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Abstract

The aim of the study deals with determination of fat component safety and quality 
key indicators of adapted infant dry milk formulas provided by various manufacturers. 
The most popular in Russia adapted infant dry milk formulas were selected as study 
objects. It was found that the qualitative composition of the fat component of dry milk 
mixtures corresponds to the information placed on the package. However none of the 
samples under study in terms of the average composition of the prevailing fatty acids 
fully corresponds to human breast milk. The regulation documents of the Customs 
Union (TR CU 021/2011, TR CU 024/2011, TR CU 033/2013) establish only the organo-
leptic evaluation of the adapted breast milk formulas quality indicators. Among the fat 
component safety indicators only the determination of the peroxide value character-
izing the accumulation of primary fat oxidation products. It was also found that the 
peroxide values of the studied mixtures do not exceed the regulated values. Meanwhile 
the samples of infant milk food made from dry milk mixtures almost all have unsatis-
factory organoleptic characteristics. Defects of taste and smell are associated with the 
accumulation in the original adapted milk mixtures of a significant amount of second-
ary products of fat oxidation, which in a biological experiment on animals lead to a 
decrease in the content of leukocytes and a change of its blood count.

Keywords: infant adapted dry milk formulas, safety, fat component,  
physiological effect, histological pattern

1. Introduction

The optimum food product for an infant in the first months of life is the 
breastmilk which corresponds to the characteristics of its digestive system and 
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metabolism which ensures the adequate development of an infant’s body with a 
rational diet of a lactating woman. Lactotrophic nutrition (breastfeeding) is the 
postnatal equivalent of fetal hemotrophic nutrition. It has a unique biological 
and emotional impact on the health of both mother and baby. All nutrients in 
human milk are easily absorbed if their composition and ratio correspond to the 
functional capabilities of the gastrointestinal tract of an infant. After the birth of 
a child, the “mother-placenta-fetus” system transforms into its postnatal analog 
“mother-mammary gland-breast milk-infant” with the preservation of the genetic 
link formed during prenatal development. Thus breastfeeding being an important 
factor in the formation of health has a multifaceted effect on infants’ physical and 
mental development as well as the formation of their behavior and intellectual 
development [1, 2].

However, a significant proportion of women by means of various reasons are 
unable to provide their infant with natural feeding. In these cases, it is important 
to organize optimum artificial feeding which cannot replace breast milk. But with 
the proper approach may ensure the correct growth and development of the child 
[3]. The modern trend of bottle-feeding is connected with the use of specialized 
industrial baby food products, modern breast milk substitutes, so-called baby 
“mixtures”—adapted milk formulas. The main goal of its production is the maxi-
mal adaptation to the composition and properties of breast milk as well as taking 
into account the nature of the child’s digestion. Approximation of the composi-
tion provided by addition of the following components: carbohydrate, mineral, 
vitamin, protein, and fat [4]. The need for the fat component in an infant is a 
maximum—44–49% of the energy value of the diet [3]. A number of studies have 
shown that approximating the composition of mixtures fat components closer to the 
composition of breast milk can contribute to a more harmonious development of 
the child and reduce the risk of infection [5, 6], improving the psychoemotional and 
physical growth and development of children at the age of 4 months [6], improves 
cognitive development and also has a significant impact on the intellectual develop-
ment [7, 8]. Therefore, it is extremely important that the child continues to receive 
the fat component of the optimal composition either with breast milk or with infant 
formula [9].

One of the expected results of the implementation of global strategies in the 
field of healthy nutrition is the reduction of alimentary-dependent diseases among 
children providing them with adequate nutrition from the first days of life. Due to the 
immaturity of protective mechanisms, physiological and metabolic characteristics 
of young children, increased hygienic requirements are imposed on the safety and 
quality of infant food [10].

In the scientific literature, studies of infant formula are widely presented. They are 
dedicated to their compliance with the requirements of regulatory documents in terms 
of the quantitative composition of the components of the mixture [11], toxicological 
safety [12, 13], weight gain of the child, tolerance of the mixture [14]. At the same 
time, there’re a limited number of studies dedicated to the change in the qualitative 
characteristics of the lipid fraction of infant formula during storage [15, 16]. However, 
thermal treatment of native raw materials at the stage of spray drying, a sufficiently 
long shelf life can provoke the oxidation of the fat component which is a potential 
source of danger to the body. This is due to the fact that during the oxidation process 
such undesirable oxidation products as glycidol ethers [17–20], epoxides, secondary 
oxidation products insoluble in petroleum ether are formed which have teratogenic, 
mutagenic, and carcinogenic effects [21, 22].
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Thus, the safety requirements for the fat component of adapted milk formulas, in 
our opinion, are not sufficiently presented in the legal requirements of the Russian 
Federation and the Customs Union.

