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Abstract. The growth and harmonious development of an infant depends on nutrition provided by natural 

or artificial feeding. Accordingly the adaptation of the composition of adapted infant formula to the 

composition of human milk is carried out with all major nutrients. The fat component is one of the key 

components of an infant’s diet and its’ important aspects are biological effectiveness and safety which 

changes during processing, storage, transportation and subsequent storage after opening the package. Data 

on pathological changes in the body with consumption of oxidized fats are known. The aim of the paper is 

to study some indicators of safety and quality of the fat component of adapted infant formula provided by 

various manufacturers. As the objects of study we selected one of the most popular adapted infant formula 

in Russia (in various price categories) under the code names: “IS” (Denmark), “IM”, “IN”, “IL” (Russian 

Federation), “IX "(Germany). It was found that the quality composition of the fat component of dry infant 

formula corresponds to the one indicated on the package. However, no one of the test samples according to 

the averaged composition of the prevailing fatty acids, is fully identical to human milk. The normative 

documentation of the Customs Union (TR TS 021/2011, TP TS 024/2011, TP TS 033/2013) only regulates 

organoleptic analysis of the quality indicators of adapted infant formula and from the safety parameters, 

only finding the peroxide value, which characterizes the accumulation of primary fat oxidation products. It 

was found that the peroxide numbers of the studied infant formula do not exceed the regulated values. At 

the same time almost all milk nutrition made from dry infant formula has unsatisfactory organoleptic 

characteristics. Defects of taste and aroma can be associated with the accumulation of a significant amount 

of secondary products of fat oxidation, aldehydes particularly in the adapted infant formula. These 

conclusions are confirmed by the results of determination of the anisidine number in the adapted infant 

formula, as well as by the accumulation of 0.3-1.0% of highly polar compounds insoluble in petroleum 

ether (CIPE) and 25-3 mmol/kg of epoxides which lead to decrease of white blood cells and a change in 

blood formula at a biological animal test. The data obtained indicate the need for assessment of the 

technology for the production, packaging and storage of adapted infant formula as well as the feasibility of 

amending the regulatory documents of the Russian Federation and in the future, the regulatory documents of 

the Customs Union with the aim of further monitoring the safety of the fat component of adapted infant 

formula. 

1 Introduction  

The best food for the baby in the first months of life is 

his mother's milk, which corresponds to the features of 

its digestive system and metabolism, which ensures the 

adequate development of the baby’s body with the 

rational nutrition of a lactating woman. Lactotrophic 

nutrition (breastfeeding) is the postnatal equivalent of 

fetal haemotrophic nutrition. It has a unique biological 

and emotional effect on the health of both mother and 

child. All nutrients of human milk are easily absorbed, 

because their composition and ratio correspond to the 

functional capabilities of the gastrointestinal tract of a 

baby / infant. After giving birth, the mother-placenta-

fetus system transforms into its postnatal analogue, 

mother-breast-milk-native milk-baby, with the 

preservation of the genetic connection that formed 

during the period of fetal development. Thus, 

breastfeeding is an important factor in the formation of 

health, has a multilateral impact on the physical and 

mental development of infants / children, the formation 

of their behavior, intellectual development [1-2]. 

However, a significant proportion of women, for 

various reasons, cannot provide their babies with natural 

feeding. In these cases, optimal artificial (formula) 

feeding is important, as, with the proper approach, it can 

ensure the correct growth and development of a child [3] 

although it can’t replace breast milk. The current trend in 

artificial feeding is the use of specialized baby food 

products of industrial production, modern substitutes for 
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breast milk, the so-called baby "formulas" - adapted 

formulas. The main principle of creating substitutes is 

their maximum approximation (adaptation) to the 

composition and properties of human milk and 

compliance with the characteristics of digestion and 

metabolism of an infant. Adaptation of the composition 

of infant formula to the composition of human milk is 

carried out for all the main components - protein, 

carbohydrate, vitamin, mineral and fat [4]. The need for 

fats for an infant is maximum and amounts to 44–49% of 

the energy value of the diet [3]. A number of controlled 

studies have shown that approximating the composition 

of the fat component of infant formula to the breast milk 

one improves neuropsychological development of 

infants, in particular, increases the mental development 

index (MDI) by 7 points [5], improves the psychomotor 

development of babies aged 4 months [6] ], improves 

cognitive development at the age of 3 and 10 months 

[7.8], and also has a long-term effect on intellectual 

development. Therefore, it is imperative that an infant 

continues to receive the fat component of the optimal 

fatty acid composition either with breast milk or as part 

of infant formula [9]. 

