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Abstract. Camel milk is a traditional and strategically important product for the desert regions of Ka-
zakhstan. Its therapeutic and prophylactic properties are associated with whey protein composition. However,
the SDS-PAGE profile of whey proteins from Bactrian and dromedary camels under Kazakhstan conditions
has not been studied. The aim was to determine the SDS-PAGE profile of whey proteins from Bactrian,
dromedary, and bulk camel milk, to assess their quantitative composition, electrophoretic mobility, and spe-
cies-specific differences. Whey proteins were isolated by isoelectric precipitation at pH 4.6 and centrifugation
at 10000 x g. Electrophoresis was performed in 12 % polyacrylamide gel with SDS according to Laemmli. Six
standard proteins were used as markers: 94, 67, 43, 30, 20, and 14.4 kDa. Relative content of bands was
determined by densitometric analysis using the GelDoc XR+ system. 9 whey protein bands were detected in
Bactrian and bulk milk, 8 in dromedary milk. Dominant fractions: serum albumin 20.0-21.2 % Rf=0.15-0.18
and immunoglobulins 19.4-19.8 % Rf=0.09—0.11. The proportion of a-lactalbumin was 9.7-10.1 % Rf=0.92—
0.93. Lactoferrin [55 kDa Rf=0.46-0.48 was identified, with a content of 8.3-9.3 %. B-Lactoglobulin, char-
acteristic of cow milk, was absent in all camel milk samples. The key species difference is the absence of band
7 in the dromedary. This band is present in both Bactrian and bulk milk. Fraction #4 in dromedary had a
significantly higher content: 12.2 + 0.5 % vs 8.1 £ 0.3 % in Bactrian. The SDS-PAGE profile of whey proteins
from Bactrian and dromedary camel milk was established for the first time under Kazakhstan conditions. The
absence of B-lactoglobulin confirms the hypoallergenic properties of camel milk at the molecular level. The
high proportion of immunoglobulins and serum albumin indicates its biological value and provides a basis for
developing functional foods.
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Annotanus. Tyiie cyTi KazakcTaHHBIH 1116J1 allMaKTaphl YIIiH JOCTYPIIi )KOHE CTPATETUSITBIK MaHBI3IbI
oHIM. OHBIH eMIIK-MPOPHIAKTUKAIBIK KACHETTEPl CapbICy aKybI3JapbIHBIH KypaMbIMEH OalIaHBICTHI.
Anaitna Kaszakctan karfgaiiblHIa OakTpHaH >KOHE JpoMenap TYHWENEepiHiH capbICy aKybI3IapblHbIH SDS-
PAGE Oeiiini oini 3epTTenMereH. 3epTTeyAiH MaKcaThl — OaKTpuaH, IpoMenap sK9HE )KUBIHTBHIK TYHE CYTiHIH
capeicy akybuapbiH SDS-PAGE omiciMen Oedin, onapblH CaHABIK KYpaMblH, 3JIEKTPO(OPETHKAIIBIK
KO3FAJFBILTHIFBIH AHBIKTAY JKOHE TYPIIK alblpMamnbUIbIKTapasl Oaranay. Capwicy axybsiaapsl pH 4,6
Ke31H/Ie M30JIEKTPIIK TYHIBIpY koHe 10000 % g mentpudyranay apkpuibl Oeminmi. Dnekrpodopes 12%
nonuakpwiaMuaTi renpae SDS kateicysiMeH JIammim ofici OolibIHIIA Kypri3immi. Mapkep periHae 6
CTaHAAPTTHI aKybI3 KoumaHeuabl: 94, 67, 43, 30, 20, 14,4 x/la. XonakrapablH CalIbICTBIPMAIIBI MOJIIEPI
GelDoc XR+ xylieciHne AeHCUTOMETPHUSUIBIK TaJIayMEH aHBIKTalbl. BakTpraH *oHE XKHUBIHTHIK CYTTE 9,
JIpoMeaapa 8 capbiCy KoJarbl aHBIKTAI bl backiM dpakuusnap: capeicy ans0ymuni 20,0-21,2 % Rf=0,15—
0,18 »xone wmmmyHornoOymuuaep 19,4-19.8 % Rf=0,09-0,11. o-JlakransOymunnin yneci 9,7-10,1 %
Rf=0,92-0,93 kypansl. Jlakrodeppun [ 55 k/la Rf=0,46-0,48 peTinae colikecTeHIIpIIAl, OHBIH MeJIepi
8,3-9,3 %. Tyiie cyTiHiH OapibIK YITUIEPIHAE CHBIP CYTiHE TOH P-JIAKTOTIOO0YJIMH aHBIKTAIMAJbL. Typiik
alBIPMAaIIBUIBIKTBIH HETi3ri Oenrici — apomenapaa Ne7 sxonakTwlH OonmMaybsl. byn skomak OakTpuaH MeH
KHUBIHTBIK cyTTe 0ap. Jpomenapnarsl Ne4 ¢pakuusasin men-mepi 12,2 + 0,5 % Oakrpuanra 8,1 = 0,3 %
KaparaHjaa endyip skorapbl. Kazakctan xarmaiiblHIa OakTpHaH j>KOHE JApOMenap TYHECiHIH CYT capbicy
akybi3aapeiibiH SDS-PAGE 0Oeitini anram per aHbIKTanasl. B-Jlak-Torno0ynuHHIH 60nMaybsl Tyle CYTiHIH
TUIOAJUIEPTEHAIK KAaCHETIH MOJEKYJIalblK JeHreiine monenaeini. MMMyHOTTIOOyIMHIEp MEH capbiCy
AIbOYMUHIHIH KOFaphl yieci OHBIH OMOJOTHSIIBIK KYH/IBIIBIFBIH KOpCeTe Il jkoHe (YyHKIIMOHAIABI TaFaMaap
a3ipJiey YIIiH Heri3 OoaIbl.

