
DU3UKO-XMMUYECKHU COCTAB ChIPOB U3 BEPOJIIKbEro MoJI0Ka, HHOKY/JIMPOBaHHbIE
3aKBAaCOYHBIMH KYJILTYypaMHU

[TapameTpsl ChIp U3 BepO6./110XKbero M0oJI0Ka, MHOKYJIMPOBaHHbIN 3aKBACOYHBIMU KYJIBTYpaMH
Koncopiuym 1 | Koncopuuym 2 | Koncopuuym 3 | Koncopiuym 4 | Koncopuuym 5
Benkuy, % 16,50+0,19 17,29 £1.55 17,85+1,78 18,15%2,01 11,18+1,43
Kupel, % 35,88£1,51 35,98+1,33 37,12+0,86 36,74%£1.014 34,72+0,68
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Baaxnocts, % | 62,50+1.04 49,45+1.71 55,60+0,67 52,55%£1.90 66,76+1,49
AKTUBHas Kuc- 5,30+ 0.09 4,79+ 0.09 5,58+ 0,01 5,67+ 0.09 4,88+ 0,01
JIOTHOCTh
(pH) ex
Brixoz, 22,03+£1.22 22.35£1.66 27,80+1,98 25,09+£1.99 17,97+1,35
r/100r

CoryiacHo Tabsule 3, UCNOJb3yeMble BU/bl 3aKBACOYHbIX KYJbTYyp 3HAYUTEJbHO BJIUSJIU
Ha cojiep>kaHue Gesika. Tak, cbIp, BBIpAaOOTAHHBIN C UCMOJIb30BAaHMEM 3aKBACOYHbBIX KYJIbTYpP
KOHCOpLMyMa 4, KOHCOpIUyMa 3, KOHCOpIiMyMa 2, UMeJsiu 60Jiee BBICOKOE Co/iepKaHue OeJika
110 CPAaBHEHMIO C CbIPOM C MCITOJIb30BAaHUEM 3aKBACOYHBIX KYJIBTYP KOHCOpPLIMyMa 1 U KOHCOpIiMyMa
5. Tak, cbIp, MOJY4YeHHbIX C TPUMeHEeHHEeM KOHcopLuyMa 4, uMeJi 60Jiee BbICOKOE COoJlepiKaHue
6enka 18,15+2,01%. Camoe HU3KOe cofepxaHue 6eska 11,18+1,43% 6bl10 y KOHCOpLUYMa
5. [IpoMexxyTo4yHble 3HAYE€HUS OBbLIU y Cblpa C MPUMEHEHHUEM KYJIbTypbl KOHCOpLHUyMa 3 -
17,85+1,78%, koHcopuuyma 2 -17,29 +1,55%, koncopuuyma 1- 0,36-16,50+0,19%.

ComeprkaHue KHUpa y CbIpa C MCIOJb30BaHUEM KYJbTYP KOHCOpPLUMYMA 3 M KOHCOpIIMyMa
4 Ha6Jr0fa/Ioch 6oJiee BbICOKMM - 37,12+0,86%, u 36,74+1,014%, coOTBETBETCTBEHHO,
0 CpaBHeHHUIO C KoHcopuuymoMm 2 - 35,98+1,33%, koHcopuuymom 1 - 35,88+1,51%,
KOHcopuuymoM 5 - 34,72+0,68%.

Hab6sronanock 60/1ee BEICOKOE CoieprKaHUe BJaru y KyJabTyp KoHcopuuyMa 1- 62,50+£1,04%
Y KoHcopuuyMa 2 - 66,76+1,49%. 3To MOXKeT ObITh CBSI3aHO C TEM, YTO IPU MCI0JIb30BaHUU
3TUX MeIJIEHHO MOAKHUCISIOIIUX KYJbTYP M0JIy4aeTCsl O4eHb CJ1a0bIN CTYCTOK, YTO MPUBOAUT K
60JIbllIeH TOTEepe MEJIKMX YaCTHLL CbIPHOT'0 3epHA Yepe3 MOophbl ChIPHOU MJIEHKU BO BpeMs C/IMBa
CbIBOpPOTKU. BoJsiee HU3KOe cofepkaHue Biaaru - 49,45+1,71% 66110 y cbipa, TOJYYEHHOTO
C MCI0JIb30BAaHHWEM KYJbTYPbl KOHCOpPLMYMA 2, YEM Y CbIPOB C HCMOJb30BAaHUEM KYJbTYpP
KoHcopuuyma 4 - 52,55+1,90 u koHcopuuyma 3 - 55,60+0,67%.

Mexay cblpaMH, U3TrOTOBJIEHHBIMHU C HCIOJb30BaHUEM PA3JIMYHBIX 3aKBACOYHbBIX KYJb-
TYyp, HabJIOAANMCh pa3/iMyvs B 3HAYEHUAX aKTUBHOU KucaoTHocTU (pH). ITo cBfA3aHO
C NpUMEHEHUEM PA3JUYHBbIX KOMMEpPUYECKHUX 3aKBACOYHbIX KYJIbTYp AJis MNOAKHCJIEHUS
MoJioKa. ChIp, MOJYYeHHbIN C UCMIOJIb30BAaHMEM 3aKBAaCOK KOHCOpIIMyMa 2 U KOHCOpIUyMa 5,
MHOKYJIMPOBaHHbBIX Ipu TeMnepaType 38-40 °C, umes 6os1ee HU3KkHe 3HadeHUs pH - 4,79+0,09
u 4,88+0,01, coOOTBETCTBEHHO, 4Ye€M CbIp, MU3TOTOBJIEHHbIA C HCIOJIb30BAHUEM KYJIBTYpP
KOHcopuuyMa 1 ¥ KoHcopiyMa 3, MHOKY/JIMPOBAaHHBIX IIpU TeMiiepaTtype 32-34 °C. Y nociegHUX
3HaueHus pH cocraBuiu 5,30+0,09 u 5,58+0,01, cooTBeTcTBeHHO. ChIp, MOJyYEHHBbIN C
MCII0JIb30BaHHWEM 3aKBACKU KOHcopiuuyma 4, umes pH, paBubiii 5,67+0,09.

3akBacoyHas KyJbTypa KOHcoplMyMa 5 ¢ 60jiee HU3KOW CKOPOCTbIO MOAKHUCJIEHUST MPU-
BOJIWJIA K OoJiee c/1abOMy CBEPTBHIBAHUIO.

Ceipbl M3 BepO6JIIOXKbEro MOJIOKA C MCHOJb30BaHUEM CMellaHHOW KyabTypbl VIVO wu
Me30(pHUIbHOU KYJbTYPbl KOHCOPIMYMa 1 6bIJIM CO C/1abbIM CTYCTKOM, KOTOPbIN TPYAHO ObLIO
npeo6pa3oBaTh, 60JbIlIasI YACTh MEJIKUX 3€PEH TePsiJIach B CLIBOPOTKE U UMeJ1a CaMblil HU3KUI
BbIxo/ cbipa 17,97+1,351/100r u 22,03+1,22, COOTBETCTBEHHO.
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BoJsiee BBICOKMH BBIXOJ| CbIpa OblJ MOJIyYeH C MCIOJIb30BaHUEM Me30QHUJIBbHOUN KyJbTYpbl
koHcopuuyma 3 - 27,80%1,98 /100 r u TepMOPUIBHOW KyJAbTYpbl KOHCOpuUuyMa 4 -
25,09+£1,99/100 .

Janee Obl1 NpoBeJileH aHaJU3 MUKPOCKONMPOBAHUS KOJUYECTBA »KU3HECIIOCOOHOU MHUK-
pod/IOpBl NMOJIyYeHHBIX CBIPOB M3 BepOJIIOXKbETO MOJIOKA C Pa3/IMYHBIMU 3aKBAaCOYHBIMH
KyJIbTYpaMHy, Ipe/iCTaBJeHHbIN Ha pUCYHKe 1.

PucyHok 1. doTou3zo6pakeHre MUKPOCKONIMPOBAaHHBIX ChIPOB
rae: a) celp ¢ Me30QUJIbHONW KYJbTYpPOH KoHcopuuyMma 1; 6) cbIp ¢ TepMOOHUIbHOW KYJbTYPOH
KOHCOpUMyMa 2, B) Chlp € Me30QUJIbHOM KYJbTYpPOH KOHCOpUMYyMa 3, T) Chlp C TepMOPHUILHOU
KyJIbTypO¥ KOHCOpIiMyMa 4, 1) ChIP CO CMENIaHHOW KyJIbTYPO# KOHcoprpyMa 5.

Ha pucynke 1 BUJHO, UTO LUTaMMbl OaKTepu, Takue, Kak (Lactococcus lactis ssp. lactis,
Lactococcus lactis ssp. cremoris, Lactococcus lactis ssp. lactis biovar. diacetylactis), conep»aTcs B
N0JIy4eHHOM ChIpe U3 BepOJIIoXKbero MoJioka. Mcxonsl U3 pe3y/1bTaTOB MUKPOCKOIMPOBAHUS,
MO>XKHO C/leJIaTh BbIBO/JI, YTO NOJIyYeHHbIE ChIPbI COAEepKaT 60JIblI0e KOJTUYECTBO KU3HEHHON
MUKPOGJIOPHI.

UccnenoBaHusi MUKPOOHOJIOTHYECKUX MAapaMeTpPOB MOKa3aiM, YTO ChIPbl U3 BEpPOJIIOKbErO
MOJIOKA C MCIOJIb30BaHHWEM Pa3/IMYHBbIX 3aKBACOYHBIX KYJbTYP MOJIOYHOKHUC/BIX GaKTepUi,
IPUTOTOBJIEHHBIX B JIJaOOPAaTOPHBIX YCI0BUAX, He cofepxkanu Salmonella spp., S. aureus, L.
MOHOLIMTOreHBbl, a TaKXe O00Olllee KOJMYECTBO KULIEYHOM MNaJIOYKH, JPOX>KeH U IJIeCEeHU
(tabsnua 5). OTcyTcTBUE NATOTeHHBIX MUKPOOPTaHW3MOB, BEPOSTHO, 6bIJIO 06YCJI0BJIEHO
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MNpaBUJIbHBIM IIpOLECCOM ITaCTepH3alliv, CTPOTHMMHU THUTHEHHYE€CKHMMH YCJIOBUAMU IIPHU
IMPHUTOTOBJIEHHWH U UCIIOJIb30BAHHEM 3dKBACKH, KOTOpPAad CHHXaJia pH CbIPOB.

Ta6una 5
KoinyecTBO )KN3HECNIOCOGHON MUKPOQJIOPbI NOJIy4YEeHHBIX CHIPOB
ChIp U3 BepOJII0KbETO MOJIOKA, HHOKYJIMPOBAHHBIA 3aKBAaCOYHBIMH KYJIbTYpPaMHU: KOE/cm?
Koncopyuywm 1 1x107
KoHcopuuywm 2 1x107
KoHcopuuywm 3 1x10°
KoHcopruywm 4 1x10°
Koncopuuywm 5 1x10°

MoJioyHOKHUC/IbIE GAKTEPUH — IPyINa MUKPOOPTraHU3MOB, 3HaUYeHHe KOTOPbIX BO3pacTaeT
B 6MOTexHOJIOTMU [10], NOCKOJIbKY OHH CUMTAIOTCS 6€30NaCHbIMU M OKa3bIBAlOT 00JIbIIOE
6/1aroTBOpPHOE BO3/leiICTBHE Ha 3/10pOBbe YyesioBeka [11].

BiusiHMe pa3/IMYHbIX 3aKBACOYHBIX KYJITYP Ha KOHEYHbIe KaueCTBa CbIPOB U3 BEPOJIH0KbETO
MOJIOKA U3y4YeHO HeoCcTaTO4yHO. OZJHAKO B IMTEpPAType UMEITCH OTAeJbHble UCCIe0BaHNUs,
NIOCBsIILIEHHbIE OL|eHKe KayecTBa ChIpa U3 BEPOJII0XKbEr0 MOJIOKA, OJIyYeHHOT0 METOA0M MPSIMOrO
HNOAKUCEHUS WU C UCTI0JIb30BaHUEM 3aKBACOYHbIX KYJITYP MOJIOYHOKUCJIbIX 6akTepuit [12].
Bb110 GBI 110J1€3HO NPOBECTU U EHTUPUKALUIO PA3JIMUYHBIX BU/I0B MOJIOYHOKHUCJIBIX OaKTEePUH,
BKJIlOYasi Me30puJbHble U TepMOQUJbHbIE KYJAbTYpbl, CIOCOOHble 3PEKTUBHO paCcTHU B
BepO6JII0KbEM MOJIOKE. ITO HEOOXOAMMO AJis MOAO0pa LITAMMOB, 06eCleYrnBaOLUX ObICTPYIO
BbIPAOOTKY MOJIOYHOM KMCJIOThI U CHUXKEHUE aKTUBHOM KMCJI0THOCTH [13].

Hanpumep, B uccienoBaHuu [14] ycTaHOBJIEHO, 4YTO ypoBeHb pH cblpa, IPUTOTOBJIEHHOTO
C UCIOJIb30BaHHMEM TepPMOPUIbHBIX KYJAbTYp Streptococcus thermophilus v Bep6JII0KbEro
XMMO3UWHa, 0Ka3aJ/iCsl Bblllle 3asiBJI€HHbIX 3HaUeHUH (5,27) [/i1 MATKOTO HE3peJsioro cbipa U3
BepOJII0Kbero MoJioka. CoziepaHue »Kupa B Cblpe U3 BepOJII0Kbero MoJI0Ka C MCII0JIb30BaHUEM
KOMMepYeCKHUX KyJbTyp MOJIOYHOKUC/bIX OaKTepUl B JaHHOM HCCJIeJ0BaHUU 3HAUUTEbHO
OTJIMYAIOTCS OT pe3yJbTaTOB MCCAeJ0BaHUSA aBTopa [15], corsmacHo KOTOpOMY cojZepKaHue
»KHUpa B cbipe cocTaBJsieT 3,85%.

BbIBOABI

B 3akuitoueHue B IpeCcTaBJAeHHON paboTe ObLI0 MOKAa3aHO BIMSHHE PAa3IMYHbIX 3aKBACOYHbIX
KYJIbTYP U3 MOJIOYHOKHCJIbIX OAKTEePHUU Ha CKOPOCTh MOJKUCIEHHS BepPOJII0XKbero MoJIOKa, ero
bU3MKOXMMUYECKHEe U MUKPOOUOJIOTUYECKUE JaHHBIE.

Takxe 6611 06HAPYKeHbl MOJIOYHOKUC/IbIE GAKTEPUH, U HanboJiee 4aCcTO BbISIBJISEMbIMU
BUJaMHU ObLIU Lactococcus lactis. Hawe vicciegoBaHue MOKa3aa0, YTO HaWOoJIblllee KOJIUYEeCTBO
MOJIOYHOKMCJIbIX GaKTepuM, OeJIKOB, >KUPOB, a TaK)Ke HauOOJIbIIUK BbIXOJ ObLIU B ChIpaX,
cojJiepXKall[MX 3aKBAaCKy U3 MOJIOYHOKHUC/bIX OaKTepUM KOHCOpIiMyMa 3 U KOHCOopLuyMa 4.
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CTaTbU, 0PpOopMJIeHHE €€ 10 TPeOOBAHHUSM.

Anu6ekoB P.C.: KoOHIenTya/IM3ali1s, pelieH3UpoBaHue U peJlakTUPOBaHUe, PYKOBO/CTBO.

CnUCOK JIuTepaTyphl

1. Dikhanbayeva F, Zhaksylykova G., Syzdykova L., Smailova Z., Tasturganova E. Production of a dairy
product based on camel milk for special purposes // Periodico Tche Quimica. - 2019. - Vol. 16. - Ne 33.
- P.241-247.

2. Khatoon H., Najam R. Bioactive components in camel milk: Their nutritive value and therapeutic
application // In: Watson R.R,, Collier R.J., Preedy V.R. (Eds.). Nutrients in dairy and their implications for
health and disease. - 2017. - P. 377-387.

3. Ahmed A.E., Babiker [.A.,, Mohamed T.E. Preparation of fresh soft cheese from dromedary camel
milk using acid and heat method // Research Opinions in Animal and Veterinary Sciences. - 2013. - Vol.
3.-Ne9.-P.289-292.

4. Linares D.M., Gémez C., Renes E., Fresno ].M., Tornadijo M.E., Ross R.P, Stanton C. Lactic acid
bacteria and bifidobacteria with potential to design natural biofunctional health-promoting dairy foods
// Frontiers in Microbiology. - 2017. - Vol. 8. - P. 846. https://doi.org/10.3389 /fmicbh.2017.00846

5. 3unoBbeBa M.E,, lllHaiigep K.JI. TexHonorus npoAyKToB GyHKIMOHAJBHOTO NUTaHUs. — Ka3aHb:
H3a-Bo KHUTY, 2016. - 176 c.

6. Seifu E. Camel milk products: innovations, limitations and opportunities // Food Production,
Processing and Nutrition. - 2023. - Vol. 5. - P. 15. https://doi.org/10.1186/s43014-023-00130-7

7. Bulca S., Dumanoglu B., Ozdemir 0.C. A study on mixing camel milk with cow, sheep and goat milk
in different proportions in yoghurt production // Turkish Journal of Agriculture. - 2019. - Vol. 7. - Ne
12.-P.2095-2102.

8. Konuspayeva G., Camier B., Gaucheron F, Faye B. Some parameters to process camel milk into
cheese // Emirates Journal of Food and Agriculture. - 2014. - Vol. 26. - N2 4. - P. 354-358. https://doi.
org/10.9755/ejfa.v26i4.17277

9. Kongo J.M. Lactic acid bacteria as starter-cultures for cheese processing: Past, present and future
development // In: Lactic Acid Bacteria. - Intech, Croatia, 2013. - P. 2-22. https://doi.org/10.5772 /5593

10. Kieliszek M., Pobiega K. Piwowarek K., Kot A.M. Characteristics of the proteolytic enzymes
produced by lacticacid bacteria // Molecules.- 2021.-Vol.26.- N2 7.- P. 1858. https://doi.org/10.3390/
molecules26071858

11. Othman M., Ariff A.B., Rios-Solis L., Halim M. Extractive fermentation of lactic acid in lactic acid
bacteria cultivation: A review // Frontiers in Microbiology. - 2017. - Vol. 8. - P. 2285. https://doi.
org/10.3389/fmicb.2017.02285

12. Mehaia M.A. Manufacture of fresh soft white cheese (Domiatitype) from dromedary camels milk
using ultrafiltration process // Journal of Food Technology. - 2006. - Vol. 4. - P. 206-212.

13. Fugl A.T, et al. Characterisation of lactic acid bacteria in spontaneously fermented camel milk and
selection of strains for fermentation of camel milk // International Dairy Journal. - 2017. - Vol. 73. - P.

