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Abstract

Background and Obijective: Fermented foods of camel milk are important
components of the diet for people living in arid lands. Shubat is a widely consumed
fermented camel milk product in Kazakhstan. However, a comprehensive assessment
of its protein quality, specifically amino acid composition, is lacking. This study aimed
to assess biological value of the protein component of traditionally prepared shubat
from Western Kazakhstan.

Material and Methods: Totally, 12 shubat samples were collected from the regions
of Atyrau, Aktobe, Mangystau and West Kazakhstan. All samples were set to the
national standard ST RK 117-2015. Amino acid composition was assessed using high-
performance liquid chromatography with pre-column derivatization. The biological
value was assessed by calculating the essential amino acid content; then, amino acid
score was compared to the Food and Agriculture Organization/World Health
Organization (2011) reference score and the amino acid composition index (Ua) based
on Harrington's desirability scale. Data were present as mean + standard deviation (n
=3).

Results and Conclusion: Significant regional variance was observed. Fat and protein
contents varied from 5.47 to 6.69% and from 2.14 to 3.21%, respectively. The essential
amino acid content constituted 43—-46% of total amino acids. The presence of limiting
amino acids was a key factor reducing the protein quality. The first limiting amino acid
was histidine in samples from Atyrau and West Kazakhstan and leucine in samples
from Aktobe and Mangystau. The identification of these region-specific limiting
amino acids highlights potential nutritional considerations for populations relying on
shubat as a primary protein source. The amino acid composition index (Ua) was
highest for the sample from Mangystau (0.66) rated as "good," while samples from
other regions were rated "satisfactory" (0.56-0.58).

Keywords: Amino acid composition index (Ua), Amino acid score, Biological value
(BV), Camel milk, Chemical compositionm Essential amino acids (EAASs), Fermented
foods, Protein content.

What is “already known” on this
topic:

> Camel milk is a vital nutritional resource in arid regions, and its fermented product,
Shubat, is a traditional staple in Kazakhstan.

> The general protein and fat composition of camel milk is documented, but detailed
amino acid profiling of Shubat is limited.

> The protein quality of foods is commonly assessed by comparing their essential
amino acid profile to a FAO/WHO reference standard.
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What this article adds: > This study provides the first comprehensive amino acid assessment of traditionally
prepared Shubat from four regions of Western Kazakhstan.

> We identify region-specific limiting amino acids (Histidine and Leucine) that
constrain the protein quality of Shubat, rated as "satisfactory" to "good."

> The findings establish a scientific basis for potential nutritional interventions and
highlight the influence of regional production on final product quality.

1. Introduction

Camel milk is an essential component of the diet in arid
and semi-arid regions where other livestock are less resilient
to extreme climatic conditions, serving as a vital nutritional
source for populations in these areas [1]. In recent years, an
increasing global interest in camel milk as an alternative to
other types of milk is reported due to its hypoallergenic,
anti-carcinogenic and anti-diabetic characteristics [2,3,4].
Camel milk contains significant quantities of bioactive
compounds such as lactoferrin, immunoglobulins, lysozyme
and vitamin C, which contribute to immune support and
prevention of non-communicable diseases [5,6]. The milk
unique biochemical characteristics are largely attributed to
its protein composition, particularly low content of B-casein
and absence of B-lactoglobulin, making it appropriate for
individuals with milk allergies [7,8]. Despite these
advantages, there is a limited research on the detailed
composition of camel milk and its fermented derivatives,
especially regarding their nutritional potential and use in the
food industry [9,10,11]. One of the most effective ways to
enhance the nutritional and functional value of milk is
through fermentation, a process that improves digestibility
and enriches the product with bioactive compounds [12,13].
Fermented dairy products differ across the world for
production methods, microbial cultures and names,
including yogurt, kefir, matsoni, dahi, ghioddu, leben, tarag,
unda, shubat (chal), suusak (susa) and garris [14,15,16].

Shubat (chal), a traditional fermented camel milk
beverage, is widely consumed in Turkey, Turkmenistan and
Kazakhstan, where it has historically been produced through
spontaneous fermentation. Traditionally, shubat is prepared
by mixing fresh camel milk with warm water (1:1 ratio) in
goatskin or ceramic containers and inoculating it with 1/3—
1/5 of previously fermented milk as a starter culture. The
fermentation typically lasts 3—4 h at 25-30 °C, followed by
an additional maturation phase of nearly 8 h at a similar
temperature, promoting mixed lactic and alcoholic
fermentation [17,18]. In modern Kazakhstan, shubat is
manufactured on an industrial scale using defined starter
cultures such as Lactobacillus casei and Streptococcus
thermophiles with yeasts [19]. Under industrial conditions,
camel milk fermentation occurs at 25 °C for approximately
8 h, followed by incubation at 20 °C for nearly 16 h. The
final product must meet the quality and safety criteria

established by the National Standard of the Republic of
Kazakhstan (ST RK 117-2015 “Shubat. General Technical
Conditions”) and relevant international guidelines [20].

Studies of the amino acid (AA) composition of camel
milk indicate the presence of 17 AAs, excluding tryptophan,
with  essential amino acids (EAAS) comprising
approximately 43.5-43.9% of total amino acids (TAAS),
values that exceed the Food and Agriculture
Organization/World Health Organization (FAO/WHO)
recommended standards. The ratios of EAAS/TAAs and
EAAS/NEAAs (non-essential amino acids) are greater than
40 and 75%, respectively [21]. Furthermore, fermentation
significantly affects the protein profile of camel milk,
increasing the content of antioxidant peptides, likely due to
the unique structure of B-casein, which is shorter and richer
in proline residues. Hydrolysis of B-casein leads to the
release of bioactive peptides and AAs such as phenylalanine
and tryptophan with antioxidant activity [22]. Regarding
limited data on the biochemical characteristics of fermented
camel milk products, this study aimed to assess the
biological value of the protein fraction of shubat from the
western regions of the Republic of Kazakhstan, focusing on
EAA profiles. The assessment was based on the AA score,
AA composition index (UA) and Harrington’s desirability
scale to provide a comparative assessment of nutritional
quality in regional samples [23].

