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INFLUENCE OF DIFFERENT FACTORS ON THE CURDLING OF CAMEL MILK FROM
THE TURKESTAN REGION

Abstract: The production of cheese from camel milk represents a significant sector within the food
industry, particularly in regions where camel breeding has been extensively developed. A distinctive chemical
composition is exhibited by camel milk. These properties render it a valuable raw material for the development
of functional foods, including cheeses with increased biological value. The curdling process inherent to the
production of camel milk necessitates a multifaceted approach, one which is informed by the distinctive
characteristics of this raw material. Achieving optimal curdling conditions necessitates the judicious modulation
of critical factors such as temperature, enzyme activity, pH level, and the utilisation of a suitable starter culture.
This paper explores the impact of various factors on camel milk curdling. It was observed that a reduction in
active acidity (pH) to 5.8-5.6 units resulted in a significant decrease in coagulation time to 35-40 minutes,
accompanied by a favourable trend in the textural indices of the clots during gelation. The findings indicate
that a clotting temperature of 35 °C is optimal for the fermentation process, and the increase in calcium chloride
concentration also has a significant impact on reducing clotting time. Furthermore, the results of this study
demonstrated that heat treatment significantly influenced the firmness of the clots. The coagulation of raw milk
exhibited a firmness of 250.08+10.3 g, while at 63-65°C, it reduced to 177.5+6.08 g, at 72-74°C, it decreased
t0 90.35+15.73 g, and at 80-85°C, pasteurisation of milk resulted in the lowest hardness of 55.45 + 2.58 g. The
cheese yield varied from 20.90 to 10.34 depending on heat treatment
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Introduction

Camel milk is a unique raw material due to its high nutritional, vitamin and mineral
composition, which makes it a valuable product for both domestic and foreign markets [1, 2]. The
consumption of camel milk in raw or fermented form is much more widespread than its use in
processed products such as cheese [3]. Given the significance of this fact, the question of developing
new areas of processing, such as cheese production, is raised. The process of coagulation and gel
formation is pivotal in the production of cheese from camel milk and necessitates a bespoke
approach to technological development [4].
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The Turkestan region has withessed a consistent annual increase in the camel population,
reaching approximately 45 thousand heads as of 2024 [5]. The primary utilisation of camel milk is
the production of traditional shubat, in addition to its processing into milk powder. Despite the high
potential for development in this sector, there is a lack of enterprises specialising in the processing
of camel milk into cheese. The primary challenges identified pertain to the absence of technologically
advanced solutions and methodologies that are tailored to the distinctive characteristics of the local
raw materials. However, there is a growing interest among entrepreneurs in developing this sector,
which presents opportunities for the establishment of production facilities in proximity to farms.

The present study aims to investigate the influence of various factors on the coagulation of
camel milk from the Turkestan region, including active acidity (pH), coagulation time, textural
parameters, temperature, and calcium chloride concentration.

Research methods. Raw camel milk obtained in a private household in the village ‘Kyziltu’
of Turkestan region was used for research. The experiments were conducted in the research
laboratory ‘Food biotechnology’ of NP JSC "M.Auezov South Kazakhstan University".

Determination of clotting time of camel milk. The objective of this study was to determine the
clotting time of camel milk. In this study, a specific volume of milk and (or) calcium chloride solution
was amalgamated, after which a solution of milk curdling enzyme was introduced. The mixture was
then subjected to constant temperature on a water bath, whilst simultaneously a stopwatch was
initiated. The clotting time was determined by recording the time between the addition of the enzyme
solution and the initial detection of flocculation on the walls of the test tube. [6, 7].

HANNA pH meter (pHep HI 98108) was used to determine active acidity (pH).

The measurement of clot firmness texture parameters was conducted through the utilisation
of a texture profile analysis (TPA) apparatus (Stable Micro Systems Ltd., UK). The samples were
subjected to mechanical compression and back extruded across four cycles, employing a 35-mm
diameter cylindrical probe at speeds of 1.0 mm/s, 2.0 mm/s, and 10.0 mm/s, respectively. The depth
of indentation of the sample was 20 mm. The volume of all samples was 100 ml.