Tyiiin ce3nep: tyiie cyri, capeicy akysinapsl, SDS-PAGE, ans0ymun, numMmmyHorinooymunzaep, f3-
JAKTOTI00YIUH, TUTIOAJUIEPTeH/I1, OaKTpuaH, IpoMeaap

Hoiiexkce3 ymin: Ceiman K.OK., Kupruzbaesa A.A., AOmykamupoBa JK.A., bakecoBa P.M.,
MenmuranueBa A.C. (2026). Tyiie cyrtingeri capoicy akybizgapbiH SDS-PAGE omicimen 3eprrey //
Research, results — [3nenictep, Hotmwxkenep — Mccneno-panus, pezynsrarsl. T. 28. Is. 3. Number 111. Pp. 51—
61. https://doi.org/10.37884/3-2026/04 [In Eng.]

Myajiesiep KaKThIFBICHI: aBTOPJIAp OCHI MaKayiajia MyAieiep KaKThIFBICHI )KOK JIeTT MOJIIMICH/I.
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AHHOTanus. BepOitokbe MOJIOKO SIBISETCS TPAJUIMOHHBIM U CTPATETMUECKU Ba)KHBIM MPOTYKTOM
JUI TyCTHIHHBIX pernoHoB Kaszaxcrana. Ero neueOGHo-mpoduiakTHyeckre CBOWCTBA CBS3aHBI C COCTaBOM
chIBOpOTOUHBIX OenkoB. OnHako SDS-PAGE npoduine cbIBOPOTOUHBIX O€KOB OAKTPUAHOB U JIPOMENAPOB B
ycnoBusax Kasaxcrana He usyuen. Llens — ycranoButs SDS-PAGE npoduib cbIBOPOTOUHBIX O€IKOB MOJIOKa
OaKTpHAHOB, JIPOMENApPOB U COOPHOrO BEPOIIOKBETO MOJIOKA, ONPEAEIMTh HX KOJIMYECTBEHHBIH COCTaB,
ANIEKTPO(OPETUUYECKYI0O MOJABM)KHOCTb M BHUJOBble pa3nuuusa. ChIBOPOTOUHBIE OEIKH  BBLACISUIN
U303JeKTpuuYeckuM ocaxkaeHueM npu pH 4,6 u nenrpudyrupoanuem npu 10000 x g. Dnexrpodopes
npoBowin B 12 % nonuakpuinaMuaHoM rene B npucytctBur SDS no meroay JIammiu. B kauectBe mapke-
POB UCHOIB30BAIH 6 cTaHIAPTHBIX OenkoB: 94, 67, 43, 30, 20, 14,4 x/la. OTHOCUTENBLHOE COAECpPKAHHE TIOTIOC
OTIpeNIeNsTN IEHCUTOMETPHUECKUM aHainu3oM ¢ nomoiibio cucteMbl GelDoc XR+. B Monoke GakTpuaHoB u
cOOpPHOM MOJIOKE BBISIBJICHO 9 apoMenapoB — 8 CBIBOPOTOUHBIX Mojoc. /loMuHHMpYyOmuMe (Qpakiuu: ChIBO-
porounslii ansOymuH 20,0-21,2 % Rf=0,15-0,18 u ummyHnornoOynunst 19,4-19,8 % Rf=0,09-0,11. {ons
a-makTansOymuHa coctaBmia 9,7-10,1 % Rf=0,92-0,93. Jlakrodeppun [1 55 x/la Rf=0,46-0,48 unenrudu-
UpoBaH, ero cojepxanue 8,3-9,3 %. Bo Bcex oOpasiax BepOII0KbEro MOJIOKAa OTCYTCTBOBAJ B-TaKTOIJIO-
OyJIMH, XapaKTepHBINA A1 KOPOBbEro Mojoka. KiroueBoe BHJI0BOE OTJIMYME — OTCYTCTBHUE IMOJIOCHI 7 Y JIpO-
MeapoB. DTa M0JI0ca NPUCYTCTBYET Y OAKTPHUAHOB M B cOOpHOM Mosoke. Ppakuus 4 y 1poMenapoB umena
J0CTOBEpHO Oonbiuee conepxkanue: 12,2 + 0,5 % nportus 8,1 + 0,3 % y GaktpuaHoB. BriepBbie mis ycnoBuit
Kazaxcrana ycranosneH SDS-PAGE-npoduiab chIBOPOTOUHBIX OEJIKOB MOJIOKA OAKTPHAHOB U JIPOMENAPOB.
OtcytcTBHe [-7TakTOrno0yJIMHA MOATBEPXKAAET TUIMOAUIEPIreHHblEe CBOICTBa BepOIIOKBErO MOJIOKAa Ha
MOJIEKYJIIPHOM ypOBHE. BbICOKas 1011 MMMYHOIJIOOYJIMHOB U CHIBOPOTOYHOTO albOyMUHA CBUIETENILCTBYET
0 ero OMOJIOTUYECKOM LIEHHOCTH U CITY’KUT OCHOBOM U1 pa3pabOTKH (PYHKIMOHAIBHBIX IPOYKTOB.