The aim of this work was a pilot study of some indicators of the safety and 
quality of the fat component of adapted infant dry milk formulas from various 
manufacturers.

2. Objects of research and research methods

The research was carried out in two stages. At the first stage among the wide 
range of infant formulas available on the market, the popular in Russia adapted 
infant dry milk formulas “IS” (Denmark), “IM”, “IN”, “IL” (Russian Federation), “IX 
“(Germany) were selected as research objects. The shelf life of infant formula accord-
ing to the manufacturers’ documentary standards is equal to 18 months. The packages 
purchased through retail chains were unsealed in the initial period of their shelf life—
before 6 months of expiration. The study of physical and chemical indicators was 
carried out immediately after opening the package. Fat for analysis was isolated from 
dry milk mixtures by the extraction-weight method. In the extracted fat the fatty 
acid composition was determined by gas-liquid chromatography of fatty acid methyl 
esters. Methyl esters of fatty acids were prepared according to and the compliance 
with the average fatty acid composition of the studied mixtures to the composition of 
human milk was assessed.

The legal requirements of the Customs Union (TR CU 0211/2011, TR CU 
033/2013) regulate only organoleptic indicators of the quality indicators of adapted 
infant dry milk mixtures. However, among the safety indicators of the fat component, 
it regulates only the determination of the peroxide value, which characterizes the 
accumulation of primary products of fat oxidation. The peroxide number of the fat 
component of the mixtures was determined by the iodometric method. Infant milk 
food for organoleptic analysis was prepared according to the recommendations indi-
cated on the package with a hydromodule of 1–3. Organoleptic analysis was carried 
out by a descriptive method. All experiments were carried out in triplicate.

At the second stage, in vivo experiments were carried out. In vivo biomodels 
allow obtaining multifactorial data on the effect on various organ systems and the 
entire body as a whole. The advantages of in vivo methods are connected with their 
adequacy and reliability, a high degree of correlation with the human, and the pos-
sibility of a comprehensive evaluation of properties. In this regard, the samples of 
mixtures were studied with the participation of biomodels which were Wistar rats. 
The experiment involved six groups of Wistar rats 65 days old with an initial weight 
of 130–210 g, corresponding to the Minimal Diseases quality standard for the control 
and experimental groups. In the first experimental group, the usual diet was replaced 
with mixture 1; in the second experimental group the usual diet was replaced with 
mixture 2; in the third experimental group the usual diet was replaced with mixture 
3; in the fourth experimental group the usual diet was replaced with mixture 4; in 
the fifth experimental group, the usual diet was replaced with mixture 5 accordingly. 
Research on animals was carried out in accordance with the “Rules for work on exper-
imental animals”, with Directive 2010/63/EU of the European Parliament and of the 
Council of the European Union of September 22, 2010, on the protection of animals 
used for scientific purposes, and was carried out on the basis of a certified vivarium 
of the Scientific and Technological Center of Veterinary hospital and laboratories of 
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the Department of Morphology, Pathology of Animals and Biology of the Saratov 
State Agrarian University named after N.I. Vavilov. All experimental studies were 
carried out on groups of clinically healthy rats, formed according to the principle of 
analogs, taking into account the breed, sex, age, live weight, and clinical condition. 
The animals were fed for 40 days. During the experiment, the rats were kept in indi-
vidual cages (10 individuals in each). Before the introduction of the studied mixtures 
into the diet, animals were kept in quarantine for 21 days (to detect latent forms of 
diseases) and transferred to the experimental diet in accordance with the experimen-
tal plan. After the experiment, the rats were sacrificed by the optimum and universal 
method which was given anesthesia overdose, also known as the introduction of an 
anesthetic in a lethal dose (dosage for anesthesia x3), in compliance with the rules of 
euthanasia for animals (order of the USSR Ministry of Health No. 755 of 08/12/1977), 
then autopsy was performed. Samples of tissues of the liver, kidneys, spleen, small 
and large intestines were taken from biomodels, after fixation of which morphologi-
cal and statistical studies were carried out. From paraffin blocks on a sled microtome 
model 2712 (Reichert Wien), histological sections with a thickness of 8 μm were 
obtained, processed according to conventional techniques, and stained with Ehrlich’s 
hematoxylin and eosin, followed by microscopy [23, 24]. The morphological struc-
ture was studied on various histological sections. Histological examination of the 
prepared preparations was carried out under different magnifications with detailed 
logging and photographing of the studied areas. Microphotography of histological 
preparations was carried out using a CANON Power Shot A460 IS camera. Statistical 
processing of the results was carried out using standard methods. The work was car-
ried out on the basis of research laboratories of the Saratov State Agrarian University 
named after N.I. Vavilov.

