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ANTIOXIDANT ACTIVITY                                                         
OF DAIRY PRODUCTS FOR BABY FOOD

V.E. Vysokogorsky, J.G. Rosenfeld, M.A. Sokolova 

Increasing the biological and nutritional value of breast milk substitutes by 
enriching different macro- and micronutrients is an important issue. To a certain 
extent, the nutritional value of milk is determined by its antioxidant activity. 

The research aims to compare the antioxidant activity of dairy products for 
baby food and breast milk. 

The current research studied cow pasteurized milk, drinking ultra-pasteur-
ized “Tyoma,” sterilized milk for baby food “Agusha,” “NAN,” “Nutrilon,” and 
“Malyutka” milk mixtures, as well as breast milk of 17 women. The antioxidant 
activity was determined by the titrimetric permanganate method in aqueous and 
alcoholic milk extracts. The content of antioxidants in alcoholic extracts of milk 
and all dairy products significantly exceeds their levels in aqueous solutions. The 
content of water-soluble antioxidants in breast milk is significantly lower than in 
cow’s milk “Luzhaykino” and “Agusha,” but in infant formula, it corresponds to 
the indicators of breast milk. The level of alcohol-soluble antioxidants is lower 
in NAN and Nutrilon milk mixtures when compared with cow and breast milk. 
The milk mixture “Malyutka” does not differ from breast milk in terms of the 
antioxidant activity of alcohol- and water-soluble components. 

Discussion. The use of separate determination of hydrophilic and hydrophobic 
antioxidants revealed significant differences between breast and cow’s milk. The en-
richment of milk with easily destructible, water-soluble ascorbic acid did not affect 
the antioxidant activity of dairy products for baby food (“Agusha” and “Tyoma”).

 The results obtained on the significant differences in the antioxidant proper-
ties of dairy products based on cow’s milk from breast milk indicate the need to 
optimize the composition of milk antioxidants for baby food and the creation of 
breast milk substitutes.
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АНТИОКСИДАНТНАЯ АКТИВНОСТЬ МОЛОЧНЫХ 
ПРОДУКТОВ ДЛЯ ДЕТСКОГО ПИТАНИЯ

В.Е. Высокогорский, Ю.Г. Розенфельд, М.А. Соколова 

Повышение биологической и пищевой ценности заменителей грудного 
молока путём обогащения различными макро- и микронутриентами является 
важной проблемой. В определённой степени питательная ценность молока 
определяется его антиоксидантной активностью. 

Цель работы – сравнение антиокислительной активности молочных про-
дуктов для детского питания и грудного молока. 

Материал и методы. В работе исследовали коровье пастеризованное 
молоко, питьевое ультрапастеризованное «Тема» и стерилизованное мо-
локо для детского питания «Агуша», молочные смеси, предназначенные для 
детского питания – NAN, Nutrilon, «Малютка», грудное молоко 17 женщин. 
Определение антиоксидантной активности осуществляли титриметриче-
ским перманганатным методом в водных и спиртовых экстрактах молока. 

Результаты и обсуждение. Содержание антиоксидантов в спиртовых 
экстрактах молока и всех молочных значительно превышают их уровни в во-
дных растворах. Содержание водорастворимых антиоксидантов в грудном 
молоке значительно ниже, чем в коровьем молоке «Лужайкино», «Агуща», но в 
детских молочных смесях оно соответствует показателям грудного молока. 
Уровень спирторастворимых антиоксидантов снижен в молочных смесях NAN 
и Nutrilon, при сравнении с коровьем и с женским молоком. Молочная смесь 
«Малютка» по антиокислительной активности спирторастворимых, как и 
водорастворимых компонентов не отличается от грудного женского молока. 

Обсуждение результатов. Использование раздельного определение гидро-
фильных и гидрофобных антиоксидантов позволило выявить значительные 
отличия грудного и коровьего молока. Обогащение молока легко разрушаемой, 
водорастворимой аскорбиновой кислотой не повлияло на антиокислительную 
активность молочных продуктов для детского питания - «Агуши» и «Темы».  
Заключение. Полученные результаты о существенных отличиях антиокисли-
тельных свойств молочных продуктов на основе коровьего молока от женского 
грудного молока указывают на необходимость оптимизации состава антиокси-
дантов молока для детского питания и создания заменителей грудного молока.  