Results and discussion. Milk coagulation and rennet gel (coagulate) formation represent
the most significant and sensitive process in the production of various cheese varieties [8]. This
process is primarily characterised by the action of numerous factors that regulate both biochemical
and physicochemical processes during coagulation, thereby directly influencing the rheological
characteristics of the rennet casein gel.

The present study investigates the effect of varying values of active acidity (pH) on
coagulation time (Table 1).

Table 1 — Effect of active acidity (pH) on milk coagulation

Active acidity (pH) Coagulation time, min
6,6+0,2 85,5+0,5
6,03+0,1 50,0+0,5
5,840,1 40,5+0,5
5,6+0,1 35,5+0,5

As demonstrated in Table 1, it can be deduced that decreasing the active acidity (pH) of
camel milk reduces its coagulation time. In a study where the pH was reduced from 6.6+0.2 to
5.6£0.1 and the enzyme was added, a reduction in coagulation time from 85.5£0.5 minutes to
35.5£0.5 minutes was observed, respectively. The findings of this study are consistent with the
existing body of literature, which demonstrates that lowering the pH during cheese processing
enhances the action of rennet enzyme, helps to neutralize the charge of colloidal calcium phosphate
(CCP), and improves calcium solubility [9,10]. The decline in active acidity has also been
demonstrated to influence the firmness of the clots (Figure 1).

From figure 1, it follows that the samples of clots obtained from camel milk, with decreasing
active acidity there was a positive effect on the firmness of the clots. Clots with pH 5.8+0.1 and
5.6+0.1 were more gelatinous. Although firmness of the clots at active acidity of 5.6 was higher, in
this work, the optimum value was taken as 5.8, as further reduction in active acidity may lead to less
favourable quality characteristics of the finished soft cheese.

In addition, the effect of coagulation time of camel milk at varying temperature regimes, as illustrated
in Figure 2, was investigated.
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Figure 2 — Dependence of camel milk coagulation time on coagulation temperature

Figure 2 shows that when the coagulation temperature is increased from 25°C to 35°C, the
coagulation time decreases significantly from 90.5 to 45.0 minutes, indicating faster fermentation.
However, when the temperature is further increased to 50°C, the coagulation time increases to 57.0
minutes, possibly due to thermal denaturation of proteins or decreased activity of coagulating
enzymes. These results emphasize the importance of selecting the optimal curdling temperature to
ensure an efficient coagulation process and to obtain a quality cheese clot.

Milk coagulation can be thought of as a two-step process that involves a primary phase, i.e.,
limited hydrolysis of k-casein, and a secondary phase where micelles of hydrolysed casein cross-
link in the presence of Ca2+ to form a gel.

Hence, we studied the effect of calcium chloride concentration at a coagulation temperature
of 35+£0.1°C on the coagulation time of camel milk. Figure 3 shows a graph that depicts the
dependence of milk coagulation time on calcium chloride concentration (CacCl,).

As demonstrated in Figure 3, an increase in the concentration of CaCl, has been shown to
reduce coagulation time. When the concentration of CaCl, was increased from 0 to 30 g/100 I, a
reduction in coagulation time from 45.0+0.5 to 28.0+£0.5 minutes was observed. This finding suggests
that the addition of CaCl, accelerates the milk coagulation process. The initial decrease in
coagulation time between 0 and 10 g/100 | is negligible (approximately 1.5 minutes), which may be
due to the minimal effect of added calcium on coagulation at low concentrations. A more significant
reduction in time is observed when the concentration is increased to 20 and 30 g/100 | (by 8.5 and
7 minutes, respectively), which improves the aggregation of casein micelles and accelerates clot
formation.

Effect of Calcium Chloride on Milk Coagulation Time
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Figure 3 — Dependence of milk coagulation time on calcium chloride concentration (CacCl,)
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Furthermore, the impact of pasteurisation temperature on camel milk, both with and without
calcium chloride addition, on clotting time was investigated (Figure 4).

