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Annotation. Understanding the physicochemical characteristics of cisternal, alveolar, and residual
milk is essential for optimizing milking management, improving milk quality evaluation, and monitoring
udder health in agricultural animals. This knowledge contributes to more efficient milk production and better
utilization of dairy resources. In Kazakhstan, the use of machine milking for camels is still insufficiently
developed. Therefore, studying the physicochemical characteristics of these types of milk of dromedary
Camels has great importance for improving milking practices, evaluating milk quality, and ensuring better
utilization of camel dairy resources.

The present study investigated the composition of cisternal (C), alveolar (A) and residual (R) milk of
one humped n -14 camels (Camelus dromedarius) in 15015 days after calving from South Kazakhstan. The
camels were injected with Atosiban (CAS 90779-69-4) at a dose of 10 pg/kg of body weight and 4 ml of
oxytocin (RK-LS-5Ne022381) per animal, after which the camels were milked by hand. The data on
individual milk yield were recorded immediately after milking, then which milk samples were then
collected and analyzed for composition in containers with cooling agents. Cisternal, alveolar and residual
milk volumes and compositions as protein, dry matter, solid non-fat, fat, density and pH, somatic cells were
evaluated within 1-3 hours after milking. On average, the proportion of cisternal milk was 2.77%, alveolar
was 91.18% and residual milk 6.05% of total milk yield in dromedary Camels. The fat contents (%) of C, A
and R for dromedary camels were 1,94; 4,15 and 5,96 respectively while the pH was between 6.1 and 6.2 for
all types of milk. The protein (%) of C, A, R in dromedary camels was 3,15; 3,11 and 3,05 respectively.

Key words: Camel milk, Cisternal milk, Alveolar milk, Residual milk, fat, protein.

Introduction. Camel farming in Kazakhstan has been developing steadily in recent years.
According to national statistics, there are 246,375 camels across all types of farms [1], this
population growing regularly for the last 20 years [2,3]. The majority of the camel population -
about 82% is concentrated in the Mangystau, Atyrau, Kyzylorda, and Turkistan regions, which are
traditionally known for camel breeding [Figure 1]. More than 200 specialized camel farms are
engaged in milk production. Official reports indicate that by January 1, 2020, the number of
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pedigree camels reached 16.8 thousand heads, consisting of 6.7 thousand Kazakh Bactrians and
10.1 thousand Arvana camels. Importantly, the production of camel milk has shown positive
dynamics: by the end of the last reporting year, it increased by 9.9%. These data highlight both the
growing economic potential of camel farming and the rising importance of camel milk as a valuable
product in Kazakhstan’s dairy sector in response to the growing demand for products such as shubat
and powdered camel milk.
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Figure 1 — Population of Camels in Kazakhstan by main regions

However, despite Kazakhstan’s large camel population and growing interest in camel dairy
products, the actual production volumes remain very low compared to cow milk. While cow milk
output exceeds 3.5 million tons annually, camel milk contributes only an estimated 15—18 thousand
tons, with officially registered shubat production accounting for about 3,000 tons. This indicates
limited productivity in the camel dairy sector [Table 1].

Table 1 — Production of animal food

Species Estimated production

(product) (latest year) Unit / year Source / note

Official reporting / industry

Cow (raw milk, tons (2024, raw

all categories) 3,500,000 cow milk) summaries: cow milk production 3.5
& million t in 2024. (DairyNews)
National estimates and press reports
tons/vear give ~15k—18k t/yr (raw camel milk);
Camel (raw 15.000 — 18.000 (es tiri]late recent official statistics for raw camel milk
milk, estimate) ’ ’ years) ’ are limited and fragmentary — many

sources report volumes for processed
shubat instead. (PMC)
Camel — Processed shubat (industrial/registered

shubat fons (2023-2024 production) reported 3,003 t (recent
(fermented 3,000 processed shuba t,) year report). This is processed product,
camel milk, not total raw camel milk.

processed) (gazinform.com)

One of the reasons is the underdevelopment of the camel dairy sector is the low use of
mechanized milking technologies: most camel herds are still milked by hand, which constrains both
efficiency and milk quality although the first implementation worldwide of machine milking in
camel was achieved at Soviet time [4].