Ключевые слова: коровье пастеризованное молоко; грудное молоко; анти-
оксиданты; жиро- и водорастворимые антиоксиданты; антиоксидантная 
активность; детское питание
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Introduction
The ideal way to provide newborns with all necessary nutrition is breast-

feeding [19]. Since breast milk is the source of all the essential ingredients of 
the child’s growth and development, it is necessary to constantly study its com-
position and properties [8]. In the absence of breastfeeding possibility, the qual-
ity of breast milk substitutes is of particular importance. They are most often 
made based on cow’s milk with the addition of various components, bringing 
the nutrient content closer to that of the breast milk, adapting to the needs of 
the child’s organism. For maximum approximation to breast milk, its substitutes 
include vitamins, minerals, nucleotides, polyunsaturated fatty acids, prebiot-
ics, and other ingredients [9]. Among the most important nutrients in the milk 
mixtures composition are antioxidant protection components, vitamins E, A, C, 
and selenium [2]. However, the antioxidant protection of milk is determined 
by a diverse composition, including proteins, peptides, compounds containing 
SH-groups [16]. Casein, lactoglobulin, lactoferrin, uric acid, corticosteroids, 
estrogens, and milk progesterone play a certain role in antioxidant protection. 
Phospholipids of fat balls can play the role of antioxidants’ synergists. Enzymes 
are an important component of the antioxidant system, but their activity is ab-
sent after thermal exposure [5; 16]. Technological actions in the dairy products 
manufacture mainly increased temperatures, reduced their biological activity by 
destroying component components (micronutrients) [4]. In the manufacture of 
dairy products intended for baby food, enrichment with vitamins and minerals 
is particularly important [11; 14]. In addition to the micronutrient content, in the 
process of dairy manufacturing, the level of antioxidant activity also decreases 
[6; 18]. The enrichment of dairy products intended for children leads to higher 
antioxidant activity than sterilized milk when determining chemiluminescence 
in the model system [3]. The composition of modern breast milk substitutes 
includes compounds with antioxidant properties: L-carnitine, biotin, inositol, 
taurine, nucleotides [13]. According to [17], existing differences in the antiox-
idant activity of infant formula and breast milk indicate the need for further op-
timization of the antioxidant component of milk mixtures to approximate their 
biological and nutritional adaptation to breast milk. Until recently, the study of 
breast milk substitutes investigated the overall antioxidant activity; however, the 
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components of antioxidant protection differ not only in catalytic activity, mo-
lecular weight, mechanism of action but also solubility in the aqueous or lipid 
phase [12]. Accordingly, a separate definition of water-soluble and fat-soluble 
antioxidants is of particular interest.

Materials and methods. The study aims to compare the antioxidant activity 
of dairy products for baby food and female breast milk.

The research objectives are as follows:
1. Develop methodological approaches for determining the level of anti-

oxidants with different solubility in dairy products;
2. Determine the content of antioxidants with different solubility in breast 

milk and pasteurized, ultra-pasteurized cow’s milk, milk “Tyoma” and 
“Agusha” intended for baby food;

3. Determine the content of antioxidants in milk mixtures “NAN” and “Nu-
trilon Premium”.

The study examined the milk received from 17 nursing mothers, with in-
fants aged between 3 and 6 months. Milk samples were collected in the morn-
ing. All women were pre-screened for vitamin intake. Motivated consent for 
the processing of personal data was obtained from them. The average age of 
women was 27.9±1.17 years. Of these, 37.5% were primiparous, 62.5% gave 
second and third births. 

The study used raw natural milk obtained from cows of black-and-white 
breed of the Omsk region forest-steppe zone. Since the basis of breast milk 
substitutes is most often cow’s milk after pasteurization, the antioxidant activ-
ity in pasteurized and ultra-pasteurized milk obtained at the Munros-M milk 
processing enterprise (Omsk branch of Wimm-Bill-Dann JSC) was also deter-
mined in accordance with GOST 31450-2013 [10]. Dairy products intended for 
baby food were studied – ultra-pasteurized drinking milk, 3.2% fat mass fraction 
“Tyoma” (Omsk branch of Wimm-Bill-Dann JSC) and sterilized drinking milk 
enriched with vitamin A and C, with 3.2% fat mass fraction “Agusha” (DA-
NONE-RUSSIA JSC), milk mixtures “NAN” from 0 to 12 months (Nutricia) 
and “Nutrilon Premium” from 6 to 12 months (Nestle), “Malyutka” from 0 to 
6 months ( DP “Istra-Nutricia” JSC).

The titrimetric method [7; 15] was used to detect antioxidant activity. To 
determine the content of biologically active substances, both aqueous and al-
coholic extracts of milk and dairy products were used.