19-24. https://doi.org/10.1016/j.idairyj.2017.04.007

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N24(149)/ 2024 71
Bu0A0ZUAABIK 2UIALIMOAP CepusiCt
ISSN: 2616-7034. eISSN: 2663-130X



3.A. I'mbpurvany, P.C. AAubexos

14.Hailu Y., Seifu E., Yilma Z. Physicochemical properties and consumer acceptability of soft unripened
cheese made from camel milk using crude extract of ginger (Zingiber officinale) as coagulant // African
Journal of Food Science. - 2014. - Vol. 8. - P. 87-91. https://doi.org/10.5897/AJFS2013.1102

15. Siddig S.M., Suliman A.M.E,, Salih Z.A., Abdelmuhsin A.A. Quality characteristics of white cheese
(Jibna-beida) produced using camel milk and mixture of camel milk and cow milk // International
Journal of Food Science and Nutrition. - 2016. - Vol. 6. - P. 49-54.

J.A.Ta6punbsaHL, P.C. An6exkoB
M. dye3oe ambviHdarsbl Ohmycmik Kazakcmau yHusepcumemi, lIvimkenm, Kasakcma

Tyiie cyTiHeH ipiMuIik eHAipy npoueciHiH 6ipKaTap acnekTijiepiHe
CYT KbIIIKbLIABI 6aKTepUAIapAbIH, dcepi

Anpaarna. Tyle cyTiHeH ipiMIIiK 6HAIPY TEXHOJIOTUACHIH 3epTTeY 9J1eM/iK FbIJIbIM/Ia 63€KTi MaceJie
GOJIBIN KaJsbIll OThIP k9He KaszaKCTaHHBIH a3bIK-TYJIK Kayinci3/iri MeH 3KOHOMUKAJbIK JaMyblHa
alTapJbIKTal yJjec Koca anajbl. Tyle cyTiH 3aMaHayu TEXHOJIOTUSIBIK WHHOBaLUsIapAbl KoJAaHa
OTBIpBIN, ipiMiikke 6HJIey KOJAaHOAIbl 3epPTTeyNep/iH, HITHXKeCiHAe MYMKIH O0JJbl. AIIBITKbI
JaKbLIJlapblH, Tylie XMMO3UHIH KOJIJaHy K9HE CYTTi 9pTYpJ/li UHIpeJUeHTTepMeH 6albITy ipiMUIIKTIH
camaJiblK KOPCETKIIITepiH aWTapJbIKTal *KaKcapTyFa MYMKiH/IK Gep/li. AIIBITKbI JAKbLIAAPbI, CYT
KBIIIKbLI/Ibl 6aKTepHUsiJlapAaH TYpaThIH, ipiMiik eHipy/e Herisri pes aTkapajbl. OJlap JaKTO3aHbI
CYT KbIIIKbLJIbIHA alHa/JAbIPy apKblibl YHBITKbIHBIH Naiga 6oJyblHA bIKNAJ eTeAi, OyJ CyTTiH
KOaryJisiusiCblHa KQXKeTTi OHTaibl pH feHreliH KaMTaMachI3 eTe/i. by o3 ke3erinze TeEXHOJIOTUSIJIBIK,
npoliecc eH AailblH 6HIMHIH KypaMbl MeH canacblHa acep eTe/li. bys 3epTTey/ie Tyle cyTiHeH ipiMiiik
aJsy yiliH Me3oduiibai, TepModUIbi KoHe apasiac CYT KbILIKbLIAbI 6aKTepHUsIapFa XKaTaTbIH 9pTYpJIi
KOMMEDPIHUAJIBIK, allbITKbl JaKblIJapbl KOJAJAAHbLIJbL. IpiMiIikTepAiH (U3UKa-XUMUSIBIK KypaMbIH
TaJlay HOTHXKeJsepi alTap/blKTal allblpMallbLIbIKTAapAbl KepceTTi: aKybl3 Mesmepi 11,18+1,43%-
naH 17,85%1,78%-ra pgeitin, mait meniuepi 34,72+0,68%-man 37,12+0,86%-Fa JelliH, bLIFAJABLIBIK
49,45+1,71%-paH 66,76+1,49%-Fa neliH, a1 6esceH Al KbIIKbLIABIK 4,79+0,09-1aH 5,67+0,09 6ipsikke
nenin e3repai. Ty#e cyTiHeH ipiMmik mbiFbiMbl 17,97+1,35 /100 r-Han 27,80+1,98 r/100 r-ra aeiin
Kypaznbl. MukpodJiopaHblH Tipiinikke KabisetTinirid Taagay CHN-19 xxane "Lactoferm eco” (Biochem.
srl) alIbITKBI JAKbLIAAPbIH KOJIIAaHY aPKbLIbI TalbIHAA/IFAH ipiMIIiKTe Tipi MUKpOOpPraHU3MAEP/IiH eH
Kell MeJillepi 6ap eKeHiH KepCeTTi.

TyiiH ce3aep: CyT KbIIKbL/Ibl 6AKTEPUSIAPbI, GMOTEXHOJIOTHS, CYT KbIIIKbLIbI, TyHe CYTi, ipiMIIIiK,
MuKpodJiopa

E.A. Gabrilyants, R.S. Alibekov
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan

The influence of lactic acid bacteria on a number of aspects of the process of producing cheese
from camel milk

Abstract. The study of cheese production technology from camel milk remains a relevant task
in global science and can significantly contribute to food security and the economic development of
Kazakhstan. The processing of camel milk into cheese using modern technological innovations has
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become possible due to applied research. The use of starter cultures, camel rennet, and milk enrichment
with various ingredients has significantly improved the quality parameters of cheese. Starter cultures,
consisting of lactic acid bacteria, play a key role in cheese production. They facilitate curd formation
by converting lactose into lactic acid, ensuring an optimal pH level for milk coagulation. This, in turn,
affects the technological process, as well as the composition and quality of the final product. This study
utilized various commercial starter cultures belonging to mesophilic, thermophilic, and combined lactic
acid bacteria for the production of cheese from camel milk. The results of the physicochemical analysis
of cheese showed significant differences: protein content ranged from 11.18+1.43% to 17.85+1.78%,
fat content from 34.72+0.68% to 37.12+0.86%, moisture content from 49.45+1.71% to 66.76+1.49%,
and active acidity from 4.79+0.09 to 5.67+0.09 units. The cheese yield from camel milk ranged from
17.97+1.35to 27.80+1.98 g/100 g. The analysis of viable microflora revealed that cheese prepared with
CHN-19 and "Lactoferm eco" (Biochem.srl) starter cultures contained the highest number of viable
microorganismes.
Keywords: lactic acid bacteria, biotechnology, lactic acid, camel milk, cheese, microflora
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Research Article

Ixodid ticks (Acari, Ixodidae) of the Irtysh River floodplain

Z.Z. Sayakova* ", A.M. Asylbek , A.B. Yeszhanov

Republican State Enterprise "Institute of Zoology" of the Ministry of Science and Higher Education of the Republic
of Kazakhstan, Almaty, Kazakhstan

*Corresponding author: sayakova.z@mail kz

Abstract. Blood-sucking ticks are an integral part of the ecosystems and play
a key role in the transfer of viruses, bacteria and protozoa from one organism to
another. All over the world there is a problem of zoonotic infections, including
vector-borne ones. In Kazakhstan, there are several foci of vector-borne
infections transmitted by ixodid ticks. In the eastern region of the republic,
these are natural foci of tularemia, tick-borne encephalitis, rickettsiosis, and
borreliosis in humans, and blood-parasitic diseases of domestic animals, the
main vectors of which are ixodid ticks. Despite the important epidemiological
and epizootological significance of ixodid ticks, the acarofauna of the Irtysh
region has remained poorly studied until now. Research conducted in 2023
in the floodplain of the Irtysh River, in the Pavlodar and East Kazakhstan
regions, found 8 species of ixodid ticks belonging to 4 genera. Ticks were
mainly collected from households and in the vicinity of populated areas. A
comparative description of the faunas of the two regions was carried out
and some differences were identified. The fauna of ticks in East Kazakhstan
region was represented by four species: Hyalomma scupense, Dermacentor
marginatus, D. nuttalli Haemaphysalis punctata. H. scupense turned out to
be dominant in numbers. While in Pavlodar region, 5 species were noted:
Dermacentor marginatus, D. reticulatus, Haemaphysalis concinna, H. erinaceli,
Rhipicephalus pumillio. Remarkably that H. concinna was dominating in
numbers, and 2 species have been found for the first time here: Hyalomma

scupense - for East Kazakhstan region and H. erinacei - for Pavlodar region.
Keywords: Ixodid ticks, vectors, ectoparasites, bloodsucking arthropods,
acarofauna of the Irtysh region
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Introduction

Ixodid ticks are vectors of pathogens of many infectious and invasive diseases such as
tularemia, tick-borne encephalitis, Crimean-Congo hemorrhagic fever, borreliosis, rickettsiosis,
etc. The territory of the eastern part of Kazakhstan is unfavorable for such vector-borne diseases
as tularemia, tick-borne encephalitis, and blood-sucking ticks are reservoirs and vectors of the
causative agents[1]. The territory of the Pavlodar regionislocated in the northeast of Kazakhstan
and is characterized by cold, long winters and short, hot summers. The East Kazakhstan region
is located in the east of the Republic and is characterized by hot and dry summers and cold,
snowy winters. The main water artery of both regions is the river. Irtysh. The Irtysh floodplain
is home to a large number of species of rodents, including predators, insectivores, artiodactyls,
chiropterans, lagomorphs, birds, farm and domestic animals. The climate, vegetation and a wide
variety of mammals create favorable conditions for the habitat of blood-sucking arthropods,
including ticks.

Despite the presence of active foci of vector-borne infections and harm caused to farm animals,
today the acarofauna of Eastern Kazakhstan remains poorly studied. There is only fragmentary
information about findings in the middle of the last century in the East Kazakhstan region of
Dermacentor marginatus, D. niveus, D. nuttalli, D. reticulatus, Haemaphysalis punctata, Ixodes
crenulatus, I. persulcatus, I. ricinus, Rhipicephalus pumilio, Rh. sanguineus, Rh. turanicus [1-7]. The
following species of ticks are known for the territory of the Pavlodar region: Ixodes crenulatus, I.
lividus, 1. persulcatus, I. laguri, Dermacentor marginatus, D. reticulatus, Haemaphysalis concinna
[8]. Unfortunately, we do not have complete data on the current state of the acarofauna of
northeastern and eastern Kazakhstan. In this connection, the purpose of our research was to
clarify the current state of the ixodid tick fauna of the Irtysh floodplain, to identify their biotopical
distribution and determine the seasonal abundance on domestic animals, to give a comparative
description of the species composition of ticks in the East Kazakhstan and Pavlodar regions.

Materials and methods

Tick have been collected on the territory of the East Kazakhstan region in the floodplain of
the Black Irtysh River from April 25 to May 12, 2023 and on the territory of the Pavlodar region
in the floodplain of the Irtysh River from May 26 to June 14, 2023 (Table 1).

Table 1
Collection points and sampling coordinates for ixodid ticks (Ixodida) (April - June 2023)

Point Date Model site Gathering place Coordinates
number longitude
1 27.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, on the flag
2 29.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, 1 Meriones
tamariscinus
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3 29.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, 2 horses
4 29.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, 4 cattle
5 29.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, 1 cattle
6 29.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, 3 horses
7 29.04.2023 | Black Irtysh | near the border Alkabek 48.01525 85.40967
outpost, right bank, 4 cattle
8 9.05.2023 | Black Irtysh Boran village, right bank, 7 cattle | 48.00127 85.16068
9 9.05.2023 | Black Irtysh Boran village, right bank, 5 cattle | 48.00127 85.16068
10 9.05.2023 | Black Irtysh Boran village, right bank, 5 cattle | 48.00127 85.16068
11 9.05.2023 |Black Irtysh | Aygyrkum sands, left bank, 5 47.99387 85.16150
cattle
12 9.05.2023 |Black Irtysh | Aygyrkum sands, left bank, 1 47.99387 85.16150
horse
13 9.05.2023 | Black Irtysh | Aygyrkum sands, left bank, 2 47.99387 85.16150
horses
14 9.05.2023 | Black Irtysh | Aygyrkum sands, left bank, 1 47.99387 85.16150
cattle
15 9.05.2023 | Black Irtysh | Aygyrkum sands, left bank, 1 47.99387 85.16150
horse
16 9.05.2023 |Black Irtysh | Aygyrkum sands, left bank, 1 47.99387 85.16150
horse
17 9.05.2023 | Black Irtysh | Aygyrkum sands, left bank, 1 47.99387 85.16150
sheep
18 9.05.2023 | Black Irtysh | Aygyrkum sands, left bank, 1 47.99387 85.16150
cattle
19 27.05.2023 | Pavlodar Big Akzhar village, left bank, on | 50.812367 | 78.454336
Irtysh region | the flag
20 29.05.2023 | Pavlodar Kyzyl Enbek village, left bank, on | 51.290651 | 77.968192
Irtysh region | the flag
21 31.05.2023 | Pavlodar Kyzylzhar village, left bank, on 52.474690 | 76.783095
Irtysh region | the flag
22 5.06.2023 | Pavlodar Michurina village, right bank, on | 52.482584 | 76.799913
Irtysh region | the flag
23 7.06.2023 | Pavlodar Beregovoye village, right bank, 53.616969 | 75.189289
Irtysh region | flag
24 31.05.2023 | Pavlodar Isa Baizakova village, left bank, | 53.572976 | 75.145990
Irtysh region |4 cattle
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During the field work, the banks of the Black Irtysh and the floodplain of the river in the
Pavlodar Irtysh region, channels and floodplain lakes were examined on foot and by transport
routes. In total, 737 km of the route were covered (including 390 on foot), both river banks
were examined in Zaisan and Kurshim districts of East Kazakhstan and in Irtysh and Pavlodar
districts of the Pavlodar region. For ease of designation, studied areas were designated as the
model area “Black Irtysh” - the study area in the East Kazakhstan region and the model area
“Pavlodar Pre-Irtysh” - the study area in the Pavlodar region.

During the work, 20 horses, 96 cattle, 2 small cattle were examined, ticks were collected
and studied from 1 wild rodent (Tamarisk jird - Meriones tamariscinus Pall.). A total of 683
specimens of Ixodid ticks were collected.

The identification of tick species was carried out according to morphological characteristics
using identification tables [9-11], their number and age (larva, nymph and adult) were noted. As
aresult, 8 species of ixodid ticks belonging to 4 genera (Hyalomma, Dermacentor, Haemaphysalis,
Rhipicephalus) were identified.

Results

In the semi-desert zone of the Black Irtysh floodplain (the first model area), 568 specimens of
ticks belonging to 4 species and 3 genera have been collected: Dermacentor marginatus Sulzer,
1776, D. nuttalli Olenev, 1928, Hyalomma scupense Schulze, 1918, Haemaphysalis punctata
Canestrini and Fanzago, 1878. The research results are shown in Table 2.

Table 2
Taxonomic composition and number of ixodid ticks (Ixodida) collected in model areas
of the Irtysh basin, April - June 2023

Taxon name Individuals collected
Total Black Irtysh | Pavlodar Irtysh
Profiles

1 2 3 4 5 6 7
Hyalomma scupense 1 289 138 - - - - -
Dermacentor marginatus 3 41 71 - 7 - 2 10
D. nuttalli - 22 - - - - -
D. reticulatus - - - - 1 5 -
Haemaphysalis concinna 3 - - - 78 5 5 -
H. erinacei - - - 1 - - -
H. punctata 1 6 - - - - -
Rhipicephalus pumillio 1 - - - 1 - - -
Total by profile 331 237 0 87 6 12 10
Total 8 683
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As it is shown in Table 2, the most abundant species at the first model area was H. scupense
(427 specimens). The next most abundant species were D. marginatus (112 specimens),
D. nuttalli (22 specimens), and Haemaphysalis punctata (7 specimens). Nymphs of D. marginatus
ticks were found only on the Tamarisk jird (Meriones tamariscinus Pall.).

On the profiles of the first model site, the greatest species diversity was noted at profile 2 (4
species). On profile 1-3 species were revealed, while profile 3 had no ticks at all. We attribute the
absence of ticks in the latter case to regular disinfestation, which is carried out by the owners
of a large farms located on the right and left banks of the river. In addition, the soil in this area
is heavily trampled by large and small livestock.

At the second model area - Pavlodar Pre-Irtysh, 115 specimens of ixodid ticks belonging to
5 species and 4 genera were collected (D. marginatus, D. reticulatus Fabricius, 1794, H. erinacei
Pavesi, 1884., H. concinna Koch, 1844., Rhipicephalus pumillio Schulze, 1935). The most abundant
in the collections were H. concinna and D. marginatus (88 and 19 specimens, respectively).
D. reticulatus had 6 specimens, while Rh. pumillio and H. erinaceid were represented only by 1
specimen each, and last one in a nymphal stage.

The highest species diversity of ticks in the Pavlodar Pre-Irtysh was revealed at profile 4 (4
species). And lowest diversity was at profile 7 (1 species). Profiles 5 and 6, had 2 and 3 species
respectively.

Of the 7 species of ticks of the genus Hyalomma that live in Kazakhstan, only 1 species was
found in the study area - Hyalomma scupense Schulze, 1918 (see Figure 1). It is a pasture-stall
parasite with a one- or two-host development cycle. Widely distributed in Kazakhstan (West
Kazakhstan, Atyrau, Aktobe, Kyzylorda, Turkestan, Zhambyl, Almaty, Zhetysu regions). It was
found in the East Kazakhstan region for the first time. Since there is no information about the
discovery of this species in the territory of the East Kazakhstan region, we can assume that this
species is new to the region due to the expansion of its range in the eastern direction.

Material: 138 $ 9 and 108 3 (246 specimens) were collected on 04/29/2023 from cattle
and 39 9% and 4 33 (43 specimens) from horses near the Alkabek border post, 35 @ ¢
and 47 44 (82 specimens) - from cattle 05/09/2023 in the Boran village of the Kurchum
district (Black Irtysh, right bank); 13 @9 and 43 §J& (56 specimens) collected from cattle
in Aygyrkum sands at the Zaisan district, East Kazakhstan region (Figure 1). The species has
important epidemiological and epizootological significance. In natural foci it is a vector of
Crimean-Congo hemorrhagic fever, West Nile fever, tick-borne typhus, Syrdarya valley fever,
Burnet's rickettsia, theileria, etc. [12-16].

Male Female
Figure 1. Adults of Hyalomma scupense collected from cattle in the East Kazakhstan region
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Of the 6 species of ticks of the genus Dermacentor known for Kazakhstan, we found 3 in the
study area: D. marginatus, D. nuttalli, D. reticulatus.

