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1 Introduction
Camel belongs to the family Camelidae in the request 

Artiodactyla. There are two types of camels, the Bactrian 
two humped camel (Camelus bactrianus) and the Arabian or 
dromedary one humped camel (Camelus dromedarius). Camel’s 
milk is an important part of staple diet in several parts of the 
world, particularly in the arid and semi-arid zones (Swelum et al., 
2021). Camel milk so called white gold of the desert is more 
similar to human milk than any other milk and differs from 
other ruminant milk because it contains low cholesterol, low 
sugar, high minerals (sodium, potassium, iron, copper, zinc 
and magnesium), high vitamin C, protective proteins like 
as lactoferrin, lactoperoxidase, immunoglobulins, lysozyme 
(Yadav et al., 2015; Akan, 2021).

Camel milk is generally opaque-white. It has a sweet and 
sharp taste, but sometimes can also be salty. The changes in taste 
are caused by the type of fodder and availability of drinking 
water. The pH of camel milk ranges from 6-5 to 6-7 with an 
average value of 6.56, and the density from 1.025 to 1.032 with 
an average of 1.029. Both values are lower than those of cows’ 
milk (Farah, 1993). Camel milk is unique containing various 
protective proteins like lysozyme, lactoferrin, lactoperoxidase, 
immunoglobulins which exert antioxidatives, antibacterial, 
antiviral, antifungal, hypoglycaemic, antiparasitic, growth 
promotion, aging prevention, autoimmune diseases and anti-
tumor activity (Kula & Tegegne, 2016; Wajahat  et  al., 2022). 

Total protein of camel’s milk varies from 2.15 to 4.90%. Camel’s 
and cow’s milk have similar content of casein (αs1, αs2, β, and 
κ-casein), but they differ in the content of whey proteins. Thus, 
casein to whey proteins ratio in cow’s milk is higher than that of 
camel’s milk. This affects the firmness of coagulum, and camel’s 
milk forms softer gel than cow’s milk (Park et al., 2013).

The fat content in camel’s milk varies in a fairly wide range, 
which depends on the species, season, forage, individual and 
other factors (Shingisov et al., 2015). The fat content ranges from 
1.2 to 4.5% (Kumar et al., 2016). However, authors (Park et al., 
2013) reported that the content of fat in camel’s milk may reach 
up to 6.4%, and its profile is characterized with the presence of 
unsaturated and long chain fatty acids at higher amounts. This 
assists in lowering the level of lipids in human serum. The content of 
long-chain fatty acids is 9299%, and the percentage of unsaturated 
acids is 35-50% (Izadi et al., 2019). These structural differences 
impart “waxy texture” to the camel’s milk fat. The lower content 
of carotene makes the color of camel’s milk whiter compared 
to cow’s milk (Kumar et al., 2016). In addition, the content of 
ascorbic acid is higher in camel’s milk. Therefore, it can extend 
the shelf-life of its products and increase its antioxidant and 
antiradical abilities (Izadi et al., 2019).

Camel milk is rich source of various minerals like Na, K, Ca, 
P Mg Fe, Zn, Cu are present in camel milk (Onjoro et al., 2006; 
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Adlerova et al., 2008). The mean values for zinc, manganese, 
magnesium, iron, sodium, potassium and calcium in mineral 
contents of dromedary camel milk (100 g-1) are 0.53, 0.05, 
10.5, 0.29, 59, 156 and 114 mg respectively (Abbas et al., 2013). 
The concentrations of mineral salts and vitamins in camel’s 
milk depend on breed, feed, water intake, and stage of lactation. 
Besides, camel’s milk contains higher concentration of vitamin 
C and niacin compared to cow’s milk. But it is deficient in B1, 
B2 and A vitamins, pantothenic acid and folic acid. Both camel’s 
and cow’s milk have almost the same content of vitamins B6 and 
B12 (Kumar  et  al., 2016). In connection with the numerous 
advantages of camel milk, compared to cow’s milk, it may 
become more popular in the market in the future. It is also 
important that camels are unpretentious in maintenance, which 
makes their by-product even more economically profitable 
(Mohamed et al., 2022).