One of the expected results of the implementation of 

world strategies in the field of healthy nutrition is the 

reduction of alimentary-dependent diseases among 

children / infants, providing them with full nutrition 

from the first days of life. Increased hygiene 

requirements for the safety and quality of industrially 

produced baby foods for infants and young children are 

determined by the immaturity of their protective 

mechanisms, physiological and metabolic characteristics 

[10]. 

However the safety requirements for the fat 

component of adapted infant formula, in our opinion, are 

still not sufficiently regulated by the regulatory 

documents of the Russian Federation and the Customs 

Union. 

The aim of this paper is to study some indicators of 

safety and quality of the fat component of adapted infant 

formula by various manufacturers. 

2 Methods  

Among a wide range of infant formulas available on the 

market, one of the most popular in Russia in different 

social segments adapted Russian adapted infant formula 

“IS” (Denmark), “IM”, “IN”, “IL” (Russian Federation), 

IX" (Germany) were  selected as objects of study.  

Fat for the analysis was isolated from infant formula 

by the extraction-weight method [11]. 

In the extracted fat, the fatty acid composition was 

determined by gas-liquid chromatography of methyl 

esters of fatty acids [12]. Fatty acid methyl esters were 

prepared according to [13] and the correspondence of the 

averaged fatty acid composition of the studied infant 

formula to the composition of human milk was 

compared. 

The normative documentation of the Customs Union 

(TR TS 021/2011 (Technical regulation of the Customs 

Union "On the safety of food products), TR TS 024/2011 

(Technical regulation of the Customs Union on oil and 

fat products), TR TS 033/2013 (Technical regulation of 

the Customs Union" On the safety of milk and dairy 

products) only regulates organoleptic analysis of the 

quality indicators of adapted infant formula, and, from 

the safety parameters, only finding the peroxide value, 

which characterizes the accumulation of primary fat 

oxidation products. The peroxide value of the fat 

component of the infant formula was found by the 

iodometric method [14]. 

Infant milk nutrition for organoleptic analysis was 

prepared according to the recommendations indicated on 

the package, with a one-to-three hydraulic module. 

Organoleptic analysis was performed according to [15]. 

 Preliminary studies of ready for use infant formula 

showed that almost all samples had an unsatisfactory 

taste and smell, which is typical for relatively oxidized 

fat mixtures. Therefore, for a more complete assessment 

of the degree of hydrolysis and oxidation of the fat 

component of the infant formula, we determined the acid 

value of the released fat by the titrimetric method [16], 

the anisidine value from [17], the content of secondary 

oxidation products insoluble in petroleum ether (CIPE) 

from [18], and the content of epoxides from reactions 

with concentrated phosphoric acid [19]. All studies were 

carried out immediately after opening cans with infant 

formula. 

Determination of acid value is important for 

determining the degree of hydrolysis of fat. This 

indicator is of particular importance in the analysis of 

infant formula containing coconut and palm oil, because 

when there is a noticeable amount of free lauric acid in a 

mixture, a soapy taste arises. In addition, with the 

intensive hydrolysis of fats, di- and monoglycerides 

accumulate, which, according to modern data, can be the 

precursors of the dangerous toxicant 3-

chloropropanediol (3-MCPD), which is detected in 

infant formula in concentrations up to 1.0 mg / kg of fat, 

isolated from the product [20]. 

The anisidine value correlates in a certain way with 

the accumulation of free aldehydes (hexenal, nonenal, 

2,4-decadienal), which give the product off-flavors of 

fish, beans, etc. 

