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A COMPARATIVE ANALYSIS OF MILK-CLOTTING COAGULANTS IN CAMEL MILK
CHEESEMAKING

Abstract: Camels (Camelus dromedarius), which are highly resilient to extreme climatic conditions,
play a vital role in ensuring food security and the sustainability of pastoral farming in Kazakhstan. Enzymatic
coagulation is a key stage in cheese production, determining the structure, yield and quality characteristics of
the product. The efficiency of coagulation and the intensity of proteolysis depend on the nature of the coagulant
and its rennet and proteolytic activity, which is particularly important when processing camel milk, given its
specific protein composition.

This study aimed to conduct a comparative analysis of camel’s milk cheeses produced using microbial
and animal-derived coagulants. The study assessed dry matter content, yield, and textural characteristics, and
evaluated the effect of coagulant type on the formation of the cheese’s peptide profile. The results obtained
show that, under various temperature conditions, the Kalase coagulant exhibited a longer coagulation time,
ranging from 224,8 s at 34 °C to 95,6 s at 40 °C, compared with the Chy-Max coagulant, which ranged from
180 s at 34 °C to 88 s at 40 °C. In contrast, at higher temperatures (38-40 °C), the difference narrowed to 7,6-
9 s. Syneresis showed that when using the Chy-Max coagulant, the curd released an average of 55,6% whey,
whilst cheese samples using the Kalase coagulant showed a lower syneresis level of 45,6%. The cheese yield
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using the Chy-Max coagulant was 20,9%, whilst that using the coagulant Kalase was 18,7%. The total solid
content in the cheese samples using the coagulant Chy-Max and Kalase was 48,4%+0,05 and 47,3%+0,5,
respectively. The textural parameters of the cheeses indicated a denser texture when the microbial coagulant
was used. Biologically active peptides were also identified in both cheese samples, which possess
antihypertensive, antioxidant, antimicrobial, and immunomodulatory properties.

Key words: camel milk, cheese, coagulation, microbial coagulant, animal coagulant, peptide
composition.

Introduction

Milk coagulation is a key stage in cheese production. It is achieved by coagulant preparations
that break down kappa-casein, leading to the aggregation of casein micelles and the formation of a
protein network [1].

The rate and extent of syneresis are influenced by temperature, holding time, pH, structural
and mechanical properties, and the proteolytic activity of the coagulating [2,3].

Coagulants of animal and microbial origin differ in proteolytic specificity, resulting in distinct
peptide profiles. These peptides can exhibit biological activity and functional properties that influence
cheese flavour, aroma, and texture [4].

In recent years, interest in bioactive peptides has grown due to their health-promoting
properties, which depend on specific amino acid sequences. Bioactive peptides are chains of 2-20
amino acids linked by amide or peptide bonds, which are released when proteolytic enzymes cleave
them from inactive protein forms. They have been reported to exhibit antimicrobial, antioxidant,
antidiabetic, and antihypertensive activities [5].

Most studies on bioactive peptides have focused on cow’s milk and, to a lesser extent, on
sheep’s and goat’s milk [6]. In contrast, information on peptides derived from camel milk remains
limited, highlighting the need for further research.

This study aimed to conduct a comparative analysis of camel’s milk cheeses produced using
coagulants of microbial and animal origin.

Materials and Methods

Fresh whole camel milk from C. dromedarius from a private herd in the local region was
obtained.

Soft camel milk cheeses were produced using two types of coagulants:

Microbial coagulant Chy-Max M 1000 (Chr. Hansen, Denmark) is a purified solution of
chymosin obtained by fermentation of Aspergillus niger var. awamori.

Kalase (CSK Food Enrichment, The Netherlands) is an animal-derived rennet containing
approximately 80% chymosin and 20% pepsin.

Cheesemaking. Milk was pasteurised to 63-65°C. It was cooled to the coagulation
temperature of 34-40°C. The initial pH of the milk was 6,3. Milk-clotting coagulants were added in
accordance with the manufacturer’s instructions: 50 yL/L for Chy-Max and approximately 9 drops/L
for Kalase. Coagulation was performed under controlled conditions at temperatures ranging from 34
to 40°C. Coagulation was carried out under controlled conditions and monitored by recording time
until firm curd formation was achieved. After coagulation, the curd was cut, moulded and salted. All
cheesemaking trials were performed in triplicate and the cheese samples underwent the following
analyses. Both types of cheese were produced under identical processing conditions, differing only
in the type of rennet used.

