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Abstract

The modern market of dairy products is quite developed, but the issue of compliance with the quality and safety

of their production remains relevant. The purpose of this paper was to study the organoleptic, physicochemical

and safety indicators of combined dairy products based on mare's and cow’s milk using herbal supplements. In

the course of the research, analytical and statistical methods of information processing were used; experimental stud-
ies of raw materials and the finished combined product, namely the determination of acidity, solids, fat and protein;
energy and biological values of the product were calculated. Technological processes of combined dairy products
based on cow’s and mare's milk using a vegetable origin filler were studied. Of the three prototypes of the proposed
dairy products, it was determined to recommend samples No. 2 and 3. High quality indicators are observed in them,
in particular, a rich taste with a pronounced taste of additional components, a pleasant smell and appearance. Also,
the finished product in samples No. 2 and 3 have high safety indicators. Pathogenic and harmful microorganisms

and substances were not found, acceptable microorganisms are within the maximum permissible limits. According
to the research results, new dairy products are recommended using vegetable raw materials with different fat, pro-
tein, energy value, caloric content and lactose content. In the process of writing this paper, indicators of nutritional,
energy value and safety of new types of dairy products based on cow and mare's milk with vegetable additives were
determined. Taking into account the research results and the materials of previous scientific papers, authors consider
it promising to develop and sell dairy products based on cow’s and mare's milk using a filler of plant origin. The advan-
tages of the resulting product include: consumer interest in such products, high quality indicators, product safety,

the possibility of using products in functional and specialized nutrition.
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Introduction

The quality and safety of food raw materials has always
been a strategic goal of any processing enterprise, sales
markets and the country as a whole. With the develop-
ment of the latest technologies, consumer demands, as
well as legal requirements, new types of products are
being developed, including dairy products. When devel-
oping new products, it is important to maintain indica-
tors of nutritional, biological, energy value, as well as
safety. For this, various types of natural milk raw materi-
als are used, including cow’s or mare’s milk with herbal
supplements. When developing new types of dairy prod-
ucts, new technologies for processing raw materials and
additional components are also considered. One of these
technologies is a pulsed electric field, which makes it pos-
sible to obtain a high-quality dairy product with long
shelf life and the appropriate features that characterize
freshness. This technology inactivates most microorgan-
isms, as well as some lactic enzymes that affect the safety
of the finished product (Soltanzadeh et al. 2022).

Most often in the dairy industry, including in Kazakh-
stan, heat treatment of raw materials and finished
products is used to deactivate pathogenic microorgan-
isms, ensure food safety and extend shelf life. Scientific
advances and industrial developments offer other pro-
cessing methods due to consumer demand for more
natural and healthier products with non-thermal manu-
facturing techniques. Cow’s milk is typically processed
using thermal and nonthermal methods. Thermal
processing involves heating the milk to high tempera-
tures to kill bacteria and extend shelf life. This can be
done through pasteurization or ultra-high temperature
(UHT) processing (Geiselhart et al. 2021). Nonther-
mal processing methods include microfiltration, which

removes bacteria and other particles from the milk, and
high-pressure processing, which uses high pressure to
kill bacteria. Mare’s milk is traditionally used for the
production of koumiss, a fermented milk widely pro-
duced in Central Asia (Musaev et al. 2021). The milk
is fermented using a starter culture, which converts
lactose into lactic acid, giving the milk a tangy flavour.
The product is stored at below 6 °C until sold (Cais-
Sokolinska et al. 2023). Freeze-drying is also used to
preserve the physical and chemical stability of the milk
powder during storage.

The production and consumption of dairy products
in the world is different. Thus, China has seen signifi-
cant growth over the past 5 years. At the same time, the
problem of safety and quality of such products is grow-
ing. In their paper, Wu et al. (2018) considered the sup-
ply of dairy products to markets, indicators of quality and
safety of dairy products. They believe that it is possible
to establish the production of safe products through the
reform and improvement of systems that organize the
safety of milk and products from it, increased control
over the safety of dairy products, as well as changes in
laws, by-laws, management and oversight mechanisms
that were not perfect. Sarsembayev et al. (2021) devel-
oped a sports nutrition formula with the addition of
freeze-dried mare’s milk, which increases the biological
value of the product that gives it direction. Their paper
also presents the chemical composition and biological
value of mare’s milk. The expediency, influence and effect
of the use of the new product have been proven by exper-
imental studies on rats. The results obtained confirm the
positive effect of the developed product on endurance,
performance and the state of antioxidant protection, as
well as the energy metabolism of laboratory animals.
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Tultabayeva et al. (2022) confirm that mare’s milk
can be used to treat diseases of the gastrointestinal
tract, disorders of the intestinal microflora, as well as
some pulmonary diseases. Also, compared with cow’s
milk and other types of milk of farm animals, mare’s
milk has a high biological value. To get the maximum
benefit from mare’s milk, it is necessary to preserve its
physical and chemical characteristics during process-
ing and storage. The authors established the average
characteristics of the fat content within the range of
1.2-2.8% protein content ranging between 2-2.36%,
and dry skim dairy residue (SOMO) within the range
of 8.35-8.73% in the studied samples of mare’s milk
from four farms in the Almaty region. Scientists are
convinced that the indicators fluctuate depending on
the breed and age of mares, feeding conditions, time
of year, methods of their maintenance. The conducted
organoleptic and physico-chemical studies of mare’s
milk confirm the possibility of its use as a raw material
for the production of combined dairy products using
herbal supplements, including for dietary nutrition.

In the manufacture of new dairy products, com-
bined dairy products, including those with the addi-
tion of fillers of vegetable origin, attention should be
paid to the quality of physicochemical parameters (fat
and protein content, absence of inhibitory substances,
the number of microbial and somatic cells), on which
the biological value of these products depends (Sha-
hini et al. 2023). Also, due to the growing demand in
the world for dairy products with less technological
impact, domestic production, local products (from a
specific region with geographical indication), product
safety risks are increasing (Fusco et al. 2020).

The research topic, focusing on the quality, safety, and
nutritional aspects of combined dairy products derived
from cow’s and mare’s milk with herbal supplements,
is highly relevant in today’s food industry. Ensuring
the quality and safety of dairy products remains a per-
sistent concern, while the introduction of innovative
ingredients like herbal supplements responds to evolv-
ing consumer interests in healthier and more diverse
dietary choices. The aim of this study was to deter-
mine how technical advancements in the production
of mixed dairy products made from cow’s and mare’s
milk with a filler of vegetable origin affected quality
and safety parameters. Furthermore, the study sub-
jects served as markers for the nutritional, biological,
and energetic content of the suggested novel varieties
of dairy products. Thus, the central problem addressed
in this study is the development and evaluation of com-
bined dairy products derived from a blend of cow’s and
mare’s milk, enriched with plant-based additives.