Camel milk and fermented milk products prepared from it 
are easily digestible and therefore natural for the human body. 
Camel milk protein is dominated by immunoglobulin - the 
record holder for the amount of lactoferrin, which has therapeutic 
antioxidant, anticarcinogenic and immunostimulating properties 
that protect the human body from pathogenic bacteria and viruses. 
Doctors recommend this milk in the treatment of diseases of 
the gastrointestinal tract, liver, pancreas (Zouari et al., 2020; 
Ebrahimi et al., 2021).

On average camel milk contains 81.4-87% water, 10.4% dry 
matter, 1.2-6.4% milk fat, 2.15-4.90% protein, 1.63-2.76% casein, 
0.65-0.80% whey protein, 2.90-5.80% lactose and 0.60-0.90% 
ash (Brezovečki et al., 2015). The main composition of camel 
milk (in g/100 mL) according to the data in the literature was 
3.82 ± 1.08 for fat matter, 3.35 ± 0.62 for total protein, 4.46 ± 
1.03 for lactose, 12.47 ± 1.53 for dry matter and 0.79 ± 0.09 for 
ash (Konuspayeva et al., 2009). However, shelf life of raw camel 
milk is 8-9 h at 37 0C and more than a week at 4-6 0C. For the 
effective in preserving raw camel milk, Lactoperoxidase system in 
fresh camel milk can be activated within half an hr of the milking 
using various levels of thiocyanate and hydrogen peroxide up to 
18-20 h at 37 0C (Singh et al., 2017). Also, food fortification is 
one of the well-known public health interventions and one of the 
most effective methods in the preventing nutritional deficiencies 
(Alimardanova et al., 2015; Shingisov et al., 2016; Alibekov et al., 
2020; Alibekov et al., 2021; Zheleuova et al., 2021).

Another way to preserve a high-quality composition of 
dairy products for long time storage is a drying and obtaining 
of the milk powder. Milk powder results from extracting water 
content out of milk. The main purpose of converting milk into 
milk powder is to convert the liquid perishable raw material to 
a product that can be stored without substantial loss of quality, 
preferably for some years. Today, milk powder is usually made 
by spray-drying. Alternatively, the milk can be dried by drum 
(roller)-drying and freeze-drying. Freeze-drying preserves almost 
all the nutrients in milk but it is very expensive (Kalyankar et al., 
2016).

The greatest impact on the quality indicators of the resulting 
products within vacuum freeze-drying has a temperature of the 
product sublimation in the freeze-drying chamber (Shingisov et al., 
2015). In addition, the energy costs for drying it also depend on 

the numerical value of this temperature. Currently, among the 
researchers engaged in the drying processes, there is absent a 
consensus on the application of the lower limit of the sublimation 
temperature. For example, to preserve the initial content of the milk, 
the lower limit of the sublimation temperature in the sublimation 
chamber has been recommended in the range of since minus 
T = - 20 0C until minus T = -40 0C (Tastemirova et al., 2020).

It was considered that the initial quality of the dried milk 
can be achieved at the temperature range: t = -10...- 13 °C, 
where until 90-92% of water in milk are frozen, residual water 
content is not available for the spoilage of food or in remain, it 
will be 8% of water that has an insignificantly value (Shingisov 
& Alibekov, 2017). From the point of view of energy savings, 
lowering the minus temperature below t = -15 °С is economically 
disadvantageous. Therefore, in the case of using of vacuum – 
freeze drying process of cow milk and camel milk, the lower 
limit of the sublimation temperature, a temperature of -13 °C 
...- 15 °C is recommended. In our previous study it has been 
concluded that, at the minis temperature of t = -15 °C, more 
than 95% of the water consisted in cow’ and camel’ milks are 
frozen, and further reducing of temperature had monotonously 
insignificantly increasing behaviour of the freezing. Therefore, from 
the point of view of energy savings and maximum preservation 
of the initial qualities during the shelf-life of cow milk and camel 
milk, the optimal freezing temperature range is recommended 
(Tastemirova et al., 2019; Solanki et al., 2022).