Statistical data analysis was carried out using the licensed computer software 
package STATISTICA 10, StatSoft, Inc. (Series 0411-R) using the methods of bio-
medical statistics with the calculation of the mean and standard error of the mean. 
Checking the normality of the distribution of quantitative data was carried out using 
the Shapiro-Wilks test. For all indicators including behavioral studies, with normally 
distributed data intergroup comparisons were made using Student’s t-test for inde-
pendent samples at p < 0.05.

3. Discussion of the results

Preliminary study of the ready-to-use samples of mixtures showed that almost all 
samples had an unsatisfactory taste and smell which is characteristic of the relatively 
oxidized fat components of mixtures. Therefore, for a more complete evaluation of 
the hydrolysis degree and oxidation of the fat component in the mixtures, the acid 
number of the released fat was determined by the titrimetric method, the anisidine 
number was determined by a method based on measuring the optical concentration 
of the analyzed solution after reaction with an acetic acid solution of paraanisi-
dine. The measurement takes place in the presence of 350 nm waves. The content 
of secondary oxidation products insoluble in petroleum ether (CIPE) according 
to an increase in the intensity of the absorption band of ultraviolet radiation at a 
wavelength of 232 nm, which corresponds to the absorption of conjugated diene-
chromophores. The content of epoxides was determined according to reactions with 
concentrated phosphoric acid. All studies were carried out immediately after opening 
the cans with mixtures.
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Determination of the acid number is important for determining the degree of fat 
hydrolysis. This indicator is of particular importance when analyzing mixtures containing 
coconut and palm kernel oils, since a soapy aftertaste occurs when the mixture contains 
appreciable amounts of free lauric acid. In addition, during intensive hydrolysis of fats, di- 
and monoglycerides accumulate, which, according to modern data, can be precursors of 
the dangerous toxicant 3-chloropropanediol (3-MCPD), which is detected in infant milk 
formulas at concentrations up to 1.0 mg/kg of fat extracted from the product.

The anisidine number correlates in a certain way with the accumulation of free 
aldehydes (hexenal, nonenal, 2,4-decadienal), which give the product foreign smells 
of fish, beans, etc.

The accumulation of thermostable secondary oxidation product mixture in the 
fat component is characteristic of the oxidation of fats during their heat treatment. 
The formation of highly polar compounds, insoluble in petroleum ether (CIPE), 
and epoxides were found in the study of deep-fried dough products as well as dur-
ing the storage of confectionery products with a high-fat content—Kurabie cookies, 
shortbread cookies, Chak-chack, Creamy cake, and others. In a biological experiment 
on animals in our previous works, it was shown that fats containing more than 1% 
of CIPE with systematic consumption have a negative effect on the organs of the 
gastrointestinal tract, sharply reduce the level of erythrocytes and leukocytes in the 
blood, cause the accumulation of cholesterol and bilirubin [25]. The potential for such 
compounds to be formed in baby foods is a major concern.

Edible fats are an essential part of an infant’s diet. Reproduction of the fatty acid 
composition of breast milk in the creation of infant formula is a complex scientific, 
technological and medical problem.