Page 3 of 12

Materials and methods

The research employed analytical and statistical meth-
ods of information processing to delve into the proper-
ties and characteristics of both raw materials and the
combined finished product. Extensive experimental
studies were conducted to ascertain specific param-
eters, including the determination of acidity levels, the
presence of solids, and the content of fats and proteins.
Beyond these basic measures, the study also calculated
the overall energy and biological value of the product,
offering a comprehensive understanding of its nutri-
tional profile and potential benefits. In the course of
this research, the scientific and technical literature of
the scientometric were carried.

Sampling was carried out in accordance with ST RK
ISO 707-2011 “Milk and dairy products. Guidance on
sampling” (2012); organoleptic indicators were deter-
mined according to ST RK 1732-2007 “Milk and dairy
products. Organoleptic method for determining quality
indicators” (2007); physicochemical and safety indica-
tors were determined according to ST RK 1734-2007
“Milk and dairy products. Acceptance rules and test
methods” (2007) and the standards referred to in this
document; finished combined dairy products met the
requirements of ST RK 1733-2015 “Milk and dairy
products. General specifications” (2015), as well as the
regulations referred to in this standard.

The milk sampled was raw, unpasteurized, 12 h from
collection. Milk was received from farms. The number
of samples was 12 (6 cow’s and 6 mare’s milk). After
sampling, the samples were stored in a refrigerator at
4 °C. Chia seeds (3%), flax seeds (4%), nettle shoots
(Urtica dioica L.) (1%), and cranberries (2%) were used
as plant components. Plant raw materials were pur-
chased in retail trade, and at the time of the research, all
samples had a valid expiration date and corresponded
to the regulatory document indicated on the label.

Before the study of combined dairy products with the
addition of fillers of vegetable origin, the chemical com-
position of cow’s and mare’s milk was studied to correct
the composition and quality indicators of the finished
product. At the next stage, the organoleptic and phys-
ico-chemical indicators, safety indicators of the fin-
ished combined products were studied. In addition,
the indicators of the nutritional and energy value of
the finished combined dairy products were calculated.
The energy value of dairy products was calculated per
100 g of the product. To do this, a certain number of
components of the composition of such products was
multiplied by the generally accepted standards: 1 g of
protein — 4 kcal (17.2 k]), 1 g of fat — 9 kcal (38.9k]), 1 g
of carbohydrates — 3.75 kcal (17.6 kJ).
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Determination of solids in dairy products was carried
out as follows: 3 cm® of the test product was added to the
prepared bottle with a pipette, distributing it evenly over
the entire surface of the gauze and covered with a lid,
after which it was weighed. Next, the opened bottle and
the lid were placed in an oven at a temperature of 105 °C
for 60 min; after the drying stage, the bottle was closed,
cooled in a desiccator, and weighed. Drying and weighing
continued for 20-30 min until the difference in weight
between two successive weightings was not more than
0.001 g. For a more accurate determination, all analyses
were carried out in triplicate. The results obtained were
processed using the MS Excel built-in package of statisti-
cal functions.

Results

Dairy production is an important part of Kazakhstan’s
agricultural sector, accounting for around 4% of total
agricultural output. The main dairy products produced
are milk, sour cream, kefir, yogurt, butter, and a variety
of cheeses. Milk production has increased significantly in
Kazakhstan over the past couple of decades, from around

Table 1 The ratio of raw materials for the production of dairy

products
No Amount of cow’s Amount of mare’s  Amount of
milk milk vegetable
filler
1 45% 45% 10%
2 65% 25% 10%
3 75% 15% 10%

Table 2 Indicators of quality and safety of raw materials
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3.5 million tonnes in 2000 to over 5.5 million tonnes in
2020 (Aimen et al. 2022). This growth has been driven
by investments in larger dairy farms and improved cat-
tle breeds. Per capita dairy consumption in Kazakhstan
is relatively high compared to other countries in Cen-
tral Asia, estimated at around 240-270 kg per person
per year (Akhmedyarov et al. 2023). This is due to long-
standing dietary habits and the affordability of dairy
products. Kazakhstani production meets around 90% of
dairy demand, with the remainder imported mainly from
Russia, Belarus, and Ukraine. Imports help fill seasonal
gaps in milk supplies. Food manufacturing companies
in Kazakhstan, like FoodMaster, Ramstore, and Raim-
bek Agro, have invested in expanding their dairy prod-
uct ranges and modernizing processing technologies in
recent years (Kaliyeva et al. 2021).

Combined dairy products using vegetable origin fillers
were studied in three experimental formulations with dif-
ferent ratios of raw materials (Table 1).

In the obtained experimental samples of cow’s and
mare’s milk, which were used for the production of dairy
products using vegetable raw materials, quality and safety
indicators were studied, in particular organoleptic, phys-
icochemical and microbiological indicators (Table 2).

As can be seen from Table 2, the results of the research
confirm the possibility of developing new dairy products
from existing raw materials, because the prototypes meet
the quality and safety indicators. Milk received from
farms meets the requirements of the Technical regula-
tion of the Customs Union 033/2013 “On the safety of
milk and dairy products” (2013). Cow’s milk is character-
ized by higher mass fractions of protein and fat, which

No Indicator Cow'’s milk Mare’s milk
1 Appearance Opagque liquid, no sediment, no fat deposits
2 Consistency Homogeneous, inflexible, free from protein flakes and fat lumps
3 Colour Creamy white?/White with a bluish tint?, uniform throughout the mass
4 Smell, taste Clean, sweetish, typical for cow’s/mare’s milk, without foreign flavours and odours
5 Density, kg/m? 1027 1036
6 Mass fraction of protein, % 2.95 2.25
7 Mass fraction of fat, % 22 1.85
8 Mass fraction of SOMO, % 83 945
9 Acidity, T° 18.7 57
10 Lactose, % 47 6.15
1 Pathogenic microorganisms in 25 cm? Not found

of product, including: Salmonella, L. monocy-

togenes
12 Staphylococcus aureus in 1 cm? of product Not found

2 For cow’s milk
b For mare’s milk
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amount to 2.95% and 2.2%, respectively. The acidity of
cow’s milk (18.7, T°) is within the limits of limits (16-21,
T°). Mare’s milk, in turn, is characterized by higher lev-
els of lactose and SOMO. All obtained indicators in cow’s
and mare’s milk are within their boundary limits, regu-
lated by regulatory documents. Also, mare’s milk is the
farthest from the ideal white colour, which must be taken
into account when developing products.