2. Materials and Methods

2.1. Samples collection

Totally, 12 samples of traditionally prepared fermented
product, shubat, were selected from western regions of the
Republic of Kazakhstan, where Bactrian camels were
widely bred (Atyrau, Aktobe and Mangystau, West
Kazakhstan). Samples were collected randomly from local
markets and households in each region, representing the
traditional supply chain. As shubat was a traditionally
fermented product, specific data on camel breed, lactation
stage and feed were not controlled, reflecting the typical
consumption product. This initial survey of 12 samples (four
per region) provided a foundational mapping of the AA
profile across Western Kazakhstan. The samples (250 ml
each) were collected in sterile screw-cap bottles and stored
at low refrigeration temperature (4 £2 °C) until use.
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All samples were positively assessed for quality and
safety indicators based on ST RK 117-2015 “Shubat.
General Technical Conditions” and Technical Regulations
of the Customs Union - TR CU 033/2013 “On the Safety of
Milk and Dairy Products” and approved for further research
[24,25].

2.2. Amino Acid Composition Analysis

Assessment of the AA composition of the samples was
carried out using high-performance liquid chromatography
(HPLC) and an Agilent 1200 liquid chromatograph device,
USA, with diode-array detection at 254 nm [26]. Prior to
analysis, proteins were hydrolyzed with 6M HCI for 24 h at
110 °C under a nitrogen atmosphere. Tryptophan was
analyzed after alkaline hydrolysis. The hydrolysates were
derived using AccQ-Tag reagent kit (Waters, USA)
according to the manufacturer's instructions. A C18 column
was used at the column thermostat temperature of 16 °C.
Acetonitrile and acetate buffer at pH 6.0 were used as the
mobile phase in a gradient elution mode with flow rate of
1.0 ml min? [27]. Qualitative and quantitative analyses were
carried out based on retention time and the internal standard
method (norvaline was used as an internal standard).
Calibration was carried out using standard AA mixture
(Sigma-Aldrich, USA). All analyses were carried out in
triplicate (n = 3) [28].

In this study, standard samples of proteinogenic AAs
were used, including aspartic acid (Asp), glutamic acid
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(Glu), serine (Ser), histidine (His), glycine (Gly), threonine
(Thr), arginine (Arg), alanine (Ala), proline (Pro), tyrosine
(Tyr), valine (Val), methionine (Met), isoleucine (lle),
leucine (Leu), tryptophan (Trp), phenylalanine (Phe) and
lysine (Lys). These AAs are major structural elements for
protein  biosynthesis and characterized by unique
physicochemical parameters that set their functional
characteristics in biological systems. Ratio of EAA to
NEAA was calculated mathematically.

2.3. Assessment of Amino Acid Composition
The EAA content was calculated to g per 100 g of protein
using Eq. 1.

Content of EAA=A+*100/B Eqg. 1

Where, A was the mass fraction of an EAA in a sample,
g per 100 g of sample; and B was the mass fraction of
protein inasample, g. To calculate the AA score, the content
of each EAA of a sample was compared with its content in
the reference protein (FAO/WHO, 2011) using Eq. 2.

Amino acid score = Ai / Ari * 100, % Eq. 2

KYZYLORDA

Figure 1. Regions of the Republic of Kazakhstan. Source: Agency for Strategic planning and reforms of the Republic of Kazakhstan.

Available from: https://stat.gov.kz/
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Where, Aiwas the mass fraction of an EAA of a sample,
g per 100 g of protein; and A;i was the mass fraction of an
EAA in the reference protein, g per 100g of protein. An AA
score rate of less than 100% was addressed as “limiting”. In
a presence of several limiting AAs in a sample, an AA with
the lowest AA score was addressed as “first limiting”.
Assessment of the biological value of the protein component
was carried out using an AA composition index (Ua) based
on Liebig’s law Eq. 3.

0, =TT d s
As

deay = (Ai/An), ifA; < Ay

dap = (Ari/Ab), if Ay = Ay

Where, m was the quantity of EAAs based on
FAO/WHO, 2011 (nine EAASs). The inversion in the
formula ford ,,), when A; = A,; ensured that any deviation
from the ideal reference protein, whether a deficit or an
excess, negatively affected the index. This was because an
excess of one EAA could not compensate for a deficit in
another (the "law of the minimum"). To analyze data,
Harrington’s function known as the desirability scale was
used. The desirability scale was divided in several ranges
from 0 to 1 by five subranges of [0-0.2] "very bad", [0.2—
0.37] "bad", [0.37-0.63] "satisfactory", [0.63-0.8] "good"
and [0.8-1] "very good".

2.4. Statistical Analysis

All measurements were carried out in triplicate and
results were expressed as mean +SD (standard deviation).
Differences in chemical composition and AA content
between the regions were assessed using one-way analysis
of variance (ANOVA) followed by Tukey's post-hoc test for
multiple comparisons and SPSS software v.26 (IBM, USA).
A p-value less than 0.05 was considered statistically
significant.