Addressing this technological gap is essential to unlock the full potential of camel farming in
Kazakhstan, this highlights the need for further investment in infrastructure, selective breeding
programs, and modern milking technologies. One important constraint in camel milking, especially
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with hand milking, is the insufficient extraction of the milk in the udder. In all dairy animals, the
milk in the udder is shared in 3 parts: cisternal (milk in the cistern of the udder), alveolar (milk into
the mammary acinis) and residual (milk extracted by overpressure at the end of milking). The
relative proportions of cisternal, alveolar and residual milk depend on species, stage of lactation,
and milking interval. For example, in sheep after 12 h of milk accumulation, only about 38—47% of
the total yield was stored in the cistern, while after 24 h the cisternal fraction increased to The
partitioning of milk into cisternal and alveolar fractions, as well as the concept of residual milk, has
significant implications for both dairy management and animal health. Understanding these
compartments is crucial because the efficiency of milk removal directly affects total yield, milk
composition, and the susceptibility of the udder to disorders such as mastitis [16]. Despite this
importance, studies in this area remain relatively scarce, especially in developing dairy systems and
in non-bovine species.

In dairy cattle, much of the foundational work on cisternal versus alveolar milk dynamics was
conducted in Europe and New Zealand [17]. These studies demonstrated that the alveolar
compartment fills more rapidly than the cisternal, and that fat content is consistently higher in
alveolar milk compared to cisternal fractions. In sheep, research carried out in the United States
[18] confirmed similar patterns, with a significant increase in cisternal storage as the milking
interval lengthens. Goats have also been studied, mainly in Mediterranean countries such as Spain,
Italy, and Greece, where cisternal storage capacity was found to be relatively larger than in sheep,
which has practical consequences for machine milking efficiency [19, 20].

By contrast, there are few published studies on camels, although camel dairy production is
expanding in Central Asia, the Middle East, and Africa. The unique mammary anatomy of camels
suggests differences in alveolar—cisternal partitioning compared to ruminants like cows or sheep,
yet systematic experimental data are largely missing [21]. Similarly, studies on buffaloes are
limited, with most research originating from South Asia, particularly India and Pakistan [22]. For
equines, such as mares, some investigations have reported a relatively small cisternal storage
fraction, but the body of literature remains fragmented and geographically restricted [23].

Residual milk represents another critical but underexplored component. High residual
volumes not only reduce effective milk yield but also create a microenvironment favorable for
bacterial growth, potentially increasing mastitis risk [16]. Improving let-down efficiency and
milking practices is therefore essential, particularly in regions where hand-milking still dominates
and oxytocin stimulation is not routinely managed.

Overall, while research on cisternal and alveolar milk partitioning has advanced our
understanding in dairy cows, sheep, and goats, there is a clear geographical gap in the literature.
Very little work has been conducted in Central Asia, Africa, or Latin America, and non-bovine
dairy species such as camels, buffaloes, horses, and yaks remain underrepresented. Expanding
research in these regions and species is vital for optimizing dairy production, ensuring milk quality,
and safeguarding udder health. Thus, the objective of the present paper was to assess the volume
and composition of cisternal, alveolar, and residual milk fractions to support the modernization of
milking practices and enhance camel dairy productivity. Such distribution of the milk in camel
udder was never investigated in Arvana dromedary breed. Thus, the objective of the present paper
was to assess the volume and composition of cisternal, alveolar, and residual milk fractions to
support the modernization of milking practices and enhance camel dairy productivity

Material and research methods. For the experiment, 14 one-humped camels (Camelus
dromedarius), Aravan breed (approximately body weight 500 + 50 kg; 5-13 years old; parities 1 to
7), were used at 150+15 days after calving in private farms from South Kazakhstan (43°45'54" N,
69°10'53" E). The camels were injected with Atosiban (CAS 90779-69-4), a beta-blocking
molecule of the oxytocin, at a dose of 10 pg/kg of body weight to extract the residual milk only
(which can be extracted passoively), then injected with 4 ml of oxytocin (RK-LS-5Ne022381) to
extract the alveolar milk. At the end of this step, hand stimulation was achieved to extract the
residual part of the milk [Figure 2].

Morphometric measurements of the udder (length from front to back) and teats (length of
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left front teats) were taken before milking. The parameters as pH, protein, DM, SNF, fat and density
were determined with Lactan and somatic cells in Somatos Mini (OOO VPK Sibagropribor).
Results and discussion. The length of the left front teat varied from 2.0 to 3.0 cm, while the
udder length (front to back) ranged from 23 to 30 cm. In most cases, the front part of the udder was
smaller than the back part, although equal or larger proportions were also occasionally observed.

x14

1. Cisternal milk

3. Residual milk|

2. Alveolar milk

pH, protein, DM, SNF, fat, density
and somatic cells

Figure 2 — Main design of experiment

These findings indicate variability in udder conformation among dromedaries, which is an
important factor for improving milking practices and potential machine-milking adaptation [5].