When developing a dairy product with plant com-
ponents, attention was paid to the need to obtain high
organoleptic indicators (appearance and taste), biologi-
cal and energy value, as well as compliance with safety
indicators. In the manufacture of such a product with the
addition of herbal additives that have personal proper-
ties and affect the product, it was necessary to take into
account a number of indicators, including the colour of
the finished product. To obtain the optimal milky white
colour, three options for the ratio of milk in the finished
dairy product were proposed. According to the results of
milk mixing, Sample No. 2 and 3 were visually attractive.
An organoleptic study of the dairy product was carried
out 24 h after the production of the finished product, and
the characteristics obtained are presented in Table 3.

Considering the results of the organoleptic examina-
tion presented in Table 3, it can be concluded that sample
No. 1 with the ratio of raw materials of 45% mare’s milk,
45% cow’s milk and 10% herbal supplements received
the lowest quality scores. In particular, the dairy product
began to take on the characteristics of a fermented milk
product; due to the higher content of mare’s milk, they
received a colour with a blue tint and a tart taste. Samples
No. 2 and 3 generally got similar results, with slight dif-
ference in colour, taste and smell. The physical and chem-
ical study presents the main indicators that directly affect
the quality and safety of dairy products (Table 4).

The obtained results of the physicochemical study
allow correcting the process of production of dairy prod-
ucts, determining the stage at which production is com-
pleted and changing the ratio of product components
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Table 4 Physical and chemical parameters of prototypes of the
dairy product

No Indicator Sample1 Sample2 Sample3
1 Mass fraction of protein, % 2.7 34 38

2 Mass fraction of fat, % 1.9 2.3 25

3 Mass fraction of SOMO, % 8.5 9.55 9.95

4 Acidity, T° 142 98 113

5 Lactose, % 57 4.1 43

6 Phosphatase or peroxidase  Not found ~ Not found  Not found

to obtain the desired results. Considering the data from
Table 4, samples No. 2 and 3 can be considered success-
ful and used for consumption as a dairy product with a
lower fat content (sample No. 2) and as a product with a
high protein and fat content (sample No. 3). Sample No.
1 has a higher acidity index, which may indicate its rapid
deterioration and the development of harmful micro-
flora, while other indicators are on the verge of the maxi-
mum permissible. In addition, the lactose content is also
higher compared to other samples, which may be less
desirable when purchasing such a dairy product due to
heavy consumer tolerance. One of the main experiences
of the proposed new dairy products was the determina-
tion of microbiological indicators and safety. The results
are shown in Table 5.

Microbiological and safety indicators are important
for determining the quality and safety of food products,
in particular dairy products with the addition of vegeta-
ble raw materials. They must be controlled at all stages
of production and conditions must be created to prevent
the development of pathogenic microorganisms or the
ingress of harmful substances into the product. Analys-
ing the results obtained in the study, the indicators in
samples No. 2 and 3 are acceptable as required by law
and national standards. The number of mesophilic aero-
bic and facultative anaerobic microorganisms in sample
No. 1 exceeds the limit, which is unacceptable and such a

Table 3 Organoleptic characteristics of prototypes of a new dairy product

Indicator Sample 1

Sample 2

Sample 3

Appearance and texture

Colour

Smell and taste

Homogeneous, viscous, with slight gas
formation in the form of separate gas
bubbles

Pale blue, with characteristic inclusions
of added components

Sour milk, tart. Without extrane-
ous tastes and odours, with a slight
yeasty odour and additives present
in the product

Homogeneous, rare. No delamination
and parts of fat, no lumps and sediment

Uniform throughout the mass. Creamy
white with characteristic inclusions

of added components

Saturated, sweetish, corresponds

to the available additional components.
Free from foreign sweets and odours

Homogeneous, rare. Without clots
and flakes of protein and sediment

Light white, uniform, with characteristic
inclusions of added components

Pleasant, without extraneous sweets
and smells. Corresponds to the available
additives in the product
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Table 5 Microbiological and safety characteristics of proposed dairy products

No Indicator Sample 1 Sample 2 Sample 3

1 Pathogenic microorganisms in 25 cm? of product, including: Salmo- Not found
nella, L. monocytogenes

2 Staphylococcus aureus in 1 cm? of product Not found

3 Bacteria of the group of Escherichia coli (coliforms), in 0.1 g Not found

4 Number of mesophilic aerobic and facultative anaerobic microorgan-  2.18*10° 6.05%10" 7.15%10%
isms, (CFU/cm?)

5 Lead 0.02 0.01 0.007

6 Cadmium 0.02 0.009 0.0095

7 Mercury 0.0035 0.001 0.0001

8 Arsenic 0.02 0.01 0.009

product should not be used for human consumption. The
rest of the indicators are within the boundary.

One of the indicators of the expediency of develop-
ing new dairy products, including the use of plant com-
ponents, is the determination of the energy value and
nutritional value of the finished product. It was possible
to improve these indicators thanks to the combination of
dairy raw materials in various ratios and the use of veg-
etable raw materials, in particular, chia seeds, flax, nettle
shoots and freeze-dried cranberries (Shonte et al. 2020):
1) chia seeds contain fibre, protein, antioxidants, and
omega-3 fatty acids. The antioxidants in chia seeds
include chlorogenic acid, caffeic acid, and flavonoids like
quercetin. These compounds have anti-inflammatory and
antioxidant effects in the body; (2) flax seeds also contain
fibre, protein, and omega-3 fatty acids like alpha-linolenic
acid (ALA). They are rich in lignans like secoisolaricires-
inol diglucoside, which have antioxidant and phytoestro-
genic effects; (3) nettle shoots contain compounds like
flavonoids, polyphenols, minerals, and vitamins. Specific
bioactive components include quercetin, kaempferol, and
caffeic acid derivatives, which have antioxidant and anti-
inflammatory properties; (4) cranberries are high in poly-
phenol antioxidants like anthocyanins, proanthocyanins,
flavanols, and phenolic acids. Key compounds include
anthocyanins like cyanidin-3-galactoside and peonidin-
3-galactoside, which give cranberries antioxidant and
anti-inflammatory activities.

The characteristics were calculated per 100 g of the fin-
ished product (Table 6).

The energy value of the product directly depends on
the content of fat, protein and carbohydrates. Since in
prototypes No. 2 and 3 compared to sample No. 1, the
content of protein and fat is higher, hence the higher
caloric content and energy value of the finished prod-
uct — by 9% in sample No. 2 and by 18% in sample No. 3.
Thus, by combining raw materials, in particular cow’s and
mare’s milk in various proportions and adding additional

Table 6 Energy and nutritional value of 100 g of the finished

product

No Indicator Sample1 Sample2 Sample3
1 Energy value, kJ/kcal 280/66.9 305/72.9 330/789
2 Fats (of which saturated),g  1.9(0.8) 23(1.1) 2.5(1.25)
3 Carbohydrates, g 11.3 9.65 103

4 Sugar, g 5 44 4.1

5 Proteins, g 2.7 34 3.8

6 Salt?, g 0.1 0.1 0.1

2 Due exclusively to the natural content of NaOH

components, in this case herbal supplements, you can get
a finished dairy product of a given caloric content and
energy value, satisfying the needs of consumers.