3. Results and Discussion

Chemical composition of the samples was assessed based
on the requirements of ST RK 117-2015 “Shubat. General
Technical Conditions”, where protein content is not
standardized. Results of this assessment are present in Table
1. Literary, data report on chemical composition of camel
milk in the Republic of Kazakhstan highlights its fat content
in a range from 4.47 to 5.17, as well as total protein content
from 3.5 to 4.45 [29]. Increase in fat content and decrease in
total protein in the samples were recorded, previously
described by the global research community [30]. The
present study showed that all samples exceeded the
established indicators of ST RK 117-2015, in particular, the
minimum requirements for fat content by 1.5-2 times (Table
1).

Initial data on the AA composition of samples, focusing

on EAAs, were present in g per 100 g of sample (Figure 2
and Table 2). A variety was revealed in the AA composition
of samples, which might be due to the differences in their
chemical composition. It should be stated that the proportion
of EAAs was 43-46%, similar to that reported in the global
data [31,32,33].
Figure 3 presents a comparative analysis of the biological
value of protein component in the samples using AA score
method based on the reference protein data (FAO/WHO,
2011) [35].

To assess biological value of the protein component of
samples, AA composition data were recalculated based on
the units of the reference protein (FAO/WHO) in g per 100
g of protein (Table 3) [34].

In addition, biological value of the protein component of
samples was assessed using AA composition index (Ua) and
summarized data based on Harrington’s desirability func-
tion [36,37]. The calculation results are present in Table 4.

Table 1. Chemical composition of the samples from Western Regions of the RK

Mass of nutrients Requirements to

Chemical composition of samples from regions of the RK,

Shubat* g/ 100 g of sample
Atyrau Aktobe Mangystau West Kazakhstan
Fat no less than 3.2 6.69+0.03 6.61+0.02 5.70+0.04 5.47+0.05
Protein - 2.14+0.02 2.32+0.03 3.04+0.03 3.21+0.04
Lactose 3.22 3.91+0.05 3.87+0.04 4.12+0.01 4.05+0.05
Ash - 0.81+0.02 0.79+0.01 0.85+0.02 0.83+0.02

*data of ST RK 117-2015“Shubat. General Specifications”

Different superscript letters within a row indicate significant differences (p < 0.05)
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Mangystau West Kazakhstan

Figure 2. Chromatogram of the shubat samples

Table 2. Mass fraction of the essential amino acids of samples from western regions of the Republic of Kazakhstan

Essential amino acids (EAAS) Mass fraction of EAAs of samples from regions of the RK,

g/ 100 g of sample

Atyrau Aktobe Mangystau West Kazakhstan
Histidine 0.02+0.01 0.05+0.03 0.05+0.03 0.03+0.02
Leucine 0.13+0.05 0.12+0.05 0.14+0.06 0.20+0.08
Isoleucine 0.07+0.05 0.06+0.05 0.08+0.06 0.11+0.08
Lysine 0.16+0.05 0.13+0.04 0.15+0.05 0.22+0.08
Methionine + Cysteine* 0.11+0.03 0.13+0.04 0.14+0.04 0.17+0.05
Phenylalanine + Tyrosine* 0.30+0.05 0.25+0.04 0.32+0.05 0.37+0.06
Threonine 0.17+0.07 0.17+0.07 0.16+0.06 0.30+0.12
Tryptophan 0.06+0.01 0.06+0.02 0.06+0.03 0.07+0.03
Valine 0.17+0.07 0.22+0.09 0.17+0.07 0.26+0.10

* a need for one EAA can be covered by the presence of another one, then the pairs are summed up

350
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Figure 3. Amino acid scores of samples from western regions of the Republic of Kazakhstan (FAO/WHO, 2011)
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Table 3. Amino acid compositions of samples from western regions of Republic of Kazakhstan

Essential amino acids (EAA) Reference protein, g /100

Amino acid composition of samples from regions of the RK, g

g of protein /100 g of protein
Atyrau Aktobe Mangystau West Kazakhstan
Histidine 2.00 1.12 2.28 1.65 1.06
Leucine 6.60 6.17 5.04 4.74 6.11
Isoleucine 3.20 3.32 2.72 2.53 3.30
Lysine 5.70 7.62 5.60 5.07 6.85
Methionine + Cysteine 2.70 4.95 5.39 4.44 5.26
Phenylalanine + Tyrosine 5.20 14.07 10.69 10.39 11.43
Threonine 3.10 7.71 7.50 5.16 9.41
Tryptophan 0.85 2.75 2.76 2.07 2.06
Valine 4.30 7.99 9.66 5.43 8.07

Table 4. Assessment of the amino acid composition index (Ua) of samples from regions of the Republic of Kazakhstan

Essential Amino Acids (EAAS) dy,
Atyrau Aktobe Mangystau West Kazakhstan

Histidine 0.56 0.88 0.83 0.53
Leucine 0.93 0.76 0.72 0.93
Isoleucine 0.96 0.85 0.79 0.97
Lysine 0.75 0.98 0.89 0.83
Methionine + Cysteine* 0.55 0.50 0.61 0.51
Phenylalanine + Tyrosine* 0.37 0.49 0.50 0.46
Threonine 0.40 0.41 0.60 0.33
Tryptophan 0.31 0.31 0.41 0.41
Valine 0.54 0.45 0.79 0.53
Ua 0.56 0.58 0.66 0.57

Based on this study, it could be concluded that all
samples of shubat from the Western Kazakhstan regions met
the requirements of regulatory framework of the Republic
of Kazakhstan in accordance with ST RK 117-2015
"Shubat. General Technical Conditions" and significantly
exceeded the minimum requirements for fat content.
Specifically, the highest value of this value was observed in
the sample from Atyrau (6.69%) and the lowest in a sample
from West Kazakhstan (5.47%). Moreover, the highest
value for protein content was reported in a sample from
West Kazakhstan (3.21%), slightly a lower protein content
in a sample from Mangystau (3.04%), significantly a lower
protein content in a sample from Aktobe (2.32%) and the
lowest value in a sample from Atyrau (2.14%). For lactose
and ash in the samples, a relatively identical content of dry
matter of nearly 13—-14% was recorded, which corresponded
to the literary data by other authors [38,39].