The coagulation time of camel milk under different conditions was determined using a
modified method based on the International Dairy Federation standard (IDF 157:2007) [7].

Syneresis was evaluated based on the volume of whey released from the curd.

Total solids of the cheese samples were determined by the oven-drying method in
accordance with AOAC (1997), method 926.08 [8]. Samples were dried to a constant weight in a
forced-air oven at 102 + 2°C. Total solids were calculated gravimetrically as the percentage loss in
mass after drying.

Yield of camel milk cheese was calculated using the following equation:

Wecell

Yield (%) = X 100, (1)

where «Wch» — weight of cheese after whey drainage(g).
Wm — weight of raw milk used for cheese production(g).
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Texture profile analysis. Texture profile analysis was carried out on all samples using a
texture analyser (TX-700 Texture Analyser, France).

The biologically active peptides were identified using nano-flow reverse-phase liquid
chromatography coupled with tandem mass spectrometry (nanoLC-MS/MS). Mass spectra were
recorded on an Impact Il ESI-Q-TOF instrument (Bruker Daltonics, Germany). Biological activity was
identified using the database of biologically active milk peptides [5].

Statistical analysis. All experiments were conducted in triplicate (n=3), and the results are
presented as the mean and standard deviation (SD). Statistical differences between samples were
evaluated using an independent Student’s t-test. Differences were considered significant at p<0,05.
The data analysis was performed using IBM SPSS Statistics 23.0 and MS Excel.

Results and discussion. In this study, the effect of two proteolytic coagulants, Chy-Max and
Kalase, on the coagulation time of camel milk was investigated. Coagulation time was used as an
indicator of rennet efficacy and clot formation kinetics. The effect of temperature on milk coagulation
time was assessed for Chy-Max and Kalase in the range of 34-40°C (Fig. 1). As the temperature
increased, a progressive reduction in coagulation time was observed for both rennets.

The rate of syneresis determines the rate of whey separation and, consequently, the
residence time of the curd in the cheese vat, during which fermentation takes place (Fig. 2).
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Figure 1 — Coagulation time of camel milk as a
function of coagulant and temperature. Values
are means * SD; significant differences at p
<0,05;n=3

Figure 2 — Syneresis rate as a function of
coagulant and temperature. Values are means
+ SD; significant differences at p <0,05; n =3

At all tested temperatures, Kalase exhibited a longer coagulation time compared to Chy-Max
(p < 0.05). The difference between the two coagulants was more pronounced at lower temperatures
(34-36°C). At 34°C, the coagulation time was 180 s and 224,8 for Chy-Max and Kalase, respectively,
whereas at higher temperatures (38-40°C) the difference decreased to 7,6-9 s.

Temperature and coagulant type significantly influenced whey separation from the camel milk
curd. On average, the use of Chy-Max resulted in higher syneresis (55,6%) compared to Kalase 45,6
% (p <0,05). In cheese produced with Chy-Max, syneresis decreased slightly between 34 and 38
°C, followed by a marked increase at 40 °C. In contrast, Kalase showed a moderate increase in
syneresis with increasing temperature, while the total whey yield remained lower than that of Chy-
Max under all tested conditions.

The physicochemical and textural properties of soft camel’s milk cheeses produced with
various coagulants are presented in Table 1.

Table 1 Physicochemical and textural properties of soft camel’s milk cheeses

Parameters Chy-Max Kalase
Yield, g 88,13+0,30 75,00+0,50
Total solids, % 48,4+0,33 47,3+0,45
Hardness(N) 22,53+0,46 17,26%0,76
Cohesiveness* 0,34+0,006 0,37+0,009
Springiness* 0,81+0,005 0,750,037
Gumminess (N) 7,63+0,32 6,46+0,43
Chewiness(N) 6,194+0,30 4,85+0,54
Resilience* 0,150,006 0,19+0,015
Values are means + SD; significant differences at p < 0,05; n = 3.
*Cohesiveness, springiness, and resilience are dimensionless parameters
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According to Table 1, the cheese yield from camel’s milk significantly depends on the type of
coagulant used (p < 0,05). When the Chy-Max was used, the cheese yield was 88,139, whereas the
use of the Kalase resulted in a slightly lower yield 75,00 g. This corresponds to yield values of
approximately 20,9% and 18,7% respectively.