Given the prospects for the production of dairy prod-
ucts, the constant demand of consumers for new types of
products, an increase in production volumes, it is neces-
sary to constantly provide producers with raw materials
— cow’s and mare’s milk. To find out whether it is possible
to use for the manufacture of products exclusively from
raw materials produced in the Republic of Kazakhstan,
statistical data on the number of cattle in the Republic of
Kazakhstan over the past four years were analysed. The
indicators of the number of livestock monthly were taken
into account, in which months there was the largest num-
ber of livestock and the average for the year (Fig. 1).

Figure 1 shows that there is an annual trend towards an
increase in the number of cattle kept. Therefore, for the
period from 2019 to 2022 inclusive, the number of live-
stock increased by an average of 1219 thousand heads per
year (15%). The smallest number of livestock in a certain
period was kept in January — 8264.2 thousand heads in
2022, which is 1040.2 thousand heads (14%) more than
in 2019, and the largest number was observed in May
— 10,073.3 thousand heads in 2022, which is by 2047.9
thousand heads (25%) more than in 2019 (Bureau of
National Statistics 2023). As for the number of horses
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that are kept, in particular, for obtaining milk for the pro-
duction of products, the data of the Bureau of State Sta-
tistics of the Republic of Kazakhstan (2023) are shown in
Fig. 2.

The analysis of information was carried out for the
period 2019-2022. Authors also determined the months,
in which there was the smallest and largest number of
animals kept. Given the data obtained, there has been
a significant increase in the number of horses in the
Republic of Kazakhstan over the past four years. In 2022,
the country’s farms numbered 3770.5 thousand heads,
which is 928.2 thousand heads (33%) more than in 2019.
Again, there is a tendency to reduce the number of ani-
mals in January, so in January 2022 there were 3423.2
thousand heads, which is 834.3 thousand heads (32%)
more than in the same period in 2019. The largest num-
ber of animals kept by farms was in May. In 2022, there
were 4110.4 thousand heads, which is 975.2 thousand
heads (31%) more than in 2019 (Bureau of National Sta-
tistics 2023). It was important to analyse the production
of cow’s milk in the Republic of Kazakhstan. The analysis
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Fig. 1 The number of cattle in the Republic of Kazakhstan, thousand heads

January (lowest number)
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2021 2022

B May (highest number)

compares how much milk production has changed dur-
ing 2019-2022, as well as in which months more and less
milk was produced (Fig. 3).

Despite the fact that the largest number of livestock
was kept in May, the largest milk production was noted
in June of each analysed year. The least milk was received
in January, with the least number of kept cattle. In gen-
eral, the production of cow’s milk in 2022 amounted to
539.9 thousand tons, which is 54.9 thousand tons (11.3%)
more than in 2019. At the same time, the number of live-
stock increased by 15% over the same period. In January
2020, milk production was the lowest in a year — 259.3
thousand tons, which is 20.6 thousand tons (9%) more
than in 2019. The largest amount of milk produced was
in June — in 2022 it was 889.2 thousand tons, which is
63.9 thousand tons (8%) more than in 2019 (Bureau of
National Statistics 2023). The retail trade in dairy prod-
ucts and eggs in the Republic of Kazakhstan over the past
7 years, from 2015 to 2021, was also analysed. In view
of the fact that the number of animals, from which raw
materials were obtained, and cow’s milk produced has

0

2021 2022

® May (highest number)

Fig. 2 The number of horses in the Republic of Kazakhstan, thousand heads



Iztileuov et al. Food Production, Processing and Nutrition (2024) 6:42

1000
900

2019 2020

Year average

January (lowest number)

Page 8 of 12

800
700
600
500
400
300
200
100

0

2021 2022

® May (highest nimber)

Fig. 3 Production of cow’s milk in the Republic of Kazakhstan, thousand tons

systematically increased in recent years, the profit from
the sale of raw materials or value-added processed prod-
ucts should also increase. The results of the analysis of
statistical information are presented in Fig. 4.

During 2015-2020, there is a significant increase in
the volume of retail sales of dairy products and eggs.
So, at the end of 2020, the increase amounted to KZT
281143.7 million, or 131%. If we compare the volume of
retail trade in 2021 with 2015, then the increase was by
KZT 213522.7 million or 96%. For the period 2020-2021,
there is a slight decrease — by KZT 67.621 million or 16%.
There was a smaller volume of retail trade in dairy prod-
ucts and eggs in the Republic of Kazakhstan. This may be
influenced by a number of factors, including the impact
of the COVID-19 pandemic, the political situation in the
Asian region, low subsidies and reimbursements to farm-
ers and producers. The data for the analysis of the situ-
ation for 2022 has not yet been released by the Bureau

2021
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o
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of State Statistics (2023), but it is expected to control the
situation and prevent a decrease in indicators.

Discussion

India is one of the largest milk producers in the world,
and the country is also seeing a growing market for milk
and dairy products. As noted in the article by Kumar
(2020), the demand for dairy products began to increase
with the increase in the income level of the population.
But relative to the increase in these indicators, the pro-
ductivity of dairy animals remains low, which hinders
the expansion of trade in dairy products on the inter-
national market. It also describes the issues of improv-
ing the domestic market, competitiveness in the foreign
market, and the introduction of advanced technologies
in the manufacturing industry. In their paper, scientists
Pilvere et al. (2020) explored the development opportu-
nities for dairy farms of various sizes in Latvia over the

400000 500000 600000

W Volume
Fig. 4 Volume of retail trade in dairy products and eggs in the Republic of Kazakhstan, KZT million
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next 30 years due to the increase in the world’s popula-
tion, as well as different levels of income. Thus, Latvia has
a tendency to reduce the number of dairy cows, but at the
same time to increase milk production, which indicates
an improvement in the productivity of animals in general.

Even the largest producers in the world do not have a
large share of the international market due to the poor
quality and safety of milk as well as products made from
it. Srivastava et al. (2020) examined the attitude of dairy
farmers towards pure milk production practices, as well
as the implementation of measures to improve local pro-
duction in the field of hygiene and product safety. In turn,
Kazakhstan experiences an increase in the number of
cattle, horses, and, accordingly, the production of milk.
Although there are still some obstacles to competition in
the world market, in particular, compliance with interna-
tional and regional standards for the quality and safety of
dairy raw materials, mechanization of the production of
the dairy industry, the introduction of outdated technol-
ogies in production and personnel responsibility (Asan-
galieva et al. 2015).