According to the requirements of Article 4 of TR CU 021/2011, adapted infant milk 
powder should be as close in chemical composition to human milk as possible in order to 
meet the physiological needs of infants for the necessary substances and energy. The fatty 
acid composition of breast milk is characterized by a relatively high content of polyunsatu-
rated fatty acids (PUFA), the concentration of which in mature human milk is 12−15 times 
higher than in cow’s milk (0.4−0.5 g/100 ml versus 0.009 g/100 ml). In the infant’s body, 
unsaturated fatty acids are either synthesized to a limited extent (monounsaturated) or 
not synthesized at all (PUFA) while these compounds perform the most important plastic 
and metabolic functions. Of the greatest importance for young children are representa-
tives of the ω-3 and ω-6 PUFA families, of which the most significant are α-linolenic and 
linoleic acids. In breast milk, the ratio of PUFAs of the ω-6 and ω-3 families is optimum 
and ranges from 10:1 to 7:1. Under the influence of the enzyme delta-6 desaturase, these 
compounds are converted into long-chain polyunsaturated fatty acids which play a leading 
role in the development of the central nervous system of infants, the visual analyzer, the 
immune system, and the regulation of metabolic processes and inflammatory reactions 
[26, 27]. Comparative characteristics of the average composition of the predominant fatty 
acids of adapted infant milk formulas and human milk are presented in Table 1.

The data presented in Table 1 indicate the presence of gadoleic acid C20: 1 and 
a sufficiently high amount of linolenic acid C18: 3 in the “IN”, “IM”, “IL” mixtures, 
which might contain non-erucid rapeseed oil. According to the analysis of the fatty 
acid composition, the “IN”, “IM”, “IL” mixtures may have almost identical recipes.

From the data presented it can be seen that the mixtures were selected, first of all, 
according to the content of oleic and palmitic acids. “IX” sample contains 15−20% of 
coconut oil, “IS” sample contains 35% of coconut oil, the rest contain 30% of coconut 
oil. On the contrary, the “IS” mixture contains about 20% of palm oil, the “IX” sample 
contains 40−45% of palm oil, the rest contain 35−40% of palm oil.
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The highest content of polyunsaturated acids (linoleic and linolenic) is in the “IS” 
and “IX” mixtures, while the most favorable ratio ω6/ω3 = 11: 1, corresponding to the 
characteristics of breast milk, was found in the “IS” mixture.

Mass fraction of the fat component ranges from 24.1% (“IM”) to 27.7% (“IX”).
Based on the research results, the fatty acid composition of adapted infant dry 

milk formulas by various manufacturers corresponds to the information indicated on 
the labels of the tested products.

Table 1 shows that the proposed mixtures contain an excessive amount of lauric acid 
and linoleic acid, with a relatively lower mass fraction of stearic acid. None of the studied 
samples in terms of the average composition of fatty acids fully corresponds to breast milk.

Infant formula was prepared for sensory analysis according to the recommenda-
tions indicated on the package, with a hydro module of one to three. Dispersion of dry 
mixtures in water occurred with the same intensity. The results of sensory analysis are 
presented in Table 2.

Baby food made from “IS”, “IN”, “IM”, and “IL” mixtures had a fishy smell of vary-
ing intensity; “IX” mixture was more herbaceous, leguminous. The sweet taste was 
most explicit in the “IN” infant formula and least of all in the “IM” infant formula. 
The consistency of food systems varied slightly with colors ranging from white to 
cream.

Generally, it should be noted the unsatisfactory results of sensory analysis 
of varying degrees of food compositions intensity. The composition of the “IX” 

The trivial name for a fatty acid, the 

number of carbon atoms in the chain, 

and the number of double bonds

Mass fraction of fatty acid in samples, %

Breast 

milk

IS IN IM IL IX

Caprylic C8: 0 0.17 3.2 2.2 2.2 2.0 0.9

Capric C10: 0 1.66 2.5 1.8 1.7 1.6 0.8

Lauric C12: 0 5.8 17.9 13.0 12.7 11.9 9.3

Myristic C14: 0 8.6 6.6 5.4 5.3 5.2 3.6

Palmitic C16: 0 21.0 8.4 18.9 18.6 19.2 24.4

Palmitoleic C16: 1 3.4 0.1 0.2 0.2 0.2 0.2

Stearic C18: 0 8.0 2.8 3.1 3.3 3.4 3.3

Oleic C18: 1 36.5 39.3 38.0 38.3 38.7 38.1

Linoleic acid C18: 2 10.8 16.9 14.1 14.1 14.2 16.2

Linolenic C18: 3 1.0 1.5 2.4 2.7 2.6 2.2

Arachidic C20: 0 0.21 0.2 0.3 0.3 0.3 0.3

Gadoleic C20: 1 0.20 0.2 0.4 0.4 0.4 0.40

Behenic C22: 0 0.10 0.4 0.2 0.2 0.3 0.2

Mass fraction of fat, % 4.4 3.6 3.4 3.3 3.3 3.6

Table 1. 
Comparative characteristics of the average fatty acid composition of breast milk [11] and adapted milk powder.
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mixture has the worst performance. Thus, a negative result of sensory analysis 
of the prepared infant formula indicates an unacceptable level of oxidation 
of the fat component and the need to change the shelf life of powdered infant 
formula. It has been proven that the weakening of antioxidant protection and 
uncontrolled enhancement of lipid oxidation is one of the important links in the 
pathogenesis of autonomic dysfunction, atopic dermatitis, dental pathology, 
diabetes mellitus, arthropathies, diseases of the gastrointestinal tract, urinary 
tract, etc. [28–30].

