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The article presents an EDS analysis of ash from camel milk and its derived products. Based on the results of
the EDS analysis, the composition of the main mineral and organogenic elements in ash from camel milk, cottage
cheese, kurt, and whey has been determined. The mass fractions of the main macro- and microelements contained in
these products - sodium, potassium, calcium, phosphorus, magnesium, chlorine - as well as organogenic elements
such as oxygen and carbon have been identified. The elemental composition of camel milk and derivatives obtained in
the autumn and winter seasons has been compared, and the influence of feed and physiological factors on the
formation of the elemental profile has been determined. Changes during technological processing of camel milk into
fermented milk products have also been analyzed, and their functional significance for human body has been assessed.
The experimental data indicate a high level of mineralization of the produced products, which determines their
nutritional and biological value. Overall, the obtained research results substantiate the feasibility of using camel milk
and its processed products in functional and therapeutic-preventive nutrition for various population groups.
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EDS-AHAJIN3 OCHOBHbIX MUHEPAJIBHBIX 1 OPTAHOT'EHHBIX 3JIEMEHTOB
O30JIEHHOTI'O BEPBJIIOKBEI'O MOJIOKA U ITPOU3BOJHBIX ITPOJAYKTOB
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B cmamve npogedén EDS-ananus 030nenn020 6epontoricbezo Monoka u e20 npou3gooHvix npodykmos. Ilo
pesyiemamam nposedénnozo EDS-ananuza onpedenén cocmasé ocHOGHbIX MUHEPATIBHBIX U OPZAHOZEHHBIX ITIEMEHINOG
03071EHHO20 8EPOTIINIICLEZ0 MOTIOKA, MEOPO2a, KYPMaA 1 MOIOUHOIL cbleopomKu. Onpeoenensvl maccoevle 001 6X00AUUX 6
IMU NPOOYKMbl OCHOGHBIX MAKPO- U MUKPOIIEMEHMIO6 - HAMpUA, Kanus, Kanvyus, ocgopa, maznus, xnopa u
OP2aHOEHHBIX ITIEMEHMO06 - KUCA0pooa u yznepooa. IIpogedeno cpasnenue nemeHmnozo cocmaea 6eposioicLezo MonoKa
U NpOOYKmMOoG, NOIYYEHHBIX 6 OCEHHUIl U 3UMHUIL CE30Hbl, U HA IMOIU OCHOBE GLIAG/IEHO GNUAHUE KOPMOGHIX U
Qusuonozuueckux ¢paxmopos na gopmuposanue nemenmnozo npoguna. Taxsce npoeedén ananuz usmenenuil 6
npoyecce mexHon02uuecKoll nepepadomKu 6eponioHcLez0 MoI0KaA 8 KUCIOMONOUHbBIE NPOOYKNIbL U NPOGEOEHA OUCHKA UX
DYHKUUOHANLHOT 3HAYUMOCINU OIS OP2AHU3MA YeNI06eKA. IKCHEPUMERMATIbHbIE OAHHbIE CEUOCMENLCIEYIONT O 8bICOKOM
YPOBHe MUHEPANU3AUUY BbIPAOAMBIEAEMBIX HPOOYKIIO6, YO 00YCI06/IUGAEH UX RULEEYIO U OUOIOZUHECKYI0 UEHHOCb.
B coeokynnocmu nonyuennvie pe3yibmamoul UCCIEO08AHUT 00O0CHOBBIBAIOM UENECO0OPA3HOCHL UCNONb30BANUA
6epONINIHCHE2O0 MONIOKA U NPOOYKMIOG €20 NEePepadomKu 6 cocmase QYyHKYUOHAILHOZO U N1e4eOHO-NPOPUIAKIMUYECKO20
RUMAHUA PA3TUYHBIX C1I0E6 HACENEHUA.