Dairy products during production and processing
must be constantly monitored for microbial spoilage to
ensure their quality and safety throughout the supply
chain (Kukhtyn et al. 2020). The shelf life of milk, and
therefore the quality and safety of the product, depends
on its initial microbial load, the type and distribution of
microbes, and how well these microbes can grow under
specific storage conditions (Musiy et al. 2017). Ziyaina
et al. (2020) review new methods for testing dairy prod-
ucts that are fast, reliable, and provide a comprehensive
understanding of the microbial status of foods. Also, the
application of these techniques can open up new mar-
kets for dairy products and reduce overhead costs. The
development of new dairy products using vegetable raw
materials requires fast, sensitive, cost-effective qual-
ity assessment technologies (Kairbayeva et al. 2022). In
the course of this paper, it was investigated that micro-
biological safety is important in the production of dairy
products. Thus, in one of the studied samples, an excess
of mesophilic aerobic and facultative anaerobic microor-
ganisms was found, and the amount of some heavy met-
als is within the maximum allowable limit.

In their studies, Teichert et al. (2020) determined the
stability and colour change in fermented mare’s milk and
fermented cow’s milk drinks. After all, colour, like the
appearance of the product, is important for the consumer
(Honchar et al. 2022). Research has focused on colour
change during production and storage. Compared with
fermented cow’s milk, lower colour stability of mare’s
milk during production and storage was observed. The
determined colour parameters (L* a* b*) and calcu-
lated values (WI, C*, YI) found that the mare’s milk in
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the composition of the mixed milk product or the dairy
product only from mare’s milk is less white, although
the saturation of the C* indicator was higher. In this
study, among the three proposed ratios of raw materi-
als, the colour of the future dairy product was also taken
into account. It was determined that a higher amount of
mare’s milk negatively affects the colour of the finished
product, and such a sample received the lowest score in
the organoleptic study.

The results of experimental studies by scientists Hsu
et al. (2021) prove the positive effect of nutritional sup-
plementation of mare’s milk powder to increase physi-
cal strength and endurance. Studies also did not reveal
gross anomalies or visible lesions in various tissues and
organs. In addition, they claim that there is no risk to
the health of the body when using such a supplement. In
their paper, the scientists also note that Mongolian mare’s
milk can be used as a supplement to meet some of the
basic nutritional and health needs. They also recommend
supplementing mare’s milk powder to combat fatigue and
increase endurance. The resulting dairy product in the
course of this research, depending on the technological
task, is characterized by a higher or lower content of fat,
protein, lactose, and can also be more high-calorie and
with a higher energy value, which is important for con-
sumers who need it.

Teichert et al. (2021) determined that milk from Polish
mare’s milk from a typical dairy farm is a source of many
ingredients that may be important for the intended use.
It has been studied that in the process of production and
fermentation, the amount of phenylalanine, lysine, iso-
leucine, aspartic acid, alanine in such milk increases, as
well as there are more free amino acids than in the milk
of other farm animals. Also, during fermentation, the
amount of tryptophan increases by almost 25%. Fermen-
tation does not affect the final content of riboflavin and
cobalamin in the finished product (Nagovska et al. 2018).
Xia et al. (2020) studied the fermentation of mare’s milk
for processing it into koumiss. During the study using the
metabolic method based on UPLC-Q-TOF-MS (ultra-
high performance liquid chromatography with quadru-
pole time-of-flight mass spectrometry), 354 metabolites
were identified, of which 61 were activated, and 105 were
reduced. As a result of their work, scientists determined
that many useful functional compounds are formed in
koumiss during the fermentation of mare’s milk, depend-
ing on the metabolism of the initial microbial flora
(Abzhanova et al. 2022).

The technologies of innovative functional food prod-
ucts using cranberry puree and cranberry juice as addi-
tives with hypolipidemic, hypoglycemic and coagulative
properties were also studied. With the help of cranberry
juice, approaches were developed to enrich the protein
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matrix of coagulant albumin. Cranberry puree was used
as a coagulant in milk protein concentrates (Deinych-
enko et al. 2020; Stephanova et al. 2021). Scientists have
studied nettle (Urtica dioica L.) for the content of use-
ful, medicinal substances and the prospects for use in
human life, including in the food industry. For example,
the leaves, stem, roots of nettles contain high amounts
of fibre, minerals, vitamins and antioxidant compounds
such as polyphenols and carotenoids, as well as antioxi-
dant compounds such as polyphenols and carotenoids
(Medvedkov et al. 2021; Topchii et al. 2021). In addi-
tion, nettle has anti-proliferative, anti-inflammatory,
antioxidant, analgesic, anti-infective, antihypertensive,
and anti-ulcer properties (Bhusal et al. 2022; Subba &
Pradhan 2022). In their paper, the authors draw atten-
tion to the fact that there is a growing demand for food
products, including dairy products with high biological
activity, as well as ingredients that can enrich ordinary
products. They researched yogurts with bioactive com-
pounds using chia seeds and their antioxidant properties.
Chia seeds were characterized by a high content of bio-
active compounds, namely polyphenols and flavonoids.
All analysed seed extracts showed a high ability to inac-
tivate stable radicals and prooxidant iron chelate ions
(Druzynska et al. 2021).

Melo et al. (2019) and Kulczyniski et al. (2019) also stud-
ied the qualitative composition and nutritional param-
eters of chia seeds. According to them, the seeds contain
fat from 20 to 34%, among polyunsaturated fatty acids
a-linolenic (60%) and linoleic (20%) acids, a high level of
protein — from 16 to 26%, as well as dietary fibre — from
23% up to 41%. As the authors note, due to the lack of
gluten, these seeds are suitable for patients with celiac
disease. Also, experimental studies have confirmed their
hypotensive, hypoglycaemic, antimicrobial and immu-
nostimulant effects, and due to the ability of chia seeds to
absorb water and form gels, they can be used in the food
industry as a replacement for emulsifiers and stabilizers.
The use of plant components (chia, flax, nettle, cran-
berry) in the production of dairy products makes it possi-
ble to enrich the product with minerals, vitamins, amino
acids of natural origin, not to use synthetic thickeners,
dyes, flavours and taste improvers, as well as to avoid the
use of sugar or sweeteners (Gutyj et al. 2017). In general,
the analysis of materials and studies of specialists in this
field confirm the feasibility and rationality of the develop-
ment of dairy products using plant-derived components
from the proposed raw materials and its combination, as
well as their advantage over conventional dairy products.