Physicochemical indicators of the safety of adapted infant dry milk formulas are 
presented in Table 3.

Analyzing the data in Table 3 we can conclude that the safety indicator 
 standardized by TR CU 033/2013 “On the safety of milk and dairy products” 
known as the peroxide number is within the normal range for all samples (no more 
than 4 meq/kg).

Sample 

name

Taste Odor Consistency Color

IS Fishy aftertaste Slightly fishy Homogeneous, light, 

watery

Baked milk

IN Sweet-salty with a 

fishy aftertaste

Poorly expressed 

fishy

Homogeneous, light, 

non-watery

Creamy white

IM Slightly sweetish, 

creamy

Slight fishy smell Homogeneous, light, 

non-watery

Creamy white

IL Sweet and salty, with 

a metallic aftertaste

Slight fishy smell Homogeneous, light, 

slightly watery

Creamy white

IX Bean, with a cold 

synthetic flavor

Herbaceous Homogeneous, light, 

non-watery

Light cream

Table 2. 
The results of the sensory analysis of mixture samples.

Sample 

name

Acid 

number, 

mg 

KOH/g

Peroxidenumber, 

meq/kg

Anisidinenumber, 

cu

Mass fraction 

of oxidation 

products 

insoluble in 

petroleum 

ether, %

Mass fraction 

of oxidation 

products 

insoluble in 

petroleum 

ether, %

IS 0.5 0.4 1.9 0.3 25.6

IN 0.2 0.9 2.2 0.8 27.1

IM 0.6 1.4 3.6 1.0 31.1

IL 0.7 0.8 2.6 0.7 27.9

IX 0.4 1.1 2.9 0.6 26.3

Table 3. 
Physicochemical indicators of the safety of adapted infant dry milk formulas.
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The limit value of the acid number for adapted milk powder is not determined by 
the legal requirements of the Customs Union. According to TR CU 024/2011 “For fat 
and oil products” for refined oils and their fractions, mixtures of refined oils, the acid 
number is normalized to no more than 0.6 mg KOH/g. For three of the five studied 
dry milk mixtures, the acid number does not exceed this indicator. In the “IM” and 
“IL” samples, the content of free fatty acids in the fat component is respectively 0.6 
and 0.7 mg KOH/g.

The permissible value of the anisidine number (that shows the concentration 
of secondary oxidation products, i.e., aldehydes) is also not regulated by the legal 
requirements for adapted infant dry milk formulas. In GOST 1129-2013 “Sunflower 
oil.” Specifications (as amended) this indicator is not more than 3 conventional units 
for Premium oils and Highest grade oils. In “IM” sample the anisidine number is 3.6 
conventional units. The anisidine number shows the relative content of aldehydes. 
First of all, α- and β-unsaturated aldehydes which form yellow condensation products 
with reagents enter into the reaction with anisidine.

In addition, not only primary oxidation products are a risk factor but also oxi-
dized fatty acids and their copolymerization products (CIPE), that is, secondary 
oxidation products. Therefore, in prototypes, this indicator was studied to identify 
a complete safety picture. The mass fraction of compounds insoluble in petroleum 
ether is regulated for waste frying fats according to SP 2.3.6.1079-01 at no more than 
1%. This indicator has not yet been reflected when ensuring the safety of the fatty 
component of other food products, although there are a number of studies indicat-
ing the need for its regulation [31, 32]. In “IM” sample, immediately after opening, 
the mass fraction of CIPE was 1%. In biological studies on animals [33] it was noted 
that with the systematic consumption of fats containing more than 0.88% of CIPE, 
there are progressive negative pathological changes in the body (granular degenera-
tion and hyperemia of the liver, desquamation processes in the intestinal wall, edema 
of the submucosal layer of the intestine, change in blood picture). Such changes 
indicate an increase in the number of eosinophils and compounds that are leuko-
toxins which commonly leads to disruptions in the work of the antioxidant defense 
systems of the body.