KiroueBble cioBa: Bepﬁ.]'llO)Kbe MOJIOKO, TBOPOI, CbIBOPOTKAa, KYPT, MHHEPAJbHbLIC H
OPraHOr¢HHbIC 3JIEMEHTDI.
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KYJIEHAIPUITEH TYHE CYTI MEH OJJAH AJIBIHFAH OHIMJIEPIH HET'I3I'T
MUHEPAJIIBIK KOHE OPTAHOI'EHJAIK 9JIEMEHTTEPIHIH EDS-TAJIIAYbI
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Maxkanaoa Kynodendipincen myite cymi men ouwvtyy mywsitnovinapvinoty EDS-manoays acypeizinoi. 3/]C
manoayviHvlyy, HamMudicenepine cyileHe OmMuIPbln, KyaoeHOipinzen myiie CymiHiH, Cy30€HiH, KYpmMMbIH JcIHE
Capuvicyobly Hez2i3ei MUHEPAIObL HCIHE OP2AHO2EeHOT IT1IeMeHmmepPiniy Kypambl anvikmanovl. byn enimoepoezi nezizei
MAKpOo- HCIHE MUKDPOITIEMEHMMEPOiH, — Hampuil, Kaauil, Kaivyuil, ocghop, mazHuii, Xa10pOblH — HCIHE OP2AHO2EHOT
Inemenmmepoiy, — ommezi Men KoMipmeKkmin — maccanvlk yaecmepi anvikmanowl. Kyzei scane KblicKbl maycoeimoapoa
anvlHRAH myile cymi MeH OHbIH MYbIHObLIAPbIHGIH IIeMEeHMMIK KYPAmbl CANbICIbIPbLIObl, COHOAN-AK HcemM MeH
dusuonozuanvix gaxmopnapoviyy rnemenmmix npounvoin Kanvinmacyvina acepi aumvikmanowvl. Tyile cymin
AUBIMBLARAH CYM OHIMOEpine MexHOI0ZUANbIK, OHOey Ke3indeZi o32epicmep 0e mandanowvl yHcane 01apobl, adam
azzacel yuwin QYHKYUOHANOLIK MaHbi30blabizbl Oazananovl. Taxcipubenix Oepexmep anvinean OHIMOEPOiH,
MUHEPANOany 0eH2elinily IHco2apvl eKeHin Kopcemeoi, Oy 01apobly, MAaMObIK HCIHE DUONOZUATBIK KYHObLIbIZbIH
anvikmaiovl. JKannol anzanoa, anviHan 3epmmey HImMudicenepi myiie cymi MeH OHblH OHOeN2eH OHIMOeEpiH
XanblKmoll, Jpmypiai monmapvl YuliH QYHKYUOHANObL HCaHEe eMOIK MAMaKmanyoa nanuodaianyobly; opblHObLIbIZbIH
0anenoeiioi.

Heri3sri ce3nep: Tyiie cyTi, cy30e, capbiCcy, KYPT, MUHEPAJIBIK KOHE OPraHOreHiK 3JIeMeHTTep.

Introduction The mineral composition of milk plays a key

Amid the steady growth of alimentary- role in formation of its biological value.

dependent diseases, including mineral metabolism Macronutrients such as calcium, phosphorus,
disorders, osteoporosis, cardiovascular and potassium, sodium, magnesium, and chlorine are
metabolic conditions, the development of involved in maintaining the structural integrity of
scientifically based approaches to creating bone tissue, regulating water-electrolyte balance,
functional foods has become particularly relevant transmitting nerve impulses, and promoting
[1, 2]. According to date from the World Health enzymatic processes [7-9].
Organization, deficiencies of essential macro- and At the same time, milk processing to
microelements remain one of the leading causes of produce cottage cheese and its products, yogurt,
decreased quality of life of the population and the whey, and other products is accompanied by a
growth of chronic pathologies [3]. In this regard, a redistribution of mineral components between fat,
priority area of modern food science is the search protein, and aqueous fractions, which can
for natural sources of nutrients with high significantly change their quantitative ratios and
bioavailability and physiological activity [4]. physiological significance.