The total solids content was also significantly higher in camel milk cheese produced using
the Chy-Max (48,4%z0,33%), compared to cheese produced using Kalase (47,3%z=0,05) (Fig. 3).

a) b)
Figure 3 — Camel milk cheese produced with
a) microbial coagulant ChyMax and b) animal coagulant Kalase

Texture profile analysis revealed that cheese produced using Chy-Max exhibited a firmer and
more structured texture, as indicated by significantly higher hardness (22,53+0,46 N) and
gumminess (7,631£0,32 N) compared to Kalase (17,26+£0,76 N and 6,4610,43 N, respectively). In
contrast, cheeses produced with Kalase demonstrated slightly higher cohesiveness and resilience
values, suggesting a more flexible internal structure and improved ability to recover after
deformation. Springiness values were higher for cheeses produced with Chy-Max, indicating greater
elasticity.

Based on the peptide profiles presented in Tables 2 and 3, the majority of peptide fragments
were derived from B-CN. This indicates that B-CN is more susceptible to proteolytic cleavage than
as1-CN regardless of the type of coagulant used.

Table 2 — Identified peptides in camel milk cheese with animal-derived coagulant of Kalase

Mass Mr(calc)2 . .
observed (Da) | (Da) Score Sequence Biology properties
B-CN-derived peptides
654.8690 | 1307.7312 | 40 LPPLQPAVMVPF (ACE)-inhibitory DPP-IV inhibitory
. : activity
428.7641 855.5178 41 ETIIPKR (ACE)-inhibitory activity, anti-cancer

and anti-inflammatory properties
DPP-IV inhibitory activity

593.9983 1778.9865 24 KVLPVPQQMVPYPQR (ICso = 41,45 M)

518.7698 1035.5349 38 QEPVPDPVR (ACE)-inhibitory activity

718.9294 | 14358551 | 68 GLHPVPQPLVPVIA antioxidant, antimicrobial and
immunomodulatory properties

Alfa-casein as1-CNderived peptides
954.4441 1906.8836 48 YPEVFQNEPDSIEEVL not found

508.7949 | 10155815 | 68 AVVSPIQFR anti-cancer and anti-inflammatory
properties

According to Tables 2 and 3, fifteen peptides with biological activity were identified in both
samples. In particular, the sequences LPPLQPAVMVPF and KVLPVPQQMVPYPQR have been
previously associated with angiotensin-converting enzyme (ACE) inhibitory and dipeptidyl peptidase-
IV (DPP-1V) inhibitory activity, suggesting potential antihypertensive and antidiabetic properties. In
addition, the peptide GLHPVPQPLVPVIA, detected in both samples, has been reported to exhibit
antioxidant, antimicrobial, and immunomodulatory activity [17].

At the same time, differences in the peptide profile were observed depending on the
coagulant. In cheeses produced using Kalase, peptides such as ETIIPKR and QEPVPDPVR were
identified, which have been reported to potentially exhibit ACE-inhibitory activity [15]. In contrast,
cheeses produced using Chy-Max contained longer peptide sequences (e.g VYSHTEPIPYPILPQNF
and AMPVQAVLPFQEPVPDPVR), indicating a higher degree of proteolysis due to differences in
enzymatic specificity.
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Table 3 — Identified peptides in camel milk cheese with microbial coagulant of Chy-Max

Mass Mr(calc)2 Score Sequence Biolo roperties
observed (Da) (Da) 9 gy prop
B-CN-derived peptides