Some studies [34] have shown that it is the isomers of epoxyoleic acid that 
have the properties of leukotoxins. According to some researchers [35], the 
 formation of an epoxy ring occurs through the reaction of a double bond in a 
fatty acid chain with a hydroperoxide formed in another adjacent fatty acid 
chain. This mechanism explains the presence of an epoxy ring at the site of the 
double bond, and the concomitant formation of a hydroxy function from hydro-
peroxide in the adjacent fatty acid chain. The formation of epoxides is acceler-
ated by the thermal treatment of unsaturated fats which is used in spray drying 
of dry milk formulas.

Estimating the concentration of epoxides can be proposed as an operational 
method for monitoring the safety of the fat component of dry milk mixtures and 
other food products. In the studied infant dry milk formulas, the content of epoxides 
was 25−31 mmol/kg at the time of opening the can.

It should be noted that all the studied parameters of hydrolysis and oxidation of 
fats are at the safest level in the “IN” mixture; the indicators of the “IX” mixture are 
closer to the critical values.

The research results were processed by generally accepted statistical methods 
using the SPSS statistical program. For the statistical analysis, the Student’s t-test was 
used.
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In the future studies of the values of these indicators will be carried out at the end 
of the shelf-life period of the opened can.

3.1 Results of the second stage of research

The histological picture indicating changes occurring with a pronounced intensity 
is presented on micrographs (Figures 1-3). A detailed description of the histological 
picture of the tissues of the studied organs of the biomodels is presented in Table 4.

Structural disorders were most noticeable in Groups 4 and 5, while only in Group 1 
the presence of intertubular hemorrhages was detected.

Severe suppression of lymphoid tissue in the spleen was detected in biomodels 
in Groups 4 and 5 and to a lesser extent in Group 1. Among all the cases studied, the 
structure of the wall of the small intestine was most disturbed primarily in Groups 4 

Figure 1. 
Micrograph of the histological picture of the liver section of biomodels using “IN” sample (a) and the control 
group (b).

Figure 2. 
Micrograph of the histological picture of a kidney picture of biomodels using “IS” (a) and “IM” (b) samples.

Figure 3. 
Micrograph of a histological picture of a spleen section (a) and small intestine (b) of biomodels using “IL” 
sample, and of the large intestine of biomodels using “IX” sample (c).
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Organ Group 1IS Group 2IN Group 3IM Group 4IL Group 5IX Control Group

Liver Hyperemia, focal 

granular dystrophy, 

beam structure 

is moderately 

expressed.

Vessels are filled with blood, 

diffuse granular degeneration of 

hepatocytes, edema of Dissespaces, 

the beam structure is poorly visible.

Beam structure 

is poorly visible, 

diffuse hydropic 

dystrophy in 

combination 

with granular 

dystrophy, 

edematous 

phenomena in the 

tissues.

Beam structure is 

absent, granular 

degeneration 

of hepatocytes, 

hyperemia, edema 

of organ tissue.

Focal hydropic 

dystrophy in 

combination 

with granular 

degeneration of 

hepatocytes, the 

beam structure 

is poorly visible, 

hyperemia and 

tissue edema.

Beam structure is 

preserved, vessels are 

desolate, granular 

degeneration of 

hepatocytes.

Kidney Focal hydropic 

dystrophy in 

combination with 

granular dystrophy. 

Granular dystrophy 

of the epithelium 

of the tubules, 

the accumulation 

of erythrocytes 

between them.

Focal hydropic dystrophy in 

combination with granular 

dystrophy of the tubular epithelium. 

Swellingofthevascularglomeruli.

Severe hydropic 

dystrophy in 

combination with 

granular dystrophy 

of the tubular 

epithelium, the 

vascular glomeruli 

are markedly 

enlarged.

Diffuse hydropic 

dystrophy in 

combination with 

granular dystrophy 

of the epithelium 

of the tubules, the 

vascular glomeruli 

are enlarged.

Focal hydropic 

dystrophy, a 

significant increase 

in vascular 

glomeruli with 

a decrease in the 

lumen of the 

Shumlyansky 

capsule.

Focal hydropic dystrophy 

in combination with 

granular dystrophy 

of the epithelium 

of the tubules, the 

vascular glomeruli 

are enlarged up to the 

complete disappearance 

of the lumen of the 

Shumlyansky capsule.