The accumulation of mixtures of thermostable 

secondary oxidation products 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 was 

discovered during the study of deep-fried dough 

products, as well as in the storage of confectionery 

products with a high fat content, e.g. Kurabye cookies, 

shortbread cookies, Chak-Chak confectionery product, 

Creamy cake and others. In the previous biological 

animal test, as was shown in our previous papers, the fats 

containing more than 1% of CIPE, when systematically 

consumed, have a negative effect on the organs of the 

gastrointestinal tract, sharply reduce the level of red 

blood cells and white blood cells, as well as cause the 

accumulation of cholesterol and bilirubin [21]. The risk 

of formation of such compounds in baby food is of 

serious concern. 
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The study was performed on the basis of Saratov 

State Vavilov Agrarian University. 

3 Results  

Edible fats are an essential component of a baby’s diet. 

Reproduction of the fatty acid composition of breast 

milk when creating infant formula is a complex 

scientific, technological and medical problem.  

According to the requirements of Article 4 of TR TS 

021/2011, adapted infant formula should be as close to 

human milk as possible in order to satisfy the 

physiological needs of infants in substances and energy 

in their first year of life. The fatty acid composition of 

breast milk is characterized by a relatively high content 

of polyunsaturated fatty acids (PUFAs), the 

concentration of which in mature breast 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 baby’s body, PUFAs are 

either synthesized to a limited extent (monounsaturated) 

or not synthesized at all (polyunsaturated), and these 

compounds perform the most important plastic and 

metabolic functions. For infants and young children, 

representatives of the ω-3 and ω-6 fatty acid families are 

of the greatest importance, of which α-linolenic and 

linoleic acids are the most significant. In breast milk, the 

ratio of PUFAs of ω-6 and ω-3 classes is optimal and 

ranges from 10: 1 to 7: 1. Under the influence of the 

delta-6 desaturase enzyme, these compounds turn into 

long-chain polyunsaturated fatty acids which play a 

leading role in the development of the central nervous 

system of infants, the visual analyzer and the immune 

system, regulation of metabolic processes and 

inflammatory reactions [22]. Comparative characteristics 

of the averaged composition of the predominant fatty 

acids of adapted infant formula and breast milk are 

presented in table 1. 

Table 1. Comparative characteristics of the averaged fatty acid 

composition of human milk [23] and adapted infant formula. 

Trivial 

name of 

fatty acid, 

the number 

of carbon 

atoms in 

the chain 

and the 

number of 

double 

bonds 

Mass fraction of fatty acid in samples,% 

Huma

n milk 

IS IN IM IL IX 

Caprylic 

acid C8: 0 

0.17 
3.2 2.2 2.2 2.0 0.9 

Capric acid 

C10: 0 

1.66  
2.5 1.8 1.7 1.6 0.8 

Lauric acid 

C12: 0 

5.8 17.

9 

13.0 12.7 11.9 9.3 

Myristic 

acid C14: 0 

8.6 6.6 5.4 5.3 5.2 3.6 

Palmitic 

acid C16: 0 

21.0 8.4 18.9 18.6 19.2 24.4 

Palmitoleic 

acid C16: 1 

3.4  0.1  0.2  0.2 0.2  0.2  

Stearic acid 

C18: 0 

8.0 2.8 3.1 3.3 3.4 3.3 

Oleic acid 

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 

acid C18: 3 

1.0 1.5 2.4 2.7 2.6 2.2 

Arachic acid 

C20: 0 

0.21 
0.2 0.3 0.3 0.3 0.3 

Gadoleic 

acid C20: 1 

0.20  
0.2 0.4  0.4 0.4 0.4 

Behenic 

acid C22: 0 

0.10  
0.4 0.2 0.2 0.3 0.2 

Mass 

fraction of 

fat,% 

4.4 
3.4

6 
3.4 3.3 3.3 3.6 

The data presented in table 1 indicates the presence 

of gadoleic acid C20: 1 and a sufficiently high amount of 

linolenic acid  C18: 3 in the infant formula “IN”, “IM”, 

“IL”, which suggests the content of erucic-free rapeseed 

oil in them. According to the analysis of the fatty acid 

composition, infant formula of “IN”, “IM”, “IL” may 

have an almost identical formula. 

From the above data it is seen that the infant formula 

were selected, first of all, according to the content of 

oleic and palmitic acids. Sample IX contains 15-20% of 

coconut oil, sample IS contains 35%, the rest contain 

30% of coconut oil. On the contrary, the composition of 

the “IS” powder contains about 20% of palm oil, the 

“IX” sample contains 40-45% of palm oil, the rest 

contain 35-40% of palm oil. 

