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Abstract— Improving methods for assessing the biological 

properties of milk is a currently important task. The level of 

carbonyl derivatives of proteins during iron-induced oxidative 

degradation of pasteurized milk proteins was used as a marker 

of the intensity of free radical processes. During incubation of 

milk under aerobic conditions for 48 hours, a 1.6 - 2.0 times 

increase of the content of carbonyl derivatives of proteins was 

found at all studied wavelengths (from 356 to 535 nm). 

Maximal increase in the level of carbonyl derivatives was 

observed at absorption wavelengths corresponding to neutral 

ketone dinitrophenylhydrazones and, especially, to basic 

ketone dinitrophenylhydrazones (by 80-100%). The addition of 

dihydroquercetin to the incubation medium significantly 

inhibited the formation of carbonyl derivatives of proteins; 

there was only a slight increase in dinitrophenylhydrazones by 

15–25% at 428, 430 and 434 nm. Significant inhibition of the 

formation of carbonyl derivatives of milk proteins in the 

presence of a standard antioxidant confirms the free-radical 

nature of the formation of carbonyl derivatives of pasteurized 

milk proteins and indicates the possibility of using the 

evaluation of the level of carbonyl derivatives of milk proteins 

during aerobic incubation to detect the level of antioxidant 
activity of dairy products. 

Keywords—antioxidant activity, oxidative modification of 

proteins, carbonyl derivatives, pasteurized milk, 

dihydroquercetin, iron-induced oxidative destruction. 

I. INTRODUCTION 

Preservation of the nutritional properties of food 
products during storage and using of various technological 
processes is the most important task of food biotechnology. 
The influence of different production factors causes, first of 
all, the decrease in the level of micronutrients: vitamins, 
microelements and, especially, antioxidants [1-3]. 
Antioxidant activity of products and the content of phenolic 
compounds are determined by cooking methods [4]. 
Blanching vegetables improves the taste of green leafy 
vegetables but their antioxidant properties significantly 
decrease [5]. Ultrafine milling of wheat bran leads to a 
decrease in antioxidant activity and the total content of 
phenolic compounds [6]. Heat treatment of products results 
in the most significant effect on antioxidant activity. 
Steaming and suspension treatment significantly reduced the 
content of vitamin C and the total content of phenolic 
compounds in plants of Brassicaceae family including 
broccoli, cauliflower, and mustard [7]. However, heat 
treatment can increase the antioxidant activity of vegetable 
extracts by increasing the bioavailability of active 
components, for example, lycopene yield during heat 

treatment of tomatoes [8-9] or increasing phenolic 
compounds in citrus peel extracts at higher temperatures 
[10]. If the bioavailability of components in the products is 
high in normal conditions without additional processing, 
then increased temperature causes a decrease in antioxidant 
activity [11-15]. High temperature destroys polyphenolic 
compounds and inactivates some oxidases [16-17]. Heat 
treatment has a significantly greater effect on the antioxidant 
activity of milk than any other factors of the technological 
process [18]. 

Under the stress situations, a deficiency of endogenous 
antioxidants occurs in the human body. An important 
pathogenetic factor of many diseases is the development of 
oxidative stress which is characterized by the imbalance of 
pro- and antioxidants, overproduction of reactive oxygen 
species, and a decrease in antioxidant activity [13], [19-22]. 
These data indicate the need for using antioxidants as 
therapeutic agents, as well as the importance of exogenous 
intake of antioxidants with food and increase the antioxidant 
ability of foods. If previously antioxidants were used in food 
technologies mainly for increasing the shelf life of products 
[23-24], recently they are used not only to better preserve 
food but also to improve the bioactive properties of final 
product [25-27]. Instead of synthetic agents, alcoholic and 
aqueous extracts of plants are more often used as sources of 
antioxidants. A methodology has been developed for the 
manufacturing of some bakery, dairy and meat products 
with the powders of natural extracts from aromatic plants, 
spices and fruits in order to increase their antioxidant 
activity [28-30]. 

Phytochemicals play an important role in human health; 
they protect against oxidative stress, inflammation, and 
reduce the risk of chronic diseases such as cardiac diseases, 
cancer, diabetes, and neurodegenerative disorders [31-32]. 