Distribution of the milk fractions. The highest proportion of milk in Arvana dromedary
camel was alveolar milk (91.18 £ 4.39 %) followed by residual milk (6.05 + 4.77 %). The alveolar
milk, the easiest part to milk was 2.77 = 1.59 % only. The alveolar milk fraction appeared lower
than in dromedary camel from Saudi Arabia [5] which was around 9%, but comparable to the
results obtained in Maghrebi camels from Tunisia [6] with mean value of 3.44%.

Composition of the milk fractions. The fat content of dromedary milk fractions (cisternal,
alveolar, and residual) showed clear variation. Cisternal milk exhibited the lowest fat concentration,
ranging from 0.65% to 3.54%, with an average of 1.94 + 0.81%. Alveolar milk contained
intermediate values, between 2.27% and 6.03%, averaging 4.15 + 1.08%. Residual milk
consistently demonstrated the highest fat levels, varying from 4.04% to 8.15%, with a mean of 5.96
+ 1.11% (Figure 3). These results confirm that the majority of milk fat is retained in the alveolar
and residual compartments. Therefore, efficient stimulation and complete milk let-down are
essential to maximize fat yield and ensure accurate evaluation of dromedary milk composition [7].
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Figure 3 — Difference of fat content of C, A, R milk of Arvana dromedary camels (The samples were
ordered according to the ascending fat content in cisternal milk)

The analysis of protein content in dromedary milk fractions (cisternal, alveolar, and
residual) revealed relatively stable values across all compartments. Cisternal milk protein ranged
from 2.76% to 3.72%, with an overall mean of approximately 3.14%. Alveolar milk showed similar
levels, varying between 2.81% and 3.38%, with a mean of about 3.12%. Residual milk protein
content was also consistent, ranging from 2.75% to 3.34%, averaging 3.08% (Figure 4). Unlike fat
distribution, which is highly variable between fractions, the protein concentration demonstrated
minimal differences across compartments. This indicates that protein in dromedary milk is more
evenly distributed among cisternal, alveolar, and residual fractions, suggesting that incomplete milk
let-down is less critical for protein yield compared to fat recovery.
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Figure 4 — Difference of protein content of C, A, R milk of Arvana dromedary camels (The samples
were ordered according to the ascending fat content in cisternal milk)

Regarding the pH, an overall stability appeared across samples. The pH was remarkably
consistent, remaining between 6.1 and 6.2 in all fractions, indicating normal milk acidity. Dry
matter (DM) values ranged from 8.63% to 19.84%, with higher concentrations generally observed
in residual milk compared to cisternal and alveolar fractions due to the highest proportion of fat.
Similarly, solids-not-fat (SNF) varied between 7.51% and 10.41%, showing moderate stability
across compartments. Milk density ranged from 1022.9 to 1036.7 kg/m?, with slightly higher values
in cisternal milk, reflecting its lower fat content, while residual milk tended to show higher densities
due to higher fat concentration. Somatic cell counts (SCC) were generally low, mostly <268 x
10°/mL, although a few samples reached values above 300 x 10°/mL. These results suggest that,
apart from expected variation in solids and density linked to fat content, dromedary milk fractions
are relatively homogeneous in their pH, SNF, and SCC, confirming their good hygienic quality and
physiological stability.