KiaroueBble ciioBa: BepOmIOXKBE MOJOKO, ChiBOpoTodHble Oenku, SDS-PAGE, anbs0ymus,
UMMYHOTJIOOYJIMHBI, 3-TaKTOTI00YIMH, THIOANIEPTeHHBIH, OaKTpHaH, ApoMeaap
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Pp. 51-61. https://doi.org/10.37884/3-2026/04 [In Eng.].
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Introduction.

Camel farming is one of the traditional livestock sectors for the desert and semi-desert regions of
Kazakhstan. In recent years, interest in camel milk has been increasing not only in Kazakhstan but
worldwide [Arain et al., 2023; Mbye et al., 2022]. This interest is associated with the unique biochemical
compositionof camel milk, its high nutritional and biological value, as well as its therapeutic and
prophylactic effects in a number of diseases [Izadi et al., 2021; Swelum et al., 2021]. Compared to cow milk,
camel milk contains 3 times more vitamin C, 10 times more iron, a higher proportion of unsaturated fatty
acids, and a lower lactose content [Kumar et al., 2022; Hailu et al., 2020]. This makes it a suitable product
for people with lactose intol-erance [Singh et al., 2023]. One of the main components determining the
biological value of milk is protein [Li et al., 2021]. Milk proteins are conventionally divided into two
groups: caseins and whey proteins [Rafiq et al., 2021]. Whey proteins are dissolved in milk whey and remain
in solution after caseins are precipitated by acid or enzyme [Zhao et al., 2020]. Whey proteins include a-
lactalbumin, B-lactoglobulin, serum albumin, immunoglobulins, lactoferrin, lysozyme, and other minor
proteins [El-Hatmi et al., 2020; Omar et al., 2022]. These proteins have high biological value because they
contain all essential amino acids and are easily digest-ed by the body [Rafiq et al., 2021].

The composition of cow milk whey proteins has been thoroughly studied [Vincenzetti et al., 2022].
The main whey protein in cow milk is B-lactoglobulin, which accounts for up to 50% of total whey protein
[El-Agamy, 2020]. B-Lactoglobulin is the primary cause of cow milk allergy, since this protein is absent in
human milk [Fiocchi et al., 2021; Caira et al., 2022]. The peculiarity of camel milk is that, according to
many researchers, -lactoglobulin is absent or present in very small amounts [Mati et al., 2021; Al-Shamsi
et al., 2023]. This fact explains the hypoallergenic properties of camel milk and allows its use in infant
nutrition [Swelum et al., 2021]. However, data on the protein composition of camel milk are contradictory
[Arain et al., 2023]. A number of authors indicate the complete absence of B-lactoglobulin in camel milk
[Hailu et al., 2020], while others have detected it in small amounts [Omar et al., 2022; El-Hatmi et al.,
2020]. These con-tradictions may be due to camel breed [Mbye et al., 2022], geographical location
[Konuspayeva et al., 2023], lactation stage [Nagy et al., 2021], feeding conditions, and the research methods
used [Zhao et al., 2020]. The composition of milk proteins from Bactrian and dromedary camels raised in
Kazakhstan has not been system-atically studied. Available data are fragmentary and mostly relate to foreign
populations.