Assessment of the biological value of protein component
in the samples using AA score method and AA composition
index (Ua) showed that all the samples included satisfactory
values. However, statistically significant variability in AA
composition of samples was seen, which might be due to
various chemical composition of the camel milk from the

western regions of the country, affected by factors such as
biodiversity of the forage base, regional environmental
conditions and traditional husbandry practices.

A negative factor in assessing biological values of the
protein component of the samples was the presence of
limiting AAs such as leucine, an AA score of which varied
from 71.8 to 93.5% and histidine, an AA score of which
varied from 53 to 82.5% (with the exception of a sample
from Aktobe with a score of 114%), as well as isoleucine
and lysine for samples from Aktobe and Mangystau (AA
scores of isoleucine were 85 and 79.1% and those of lysine
were 98.2 and 88.9%, respectively). This imbalance was
demonstrated by the Ua index, which penalized deficits and
excesses. However, increased values of EAAs were reported
in the samples. In particular, phenylalanine and tyrosine
exceeded the FAO/WHO 2011 values by an average of two
times and tryptophan by 2-3 times, which negatively
affected comprehensive assessment of the highlighted
parameters.

It should be stated that in samples from Atyrau and West
Kazakhstan, the first limiting AA was histidine, with AA
scores of 56 and 53%, respectively. Histidine is critical for
protein synthesis, tissue repair and production of histamine.
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Deficiency of this AA can impair growth in children and
negatively affect metabolic functions [40,41]. This factor
may lead to disruptions in numerous physiological
processes such as impaired protein synthesis and decreased
muscle mass, slower metabolism and decreased energy
exchange in the human body [42,43]. In samples from
Aktobe and Mangystau, deficiency of leucine was observed,
with AA scores of 76.4 and 71.8%, respectively. Leucine is
a key regulator of muscle protein synthesis and metabolic
signaling pathways [44,45]. This might negatively affect
immunity and overall metabolism and lead to the following
adverse consequences of impaired functioning of the
nervous and hematopoietic systems, decreased antioxidant
protection and weakened immune function of the body
[46,47].

Compared to other fermented camel milks such as chal
from Turkmenistan [48], EAA profile of the shubat samples
showed high phenylalanine and tyrosine values as well as its
specific limiting AAs, which might be attributed to the
differences in camel breed, fermentation microbiota and/or
regional diets. Based on the data (Table 4), it could be
concluded that samples from western regions of the
Republic of Kazakhstan such as Atyrau, West Kazakhstan
and Aktobe, included similar AA composition index (Ua)
values ranging from 0.56 to 0.58, assessed as “satisfactory”
based on Harrington’s desirability function. A sample from
Mangystau demonstrated the highest AA composition index
(UA) value (0.66), which was characterized as “good” based
on Harrington’s desirability scale.

4. Conclusion

This study provided the first comprehensive assessment
of the AA composition and protein quality of traditionally
prepared shubat from Western Kazakhstan. Results showed
that although shubat was a rich source of fat and contained
a substantial proportion of EAAs (43-46%); its protein
quality was limited by region-specific deficiencies in
histidine and leucine, leading to an overall "satisfactory" to
"good" rating on the Harrington scale. It is necessary to
expand a number of studied samples from other regions of
the Republic of Kazakhstan as well as focus on studying
chemical composition of the raw materials for shubat
production (camel milk from similar regions) to identify
correlations between the low EAA values in samples due to
deficiencies in individual AAs in the raw materials.
Furthermore, when studying qualitative composition of the
raw material protein component, attention should be paid to
seasonality of the camel milk production. Effect of the
biodiversity of forage base and conditions, under which
camels are bred in various regions of the Republic of
Kazakhstan, should be addressed. Further studies should
specifically aim to (1) link shubat composition with raw
camel milk from similar regions and seasons; (2) investigate

effects of specific fermentation strains on the release of
bioactive peptides and the AA profile; and (3) carry out
longitudinal monitoring of temporal variations in milk
composition. ldentification of the specific limiting AAs
provides a scientific basis for the potential fortification
strategies to enhance the nutritional completeness of shubat
in public health initiatives.

5. Acknowledgements

This research has been funded by the Science Committee
of the Ministry of Education and Science, Republic of
Kazakhstan (grant no. AP23490202).

6. Declaration of competing interest
The authors report no conflict of interest.
7. Authors’ Contributions

Conceptualization, L.N. and A.O.; methodology, L.N.
and R.M.; formal analysis, B.R. and R.M.; investigation,
B.R. and A.O.; data curation, R.M.; writing-original draft
preparation, B.R. and L.N.; writing-review and editing, L.N.
and A.O.; visualization, A.O.; supervision, L.N.; project
administration, A.O.; funding acquisition, A.O. All authors
have read and agreed to the published version of the
manuscript.

8. Using Artificial Intelligent Chatbots

During preparation of this manuscript, the authors used
ChatGPT (OpenAl) to improve language clarity and
readability. After using this tool, the authors reviewed and
edited the content as needed and accepted full responsibility
for the content of the publication.

9. Ethical Consideration

This study did not involve human participants or animals.
Al research procedures complied with institutional
guidelines on laboratory safety and good scientific practice.