The purpose the present work was to study the qualitative 
composition of reconstituted camel milk versus whole milk, 
by application the established lower limit of the sublimation 
temperature of t = -15 °C within vacuum sublimation drying 
process.

2 Materials and methods
2.1 Methodology of physicochemical and chemical indicators

Fresh whole camel milk from healthy and uninfected camels 
(Camelus dromedarius) was obtained from the “Gulmaira” peasant 
farm in the Ordabassy region, Turkestan oblast, Kazakhstan. 
The following definitions have been used: Whole milk is milk 
no fat removed and sometimes named as “regular milk” because 
the amount of fat in it has not been altered. Reconstituted milk 
products are the products resulting from addition of water to the 
dried or condensed form of product in the amounts necessary 
to re-establish the specified water/solids ratio (Tetra Pak Group, 
2021). Physicochemical indicators were studied by using the 
following standard analytical instruments and methods:

−	milk density was determined by using the hydrometer GOST 
18481-81 (USSR State Committee for Standards,1981);

−	mass fraction of fat was determined according to GOST 
5867-90 (USSR State Committee for Standards, 1991);

−	mass fraction of protein was determined according to GOST 
23327-98 (State Committee for the Russian Federation for 
Standardization and Metrology, 2000);
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−	solubility index, cm3 was determined according to GOST 
R ISO 8156-2010 (Federal Agency on Technical Regulating 
and Metrology, 2010);

−	mass fraction of ash was determined according to GOST 
54668-2011 (Federal Agency on Technical Regulating and 
Metrology, 2011);

−	mass fraction of moisture was determined according 
to GOST ISO 5537-2015 (Federal Agency on Technical 
Regulating and Metrology, 2015a);

−	titratable acidity was determined according to GOST ISO-
6091-2015 (Federal Agency on Technical Regulating and 
Metrology, 2015b);

−	active acidity pH was determined by using the “SCHOTT 
Instrument” Lab 850 ionomer (Germany);

−	content of mineral substances was studied by using Atomic 
Absorption Spectrometry (AAS);

−	quantitative content of amino acids was determined by using 
High Performance Liquid Chromatography (HPLC Waters, 
Alliance e2695, USA) based on the internal standards and 
single point calibration.

The composition of fatty acids was determined by gas 
chromatography on the Kristall-4000 gas-liquid chromatograph 
with a flame ionization detector and NetChrom software (GOST 
30418-96, State Committee for the Russian Federation for 
Standardization and Metrology, 1998), within interesterification 
of milk fat by methylate sodium in methanol. Separation of 
methyl esters was provided on the capillary column with a length 
30 m and internal diameter 0,25 mm, carrier gas – hydrogen was 
passed at the speed 40 mL/h. Separation was done on the polar 
stationary phase SUPELCOQAX-10 by increasing a temperature 
from 60 0C until 180 0C at the speed 20 0C per minute, maximal 
temperature in the column was 230 0C.

2.2 Methodology of camel milk drying and reconstitution 
from powdered camel milk

Before a freeze-drying process, camel milk was poured into 
metal plates (there used four units) sizes of 500 x 300 x 30 mm 
with a layer thickness of 3 ... 3.2 mm and frozen in the Midea 
HS-324 C refrigerating chamber at a temperature of -18 ÷ 
-20 °C within 24 h. Then, the plates with frozen samples were 
input to the sublimation chamber. Drying was carried out by a 
vacuum sublimation including a sublimation chamber unit that 
consists in a round heat-insulated body and a top, connected to 
a vacuum pump and a desublimator, as well as a refrigeration 
machine that provides cold to the sublimation chamber and 
a desublimator. The evaporator of the refrigeration machine 
was made in the form of a spiral of copper pipe and tightly 
wrapped around the entire outer surface of the sublimation 
chamber. The sublimation chamber has four sections for the 
plates’ installation (Tastemirova et al., 2019).