The research gap in this study concerns the require-
ment for additional exploration and enhancement in
multiple crucial parts of combined dairy product devel-
opment. Although the study extensively evaluated
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quality, safety, and nutritional attributes, there is still
scope for more in-depth examination of optimal for-
mulation ratios, long-term product stability, consumer
acceptance, health effects, environmental sustainability
considerations, cost-effectiveness, processing methods,
and market feasibility. Investigating these gaps would not
only improve our comprehension of the possibilities of
mixing cow’s and mare’s milk with vegetable-origin fillers
in dairy products, but also enable the creation of inven-
tive, trade-ready options that coincide with changing
consumer demands and industry sustainability targets.

Conclusions

The research involved a thorough assessment of cow’s
and mare’s milk raw materials, including organoleptic,
physicochemical, and microbiological analyses. Nota-
ble differences in organoleptic indicators were observed,
particularly in colour, with cow’s milk appearing light
white and mare’s milk having a white-blue tint. Other
organoleptic indicators were largely similar. Mare’s milk
exhibited lower protein and fat content, while cow’s milk
had lower SOMO and lactose levels. Importantly, harm-
ful and pathogenic microorganisms were not detected in
either type of milk.

The evaluation of finished dairy products, incorporat-
ing different ratios of milk raw materials and vegetable
supplements, yielded valuable insights. Sample No. 1 did
not meet the intended expectations, suggesting that the
ratio of 45% mare’s milk, 45% cow’s milk, and 10% herbal
supplements is not suitable for dairy product production.
Sample No. 2 emerged as the most promising, with supe-
rior organoleptic qualities. Sample No. 3 also showed
favourable results, albeit with minor variations in colour,
taste, and odour. Based on physicochemical analyses, it is
evident that Sample No. 2 is suitable for consumers seek-
ing a dairy product with lower fat and lactose content,
whereas Sample No. 3 is rich in protein and fat. Sample
No. 1 fell short of meeting the study’s predefined criteria,
indicating issues with its formulation and production.

Microbiological and safety assessments of Samples
No. 2 and 3 demonstrated compliance with established
standards. However, Sample No. 1 exceeded the allow-
able limits for mesophilic aerobic and facultative anaer-
obic microorganisms, highlighting deficiencies in its
formulation and production process. Furthermore, the
calculation of energy and nutritional values revealed
that the new dairy products developed from cow’s and
mare’s milk, specifically Sample No. 2 (low fat, low lac-
tose, low calorie) and Sample No. 3 (high calorie, high
fat, high protein), offer distinct options for consumers.
The inclusion of plant-based components such as chia
seeds, flax, nettle shoots, and freeze-dried cranberries
has significantly improved the chemical and biological
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composition of these products, enhancing their taste
properties and overall organoleptic characteristics.

This article significantly contributes to the field of
dairy product development by introducing an innova-
tive approach that combines cow’s and mare’s milk with
plant-based fillers, expanding the range of dairy options
available to consumers. Through rigorous quality and
safety assessments, it ensures that the newly developed
dairy products meet stringent industry standards. Fur-
thermore, the proposal of future research directions,
such as exploring antioxidant properties and assess-
ing the impact on stomach microflora, underscores the
forward-thinking nature of the study and its poten-
tial contributions to the broader field of dairy product
development.

Abbreviations

UHT Ultra-high temperature
SOMO  Dry skim dairy residue
CFU Colony forming units
ALA Alpha-linolenic acid

Acknowledgements
Not applicable.

Authors’ contributions

Ml and AO conceived the ideas of the study; FD and ZS conceived the

ideas for the analysis; FD and GZ performed the analyses; and ZS wrote the
manuscript; FD, Ml and AO were major contributors in writing the manuscript
and all other authors commented on the manuscript. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed using animals were revised and approved by the
Scientific Committee of Ethics of the Department of Technology of Food Prod-
ucts at the Almaty Technological University, Aimaty, Republic of Kazakhstan.

Consent for publication
Not applicable.

Competing interests
There is no conflict of interest.

Author details

"Faculty of Food Technology, Almaty Technological University, 050012 Almaty,
Republic of Kazakhstan. “Kazakh Research Institute of Processing and Food
Industry, 050060 Almaty, Republic of Kazakhstan. *Department of Technology
of Food Products, Almaty Technological University, 050012 Almaty, Republic
of Kazakhstan. “Department of Technology and Design, Korkyt Ata Kyzylorda
University, 120014 Kyzylorda, Republic of Kazakhstan. *Department of Tech-
nology and Standardization, Kazakh University of Technology and Business,
010000 Astana, Republic of Kazakhstan.

Page 11 of 12

Received: 4 September 2023 Accepted: 2 December 2023
Published online: 06 May 2024

References

Abzhanova, S., Zhaksylykova, G, Kulazhanov, T, Baybolova, L., & Nabiyeva, Z.
(2022). Application of functional ingredients in canned meat production.
Food Science and Technology (Brazil),42, e61122. https://doi.org/10.1590/
fst.61122

Aimen, A.T,, Moldasheva, A. B, Dossymova, O, Zh., Atasheva, D. O, &
Aimenova, S. A. (2022). Current status of dairy products in Republic of
Kazakhstan. Open Journal of Business and Management, 10(5), 2432-2441.
https://doi.org/10.4236/0jbm.2022.105122

Akhmedyarov, Y., Kurmanov, N, Petrova, M., Iskendirova, S., Ashimova, |, &
Akzhanova, G. (2023). A sustainable dairy industry in Kazakhstan. Enter-
prises'insights upon environment management and innovation. Journal
of Environmental Management and Tourism, 14(3), 856-865. https://doi.
0rg/10.14505/jemt.v14.3(67).23

Asangalieva, Z,, Iztaev, A. |, Shaimerdenova, D. A, & Abzhanova, S. A. (2015).
Kazakhstan wheat as raw material for deep processing. Research Journal
of Pharmaceutical Biological and Chemical Sciences,6(6), 931-934.

Bhusal, K. K, Magar, S. K, Thapa, R, Lamsal, A, Bhandari, S, Maharjan, R, &
Shrestha, J. (2022). Nutritional and pharmacological importance of sting-
ing nettle (Urtica dioica L): A review. Heliyon,8(6), €09717. https://doi.org/
10.1016/j.heliyon.2022.e09717

Bureau of National Statistics. (2023). Industry statistics: statistics of industrial
production. https://stat.gov.kz/en/industries/business-statistics/stat-indus
trial-production/

Cais-Sokolinska, D, Teichert, J,, & Gawatek, J. (2023). Foaming and other func-
tional properties of freeze-dried mare’s milk. Foods,12(11), 2274. https://
doi.org/10.3390/foods 12112274

Deinychenko, G., Zolotukhina, I, Skrynnik, V., Deinychenko, L., & Kravchenko,
T.(2020). Biological value of protein of culinary products based on milk-
protein concentrate. EUREKA: Life Sciences,3, 31-37. https://doi.org/10.
21303/2504-5695.2020.001287

Druzyriska, B., Wotosiak, R, Grzebalska, M., Majewska, E., Ciecierska, M., &
Worobiej, E. (2021). Comparison of the content of selected bioactive
components and antiradical properties in yoghurts enriched with chia
seeds (Salvia hispanica L) and chia seeds soaked in apple juice. Antioxi-
dants, 10(12), 1989. https://doi.org/10.3390/antiox 10121989

Fusco, V., Chieffi, D, Fanelli, F, Logrieco, A. F, Cho, G. S, Kabisch, J, ... Franz, C.
M. A. P. (2020). Microbial quality and safety of milk and milk products in
the 21st century. Comprehensive Reviews in Food Science and Food Safety,
19(4), 2013-2049. https://doi.org/10.1111/1541-4337.12568

Geiselhart, S., Podzhilkova, A, & Hoffmann-Sommergruber, K. (2021). Cow's
milk processing — friend or foe in food allergy? Foods, 10(3), 572.