Dermacentor marginatus Sulzer, 1776 (see Figure 2) is a three-host pasture parasite. Vector
of tick-borne encephalitis, Q-fever, tick-borne typhus of North Asia, tularemia, brucellosis,
Crimean hemorrhagic fever, piroplasmosis and nuttaliosis of horses, piroplasmosis of dogs,
nuttaliosis of hedgehogs, babesiosis, anaplasmosis, theileriosis and brucellosis of sheep [17-23].
Widely distributed in the steppe and foothill zones of Kazakhstan: in West Kazakhstan, Aktobe,
Kustanai, North Kazakhstan, Akmola, Pavlodar, Abay, East Kazakhstan, Karaganda, Zhetysu,
Almaty, Zhambyl, Turkestan and Kyzylorda (eastern part) regions [1 -8, 15, 20-22]. In the East
Kazakhstan region, the species was previously known in the Ulan, Bukhtarma, Bolshenyrym,
Zaisan, Samara and Shemonaikha regions, and in the Pavlodar region - in the Pavlodar, Terenkol
(formerly Maximo-Gorkovsky) and Sherbaktinsky (formerly Tsyuryupinsky) regions [5-7, 22].
We discovered the species in both Pavlodar and East Kazakhstan regions.

Male Female

Figure 2. Dermacentor marginatus adults collected from cattle in the East Kazakhstan region

Material: 1 ©,3 4 (4 specimens) caught for the flag on April 27,2023,18 92,8 33 (26
specimens) takenfromcattle,5 9 9,5 7 7' (10specimens) collected fromhorseson04/29/2023
and 1 N taken from a Meriones tamariscinus on 04/29/2023 near the Alkabek border post,
20 99,32 &3 (26 specimens) collected on 05/09/2023 from cattle in the Boran village of
the Kurchum district; 2 $ 9,9 4, 3 LL (26 specimens) taken from horses, 5 @ ¢ taken on
05/09/2023 from cattle in the sands of Aygyrkum of the Zaisan district, East Kazakhstan region.

6 29,1 &3 collected on the flag on May 27, 2023 near the Bolshoi Akzhar village of the
Maysky district, 10 $$ taken from cattle on May 31, 2023 in the Isa Baizakov village of the
Irtysh region; 2 && caught on the flag on 06/07/2023 near the Beregovoe village of the
Terenkol district, Pavlodar region.

Dermacentor nuttalli Olenev, 1928. Pasture parasite with a three-host development cycle.
Vector of tick-borne encephalitis, tick-borne typhus of North Asia, tularemia, rickettsiosis,
brucellosis, borreliosis, coxielliosis, babesiosis, nuttaliosis and equine piroplasmosis [24-29].
In this regard, there is a risk of tick-borne rickettsiosis in humans when visiting biotopes where
D. nuttalli lives.
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In Kazakhstan, it lives in the southeastern part of the Zaisan depression and the foothills of
the Saur ridge, confined to steppes and deserts. The adult feeds on livestock, wild ass, and dogs;
immature ticks feed on rodents, hares, dogs, and cats. We found ticks on cattle in the Zaisan
district of the East Kazakhstan region.

Material: 3 9, 4 33 (7 specimens) taken from cattle, 5 99,4 &3 (9 specimens) - from
horses, 2 99, 4 A& (6 specimens) - from small cattle 05/09/2023, in Aygyrkum sands of the
Zaisan district.

Dermacentor reticulatus Fabricius, 1794. A pasture parasite with a three-host development
cycle. Vector of pathogens of piroplasmosis, nuttaliosis and infectious encephalomyelitis of
horses, piroplasmosis of dogs, tick-borne encephalitis, Q fever, tick-borne typhus of North Asia,
tularemia, brucellosis [30-35]. Widely distributed in Kazakhstan in steppe and foothill regions.
In the East Kazakhstan region, it is known in the Shemonaikha district and is widespread in the
Pavlodar region [7,8].

Material: 1 @ caught on a flag on May 29, 2023 in the vicinity Kyzylenbek village (5 profile)
of the Maysky districtand 1 €, 1 & (2 specimens) were collected for the flag on May 31, 2023
in the vicinity of the Kyzylzhar village (Aksu city); 3 © Q@ was caught on the flag in the vicinity of
Michurin village (6 profile) in Pavlodar region.

Among the genus Haemaphysalis 5 species of ticks live in Kazakhstan, and 3 species have
been found in the study area.

Haemaphysalis concinna Koch, 1844. A pasture parasite with a three-host development cycle.
It feeds on all types of animals living in the species’ range and also attaches itself to humans.
Vector of the causative agent of typhus of North Asia, tularemia, etc. [36-41]. In the Pavlodar
region it was previously known from the Akkul and Shcherbaktinsky districts, and in the East
Kazakhstan region - in the Shemonaikha district [7,8].

Material: 35 99,43 &3 (78 specimens) was collected for the flag on May 27, 2023 near the
Bolshoi Akzhar village (profile 4) and 3 29,2 §& (5 specimens) were collected for the flag
29 May 2023 in the vicinity of the Kyzylenbek village (5 profile) of the Maysky district 3 €9,
2 43 (5 specimens) was collected for the flag on May 31, 2023 in the vicinity of Kyzylzhar
village (6 profile) of the Pavlodar region.

Haemaphysalis erinacei Pavesi, 1884. A burrow parasite that feeds mainly on small and
medium-sized mammals that live in burrows. The epidemiological and epizootological
significance of the species has been poorly studied; there is only information about the presence
of pathogens of the genus Rickettsia and Babesia in ticks [42-44]. Due to the fact that ticks at all
stages of development live in burrows and feed on wild burrowing mammals, they pose virtually
no danger to people and domestic animals. However, there is information in the literature about
the presence and persistence of the plague pathogen in the body.

Material: 1 nymph was caught by us on the flag on May 27, 2023 near the Bolshoi Akzhar
village of the MaysKky district in Pavlodar region (4™ profile).

Haemaphysalis punctata Canestrini et Fanzago, 1878. Three-host pasture parasite. Widely
distributed in Kazakhstan, especially in large river basins. It feeds on mammals and birds, and
also attacks humans. It is a vector of Borrelia, Rickettsia, Babesia, etc. [45-48].

Material: 1 & taken by us on April 29, 2023 from one of the four examined cows near the
Alkabek border post (1 profile); 5 @ ¢ and 1 & were taken on May 9, 2023 from 4 studied cows
in the Boran village (2 profile) of the Kurchum district of East Kazakhstan region.
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Rhipicephalus pumillio Schulze, 1935. Three-host pasture parasite. It feeds on wild and
domestic animals and attacks humans. Widely distributed in Kazakhstan. Vector of pathogens
of rickettsiosis, tick-borne encephalitis, etc. [49-51].

Material: 1 © caught by us on the flag on May 27, 2023 near the Big Akzhar village (4 profile)
of the MaysKky district of Pavlodar region.

When comparing the faunas of the surveyed profiles, the greatest similarity was found
between profiles 1 and 2, located on the first model site, which are grouped into one cluster
with profile 7, and profiles 5 and 6 from the second model site, united into a cluster with profile
4 from the same region (see Figure 3). Only one species (D. marginatus) is common between the
model areas, while H. scupense, D. nuttalli, H. punctata were not recorded by us outside the East
Kazakhstan region, and D. reticulatus, H. concinna, H. erinacei, Rh. pumillio outside the Pavlodar
Pre-Irtysh region. Detection of such species as D. nuttalli (profile 2), H. erinacei and Rh. pumillio
in only one point. (profile 4), in our opinion, is due to the seasonal characteristics of the biology
of these species and climatic anomalies of the current year (long cold spring, drought). Usually,
all these species are widespread.

Figure 3. Dendrogram of the similarity of the ixodid tick fauna of the studied profiles
(Kulchinsky Index, UPGMA method)

Almostall species identified during our work were previously recorded in the surveyed areas. It
has been established that in the semi-desert, with its sparse vegetation, ticks are not widespread,
as in the conditions of closed grass of the steppes, but inhabit the burrows of numerous rodents
here or gravitate towards shrub and herbaceous formations. Almost all the species we collected
are found in river floodplains. H. erinacei ticks sometimes crawl out of the burrows and remain on
the soil surface near the burrow entrance. It is possible that cases of attacks on humans and cattle
are associated with this biological feature of the burrowing H. erinacei.
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We assume that the low number of ticks is largely due to the insignificant thickness of the
snow cover in winter and the long, cold spring. These factors could have greatly reduced the
ixodid population, and hot and dry summer exacerbated their impact. However, if conditions
are favorable, the tick population will quickly recover, which will inevitably lead to the spread
of tick-borne diseases that pose a threat to humans and animals.

Conclusion

In model areas in the floodplain of the Black Irtysh River and the Pavlodar Irtysh region, we
identified 8 species of ticks belonging to four genera: Hyalomma, Dermacentor, Haemaphysalis,
Rhipicephalus. New species for the region have been identified: Hyalomma scupense - not
recorded in the East Kazakhstan region before our research and Haemaphysalis erinacei - new
for the Pavlodar region. Ixodid tick activity was relatively low throughout. The low number
of ticks is presumably due to the long and cold spring, abnormally hot and dry summer, and
the disinfestation process carried out during our collections. One of the components of the
task of combating and preventing infections transmitted by blood-sucking arthropods is the
study of the fauna, biology and ecological characteristics of these parasites. However, constant
monitoring of the numbers, distribution and ecology of these bloodsuckers is necessary, since
the main goal of all the work being done is to preserve human health.
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3.3. CaakoBa, A.M. AceL16€eK, A.B. Ec;kaHOB
Kazakcman Pecnybaukacs! Folabim dicaHe HOFapsl 6iaimM MUHUCMPAIZIHIH «300/102Us1 UHCMUMYMbL»
pecnybauKablk Memaekemmik Ka3blHA/IbIK KacinopHbl, Aamamul K., Kazakcmau

EpTic e3eHi >xalibl/IMaCbIHBIH, UKCOATHI KeHeJepi (Acari, Ixodidae)

Anparna. KaHcoprbllll KeHesiep OWOIEHO3/bIH KypaMmac O6eJiri 6oJibil TabblLaaJbl >KoHE
BUPYCTap/ibl, GaKTepHUsIap/bl oHe KapamaubIM/blaap/bl Gip OpraHU3MHEH eKiHIIi opraHu3Mre
TacbIMaJilaya peJi aTKapaabl. bykis aseMzie 300HO3/bIK, UHOEKIHsIAP, COHBIH, illliH/e TacbIMaJiJayIlbl
uHbeknusaaap Maceseci 6ap. KasakcraHaa HKCOATBI KeHesiepi apKblibl TapanaTblH OGipHelle
TacbIMaJilaylibl UHPEKLUs ollaKTapbl 6ap. Pecny6MKaHbIH HIBIFbIC alMaFbIH/A OYJT TY/ISIPEMUSHBIH,
KeHe 3HLedaTUTiHIH, pUKKETCUO3/bIH, aZlaMAaFbl GOPPEMO03/IblH XoHe YU »KaHyapJiapblHbIH KaH-
NapasvTTIiK aypyJ/apblHbIH TabWFfU OLIAKTAaphbl, OJAp/AbIH HETi3ri TachiMaJjAayllbliapbl UKCOUATBIK
KeHeJiep. UKCOAThI KeHeslepAiH MaHbI3/bl 3NUAEMHUOJIOTUSJIBIK K9HEe 3TIU300TOJIOTUSJIbIK MaHbI3bIHA
KapamacTtaH, EpTic eHipiHiH akapodayHacbl ocbl yaKbITKa JlediH >keTe 3epTTesMereH. 2023 KblLibl
Epric e3eHiHiH »xalibiMacbiH/a, [1aBaogap xoHe llbiFbic KazakcTan o6JbICTapbiHAA KYpTisiareH
3eprTeysaepze 4 TYKbIMJACKA »KaTaTbIH UKCOATHI KeHeJiepAiH 8 Typi aHbIKTanbl. KeHesiep HerisiHeH
y¥ lIapyallbIbIKTapblHAH XKoHE es/li MEKeHep/liH MaHalbIHAH KUHaIbl. Eki aliMaKTbIH payHacbiHa
CaJIbICTBIPMaJibl CUIIAaTTAMa XKYPri3iJin, kel 6ip albIpMalIbLIbIKTapbl aHBIKTAIbL. LbIFbic KazakcTan
0OJIBICBIHBIH KeHe payHachl TOPT TypMeH ycbiHbLIFaH: Hyalomma scupense, Dermacentor marginatus,
D. nuttalli, Haemaphysalis punctata. H. scupense caH »aFbIlHaH 6achkiM 6OJIbIN IIBIKTHL [laBjojap
obJsibicbiHAA 5 Typi aTan ertinai: Dermacentor marginatus, D. reticulatus, Haemaphysalis concinna, H.
erinacei, Rhipicephalus pumillio. H. concinna canbl 60#bIHIIA 6ackIM 60sAbl. O6JbIC YIIIH eKi aHa
Typi aHbIKTanabl: Hyalomma scupense - birbic KazakcTaH 06/bIcbIHAA XaHe H. erinacei - [laBiogap
0OJIBICBIHAA.

Tyuinai cesgep: Ukco Tl KeHesiep, TapaTyUIbLIAP, IKTONAPA3UTTEDP, KAHCOPFbIII OYbIHAAKTHLIAP,
EpTic eHipiHiH akapodayHacsl

3.3. CaakoBa, A.M. AceL16€eK, A.B. Ec;kaHOB
Pecnybaukatckoe eocydapcmeeHHoe hpednpusimue « MHcmumym 300102uu» MuHucmepcmea HayKu u
8bicwezo obpazosaHus Pecnybauku Kazaxcmat, Aamamol, KazaxcmaH

HkcopoBbie Kiaemu (Acari, Ixodidae) moiiMsbl peku UpThim

AnHoTanus. KpoBococyuye Kiely ABJASI0TCA HEOTbeMJIEMOH YacThIo 6UOIEH03a U UTPAIOT POJIb
B IepeHOCe BUPYCOB, GaKTepUil ¥ MPOCTEHUIIMX OT OHOT'0 OpraHMU3Ma K JIpyromy. Bo BceM Mupe cyiecTByeT
npo6JsieMa 300HO3HbIX UHQEKIMH, B TOM YHC/Ie U TPaHCMUCCUBHBIX. B KazaxcTaHe GpyHKIIMOHUPYIOT
HECKOJIbKO 09aroB TPaHCMHUCCUBHBIX MH(EKIUH, TepeJaruXcsi UKCOJ0BbIMU KJleliaMu. B BocTouHoM
pervoHe pecnyOJIMKH 3TO MPUPOJIHbIE OYard TYJISPEMUH, KJEIeBOro 3HiedaanuTa, pUKKeTCHO30B,
OOppesIM030B JIIOJIe W KpoBeNapasuTapHbIX 3a60JIeBAHUN JOMAIIHUX >KUBOTHBIX, OCHOBHBIMH
NepeHOCYHKAMH KOTOPBIX SABJIAKTCA UKCO/IOBBIE Kieliy. HecMOTps Ha BaXKHOE 3MH/IEMHUOJIOTUYECKOE
W 3MH300TOJIOTHYECKOE 3HAYEHHEe WKCOJIOBBIX Kielled akapodayHa [IpuUUpTHINIbA /0 HACTOSIIETO
BpeMeHH OCTaBaJsIach caabon3ydeHHOU. McciiejoBaHUsAMY, TPOBeieHHBIMU B 2023 To/y B oliMe peKku
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UpTei, Ha TeppuTopuu [laBaogapckoit u Boctouno-KaszaxcTaHckol 06J1acTu 6b1IM 06GHAPYXKEHBI 8
BU/I0B UKCOZIOBBIX KJlelliel, IpUHa/IexKallux K 4 pogam. Kiely, B OCHOBHOM, 661U COGpaHBI € JOMAIIHUX
M B OKPECTHOCTSIX HaceJeHHbIX MYHKTOB. bblia npoBejeHa cpaBHUTeJbHAs XapaKTepucTUkKa ¢ayH
JIBYX PETHOHOB U BbIfIBJIEHBbI HEKOTOpble 0T/In4usl. PayHa kieleil BocrouHo-KasaxcTaHckoll o6/1acTu
ObLIa MpejicTaBjeHa YyeThIpbMsA BUJaMu: Hyalomma scupense, Dermacentor marginatus, D. nuttalli,
Haemaphysalis punctata. JJoMUHUPYIOIKUM 110 YUCJIEHHOCTH O0KasaJsics H. scupense. B [laBiogapckoi
obs1acTu 6bBL10 OTMeueHo 5 BUA0B: Dermacentor marginatus, D. reticulatus, Haemaphysalis concinna, H.
erinacei, Rhipicephalus pumillio. lomuHupoBas no yucieHHocty H. concinna. BeisiBjieHO ZiBa HOBBIX AJ151
TeppuTOpuHU obJiacTeit Buga: Hyalomma scupense - B BoctouHo-KazaxcTaHcko#t o6s1act U H. erinacei
- B [laByiogapckoii o6J1acTy.