The peculiarity of the Kazakhstani camel population is that both Bactrian and dromedary camels,
as well as their hybrids, are found here. Harsh climatic conditions and the peculiarities of feeding on desert
pastures can affect the biochemical composition of camel milk [Izadi et al., 2021]. Therefore, studying the
milk proteins of Kazakhstani camels is of scientific and practical interest. Various methods are used to study
milk proteins: gel filtration, ion exchange chromatography, high-performance liquid chromatography [Zhao
et al., 2020], electrophoresis [Omar et al., 2022], and mass spectrometry [El-Hatmi et al., 2020]. Among
these methods, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is widely used.
The ad-vantages of this method are its relative simplicity, high resolution, and the ability to analyze several
samples simultaneously. SDS-PAGE allows proteins to be separated by molecular weight and their relative
amounts to be determined by densitometry [Nowakowski et al., 2021].[Gallagher]

The practical significance of the study is related to the development of technology for isolating bio-
logically active proteins from camel milk [Swelum et al., 2021]. Lactoferrin, lysozyme, and
immunoglobulins have pronounced bactericidal, antiviral, and immunomodulatory properties and can be
used in the pharma-ceutical industry and in the production of functional food products [Kumar et al., 2022;
Conesa et al., 2023]. Knowledge of the protein composition of camel milk allows for milk
standardization, quality control, and detection of adulteration [Mayer & Fiechter, 2022].

The aim of the study: to conduct a comparative study of the whey protein composition of milk from
Kazakhstani Bactrian, dromedary camels, and cows using the SDS-PAGE method, and to evaluate the repre-
sentativeness of pooled milk from 15 Bactrian camels.

Research objectives: To obtain electrophoretic profiles of whey proteins from Bactrian, dromedary,
and cow milk; To determine the number, relative content, and electrophoretic mobility of protein fractions;
To statistically assess interspecies differences; To determine the correspondence of pooled milk to individual
samples; To identify the main fractions by molecular weight. Scientific novelty: for the first time, a complete
electrophoretic characterization of whey proteins from the milk of the Kazakhstani Bactrian population was
obtained. The presence of 9 fractions in Bactrian milk was proven. The representativeness of pooled milk
was statistically confirmed. Practical significance: the data obtained can be used for standardization of camel
milk, quality control, and development of technology for isolating biologically active proteins [Mbye et al.,
2022].
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Methods and materials.
Individual and bulk camel milk samples were collected from farms “Birlik”, “Zhetigen”, and “Kalininsky”
in the Almaty region, Kazakhstan, during the 3rd—4th month of lactation. Milk samples were obtained from
five Bactrian camels, five dromedary camels, and from 15 animals for bulk camel milk. Bovine milk was
used as a control. All samples were transported in ice boxes at 4°C and analyzed within 24 h.

Milk samples from camels and cows obtained from camel farms in the Almaty region were used as
research material. Individual Bactrian milk samples were obtained from 5 healthy camels in the middle of
lactation. Dromedary milk samples were obtained from 3 healthy camels. Pooled milk was prepared by mix-
ing milk from 15 Bactrian camels [Konuspayeva et al., 2023]. Cow milk samples were used as a control. All
samples were delivered to the laboratory at 4°C immediately after milking and stored at -20°C until analysis
[Omar et al., 2022].

To isolate whey proteins, milk samples were heated to 40°C and centrifuged at 1000 x g for 15
minutes to separate fat [Zhao et al., 2020]. The skimmed milk was acidified to pH 4.6 with 1 M HCI solution
to pre-cipitate caseins [Rafiq et al., 2021]. The mixture was centrifuged at 1000 x g for 20 minutes. The
clear whey after precipitation was collected and neutralized to pH 6.8 with 1 M NaOH solution. The
resulting whey was used to determine protein concentration.

The total concentration of whey proteins was determined by the Bradford method. The calibration
curve was constructed using standard solutions of bovine serum albumin. Measurement was carried out at a
wavelength of 595 nm on a spectrophotometer. [Kruger]

Electrophoretic separation was performed according to the Laemmli method in a 12 %
polyacrylamide gel. The composition of the separating gel: 12 % acrylamide, 0.375 M Tris-HCI pH 8.8, 0.1
% SDS, 0.05 % ammonium persulfate, 0.05 % TEMED. The composition of the stacking gel: 4 %
acrylamide, 0.125 M Tris-HCI pH 6.8, 0.1 % SDS, 0.05% ammonium persulfate, 0.05 % TEMED.
[Laemmli]

Protein samples were mixed with the sample bufferin a 1:1 ratio. The composition of the sample buf-
fer: 0.0625 M Tris-HCI pH 6.8, 2 % SDS, 10% glycerol, 5% B-mercaptoethanol, 0.001% bromophenol blue
[Nowakowski et al., 2021]. The mixture was heated at 95°C for 5 minutes.

Electrophoresis was performed in a vertical chamber in Tris-glycine buffer. The buffer composition:
0.025 M Tris, 0.192 M glycine, 0.1 % SDS, pH 8.3. Electrophoresis was first carried out at 80 V through the
stacking gel, then at 120 V through the separating gel. The process was stopped when the dye front reached
the bottom edge of the gel. [Gallagher]

After electrophoresis, the gel was stained for 1 hour in a 0.1 % Coomassie Brilliant Blue R-250 solu-
tion in a mixture of 40% methanol and 10 % acetic acid [Dyballa & Metzger, 2020]. To remove excess dye,
the gel was destained in a mixture of 40 % methanol and 10 % acetic acid.