References

1. Orazov A, Nadtochii L, Bozymov K, Muradova M,
Zhumayeva A. Role of camel husbandry in food security of
the Republic of Kazakhstan. Agriculture. 2021; 11(7): 614.
https://doi.org/10.3390/agriculture11070614

2. Agrawal RP, Jain S, Shah S, Chopra A, Agarwal V. Effect of
camel milk on glycemic control and insulin requirement in
patients with type 1 diabetes: 2-years randomized controlled
trial. Eur J Clin Nutr. 2011; 65: 1048-1052.
https://doi.org/10.1038/ejcn.2011.98

3. Magjeed NAA. Corrective effect of milk camel on some
cancer biomarkers in blood of rats intoxicated with aflatoxin
B1. J Saudi Chem Soc. 2009; 9(2): 253-263.

https://eurekamag.com/research/004/089/004089746.php

This open-access article distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.3390/agriculture11070614
https://doi.org/10.1038/ejcn.2011.98
https://eurekamag.com/research/004/089/004089746.php

Nadtochii, et al

4.

10.

11.

12.

13.

14.

15.

16.

Appl Food Biotechnol, Vol. 12, No. 1 e28 (2025)

Shabo Y, Barzel R, Margoulis M, Yagil R. Camel milk for
food allergies in children. Isr Med Assoc J. 2005; 7: 796-

798. https://pubmed.ncbi.nlm.nih.gov/16382703/

Konuspayeva G, Faye B, Loiseau G, Levieux D. Lactoferrin
and immunoglobulin contents in camel’s milk (Camelus
bactrianus, Camelus dromedarius and Hybrids) from
Kazakhstan. J Dairy Sci. 2007; 90(1): 38-46.
https://doi.org/10.3168/jds.s0022-0302(07)72606-1

Elagamy EI, Ruppanner R, Ismail A, Champagne CP, Assaf
R. Purification and characterization of lactoferrin,
lactoperoxidase, lysozyme and immunoglobulins from
camel’s milk. Int Dairy J. 1996; 6(2): 129-145.
https://doi.org/10.1016/0958-6946(94)00055-7

Kaskous S. Importance of camel milk for human health.
Emir J Food Agr. 2016; 28(3): 158-163.
https://doi.org/10.9755/¢jfa.2015-05-296

Yadav AK, Kumar R, Priyadarshini L, Singh J. Composition
and medicinal properties of camel milk: A Review. Asian J
Dairy Food Res. 2015; 34(2): 83-91.
https://doi.org/10.5958/0976-0563.2015.00018.4

Farah Z. Composition and characteristics of camel milk. J
Dairy Res. 1993; 60(4): 603-626.
https://doi.org/10.1017/s0022029900027953

Sagyman Zh, Xiao H, Anapiyayev BB, Tao F, Xu P.
Bacterial diversity analysis in Kazakh fermented milks
Shubat and Ayran by combining culture-dependent and
culture-independent methods. LWT. 2021; 141: 110877.
https://doi.org/10.1016/j.1wt.2021.110877

Nadtochii L, Orazov A, Muradova M, Bozymov K, Japarova
A, Baranenko D. Comparison of the energy efficiency of
production of camel’s and cow’s milk resources. Energy
Procedia. 2018; 147: 510-517.
https://doi.org/10.1016/j.egypro.2018.07.064

Abdelrahim A, Bahobail AA. Effect of fermentation process
on the improvement of nutrition value of camel milk. Int J
Multidiscip Curr Res. 2014; 2: 78-82. https://ijmcr.com/wp-
content/uploads/2014/01/Paper1278-82.pdf

Hamed NSh, Mbye M, Ayyash M, Ulusoy BH, Kamal-Eldin
A. Camel milk: Antimicrobial agents, fermented products
and shelf life. Foods. 2024; 13(3): 381.
https://doi.org/10.3390/foods13030381

Lore TA, Mbugua SK, Wangoh J. Enumeration and
identification of microflora in suusac, a Kenyan traditional
fermented camel milk product. LWT - Food Sci Technol.
2005; 38(2): 125-130.
https://doi.org/10.1016/j.1wt.2004.05.008

Khomeiri M, Yam BAZ, Mahounak AS, Jafari SM. Hygienic
quality of camel milk and fermented camel milk (Chal) in
Golestan Province, Iran. J Microbiol Res. 2014; 4(2): 98-
103. https://d0i:10.5923/j.microbiology.20140402.09

Sulieman AME, Osawa R, Tsenkova R. Isolation and
identification of lactobacilli from Garris, a sudanese

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

fermented camel’s milk product. Res J Microbiol. 2007; 2:
125-132. https:/scialert.net/abstract/?doi=jm.2007.125.132

Bilal Z, Akhmetsadykova Sh, Baubekova A, Tormo H, Faye
B, Konuspayeva G. The main features and microbiota
diversity of fermented camel milk. Foods. 2024; 13(13):
1985. https://doi.org/10.3390/foods13131985

Fallah Z, Feizi A, Hashemipour M, Kelishadi R. Effect of
fermented camel milk on glucose metabolism, insulin
resistance and inflammatory biomarkers of adolescents with
metabolic syndrome: A double-blind, randomized, crossover
trial. J Res Med Sci. 2018; 23(1): 32.
https://doi.org/10.4103/jrms.JRMS_1191_17

Akhmetsadykova Sh, Baubekova A, Konuspayeva G,
Akhmetsadykov N, Loiseau G. Microflora identification of
fresh and fermented camel milk from Kazakhstan. Emir J
Food Agric. 2014; 26(4): 327-332.
https://doi.org/10.9755/¢jfa.v26i4.17641

National Standard of the Republic of Kazakhstan (ST RK)
117-2015 “Shubat. General technical conditions” (in
Kazakh). Available from:
https:/files.stroyinf.ru/Data2/1/4293740/4293740691.pdf