Kiio4deBble €/I0Ba: MKCOJOBbIE KJelld, IePeHOCUUKH, IKTOMAapa3uThl, KPOBOCOCYLIMEe YJEeHUCTO-
HOTHe, akapodayHa [IpuupThILIbA
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FeibiMu MaKasia

Kana npo6uoTukTepai xkacay yuiH Lactobacillus miTaMMaapbIHbIH,
MHUKPOOKA Kapchbl OeJICeHAIIri MeH cTpecc ¢akTopiapbiHa TO3IMAIIIrIH
3epTTey

J.E. Kypmanraiu* ", B.T.baiikonbic ", A.C. Aouwiaxagupos , K.M. BekumiuH
I.K. A6uTaeBa

Pecnybaukanvlk MukpoopeaHusmoep koaaexkyusicol, Acmaua, Kasakcman

*Xam-xabap asmopeul: d.qurmangali@gmail.com

Anpgarna. Herisri kypamjac 6estiri maiifjasibl cyT KbIUIKbLIbI 6aKTepHUsaapbl 60-
JIbINT TAOBbLIATbIH NPOOGUOTHKAJ/BIK LITaMMAAp OHWOTEXHOJIOTUSJIBIK 6HAipicTe yJI-
KeH KbI3bIFYIIbLIBIK TYAbIPAAbl. OPTYPJi MNPOOHOTUKAIBIK MHUKPOOPTAaHU3MAEPAiH
imiHge KemnTereH »KarbIMJbl KacueTTepre ue Lactobacillus-ka epekilie KeHiJ 6eJi-
Heni. 3epTTey 00'beKTici OGMOJIOTUAMBIK, YariiepAeH GesiHin anbiHFaH Lactobacillus
TYKbIM/IACBIHBIH, CYT KbIUIKbLI/Abl OaKTepUsAaapbl, COHJAAN-aK PecrnyO/MKaIbIK MU-
KpOOPraHU3MIep KOJLIEKIUsAChl GHO6aHKIiHIH KOJUIEKIUSJIBIK IITaMM/Iapbl GOJIbII
TabbLIaJbl. 3epTTEY/iH MaKCaTbl — NPOOHUOTUKTEP/I JAMBITY VIUiH CYT KbIIIKbLIbI
6aKTepHUsATapbIHbIH NIPOOHOTHKAMBIK KACUETTEPIH OKlIay/1ay XaHe cunarTay. 2KyMbic
6apbICBIH/A CYT KBIIIKBLIbI 6aKTepUsJapAbiH 15 TpoOHUOTHKAIBIK OeJICeH/ i ITaM-
M/lapbl CKpUHUHITEH oTin, PecnybJinKaiblK MUKPOOPTaHU3M/ep KOJIJIEKIUSACHI 6UO-
0aHK IITaMM/IapbIHBIH apacblHaH eH, 6eJiceHIi TepT KysabTypa (Lactobacillus casei 2LB,
Lactobacillus brevis 3LB, Lactobacillus fermentum BV-4, Lactobacillus plantarum 5LB)
TaHAaaabl. Ocbl WITaMM/AapAblH 6acTanKbl KyJAbTypadapblHaH KOHCOPLUYM KypbLI-
JIbI ’K9HE 93ipJIeHIN KaTKaH MPOOGUOTUKKE KOCY YIIiH OHTaNJbl HYCKAChl TaHAaJI/Ibl.
BakTepusiapAblH Npo6UOTUKAJBIK, IOTEHI[MAJbI, COHbIH, illinAe pH TeMeH MaHAepi-
He TOe3iMZiJiri, 0CMOCTBIK KbICbIM, LIAPTTHI NATOTeHAlI MUKPOOpPTraHU3MJepre aBTO-
arperayys >koHe Koarperayusi CUSKTbl KaCUeTTepi 3epTTesi. ACKa3aH-illeK K0J-
JapbIHbIH, AYUINAHABIK OpTacblHJa JIAKTOOGAKTEpUSIAPAbIH, TipIIijiriH, oJapAbIH,
a/Ire3UsJIbIK KaCHEeTTepPiH, MUKPOOKA KapChl 3aTTapAbl 6H/AIPY *KoHe UMMYH/bIK, XKa-
yanTbl MOAyAsALMsIay KabiseTiH aHbIKTay YIIiH 3epTTeynep xkyprizingi. Hotuxenep
Lactobacillus mTaMMapbIHbIH TAaTOTeH/iIK MUKPOQI0paHbl THIMAI 6acyFa, ilekTepai
KOJIOHU3AlUsIIayFa 2KoHEe UMMYH/IbIK IPOLleCTep/li bIHTAJIaH/IbIPYyFa KabineTTi ekeHiH
KepceTTi. By ajlaM AeHcay/bIFbIH JKaKcapTy yiniH Lactobacillus HerisiHgeri *kaHa
MPOGUOTHUKAJBIK [penapaTTapAbl 93ipJey nepcrneKTUBaIapbIH amazbl. bys HoTHKe-
Jep Lactobacillus npo6UOTHKAMBIK OTEHIIMAJBIH XoHe 0Jap/iblH, QYHKIMOHAI/BIK,
eHIMJIep/li AaMbITy YIIiH MaHbI3/Ibl OOJIBIN TAObLIATHIH MITAMMFA TOH KACUETTEPiH
3epTTeY/iH MaHbI3AbLIBIFbIH KepceTe/Ii.

Ty#iH ce3aep: cyT KbIIIKbLIbI 6AKTEePUIAPDI, IITaMM, CTpecc paKTopJiaphl, IIpo-
OGUOTUK, aBTOArperaiys, aHTaroHM3M, Koarperauus
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Kipicne

CYT KpIIIKbIIBI GaKTepHsJapbl — aJlaMHbIH, [CHUX0JIOTHUSJIBIK K9HE MOpasbJbIK JeHcay-
JIbIFbIHA Kayillci3 acep eTeTiH NpOOMOTHKANBbIK KacueTTepi 6ap KeHiHEH 3epTTeJireH
MUKpoopranuamaepaiy 6ipi. CKb - rpaM-no3uTuBTi, $aKy/JbTaTUBTI aHa3pPOOThI, KbILI-
KbLJIFA TO3iM/li ’)KkoHe criopa TyY306eUTiH MpoOUOTUKABIK 6aKkTepusaap. CyT KbIIKbLIbl 6aKTe-
pusiIapbiHZa 0alKalaTblH MOPQOJIOTUSHBIH, Heri3i rpaM-NO3UTUBTI KOKKTap MeH TasKulajap
6oJiblN Tabbl1aAbl. OapAblH alpbIKiIa epeKlleNiKTepiHiH 6ipi — keMipcyap/bl allbITy Ke-
3iH/le Heri3ri COHFbI OHIM peTiHAe CYT KbIIIKbIJIBIHBIH 6H/ipici 60J1bII TabbliaAbl, 6yJ1 0J1ap/bl
MUKpOOTap/blH 6acka TonTapblHaH epekiueseHfipesi. [I[poouotukrep 6osa oteipbin, CKb
9pTYpJii KaFAalJapAa MeciHiH JeHcay/bIFbIH XaKcapTyFa KabiseTTi. COHbIMEeH KaTap, CYT
KbILIKbLJIbl OaKTepUsIJIapbIHbIH KONITEreH TYypJiepi Kayimnci3 en TaHblIFaH MapTebere ue, Oy
oJIapAblH KOJIAAaHYyFa )KapaM/blIbIFbIH TaFbl 6ip peT pacTalbl.

CyT KbILIKbLIbI 6akTepusiapbiHblH (CKB) mwiTaMMaapbiHbIH TPOOMOTHUKAJBIK KacUeTTeDi,
atan anuTkKaHzga Lactobacillus, onapgbliy AeHcay/blKKa TUri3eTiH maijacblHa OaillJIaHbICThI
alTap/bIKTal KbI3bIFYLIBLIBIK TYAbIpaAbl [1,2]. Lactobacillus-TeH TypaTbhiH Npo6UOTUKTEPA]
KapacTbIpFaH Ke3Je OJIapAblH THIM/JiJIiriHJe GipHelle Herisri cunattaMajap Lelylli peJ
aTKapaTbIHbI aHbIKTaA/bI[3].

KosganbiiaTeid Lactobacillus mrtaMMbIHBIH, 63iH/IK epeKIlesiiri eTe MaHbI3/lbl, 6UTKeHi
9pTYpJi WITaMMJAap [JAeHcay/JblKKa 9pTYpJi acep eTyi MyMKiH. JlakToGaKTepHusap/blH,
NpOOHUOTHUKAJBIK KAaCcHeTTepiHe acKasaH-illeK KOJJAapblHJAQ, KbIIKbLI OpTaja eMip
CYpy KabisneTi >kaTajabl. Aare3usi KabijsieTi 6oJsiaZibl, COHbIH, apKacblHJa OJI acKa3aH-illlek
»KOJIJIAapbIHbIH, ILIEKTiH 3MUTeJUM KacyllajapblHa >Kabbicafbl. [lIeK MUKPOOUOTACBHIHbIH,
JleHCayJ/IblK YIIiH MaHbI3JbLIBbIFbIH KOpPCETETIH 3epTTey/epAiH KeNnTiriHe 6alaHBICTHI,
acKasaH-illek >KOJIbIHJaFbl JIAKTOOAKTepUsJlap/blH, KON KbIpJbl PeJIiH TYCiHY LIYFbLI
KaXeTTiJlikKke alHaA b1 3].

TesimpinikTeH 6acka, Lactobacillus npo6uoTHUKTEpiHiH TaFbl 6ip MaHbI3/Abl CUIIATTAMaChl
naToreH/iK IITaMM/IapFa KapChl aHTAarOHUCTIK 6eJICeHIUTIK 60J1bIN TabbLIa/bl. Bys1 6esceHimik
OJIapfFa illleKTeri pecypcTap YlUIiH 3UsiH/Ibl 6aKTepHUsalapMeH 6aceKesiecyre MYMKiH/AIK 6epeni,
oCblJIallla TeHJEeCTIipi/ireH KaHe cay illeK MUKPOOUOTAaChIHbIH KaJIbINTACyblHA bIKIAJ €TeJl.
ConbiMeH Kartap, Lactobacillus mTamMMmaapbiHbIH ayToarperayusafa KabiJeTTisiri yJkeH
MaHbI3Fa Me, 6UTKeHI oJ1ap arperaTTap TY3yre »XoHe illleK KabblpFacblHa Ka0bIChIII, OJIap/blH,
KOJIOHM3ALUsIChIH K9HEe HECiHiH JeHcaysblFblHA NMOTEHIMa//bl Nailjja 9KeseTiH KabiseTiH
apTThIpajbl[4].

Kasipri oThIpBIKIIBLI 6Mip Ca/IThl, YHEMI ©3repill OTbIpaThbIH aya-paubl, AYPbIC eMecC KoHe Ty-
paKThbl TaMaKTaHOay, aHTUOMOTUKTEP/i Kabbl1Jiay, CTPecCTiH, 60J1ybl, 69pi alaM JeHcay IbIFbIHA
Kepi acep eteni [5-7]. KeMm pereHjie 6ip 6esriHiH 601ybl illlek MUKPO}JI0paChIHbIH HallapJiayblHa
9KeJie/li, HOTWXKECIHE TIiTIpKEHTeH illleK CHHAPOMBI NManga 6osa4bl. [Ipo6UOTHKTEPAl KOJIaHY
OyJ1 illeKTeri TeHrepiMci3IiKTi KaJnblHa KeJITipyre )oHe cay illleK MUKpo(JI0pachblH CaKTayFa
apHaJIFaH NnepcreKTUBAabIK Lellim [8,9].
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2Kana npobuomurmepdi xacay yuiin Lactobacillus wmammoapoirvyy muicpobia Kapcol Oeacendirizi mer cmpecc
paxmoprapoina mesimoirizin sepmmey

3epTTey daicrepi

JAHK skcmpakyusicel, [ITP amnaugpukayusicol, 16rRNA cekeeHupaey

3eprTeyne Lactobacillaceae TyKbIMJACbIHBIH TOPT rpaM-NMO3UTHUBTI GaKTepUsapbl KOJI-
JaHbLIABL. BakTepusiiapabl JleHi cay aflaMHbIH GHOMaTepyasiblHAH, COHAANW-aK Ka3aKTbIH
JI9CTYPJIi alIbITBIIFAH CYT CYyChIHBI — KbIMbI3JIaH, YU cy36eci CUSIKTbl TaFamMJap/aH G6esiHfi
(Kecte 1). Okuaynanran 6aktepusiziap MRS Broth KopekTik opTackiHzaa 24 carat 60iib1 37°C
TeMIlepaTypaza TepMOCTaTTa UHKYGausIaH bl BapJibIK CYT KbILIKbLIbI 6aKTepusiiapbl -80°C
TeMnepaTypaza KypambiHja 20% riuuepusi 6ap De man Sharpa build (MRS) copnaceiaaa
cakTaabl [10].

Kecre 1
IIpoGHOTHKA/IBIK, IITAMM/apAbIH, OKLIay/Iay Ke3jaepi
[ITamMmMm Kymbic aTaysl MaTepuanaap PKM kos/1eKIIASICBIHIaF bl
Ke3epi HOMepi
Lactobacillus casei 2LB 13n-1 Y¥ KbIMBI3bI B-RKM 0545
Lactobacillus brevis 3LB 13b Y¥ KbIMBI3bI B-RKM 0546
Lactobacillus fermentum BV-4 BV-4 JeHi cay afamHubiH, | B-RKM 0280
6roMaTepHalbl
Lactobacillus plantarum 5LB 5LB Yit cys6eci B-RKM 0547

Lactobacillaceae TyKbIMAACbIHbIH, 0apJiblK, 6akTepusiiapbl 16s pPHK renaepin amniudu-
Kalysay >XoHe CeKBEHUpJIey apKbLIbl TYPJIK JAeHrerhiHJe TaKCOHOMUSIJIBIK COMKeCTeHAipiii.
['enomabik JIHK 10 M1 MRS - Te ecipijireH TyHTi KOJIOHUsIJIapAaH aJIbIHbII, aMIIMPHUKALUAIAH/bI.
[ITP wapttapsl kenecigei 6oaabl: JHK-HBI angblH-ana AeHaTypauusay YIliH yiariiep 5
MUHYT imiHge 95°C TemnepaTtypaza WHKyOauusaaHagbl. ComaH kediH 35 aMmiandukauus
LUKJII OpbIHJAJIa/bl, OJIapAblH 9PKAKCBICHI KeJieci Ke3eHAepAi KaMTuabl: 30 cekyH/[ imiHzae
95°C TemnepaTtypaZa aeHatypauus, 40 cekyHp iminge 55°C Temneparypaja npaiMepJiepai
KyWaipykoHe 10 MunyTiwinge 72°C teMnepatypaja TizoektepZiy3apTy [9]. AbIHFaH 6apJIbIK,
[ITP eniMmaepi ExoSAP-it Express *KMBIHTBIFBIMEH TA3apThLIbII, peTTe Al PeTTisik Tanzaysl
BLAST kemerimeH »xyprisingi. BipHeuie peTTinik TypakTanbipy ClustalW 6afsapiaMacbIHbIH
keMeriMeH xyprizinigi [11]. 16s pPHK rengepiniH, y3bIHAbIFbI 6ap JlaKTOOaKTepHUsaapFa
apHasifaH ¢uJoreHeTUKAJIbIK aFalll Kepllijiep/ii Kocy ajiciMeH canbiHAbl. Tangay MEGA 11
6arnapsiaMacbiiga xyprisingi. Cansicteipy GenBank nepexkkopbinzarbl BLAST KypaJibIHBIH,
keMerimeH xyprisinai (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

TemeH pH maHdepiHe mo3imIinik

4 mTaMM K9He OChbl LITAMM/JAP KOHCOPLMYMbl ToMeH pH KOHIleHTpaLuacblHa TO3IMAIIIK
TajagaybiHaH oTTi. O yuwin 10 Mxa kesemzeri »kaHa TyHri CKB kysnbtypacsl 1N HCI xaHe
1N NaOH kemerimen pH 3,5; 4,5 xoHe 6,2-re neliH keTkisinren 190 mksa MRS copnacbeigga
apajacTteipbLiibl xkoHe 37 °C TeMmmepaTypaja 2 caraT, 4 cafaT >oHe 6 caFaT O0Ubl
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MHKyOaLuusiaHAbl. Opb6ip 2 caraT calibiH 600 HM TOJIKbIH Y3bIH/JbIFbIHJAFbl YJ/TiIep/iH
ONTHUKAJIBIK ThIFBI3/bIFbIH 6©JIlIey apKblibl clekTpopoToMeTpMeH TeMeH pH kesiHze
6akTepusapAblH ecyi esamenzi [13].

Omke me3imoinik

OT Te3imAiniriH 3epTTey yuiH wrramMmaap MRS copniaceiHza ecipingi. KaHbIKKaH T epiTiHAici
(Oxbile, Himedia) yuTakTarbiHaH aabinaasbsin MRS Broth-ta epitinin, 0,3%, 0,5% xaHe 5%
JIeHiHTi 6T KOHLleHTpalUsIChbIHA XKeTKi3uAi [6,14], marbiH MoaupUKanMsaMeH. 1 MJI )kaHa TYHTI
6aKTepUsJbIK KyJbTypaHbl neHTpudyraga 7000 ailH/MUH 5 MUHYT illiHAEe TYH/bIPbLI/DL
Yarinep 0,9% ¢usrosoruablk epiTiHZiMeH 2 peT )Kybl1/bl. AJIbIHFaH TyH6a KypaMbIH/Ja ap
TYpJli KOHIleHTpauusicbl 6ap etneH 1: 10 kaTbiHacbkiHAa MRSBroth-nen apanactbipbliabl. 12-
13 carar iminge 37°C TeMnepaTypajarbl HHKybOalUsAAaH KeliH eMiplieH 6aKTepUsiIapiblH
caHbl miles&Mirsa a1iciMeH 19MeKTi CYHbIITY apKblIbl aHbIKTaIbI [15].

NaCl mesimadinizi

OkuaysaHfaH OakTepusJblK KyabTypasapablH NaCl-ra Tesimpiniri 2, 4, 6 xaHe 8%
NaCl koHuenTtpanusicel 6ap MRS copnaceinga 3eptrengi. XKana paubiHgaaran CKb TyHri
KyabTypackl 37°C TeMnepaTypaZa 24 caraT 60ibl MHKyOaLUsIaHAbl, 6aKblLIay peTiHJe TeK
Cy MeH KOpPEeKTiK opTa mahjajaHbifbl [16]. OCcy KMHETHUKACbhIH 6aKbljiay YIIiH ONTUKAJbIK
ThIFbI3AbIK 600 HM-Je eJlleH .

Asmoazpezayusiivlk JHcaHe Koazpe2ayusiiblk Kabiiemi

CYT KbIIIKbIIbl OaKTepUsAJapbIHbIH, aBTOAarperayusaablK, KabijeTiH Taagay yuiH Koss et
al azicteMeci KosijaHbL1Abl, WaFblH MoAudukauusaMeH. 37°C TeMmnepaTypaja ecipijireH
CKB TyHri kysnbTypacsl 4°C Temnepatypasa 7000g ke3inge 20 MUHYT 60¥ibl LeHTpUdyrasay
apKbLIbl KUHAJIbI koHe docdaT-6ydepsik Ty3abl epiTiHaicinae (PBS) eki peT »yblLaabl.
AJIbIHFaH Kacyllla CycreH3UsaChbl KyUbIH/bl 9/licieH 1 MUHYT 60MbI apaiacThIpblaabi[17].

Kacywanblk cycrneH3usiHbIH aBToarperanuscbl 6ejiMe TeMmepaTypacblHAA 3 KoHe 5
caFaTThIK UHKyOalus/jaH Keilid aHbIKTaabl. 0,2 M1 6eTKi cycnieH3us 0,8 PBS-Ta cyUbLIThLIABI
»K9He Oip/leH ONTUKaJBIK ThIFbI3/bIFbI (OD) esiieni.