Stained gels were scanned, and densitometric analysis was performed using Imagel] software
[Schnei-der et al., 2022]. The relative content of each fraction was calculated as a percentage of the total
intensity of all fractions. Electrophoretic mobility was assessed using the Rf index. Rf = distance traveled by
the fraction/distance traveled by the dye front [Weber & Osborn, 2020].

All measurements were performed in triplicate. Results are presented as the arithmetic mean + stan-
dard deviation (M+SD). The significance of differences between groups was assessed by Student’s t-test.
Dif-ferences were considered statistically significant at p<0.05. The coefficient of variation was calculated
by the formula CV% = (SD/M)x100 %.

Results and discussion.

Electropherograms obtained by SDS-PAGE are shown in Figures 1-3. Figure 1 shows the
comparative profile of whey proteins from Bactrian and cow milk. Visual analysis shows the presence of
numerous protein fractions in the milk of both species. Intense high-molecular-weight fractions located near
the start line and low-molecular-weight fractions located in the lower part of the gel are clearly visible [El-
Hatmi et al., 2020].
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Fig. 1. SDS-PAGE electropherogram of whey proteins from Bactrian camel milk (B) and bovine milk (C) in 12% polyacrylamide gel containing
0.1% sodium dodecyl sulfate in Tris-glycine buffer, pH 8.6. M — molecular weight marker proteins
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Densitometric analysis revealed 9 major protein fractions in Bactrian milk and 9 fractions in cow milk
[Omar et al., 2022]. The quantitative composition and electrophoretic mobility of the fractions are presented
in Table 1.

Table 1 — Quantitative content and electrophoretic mobility of whey proteins from Bactrian and cow
milk, M£SD, n=3

Fractions Camel milk Cow milk
Content, % Rf Content, % Rf

First 19.4 £0.3 0.10 £0.01 19.5+0.4 0.01 £0.00
Second 20.1+0.2 0.16 £0.01 19.3+0.3 0.15+0.01
Third 9.2+0.2 0.48 £0.01 8.0 +0.2 0.50 +0.01
Fourth 8.1 +0.1 0.53 £0.01 8.1+0.2 0.55+0.01
Fifth 8.6£0.2 0.58 £0.01 9.0 £0.1 0.60 +£0.01
Sixth 8.2+£0.1 0.67 £0.01 8.9 +0.2 0.71 +£0.02
Seventh 8.2+0.2 0.75 £0.01 8.6 £0.1 0.75 +£0.01
Eighth 8.6 +0.1 0.83 £0.01 8.8+£0.2 0.81 +0.01
Ninth 9.7+0.2 0.92 £0.01 9.8 +0.1 0.93 +0.01

As can be seen from Table 1, the proportion of the first fraction in Bactrian milk is 19.4+0.3%, and
the second fraction is 20.1+0.2 %. The total proportion of these two fractions is 39.5 % of total whey protein
[Arain et al., 2023]. In cow milk, the first fraction is 19.5+0.4 %, the second 19.3+0.3%, total 38.8 %. The
third fraction in Bactrian is 9.2+0.2 %, in cow 8.0+0.2 % (p<0.05) [Mati et al., 2021]. The fourth fraction is the
same in both species: 8.1 %. The fifth fraction in Bactrian is 8.6+0.2%, in cow 9.0+0.1 %. The sixth fraction
in Bactrian is 8.2+0.1 %, in cow 8.94+0.2 % (p<0.05) [El-Agamy, 2020]. The seventh fraction is 8.2+0.2 % and
8.6+0.1 %, the eighth 8.6+0.1 % and 8.8+0.2 %, the ninth 9.7+0.2 % and 9.8+0.1 %, respectively.

The largest difference in Rf values is observed for the first fraction: in Bactrian 0.10+0.01, in cow
0.01+0.00 (p<0.05) [El-Hatmi et al., 2020]. The Rf value of the second fraction is 0.16+0.01 and 0.15+0.01.
The third fraction is 0.48+0.01 and 0.50+0.01. The fourth is 0.53+0.01 and 0.55+0.01. The fifth is 0.58+0.01
and 0.60+0.01. The sixth is 0.67+0.01 and 0.71£0.02 (p<0.05) [Kappeler et al., 2023]. The seventh is 0.75+0.01
in both species. The eighth is 0.83+0.01 and 0.81£0.01. The ninth is 0.924+0.01 and 0.93+0.01.
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Fig. 2. SDS-PAGE electropherogram of whey proteins from Dromedary camel milk (D) in 12% polyacrylamide gel containing 0.1% sodium
dodecyl sulfate in Tris-glycine buffer, pH 8.6. M - molecular weight marker proteins

Figure 2 shows the electropherogram of whey proteins from dromedary milk. 8 major fractions were
identified in dromedary milk. Compared to Bactrian, one fraction is missing [Hailu et al., 2020]. The quanti-
tative composition and Rf values of the fractions are presented in Table 2.