Prophylactic effectiveness of phenolic compounds in 
food products is determined by their bioavailability and 
delivery into cells of different tissues and organs. Absorption 
potential can be determined by the amount that passes 
through cell membrane into intestine, thereby becoming 
available for actions within the cell. Bioavailability means 
the amount of components that is released from the matrix 
of solid food into intestine [33]. Phenolic compounds of 
products are delivered to a different extent and gradually 
during digestion in stomach and intestine [34-35]. The 
amount of absorbed phenolic compounds from food can play 
a key role in protecting gastrointestinal tract from oxidative 
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stress and cause a decreased risk of diseases of stomach or 
large intestine and of colon cancer [36]. 

Taking into account significant biological and nutritional 
value of food products as sources of antioxidants, the 
significance is increasing of developing markers of 
antioxidant activity that are sufficiently specific and 
sensitive. Most of the methods for assessing antioxidant 
activity are based on the study of the concentration of certain 
substrates: total amount of phenolic compounds, flavonoids 
and other substrates. However, in order to identify the 
bioactivity of food products it is necessary to use methods 
based on different mechanisms of action: electron transport, 
transport of hydrogen atoms, chelating ability of metals of 
variable valence, etc. [37], for different products of free 
radical processes [38]. 

Polyunsaturated fatty acids easily undergo oxidative 
processes, and therefore lipids were previously studied as 
substrates for free radical oxidation. However, in recent 
years, many works appeared that proved the greater 
informative value of the products of oxidative degradation of 
proteins [39] since they persist for a longer period. Proteins 
perform various biological functions and, accordingly, their 
oxidative damage lead to changes in these functions [40]. The 
sensitivity of proteins to the action of free radicals allows us 
considering their oxidative modification as a marker of 
activation of free radical processes. 

Deficiency of antioxidants during oxidative stress is often 
reduced by injection of synthetic drugs, but intake of a 
complex of natural antioxidants with food is the most 
physiological way [28], [30], [41]. Milk and dairy products 
can serve as a constant food source of antioxidants. However, 
according to K. Smet et al (2008), the antioxidant activity of 
pasteurized milk decreases during the first days of storage 
[12]. At the same time, an increase level of products of lipid 
peroxidation which is often used to characterize the activation 
of free radical processes is recorded only in a week. 

In this regard, there is an assumption about the use of 
other substrates as more sensitive markers of oxidative 
degradation of milk components, namely the determination 
of carbonyl derivatives of proteins. 

II. RESEARCH OBJECTIVE 

Determination of the level of carbonyl derivatives of 
pasteurized milk proteins during incubation under aerobic 
conditions. 

III. RESEARCH OBJECT AND DESIGN 

Research object includes samples of pasteurized milk 
with the fat mass fraction of 2.5% obtained at Manros-M milk 
processing enterprise (Omsk Branch of Wimm-Bill-Dann 
JSC). Fresh samples and samples after incubation under 
aerobic conditions for 48 hours at a temperature of 4 ± 2°C 
were studied. 

The level of carbonyl derivatives was determined 
according to the method of Reznick A.Z. and Parker L. in the 
modification for milk proteins [39]. Formation of carbonyl 
derivatives under normal conditions occurs spontaneously 
but the level of autooxidation is low, and the introduction of 
Fe2+ ions into the system is accompanied by a significant 
acceleration of free radical oxidation [42]. The intensity of 
metal-catalyzed oxidation of milk proteins was evaluated by 
inducing free radical oxidation by Fe2 +/H2O2 system. 
Products of metal-catalyzed oxidative degradation of proteins 
were determined using UNICO 2800 spectrophotometer at 
the following wavelengths: 356, 363, 370, 428, 430, 434, 520, 
535 nm. From the literature data, ranges are known at which 
dinitrophenylhydrazones are registered. Neutral aldehyde-
dinitrophenylhydrazones are registered at the range of 230–
558 nm, basic aldehyde-dinitrophenylhydrazones– at the 
range of 258–264 nm, the absorption spectrum for neutral 
ketone-dinitrophenylhydrazones is 363–367 nm, for basic 
ketone-dinitrophenylhydrazones – 430-434 and 524–535 nm 
[42]. To determine the antioxidant effect on the formation of 
carbonyl derivatives of proteins, dihydroquercetin was added 
to the incubation medium at a dose of 25 mg per 100 mL of 
test sample, preheated to t=35°C for better solubility. 

Statistical processing of the data obtained was carried out 
using STATISTICA 6 program. Differences between the 
values of parameters in the compared groups were assessed 
using parametric Student’s t-test. Critical level of 
significance of differences during testing statistical 
hypotheses was adopted as p=0.05. 