ABTOarperanus navbi3bl A=1— (AtS/A ) + 100%’ TYpiHJe KepceTui/i, MyH/JaFbl
to

A . - 600 uM-ze (Microplate reader, biochrom) MuKpomIacTUHaHbI OKY KYpPbLIFbICBIMEH
eJILIeHTeH CiHipyai 6iiaipeni t = 5 car kesinze xoaHe A | - t = 0 KesiHze ciHipyai 6iaipesi.
Koarperauusinbl Tajiiay yiliH 3epTTeJeTiH IITaMMap MeH KOHCOPILUYMHbIH, CYCIeH3USIChI
aBTorperanus aficine ykcac jganbiHganabl. XKaHa gadbiHganrad Lactobacillaceae »kacymia-
JIapbIHBIH, CycnieH3usIcbIH docdaT-6ydepJi Ty3ab1 epiTiHgicinge (PBS) 1 x 108 CFU/mu gein
ctaHgapTTangbl. bapabik Lactobacillus cycnieH3usicblHaH 2 MJ1 a/IbIHBIN, COHAAN KeJieMeri
naToreH/iK LITAMM acyllajJapblHbIH, CYCleH3UsICbIMEH apaJsacTeipblifbl (Escherichia coli
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ATCC 25922V-RKM 0447, Salmonella typhimurium TA 98V-RKM 0162, Staphylococcus aureus
209PV-RKM 0057, Candida albicans ATCC - 885-653 y-RKM 0475). Kocna apasacTblpbLiblil,
©3iH/[iK TYHybl VIIiH 66/iMe TeMIepaTypacblHJa KaJAbIpblaJbl. bap/blK 6aKTepHUSJIbIK
»Kacylllasap/blHCyClIeH3UsACbIHaH KeieMi4 MJ160/1aThIH 6aKbliay Npo6upKaapbl JailbIHAAJbl.
CycnieHsusiiapAblH ciHipinyi 5 carat 37°C unkyb6auusja kerin cnektpodporomerpae 600 HM

TOJIKbIH Y3bIH/ABIFbIH/IA 6J111eH/i. Koarperanus keseci popmysia 60ibIHILIA ecenTeNi:

—A(x+y)
A
Axt Y/,

CiHyiH KepceTeJii *koHe (X + y) Kocnasap/iblH CiHyiH kepceTtezi [17, 18].

Koarperanus % = , MYH/Ia X K9He y IITaMM/Aap/bIH 6aKbliay Ipo6MpKalapblHa

bakmepusira Kapcul 6esceHdinikmi 6araaay

OkuiaysiaHFaH IITaMMJAp/blH MUKPOOKA Kapcbl OeJiceHJIiri arap ysIIbIKTapbiHA
IndPy3uaIbIK d/icleH aHBIKTaJAbl; WUHAUKATOPJIbIK OakTepusijap peTiHae Escherichia
coli ATCC 25922 B-RKM 0447, Salmonella typhimurium TA98 B-RKM 0162, Staphylococcus
aureus 209P B-RKM 0057, Candida albicans ATCC-885-653 Y-RKM 0475 nanjajiaHbLIJbI.
[lerpu TabakmasapbiHa MPA oprachkl Kyiblibll, 9pbip MHAUKATOPJIBIK MUKPOOPraHU3M
ra3oH afiicimeH erinai. ComaH KeliH blAbIcTapga AuaMeTpi 1 MM IIYHKbIpJiap »Kacas/bl, 0Jap
a9p wTaMMHbIH, 100 MKJ TYHri Ky/JbTypacbiMeH TOJThIpbLIbIN, 30 MUHYTKa Auddysusara
KaJAbIpbUIABL. OpOip MHAWKATOPJBIK IITaMMJAAp OHTAWJBI XafFJaWAa ecy VILUiH KOJIaWJbl
TeMrnepaTypaZa TYHIi HWHKyOaUMs[aH 6OTTi, TYHII MHKyOauusJaH KeWiH MJaHIIeTTeri
YALIBIKTAP/bIH allHa/aCblHAAFbl OpeoJiapAblH 601ybl Tekcepingi[14].

Cmamucmukaavik maaday

CtaTucTuKaabIK Taazgay ywiH GraphPad Software ycbinFan Prism 9.5.1 6armapiaMasslk
KypaJ/ibl NaiJiajaHbliibl. JKCOIEPUMEHTTIK aybITKy/lblH OOJIMayblH KaMTaMacbl3 €Ty VILIiH
9p6ip aKCcmepuMEHT VI JAaHaZa opbiHAANbl. ToxxipubenepaiH ceHiMAiniriH Tekcepy yIuiH
CThrofeHTTIiH t-TecTi KOJIJJaHbLIBIN, OpTalla MaHAepJepAeri albipMaublibiFbl p < 0,05
Kypa/bl.

HoaTtmxesiep xaHe TaJKbL1ay

JAHK skcmpakyusicol, I[ITP amnaugukayusicol, 16 rRNA cekgeHup.iey

['paM-no3uTHBTI GakTepusijapfad anbiHFaH /IHK npoTokosira colikec 6eJiiHIN asbIHAbBI
koHe 27F (5'-AGAGTTTGATCCTGGCTCAG-3'") xxoHe 1492R (5'-ACGGYTACCTTGTTACGACTT-3")
npaiimepJiepi apkpLibl aminukanusiaasgpl. CKb 6akTepusiapbl 1-cypeTTe KepceTiireHaen
16S rRNA Tangaybl apKpuibl aHbIKTa1Abl. Ocbuiaiiig, 16S rRNA Tanaaybl MeEH MosieKyiaablK GUI0-
reHeTUKaJlblK Taa/ay HeTi3iH/e oKlIayiaHFaH iTaMM Lactobacillus KipeTiH puioreHeTUKAJBIK,
TONKa TaraubiHAanasl (Cypert 1).
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I A BV4 Lactobacillus fermentum BV-4
L NZCP044354.1 Limosilactobacillus fermentum
| FM177140.1 Lactobacillus paracasei
I NC 010999.1 Lacticaseibacillus paracasel
| A 13n-1 Lactobacillus casei 2 LB

CP000935.1 Lactobacillus paracasei
| MG066537.1 Lactiplantibacillus plantarum

CP015338.1 Lactobacillus brevis strain
CP034099.1 Limosilactobacillus fermentum
CP050541.1 Levilactobacillus brevis

—
LC666821.1 Lactiplantibacillus plantarum
4‘—LA 13b Lactobacillus brevis 3LB
A 5LB Lactobacillus plantarum 5B
NC 004566.1 Limosilactobacillus fermentum

l

—
—_

X61142.1 Limosilactobacillus fermentum

CP011536.1 Limosilactobacillus fermentum

CP031169.1 Levilactobacillus brevis

NR 042394.1 Lactiplantibacillus plantarum
LC742934.1 Lactiplantibacillus plantarum

1.00

Cyper 1. 16S rRNA Ti36erine Heri3genareH 5LB, 13b, 13n-1 :xxoHe BV-4 penpe3eHTaTUBTI
IITaMAapPbIHbIH, CAJIBICTBIPMaJibl OPHBIH KOpPceTeTiH PU/IOreHeTUKAJIbIK aFall

Kviwkbia pH maoHOepiHe me3imdinik

CKb mrammzapsl afeTTe KbILKbLI OpTara ce3iMTas, KbIWKBIJI OPTaja OJIapAbIH iIKi
roMeocCTa3/ibl CaKTay KabisieTi HallapJiaibl, 6Cy KoHe 3aT aJiMacy 6esICeH/iJIiri auTapablKTau
TeMeHeli. Lactobacillus TypsepiHiH Kemiuijiri yiuiH, acipece aZlaMHBIH acKa3aH-illleK
’KOJIBIHZA KUi Ke3jeceTiHAepi yuliH oHTausbl pH auanasoHbl ajgerTe 5,5 koHe 6,5 [19]
apacbiH/ia 60J1a/1bI.

2-cypeTTe TOPT >KeKe HU3O0JISTTBIH X9He oJap/blH OipiKTipisireH KoHcopuuyMbiH 37°C
TeMIlepaTypaza ecipreH ke3je apTypJi pH »xafmainapeiaga (pH 3,5, pH 4,5 xaeHe pH 6,2)
TYPaKTbLIbIFbl KepceTiireH. bakbiiay pH 7 opracbl 6ospabl. U3oaarrapra aptypsi pH
JleHremsiepixkoHe 2, 4, 6, 24 caraT MHKyb6alusiay 9cep eTKEHHEH KeliH ONTHUKAJIbIK ThIFbI3/bIK
(OT) manpepinfe eneyi e3repictep 6anlKaabl.

3epTTeJreH 6akTepusapAblH 6apJiblK IITAMM/ApPbl 6CY/iH alTapJbIKTal )KeTicneymisirin
(onTukansIK ThIFbI3ABIK 0,3 MoHiHeH acnazpbl) xkaHe pH 3,5 Ke3iHze KbIILKbLIJbIK XKaFAaija
mekTeysi Te3iMainikTi kepceTTi. pH 4,5 60/1FaH Ke3ze 6aKkTepUsaapAblH alTapJbIKTal ecyi
TeK 24 caFaTTaH KeWiH FaHa 6alKaJ//ibl XK9He COJI yaKbITTaFbl OaKblJlayMeH CaJIbICThIpFaHAa
ONTHUKAJBIK TbHIFbI3JbIK MOHJAepi 6aKbliaydaH acbll TYCTi. 3epTTesreH 6apJblK pH
JleHrelJiepiHiH iliHAe TypaKThl 6cy XoHe O0aKTepHUsJIbIK 6HIM/IMIKTIH KoFapbliaybl Tek pH
6,2-51e 6ailikaaabl. bip KbI3bIFbl, SKCIEPUMEHTTIH, COHbIH/]A OApJIbIK 3epTTeJIETiH 00bEKTiiep
YLIiH ONTHKaJBIK ThIFbI3/|bIK MOH/EPI *KaKbIH/IACKAHbI Ha3ap ayJapTajbl.
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LrammaapAbii pH 3,5-ke Tesimainiri LiirammaapAbIH pH 4,5-ke Tesimainiri

1.5

" 0.3+ B 13n-1 £ = 13n-1
4
g B BV-4 F%f B BV-4
% 0.2- = 13b Ii 1.0+ I 13b
; mm 508 % m 5.8
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o.o AN FNNRN FARRN FR) 0.0 [LNNAN HAARR LANAR IR}

0y 24 44 64 24y 0 2 4 6 24
YakbIT, car YakbIT, caf
LlirammaapabiH pH 6,2-re Tesimainiri Lo
LWrammpapabid pH 7,0-re Tesimainiri
« 157 1.5+
¥ i = 13n-1 % I 13n-1
I
k 1.0+ Hl 13b 2 1.0 = 13b
]

; BN 5B ; m 5B
3 H
= i B KoHcopuuym g Il KoHcopunym
g 0.5 T 0.5-
H S
3 E
S 111 S

ooy IHAN 1F) oo

0 2 4 6 24 0 2 4 6 24
YakblIT, car YakbIT, caF

Cyper 2. pH manaepi 3,5, 4,5, 6,2 xxaHe 7,0 60/1aThIH KbIIIKLL OpTaja 2, 4, 6 xkoHe 24 caFaT
(n = 3) 6o0iibl ecipiireH x3He 37°C TeMnepaTypaja ecipi/ireH npo6MOTUKAJIbIK, U30IITTAP/bIH,
ONTHKAJIBIK, ThIFbI3/IbIFbI

Ocbuiaiiia, pH MaHiH 6,2-re AeiliH oHTalIaHAbIPY €H, KOJIaiJibl KaFAal 60JIbIN TaObLI/bI.
Atan anTKaHza, 13b mwtamMMbl KoHe 6apJIbIK TOPT LITAMM/Ibl KOCa ajJiFaHAaFbl KOHCOPLIUYM,
CblHaJIFaH OapJiblK IITaMMAAp apacbiHJa KbILIKbIIFA TO3iMIUIIKTI kepceTTi. Bys ochl
HITaMM/Iap/AblH, dCipece KbIIIKbLJI KaFaniap/ia bIKTUMaJ akJaJIblIbIFbIH KOpPCeTeI.

Omke me3imaiinik

3epTTey JIaKTOGAKTepUsIAP/bIH eMiplieH/iri MeH QyHKIMOHAIbLIbIFbIHA 9Cep eTeTiH ac
KOPBITY XKYHeCiHiH KypaMmzac 6eJiiri 60J1bII TabblIaThIH 6TKE KaJlal Xayall 6epeTiHiH TyciHyre
OaFbITTa/JIFaH. AJlaM af3acblHAAFbl 6T TY3/JapPbIHbIH KOHIIEHTPALUsChl OpHAJAcy OPHbIHA
6allJIaHbICThI ©3TepeTiHi OeJriji xKoHe KeKe epeKlleiKTepiHe 6alIaHbICTbl 60JIybl MYMKIH.
OT KabbIH/a 6T Ty3AapblHbIH, KOHIeHTpanuschl 0,2-0,6% apasbiFbiHAa 601a/bl. Islam xoHe
T.0.[20], >kypri3reH 3epTTey/e all illleKTe OT Ty3/apbIHbIH, KOHLEHTpaLMsCbl TOMEHAEUTIHI
koHe 40 MM-geH 1 MM-re gaeitin e3repetini atan etingi, 6y 0,05% - gan 2% - fa gewiuri
NaubI3/JbIK AUalla30HFa couKec KeJsei. byl manbi3fap eTTiH »KaJnbl KypaMblHa KAaTbhICThI 6T
TY3/lapbIHbIH, YJeCiH 6inaipesi.

OMipimieHAik neH Te3IMAINIKTI 6afanay OGakTepusilapAbl 24 caraT ecipreHHeH KeuiH
»Kacyuia TUTpJepid (n=3) caHay apKbLIbl XKYPrisiiifi. 2-11i KecTe/ie 6T KOHIEHTPALUSChIHbIH,
»KOFapblaybl KoHe »Kacyllla TUTpJiepiHiH 1-2 peTke TeMeHzeyi KepceTilreH. bip KpI3bIFhI,
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KOHCOPLIMYM €H, KOFaphbl TO3IMAIIKTI kKepceTTi — 5% oT acep eTKeH/e *,acylia TUTpi 6,33*105
KKB/ma 6061 Keke mTaMMaapablH, iminge 13b mrtamMbl eH »KoFapbl TO3IMIIKTI KepceTTi
(5,57*105 KKB/ma), an BV-4 mtamMbl eH TeMeH 60J1bl, xacyia TUTpi 2,50%104 KKB /M.

Kecre 2
3epTTesieTiH JJaKkTOoGaKTepusaapabiH, 0,3%, 0,5% x9He 5% cubIp OTi 60JIFaH »KaFJaiiJarbl
eMipLeHairi
% OT 0,3% er, 0,5% er, 5% e,

KKb/mMn KKb/mMn KKb/mMn
[ITammaap
13b 3,43*108 4,43*107 5,57*105
13n-1 1,87*107 3,90*106 4,73*105
BV-4 2,00*107 1,23*106 2,50*104
5LB 4,33*108 2,50*106 3,27*105
Koncopnuym 5,07*108 4,73*107 6,33*105

BakTtepusinapably, 5%-AbIK 6TKe eMiplIeHJiri auTapJblKTal »KOFapbl €KeHiH >KoHe ar-
peccuBTi ackaszaH-illek ¢akTopJiapblHAA Te3iMAiNIK KepceTeTiHiH aTam O6TKEH *K6eH. byu
HOTU:KeJIep OChl JIaKTOOAaKTepUsJapAblH ac KOPBITYJbI KaKcapTy/a *KoHe MPOOUOTUKAJIBIK,
npenapaTrTap/bl »acay YVILUiH, acipece T oCepiHiH aWTapJIbIKTal >XaF4aublH/Ja, MbICAJIbI,
acKasaH-illeK »K0JIbIH/Ia KOJIJaHbLIYbl TypaJibl KYHAbI TYCiHIKTep Gepefi.

NaCl me3simdiniei (ocmocmblK KbICbIM)

3eptTeynep kepceTkeHae, Lactobacillus uzonstrapel NaCl-ra oH Te3iMainikTi kepceTTi,
OyJ1 oJlapJblH, OCMOCTBIK, KbICBIMBI KOFapbl OpTaja eMip cypy Kabinetin kepcetezi. NaCl-ra
TO3IM/IIIKTiH, 60J1ybl 6T€ MaHbI3/lbl, 6UTKEHI OJ1 IITAMM/IapFa OCMOCTBIK, KyH3eJlicke TOTen
6epyre MyMKiH/ik 6epe/i, ocblyalila oJ1apAblH 6MipLUIeHIriH KoHe NPOOUOTUKTEP peTiHAe
KOJIJaHbLJIy MYMKIHJITiH apTThIpazbl (cypeT 3).
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Cypert 3. OcMOCTBIK, KbICBIMHBIH, 6aKTepUAJIapAbIH 6cyiHe acepi (a-0 caraT, b-24 carar)
6apJIbIK, AepeKTep opTaia * SD TypiHae kepceTisieai
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3-cypeTTeH Kepinm OTbIpFaHjal 6apJiblK ulossaTtap NaCl-abiH KeH aAuanaszoHbiHa (1-
8% w/v) wbigai anatbiHblH 2% NaCl-zga xaKcbl ecyiMeH aHBbIK KOpCeTTi, colaH KeHiH Ty3
KOHLeHTpanuscel 6,5% xaHe 8% JeliH KoFapblaFaH Ke3Jle ecy KYpT TeMeHJeni. MaHiep
Yyl KalTaJaHy[blH OpTallla MaHiH Oinfipeni, ykcac eMec apinTep aWblpMallbLIbIKTapZbl
kepcetesi (p<0,05).

Aemoaepezayus Kabisemi

BakTepusnblK KacyllajapAblH illeKk 3NuTeJudiHfe O0ip-OipiMeH O6al/laHbICy KoHe
arperaTTap Ty3y KabijieTi aBToarperanus KabijseTi gen aTasajbl. ABToarperauusi — mnpo-
OMOTHUKa/bIK OaKTepusJapAblH MaHbI3/lbl CUNATTaMacbl OOJIbIN TabbLIaAbl, 6UTKEHI OJ
oJ1ap/ibIH, 6eTKelepre *abbIChII, MeCiHIH acKa3aH-illIeK K0JIbIH KOJIOHHU3alUs1/1ay KabisieTiHe
bIKIIa/1 eTyi MyMKiH[21]. ABToarperanusaay KabiseTi u3oaaTTapAblH, 6eTKi KacueTTepiMeH
’KOHe apHakbl MOJIEKY/IAJIbIK KOMIIOHEHTTepiMeH 6ailJlaHbICTbl, OHbIH, KOpIIaFaH OpTaMeH
dpeKeTTeCyiHe acep eTe/i >koHe OHBIH NPOOUOTUKANBIK QYHKIMAIApPbIHA, MbICAJIbI, iLIEKTIH,
KOJIOHU3aLMsICbIHA K9HEe UMMYH/IbIK XXYHWEeHiH MOAYNSAIUSACbIHA TOTEHLMA/bI 9cep eTeni[4].
[Ipo6broTHKABIK IUTAMM/apAblH aBTOarperanysablK KacueTTepi 4-CypeTTe KepCeTi/ITeH.
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Cypert 4. 37 °C TeMnepaTtypaja 5 carar »x9He 24 caraT UHKyOaluusaJaH KeliHri
aBTOarperanMaHbIH NaibI3bl. 3 TIKipUOEAeH aabIHFaH + SD KoHe opTalla MaFbIHACHI.
OPpTYpJi apinTepi 6ap yariiep auTap/iblKTaid epekmeseHeni (p < 0,05)

Zawistowska-Rojek A. xaHe T.6. )kypri3sreH 3eptTeysnepze 37°C TeMnepaTypaja 2 caFaTThIK
MHKybOauusagaH KeiiH, Lactobacillaceae TyKbiMAacTapblHbIH aBToarperayust Manzepi 8,4%-
JlaH 24,82%-ra geitin aybITKbIAbL. bi3fiH 3epTTeynepimis, Zawistowska-Rojek A. xoHe T.0.
XKYpPri3reH 3epTTey/iepMeH calikec Kein, 3,44%-1aH 24,82%-Fa fieliiH aybITKbIABI [22].