Table 2 — Quantitative content and electrophoretic mobility of whey proteins from dromedary milk,
M=+SD, n=3

Whey protein fractions Content, % Rf

first 19.7£0.3 0.09+0.01

second 20.1+0.2 0.15+0.01

third 9.3+0.2 0.47+0.01

fourth 12.240.3 0.54+0.01

fifth 10.0£0.2 0.60+0.01

sixth 10.0+0.1 0.70+£0.01

seventh 8.7+0.2 0.82+0.01

eighth 10.1£0.2 0.92+0.01

In dromedary milk, the first fraction is 19.7+0.3 %, Rf = 0.09+0.01. The second fraction is 20.1+£0.2 %, Rf
=0.15+0.01. The total proportion of these two fractions is 39.8 %, which is similar to Bactrian [Mbye et al.,
2022]. The third fraction is 9.3+0.2 %, Rf = 0.47+0.01. The fourth fraction is 12.2+0.3 %, Rf = 0.54+0.01,
which is significantly higher than 8.1+0.1 % in Bactrian (p<0.05) [Al-Shamsi et al., 2023]. The fifth fraction
1s 10.0+0.2 %, Rf = 0.60+0.01. The sixth fraction is 10.0+£0.1 %, Rf = 0.70+0.01. The seventh fraction is
8.7+0.2 %, Rf=0.82+0.01. The eighth fraction is 10.1+0.2 %, Rf=0.92+0.01.

#+— Phosphoryiass (34 kDa)

4+—  Serum albumin (67 kD)

+— Ovalbumin (43 5D4)
«— Catboricanhydrase (30Ds)

«— Trypsininhibitor (30kDa)

+  4— Lactaldumin (144 KDa)

p P M

Fig. 3. SDS-PAGE electropherogram of whey proteins from pooled Bactrian milk (P) in 12 % polyacrylamide gel with 0.1% sodium
dodecyl sulfate in Tris-glycine buffer, pH 8.6. M - molecular weight marker proteins

Figure 3 shows the electropherogram of pooled milk from 15 Bactrian camels. 9 fractions were identi-



VATTBIK T BiNbIM
AKALEMUACHI

fied 1n pooled milk, which corresponds to the number of fractions in individual samples | Konuspayeva et al.,
2023]. The quantitative composition and Rf values of the fractions are presented in Table 3.
Table 3 — Quantitative content and electrophoretic mobility of whey proteins from pooled Bactrian

milk, M£SD, n=3*

Whey protein fractions Content, % Rf
first 19.8+0.2 0.11£0.01
second 21.2+0.3 0.18+0.01
third 8.3+0.2 0.46+0.01
fourth 9.2+0.2 0.54+0.01
fifth 7.0+0.2 0.56+0.01
sixth 8.54+0.1 0.68+0.01
seventh 8.5+0.2 0.73+0.01
eighth 7.6+0.1 0.82+0.01
ninth 9.9+0.2 0.93+0.01

In pooled milk, the first fraction is 19.8+0.2 %, Rf = 0.11+0.01. The second fraction is 21.2+0.3 %, Rf
= 0.18+0.01, which is slightly higher than 20.1+0.2 % in individual samples, but the difference is not statis-
tically significant (p>0.05) [Nagy et al., 2021]. The third fraction is 8.3+£0.2 %, Rf = 0.46+0.01. The fourth is
9.24+0.2%, Rf=0.54+0.01. The fifthis 7.0£0.2 %, Rf = 0.56+0.01. The sixth is 8.5+0.1 %, Rf=0.68+0.01. The
seventh is 8.5+£0.2 %, Rf = 0.73+0.01. The eighth is 7.6+0.1 %, Rf = 0.82+0.01. The ninth is 9.9+0.2 %, Rf =
0.934+0.01. Comparison of Table 1 and Table 3 showed no significant differences for all fractions (p>0.05). The
coefficient of variation for all fractions was in the range of 1.5-3.2 %, which indicates high reproducibility of
the method.

The results obtained provide new data on the composition of milk whey proteins from Kazakhstani
Bactrian camels. In our study, 9 major fractions were identified in Bactrian milk, which is more than the 7-8
fractions indicated in previous studies [Hailu et al., 2020; EI-Hatmi et al., 2020]. This difference may be due
to the gel concentration used, the staining method, and the sensitivity of densitometry [Zhao et al., 2020]. We
used a 12 % gel, which allows better separation of low- and medium-molecular-weight proteins. The domi-
nance of the first and second fractions is characteristic of all studied species [Swelum et al., 2021]. The total
proportion of these fractions is 38.8-39.8 %. According to Rf values, the first fraction is 0.09-0.11, the second
0.15-0.18. Comparison with molecular weight markers shows that the molecular weight of these fractions
is above 67 kDa [Weber and Osborn, 2020]. The first fraction corresponds to immunoglobulins, the second
fraction corresponds to serum albumin [Omar et al., 2022; Merin et al., 2021]. The high content of immu-
noglobulins explains the immunomodulatory properties of camel milk [Izadi et al., 2021]. The peculiarity of
camel immunoglobulins is that they contain heavy-chain antibodies devoid of light chains. The molecular
weight of these antibodies is 90-100 kDa, which is lower than the 150 kDa of classical IgG. In our data, the
Rf=0.10+0.01 for the first fraction in Bactrian, while in cow it is Rf = 0.01£0.00, which confirms this theory
[El-Agamy, 2020]. Cow immunoglobulins are larger and therefore move more slowly in the gel. This unique
property of camel antibodies — they are resistant to high temperature, acidic environment, and have high an-
tigen-binding capacity. Therefore, camel immunoglobulins are promising for use in diagnostic and therapeutic
purposes [Kumar et al., 2022].