1008.0168 2014.0200 28 VYSHTEPIPYPILPQNF ACE-inhibitory
654.8687 | 1307.7312 | 56 LPPLQPAVMVPF (ACE)-inhibitory activity and

antidiabetic (DPP-1V inhibitor)
DPP-IV inhibitory activity
(ICs0 = 41,45 mkM

593.9951 1778.9865 57 KVLPVPQQMVPYPQR

10455560 | 2089.1030 | 17 |AM PVQA\;,';/PRFQEPVPD DPP-IV ¢ ICso

718.9279 | 1435.8551 | 28 GLHPVPQPLVPVIA antioxidant, antimicrobial and
immunomodulatory properties

as1-CNderived peptides
657.8789 1313.7595 | 30 ILDLAVVSPIQF anti-cancer and anti-inflammatory
properties
537.2618 1072.5189 | 53 SSHPYLEQL ACE-inhibitory
515.3223 1028.6634 | 58 GPLPLPLPLL DPP-IV Inhibitory

Analysis of asl-casein-derived peptides also revealed differences between samples. The
peptide AVVSPIQFR, detected in cheese with Kalase, has been characterized with anti-
inflammatory and anticancer activity. In Chy-Max samples, the peptide ILDLAVVSPIQF with similar
biological properties was also detected. Peptide SSHPYLEQL has been associated with
angiotensin-converting enzyme (ACE) inhibitory [18], while GPLPLPLPLL has been reported as a
dipeptidyl peptidase-1V (DPP-1V) inhibitory peptide [19].

Discussion

A comparative analysis of coagulants showed that the preparations are characterized by
different kinetic parameters of milk coagulation, which can be used to optimize technological modes
and increase the yield of cheese from camel milk. According to previous studies, differences between
animal and microbial coagulants are manifested in the coagulation rate, gel formation and strength,
which directly affect the technological properties of the clot [9].

In the conducted studies, the microbial enzyme Chy-Max demonstrated higher coagulation
activity and shorter clotting time in camel milk. At the same time, the animal coagulant Kalase, with
the correct dosage, can also ensure stable curd formation and the formation of a pronounced flavor
profile of the cheese. However, the use of animal coagulants may be limited by modern requirements
for production ethics and animal welfare, which increases interest in microbial alternatives [10].

The differences in cheese yield can be explained by the specificity of the enzyme, which
effectively hydrolyzes k-casein and promotes the formation of a denser clot with less loss of whey
[11].

Similar trends have been reported, where cheeses produced using animal rennet were
characterised by a higher dry matter content [12]. Dry matter content varied between 65.2% and
68.8% depending on the type of rennet and milk pre-treatment, with microbial coagulant slightly
reducing the concentration of solids due to higher proteolytic activity [13]. It has also been noted that
microbial coagulants may lead to the formation of a softer curd and a moderate reduction in yield
compared to animal rennets[14].

A comparison of the results shows that the use of Chy-Max promotes the formation of more
structurally flexible and potentially bioactive peptide fragments compared with the Kalase, which may
be due to differences in the specificity of enzymatic cleavage [16]. The amino acid composition of
peptide sequences and the stage of cheese ripening are key factors influencing the biological activity
of peptides [20]. It has been reported that higher levels of bioactive activity are often observed during
the ripening period, particularly in cheeses produced with starter cultures [5]. A study [21]
investigated six cheese types (Karish, Feta-Type, Domoiati, RAS, Gouda, and Edam) produced
under different technological conditions, and reported anti-hypertensive peptides in all types of
cheeses. Furthermore, the release of antioxidant peptides generated by pepsin hydrolysis of whey
and casein fractions from goat's milk has been reported [22]. The antioxidant activity of cheese is
influenced by the type of coagulants exhibit higher in vitro antioxidant activity compared to those
obtained using animal coagulants [23].
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Thus, the choice of coagulant has a complex effect on the coagulation, texture, yield, and
peptide profile of camel milk cheese, requiring a comprehensive technological justification.

Conclusions

The results of the present study demonstrate that the type of coagulant significantly affects
the coagulation process, physicochemical properties, texture, and peptide profile of camel milk
cheese.

At all tested temperatures, animal coagulant Kalase exhibited a significantly longer
coagulation time compared to microbial coagulant Chy-Max with most pronounced differences
observed at lower temperature (34-36 C), where the coagulation time reached 224,8 s for Kalase
and 180 s for Chy-Max at 34 C. At higher temperatures (38-40 C), this difference decreased to 7,6-
9s.