Bip caraTTbIK UHKYOAlUs/IbIK Ke3eHHEH KeliH KOHCOpIMyM MeH 13b mTaMMbl apacblH/aFbl
IIery >bLIJAAM/ABIFbIHBIH, alblpMallblIbIFbl OalKasajbl. bapsblk mTamMmMpaap 3 caFaTThIK
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o6enriMmed (15%-28%) canbicThipFaHja 5 caFaTThiK Oenrige (19%-man 47%-Fa JeiliH)
aBToOarperauysiHbIH KOFApbLIayblH KOPCETTI. 24 caFaTTa aBToarperauys naibi3bl KOHCOPLUYM
yutiH 86,66%, 5LB uzosaTs! yuid 84,30% >xaHe 13b usonsart yuwin 77,52% 60sb1. COHBIMEH
Kartap, 13n-1:xaHe BV-4 nzonarrapsel caikecinue 83,85% >xoHe 83,94% :xoFapbl TYPaKThIJIbIK
KOpCETTi.

I[lamozeHdik wmammdapmeH Koazpezayus

Ferreira et al ManiimeTTepi 60MbIHIIA, Lactobacillus mTaMMAapbIHbIH Koarperauus apKblJibl
TOCKAyblJI ’Kacay KabijsieTi maToreHfiik OaKTepuUsiJlapZblH KOJOHU3ALUSCHIHBIH, aJiJibIH
ajly YWiH eTe MaHbI3Jbl 60Jiybl MyMKiH [23]. Bys1 koarperauusiHblH KOpFaHbIC MeXaHU3Mi
peTiHZeri MaHbI3JbLIbIFbIH, NIAaTOreHJAep VIUiH AYIINAHABLIK OpTa Kypy apKblibl OJIapAbIH,
©CyiH a3alTy/ibl, IaTOTEH/I KO0/ bl KEHIJeTy/li >koHe KepPTiiKTI MUKPOOHUOTaHbI KaJlblHA
KeJaTipyai 6infgipeni, 6y keliHHEH acKasaH-illleK >KOJIJAapbIHbIH, J€HCAYJbIFbIH CaKTayFa
KeMeKTece/|.

5-cypeTTe KepceTiireHAel GapJiblK CbIHAJFaH LWITAaMMJAp YIIiH 5 caraTThIK 3epTTey/e
Koarperaiusi KabijieTiHae aWTapJiblKTal aWblpMalllblIbIK 6aWKaJ/bl, KoarperauusHblH €H,
»koFapnl manbi3bl 5LB (25,20+0,40%), an 13b el Temenri (5,89+0,70%) kepceTTi.
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Cyper 5. Bec carar imriH/ie 3epTTeJ/iIreH LITaMMAApPAbIH, Koarperanus nambi3bl

BapJbIK Ky/bTypasiap apacblHaFbl KoarperauusiHblH, eH a3 6escenainiri Candida albicans
CbIHAK LITAMMbIMEH 9peKeTTecy Ke3iHJe KepiHAi. bap/blK TepT Ky/abTypaHbIH illiHAe TeK
Lactiplantibacillus plantarum 5LB optama 6eaceHfinikti kepcetin, 20,85+0,20% MaHiH
TipkeAi, an Kaarangapbl 15%-aaH acnafpbl.

Kepicinme, 13B (9,34=0,90%) kocnafraHAa, AaKblIJap/blH €H MaHbI3/lbl arperanusJblikK
6esiceniniri Salm. Typhhimurium cblHaK ITaMMbIMEH XYMBbIC icTey Ke3iHe 6atiKanabl, 20%
- fa TeH HeMece 0JlaH KOFapbl MOH/EPTe KEeTTi.

Yanfeng Tao et al »kyprisreH koary/asiusiHbl 3epTTeyre 6allJlaHbICTbl KOaryisnys MaHi L.
plantarum 24-25% pauana3oHbiHAa. MaHbI3/bICh], OY/1 MOHJEP 3€ePTTENETIH HAKThI LITAMMFA
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GaisiaHbIcThl ©3repyi MyMmkiH. bi3fiH 3eptTeyimizge kypazabl L. Plantarum 5LB xoHe
KoHcopuuym arperauusi naibidbl 23-24%-ab1 Kypaabl, 6y Yanfeng Tao et al 3epTteyiHae
YCBhIHbIJIFAH HOTHXKeJlepre colKec Kesefi [21].

AHmazoHucmik 6es1ceHOiNiK

Lactobacillus neH naToreH/iep/liH, aHTarOHUCTIK ©3apa dpeKeTTecyi 0Cbl IPOOUOTUKTEPAIH,
9PTYPJIi XKYKIIaJIbl aypyJiap/iblH aJlAbIH ajly HeEMece eM/iey YKoHe iLEeKTIiH »KaJilbl AeHCay/bIFbIH
HBIFAUTYy VIIiH NOTeHLMa//bl TepalneBTiK KOJJAHbLIYbIH KepceTeni. /lereHMeH, TUIMAIIIrI
Lactobacillus HakTbl I1ITaMMblHa >9He TMAaTOTEHAIK af3ajap/blH CUIATTaMaJjJapblHa
6alIaHbICThI 63TEPYi MYMKIH.

3-KecTe/ie KOPCETIJITeH arap ysUbIFbIHbIH AU PY3UACBIHBIH HOTUKeJIepi KOHCOPLIUYMHBIH
6apJibIK TeKCepi/ireH KOJUIOHUSJIApFa Kapchl esieysli aHTarOHUCTIK OesICeHTIIK TaHbITKaHbIH
KOpCeTTi, KOHCOPIUYM YIUIiH TeXXey alMaFbIHbIH AUaMeTpi 7 MM-JleH actaMm 6oJabl. XKeke
mrammaap apaceiiga L. plantarum 5LB Texey aliMaFbIHbIH, AUaMeTpi 6 MM-J/leH acaTblH
YKOFapbl aHTAaroHUCTIK 6esiceHAinikTi kepceTTi. Kepicinie, Lactobacillus brevis 13b TemeH
AHTArOHUCTIK NOTEHIUAJbI KepceTe/i.

Kecrte 3
Pecny6/1MKaIbIK MUKPOOPraHU3MAep KOJIEKIUACBIHBIH IaTOTeH /i MUKPOOPraHU3Mjepre
KapChbl TOPT IITAMMBIHBIH, >K9He 0JIapAbIH, KOHCOPLUYMBbIHbIH, AHTarOHUCTIK 6eJICEHATIriH

3epTTey
Ne [llTaMmM aTaybl AHTaroHucrik 6esceHainik (Mm)
Salmonella Staphylococcus Candida albicans | Escherichia coli
typhimurium TA | aureus 209 P ATCC- 885- 653 ATCC 25922
98 B-RKM 0162 | B-RKM 0057 Y-RKM 0475
1 |13n-1L.Casei 2LB | B-RKM 0447 6,07+0,51 3,70+0,75* 9,60+1,40
2 | 13b L.Brevis 3LB 7,17+0,57 6,53+0,40 4,10+2,10 4,60+0,56
3 | L.Plantarum 5LB 8,07+0,51 8,87+0,83* 6,67+0,45 9,57+0,60*
4 | L.Fermentum BV-4 | 6,7+0,40 7,27%2,00 2,90+1,30 6,43+0,31*
5 | KoHcopuuym 9,5+0,5 11,70+1,50 7,60+0,60 14,23+1,17

Eckepty: *p<0,05
Texey alimakTapsbl: 0 MM - HeJZlik 6esceHinik; 1,0-4,9 MM - TeMeH 6esceHainik; 5,0-8,9 MM — opTaiua
6esiceHIK; = 9 MM - KOFapbl 6eJiceHAiNIK

Escherichia coli-re aHTaroHUCTiK OeJiceHAiNiKKe KaTbICTbl opTalia 6esceHAiNiKTI Lacto-
bacillus fermentum BV-4 (6,43+0,31 mM) kepceTtce, Lactobacillus brevis 13b (4,60+0,56 MM)
TeMeH OeJICeHAIIIKTI, ajl KaJIFaH LTaMM/ap »Kofapbl 6eJICEHIIKTI KepCeTTi.

Staphylococcus aureus xaHe Salmonella typhimurium-fa KeseTiH 060JicaK, aHTaroHU3M
JleHreli 3epTTesireH 6apJiblK TOPT KyJbTypa OOWbIHIIA OpTallajfaH >Kofapbl 60/bl. Bip
KbI3bIFbI, TEK KOHCOPIIMYM CoMKeciHlle Staphylococcus aureus xoaHe Salmonella typhimurium-
ra Kapcel 11,70+1,50 xxoHe 9,5+0,5 aHTaroHM3MHiH epeKllie }KOFapbl KOPCETKIllliH KOPCETTi.
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KepiciHiie, 6apJiblK Ma/leHUeTTep/leri aHTaroHUCTIK GeJICeHAINIIKTIH eH TOMEeHTi KepceT-
kimtepi Candida albicans cblHaK LITaMMblHA KaTbICTbl 6GaWKa/jAbl. TepT KyJbTypaHbIH
iminge tek Lactiplantibacillus plantarum 5LB opTaiua 6esceHainikti 6,67+0,45 kepceTTi, 6y
KOHCOpLUMYM 6esiceHiniriniyg 7,60+0,60 neHreiine coiikec Kesyesi.

KOpBITHIHABI

3epTTeysep kepceTkeH/ e, Lactobacillus nsonsattapsl KbIKbLI pH opTackiHa, 6T Ty3aphl
»koHe NaCl-fa oH Tes3iMAiJlik TaHbITaZbl, OY/1 OJApAblH acKa3aH-illeK OopTacblHJAa TiplIiJik
eTy >koHe KOoJIOHU3alusJay KabijneTiH kepceTezi. Mbicasbl, 6y mTaMMAapabiH pH-ThIH KeH,
Jluana3oHblHA TO3eTiHi *koHe KbIKblI pH oprackiHga (3,5-7,0) »kakKcbl eceTiHi, COHbIMEH
KaTtap 2-8% NaCl »xane 0,3-5% eT Ty31apbiHa HIbIJaUTbIHbI aHBIKTA//bl.

Lactobacillus mTaMMJapblHbIH, OCbl MPOOHWOTHUKAJIbIK KacUETTepiH TYCiHY oJap/bl
NpOOMOTHUKTEP peTiHJAe NaijajiaHy VIIiH ipikTey >koHe OaraJjiay Ke3iHJle KaKeT. ACKa3aH-
illeK KoJIJapbIHbIH, KaTaJl KafFAalblHAa eMip cypy, maToreHZepMeH OaceKesiecy »KoHe ilek
KaObIpFasiapblHa »KabbIcy KabineTiMeH Lactobacillus npo6HUOTUKTEDI illleK JeHcay/IblHA KoHe
KaJIIIbl 9JI-ayKATThl HbIFAUTYFa YJIKEH CEITIriH TUri3e/|.

KapxkbL1aHabipy:
Byn 3eprreyni Kasakcran Pecny6sinkackl FbiibIM 2koHe KOFapbl 6ijiM MUHHUCTpJIIriHIH
FbLJIBIM KOMUTETI KapKbl1aHAbIPABI (TpaHT N2 AR 19679863)".

ABTOpJIapAbIH, KOCKAH YJieci

Kypmanraau J.E.: TyKbipbiM/laMasiay, 6MOMHPOpPMATUKAJBIK Tajjay, 94icTeMe, MaKaJa
MOTIiHIH Ka3y.

BaikonbIc T.B.: Ty>KbIpbIMJaMaJiay, 94icTeMe, MaKaJlaHbl CbIHU TYPFbIJIaH KalTa Kapay.

AowaxaaupoB A.C.:Ty>KbIpbIM/IaMa M€eH d/licCHaMaHbl JalbIH1a/1bl.

BekmuH XK.M.: :x06aHbI 6acKapy/ibl KafaFaaabl.

AoutaeBa [K.: »xo6aHbl aKiMIIiJieHAipyre >KeTEeKUIJIiK eTTi, TYKbIpbIMJaMa MeH dJic-
HaMaHBbl JanbIH/Aa/1bl, MaKaJlaHbl CBIHU TYPFbIJaH KauTa Kapajbl.

BapJiblK, aBTOpJIap 3epTTeyre eJieyli yJec KOCThl, KO/Ka36aHbIH COHFbl HYCKACBIH ChIHU
TYPFbIJAH Kapar, MakKyJJa/Jbl KoHe KYMbICThIH, A2/l MeH TYTAaCThIFbIH KaMTaMachI3 eTe
OTBIPbII, OHbIH, 6APJIbIK aclleKTisiepi ylliH )KayanKepiluiJiKTi 63 MoMHbIHA a/lyFa KeJiCTi.
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J.E. Kypmanraau*, B.T. Baiikonsic, A.C. A6uaxaaupos, 2K.M. BekmuHn, LK. AGutaeBa
PecnybaukaHckast Koaaekyusi MUKpoopeaHusmos, Acmaua, Kazaxcma

H3y4yeHHe aHTUMMKPOGHOM aKTUBHOCTH U TOJIEPAHTHOCTH K cTpecc-pakTopaM ITAMMOB
Lactobacillus as1s1 pa3pa6oTKku HOBOro Nnpo6UOTHUKA

AHHOTanusA. 3HAYHUTE/JbHBIA HHTepec B OUOTEXHOJOTHYECKOM IPOU3BOJICTBE NPEACTABJSIOT
NPOOHUOTHUYECKHE ITAMMbI, OCHOBHBIM KOMIIOHEHTOM KOTOPBIX SBJISIOTCS IM0JIE3HBIE MOJIOUHOKHCJIbIE
6akTepud. Cpelu pas3MYHbIX MPOOUOTUYECKHX MHKPOOPraHU3MOB 0C060€e BHUMaHUe YJesseTcd
Lactobacillus, koTopble 06J1ajal0T MHOXKECTBOM MOJIOXKHUTEJbHBIX CBOUCTB. O6'bEKTOM UCCIE/J0BAHUS
SIBJISIFOTCSI MOJIOYHOKMCJIble OaKkTepuu poAa Lactobacillus, BbliesieHHble U3 OUOJ0THUYECKHUX 00Pa31i0B,
a TakKXXe KOJIJIEKIIMOHHble IITaMMbl BbrobGaHka Pecny6/MKaHCKOM KOJIJIEKIIUM MUKPOOPTaHU3MOB.
llesib Hcc/ienoBaHUsA — BBIJIEJIUTh U 0XapaKTEPHU30BaATh MPOOUOTUYECKHE CBOMCTBA MOJIOUHOKHUC/IBIX
6akTepuil Jyis1 pa3paboTKU NPOOGUOTUKOB. B xoze paboThl NpoBeseH CKPUHUHT 15 Npo6UOTHYECKH
AKTUBHBIX IITAMMOB MOJIOYHOKHUC/IBIX 6aKTEPUIM K OTOOPaHbI YeThIpe HauboJiee aKTUBHbIE KYJILTYPbI
(Lactobacillus casei 2LB, Lactobacillus brevis 3LB, Lactobacillus fermentum BV-4, Lactobacillus
plantarum 5LB) cpeau mramMmoB buoGaHka Pecny6iMKaHCKOM KOJIIEKIIMM MHKPOOPraHHW3MOB.
Co371aH KOHCOPIIMYM CTApTOBBIX KYJBTYpP 3THUX IITAMMOB M OTOOPAaH ONTUMAa/IbHBIA BAapUAHT JJs
BKJIIDUEHUS] B pas3pabaTbiBaeMbld NPOOGUOTHUK. M3ydascsi mpoObUOTHYECKHMN NOTeHIMas] GaKTepuH,
B TOM YHUCJIe YCTOMYMBOCTh K HU3KHUM 3HaueHUsM pH, ocMoTHYecKoMy JaBJieHHI0, TaKHe CBOMCTRA,
KaK ayToarperanus M Koarperaius K yCJOBHO-IAaTOT€HHBIM MHKPOOpPraHu3MaM. BblIM MpoBesieHbl
WCCe[JOBaHUs 10 W3yYeHUI0 BbDKUBAeMOCTU Lactobacillus B arpeccMBHOW cpefie KeJyJOYHO-
KHIIEYHOTO TPaKTa, HX aJre3UBHBIX CBOWCTB, CIIOCOOHOCTH MPOAYIUPOBATh AHTHUMHKPOOHBIE
BelleCTBA U MOJAY/JMPOBATb MMMYHHBIH OTBeT. Pe3ysibTaThl MOKa3aJiM, YTO IITaMMbl Lactobacillus
croco6Hbl 3)PEKTUBHO MOJABJAATH NATOTEHHYH MUKPODJIOPY, KOJOHHU3UPOBATH KHUIIEYHUK U
CTUMYJIMPOBAaTh HMMMYHHbIE MPOIECChl. ITO OTKPbIBAET MEPCHEKTUBBI JJi Pa3paboOTKH HOBBIX
NpOOGUOTHYECKUX MpenapaToB Ha ocHoBe Lactobacillus c nenbi0 yaydlleHUs] 3/I0POBbsSl 4YesiOBeKa.
ITH pe3ysbTaThl MOAYEPKUBAIOT BAXXHOCTb M3y4YeHHs MPOOGHOTHYECKOro NMoTeHIMana Lactobacillus
U UX IITaMMOCIelUUIeCKHX CBOMCTB, KOTOPble HEOOXOAUMBI AJisl Pa3paboTKH GYHKIMOHAIbHBIX
NPOAYKTOB.