Seyiti Sh, Kelimu A, Yusufu G. Bactrian camel milk:
Chemical composition, bioactivities, processing techniques
and economic potential in China. Molecules. 2024; 29(19):
4680. https://doi.org/10.3390/molecules29194680

Swelum AA, El-Saadony MT, Abdo M, Ombarak RA,
Hussein EOS, Suliman G, Alhimaidi AR, Ammari AA, Ba-
Awadh H, Taha AE, El-Tarabily KhA, El-Hack AME.
Nutritional, antimicrobial and medicinal properties of
Camel’s milk: A review. Saudi J Biol Sci. 2021; 28(5): 3126~
3136. https://doi.org/10.1016/].sjbs.2021.02.057

Orazov A, Abbasbeigi S, Koishiyeva Zh, Nadtochii L.
Assessment of milk-based high protein products as
ingredients of low-fat ice creams. Appl Food Biotechnol.
2024; 11(1): e34. https://doi.org/10.22037/afb.v11i1.46380

Technical Regulations of the Customs Union (TR CU)
033/2013 “On the Safety of Milk and Dairy Products” (in
Russian). Available from:
https://eacgroupcompany.com/en/regulations/trcu033-2013

FAO and WHO. 2024. Standard for fermented milks. Codex
Alimentarius Standard No. CXS 243-2003. Codex
Alimentarius Commission. Available from:
https://www.alcpo.org.ly/wp-
content/uploads/2017/06/CODEX-STANDARD-FOR-
FERMENTED-MILKS.pdf

Lebedev AT. Environmental mass spectrometry. Annu Rev
Anal Chem. 2013; 6:163-189.
https://doi.org/10.1146/annurev-anchem-062012-092604

Rebane R, Oldekop M, Herodes K. Comparison of amino
acid derivatization reagents for LC-ESI-MS analysis.
Introducing a novel phosphazene-based derivatization
reagent. J] Chromatogr B. 2012; 904: 99-106.
https://doi.org/10.1016/j.jchromb.2012.07.029

This open-access article distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://pubmed.ncbi.nlm.nih.gov/16382703/
https://doi.org/10.3168/jds.s0022-0302(07)72606-1
https://doi.org/10.1016/0958-6946(94)00055-7
https://doi.org/10.9755/ejfa.2015-05-296
https://doi.org/10.5958/0976-0563.2015.00018.4
https://doi.org/10.1017/s0022029900027953
https://doi.org/10.1016/j.lwt.2021.110877
https://doi.org/10.1016/j.egypro.2018.07.064
https://ijmcr.com/wp-content/uploads/2014/01/Paper1278-82.pdf
https://ijmcr.com/wp-content/uploads/2014/01/Paper1278-82.pdf
https://doi.org/10.3390/foods13030381
https://doi.org/10.1016/j.lwt.2004.05.008
https://doi:10.5923/j.microbiology.20140402.09
https://scialert.net/abstract/?doi=jm.2007.125.132
https://doi.org/10.3390/foods13131985
https://doi.org/10.4103/jrms.JRMS_1191_17
https://doi.org/10.9755/ejfa.v26i4.17641
https://files.stroyinf.ru/Data2/1/4293740/4293740691.pdf
https://doi.org/10.3390/molecules29194680
https://doi.org/10.1016/j.sjbs.2021.02.057
https://doi.org/10.22037/afb.v11i1.46380
https://eacgroupcompany.com/en/regulations/trcu033-2013
https://www.alcpo.org.ly/wp-content/uploads/2017/06/CODEX-STANDARD-FOR-FERMENTED-MILKS.pdf
https://www.alcpo.org.ly/wp-content/uploads/2017/06/CODEX-STANDARD-FOR-FERMENTED-MILKS.pdf
https://www.alcpo.org.ly/wp-content/uploads/2017/06/CODEX-STANDARD-FOR-FERMENTED-MILKS.pdf
https://doi.org/10.1146/annurev-anchem-062012-092604
https://doi.org/10.1016/j.jchromb.2012.07.029

Amino Acid Profile of Shubat from W. Kazakhstan

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Appl Food Biotechnol, Vol. 12, No. 1.e28 (2025)

Bosch L, Alegria A, Farré R. Application of the 6-
aminoquinolyl-N-hydroxysccinimidyl carbamate (AQC)
reagent to the RP-HPLC determination of amino acids in
infant foods. J of Chromatogr B. 2006; 831(1-2): 176-183.
https://doi.org/10.1016/j.jchromb.2005.12.002

Yoganandi J, Mehta BM, Wadhwani KN, Darji VB,
Aparnathi KD. Evaluation and comparison of camel milk
with cow milk and buffalo milk for gross composition. J
Camel Pract Res. 2014; 21(2): 259-265.
http://dx.doi.org/10.5958/2277-8934.2014.00046.0

Konuspayeva G, Faye B, Loiseau G. The composition of
camel milk: A meta-analysis of the literature data. J Food
Compos Anal. 2009; 22(2): 95-101.
https://doi.org/10.1016/j.jfca.2008.09.008

Lee WTK, Weisell R, Albert J, Tomé D, Kurpad AV, Uauy R.
Research approaches and methods for evaluating the protein
quality of human foods proposed by an fao expert working
group in 2014. J Nutr. 2016; 146(5): 929-932.
https://doi.org/10.3945/jn.115.222109

Mathai JK, Liu Y, Stein HH. Values for digestible
indispensable amino acid scores (DIAAS) for some dairy
and plant proteins may better describe protein quality than
values calculated using the concept for protein digestibility-
corrected amino acid scores (PDCAAS). Br J Nutr. 2017;
117(4): 490-499.
https://doi.org/10.1017/s0007114517000125