Camel milk is of particular interest, as in Despite the existence of publications on the
recent years it has been considered as a promising chemical composition of camel milk, systematic
raw material for the production of functional and data on the transformation of the mineral profile in
therapeutic-preventive food products. the production of traditional products (cottage

Unlike cow's milk, camel milk is charac- cheese, curd) and whey, especially taking into
terized by a specific ratio of proteins, lipids, account seasonal factors in the southern regions of
mineral and organogenic substances, as well as Kazakhstan, are fragmentary. Meanwhile, the
resistance to adverse climatic conditions of raw feeding season is a determining factor in the
material production [5, 6]. variability of the elemental composition of animal-

Studies show that its chemical profile is derived dairy products [10-12].
largely determined by the adaptive characteristics The absence of systematic data limits the
of animals to arid zones, which is reflected in the possibility of scientific substantiation of regulatory
electrolyte composition and the level of indicators of quality and safety, as well as the
mineralization of the product. development of new functional products based on
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these raw materials [13, 14]. In addition, without
assessing the mineral composition of milk and its
processed products, it is difficult to analyze their
functional significance [15].

In this regard, the purpose of the present
study is to conduct a comparative analysis of the
mineral and organogenic composition of camel
milk obtained during the autumn and winter
milking periods and of its processed products, with
an assessment of the impact of technological
operations on the redistribution of macro- and
microelements.

The scientific novelty of the work lies in the
comparative analysis of the mineral and
organogenic profile of several types of products
obtained from the same type of raw material, taking
into account the influence of technological factors.
The practical significance of the study lies in the
possibility of using the data obtained in the
development of new types of functional dairy
products [16].

Thus, the presented work corresponds to the
current priorities of food science development and
is aimed at expanding scientific understanding of
camel milk as a promising source of physio-
logically significant mineral elements.

Materials and research methods

The studies were conducted using camel
milk samples and dairy products obtained from
Bactrian two-humped camels. To identify the
influence of diet and climatic conditions on the
formation of the mineral and organogenic profile
of the studied foods, the method of comparative
analysis of camel milk samples and dairy products
produced in autumn and winter, was used.

To ensure a unified methodological
approach and controlled experimental conditions,
all analytical studies have been conducted at the
accredited Structural and Biochemical Materials
Testing Laboratory of M. Auezov South Kazakh-
stan University.

The elemental composition has been
determined by energy dispersive  X-ray
spectrometry (EDS). Modern highly sensitive
equipment has been employed to ensure the
reliability of the quantitative assessment of macro-
and microelements and organogenic elements. The
EDS analysis was performed using a JEOL JSM-
6490LV scanning electron microscope equipped
with the INCA Energy elemental analysis system
and the HKL-Basic structural data processing
module. The use of this hardware and software
package ensured the correct identification and
guantification of the studied elements of ashed
camel milk and its processed products with a high
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degree of accuracy. The technical characteristics of
the equipment contributed to the increased
sensitivity of the method and ensured the
reproducibility and reliability of the results
obtained.

The objects of the study were camel milk
obtained during the autumn and winter milking
periods, as well as products of its processing:
cottage cheese, whey, kurd.

The raw materials were obtained from the
“Bagdat” farm located in the Suzak district of the
Turkestan region (Republic of Kazakhstan).
Sampling was carried out in the autumn and winter
periods, which made it possible to assess the
influence of the seasonal factor on the formation of
the mineral and organogenic profile and
physicochemical parameters of the studied
products.

The milk was characterized by a
homogeneous consistency, white color with a
slight creamy tint, and a specific taste and aroma.

Cottage cheese was produced by the method
of acid coagulation of proteins, followed by
separation of whey and self-pressing. Its
consistency is dense and spreadable; the color was
white with a creamy tint; the taste was clean and
fsour-milk.

Curd whey was a transparent liquid of light
yellow color with a slightly acidic taste.

Kurt was produced by thermal evaporation
of the fermented milk mass, followed by molding
and drying. The product was characterized by a
dense structure.

Collected milk samples were transported to
the laboratory in hermetically sealed containers at
a temperature of (4 £ 2) °C. Before analysis, the
milk was thoroughly mixed until a homogeneous
state was achieved.

Cottage cheese was homogenized; kurt was
preliminary crushed to a powder-like state to
ensure the representativeness of the sample
portion.

Curd whey was filtered through a paper filter
to remove mechanical impurities.

The studies included preliminary ashing of
the studied samples in a muffle furnace at a
temperature of 500-550 °C until light gray ash was
obtained, followed by determination of their
elemental composition by using energy dispersion
spectrometry.