Kiio4deBblie c10Ba: MOJIOYHOKUC/Ible GaKTepUH, ITAaMM, cTpecc-paKTOPhl, NPOGUOTUK, aBTOarpe-
raiys, aHTaroHM3M, Koarperaumus

D.E. Kurmangali*!, B.T. Baykonys?, A.S. Abilkhadirov?, ].M. Bekshin*, G.K. Abitaeva®
Republican Collection of Microorganisms, Astana, Kazakhstan

Study of antimicrobial activity and tolerance to stress factors of Lactobacillus strains
for the development of new probiotics

Abstract. Probiotic strains, the main component of which are beneficial lactic acid bacteria, are of
considerable interest in biotechnological production. Among various probiotic microorganisms, special
attention is paid to Lactobacillus, which have many positive properties. The object of the study is lactic
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acid bacteria of the genus Lactobacillus isolated from biological samples, as well as collection strains
of the Biobank of the Republican Collection of Microorganisms. The aim of the study is to isolate and
characterize the probiotic properties of lactic acid bacteria for the development of probiotics. In the
course of work, 15 probiotically active strains of lactic acid bacteria were screened and four most active
cultures (Lactobacillus casei 2LB, Lactobacillus brevis 3LB, Lactobacillus fermentum BV-4, Lactobacillus
plantarum 5LB) were selected among the strains of the Biobank of the Republican Collection of
Microorganisms. A consortium of starter cultures of these strains was created and the optimal variant
was selected for inclusion in the probiotic under development. The probiotic potential of bacteria was
studied, including resistance to low pH values, osmotic pressure, such properties as autoaggregation
and coaggregation to opportunistic microorganisms. Studies were conducted to investigate the survival
of Lactobacillus in the aggressive environment of the gastrointestinal tract, their adhesive properties,
ability to produce antimicrobial substances and modulate the immune response. The results showed
that Lactobacillus strains can effectively suppress pathogenic microflora, colonize the intestine and
stimulate immune processes. This holds promise for the development of novel Lactobacillus-based
probiotic preparations to improve human health. These results emphasize the importance of studying
the probiotic potential of Lactobacillus and their strain-specific properties, which are essential for the
development of functional products.

Keywords: lactic acid bacteria, strain, stress factors, probiotic, autoaggregation, antagonism,
coaggregation
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Abstract. Altering natural waste into abundant nutrient-rich vermicompost
is an ecologically sound and sustainable method known as vermicomposting.
Abiotic factors such as feeding material, bedding material, acidity level,
temperature, moisture content, and air circulation affect the process. Various
microorganisms and earthworms are the key players in the process. However,
earthworms are the primary agents of the process, as they increase the microbial
populations by fragmenting and ingesting fresh organic matter. The synergistic
relationship between earthworms and bacteria is crucial, although Eisenia
fetida is the ideal worm for processing various organic wastes such as plant
leaf litter, fruit and vegetable waste, animal manure, and municipal solid waste,
etc. In short, the literature reviewed showed multiple techniques, including,
molecular and culture-dependent analyses, demonstrating that different
bacteria are associated with earthworms and organic fertilizers. These bacterial
groups include Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes,
Planctomycetes, Nitrogen-fixing bacteria, and Ammonifers. Organic fertilizers
commonly use Plant Growth Promoting Rhizobacteria (PGPR), which contain
plant growth hormones, nitrogen-fixing bacteria, and "Essential nutrients
such as nitrogen, phosphorus, and potassium are required for proper growth
and development of plants (NPK), and are highly effective in promoting plant
growth and development.” Therefore, the contribution of PGPR and nitrogen-
fixing bacteria like Azotobacter in producing organic fertilizers is significant
for sustainable agriculture practices. In conclusion, "This fertilizer improves
soil fertility, while also suppressing harmful phytopathogens and pathogens,
ultimately promoting healthy plant growth."

Keywords: Vermicompost, Earthworm, Bacteria, Organic waste, Organic
fertilizer, Nitrogen-fixing bacteria

Received: 17.07.2024. Reviewed: 05.11.2024. Accepted: 08.11.2024. Available online: 20.12.2024

110


https://orcid.org/0009-0004-3264-7551
https://orcid.org/0000-0002-2362-5578
https://orcid.org/0000-0003-1481-629X
https://orcid.org/0009-0006-5483-6809
https://doi.org/10.32523/2616-7034-2024-149-4-110-130

The Microbiological Aspects of Vermicomposting Organic Waste

Introduction

Solid organic waste management (SOW) is a global challenge, with 38 billion tonnes generated
annually from various sources. Its complex composition makes it difficult to manage. SOW
managementcanbenefitthe environmentand the economybyreducingemissionsandrecovering
resources [1]. Even though Vermes is the Latin term for earthworms and vermicomposting (VC),
the method's popularity has increased nowadays since a range of organic wastes (OWs) can be
handled by it through the employment of different kinds of earthworms. These organic wastes
include weeds, animal excrement, food, and agricultural waste [2]. Earthworms can transform
organic matter into nutrient-rich castings by consuming it. [3].

Due to poor waste management, there is abundant agricultural waste and animal excrement,
which poses a significant health risk to humans and animals. In short, using earthworms is a
suitable method for managing OW and producing organic manure [4]. Therefore, studies have
shown that it is possible to manage OW by using different species of earthworms to produce
worm manure. This potent biofertilizer can be part of sustainable agriculture to reduce artificial
fertilizers [5]. Researchers discovered three types of vermi-bacteria from straw and goat waste
that can serve as fertilizers and antagonists. These bacteria were identified using molecular
technique such as 16S rRNA sequencing. Most bacteria were found to belong to the genera
Bacillus, Pseudomonas, and Microbacterium. Additionally, 49% of them showed antifungal
activity against phytopathogenic fungi [6].

Climate change threatens the diverse and complex habitat of soil. Soil microbes play a
important role in plant production, nutrient uptake, and ecosystem function while protecting
plants from stress [7]. Although, Lyell's idea helped Darwin focus on how worms contribute
to creating the earth's surface through their daily activities. Worms help mix the soil and
improve nutrient flow in ecosystems [8]. But, inorganic fertilizers (IFs) have been used since
the 1950s to provide plants with nutrients quickly. However, their long-term use can be harmful
to soil and human health. Livestock manure has long been used, but worm manure is a better
alternative because of its high chemical content and the soil-regulating component. It has
healthy components like hormones, humic compounds, vitamins, and antioxidants [9]. Finally,
this review article discusses the importance of VC in organic waste management for agricultural
purposes, focusing on its microbiological aspects.

Vermicomposting

A process where earthworms and microorganisms interact to decompose organic matter,
stabilizing it and modifying its properties [10]. Although, the process is an effective way to
manage solid organic waste. During the technique, microbes play a crucial role in breaking down
complex molecules into simpler compounds with the help of enzymes. In addition, earthworms
secrete extracellular polymeric substances that provide nutrients for bacteria to thrive,
especially under metal stress [11]. However, the process is a waste management technology
that requires a lower price for upkeep and maintenance than alternative approaches. It helps
preserve natural balance, safeguards the environment, and creates job possibilities. According
to research, this method can clean up soil pollution for recycling organic waste and treating
wastewater. It is usually feasible and more eco-friendly than other waste disposal methods [12].
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Mechanism of the vermicomposting

By using this method, garbage can be turned into useful items. In order to support microbial
communities within the environment, earthworms are essential. They break up and consume
fresh organic matter, altering its microbiological structure and physical condition. In the
active phase, earthworms look for more recent deposits of undigested waste, which are then
broken down by microorganism-produced enzymes. Earthworm castings are rich in minerals
and organic debris, but they also provide IFs like ammonium and nitrate that promote plant
development [10].

Design of the Vermiculture
Shallow concrete boxes, 0.5 meters high, 0.6 meters wide and 1 meter long, were built inside
the house as worm bins, where the worms resided and created compost.

Preparation of the Vermicompost

The goal of the study was to look into the impact of partial fermentation of agricultural
residues and animal manure on 11 feed materials. A 20-day fermentation process was used,
and the ratio of agricultural residues to animal manure was maintained at 1:2. A variety of
substrates, including maize straw, soya beans and grasses, were used to produce the fertilizer,
and as a decomposer, Eisenia fetida (EF) was employed. The worms were raised in plastic bags
that were filled with animal feces and shreds of substrate. Water was sprayed to maintain the
ideal humidity levels. Each treatment was provided with a mixture of 3 kg of substrate and 2
kg of dung, and 180 earthworms were added after optimizing moisture levels. The plastic bags
were punctured to prevent water accumulation and to keep the worms' food moist [13].

Abiotic Factors Affecting Vermicomposting

This method is dependent on abiotic elements such as temperature, moisture content, acidity,
feed material, and bedding material. The feed material is the most important of them to take into
account because the physicochemical characteristics of the trash that earthworms eat are vital
to the process. These characteristics affect the system's efficiency and must be considered to
optimize the process for maximum benefit. Data on abiotic factors and their appropriate range
for VC are presented in Table 1. Additionally, a variety of waste materials have been utilized as
feedstock for the process, including animal dung, sewage sludge, agricultural waste, and fruit
and vegetable waste. However, the right feedstock is necessary for a procedure to be successful
[14]. Although, principal component analysis indicated that earthworm distribution positively
correlated with pH, moisture, soil texture, and organic carbon content [15].

Table 1
Abiotic factors and their suitable range for vermicomposting [14, 16]
Abiotic Factor Normal Range
pH 7.5t08.0
Moisture 60 to 80%
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Temperature 15 to 28 °C.

Stocking density 1.60 kilogram of worms per square meter
C/N ratio 30 or less.

Rate of feeding 1.25 kg feed/kg worm/day

Table 1 displays abiotic factors refer to non-living elements that affect the process
of vermicomposting. It is important to ensure that the environmental conditions for
vermicomposting fall within their suitable range. This will help to ensure optimal conditions
for the worms and microbes involved in the process.

Eco-friendly Earthworms and bacteria associated with vermicomposting

These worms are invertebrates that are members of the phylum Annelida. They are cylindrical,
segmented and brownish-black in color, with bilateral symmetry. They have a 3-7 year lifespan
and breathe through their moist skin. They can sense light through photoreceptors and are
hermaphrodites. During fertilization, two earthworms form a cocoon containing 2-3 young
worms [17]. About 3627 species of earthworms live on land around the world. These worms
are often called "the farmer's friend" because of the benefits they can bring to agriculture.
Earthworms can live in different soil types and comprise 60-80% of the total soil biomass. They
can also serve as an indicator of soil health [18]. Based on their habits, earthworm species are
divided into three main ecological groups: endogeic, anecic, and epigeic. Epigeic earthworms
are most commonly used for VC among these groups. EF, Eisenia andrei and Eudrilus eugeniae
are this group's three most frequently utilized species [19]. Moreover, they facilitate the
biological breakdown of organic matter and aid in raising the soil's capacity to retain water.
There are many different types of worms, each with its preferred habitat. Table 2 shows a range
of ecotypes observed in earthworms, categorized according to their behavioural patterns [20].

Environmentally friendly earthworms are often used to treat waste such as cow dung, rice
straw, dry grass clippings, etc. They need certain conditions, such as specific temperatures,
humidity and pH levels, to do their job. Still, the chemical analysis confirmed that the nutritional
quality of the vermicompost contains all the necessary macro- and micro-nutrients when
worm has decomposed these organic wastes [21]. In addition, rice straw and paper waste
were studied using earthworms; during the investigation, cow dung was used as a bulking
substrate. Also, these wastes were efficiently converted into organic fertilizers. Furthermore,
the worm manure has more nutrients and metals but less organic carbon and carbon-nitrogen
ratio. Earthworm reproduction and growth are highly dependent on the bulking substrate used
[22]. Finally, as bedding, market wastes such as rice straw, cabbage, banana peel, pineapple,
and cow dung were used for composting and VC. Though, the process was more effective than
regular composting in reducing OW. Composting with cabbage and banana peel produced
better nitrogen and potassium levels, while vermicompost made with pineapple and banana
peel and Eudrillus eugeniae had better absolute phosphorus levels [23]. Table 2 displays that
there are various species of earthworms, each exhibiting a preference for a particular habitat
type. It is worth noting that the ecological niche occupied by these organisms plays a vital role
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in determining their distribution and abundance. Understanding the habitat requirements of
different earthworm species is crucial in developing effective management strategies for these
organisms.

Table 2
Earthworms are alienated into four ecotypes on its behavior [20]
Ecotype Species
Compost earthworms Eisenia fetida, Eisenia andrei and Dendrobaena veneta.
Epigeic earthworms Dendrodrilus rubidus, Lumbricus rubellus, Lumbricus friendi, Eiseniella

tetraedra etc.

Endogeic earthworms Apporectodea icterica, Allolobophora chlorotica, Ap. caliginosa,
Ap. rosea, etc.

Anecic earthworms Lumbricus terrestris, Ap. longa.

Association of the bacteria with earthworms and worm manure

Bacteria are microorganisms found in plants and animals with specific associations
with particular hosts. Researchers have discovered bacteria in the gut of earthworms, with
a consistent and specific association in the nephridia of Lumbricidae earthworms. They
found bacteria from four different orders, such as Sphingobacteriales, Burkholderiales,
Rhodospirillales, and Rhizobiales, commonly found in the nephridia of basal Crassiclitellata
by analyzing 16S RNA sequences [24]. In addition, earthworms depend on microbes to their
growth and vice versa. When earthworms eat, they also consume rhizosphere bacteria such
as Pseudomonas, Rhizobium, Bacillus, Azospirillum, Azotobacter, etc.,, which promote plant
growth. These bacteria can increase their population in the worm gut and enhance plant growth.
Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, and Planctomycetes were identified
when the bacterial population of organic fertilizer was analyzed using both molecular and
culture-dependent techniques. The relationship between earthworms and microbes is complex
but essential for both to thrive [25]. Although, analysis of microorganisms in earthworm guts
indicated a notable rise in bacteria and actinomycetes compared to the soil [26]. Worm manure
has been synthesized from organic materials, including farm-derived components such as cow
dung and agricultural residues such as rice and wheat straw. The vermicompost produced by
earthworm activity naturally contains cellulose-degrading, phosphate- and zinc-solubilizing
bacteria as part of their digestive processes. This integrated approach significantly increases
the nutrient content compared to vermicompost produced by earthworm activity alone [27].
However, studying bacterial colonization during cocoon production is important because it
significantly affects earthworm fitness. This study looked at the microbiomes of two types of
worm cocoons, Eisenia andrei and EF. A total of 275 and 176 bacterial species were found in the
cocoons, respectively. It was discovered that three symbionts Verminephrobacter, Candidatus
Nephrothrix, and Microbacteriaceae - were dominant and transmitted vertically [28]. Table
3 shows the diversity of bacteria linked to various worm species during the VC, including EF,
E. andrei, E. eugeniae, P. excavatus, and L. terrestris.
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Table 3

Diversity of bacteria associated with worm manure and earthworms

Earthworm Name of bacteria Function References

E. fetida B. subtilis, Staphylococcus hominis, | Vermi-bacteria [29]
B. thuringiensis, B. mycoides, etc.

E. andrei Clostridium, Pseudomonas, Vermi-bacteria [30]
Acinetobacter, Anaerobacter, etc.

E. eugeniae | Clostridium, Aeromonas, Nitrogen cycle. [31]
Burkholderia, Cellulomonas, Organic substances.

Flavobacterium, Aquihabitans,
Roseomonas, Rhodobacter.

P, excavatus | Nitrate-reducing bacteria, Phosphate [32]
nitrifying bacteria, asymbiotic solubilization,
nitrogen-fxing, phosphate Nitrogen-fixing bacteria

solubilizing, and Azotobacter.

L. terrestris | Verrucomicrobia, actinobacteria, Vermi-bacteria. [33]
firmicutes, proteobacteria,
Acidobacteria, planctomycetes.

Table 3 displays the data about the diversity of bacteria associated with vermicompost and
earthworms. This information can be of great significance in environmental science, as it sheds
light on the role of earthworms in promoting microbial diversity in soil. The findings presented
in this table may be crucial for researchers and practitioners interested in exploring the intricate
relationship between soil health and biodiversity.

Fungi associated with vermicomposting

Fungi are crucial for supplying enzymes and being a food source for worms. The earthworm’s
eating habits can affect fungal populations, but the evidence conflicts regarding the impact on
fungal communities. Some worms can survive on fungi only, and the vermicompost they produce
has the same or more fungal biomass and diversity than the initial substrates. Earthworms'
presence increases fungal biomass, while their absence reduces it [34]. Though, the study also
examined the fungal communities in VC treatments and identifies dominant species and potential
pathogens. The presence of worms enhances the fungal community, indicating maturity, and
worm manure lack pathogenic species, demonstrating their efficacy. Organic fertilizers contain
Streptomyces spp. with antagonistic properties, but also beneficial fungi such as Paecilomyces
spp. and Trichoderma spp., which caution against their use in agriculture due to reported
fungal pathogens in VC products [35]. Although, earthworms are crucial in promoting fungal
diversity in vermicompost, which could have significant impacts on agricultural practices
and sustainability. Studies indicate that fungi are present in worm manure and earthworms,
with some populations identified including Paecilomyces spp. and Trichoderma spp. Fungal
diversity was significantly greater in organic fertilizers than in compost after worm treatment
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[33]. However, this study investigated how the fungal community changes during vermiculture
and how certain fungal species can transform organic compounds while exhibiting inhibiting
qualities against both human and phytopathogens. The researchers used Metabarcoding and
the Plating technique to describe the taxonomic structure of the fungal community at different
stages of vermiculture. The study found a decrease in fungal species richness in the early stages
of vermiculture, followed by a significant increase in species richness in the resulting worm
manure [36].

Development in organic waste management to overcome the limitations by using
vermicomposting

Vermicomposting of Plant Leaf litter waste

According to a recent study, leaf litter waste can be treated with the white rot fungus,
Oligoporus placenta, followed by VC with cow dung to reduce its harmful contents significantly.
This innovative waste management approach mitigates environmental concerns and generates
nutrient-rich biological fertilizers through worm-microbe-induced mineralization. Therefore,
it presents promising opportunities for sustainable and eco-friendly practices [37]. In addition,
Neem leaves can be converted into valuable organicfertilizer using high-rate VC, which is efficient
and productive. This also helps avoid air pollution caused by conventional disposal methods
like piling and burning [38]. Although, Populus nigra leaf litter was used in both composting
and VC. During the study, horse manure was used as a control in composting and VC, but EF was
used as the earthworm species. Nitrogen-fixing bacteria were higher in organic fertilizer than in
horse manure. Ammonifers, Inorganic nitrogen consumers, and Oligotrophs were present in all
treatments. Moreover, Azotobacter activity was only observed in worm manure and was absent
in compost, however, compared to vermicompost manure, this activity was more substantial in
vermicompost leaf litter. This means all these bacteria indicate good organic fertilizer, rich in
nitrogen [39].