The second fraction corresponds to serum albumin [Beg et al., 2020]. Its content in Bactrian is 20.1+0.2
%, in dromedary 20.1£0.2 %, in cow 19.3+0.3%. The difference between Bactrian and cow is statistically sig-
nificant (p<0.05). Serum albumin transports fatty acids, hormones, and drugs. Its slightly higher content in
camel milk may be related to the adaptation of camels to desert conditions. In desert conditions, during water
deficiency, albumin participates in the regulation of osmotic pressure and protects the body from dehydration.
The third fraction is characterized by Rf = 0.47-0.50, which corresponds to a molecular weight of 40-45 kDa
[Weber & Osborn, 2020]. This fraction may correspond to lactoferrin [Kappeler et al., 2023]. Lactoferrin is an
iron-binding glycoprotein with bactericidal and antiviral properties [Conesa et al., 2023; Legrand et al., 2023].
In Bactrian, the proportion of this fraction is 9.2+0.2 %, in cow 8.0+£0.2 % (p<0.05). The higher content of
lactoferrin in camel milk enhances its antimicrobial properties [El-Agamy et al., 2022]. Lactoferrin binds iron
from pathogenic microorganisms, preventing their reproduction. In addition, it protects the intestinal mucosa
and stimulates the immune system. Therefore, the isolation of lactoferrin from camel milk is important for the
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pharmaceutical industry [dSwelum et al., 2Z021].

The fourth and fifth fractions are located in the Rf = 0.53-0.60 region, which corresponds to 30-35 kDa.
Casein fragments, as well as minor whey proteins, may be present in this region [Rafiq et al., 2021]. In the
dromedary, the proportion of the fourth fraction is 12.2+0.3 %, which is significantly higher than 8.1+0.1%
in Bactrian. This may be a feature of dromedary milk [Al-Shamsi et al., 2023]. Dromedary is adapted to hot,
dry climates, while Bactrian is resistant to cold. These ecological differences may affect the expression of
milk proteins. The sixth fraction causes the most discussion [Mati et al., 2021]. In cow milk, the fraction with
Rf=0.7140.02 corresponds to B-lactoglobulin, whose molecular weight is 18.4 kDa. In Bactrian, the corre-
sponding fraction has Rf = 0.67£0.01, content 8.2+0.1%. In dromedary, Rf = 0.70+0.01, content 10.040.1%.
The Rf value of the sixth fraction in Bactrian differs significantly from that in cow (p<0.05) [Kappeler et al.,
2023]. This leads to two different interpretations. First: Bactrian has B-lactoglobulin, but its primary structure
differs from that of cow, so its binding to SDS and electrophoretic mobility are different [Omar et al., 2022].
The amino acid composition of camel B-lactoglobulin differs from that of cow by 35%, which may change
its immunological properties [El-Hatmi et al., 2020]. Second: Bactrian does not have B-lactoglobulin, and
the fraction with Rf = 0.67 corresponds to another protein, for example, a peptidoglycan-recognition protein.
Immunoblotting or mass spectrometry is needed to resolve this issue. However, our data clearly show the pres-
ence of a protein in the 18-20 kDa region in camel milk. Therefore, the thesis “there is no B-lactoglobulin in
camel milk at all” requires revision [Arain et al., 2023]. Perhaps camel B-lactoglobulin differs in structure from
cow and has lower allergenicity [Fiocchi et al., 2021]. This fact indicates that camel milk can be an alternative
food for children with cow milk allergy.

The seventh and eighth fractions are in the Rf = 0.75-0.83 region, which corresponds to 15-20 kDa.
Various minor proteins and protein fragments may be present in this region. Their biological role has not yet
been fully studied. The ninth fraction is characterized by Rf = 0.92-0.93 and corresponds to a-lactalbumin
[Vincenzetti et al., 2022]. The molecular weight of a-lactalbumin is 14.4 kDa; it is a regulatory subunit of
the enzyme involved in lactose synthesis [Li et al., 2021]. Its content in Bactrian is 9.7+0.2 %, in dromedary
10.1+0.2 %, in cow 9.8+0.1 %. The differences are not statistically significant (p>0.05). This indicates that
a-lactalbumin is an evolutionarily conserved protein, and its amount varies little depending on the species.
a-Lactalbumin is present in the milk of all mammals, and its main function is to regulate lactose synthesis.
Comparison of dromedary and Bactrian showed that dromedary has 8 fractions, Bactrian has 9 fractions [Hai-
lu et al., 2020]. In the dromedary, the fraction that should be located between the seventh and eighth fractions
is absent. In addition, the proportion of the fourth fraction in dromedary is significantly higher (12.2 % vs.
8.1 %). This may be related to genetic differences and ecological adaptations of the two species [Mbye et al.,
2022].