Cheese with was significantly higher in samples with Chy-Max (88,13+0,30, approximately
20,9%) compared to Kalase (75,00£0,50), approximately 18,7%. Chy-Max also resulted in higher
total solids content(48,4 + 0,33%) and a firmer texture, by hardness (22,531£0,46 N) and gumminess
(7,6310,32 N).

The use of different types of coagulants affects the peptide profile of camel milk cheese. A
total of fifteen bioactive peptides were identified in both cheese samples, including sequences
associated with angiotensin-converting enzyme (ACE) inhibitory and dipeptidyl peptidase-IV (DPP-
IV) inhibitory activities.
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TYWUE CYTIHEH IPIMLUIK ©HAIPY KE3IHAE CYTTI ¥AbITATbIH ®EPMEHTTEPAI CANbICTLIPMAIbI
TANQAY

Tytienep (Camelus dromedarius) akcmpemandbl Knumammbik xardalinapra eme me3simoi, a3blK-myriK
KayincizdiciH xxeHe Ka3zakcmaHOarbl xaliblbiMObIK WapyaublibikmapobiH mypakmbifblfblH KaMmamachi3
emyde maHbI30bl pen amkapadbl. PepMeHmmIK Koa2ynsauusi ipiMwik xacaydarbl MaHbI30bl Ke3eH 601bin
mabebinadbl, 6HIMHIH KYpbIfibIMbIH, OHIMOinigiH XX8He cananbiK cunammamarnapbiH aHbliKmatiosl.
KoaeynsayusiHeiH muimdiniai xxeHe npomeonu3diH KapKbiHObIMbIFbI KOa2ynsHmMmbiH maburambiHa XoHe OHbIH
cymmi ylbimy xoHe rnpomeosiumukarnbik 6ernceHdinieiHe balinaHbicmbl, 6y acipece myle CymiH 63iHiH
epeKwe akybi3 KypambiMeH eHOey Ke3iH0e MaHbI30hbl.

by s3epmmeydiH Makcambl MUKDOBMbIK XoHe XaHyaprnap0aH arnbiHambiH pepmeHmmepdi nadtdanaHbir
eHOlipinizeH mytie cymiHeH xacasnfaH ipimwikmepdi canbicmbipy 60n0bi. Kyprak 3ammapObiH Mesnuwepi,
eHimOiriiei, KypbinbiMObIK cunammamarnapbl XoHe IpiMwikmiy nenmudmik npoguiniHiH KanbinmacybiHa
KoaeynsiHm mypiHiH ocepi baranaHObl. Homuxenep epmypni memnepamyparsblK xaflalnapda Kalase
bepmMeHmIHIH y3afbipak Koazynsayusi yakbimbiH KepcemkeHiH, 34°C memnepamypada 224,8 cekyHOmaH 95,6
cekyHOKa OeliiH e3eepeeHiH kepcemedi. 40 epadycma, Chy-Max epmeHmimeH canbicmbipraHda 34°C
memnepamypada 180 c-maH 40°C memnepamypada 88 c-ka OeliH, arn xorapbl memnepamypada (38-40°C)
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atibipmawbinblk 7,6-9 c-ka OeliH a3aliObl. CuHepe3 Chy-Max cbepmeHmiH KondaHraH ke3de cy3be opma
ecenneH 55,6% capbicy benemiHiH kepcemmi, an Kalase ¢hepmeHmiH KondaHamblH ipiMwik yneinepiHoe
cuHepe3suc OeHeeli 45,6% memeH 60510b1. Chy-Max ¢hepmeHmiH KondaHambiH ipimMwik eHimOiniei 20,9%, an
JXaHyap mekmi malekmeH xacarnfaH Kalase ¢epmenmivmeH 18,7% 60n0bl.. Chy-Max xeHe Kalase
KondaHameblH ipiMwik yreinepiHdeai Kyprak 3am caukeciHwe 48,4% + 0,05 xoHe 47,3% + 0,05 kepcemmi.
IpimwikmepdiH mekcmyparnbsik Kepcemkiwmepi MUKpobmblK ¢hepMeHmMneH mMmblifbi3bipaK KypbiibiMObl
kepcemmi. Eki ipimwik yrneiciHOe e buonoausnsik 6enceHOi nenmudmep aHbikmarobl, ofap aunepmoHusira
Kapcbl, aHmuokcuGaHmMmabl, MUKPOOKa KapCbl XXoHe UMMYHOMOOYAayuUsbiK kKacuemmepae b6alnaHbiCmai.