The statistical significance of the intergroup differences was assessed by 
the Student’s t-criterion. Statistical hypotheses were tested at a critical signifi-
cance level of p=0.05.
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Results
The study of pasteurized cow’s milk “Luzhaykino” and enriched milk in-

tended for baby food revealed significant differences in their antioxidant activity 
from breast indicators (Table 1).

Table 1.
The content of antioxidants in dairy products for baby food, mg/ml

Milk
Aqueous extracts Alcoholic extracts Alcoholic/aqueous

Х ± m Х ± m Х ± m

Breast milk 1.89±0.07
(n=13)

7.05±0.15
(n=11)

3.73±0.08

“Luzhaykino” 2.94±0.02
˂0.0001

7.27±0.12
0.27

2.47±0.16
˂0.0001

“Agusha”
Р
P1

2.64±0.01
˂0.0001
˂0.0001

6.74±0.18
0.2
0.02

2.55±0.09
˂0.0001

0.66
“Tyoma”

Р
P1

2.74 ±0.05
˂0.0001

0.001

6.38±0.29
0.05
0.01

2.66±0.17
˂0.0001

0.43
Note*: The values of P – in comparison with breast milk, P1 – in comparison with 

cow pasteurized milk “Luzhaykino.”

Table 2.
Antioxidant content of infant formula, mg/ml

Dairy product
Water-soluble 

fractions
Alcohol-soluble 

fractions Alcoholic/aqueous

Х ± m Х ± m Х ± m
Breast milk 1.89±0.07

(n=13)
7.05±0.15

(n=11)
3.73±0.08

“Luzhaykino”
Р

2.94±0.02
˂0.0001

7.27±0.12
0.26

2.47±0.1
˂0.0001

NAN 
Р
Р1

2.00±0.01
0.13

˂0.00001

6.41±0.19
0.01
0.001

3.21±0.18
0.02
0.002

Nutrilon 
Р
Р1

2.01±0.01
0.1

˂0.00001

6.36±0.17
0.01
0.001

3.16±0.16
0.001
0.001

“Malyutka”
Р
Р1

1.86±0,001
0.67

˂0.00001

7.44±0.21
0.32
0.06

4.00±0.2
0.22

˂0.0001
Note*: The values of P – in comparison with breast milk, P1 – in comparison with 

cow pasteurized milk “Luzhaykino.”
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If the level of alcohol-soluble antioxidants in cow’s milk does not differ sig-
nificantly from that of breast milk, then the antioxidant activity of water-soluble 
components is significantly higher than in breast milk.

A slightly different pattern is observed in the study of the antioxidant activity 
of breast milk substitutes (Table 2). The content of water-soluble antioxidants 
in all substitutes is significantly lower than in pasteurized cow’s milk but cor-
responds to the indicators of breast milk.

In contrast, the level of alcohol-soluble antioxidants is lower in NAN and 
Nutrilon milk mixtures, both when compared with cow and breast milk. How-
ever, the milk mixture “Malyutka” does not differ from breast milk in terms of 
the antioxidant activity of alcohol- and water-soluble components.

Discussion
The study of antioxidants with different solubility allowed us to establish the 

predominance of fat-soluble components in milk and dairy products, primarily 
tocopherols [1]. Numerous data on the level of “general” antioxidant activity 
without considering their solubility may carry distorted information. The data 
obtained confirm the conclusion of Shilina, Ivanushkina & Kon [17] on the need 
to improve the antioxidant properties of dairy products for their adaptation to 
breast milk. The divergence of differences between breast milk and cow’s milk 
indicates the need to consider the peculiarities of the breast milk antioxidant 
properties when creating its substitutes.

Conclusion. In dairy products intended for baby food and enriched with vi-
tamins, the level of antioxidants did not differ significantly from the indicators 
of pasteurized milk “Luzhaykino” both in terms of water-soluble and fat-solu-
ble antioxidants content, but there were significant differences from the breast 
milk indicators.

Differences have been established in the level of antioxidants in both aque-
ous and alcoholic extracts. However, if the level of antioxidants in aqueous 
extracts of female breast milk is significantly lower, then in alcoholic, on the 
contrary, it is much higher. Thus, despite the enrichment of dairy products with 
various micronutrients, including the water-soluble antioxidant - ascorbic acid, 
the antioxidant activity of dairy products intended for baby food is significantly 
lower than that of breast milk. To compensate for the deficiency of fat-soluble 
antioxidants, increasing the concentration of fat-soluble antioxidants in milk 
and dairy products is necessary, primarily alpha-tocopherol. The solution to the 
problem of enriching foods with antioxidants is impossible without a detailed 
study of the fat-soluble antioxidants composition in breast milk.
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