During the drying process, the air temperature and the 
residual pressure in the sublimation chamber are constantly 
were monitored. At the beginning of the experiment, the 
refrigeration machine was turned on and upon reaching the preset 

sublimation temperature of -15 °C, and then the vacuum pump 
was switched on. When the residual pressure in the sublimation 
chamber was reached value of P = 80-90 bar, the drying process 
was begun. The drying process stops after reaching the required 
moisture content of the product, the freeze-drying chamber was 
depressurized, the dried milk was unloaded and then subjected 
to the grinding.

Before a dissolving process, distillated water was heated 
up to T = 55... 60 °C. For a required amount of dried powder, 
a first part of water was filled in small portions and thoroughly 
mixed until the consistency of thick homogeneous slurry and 
further the remaining water was added. For completely dissolve 
of the solid particles, the resulting mixture is intensively mixed 
within 7-8 minutes by using a stirring device at a speed of 
3000 rpm, and then it was kept during 15 min with cooling to 
a temperature of 20-24 °C.

In the present work, the dry matter content of camel milk 
was taken as a criterion for the assessment. The content of dry 
matter in the investigated camel milk during the determination 
was 13%. This value is a normal in comparing to the known data 
(Tastemirova et al., 2020). And the moisture content of camel 
milk after drying was determined, and this indicator was 3.5%. 
To achieve the dry matter content in the initial camel milk, 
the amount of distilled water for recovery was determined by 
calculation as follows (Equation 1):

. .100 W 96.5
96.5 /13 7.4

c ∏− =

=
	 (1)

Thus, the reconstitution of dried camel milk by distilled 
water was carried out in a ratio of 1:7.4. This ratio is based on 
the standard amount of dry matter in camel milk. It was taking 
into account the fact that the dry matter content in camel milk 
was equal 13%.

3 Results and discussion

3.1 Physicochemical indicators

The physicochemical indicators of whole and reconstituted 
camel milk are shown in Table 1.

As can be seen from the data in Table  1, the main 
physicochemical indicators of camel milk reconstituted from 
a dry powder differ slightly from its whole milk. As a result 
of drying, in the composition of reconstituted camel milk, the 

Table 1. Physicochemical indicators of whole and reconstituted camel milk.

Name Whole camel 
milk

Reconstituted 
camel milk

Protein 3.81 3.79
Fat 4.53 3.75
Density 1029 1028
Acidity, оТ 18.0 18.0
рН 6.38 6.37
Solubility indicator, cm3, at T = 24 0С - 0.22
Ash 0.50 0.51



Food Sci. Technol, Campinas, 42, e61722, 20224

Freeze-drying of camel milk

mass fraction of fat decreases by 17.21%, and the mass fraction 
of protein decreases by 0.53% compared to whole milk. The rest 
variations of reconstituted camel milk are insignificant, or less 
than 0.1% compared to whole camel milk. Based on the study 
results of the physicochemical indicators, it can be concluded 
that after vacuum freeze drying of camel milk at a temperature 
of -15 °C is available insignificant variation.

The amino acid composition of whole camel milk and 
reconstituted camel milk was studied by using High Performance 
Liquid Chromatography (HPLC Waters, Alliance e2695, USA). 
The chromatograms are shown in Figure 1 and Figure 2. In addition, 
the chromatograms processed data are presented in Table 2.

As the data analysis of Table 2 shows, after drying, there is 
a significant decrease in the amount of essential amino acids, 
with the exception of Lysine and sulfur-containing amino acid 
– Methionine. The amount of essential amino acids Leucine and 
Isoleucine decreased by 47%, while the amount of Valine and 
Phenylalanine decreased 2.6 times. As for the nonessential amino 
acids, it was found a significant decrease in their amount after 
drying camel milk, with the exception of Arginine. The increase 
in the amount of Arginine was 2.53 times, while the decrease in 
the amount of other nonessential amino acids was the following: 
Glycine – by 13.16 times; Proline – 2 times; Alanine – 6.34 times; 
Serine – 2.26 times.