Tytin ce30ep: myte cymi, ipiMwWik, yr0, MUKDOBMbIK chepMeHm, xaHyaprapoaH anbiHambiH chepMeHm,
nenmudmik KOMMIO3UYUS.
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CPABHUTENbHbIA AHAJIU3 MOJIOKOCBEPTbIBAIOLLMX ®EPMEHTOB MNMPU NPOU3BOACTBE
CbIPA U3 BEPBJTIOXXbEINO MOJTIOKA

Bepbodsl (Camelus dromedarius), obnadarouwue 8bICOKOU yCcmoU4yu80CMbiO K IKCMpeMarsibHbIM
KnuMamu4ecKUuM yCII08USIM, U2parom 8axHyH porsib 8 obecrieyeHuuU rnpodogosiscmeeHHoOU 6e3onacHocmu u
ycmou4ueocmu nacmbuuwHbix xo3sticme KaszaxcmaHa. ®epMeHmamueHoe CceepmbleaHUE S8/155emcs
KIIto4esbIM amarom cbipoOerusi, onpedensiowuM cmpyKkmypy, 8bixo0 U Ka4eCmeeHHbIe XapaKmepucmuku
npodykma. OghghekmusHOCMb Koacynayuu U UHMEeHCUBHOCMb [pomeosnu3a 3asucsam om rnpupolbl
KoaezyrnsHma, e2o MosioKoceepmbigarowell U Mnpomeosiumu4yeckol akmugHOCmMuU, Ymo 0COBEeHHO 8aXHO rnpu
rnepepabomke 8epbitoXbe20 MOJIOKa ¢ e20 crieyuguyeckum 6esiKko8biM COCmMagom.

Llenbio Hacmosujeeo uccriefogaHusi SBUIICS CPasHUMESbHbIU aHanu3 cbipog8 u3 8epbrioxbezo
MOJIOKa, MoslyYeHHbIX C UCMOMb308aHUEM (hepMEHMO8 MUKPOOHO20 U XXUBOMHO20 rpoucxoxoeHus. OUeHeHb!
rioKkazamersu Cyxux eew,ecms, 8bix00, MmeKCmypHbIe XxapakmepucmuKu, a makxe efusHuUe murna KoagynsHma
Ha ¢hopmuposaHue nenmudHO20 rpogusisa ceipa. [lonydeHHble pesynbmambl 0eMOHCMPUPYM, 4mo npu
pasnuYHbIX memnepamypHbix pexumax gepmeHm Kalase demoHcmpuposan 6onee dnumesnbHOE 8pems
ceepmabigaHusi om 224,8 c. npu 34 °C do 95,6 c. npu 40, no cpasHeHuro ¢ pepmeHmom Chy-Max ¢ 180 ¢ npu
34 °C 0o 88 c npu 40 °C.,moe0da kak npu 6osiee 8bicokux memnepamypax (38-40°C) pasHuuya cokpamurnach
0o 7,6-9 c. CuHepesuc nokasars, Ymo npu rpumeHeHuu gpepmeHma Chy-Max caycmok ebidesnsin 8 cpedHem
55,6% cbisopomku, 8 mo epemsi Kak 0bpa3subl chipa, ¢ ucronb3oeaHuem hepmeHma Kalase, nokasanu 6ornee
HU3KUU yposeHb cuHepe3uca 45,6%. Bbixod chipa ¢ ucrionb3oeaHuem pepmeHma Chy-Max cocmasun 20,9%,
8 MO 8PEMSI KaK C UCIMO/Ib308aHUEM ChIYyKHO20 ¢hepMeHma XU80MHO20 npoucxoxoeHusi Kalase cocmasun
18,7%. Cyxue sewecmea 8 obpasyax cbipa ¢ ucrionb3oeaHuem Chy-Max u Kalase noka3sanu 48,4%+0,05 u
47,3%+0,05 coomsemcmeeHHO. TekcmypHble rokasamersiu chbipos rokasanu 6ornee MiIomHy mekcmypy c
ucriofnib3o8aHuUeM MukpobuanbHo20 ¢hepmeHma. Takxe 6binu udeHmuguuuposaHHbl buosio2u4ecKu
akmueHble nenmudbl y 0060ux 006pa3yos8 cbipa, KOMOPbLIE OMHOCAMCS K aHmuaurnepmeH3U8HbIM,
aHMuoKcudaHmMHbIM, aHMUMUKPOOHBLIM U UMMYHOMOOYIUPYOWUMM ceolicmeam.