Effect of Heat Treatment and Calcium Chloride on Milk Coagulation Time
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Figure 4 — Dependence of milk coagulation time on temperature treatment and presence
of calcium chloride (CacCl,)

As demonstrated in Figure 5, the coagulation time increases significantly with increasing
processing temperature, from 43 minutes for raw milk to 141 minutes for milk treated at 80-85°C.
This phenomenon can be attributed to the denaturation of whey proteins (e.g., B-lactoglobulin), which
have the capacity to interact with casein, thereby impeding the clot formation process. The addition

of CaCl, has been shown to result in a substantial reduction in coagulation time for all samples
examined.
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Figure 5 — Firmness of curd made from camel milk using different heat treatments

For instance, for raw milk, the coagulation time is reduced from 43 minutes to 28 minutes,
and for milk treated at 80-85°C, from 141 minutes to 125 minutes. The addition of calcium chloride
has been shown to restore the balance of free calcium in milk, thereby improving the aggregation of
casein micelles and accelerating clot formation, even at elevated temperatures. The greatest
reduction in coagulation time due to the addition of CaCl, is observed for raw milk, with a 15-minute
reduction in coagulation time. Conversely, in high temperature treated milk (80-85°C), the effect of
CacCl, is less pronounced, which may be attributable to strong protein denaturation, reduced calcium
availability, and alterations in micelle structure. It is evident that the coagulation time increases with
an increase in treatment temperature, both in the presence and absence of CaCl,. This finding aligns
with the observations reported by Hailu et al. (2016), who posited that increasing the coagulation
temperature and decreasing the pH of camel milk can enhance its coagulation [11].

Further, textural indices of clot firmness when calcium chloride was added with an active
acidity of 5.8 were studied in raw milk, and pasteurised at 63-65°C, 72-74°C and 80-85°C.

As demonstrated in Figure 6, the results indicated that camel milk clots prepared from raw
milk exhibited significantly higher firmness (250.08+10.3) in comparison to pasteurised milk clots at
63-65°C (177.5+6.08) and 72-74°C (90.35+15.73), respectively. Conversely, the clots derived from
pasteurised milk at temperatures ranging from 80 to 85°C exhibited a significantly lower level of
firmness (55.45 + 2.58) in comparison to the values above.
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Figure 6 — Dependence of the yield on heat treatment and calcium chloride

The yield of cheese was found to vary according to the type of heat treatment applied.
Specifically, the cheese yield from raw milk was 20.19-20-90g with and without calcium chloride,
respectively, while pasteurization of the milk at 63-65°C resulted in a yield of 19.33-18.57g.
Furthermore, at 72-74°C, the cheese yield with and without calcium chloride was -16-13.12, and at
80-85°C, the yield was 14.91-10.34.

Conclusions

The research indicates that the clotting process of camel milk in cheese production can be
enhanced by manipulating various factors. Specifically, it has been observed that reducing the active
acidity to 5.8 units, maintaining a clotting temperature of 35°C, and increasing the concentration of
calcium chloride (CaCl2) from 20 to 30 g/100L are pivotal in achieving this. These adjustments have
been shown to reduce the coagulation time, thereby optimising the clotting process. Furthermore,
an increase in temperature results in a decrease in the difference between treated and untreated
milk in terms of coagulation time. The utilisation of the proposed optimised technologies is expected
to result in a reduction of waste, ensure high yields, and guarantee the safety of the final product for
consumers.
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BIMUAHME PA3NIUYHBIX ®AKTOPOB HA CBEPTbIBAHWUE BEPBJTIOXXbEIO MOJIOKA
TYPKECTAHCKOM OBJIACTU