The results and their discussion

The study analyzed the mineral and
organogenic composition of natural camel milk
obtained during autumn and winter milking
periods, as well as the cottage cheese, kurt and
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whey produced from it, were analyzed. The results
make it possible to trace the changes in the mineral
composition during technological processing of the
raw material.

In order to determine the influence of
seasonal factors, changes in the quantitative
amounts of mineral and organogenic elements
were evaluated, and their dynamics and differences
were systematized. The mineral content of camel
milk and products obtained from it in winter period

was compared with the amount of minerals in these
products in the autumn period.

The results of the study of the mineral
composition of camel milk and its products are
presented in Tables 1 and 2. The microstructure
and EMF spectra of the mineral and organogenic
composition of camel milk ash and cottage cheese
are shown in Figures 1a and 1b, and curd ash and
curd whey from camel milk are shown in Figures
2a and 2b, respectively.

Table 1. Comparative indicators of the mineral and organogenic composition of camel milk and cottage cheese obtained

from it in the autumn and winter milking periods

3. Content of the element, %
1| 2 Element 4. Camel milk _ 5. Cottage cheese _

6. autumn 8. winter 10. autumn 12. winter

7. period 9. period 11. period 13. period
14. | 15. Na 16. 9.48 17.5.66 18. 9.63 19. 22.93
20. | 21. Mg 22.1.15 23.1.02 24.0.83 25. 0.60
26. | 27.P 28.8.22 28.5.90 30.10.92 31.5.23
32. | 33. K 34.11.39 35.16.71 36.7.36 37.3.28
38. | 39. Ca 40. 10.89 41. 10.60 42.12.79 43.5.18
44, | 45.Cl 46. 16.02 47.15.43 48. 13.26 49, 37.77
50. | 51.C 52.10.13 53. 13.80 54.13.19 55.7.33
56. | 57.0 58. 32.46 59. 30.87 60. 32.02 61.17.68

Based on the data presented in Table 1, a
comparative analysis of the mineral and
organogenic composition of camel milk and
cottage cheese obtained from it was carried out.
The results of the study showed that the elemental
profile of both the raw materials and the finished
product changes significantly under the influence
of seasonal factors and processing. The observed
differences are, on the one hand, caused by changes
in the diet of animals and climatic conditions, and,
on the other hand, by the physicochemical
processes occurring during milk coagulation and
whey separation.

First and foremost, the dynamics of sodium
content deserves special attention. According to the
data, its proportion in milk was 9.48% in the
autumn period, decreasing to 5.66% in winter. In
contrast, cottage cheese shows a marked increase,
rising from 9.63% in autumn to 22.93% in winter.
This divergent trend indicates the leading role of
the technological factor: during coagulation
process, part of the moisture is removed, and
soluble salts become concentrated in the protein
clot. Consequently, the high concentration of
sodium in the final product is due not so much to
seasonal fluctuations as to the effect of dehydration
and redistribution of mineral components during
processing.

Magnesium

levels show a consistent
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decreasing trend: in milk, from 1.15% in autumn to
1.02% in winter, in cottage cheese - from 0.83% to
0.60%. Considering the water-soluble nature of
magnesium, the majority of it passes into the whey
phase. Thus, the reduction of magnesium content
in cottage cheese is mainly due to the technological
separation of phases, rather than the influence of
seasonal conditions.

Phosphorus distribution is characterized by
a more complex pattern. In milk, its concentration
decreases from 8.22% in autumn to 5.90% in
winter, reflecting seasonal influence. At the same
time, an increase to 10.92% is observed in autumn
cottage cheese, which indicates the binding of
phosphorus to casein micelles and its accumulation
in the protein fraction. The winter decrease in
phosphorous content in cottage cheese to 5.23%
correlates with the reduction of the initial element
content in milk. Therefore, the dynamics of
phosphorus is determined by a combination of

seasonal changes and the degree of its
incorporation into the protein-mineral complex.
The potassium content confirms its

predominant localization in the aqueous phase of
milk: 11.39% in autumn and 16.71% in winter. In
cottage cheese, the indicators are significantly
lower (7.36% and 3.28%, respectively), which is
due to the transfer of potassium into whey during
coagulation. Thus, the decrease in potassium
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concentration in the dense product is a direct
consequence of the technological separation of the
liquid phase.