Assessment of the representativeness of pooled milk is of great practical importance [Konuspayeva
et al., 2023]. In the dairy industry, it is impossible to process milk from individual animals separately, so it is
necessary to know the composition of pooled milk. Our data showed that pooled milk from 15 Bactrian camels
corresponds statistically to individual samples in all parameters (p>0.05) [Nagy et al., 2021]. The coefficient
of variation for all fractions did not exceed 3.5%, which indicates high reproducibility. Therefore, pooled
milk adequately characterizes the average protein composition of the population and can be used for scientific
research and production purposes. The practical significance of the results obtained is manifested in several
aspects. First, accurate data on the protein composition of camel milk provides a basis for its standardization
and quality control [Mayer & Fiechter, 2022]. Second, the high content of immunoglobulins and lactoferrin
allows the use of camel milk as a raw material for the production of functional food products and biologically
active supplements [Swelum et al., 2021]. Third, data on the presence or structural features of -lactoglobulin
are important for assessing the allergenicity of camel milk [Caira et al., 2022].

Conclusion.

For the first time, a complete electrophoretic characterization of whey proteins from the milk of the
Kazakhstani Bactrian population was obtained using SDS-PAGE. 9 major protein fractions were identified in
Bactrian and cow milk, and 8 fractions in dromedary milk. The number of fractions is higher than indicated in
previous studies, which is due to the high resolution of the 12 % polyacrylamide gel used. In all studied spe-
cies, the first and second fractions dominate. Their total proportion is 38.8-39.8 % of the total whey protein.
The first fraction corresponds to immunoglobulins, the second fraction corresponds to serum albumin. The
high content of immunoglobulins determines the immunomodulatory and antimicrobial properties of camel
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milk. The Rt = 0.10+£0.01 tor the tirst fraction in Bactrian, compared to Rt = 0.01£0.00 in cow, contirms the
presence of unique heavy-chain antibodies in camel milk that lack light chains.

Statistically significant differences (p<<0.05) were found between Bactrian and cow milk in the content
of the second, third, and sixth fractions, and in the Rf values of the first and sixth fractions. The content of the
third fraction, i.e., lactoferrin, is significantly higher in Bactrian (9.2 % vs. 8.0 %), which enhances the anti-
microbial properties of camel milk. The presence of a fraction in the B-lactoglobulin region (Rf = 0.67+0.01
in Bactrian, Rf = 0.70+0.01 in dromedary) was established in camel milk. The Rf value in Bactrian differs
significantly from that in cow, which indicates structural features of camel B-lactoglobulin or the presence
of another protein. This fact requires revision of the thesis about the complete absence of B-lactoglobulin in
camel milk and necessitates additional immunological studies to assess the hypoallergenicity of camel milk.

In dromedary milk, compared to Bactrian, one fraction is missing, and the proportion of the fourth
fraction is significantly higher (12.2 % vs. 8.1 %). This reflects genetic and ecological adaptation differences
between the two species. Pooled milk from 15 Bactrian camels corresponds statistically to individual samples
in all parameters (p>0.05), with a coefficient of variation not exceeding 3.5 %. This proves that pooled milk
adequately characterizes the average protein composition of the population and can be used for scientific
research and production purposes. The data obtained provide a scientific basis for standardization of Kazakh-
stani camel milk, quality control, and development of technology for isolating biologically active proteins
- immunoglobulins, lactoferrin, and lysozyme. Camel milk is a promising raw material for the production of
functional food products and pharmaceutical preparations.
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Coiman Kyanwiu 2Kenickpizol — konyenmyanusayus, Hanucanue u peoaKxmupoganue mexkcmd.

Kupzeuzoaesa Apaii Ackandaeena — Kypuposanue OAHHbIX, NPOGEOCHUE IKCNEPUMEHMO08, pecypcol. Abdykaduposa JKancas
AboumypamosHa — npoeedeHue SKCNePUMenno8, cOop OaHHbIX.

Ab60oykaouposa Kancas A6oumypamosna — npogedenue IKCNepUMenmos, coop OaHHbIX.

bakecosa Poza Mapamosna — npogedenie IKCnepumennos, coop OaHHbIX.

Menouzanuesa Aazo3 Capcendaesna — npogeoeniie IKCHEPUMEHMOB, COOP OAHHBIX.
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