A significant decrease in the amino acid composition of 
camel milk might explained by the fact that in the process of 
vacuum-freeze drying, denaturation changes of thermolabile 
protein substances of camel milk are possible. At the partial 
denaturation, there is a decrease in the content of fractions of 
low molecular weight proteins and an increase in fractions of 
proteins with a higher molecular weight. Thermolabile whey 
protein substances such as Albumin and Globulin fractions 
are especially susceptible to denaturation changes. It is known 
that camel milk belongs to the Albumin type, not to the casein 
type, like cow’s milk, therefore, such fluctuations in the amino 
acid composition of camel milk before and after vacuum-freeze 
drying have been revealed. It is known that proteins have colloidal 
properties. On the surface of simple and complex proteins there is 
a hydration membrane that under certain conditions of vacuum 
freeze drying can partially to collapse. This phenomenon can lead 
to the partial denaturation of thermolabile protein substances 
in camel milk and to the accumulation of free amino acids. 
Specifically, increasing of Aspartic and Glutamic acids, as well 
as sulfur-containing amino acids such as Histidine, Leucine and 
Methionine can improve the organoleptic characteristics of the 
final product – reconstituted camel milk.

With Glutamic and Cysteine amino acids, Glycine participates 
in the synthesis of a short peptide – Glutathione, the concentration 

Figure 1. Chromatogram of the amino acids composition of whole camel milk.

Figure 2. Chromatogram of the amino acids composition of reconstituted camel milk.
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of which is important for the function of an antioxidant enzymatic 
system called Glutathione peroxidase. In this regard it was 
observed a significant decrease in the amount of the Glycine 
after vacuum freeze drying of camel milk.

3.2 Fatty acids composition

The fatty acids composition of whole camel milk and 
reconstituted camel milk was studied by using gas chromatography 
on the Kristall-4000 gas-liquid chromatograph with a flame 
ionization detector and NetChrom software (GOST 30418-
96). The chromatograms are shown in Figure 3 and Figure 4. 
In addition, the chromatograms processed data are presented 
in Table 3.

Analysis of the Table 3 data indicates that the 21 types of 
fatty acids were discovered. In the process of preparing camel 

milk for drying, i.e. in its mechanical cleaning, stirring for the 
purpose of crushing fat globules, cooling and freezing, weighs 
of saturated fatty acids particularly decrease, as example: 
Butyric, Caproic, Undecylic, Pentadecanoic, Palmitic, Margaric, 
Stearic, Arachidic, Heneicosanoic, Behenic and Ligoneceric 
acids. Also, such variations are available for the unsaturated 
fatty acids: Cis10-Pentadecanoic, Linoleic, Oleic, Elaidic, 
Eicosapenеntaenoic, Arachidonic, Dihomo-Gamma-Linolenic 
and Docosadiaenoic. However, with the exception of Capric, 
Tridecylic and Heneicosanoic acids those are increased.

Simultaneously, there is an increase in the amount of some 
unsaturated fatty acids such as Eicosapenеntaenoic (omega-3), 
Dihomo-Gamma-Linolenic (omega-6) and Docosadiaenoic 
(omega-6) acids that indicate structural changes in the fat content 
of camel milk in the process of vacuum-freeze drying. On the 

Table 2. Amino acids composition of whole camel milk and reconstituted camel milk.

Amino acids
Whole camel milk Reconstituted camel milk

Amount, mg/l Weigh, % Amount, mg/L Weigh, %
Essential amino acids

Histidine 9.40 0.14 ± 0.07 5.50 0.14 ± 0.07
Leucine + Isoleucine 21.0 0.32 ± 0.08 10.0 0.25 ± 0.07
Lysine 8.30 0.13 ± 0.04 8.60 0.22 ± 0.07
Methionine 6.60 0.10 ± 0.03 4.50 0.11 ± 0.04
Phenylalanine 16.0 0.25 ± 0.07 6.10 0.15 ± 0.06
Threonine 16.0 0.25 ± 0.10 7.30 0.18 ± 0.07
Valine 18.0 0.28 ± 0.11 7.00 0.18 ± 0.07