Comparison with literature. The comparative evaluation of cisternal and alveolar milk
fractions among different dairy species revealed pronounced interspecies variations in both fat and
protein contents. In cows, the proportion of fat was consistently higher in the alveolar fraction than
in the cisternal fraction across different studies [9,10]. This observation is in line with previous
reports suggesting that milk fat globules are predominantly secreted and stored in the alveolar
compartment, while cisternal milk is more diluted due to its proximity to the teat cistern. Similarly,
buffalo milk exhibited significantly higher fat and protein levels in the alveolar fraction [11], further
supporting the role of alveolar milk as the main reservoir of nutritive components. Small ruminants,
including dairy ewes of the Manchega breed and Najdi sheep, demonstrated a comparable trend,
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with alveolar milk enriched in both fat and protein [12,13]. These findings highlight the universal
physiological mechanism of milk storage and composition in ruminants, though the magnitude of
differences appears species-specific. For example, Najdi sheep showed a particularly pronounced
increase in fat concentration from cisternal to alveolar fractions, indicating strong partitioning of
energy-rich components into alveolar milk. Camels showed moderate differences between cisternal
and alveolar fractions, with both fat and protein being only slightly elevated in alveolar milk [14].
Interestingly, in dromedary camel, the fat content in alveolar milk was higher than in cisternal milk,
while protein differences were minimal. This suggests that, unlike in cows or buffalo, camel milk
exhibits a more homogeneous distribution of proteins between cisternal and alveolar compartments.
Such characteristics may be linked to species-specific mammary gland anatomy and milk ejection
physiology, where camels demonstrate slower milk let-down and a higher dependency on oxytocin
release during milking [15]. Taken together, these results confirm that alveolar milk generally
represents the nutritionally richer fraction across domestic dairy species, particularly in terms of fat
content. However, the magnitude of compositional differences is strongly dependent on species and
breed.

Conclusion. From a practical perspective, these findings underline the importance of
complete alveolar milk extraction in order to obtain representative milk samples for nutritional
evaluation and to ensure accurate estimation of milk yield and quality, especially in camels where
incomplete milking may lead to underestimation of fat content.

Funding. The research was carried out under the Program-targeted financing of the Ministry
of Agriculture of the Republic of Kazakhstan for 2024-2026, BR22886598 «Development of
innovative methods of increasing genetic potential of camels of Kazakhstan populations, as well as
application of effective technologies of production and processing of camel breeding products».
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AnHoTanus. VM3yuenue QU3NKO-XMMHUYSCKUX XapaKTEPUCTUK IMCTEPHAIBHOTO, aIbBEOJIPHOTO U
OCTAaTOYHOTO MOJIOKAa HMMEET BAaKHOE 3HAYCHHE I ONTUMHU3AIMN YIPaBICHHS TOCHUEM, YITyYIICHUS
OIIEHKH Ka4eCTBa MOJIOKA M KOHTPOJIS 3I0POBBSI BEIMEHH Y CEIbCKOXO03SIICTBEHHBIX KUBOTHBIX. JTH 3HAHUS
CHOCOOCTBYIOT TMOBBINICHHIO 3()()EKTUBHOCTH TPOM3BOJICTBA MOJIOKA M PAIMOHAILHOMY HCIOJIB30BAHUIO
MOJIOUHBIX pecypcoB. B Kazaxcrane mammHHOE mAoeHHE BEpOIIOAOB OCTAETCS HEAOCTATOYHO PA3BHUTHIM.
[ToaTomy uccnenoBanue (PU3NKO-XMMHUECKUX XapAKTEPUCTUK yYKa3aHHBIX (DPAKIUl MOJIOKA Y OJHOTOPOBIX
BEepOJIIOJIOB UMEET OOJIbIIOC 3HAYCHHE JJII COBEPUICHCTBOBAaHUS IPAKTHUKU JIOCHHS, OILCHKH KadecTBa
MOJIOKa U 00Jiee palMOHAIBHOTO HCIIOJIb30BaHUs BEPOITFOKBEr0 MOJIOKA.

B nanno#t pabore m3yueH cocraB muctepHanbHOro (C), ampeonsipHoro (A) m octatoynoro (R)
MoJioka y 14 omuHoropObix BepOmtoa0B (Camelus dromedarius) Ha 150 £ 15-i aenp nocie oténa B FOxHOM
Kazaxcrane. XXuotueiM BBOIMIM ATo3ubaH (CAS 90779-69-4) B no3e 10 MKI/Kr KUBOW MacChl U 4 MII
okcutormHa (RK-LS-5Ne022381), mocrme wero mownu BpydHyro. JlaHHBIE 00 WHIWBHIAYadbHOM YAO€
(bMKCHUpOBaHCh Cpa3y IOCIE TOCHHSA, a MPOOBI MOJIOKA COOMPAMCh B KOHTEWHEPHI C OXJIAXTAIOIUMHU
3JIEeMEHTaMHM I mocieAyromiero aHaimusa. OO0bEM M COCTaB IMCTCPHAILHOTO, abBEOJSIPHOTO U
OCTaTOYHOrOo MoJIoOKa (OCJIOK, Cyxoe BEIIeCTBO, OOC3KUPCHHBIM OCTaTOK, JKHP, ILIOTHOCTh, pH,
COMAaTHYECKHe KJIETKH) ONpeNeIsUTUCh B WHTepBane 1-3 dacoB mocne moeHus. B cpemnem mons
HUCTEPHAIBHOTO MOJIOKa cocTaBmia 2,77%, anbeossipaoro — 91,18%, ocratounoro — 6,05% ot o6iero
ynosa. Conepxxanue xupa (%) B C, A u R cocraBuno coorserctserro 1,94; 4,15 u 5,96, npu >tom pH
HaxoAwics B AuamazoHe 6,1-6,2 mis Bcex tunoB Monoka. Coneprxanne 6enka (%) B C, A u R cocrasmino
3,15; 3,11 m 3,05 COOTBETCTBEHHO.

