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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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AHTUOKCUJAHTHASA AKTUBHOCTb MOJIOYHbIX
IMPOAYKTOB IJ5 AETCKOI'O IIMTAHUSA

B.E. Buvicoxozopckuii, 10.I. Pozengenvo, M.A. Cokonosa

Tosvluenue 6uon02ULeCKOU U NUWEBOU YEHHOCMU 3aMeHUmenel 2pyoHo20
MONOKa nymém 0002aujenus pasnuiHbIMu MAKpo- U MUKPOHYMPUCHMAMU AGNAECSL
6avicHoll npobremoll. B onpedenénnoii cmenenu numamenvuas yYeHHOCmMs MOLOKA
onpedensiemcsi e20 AHMUOKCUOAHMHOU AKMUBHOCBIO.

L]env pabomvi — cpagnenue aumMuoOKUCIUMENbHOU AKMUGHOCIU MOJIOYHBIX NPO-
OYKMO8 01 OeMCKO20 NUMAHUS U 2PYOHO20 MONOKA.

Mamepuan u memoowvt. B pabome ucciedoganu Kopogbe nacmepu3oeantoe
MONOKO, humvesoe yiompanacmepuzoeannoe «Temay» u cmepunuzoeannoe mo-
JIOKO 0151 0emcKo20 NUMAHUs «Aeyway, Monounvie cmecu, npeonasHaiennvle Ol
odemckoeo numanusi — NAN, Nutrilon, «Mamomkay, epyonoe monoxo 17 dceHujun.
Onpedenenue aHmuoKCUOAGHMHOU AKMUBHOCTU OCYUWeCMEIAIU MUumpumempuye-
CKUM NEPMAHSAHATNHBIM MEMOOOM 68 BOOHBIX U CHUPMOBHIX IKCIPAKIMAX MONOKA.

Pezynomamot u oocysncoenue. Cooepoicanue aHmuoKCUOaGHmMo8 8 CHUPIMOBbIX
IKCMPAKMAX MONOKA U BCEX MOTOYHBIX 3HAUUMENLHO NPEGLIUIAION UX YPOGHU 6 8O-
Ouwix pacmeopax. Codeporcanue 8000paAcmMEOPUMbBIX AHMUOKCUOAHMOE 8 2PYOHOM
MOJIOKe 3HAUUMENLHO HUICe, YeM 8 KOpo8bem Monoke «JIyoicaiikunoy, «Aeyway, no 8
O0EMCKUX MOTOUHBIX CMECSIX OHO COOMBEMCMEYem NOKA3AMeam epyOH020 MONOKA.
Yposenv cnupmopacmeopumvix anmuokcuoanmos cHudicen 8 MonouHvix cmecax NAN
u Nutrilon, npu cpasnenuu ¢ KOpogbem u ¢ AHceHCKUM Monoxkom. Monounas cmecs
«Manmiomxay no anmMuoOKUCIUMENLHOU AKIMUBHOCIU CNUPMOPACMEOPUMBIX, KAK U
6000pACMEOPUMBIX KOMHOHEHIMOE He OMIUYACHCS O 2PYOHO20 IHCEHCKO20 MOJIOKA.

Oécyscoenue pezynbmamos. Hcnonv3osanue paz0eivHo2o onpedeienue 2uopo-
QurvLHLIX U 2UOPOPOOHBIX AHMUOKCUOAHTNOE NO3BOTULO GbIABUMDL SHAUUTNETbHBIE
omauyUs 2pyoHo20 U Koposbe2o monoka. Qbocaujenue MOIoKa 1e2Ko paspyulaemol,
6000pACMBOPUMOLL ACKOPOUHOBOU KUCTOMOUL He NOGIUANO HA AHMUOKUCTUMENLHYIO
AKMUBHOCHIL MONOUHBIX NPOOYKMOG 015l 0emcKko2o numanus - «Aeyuuy u « Temwiy.
3axniouenue. Ilonyuennvie pe3yniomanvl 0 CYWECMEEHHbIX ONIUYUSX AHIMUOKUCTU-
MENbHBIX CEOUCE MONOYHBIX NPOOYKIMOB HA OCHOBE KOPOBLESO MONOKA O JHCEHCKO20
2PYOHO20 MONIOKA YKAZLIBAIOM HA HEOOXOOUMOCb ONMUMUBAYUY COCABA AHMUOKCU-
0anmos MOIOKA Ot 0eMCKO20 NUMAHUSL U CO30AHUS 3AMeHUmenell 2pyOH020 MOTIOKA.

Kniouesvle cnosa: koposve nacmepuzosantoe Monioko; 2pyoHoe MOIOKO, aHmu-
OKCUOAHMBL; AHCUPO- U BOOOPACTEOPUMbBIE AHMUOKCUOAHMbL, AHMUOKCUOAHMHAS
AKMUBHOCMb, OeNCcKoe numanue
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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
X+m X+m X+m
Breast milk 1.89+0.07 7.05+0.15 3.734+0.08
(n=13) (n=11)
“Luzhaykino” 2.94+0.02 7.27£0.12 2.47+0.16
<0.0001 0.27 <0.0001
“Agusha” 2.64+0.01 6.74+0.18 2.55+0.09
P <0.0001 0.2 <0.0001
P, <0.0001 0.02 0.66
“Tyoma” 2.74 £0.05 6.38+0.29 2.66+0.17
P <0.0001 0.05 <0.0001
P, 0.001 0.01 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
Water-soluble Alcohol-soluble Alcoholic/aqueous
Dairy product fractions fractions q
X+m X+tm X+m
Breast milk 1.89+0.07 7.05+0.15 3.7340.08
(n=13) (n=11)
“Luzhaykino” 2.94+0.02 7.27+0.12 2.47+0.1
P <0.0001 0.26 <0.0001
NAN 2.00+0.01 6.41+0.19 3.21+0.18
P 0.13 0.01 0.02
P, <0.00001 0.001 0.002
Nutrilon 2.01+0.01 6.36+0.17 3.16+0.16
P 0.1 0.01 0.001
P <0.00001 0.001 0.001
“Malyutka” 1.86+0,001 7.44+0.21 4.00+0.2
P 0.67 0.32 0.22
P, <0.00001 0.06 <0.0001

Note*: The values of P — in comparison with breast milk, P, — 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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