The analysis of calcium indicates the
comparative stability of the protein-mineral
complex. In milk, its content remains almost
unchanged (10.89% in autumn and 10.60% in
winter). In autumn cottage cheese, the
concentration increases to 12.79%, which confirms
the strong bond of calcium with casein. In winter
cottage cheese, the indicator decreases to 5.18%.

Among the organogenic elements, oxygen
remains in camel milk because after ashing (under
insufficient oxygen), the organic portion is
removed, but remains in the form of "mineral
components" in the composition of oxides and
phosphates. The dynamics of changes in oxygen
content in camel milk in autumn and winter are
insignificant - 32.46% and 30.87%, respectively.
And there is a strong decrease in cottage cheese -
32.02% and 17.68%, respectively. The strong
decrease in oxygen content in cottage cheese
produced in winter is due to the fact that when it is
heated to 500-600 ° C, there are fewer inorganic
mineral compounds containing oxygen. In this
case, these are oxides of calcium, magnesium and
potassium.

—_—

1mm DANEKTPOHHOE u3oBpawenne 1

Similarly, the changes in carbon content can be
explained in the same way, since carbon in camel
milk and its produced products remains due to lack of
oxygen during ashing. The dynamics of the changes
in carbon content is similar to the dynamics of
changes in oxygen and amount to 10.13% for camel
milk in autumn, 13.80% in winter, and 13.19% and
7.33% for cottage cheese, respectively. The similarity
of oxygen and carbon changes is quite logical and can
be explained by the fact that they occur together, for
example, as part of oxides.

The maximum concentration of chlorine was
recorded in winter cottage cheese (37.77%), while
the minimum value was recorded in autumn milk
(16.02%). Seasonal fluctuations are insignificant in
milk (16.02% — 15.43%), but a sharp increase is
observed in cottage cheese in winter. This fact
correlates with the growth of sodium, since both
elements form an electrolytic pair. Therefore, the
simultaneous increase in Na and CI reflects a
change in the ion balance in winter and confirms
the influence of the feeding factor.

Thus, a comparison of the autumn and
winter periods demonstrates that seasonal changes
are most reflected in the sodium-chloride complex,
whereas calcium remains a relatively stable
component.
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Figure 1. Microstructure and EDS spectra of the elemental composition of ash of camel milk and cottage cheese in the

winter period
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The mineral and organogenic composition
of experimental samples of kurt and whey in the

autumn and winter periods is presented in Table 2.

Table 2. Comparative indicators of the elements of the mineral and organogenic composition of kurt and whey from camel

milk in the autumn and winter periods.

Content of the element, %

Ne | Element Kurt - Whey -
autumn winter autumn winter
period period period period

1 Na 14.63 23.10 6.30 7.55

2 Mg 0.30 0.53 0.84 0.74

3 P 4.82 5.50 9.21 8.47

4 K 2.88 3.48 17.15 16.62

5 Ca 4.72 4.91 10.63 9.67

6 Cl 21.75 35.78 17.70 19.64

7 C 32.76 7.87 8.56 11.02

8 ) 17.98 18.82 29.62 26.30

Based on the presented data, a comparative
analysis of the mineral and organogenic
composition of kurt and whey obtained from camel
milk in the autumn and winter periods was also
carried out. It has been established that both the
seasonal factor and individual technological
operations (fermentation, coagulation, separation,
drying, etc.) have a direct effect on the
redistribution of elements between the protein,
aqueous, and fatty phases.

The dynamics of changes in the sodium
content in these products demonstrate a clear
seasonal dependence: in kurt, its content increases
from 14.63% in autumn to 23.10% in winter, while
in whey it increases from 6.30% to 7.55%,
respectively. This increase is explained by a change
in the electrolyte composition of the original milk
and by the concentration of salts during
dehydration and salting.

A similar trend is typical for chlorine: in kurt
the indicator increases from 21.75% to 35.78%, in
whey - from 17.70% to 19.64%. The parallel
growth of Na and CI confirms the preservation of
their ionic relationship during the processing
process.

Magnesium is characterized by lower
concentrations: in kurt - 0.30-0.53%, in whey -
0.84-0.74%. Since magnesium belongs to water-
soluble cations, its main part remains in whey,
which reflects the phase-specific distribution.