Knroyesnbie cnoea: 8epbritoxXbe MOJIOKO, Cbip, ceepmbligaHue, MUKPOOHbLIU hepmeHm, chepmMeHm
JKUBOMHO20 MPOUCXOXOeHUS, nenmudHasi KOMIO3Uyusl.
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WHTErPUPOBAHHASA CUCTEMA TEOUH®OPMALIMOHHOIO MOHUTOPUHIA,
LNPPOBOU NMACMOPTUSALIMU N NOATOTOBKU OBPA3LIOB HALYOMORPHA
HALYS STAL B IOXKHOM KA3AXCTAHE

AHHOmMauyusi: B cmambe npedrioxeHa U anpobuposaHa UHMe2pupo8aHHasi cxema pPaHHe20
8bisi8IeHUS, Uughposol nacriopmu3ayuu u nodzomosku obpasyoe Halyomorpha halys Stal k nocnedyrowel
MOJIEeKYPHO-2eHemuYecKol sepughukayuu 8 ycrosusix oea Kaszaxcmana. Llenbio uccnedosaHus siensnach
paspabomka eocripouzsodumoli cucmembl, obbeduHsrowel rnoneesol MoHUmopuHe, GPS-npuessky o4yaeos,
cmaHOAapmu3uposaHHbili yd4em obpasyoe u ¢hopmuposaHue Kosnnekyuu, npueodHol 0Ons rocrnedyrou,e2o
aHanu3sa ro mapkepam COl u ITS1. lNonesyr anpobauyuro cucmemsbi 8bIrnonHUIU 8 bomaHudeckom cady e.
AnmMambl € UCnosib308aHUEM YEPOMOHHbLIX JI08YWEK U J1084UX Mosicoe Ha sibrioHe u epywe. B xode
HabnoleHul 6bino 3apesucmpuposaHo 215 ocobeli Ha pa3Hbix cmadusix paszeumusi. Haubonbwas
YucrieHHOCMb  8bisig/ieHa 8 UeHmpasbHOU Yacmu o06crnedosaHHOU meppumopuu; MakcuMaribHble
rokasamesnu 3aghukcuposaHbl 8 moykax D1 u D2. YcmaHoeneHo, 4ymo hepOMOHHbIe 108yWKU bosiee
agbgbekmueHoO 8bisI8IsIOM uMazo, moeada Kak Jiogque rosica rosbiuiarom obHapyxueaemMocmb HUMGaIbHbIX
cmadud. [lpednoxeH  yHuguyuposaHHbIl  yugposol  nacriopm  obpa3ya, obecrneyusarouul
mpaccupyemocms OaHHbIX Om MoMeHma ombopa 0o smana nabopamopHol obpabomku U
rnpocmpaHcmeeHHo20 aHanusa. PaspabomaHHas cucmema MoxXem cilyXumb OCHogoU Onsi darnbHelwux
ouccepmalUuoHHbIX uccriefosaHull o MOMEKynsapHoU cmpykmype UH8a3UueHbIx nonynsayut H. halys u
peauoHarsbHbIX po2pamMmM ¢humocaHumapHO20 MOHUMOPUH2a.

Knroyeenie cnioea: Halyomorpha halys; monekynspHo-eeHemudeckas udeHmucgpukayusi; COI; ITS1;
2€0UHOPMaUUOHHbIU MOHUMOPUH2; (DePOMOHHbIE JI08YWKU; uugposol nacriopm obpasua; HFOXHbIU
Kasaxcman.
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