lMpoussodcmeo cbipa u3 eepbnioxbezo Mosioka rpedcmassnsiem cobol 3HaqyumersibHbIlU CeKmop
nuwesou npoMbILIEHHOCMU, 0COBEHHO 8 peauoHax, 20e WUPOKO pa3sumo eepbrirndosodcmeo. Bepbritoxbe
MOJIOKO omsiudaemcsi 0CobbIM XUMUYECKUM cocmasomM. Omu ceolicmea denarom €20 YEeHHbIM CbipbeM 051
pa3pabomku ¢byHKUUOHaIbHbIX NPodyKmo8 numaHusi, 8 MoM HucJsie Cbipo8 C NoebilueHHOU buonoauyeckoul
ueHHocmero. [lpouecc ceepmebigaHusi, npucywul npou3eodcmey e6epbroxbe20 Mosioka, mpebyem
MHO202paHHo20 Modxo0da, yYumsbl8aroUW,e20 omauYuUmesibHble 0CObeHHOCMU 3Moe20 Chipbs. [JocmuxeHue
onmumarbHbIX ycrosuli ceepmbigaHusi mpebyem pas3yMHO20 peayriuposaHusi makux Kpumu4yeckux
hakmopos, Kak memnepamypa, akmueHocmb hepmMeHmos, yposeHb pH u ucrnonb3osaHue nodxodsaweli
3aKeaco4HoU Kynbmypbl. B 0aHHoU pabome u3yvyaemcs enusHUe pasfuyHbiX hakmopos Ha ceepmbigaHue
8epbsioxbe2o MosioKa. bbiflo 3amMeqyeHO, Ymo CHWXeHue akmusHol kucromHocmu (pH) do 5,8-5,6 eduHuy,
rpueesio K 3HaqyumesibHOMYy COKpauw,eHUr0 8peMeHuU ceepmbigaHusi 00 35-40 MuHym, 4mo cornpoeoxoanoch
brazonipuamHol meHOeHyuel U3MEHEHUsI MEeKCMYypPHbIX [loKa3amersel Cc2ycmkKoe 8 ripoyecce
eeneobpa3soesaHus. Nony4yeHHbIe OaHHbIe ceUOemMebCMayKm O MOM, YMo memMrepamypa ceepmbigeaHus 35
°C sienisemcs onmumarsibHoU 051 fpoyecca hepMeHmayuu, a ygesiudeHue KoHueHmpauyuu xiaopuda Kanbyus
makxe okasblgaem 3Ha4yumesibHoe 8JIUSIHUE Ha COKpaljeHue epeMeHU ceepmbigaHusi. Kpome moeo,
pesynbmamel uccriedosaHusi rnokasasnu, Ymo meriosasi 06pabomka cywecmeeHHO eusiem Ha yrpyaocmsb
ceaycmkos. [Npu ceepmbigaHUU Cbip020 MOsI0Ka €20 meepdocmb cocmasurna 250,08+10,3 e, npu 63-65°C oHa
cHusunacek 00 177,5+6,08 2, npu 72-74°C — 00 90,35+ 15,73 2, a npu 80-85°C nacmepu3zayusi MOsIOKa npueesna
K HaumeHbwel meepdocmu — 55,45+2,58 2. Bbixod cbipa sapbuposaricsi om 20,90 d010,34 e 3agucumocmu
om merinoeol obpabomku.
Knroyeebie crioea: 8epbritoxbe MOJIOKO, 8PeMS C8epmbi8aHUsl, akmugeHas KucromHocmb (pH),
yrnpyaocme, cbip, mepmudeckas obpabomka.
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TYPKICTAH OBJIbICbI TYAE CYTIHIH ¥IObIHA 8PTYPJ1I ®AKTOPJIAPbIH SCEPI