Gutyj, B, Hachak, Y, Vavrysevych, J., & Nagovska, V. (2017). The influence of
cryopowder garbuz on the technology of curds of different fat content.
Eastern-European Journal of Enterprise Technologies,2(10-86), 20-24.

Honchar, V., lakubchak, O, Shevchenko, L., Midyk, S., Korniyenko, V., Kondratiuk,
V., Rozbytska, T, Melnik, V., & Kryzhova, Y. (2022). The effect of astaxanthin
and lycopene on the content of fatty acids in the yolks of chicken eggs
under different storage regimes. Potravinarstvo Slovak Journal of Food
Sciences, 16, 473-489.

Hsu, Y. J, Jhang, W. L, Lee, M. C, Bat-Otgon, B., Narantungalag, E., & Huang,

C. C.(2021). Lactose-riched Mongolian mare’s milk improves physical
fatigue and exercise performance in mice. International Journal of Medical
Sciences, 18(2), 564.

Kairbayeva, A, Tlevlessova, D., Imanbayev, A, Mukhamadiyeva, K, & Mateyev,
Y. (2022). Determining optimal technological modes for pressing oil
from melon seeds to justify rational engineering and structural solutions.
Eastern-European Journal of Enterprise Technologies,2(11-116), 12-22.

Kaliyeva, S., Areal, F. J., & Gadanakis, Y. (2021). Would Kazakh citizens support a
milk co-operative system? Agriculture,11(7), 642. https://doi.org/10.3390/
agriculture 11070642

Kukhtyn, M., Salata, V., Berhilevych, O., Malimon, Z, Tsvihun, A, Gutyj, B, &
Horiuk, Y. (2020). Evaluation of storage methods of beef by microbio-
logical and chemical indicators. Potravinarstvo Slovak Journal of Food
Sciences, 14, 602-611.


https://doi.org/10.1590/fst.61122
https://doi.org/10.1590/fst.61122
https://doi.org/10.4236/ojbm.2022.105122
https://doi.org/10.14505/jemt.v14.3(67).23
https://doi.org/10.14505/jemt.v14.3(67).23
https://doi.org/10.1016/j.heliyon.2022.e09717
https://doi.org/10.1016/j.heliyon.2022.e09717
https://stat.gov.kz/en/industries/business-statistics/stat-industrial-production/
https://stat.gov.kz/en/industries/business-statistics/stat-industrial-production/
https://doi.org/10.3390/foods12112274
https://doi.org/10.3390/foods12112274
https://doi.org/10.21303/2504-5695.2020.001287
https://doi.org/10.21303/2504-5695.2020.001287
https://doi.org/10.3390/antiox10121989
https://doi.org/10.1111/1541-4337.12568
https://doi.org/10.3390/agriculture11070642
https://doi.org/10.3390/agriculture11070642

Iztileuov et al. Food Production, Processing and Nutrition (2024) 6:42

Kulczyniski, B., Kobus-Cisowska, J., Taczanowski, M., Kmiecik, D., & Gramza-
Michatowska, A. (2019). The chemical composition and nutritional value
of Chia seeds - current state of knowledge. Nutrients, 11(6), 1242.

Kumar, S. M. (2020). Milk production sector in India: Analysis of trend and pat-
tern. Productivity,61(2), 236-249.

Medvedkov, Y, Nazymbekova, A, Tlevlessova, D., Shaprov, M., & Kairbayeva, A.
(2021). Development of the juice extraction equipment: Physico-math-
ematical model of the processes. Eastern-European Journal of Enterprise
Technologies, 1(11-109), 14-24.

Melo, D., Machado, T. B., & Oliveira, M. B. P. P. (2019). Chia seeds: An ancient
grain trending in modern human diets. Food & Function, 10(6), 3068-3089.
https://doi.org/10.1039/c9f00023%a

Musaev, A, Sadykov, S., Anambayeva, A, Saizhanova, M., Balkanay, G., & Kilbaev,
M. (2021). Mare’s milk: Composition, properties, and application in medi-
cine. Archives of Razi Institute, 76(4), 1125-1135.

Musiy, L, Tsisaryk, O, Slyvka, I, Mykhaylytska, O., & Gutyj, B. (2017). Research
into probiotic properties of cultured butter during storing. Eastern-Euro-
pean Journal of Enterprise Technologies,3(11-87), 31-36.

Nagovska, V. Hachak, Y, Gutyj, B., Bilyk, O, & Slyvka, N. (2018). Influence of
wheat bran on quality indicators of a sour milk beverage. Eastern-Euro-
pean Journal of Enterprise Technologies,4(11-94), 28-34.

Pilvere, I, Nipers, A, Krievina, A, & Upite, I. (2020). Development prospects of
milk production in various size farm groups in Latvia. Proceedings of the
19th International Scientific Conference “Engineering for rural development”
(pp. 20-22). Jelgava: Engineering for Rural Development. https://doi.org/
10.22616/ERDev.2020.19.TF172

Sarsembayev, K. S,, Sinyavskiy, Y., & Ibraimov, Y. S. (2021). Use of powdered
mare’s milk in the production of specialized sports nutrition products.
Experimental Biology, 1(86), 78-87. https://doi.org/10.26577/eb.2021.v86.
i1.07

Shahini, E, Luhowyi, S., Kalynychenko, H., Starodubets, O, & Trybrat, R. (2023).
Rational use of oilseed waste to increase dairy productivity. International
Journal of Environmental Studies,80(2), 442-450. https://doi.org/10.1080/
00207233.2022.2147727

Shonte, T.T, Duodu, K. G, & de Kock, H. L. (2020). Effect of drying methods on
chemical composition and antioxidant activity of underutilized stinging
nettle leaves. Heliyon,6(5), e03938. https://doi.org/10.1016/j.heliyon.2020.
03938