Non-essential amino acids
Arginine 47.0 0.72 ± 0.29 72.0 1.80 ± 0.72
Glycine 25.0 0.38 ± 0.13 1.90 0.05 ± 0.02
Proline 42.0 0.64 ± 0.17 21.0 0.53 ± 0.14
Tyrosine 9.70 0.15 ± 0.04 7.50 0.19 ± 0.06
Alanine 26.0 0.40 ± 0.10 4.10 0.10 ± 0.03
Serine 19.0 0.29 ± 0.08 8.40 0.21 ± 0.06

Figure 3. Chromatogram of the fatty acids composition of whole camel milk.
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basis of the above mentioned, it can be concluded that during 
freeze drying at a freeze temperature of -15 °C, there are slight 
changes in the fatty acid composition in the fat of camel milk.

3.3 Vitamins composition

The water-soluble vitamins B composition of whole camel 
milk and reconstituted camel milk was studied by using the 
method M 04-41-2005 technique (Certificate of attestation of 
the measurement procedure No. 224.04.17.035/2006) proposed 
in Trineyeva et al. (2017). Basically, the method consists in the 

extraction of Thiamine from a sample of the analyzed product 
by a solution of sulfuric acid, its oxidation with a solution of 
iron-cyanide potassium into thiochrome, extraction of the 
oxidized form from the aqueous phase with isobutyl alcohol, 
and measurement of the fluorescence intensity (by the method 
of capillary electrophoresis).

To determine vitamin A, GOST R54635-2011 was used 
(Method for determining the mass fraction of vitamin A in the 
form of retinol, retinol acetate, retinol palmitate by using High 
Performance Liquid Chromatography (Trineyeva et al., 2017). 

Table 3. Fatty acids composition of whole camel milk and reconstituted camel milk.

Fatty acids Common name C:D 
(carbon atom: double bond)

Raw camel 
milk

Reconstituted 
camel milk

Weigh, % Weigh, %
MethylButyrate Butyric acid C4:0 83.54 0.9
Methyl Hexanoate Caproic acid C6:0 25.18 0.28
Methyl Decanoate Capric acid C10:0 43.547 93.09
Methyl Undecanoate Undecylic acid C11:0 1.037 0.646
Methyl Tridecanoate Tridecylic acid C13:0 1.193 1.741
Methyl cis-10-Pentadecanoate Cis10-Pentadecanoic acid (omega-3) C15:1 cis10 1.533 1.033
MethylPentadecanoate Pentadecanoic acid C15:0 10.73 -
Methyl Palmitate Palmitic acid C16:0 2.266 0.08
MethylHeptadecanate Margaric acid C17:0 6.146 -
Methyl linolelaidate Stearic acid C18:0 0.192 -
Cis-9,12-Methyl Linoleate Linoleic acid (omega-6) C18:2 cis 9,12 0.412 0.091
Methyl cis-9-Octadecenoate Oleic acid (omega-9) C18:1 cis 9 0.904 -
Methyl trans-9-Octadecenoate Elaidic acid (omega-9) C18:1 trans9 0.696 0.111
Methyl cis-5,8,11,14,17- Eicosapentaeonate Eicosapenеntaenoic acid (omega-3) C20:5 cis 5,8,11,14,17 - 0.641
Methyl-5,8,11,14-Eicosatetraenoate Arachidonic acid (omega-6) C20:4 cis 5,8,11,14 0.981 0.028
Methyl Dihomo-Gamma-Linolenate Dihomo-Gamma-Linolenic acid (omega-6) C20:3 cis 8,11,14 - 0.019
Methyl Arachidate Arachidic acid C20:0 0.256 0.105
MethylHeneicosanoate Heneicosanoic acid C21:0 0.132 0.251
Methyl cis-13,16-Docosadienoate Docosadiaenoic acid (omega-6) C22:2 cis13,16 - 0.041
MethylErucate Behenic acid C22:0 0.584 0.672
MethylNervonate Ligoneceric acid C24:0 0.671 0.191

Figure 4. Chromatogram of the fatty acids composition of reconstituted camel milk.
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The recent studies show that the content of vitamins in camel 
milk depends on the season of the year, breed, age, conditions of 
keeping animals and the chosen drying method (Shingisov et al., 
2014; Tastemirova et al., 2020). The chromatograms are shown in 
Figure 5 and Figure 6. In addition, the chromatograms processed 
data are presented in Table 4.