Marinangeli CPF, House JD. Potential impact of the
digestible indispensable amino acid score as a measure of
protein quality on dietary regulations and health. Nutr Rev.
2017; 75(8): 658-667. https://doi.org/10.1093/nutrit/nux025

Moughan PJ, Lim WXI. Digestible indispensable amino acid
score (DIAAS): 10 years on. Front Nutr. 2024; 11: 1-13.
https://doi.org/10.3389/fnut.2024.1389719

FAO. Dietary protein quality evaluation in human nutrition.
Report of an FAO expert consultation. 2011, Auckland, New
Zealand. Available from: https://pubmed.ncbi.nlm.nih.gov/2
6369006/

Nadtochii L, Proskura A, Muradova M. 2021. Science-based
design for foods composition: Teaching aid (in Russian). St.
Petersburg: ITMO University. Available from:
https://books.ifmo.ru/book/2571/nauchno-

obosnovannoe proektirovanie pischevyh kompoziciy %3D

Science-
based design for foods composition%3A uchebno-
metodicheskoe posobie._.htm?utm_source=chatgpt.com

Terskaya LA, Slesarchuk IA. Harrington desirability
function for multi-attribute outdoor space quality
assessment. [OP Conf. Series: Materials Science and
Engineering. 2020; 753: 1-6. https://doi.org/10.1088/1757-
899X/753/8/082030

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Phoa FKH, Chen H. Desirability function approach on the
optimization of multiple bernoulli-distributed response. In:
Proceedings of the 2nd International Conference on Pattern
Recognition Applications and Methods. 2013; 1: 127-131.
https://doi.org/10.5220/0004216701270131

Hailu Y, Hansen EB, Seifu E, Eshetu M, Ipsen R, Kappeler
S. Functional and technological properties of camel milk
proteins: A review. J Dairy Res. 2016; 83(4): 422-429.
https://doi.org/10.1017/s0022029916000686

Kriengsinyos W, Rafii M, Wykes LJ, Ball RO, Pencharz PB.
Long-term effects of histidine depletion on whole-body
protein metabolism in healthy adults. J Nutr. 2002; 132(11):
3340-3348. https://doi.org/10.1093/jn/132.11.3340

Moro J, Tomé D, Schmidely Ph, Demersay T, Azzout-
Marniche D. Histidine: A Systematic review on metabolism
and physiological effects in human and different animal
species. Nutrients. 2020; 12(5): 1414.
https://doi.org/10.3390/mu12051414

DiNicolantonio JJ, McCarty MF, OKeefe JH. Role of dietary
histidine in the prevention of obesity and metabolic
syndrome. Open Heart. 2018; 5(2): ¢000676.
https://doi.org/10.1136/openhrt-2017-000676

Giesecke K, Magnusson I, Ahlberg M, Hagenfeldt L,
Wabhren J. Protein and amino acid metabolism during early
starvation as reflected by excretion of urea and
methylhistidines. Metabolism.1989; 38(12): 1196-1200.
https://doi.org/10.1016/0026-0495(89)90159-5

Szwiega S, Xu L, Rafii M, Pencharz PB, Kong D,
Tomlinson Ch, Elango R, Courtney-Martin G. Protein intake
affects erythrocyte glutathione synthesis in young healthy
adults in a repeated-measures trial. Am J Clin Nutr. 2024;
119(2): 371-383.
https://doi.org/10.1016/j.ajcnut.2023.11.008

Paoletti A, Courtney-Martin G, Elango R. Determining
amino acid requirements in humans. Front Nutr. 2024; 11: 1-
6. https://doi.org/10.3389/fnut.2024.1400719

Szwiega S, Pencharz PB, Ball RO, Xu L, Kong D, Elango R,
Courtney-Martin G. Length of adaptation has no effect on
the threonine requirement determined in healthy young adult
males using the indicator amino acid oxidation method. J
Nutr. 2023; 153(7): 2016-2026.
https://doi.org/10.1016/j.tjinut.2023.03.033

Kurpad AV, Regan MM, Raj T, Gnanou JV. Branched-chain
amino acid requirements in healthy adult human subjects. J
Nutr. 2006; 136(1): 256S-263S.
https://doi.org/10.1093/jn/136.1.256s

Seifu E. Camel milk products: Innovations, limitations and
opportunities. Food Prod Process Nutr. 2023; 5(15): 1-20.
https://doi.org/10.1186/s43014-023-00130-7