Vermicomposting of Fruits and Vegetables waste

More than 50% of fruit and vegetables are wasted due to high consumption. A study was
conducted to compare two methods of fruit and vegetable waste (FVW) decomposition, with and
without worms, to determine their effect on physicochemical properties and microbial profiles.
The study showed that decomposing FVW with worms rapidly reduced electrical conductivity
and total C and N losses. However, earthworms greatly changed the structure of bacteria and
fungi and increased their populations. These results were confirmed by quantitative PCR,
gradient gel electrophoresis, and sequence analysis [40]. Though, the study investigated the
production of biohydrogen through fermentative processes using a mixture of vermicompost
and pre-treated FVW. The study investigated the effect of mild heat pre-treatment, substrate
concentration and biological processes on biohydrogen production and biochemical oxygen
demand (BOD5) removal. The results showed high levels of BOD5 elimination (50%) and
biohydrogen production (63.0 mL/g VS). The experiment provided a suitable environment for
the inoculation of microorganisms, particularly Clostridium species, and the most prominent
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microbes in the process [41]. The study investigated the effects of worms and the ammonia
oxidation during VC of FVW. Two dry systems and one fresh system were compared over 60
days. It was found that earthworms promote the process of ammonia oxidation by increasing
both the abundance and diversity of ammonia oxidizing archaea and bacteria [42].

Vermicomposting of Animal manure waste

Overproduction of animal manure needs to be stabilized before it results in health and
environmental problems. The study examined how rabbit manure's chemical and microbiological
properties changed throughout the course of a continuous operation. The experiment was
carried out under precise settings in a controlled setting, including a pH level of 8.3, decreasing
to 7.6, and a moisture range of 66% to 76%. Over the course of the 200-day trial, microbial
activity measures and phospholipid fatty acid profiles (PLFA) revealed alterations in the
microbial population. Bacteria and fungi populations decreased, but there was no change in the
electrical conductivity of the profile layers [43]. Though, utilizing the earthworm E. andrei, cow
manure was utilized in the procedure to track how time affected earthworm biomass as well as
the physical, chemical, and biological characteristics of worm manure. There were two stages
to the process: a preliminary phase lasting 0-44 days and a final phase lasting 45-120 days.
High microbial activity was investigated in the first phase, and the physicochemical alterations
in organic fertilizer and a boost in worm density were investigated in the last phase. Finally,
high quality organic fertilizer was obtained after 120 days of process. In short, the technique
time played a significant part in changing the biological, chemical and physical attributes of the
vermicompost [44]. Table 4 presents information on the bacterial diversity of vermicompost
made from an assortment of organic waste, including poplar leaf litter, fruits and vegetables,
animal manure (cow dung), grass and earthworm (E. fetida).

Table 4
Association of different bacteria with vermicompost and E. fetida
Organic wastes Earthworm Vermicompost associated bacteria References
Poplar leaf litter Eisenia fetida | Azotobacter, Ammonifers, Oligotrophs, [39]
Inorganic nitrogen utilizers.
Fruit and Vegetable | Eisenia fetida | Bacillus reticulotermitis, Sphingobacterium, [40]
Pectobacterium carotovorum, and
Actinobacterium.
Animal manure Eisenia fetida | Proteobacteria, Bacteroidota, Firmicutes, and [45]
(Cow dung) Actinobacteria.
Grass Eisenia fetida | Actinomycetes, and Azotobacter [46]

Table 4 displays the relationships between organic wastes, the species of VC worm (E. fetida),
and the bacteria involved in VC. It addresses the advantages of employing EF in the VC process to
break down organic materials and the symbiotic relationships that occur, as well as the function
of related bacteria in improving the quality of compost.
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Benefits of the Vermicomposting

Importance of the vermicompost as a plant growth promoter

Excessive chemical fertilizer usage has harmed soil properties. Organic fertilizer, rich in plant
growth-promoting Rhizobacteria (PGPR), was examined alongside worm manure and humic
acid effects on basil. Worm manure + PGPR significantly affected height, chlorophyll a, shoot
dry weight, shoot wet weight, and essence yield, according to the results, which also showed
substantial effects on plant growth. The study applied PGPR via inoculation/non-inoculation,
vermicompost through application/non-application, and humic acid via non-application,
seed treatment, and foliar application, revealing their combined influence on basil's growth
and flavor [47]. On the other hand, when worm manure rich in humic acid was used for plant
growth, the density and variety of bacteria and fungi increased. The synergistic role of humic
acid-rich vermicompost, Rhizobium, and arbuscular mycorrhizal fungi resulted in an increase
in total height, fresh weight, and dry weight when compared to chemical fertilizers and control.
This enhanced soil enrichment, boosted microbial diversity, and stimulated soil enzyme activity
[48]. Furthermore, the usage of chemical fertilizers had detrimental effects on the environment,
crop yield, and soil. Organic fertilizer amendment, on the other hand, provides a sustainable
method of plant nutrition by enhancing soil fertility and health. The study's main conclusions
centered on vermicompost's ability to boost crop yield and guard against biotic stressors like
disease and pest assault as well as abiotic stressors like soil salinity and drought [49].

Importance of the vermicompost against phytopathogens and pathogen suppression

Compost and worm manure can provide sustainable sources of nutrients and microbial
communities. Through biotic and abiotic variables, these sources can reduce plant illnesses,
increase the availability of nutrients in the soil, and encourage plant growth [50]. Moreover,
the study tested 16 treatments for mixed organic waste to determine if biochar and microalgal
biomass could make vegetable seeds more resistant to phytopathogens. The EF, 6% biochar,
and Navicula biomass were the most effective treatments, resulting in mature organic fertilizer
with a pH of 7, a cation exchange capacity of 70 cmol kg1, and a C: N ratio of 9.5. This product
was tested on three vegetable species and found to boost disease resistance in seeds, promote
plant growth, reduce the incidence of disease, and increase plant resilience. This treatment
also effectively reduced phytopathogens in the worm manure [51]. Decomposing bacteria,
vermicompost, and vermiwash work together to combat fungal infections. Worm manure's
antifungal properties might stem from bioactive substances found in mucus, skin secretions,
and coelomic fluid from earthworms, and metabolites produced by microorganisms that break down
organic manure. The coelomic fluid of earthworms, which is naturally protective, inhibits several
fungal pathogens. Bacillus subtilis in vermicompost produces significant antifungal chemicals,
potentially helping plants to resist fungal infections [52]. In short, Arugula vermicompost is an
effective way to suppress Meloidogyne javanica and reduce its damage to crops. The fertilizer
contains a chitinolytic and PGPR detoxification system, making it an environmentally friendly
method of controlling root-knot nematodes [53].
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Vermicompost's contribution to soil fertility

By increasing important parameters including pH, soil aeration, organic carbon content,
and bulk density, organic fertilizers can improve soil quality and promote plant growth. Humic
acids, plant growth hormones, and vital minerals like calcium, magnesium, phosphorus,
nitrogen, and potassium are all present in it [54]. Earthworms, prevalent in soil, form tubular
pathways or caves as they move, enhancing soil porosity by allowing more air and water
entry. By lowering bulk density, this enhanced porosity, promotes root development. Rich in
Mg and NPK, vermicasts improve soil fertility. Worm castings contain microorganisms whose
numbers rise as organic waste breaks down in their gut, promoting nutrient recirculation
and microbe growth, facilitating plant growth [55]. Moreover applying these fertilizers as
organic amendments improved soil nutritional status, increased cation exchange capacity,
microbial activities, microbial biomass carbon and enzymatic activities [56]. Finally, animal
waste contains nutrients that can be used to make fertilizers that are rich in nutrients. These
fertilizers have an impact on the electrical conductivity, and pH of the soil, as well as plant
development when applied to crops. By enhancing the soil's capacity to retain water, drain,
and allow air to flow through, organic fertilizer helps to improve the soil. This results in better
conditions for plant growth [57].

Conclusions

Vermicomposting, which involves the use of earthworms, bacteria, archaea, and fungi, is an
exceptional solution for managing organic waste. This process not only promotes environmental
benefits but also provides an effective way to recycle nutrients. When it comes to vermicomposting,
two earthworm species, Eisenia fetida and Eisenia andrei, are widely preferred due to their ability to
produce essential bio-nutrients. In fact, over 50% of trials rely on these species for their remarkable
nutrient production capabilities. Recent studies have delved into the bacterial community found in
worm castings and earthworms, using both molecular and culture-dependent methods. These studies
have revealed the presence of various beneficial bacteria, including rhizobacteria that promote plant
growth, phosphate solubilizers, vermi bacteria, and nitrogen-fixing bacteria such as Azotobacter. These
bacteria play a crucial role in enhancing the quality of vermicompost. One of the key advantages
of vermicompost is that it makes essential elements like nitrogen, phosphorus, and potassium
more readily available to plants. This availability of vital nutrients ensures that plants receive
the nourishment they need for strong and healthy growth. Consequently, vermicompost offers
growers and farmers a highly efficient means of producing the highest quality fertilizer, leading
to robust crop yields.
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U. Xan, A. KypoBckuii, A. ba6enko, E. KopaneBckas
Tomck memaekemmik ynugepcumemi, Tomck, Peceli

OpraHuKaJbIK KaJAbIKTapAbl BEpPMUKOMIIOCTTAYAbIH MUKPOGHOJIOTUAJIBIK, ACTIEKTiIepi

Anpgarna. Tabury KaaAblKTapAbl KOPEKTiK 3aTTapfa 6ail BepMUKOMIOCTKA allHaJI/JbIpy BepMU-
KOMIIOCTTAy Jiell aTajJaTblH 3KOJIOTHUAJBIK Ta3a >KoHe TYpPaKThl 9ZiCIeH »y3ere acolpbliafbl. byn
NpollecKe, MbICaJibl, TaMaK, CyOCTPAThIHbIH, TYPi, TeceMe MaTepuasbl, pH, TeMepaTypa, bIIFaNAbLIbIK
’)KOHE KOpLIaFaH OpTaHbIH aspanus Jdpexeci CUAKTbl abHOTHKaJbIK ¢akTopJsap acep eTepi.
BepMUKOMIIOCTUHITE LIellylli peJifi xkayblH KYpTTaphl aTKapazbl, oJap 6ackajapMeH KaTap apTypJi
MUKPOOPTaHU3M/IEPAiH eMip cypyiHe KaFgal »kacadnbl. KayblH KypTTapbl MeH 6aKTepusJap
apacblH/aFbl CUHEPreTHUKa/bIK KaTblHAcTap epekile MaHbI3Abl. bByna Eisenia fetida Typiaepine ne
KaTbICTbl, OJ1 dJIeMJEeri apTypJi OpraHUKa/blK KaJAblKTapAbl MbICajbl, 6CIM/IK >KalblpaFbIHbIH
KOKBIChBI, KEMiCTep MeH KOKOHICTepJiH Ka/JJbIKTaphbl, >XKaHyapJapAblH K6Hi, TYPMBICTBIK KaTThI
KaJIAbIKTAp KoHe T.0. eHJey YIUiH eH Kol KoJsjaHbLiaabl. TyTactaidh aiafaHza, Oy LIOJY 9pPTYpJi
COUKeCTeHJIpy oAiCTepiHiH, COHBIH IlIiHJAEe MOJIEKYJaJIblK-TEHETUKAJDBIK XK9He CeJIeKTUBTI opTa
dJliciHIH, apTypJsi GaKTepuUsIapAblH >KayblH KYpPTTAapbIMEH 9HE OpraHUKaJblK CyOCTpaTTapMeH
GallIaHbICBIH KepceTeTiHiH kepceTTi. Kasmbl, 6y 1101y 9PTYpPJli COMKeCcTeH/ipy d/licTepiHiH, COHbIH
imiHge MoJieKy/a/blK-TeHETUKAJbIK »K9HEe CeJIEKTHBTI OpTa 9/iCiHiH opTypJ/i OaKTepusiapblH
’KayblH KYpPTTapbIMEH XOHE OpPraHUKaJ/bIK CyOCTpaTTapMeH Oal/laHBICBIH KOpCeTeTiHiH KepceTTi.
Baktepusijap/iblH, 6y TONTapblHA MNpPOTe06aKTepusap, aKTHHOOGAKTepusap, (GUPMUKYyTTap,
GaKkTepouATap, IJIAHKTOMUIIETTEDP, a30TThl OeKiTeTiH 6GakTepusjap *XoHe aMMOHUQUKaATOpJap
»kaTazabl. OpraHUKasIblK TBIHAUTKBIIITApPAA 9/€eTTe ocCiMIiKTep.iH ecyiHe biKmaj eTeTiH (PGPR)
pu3ob6akTepHUsIap, CyocTpaTTapia eCiMIiKTep/liH 6Cy TOPMOH/AAPHI, a30TThl OeKiTeTiH 6akTepusaaap
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*K9He eCiMJIIKTep/liH AYPbIC 6CYi MEH JaMyhl YIIiH KaxkeT a30T, pocdop KoHe KaJuil CUSAKTbI KOPEKTIK
3aTTap 6osaabl. by yisieciMm eciMaikTepIiH 6Cyi MeH JJaMybIH bIHTAJIAHAbIPYAa eTe THiMAi. Ocbliakina,
PGPR xaHe Azotobacter cUsIKTbl a30TThbl GEKITETIH GaKTepUsIAPAbIH OpPraHUKAJbIK ThIHAUTKbIIITAP
eHJipiciHe KOCKaH yJieci TypakThl aybLIllapyallblIbIK ToXKipubesiepi yuiiH 6Te MaHbI3bI.
BepMHUKOMIIOCT ThIHAWTKBIII PETiHAE TONBIPAKTBIH, KYHApJBUIBIFBIH XaKcapTaZbl, COHBIMEH KaTap
duTonaToreHaep/i Texxei1i, HOTHXKeCiHAe 6CiMAIKTep/IiH cay ecyiHe bIKIaJ eTe/li.

Tyiin ce3gep: BepMHKOMIIOCT, KayblH KYpPTTaphbl, OaKTepUsijap, OPTaHUKAJbIK KaJJbIKTap,
OpraHUKaJIbIK, ThIHAUTKBILI, a30TThI OEKITETIH 6aKTepuUsIap

U. Xan, A. KypoBckuii, A. ba6enko, E. KopaneBckas
Tomckuli 2ocydapcmeeHHhblii yHusepcumem, Tomck, Poccusi

Ml/leOGI/IOJIOI‘l/l‘-IECKI/Ie ACIIE€KTbl BEpMHUKOMIIOCTUPOBAHUA OPraHu4e€CKHUX OTX040B

AHHoTanuA. [Ipeo6pasoBaHre NPUPOAHBIX OTXOZOB B G0OraThlii NMUTATeJbHbBIMU BeleCTBAMH
BEPMUKOMIIOCT OCYILECTBJISIETCS IKOJOTUYECKH 6€30NacHbIM U YCTOMYMBBIM METOZ0M, U3BECTHBIM
KaK BepMUKOMIOCTHpoBaHHe. Ha JaHHBIA npolecc BAUAIOT abuoTuyeckue GpakTopbl, TakHe, Kak
BHU/Jl MHUIIEeBOro cy6cTpaTa, BUJ 6a3oBoro cy6crparta, pH, TeMnepaTypa, BJaXHOCTh U CTeleHb
aspauuu cpepl. KitoyeByo posib B BEpMUKOMIIOCTUPOBAHUHM UTPAIOT A0X/EeBble YePBU, KOTOpbIe
TaKXXe CO3JAIT YCJA0BUS [AJIsSI XKU3HEAESTEJbHOCTH PAa3JUYHbIX MHUKpPOOpPraHusaMoB. OcobGeHHO
Ba)XHOe 3HAaueHUe MNPHUHAJJIEXUT CUHEePruyecKHM OTHOLIEHUSIM MEXAY A0XJEeBbIMU YepBSIMHU
U 6akTepusM. ITO cnpaBeAJIMBO U B OTHOIIeHUHU BUAa Eisenia fetida, KOTOpbIN SIBJsIETCS CaMbIM
IIMPOKO HCIMOJIb3yEMBIM B MHUpe [Jisl NepepaboTKHU pas3jMYHbIX OPraHUYEeCKHUX OTXO/0B, TAKHUX,
KaK 0oMaJ M3 JIUCTbeB pacTeHUH, 0TX0Abl GPYKTOB U OBOLIEN, HABO3 }XKUBOTHBIX, TBEP/ble ObITOBbIE
oTXoJbl U T.J. B LlesloM AaHHBIA 0630p HOKasas, YTO MHOXKECTBO METOJO0B HAeHTHUKALUH, B
TOM YHCJI€e MOJIEKYISIPHO-TEHETUYECKUH U MeTOJ[ CeJeKTUBHBIX Cpesi, AEMOHCTPUPYIOT CBSI3b
pa3JIMYHbIX GaKTepUH C JOK/AEeBbIMU YEPBSIMU M OpraHUYecKUMHU cybcTpaTamMu. K aTuM rpynnam
b6akTepuil oTHocsATc Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, Planctomycetes,
azoTdukcupylouie 6akTepud W aMMOHUGUKATOpPbl. B opraHuyeckux yJo0O6peHUsIX OOBIYHO
NPUCYTCTBYIOT PH3006aKTepUH, crnocobecrBywonide pocty pactreHuid (PGPR), cy6GcrpaThl Takke
coZiepKaT TOPMOHBI pPOCTa pacTeHUH, a30TPUKCcUpyOLMe GAKTEpPUM U NMUTATesbHble BellecTBa,
Takue, Kak a3oT, pochop 1 Kainui, He06X0AUMBbIE [IJisl MPABUJIBHOTO POCTA U pa3BUTHUS PAaCTeHUM. ITO
coyeTaHUe ABJsAEeTCs 04eHb 3G PEKTUBHBIM B CTUMYJIMPOBAHUHN POCTA U pa3BUTHUSA pacTeHUH. Takum
o6pasoM, Bkaaj PGPR u asoTdukcupywomux 6akTepuid, Takux, Kak Azotobacter, B IpoHU3BOJACTBO
OpraHUYecKUX y00peHU MMeeT BaXKHOE 3HAYEeHUeE [JIJIs1 YCTOMUYUBBIX METOJ0B BeJI€HUsI CEJTbCKOTO
x03s1iicTBa. BepMuKkoMnocT kak 6MoyAo6peHue yaydilaeT IJ0A0POAUE NMOYBbL, @ TaKXKe M0JaBJseT
duTOMaTOreHbl, B KOHEYHOM UTOTE CIOCOGCTBYS 3/l0pOBOMY POCTY pacTEeHUH.

KioueBble €/10Ba: BEpMUKOMIIOCT, Jl0’K/leBble YepBH, GaKTEepUH, OpraHUYecKHe OTXO/bl. OpraHu-
Yyeckoe y06peHue, a30TGUKCUPYIOIMe GaKTepUr
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