Tylie cymiHeH ipimwik eHOipy — acipece myle wapyauwblfibifbl KeH mapasfaH aliMakmapda mamak
OHepPKaCIbiHIH MaHbI30bl barbimbl. Tylie cymi epeKkwe XUMUSbIK KypaMbiMeH epekuieneHeldi, 6y OHbl
yHKUUOHandbl maram eHiMOepiH, COHbIH iWiHOe 6uonoausinbiK KYHObIMbIFLI XoFapbl ipiMwikmepdi eHOipy
YWwiH 6aranbl wukizam emedi. Tyle cymiHiH yro npoueci 6yn wukisammsblH 63iHOIK KacuemmepiHe
HeeizdeneeH keweHOI macindi manan emedi. KoasynayusHbIH oHmMaulrnsl wapmmapbiHa KON XemkKisy YWiH
memrniepamypa, hepmeHmmepdiH berceHdiniei, pH OeHeelii cusgkmbl MaHbI30b!I napamempriepdi mMykusm
pemmen, Konalnbl awbimKbl 0akblidapbiH maHday Kaxem. byn makanada myte cymiHiH Koa2ynsyusicbiHa
acep ememiH epmypsi hakmopnap KapacmbipbisiraH. 3epmmey Homuxxenepi kepcemkeHdoel, 6esceHOi
KbIWKbIObIIbIKMbIH (PH) 5,8-5,6 deliH memeHdeyi koac2ynsayusi yakbimbiH e0ayip Kbickapmbir, OHbl 35-40
MuHymka OeliH asalimadbi. byn, e3 keseziHOe, een mys3iny npoueciHoe Yyt KypblribiMbIHbIH Konalsbl
OuHamukacbiMeH cunammanadbl. AnbIHFaH MaJjliMemmep Koaaynsauyusi memnepamypacbkiHbiH 35°C
OeHeeliiHOe oHmalinbl 6onamsiHbIH, CoHOal-aK Kanbuul Xxrnopudi KOHUeHmpauyusiChbiHbIH XXOfapblnaybl
Koaeynsyus yakKbimbIH KbicKapmyfa alimapribikmadl acep ememiHiH danendeoi.

CoHbiveH kamap, b6yn 3epmmeydiH Hemuxenepi XbiaynblK ©HOeylOiH cym yUbIHObICbIHbIH
KammblifibifbiHa eneyrni acep ememiHiH kepcemmi. LLluki cym koaeaynsayusinaHFaH ke30e OHbIH Kammblfibifbl
250,08+10,3 2 Kypaca, 63-65°C memnepamypada 6yn kepcemkiw 177,5+6,08 e-ra OeliH, 72-74°C
memriepamypada 90,35+15,73 2-ra deliiH memeHOedi. An 80-85°C memnepamypada nacmeprieHaeH cym eH
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memeHai KammbinblK M8HIH kepcemmi — 55,4512 58 2. IpimwikmiH eHimOiniai mepmusinblKk eHOeyze
6atinaHbicmsi 20,90-0aH 10,34-ke deliiH e32epOi.

Tyiin ce3adep: mylie cymi, yro yakbimbi, 6enceHOi KbiWKbiObIbIK (pH), Kammbinbik, ipiMwik,
XKbIyMblK 6HOey.
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XX¥MCAK IPIMLLIK ©HAIPY TEXHOJNOMMACBIHOA ©CIMAIK TEKTEC LUUKIBATTbI
NAVOANAHYObIH EPEKLUENIKTEPI

AHOamna: IpiMwik — cymmi ylbimy XoeHe OHbI Xemindipy HomuxeciHOe arbiHFaH, aKybl3 Meswepi
JKOFapbl mamak eHiMi. IpiMwikke KocbiMwa 0amM MeH xow uic bepy ywiH spmypri eciMiik mekmec Kocrianap
Kocy @adicmepi xemkinikmi. ¥CbIHbIIbIT OMbipFaH Makanada xymcak my30bl ipiMwikmi  ecimOik
wukisammapbiMeH 6albimy apKbinibl 0napdbiH KOpeKmik xoHe 6uonoausifiblK KyHObIbIFBIH apmmbipy
MyMKiHOi2iH 3epmmelidi. AKXenKeH yHmarbl MEH ePEK XXaHFaFbl CUSIKMbl maburu uHepedueHmmepoi Kocy
my30bl XyMcaK ipiMwikmiH KypambiHOarbi C depymeHi MeH maramOblK marnwbiKkmapOblH MenwepiH edayip
apmmabipadbl. 3epmmey HomuxeciHOe, Ne 3 yneiciHOe aKxesikeH MeH ePeK XXaHfaFbl KOCbIIFaH ipiMWIiKmiH
KypambiHOa C OdepyMeHiHiH Mernwepi 6 ece kebelin, maramOblKk manwbikmap 0,86 2 OeliH apmkaHbl
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