This open-access article distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.jchromb.2005.12.002
http://dx.doi.org/10.5958/2277-8934.2014.00046.0
https://doi.org/10.1016/j.jfca.2008.09.008
https://doi.org/10.3945/jn.115.222109
https://doi.org/10.1017/s0007114517000125
https://doi.org/10.1093/nutrit/nux025
https://doi.org/10.3389/fnut.2024.1389719
https://pubmed.ncbi.nlm.nih.gov/26369006/
https://pubmed.ncbi.nlm.nih.gov/26369006/
https://books.ifmo.ru/book/2571/nauchno-obosnovannoe_proektirovanie_pischevyh_kompoziciy_%3D_Science-based_design_for_foods_composition%3A_uchebno-metodicheskoe_posobie._.htm?utm_source=chatgpt.com
https://books.ifmo.ru/book/2571/nauchno-obosnovannoe_proektirovanie_pischevyh_kompoziciy_%3D_Science-based_design_for_foods_composition%3A_uchebno-metodicheskoe_posobie._.htm?utm_source=chatgpt.com
https://books.ifmo.ru/book/2571/nauchno-obosnovannoe_proektirovanie_pischevyh_kompoziciy_%3D_Science-based_design_for_foods_composition%3A_uchebno-metodicheskoe_posobie._.htm?utm_source=chatgpt.com
https://books.ifmo.ru/book/2571/nauchno-obosnovannoe_proektirovanie_pischevyh_kompoziciy_%3D_Science-based_design_for_foods_composition%3A_uchebno-metodicheskoe_posobie._.htm?utm_source=chatgpt.com
https://books.ifmo.ru/book/2571/nauchno-obosnovannoe_proektirovanie_pischevyh_kompoziciy_%3D_Science-based_design_for_foods_composition%3A_uchebno-metodicheskoe_posobie._.htm?utm_source=chatgpt.com
https://doi.org/10.1088/1757-899X/753/8/082030
https://doi.org/10.1088/1757-899X/753/8/082030
https://doi.org/10.5220/0004216701270131
https://doi.org/10.1017/s0022029916000686
https://doi.org/10.1093/jn/132.11.3340
https://doi.org/10.3390/nu12051414
https://doi.org/10.1136/openhrt-2017-000676
https://doi.org/10.1016/0026-0495(89)90159-5
https://doi.org/10.1016/j.ajcnut.2023.11.008
https://doi.org/10.3389/fnut.2024.1400719
https://doi.org/10.1016/j.tjnut.2023.03.033
https://doi.org/10.1093/jn/136.1.256s
https://doi.org/10.1186/s43014-023-00130-7

E 000 Research Article
E ::: pISSN: 2345-5357
< APPLIED FOOD BIOTECHNOLOGY, 2025, 12 (1): €28 eISSN: 2423-4214
Food @@ Journal homepage: www.journals.sbmu.ac.ir/afb 3
Biotechnology : :

O‘" §|}§ ‘sa)_c aalowo }| Ul‘ﬁ"“ MT ‘Slbéﬁm‘ WS)‘ gs'fk})‘

M54 3 Soao b MNgadlS sy 1L M Bjly50 LT 2950 Saodgd

Ol Sedlygl 8 Ll 5 SIS (5,5LaST (528 oS 55,88 (5558 5 (Sbipals psle dnnnsia )
Ay oS 9055 o I TMO) glal 56T olKtils o s pole 0aSitils (5 5Lupgs (slas ol susiils . ¥
Oledls Lol (lindlid (65 ,5leS Slidios Lo ol8iils o550l cwdige § (S jmold saSiil ¥

Ao axiy 6
\EA FUETNE TS
LR INGRTIE LUPIWE

YoV el O opdy

YoY0 ol V0 ol

Jghwo 1 W g3

7Pl Moo

+YAYVATAY V£ il

1Syl ey

l.tochka@mail.ru

Sg3lyl b

+YYYZREVOAOA - yals

1S9 S
orazov_ayan@mail.ru

(KW LY

gmna St (sloan o Sl (N 025 e ST 5D b (5 mesS slalié 3SR g Al
WJ ol b 0gd oo B pan liadliE 10 00,0 b 4y aS Sl JL (6 meBS Jgame Db gl s
Q"‘ )‘ RV w‘ oS r:l:u‘ ujasLJ 444.“0" LgL{bM‘ u.\S).) 0)354.: ‘Q" U»';"BJ" wﬂ.\s )‘ LS"Al’ (S’L»"))‘

09 o2y OLeBlE 5l S g,y 4 eabangd Slsd (Sulgp s (Soielsn (8l (2bi)l pieg

Saslenz ot Ol 5 gliiile csiST ol sl sblie 5l Sligd Wi VY cggaze ;o D gy g Sgo
o0l U diel (glodieas] (oS 5 i o0l llas ST RK 117-2015 Lo &,Jailiasl b bodigas soles i
dmsloma b (Sfslse Gl ad oyl Tsilegiie Sgiete b elen VL LISl e (IS 5ikes S |
5Ll plosbe azpe il b anel el Lol s 5 0l ozt (55550 atel lavel (e
Spslhe ol ol (Un) aiel sl oS5 (a3lis 5 (Vo)) clge Gl olojlulispsliss

el 1 (Y=olaws) Jlae Gl sl £ .Sl & ygods ool 0508 auslie 580 )l

DY 5l i o s 5 o (slyionn b odaline (6o inn slailaie Dl ks 35 a5 A g oIS
S5 5l as,e T2 U FY (69,0 4_:,:.01 ol Glgome g o do, > VYV LYNF jlgun,e 7290
B SekeS 1l )0 (505 Jele catiSgacme aiel (gladl 525 0ls o S8 1) atal slaan
P el 9 o8 OB g gl bl sladiges 0 parts waiSdgace anel spul Gl o
Glamdls ailaie ol oS sgumme el (sladns] ol lolids g sbiniile 5 48T Gblis slaaiges
W s (S g ol aie gl 4 Slgd 4 &5 placumes Glp ) Glogdll sladss
g 03y 50 45 PP fade b gliesiile adlaie wiged slp (UA) anl sl oS5 ey ojle e
=08 T GiScala ) 00y 0 K 3blie sladisel a5 Jl> o wzlls |y (e (VL wld gananl

RCTR R TERI

oS 5yt s «(BV) (So3elgm b5,] el sl Ll ¢ (UA) el sl S 5 a3 L S g0l g 3l g

9 g 6‘9—1’“ (G gp DS L;LaLl.é ‘ (EAAS)Lg)j)..b Mi L;Lm).:.ml ‘@L.o.,..u

' Shubat
"HPLC
" pre-column derivatization

This open-access article distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-
NC 4.0). To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by-nc/4.0/