Phosphorus  shows a  predominant
localization in whey (9.21% and 8.47%), whereas
in kurt its proportion is 4.82-5.50%. This confirms
that phosphorus is mainly associated with the
protein and aqueous phases and practically does
not transfer into the fat system.

Calcium, functionally related to phosphorus,
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is concentrated in the protein product: in kurt, its
content increases from 4.72% to 4.91%, while in
whey it decreases from 10.63% to 9.67%.

Potassium in whey is 17.15% and in winter
- 16.62%, while in kurt its concentration is
significantly lower - 2.88 and 3.48 %, respectively.
This confirms that the stage of serum separation
determines the main migration direction of
potassium, as a typical water-soluble element.

The dynamics of changes in the oxygen
content in the soil is not significant - 17.98% in
autumn and 18.82% in winter. The oxygen content
in the serum is higher, respectively, 29.62% and
26.30%. A significant increase in the oxygen
content in the serum is due to the fact that the
"heavier elements" of minerals remain more in the
extract, which has a higher density compared to the
serum, and oxygen, which has a lower molecular
weight, passes into the serum.

Thus, the results obtained lead to the
conclusion that the formation of the mineral profile
of camel milk processing products is determined by
the combined influence of seasonal variability of
raw materials and specific technological
operations. Calcium and phosphorus are mainly
concentrated in protein products, potassium and
magnesium in whey, but in winter the proportion
of salts increases. The revealed patterns are of
practical importance for assessing the nutritional
value and functional orientation of the products
obtained.

Consequently, the formation of the mineral
profile of each product is the result of a complex
interaction of the seasonal factor and specific
technological operations (coagulation, separation,
salting and dehydration). The revealed patterns are
of practical importance, since they make it possible
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to differentiate camel milk processing products
according to their nutritional and functional
orientation.

The results of the present study, reflecting
the seasonal transformation of the mineral profile
of camel milk and its processed products, are
generally consistent with the findings reported in
the contemporary scientific literature. At the same
time, their comparative analysis shows that the data
obtained not only confirm the known patterns, but
also allow for a more precise interpretation of the
mechanisms of macronutrient redistribution under
the simultaneous influence of seasonal and
technological factors. To substantiate this position,
it is necessary to compare the identified patterns
with the results of key publications in recent years.

A critical review by Gaukhar Konuspayeva,
Bernard Faye, and Mohammed Bengoumi
systematized data on the mineral composition of

n

MNondaa wkana 2427 wwn., Kypoop: 0.000

camel milk in various natural and climatic zones.
The authors identified three stable characteristics:
an increased content of Na and Cl compared to
cow's milk, relative stability of Ca, and pronounced
variability of K and Mg depending on the season
and feeding conditions [17].

The results obtained in the present study
confirm these observations but also reveal their
functional dynamics. In particular, the increase in
Na and Cl in winter period is observed not only in
the raw milk, but is also intensified after
coagulation and dehydration. Thus, seasonal

changes in the electrolyte balance act as a initial
factor, whereas technological processing performs
as a concentration mechanism. In other words, the
natural variability is not smoothed by processing
technology; rather, it becomes more pronounced
due the reduction of moisture content and the
redistribution of phases.

2 4 g g no 12 20
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a) kurt
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Figure 2. Microstructure and EDS spectra of the elemental composition of ash of kurt and camel milk whey in winter.

The behavior of calcium is of particular
importance. While the review by G. Konuspayeva
emphasazies its relative physiological stability, the
present study additionally demonstrates that during
processing, calcium is selectively accumulated in
dense protein structures (such as cottage cheese,
kurt) and simultaneously decreased in whey during
the winter period [18]. Thus, the theoretical model
describing the association of calcium with casein
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micelles receives experimental confirmation at the
level of specific processed products. This makes it
possible to move from a purely biochemical
explanation to a technologically verified pattern.
The regional specificity of the mineral
composition of camel milk in Kazakhstan is
examined in detail in the study of Aidana
Yessenova et al.. The authors established a
relationship between the electrolyte profile and
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natural and climatic conditions, noting an increase
in Na and Cl in arid regions while Ca and P remain
relatively stable [19].