The highest content of polyunsaturated acids (linoleic 

and linolenic) is in the “IS” and “IX” infant formula, 

while the most favorable ratio ω6/ω3=11:1, 

corresponding to the characteristics of human milk, was 

found in the “IS” powder. 

The mass fraction of the fat component is from 

24.1% ("IM") to 27.7% ("IX"). 

Based on the research results, the fatty acid 

composition of a adapted infant formula of various 
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manufacturers corresponds to the information indicated 

on the labels of the products being studied.  

From Table 1, it is seen that the proposed infant 

formula contain an excessive amount of lauric acid and 

linoleic acid, with a relatively lower mass fraction of 

stearic acid. None of the samples studied according to 

the averaged composition of fatty acids fully correspond 

to human milk. 

Infant formula were prepared for organoleptic 

analysis according to the recommendations indicated on 

the package, with a 1:3 hydraulic module. The dispersion 

of dry infant formula in water occurred with the same 

intensity. The results are presented in Table 2. 

Table 2. The results of organoleptic analysis of ready-prepared 

for use infant formula. 

Sample 

name 

Flavor Odor Consistency Color 

IS fishy 

aftertast

e 

mild 

fishy 

homogeneous, 

light, watery 

baked 

milk 

IN sweet 

and 

salty 

with a 

fishy 

aftertast

e 

mild 

fishy 

homogeneous, 

light, non-

watery 

white 

with a 

cream 

tint 

IM slightly 

sweet, 

creamy 

slight 

fishy  

homogeneous, 

light, non-

watery 

white 

with a 

cream 

tint 

IL sweet-

salty, 

with a 

metallic 

finish 

slight 

fishy  

homogeneous, 

light, slightly 

watery 

white 

with a 

cream 

tint 

IX bean, 

with a 

cold 

syntheti

c flavor 

herbal homogeneous, 

light, non-

watery 

light 

cream 

Baby foods made from “IS”, “IN”, “IM” and “IL” 

infant formula had a fishy smell of varying degree; the 

"IX" sample was more herbal, beany. Sweet taste was 

most explicit in "IN" sample, and it was least explicit of 

all in "IM" sample. The consistency of ready-prepared 

food systems did not differ significantly, the color 

ranged from white to cream. 

In general, an unsatisfactory organoleptic assessment 

of the varying degrees of strength in food compositions 

from all infant formula should be noted. The worst 

performance is "IX". Thus, a negative organoleptic 

assessment of the prepared infant formulas may indicate 

an unacceptable level of oxidation of the fat component 

of the dry adapted infant formula 

In accordance with the requirements of Annex 9 

Technical regulation of the Customs Union "On the 

safety of milk and dairy products" (TR TS 033/2013), 

the standardization of oxidative damage of dry adapted 

infant formula is determined by the peroxide value (not 

more than 4 meq/kg). It is known that fat oxidation 

products are toxic, they have a carcinogenic effect, the 

ability to cause diseases of the gastrointestinal tract and 

liver, growth retardation, irritation of the skin and 

mucous membranes, the development of malignant 

tumors [24-30], in addition and it can initiate cell 

damage and contribute to the development of oxidative 

stress [31-36]. In this regard, a more detailed study of the 

safety of the fat component in the adapted infant formula 

was carried out. The data are presented in table 3. 

Table 3. Safety indicators of adapted infant formula. 

 

Samp

le 

Name 

Acid 

numbe

r, mg 

KOH / 

g 

Peroxi

de 

value, 

meq / 

kg 

Anisidi

ne 

index, 

c.u. 

Mass 

fraction 

of 

oxidatio

n 

product

s 

insolubl

e in 

petroleu

m 

ether,% 

The 

content 

of 

epoxid

es, 

mmol / 

kg 

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 

Analyzing the data of table 3, we can conclude that 

the safety indicator, i.e. peroxide value is within the 

normal range for all samples, standardized according to 

TR TS 033/2013 "On the safety of milk and dairy 

products". 

The limit value of the acid number (value) for 

adapted infant formula is not determined by the 

regulatory documentation of the Customs Union. 