Comparative analysis of Table 4 shows that in the recombined 
camel milk after vacuum freeze drying among the vitamin 
composition, the significant losses are vitamin C (Ascorbic acid) 
more than 3 times, and the content of other types of vitamins 
changes in the direction of both decrease and increase, for example 
vitamin B1 (Thiamine) is reduced by 7.69%, while B2 (Riboflavin) 
is more than doubled and B6 (Pyridoxin) by 22.22% compared 
to whole camel milk. However, fat-soluble vitamin A (Retinol) 
was absent in recombined camel milk.

3.4 Study of the minerals composition of reconstituted camel 
milk

The content of mineral substances was studied by using 
Atomic Absorption Spectrometry (AAS). The research results 
are presented in Table 5.

The data of Table 5 shows that the content of macroelements 
in recombined camel milk undergoes significant changes in 

Figure 5. Chromatogram of the vitamins composition of whole camel milk.

Figure 6. Chromatogram of the vitamins composition of reconstituted camel milk.

Table 4. The vitamins content.

Name
Raw camel milk Reconstituted camel milk

Weigh, mg % Weigh, mg %
A (Retinol) 0.048 ± 0.002 Missed
В1 (Thiamine) 0.056 ± 0.011 0.052 ± 0.011
В2 (Riboflavin) 0.018 ± 0.008 0.039 ± 0.016
В6 (Ppyridoxin) 0.070 ± 0.001 0.099 ± 0.020
С (Ascorbic acid) 3.5 ± 1.19 1.094 ± 0.372

comparison with whole camel milk. For example, the content of 
the chemical element – potassium in recombined milk is more 
than 1.31 times, calcium – 1.48 times, sodium – 1.068 times, 

Table 5. The minerals content.

Name
Raw camel milk Reconstituted camel milk

Weigh, mg % Weigh, mg %
Potassium 149.4 ± 2.14 196.18 ± 2.1
Calcium 98.72 ± 1.7 146.24 ± 3.3
Magnesium missed Missed
Sodium 50.02 ± 0.62 53.42 ± 0.51
Ferrum 0.24 ± 0.01 0.13 ± 0.05
Zinc 0.38 ± 0.006 0.27 ± 0.02
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and the content of iron times zinc decreased respectively 
1.80 1.41 times less compared to natural camel milk. Probably 
this fact is related with used for the recovering of a dry powder 
of camel milk, distilled water that meets the requirements of 
GOST 51232-98.

4 Conclusion
The physicochemical indicators of whole and reconstituted 

camel milk have similar values within acceptable limits. As a 
result of drying camel milk, a partial denaturation of its amino 
acid composition occurs that leading to the decreasing in the 
content of low molecular weight protein fractions and for the 
increasing of protein fractions with a higher molecular weight. 
Thermolabile whey protein substances such as Albumin and 
Globulin fractions are especially susceptible to denaturation 
changes, as a result of which the hydration membrane of proteins 
present on the surface is destroyed, leading to the minor changes 
in the amino acid composition. Specifically, increasing of Aspartic 
and Glutamic acids values, as well as sulfur-containing amino 
acids such as Histidine, Leucine, Methionine can improve the 
organoleptic characteristics of the final product – reconstituted 
camel milk. During vacuum freeze drying at a sublimation 
temperature of minus -15 0C in the reconstituted camel milk, 
there is a significant decrease in the amount of saturated fatty 
acids, with the exception of Capric, Tridecylic and Heneicosanoic 
acids with increasing in the amount of unsaturated fatty acids 
were observed that related to the structural variations in the fatty 
acids phase of camel milk in the process of vacuum-freeze drying.

Based on the results of the study of the vitamins and 
minerals compositions of the reconstituted camel milk, it was 
concluded that within vacuum freeze drying of camel milk at 
the temperature of minus -15 0C, insignificant changes in the 
contents of vitamins and macroelements have happened.
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