Spleen Thinning of the 

lymphoid tissue of 

the follicles.

Perivascular edema, moderate loss of 

lymphocytes in the follicles.

Some rarefaction 

of the lymphoid 

tissue of the 

follicles.

Decrease in the 

number and size 

of follicles with 

thinning of the 

lymphoid tissue.

Follicles are 

not expressed, 

lymphoid tissue is 

poorly visible.

Moderate perivascular 

edema and loss of 

lymphocytes in the 

follicles.

Small 

intestine

Slight swelling of the 

organ wall.

Edema of the mucous membrane and 

deformation of the glands.

Edema of the 

organ wall and 

deformation of the 

glands.

Edema of the 

organ wall and 

deformation of the 

glands.

Moderate edema 

of the mucous 

membrane.

Edema of the organ wall 

and some deformation of 

the glands.
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Organ Group 1IS Group 2IN Group 3IM Group 4IL Group 5IX Control Group

Colon Edema of the mucous 

membrane.

Severe edema of the mucous 

membrane and deformation of the 

glands.

Edema of the 

mucous membrane 

and deformation 

of the glands.

Edema and 

deformation of the 

glands.

Edem and 

deformation of the 

glands.

Edema of the mucous 

membrane and 

fragmentation of some 

glands.

Table 4. 
Histopathological changes in the internal organs of biomodels.
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and 5 and, to a lesser extent, in Groups 2 and 3. The large intestine had pronounced 
disturbances in the structure of the wall in the form of edema and deformation of the 
glands in Groups 2 and 4.

4. Conclusion

Breast milk is the natural and most physiological nutrition for a child from the first 
days of their life. Its composition goes beyond simple nutritional support and is the 
most important postnatal factor in the metabolic and immunological programming of 
health. A high nutritional and functional potential of breast milk has been established 
indicating the biological advantage and fundamental indispensability of breast-
feeding for the optimum development of both healthy and sick child. However, a 
significant proportion of women for various reasons are unable to provide their child 
with natural feeding. In these cases, it is important to use optimum, high-quality, and 
safe bottle-feeding. As a result of the study of fat component safety of the adapted 
infant dry milk formulas “IM”, “IS”, “IN”, “IL”, “IX” it was found that the qualitative 
composition of the fat fraction corresponds to that stated on the package. None of 
the samples under study in terms of the average composition of prevailing fatty acids 
fully corresponds to the composition of human milk. According to an important 
indicator, that is, the ratio of polyunsaturated fatty acids ω6/ω3, the “IS” mixture is 
distinguished by the optimum value (11:1).

As for the organoleptic characteristics food systems made from dry mixtures “IS”, 
“IN”, “IM”, and “IL” had a fishy smell of varying intensity whereas “IX” mixture had 
a more herbaceous smell. Sweet taste was most pronounced in the “IN” formula and 
least of all in the “IM” formula. The consistency varied slightly, the color varied from 
white to cream. A negative organoleptic evaluation commonly indicates an unaccept-
able level of oxidation of the fat component of dry milk mixtures that causes the need 
to adjust the shelf life of dry milk mixtures.

Safety indicators of the fat component regulated by TR CU 021/2011, TR CU 
024/2011, TR CU 033/2013 are not fully respect the safety requirements for the fat 
component of adapted dry milk mixtures since there are no standards for the most 
important safety indicators of fats, that is, the content of secondary oxidation prod-
ucts CIPE and epoxides. According to our opinion, the studies carried out necessitate 
further research of the parameters of the adapted dry milk mixtures fat component 
during storage after the package is opened by the consumer.

Histopathological changes were most regularly observed in the studied organs 
of Group 5 biomodels. Slightly less intensity of pathologies was expressed in Group 
4. At the same time, in almost all other groups of biomodels, pathological processes 
of varying severity were detected in organs, although in some cases it is possible to 
assume their reversibility.

Thus, the conducted biological experiment previously proved that the use of 
“IX” and “IL” mixtures has a certain negative impact on the internal organs of 
biomodels.

The revealed information requires further study using modern research meth-
ods. The data obtained indicate the need for a precise evaluation of the production 
technology, packaging, and storage of adapted infant dry milk formulas, as well as 
the advisability of improving the legal regulation of the Russian Federation and the 
Customs Union, in order to strengthen and control the safety of adapted infant dry 
milk formulas, fat component, and changes in the shelf life of these products.
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