KaroueBbie cioBa: BepOmoxbe MOJIOKO, ITUCTEPHAIBLHOE MOJIOKO, ajbBEOJSIPHOE MOJIOKO,
0CTaTOYHOE MOJIOKO, )KHP, OEJIOK.

OHTYCTIK KA3AKCTAH OHIPIHJIET'T 3KAJIFbI3 OPKELITI TYWEJEPIIH
LIUCTEPHAJIBIK, AJIbBEOJISIPJIBIK KOHE KAJIJIBIK CYTIHIH ®U3UKA-XUMMUSLIBIK
KACHETTEPIHIH CAJIBICTBIPMAJIBI 3EPTTEYI
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Anparna. I{uctepHaNbIK, ambBEONSPIBIK JKOHE KAIIBIK CYTTIH (DU3UKA-XUMUSIIBIK KACHETTEPiH
3epTTey cayy VAEpicCiH OHTaMJIaHIBIPY, CYT CalachlH Oarajiay »XKoHE MAaJIbIH KETiH CayJbIFRIH OaKbuIay
MaHpI3Abl. MyHZIalk MoNiMETTep CYT OHZIPICIHIH THUIMAUITIH apTTHIPBIN, CYT PECypCTapblH YTHIMABI
naiinananyra bIKnan eteni. Kasakcranma Tylienepal MamiMHaMeH cayy oii JKETKUTIKTI JaMbIMaraH.
Conppiktad Oip epkemTi TylenepaiH cyT (paKkusuIapbIiHbH (U3NKA-XUMUSIIBIK KACHETTEPIH 3epTTey cayy
TOXIpUOECIH KETUIpyTe, CYT caracklH Oaranayra )koHe TyHe CYTiH THIM/II Taiaiany¥Fa 30p MaHbI3Fa He.

byn zeprreyne 14 6ip epkemrTi TyiieHiH (Camelus dromedarius) Tennerennen keiinri 150 + 15
KYHiHIe anbiaFaH IucTepHanblK (C), ambBeosapiblk (A) skoHe KamelK (R) CYTTIH Kypambl TajagaHbL
XKanyapmapra Ato3zu6an (CAS 90779-69-4) 10 mMxr/kr Tipi canmak qo3aceiHaa skoHe 4 mu okcuroruH (RK-
LS-5Ne022381) enrisinin, keilin KoaMeH caybuiabl. JKeke cayblH KepceTKiTepi cayynaH KediH OipaeH
TIpKeNin, alblHFaH YJATiIep CAJKBIHIATKBII 3JIEMEHTTepl Oap KOHTEeHHepiepre >KMHaJbIN, Talaay YIIiH
3eTxaHaHara xibepinmi. LlucTepHanbIK, adbBEOSAPIBIK KOHE KAIIBIK CYTTIH KojeMi MeH Kypambl (aKybl3,
KYpFaK 3aT, MaiCbl3 KYpFaK KaJAbIK, Mai, TBIFBI3ABIK, pH, coMaTHKaNbIK Kacymanap) cayyaaH keiin 1-3
carar imiHjAe aHbIKTaAsl. OpTa €celmeH MUCTEPHANBIK CYTTIH yieci 2,77%, anbsBeosspiblk - 91,18%, an
KaIIBIK CYT - 6,05% Oommer. Maii memmepi (%) C, A xone R-nme tuiciame 1,94; 4,15 xone 5,96 xypambl, an
pH OGapneik Typnepinme 6,1-6,2 apambirbiaga 6omapl. AKys3 memepi (%) C, A xoHe R-me colikecinime
3,15; 3,11 xoune 3,05 OGonasl.

Tipexk ce3aep: Tyife cyTi, MUCTEPHAIBIK CYT, ATbBEOJSIPIIBIK CYT, KAIIBIK CYT, Mai, aKybI3
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