Soltanzadeh, M., Peighambardoust, S. H., Gullon, P, Hesari, J., Gullén, B,
Alirezalu, K, & Lorenzo, J. (2022). Quality aspects and safety of pulsed
electric field (PEF) processing on dairy products: A comprehensive
review. Food Reviews International,38(1), 96-117. https://doi.org/10.1080/
87559129.2020.1849273

Srivastava, S. S., Kadian, K. S., & Mandi, K. (2020). An analysis of perception of
dairy farmers regarding clean milk production in the national capital
region (NCR). International Journal of Farm Sciences, 10(2), 13-17. https://
doi.org/10.5958/2250-0499.2020.00027.0

ST RK 1732-2007 “Milk and dairy products. Organoleptic method for determin-
ing quality indicators”. (2007). Retrieved from: https://online.zakon.kz/
Document/?doc_id=31070321&pos=1;34#pos=1;34

ST RK 1733-2015 "Milk and dairy products. General specifications”. (2015).
Retrieved from: https://online.zakon.kz/Document/?doc_id=32459980

ST RK 1734-2007 “Milk and dairy products. Acceptance rules and test meth-
ods”. (2007). Retrieved from: https://online.zakon.kz/Document/?doc_id=
31683701

ST RKISO 707-2011 (2012). “Milk and dairy products. Guidance on sampling”.
Retrieved from: https://files.stroyinf.ru/Index2/1/4293740/4293740031.
htm

Stephanova, I. L, Kropacheva, E. V., Klimenkova, A.Y, Perova, I. B, Rylina, E. V., &
Mazo, V. K. (2021). The production of food-grade protein matrix enriched
with polyphenolic compounds from cranberry. [OP Conference Series:
Earth and Environmental Science,640, 022089. https://doi.org/10.1088/
1755-1315/640/2/022089

Subba, S, & Pradhan, K. (2022). A comprehensive review on common plants
with remarkable medicinal properties: Urtica dioica. Journal of Medicinal
Plants, 10(6), 87-91. https://doi.org/10.22271/plants.2022.v10.i6b.1492

Technical regulation of the Customs Union 033/2013 (2013).“On the safety of
milk and dairy products”. Retrieved from: https://snund.am/public/stora
ge/uploads/texnikakan_kat_1656664739.pdf

Teichert, J,, Cais-Sokolinska, D, Bielska, P, Dankéw, R, Chudy, S., Kaczynski, £K,,
& Biegalski, J. (2021). Milk fermentation affects amino acid and fatty acid

Page 12 of 12

profile of mare milk from Polish coldblood mares. International Dairy
Journal,121,105137. https;//doi.org/10.1016/jidairyj.2021.105137

Teichert, J,, Cais-Sokolinska, D.,, Dankoéw, R, Pikul, J, Chudy, S., Bierzunska, P,

& Kaczynski, L. K. (2020). Colour stability of fermented mare’s milk and a
fermented beverage from cow’s milk adapted to mare’s milk composi-
tion. Foods,9(2), 217. https://doi.org/10.3390/foods9020217

Topchii, O, Kotliar, Y, Pasichnjy, V., Shevchenko, |, Tymchuk, A, Kryzhova, Y.,
Petryna, A, & Nadiia, D. (2021). Antioxidant effect of fat-soluble rosemary
and green tea extracts on storage period prolongation of meat paste.
Journal of Hygienic Engineering and Design,33, 1-11.

Tultabayeva, T. C, Zhumanova, U. T, Tultabayev, M. C,, & Shoman, A. K. (2022).
Research of qualitative indicators of mare’s milk in farms of Almaty region.
Journal of Aimaty Technological University,3, 87-94. https://doi.org/10.
48184/2304-568X-2022-3-87-94

Wu, X, Lu, Y, Xu, H,, Lv, M., Hu, D, He, Z,, & Feng, Y. (2018). Challenges to
improve the safety of dairy products in China. Trends in Food Science &
Technology,76, 6-14. https://doi.org/10.1016/tifs.2018.03.019

Xia, Y., Yu, J,, Miao, W,, & Shuang, Q. (2020). A UPLC-Q-TOF-MS-based metabo-
lomics approach for the evaluation of fermented mare’s milk to koumiss.
Food Chemistry,320, 126619. https://doi.org/10.1016/j.foodchem.2020.
126619

Ziyaina, M., Rasco, B, & Sablani, S. S. (2020). Rapid methods of microbial detec-
tion in dairy products. Food Control, 110, 107008. https://doi.org/10.1016/j.
foodcont.2019.107008

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1039/c9fo00239a
https://doi.org/10.22616/ERDev.2020.19.TF172
https://doi.org/10.22616/ERDev.2020.19.TF172
https://doi.org/10.26577/eb.2021.v86.i1.07
https://doi.org/10.26577/eb.2021.v86.i1.07
https://doi.org/10.1080/00207233.2022.2147727
https://doi.org/10.1080/00207233.2022.2147727
https://doi.org/10.1016/j.heliyon.2020.e03938
https://doi.org/10.1016/j.heliyon.2020.e03938
https://doi.org/10.1080/87559129.2020.1849273
https://doi.org/10.1080/87559129.2020.1849273
https://doi.org/10.5958/2250-0499.2020.00027.0
https://doi.org/10.5958/2250-0499.2020.00027.0
https://online.zakon.kz/Document/?doc_id=31070321&pos=1;34#pos=1;34
https://online.zakon.kz/Document/?doc_id=31070321&pos=1;34#pos=1;34
https://online.zakon.kz/Document/?doc_id=32459980
https://online.zakon.kz/Document/?doc_id=31683701
https://online.zakon.kz/Document/?doc_id=31683701
https://files.stroyinf.ru/Index2/1/4293740/4293740031.htm
https://files.stroyinf.ru/Index2/1/4293740/4293740031.htm
https://doi.org/10.1088/1755-1315/640/2/022089
https://doi.org/10.1088/1755-1315/640/2/022089
https://doi.org/10.22271/plants.2022.v10.i6b.1492
https://snund.am/public/storage/uploads/texnikakan_kat_1656664739.pdf
https://snund.am/public/storage/uploads/texnikakan_kat_1656664739.pdf
https://doi.org/10.1016/j.idairyj.2021.105137
https://doi.org/10.3390/foods9020217
https://doi.org/10.48184/2304-568X-2022-3-87-94
https://doi.org/10.48184/2304-568X-2022-3-87-94
https://doi.org/10.1016/j.tifs.2018.03.019
https://doi.org/10.1016/j.foodchem.2020.126619
https://doi.org/10.1016/j.foodchem.2020.126619
https://doi.org/10.1016/j.foodcont.2019.107008
https://doi.org/10.1016/j.foodcont.2019.107008

	Quality and safety of new types of dairy products based on cow’s and mare’s milk with vegetable additives
	Abstract 
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