The data obtained for the Turkestan region
fully confirm this pattern: the winter period is
accompanied by an increase in the concentration of
Na and ClI, reflecting the adaptation of animals to
changes in feeding regimes and water-salt
metabolism. However, the principal distinction of
this study lies in the fact that the analysis is not
limited to raw milk. The further evolution of these
changes in processed products has also been traced.

Thus, an increase in Na in milk in winter (up
to 13.77%) leads to its further concentration in
cottage cheese (22.93%) and maximum values in
whey (36.30%). Consequently, a causal chain is
formed: a change in the electrolyte composition
under the influence of the seasonal factors protein
coagulation and moisture separation a relative
increase in the proportion of dissolved salts.

Thus, the technological stage enhances the
natural variability, acting as a multiplier of the
seasonal effect. In previous Kazakh studies, such a
sequence of processes was not systematically
analyzed.

In the study by E.A. Gabrilyants et al.,
devoted to camel cheese technology, it was shown
that coagulation promotes the accumulation of
calcium and phosphorus in the cheese clot, while
water-soluble elements are mainly transferred to
the whey. An increase in sodium content after
processing was also noted [20].

The results of the present study are fully
consistent with these conclusions, but expand their
interpretation. First, the accumulation of Ca was
confirmed not only in cottage cheese (an analog of
cheese), but also in kurt, indicating the preservation
of the calcium-phosphate complex under different
degrees of dehydration. Second, a predominant
accumulation of K and Mg in whey was recorded,
which reflects their water-soluble nature and
explains the decrease in their proportion in dense
products. Third, it is shown that the increase in Na
is not solely a consequence of technological
processing, but rather results a preliminary
seasonal shift in the composition of raw materials.

Consequently, while the study by E.A.
Gabrilyants focused on a single coagulated
product, the present study demonstrates the
universality of the element redistribution
mechanism across various technological models -
coagulation (cottage cheese), dehydration (kurt),
separation (whey). This allows the identified
patterns to be considered systemic for dairy
matrices.
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A comparative analysis of the literature shows
that most studies focus either on the characteristics of
raw milk or on one type of processed product without
taking into account seasonal dynamics. In contrast, in
the present study:

— four objects were studied simultaneously
(milk, cottage cheese, kurt, whey);

— a seasonal comparison was carried out
(autumn-winter);

— the method of energy dispersion
spectrometry was employed to quantify the
elemental and organogenic composition.

Particularly illustrative is the identified
relationship between the structural organization of the
product and its mineral profile. Dense protein systems
accumulate Ca and P due to their incorporation in the
casein complex; while whey concentrates water-
soluble cations (K, Mg, and partly Na).

Thus, the results of the study allow for the
development of an integrated model of seasonal and
technological transformation of the mineral
composition. First, the season establishes the initial
electrolyte background of milk; then coagulation and
phase separation redistribute the elements; finally,
dehydration enhances their relative concentration in
the dry matter. It is precisely the sequence of these
interconnected processes that determines the final
nutritional profile of each product.

Consequently, the data obtained not only
confirm the findings of contemporary studies but
also complement them with an experimentally
substantiated concept of the interaction between
biological and technological factors in shaping the
mineral status of camel dairy products.

Conclusion

The conducted EDS analysis of the major
mineral and organogenic elements in ashed camel
milk and its derivative products in the autumn and
winter periods revealed patterns of their seasonal
and technological transformation.

It has been established that the concentration
of sodium and chlorine increases in winter, which
is caused by changes in the diet of animals and
affects all processed products. Protein coagulation
promotes the accumulation of calcium and
phosphorus in cottage cheese, while potassium and
magnesium are mainly transferred to whey.

Consequently, the mineral profile is shaped
under the combined influence of natural (seasonal)
and technological factors. From a practical
perspective, this allows products to be differentiated
according to their functional orientation: cottage
cheese as a source of calcium and phosphorus; whey
as a carrier of water-soluble mineral elements; kurt as
a product with pronounced osmotic properties.
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The data obtained expand the understanding
of the seasonal variability of the mineral
composition and can be applied in the development
of functional and therapeutic and preventive dairy
products with a targeted nutritional focus.
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