IV. RESULTS AND DISCUSSION 

Induction of free radical processes with iron with 
hydrogen peroxide revealed an increase in the content of 
carbonyl derivatives of pasteurized milk proteins after 48 
hours of milk incubation under aerobic conditions at the 
temperature of 4±2°С (Table I). 

TABLE I. LEVEL OF CARBONYLIC DERIVATIVES OF PASTERIZED MILK PROTEINS DURING METAL-CATALIZED OXIDATION MODIFICATION (AU/ML) 

Object 

Content of carbonyl derivatives of proteins at the wavelength, nm 

356 363 370 428 430 434 520 535 

Milk before 
incubation 

n=10 

2.70±0.09 2.59±0.08 2.49±0.08 1.56±0.06 1.56±0.06 1.52±0.06 0.88±0.04 0.82±0.04 

Milk after 48 h 

incubation 

n=6 

4.33±0.30 
160.3% 

4.24±0.30 
163.7% 

4.12±0.30 
165.5% 

2.82±0.20 
180.8% 

2.80±0.30 
179.5% 

2.72±0.30 
178.9% 

1.75±0.20 
198.9% 

1.66±0.20 
202.4% 

t 4.9 4.9 5.0 4.7 4.6 4.5 4.1 4.1 

P 0.003 0.003 0.003 0.003 0.004 0.004 0.006 0.006 

 

1.6 - 2.0 times increased content of carbonyl derivatives of 
proteins was observed at all studied wavelengths but, to a 

greater extent, an increase in carbonyl derivatives at 
absorption wavelengths corresponding to neutral ketone 
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dinitrophenylhydrazones was established and, especially, to 
basic ketone dinitrophenylhydrazones (80-100%). To identify 
the greatest effect of the influence of free radical processes on 
the oxidative modification of proteins, pasteurized milk was 
incubated under aerobic conditions but at the temperature of 

4±2°C in order to inhibit the effect of microflora on the 
structure of milk proteins. In the next series, studies were 
conducted with dihydroquercetin as a recognized antioxidant 
used to increase the shelf life of milk (Table II). 

TABLE II. LEVEL OF CARBONYLIC DERIVATIVES OF PASTERIZED MILK PROTEINS AT METAL-CATALIZED OXIDATIVE MODIFICATION WITH 

DIHYDROQUERCETINE (AU/ML) 

Object 
Content of carbonyl derivatives of proteins at the wavelength, nm 

356 363 370 428 430 434 520 535 

Milk before 

incubation 

n=10 

2.70±0.09 2.59±0.08 2.49±0.08 1.56±0.06 1.56±0.06 1.52±0.06 0.88±0.04 0.82±0.04 

Milk after 48 h 
incubation 

n=6 

2.79±0.09 

103.3% 

2.69±0.1 

103.9% 

2.60±0.09 

104.4 

1.96±0.09 

125.6% 

1.91±0.08 

122.4% 

1.75±0.08 

115.1% 

0.88±0.08 

100.0% 

0.82±0.08 

100.0% 

t 1.8 1.9 2.0 2.4 3.7 3.8 1.2 1.2 

P 0.1 0.1 0.09 0.05 0.009 0.009 0.3 0.3 

Incubation of pasteurized milk for 48 hours at the 
temperature of 4±2°C under aerobic conditions with the 
addition of dihydroquercetin caused no significant increase in 
the level of carbonyl derivatives at most part of studied 
wavelengths, only a slight increase of 15-25% was observed 
at 428, 430 and 434 nm. 

Unchanged level of carbonyl derivatives of pasteurized 
milk proteins in the presence of dihydroquercetin indicates 
that incubation of milk under aerobic conditions without 
dihydroquercetin leads to the formation of carbonyl 
derivatives due to the activation of free radical processes. 

Metal-catalyzed oxidative modification of proteins allows 
one to determine not only damage to polypeptide chain amino 
acids but also disorder of protein molecule conformation, in 
contrast to spontaneous modification which characterizes only 
the number of modified amino acids [43]. 

V. CONCLUSION 

1) Aerobic incubation of pasteurized milk for 48 hours at 

the temperature of 4±2°C causes a significant increase in the 

content of carbonyl derivatives of proteins. 

2) Inhibition of the formation of carbonyl derivatives of 

milk proteins in the presence of dihydroquercetin confirms 

their free-radical nature. 
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