According to TR TS 024/2011 "On fat and oil products" 

for refined oils and their fractions, mixtures of refined 

oils, the acid value is normalized to not more than 0.6 

mg KOH / g. For most dry infant formula, the acid 

number does not exceed this indicator, only in the "IL" 

sample the content of free fatty acids in the fat 

component is 0.7 mg KOH / g 

The permissible value of the anisidine index, 

showing the concentration of secondary oxidation 

products, i.e. aldehydes, is also not determined by the 

normative documentation for adapted infant formula. 

GOST (National State Standard) 1129-2013 Sunflower 

oil. Technical conditions (as amended) this indicator is 

not more than 3 c.u. for Premium oil and high-grade oils. 

In the "IM" sample, the anisidine index is 3.6 c.u. 

4 Discussion  

The mass fraction of compounds insoluble in petroleum 

ether is regulated for spent deep frying fats according to 

SP 2.3.6.1079-01 is not more than 1%. This indicator has 

not yet been reflected in ensuring the safety of the fat 

component of other food products, although there are a 

number of papers, showing the need for its regulation 

[37; 38]. In the "IM" sample, the mass fraction of CIPE 

is 1%. 
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In biological studies on animals (white rats) [39], it 

was noted that with the systematic consumption of fats 

containing more than 0.88% of CIPE, progressive 

negative pathological changes in the body are observed 

(granular dystrophy and hyperaemia of the liver, 

desquamation processes in the intestinal wall, oedema 

submucosal layer of the intestine, a change in the blood 

formula). Such changes indicate an increase in the 

number of eosinophils and compounds that are 

leukotoxins, which in general leads to disorders in the 

work of antioxidant defense systems of the body. 

A number of studies [40-44] have shown that it is the 

isomers of epoxyoleic acid that have the properties of 

leukotoxins. Determining the concentration of epoxides 

can be suggested as an operational method for 

monitoring the safety of the fat component of dry infant 

formula and other food products. In the studied adapted 

infant formula, the content of epoxides was 25-31 mmol 

/ kg. 

Weakened antioxidant defence and uncontrolled 

intensification of lipid peroxidation processes have been 

proven to be one of the important links in the 

pathogenesis of autonomic dysfunction, atopic 

dermatitis, dental pathology, diabetes mellitus, 

arthropathy, diseases of the gastrointestinal tract, urinary 

tract, etc. [45-48]. 

It should be noted that all the studied indicators of 

hydrolysis and oxidation of fats are at the lowest level in 

the "IS" sample. 

The data obtained indicate that there is a need for 

additional safety monitoring of the fat component of 

adapted infant formula, which is advisable to reflect in 

the regulatory documentation. 

As a result of the safety study of the fat component in  

adapted infant formula named “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 studied samples according to the averaged 

composition of the predominant fatty acids fully 

corresponds to the composition of human milk. 

According to an important indicator, i.e. the ratio of 

polyunsaturated fatty acids ω6 / ω3, the optimal value 

(11: 1) is the "IS" sample. 

According to organoleptic indicators, food systems 

made from “IS”, “IN”, “IM” and “IL” dry infant formula 

had a fishy smell of varying intensity; "IX" sample is 

more herbal. Sweet taste was most pronounced in the 

“IN” sample, and was least pronounced in the “IM” 

sample. The consistency was slightly different, the color 

ranged from white to cream. A negative organoleptic 

assessment, in general, may indicate an unacceptable 

level of oxidation of the fat component of dry infant 

formula. 

The safety indicators of the fat component regulated 

by TP TS 021/2011, TP TS 024/2011, TP TS 033/2013 

do not fully reflect the safety requirements for the fat 

component of adapted dry infant formula, since there are 

no standards for the most important indicators of fat 

safety, i.e. the content of secondary oxidation products 

CIPE and epoxides. In our opinion, the research shows 

the need for further study of safety indicators of the fat 

component of adapted dry infant formula during storage 

after opening the package by the consumer. 

The obtained data determine the necessity for an 

assessment of the production technology, packaging and 

storage of adapted infant formula, as well as the 

feasibility of amending the regulatory documents of the 

Russian Federation, and in the future, the regulatory 

documents of the Customs Union with the aim of further 

monitoring the fat component safety of adapted infant 

formula. 
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