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Introduction
In meat production, quick-frozen semi-finished minced 

meat products play a significant role. The advantage of this 
type of food is the possibility of long-term storage at low 
temperatures and quick preparation of a hot dish with high 
nutritional value.

At the same time, meat products do not have enough 
micronutrients in their composition and contain a certain 
amount of fat undergoing oxidative changes during stor-
age, which may negatively affect the consumer properties 
of the product.

Constantly growing impact of chemical and non-chemical 
factors on the human body may decrease overall resistance 
of the body as a result of adaptive and protective mecha-
nisms decompensation. Currently, one of the main cellular 
mechanisms of adaptation, i. e. the antioxidant system of the 
body, is of increasing interest of researchers.

The main source of antioxidants are products of vegetable 
origin: vegetables, fruits, juices, tea, etc. The antioxidant 
potential of products may be considered not only as func-
tionality aspect, but also as one of the aspects of maintaining 
the quality of food products [1,2,3,4,5,6,7,8,9,10]. It should 

be noted that various profiles of the biologically active sub-
stances in vegetables, fruits and other vegetable products 
are explained not only by genetics, but also by other factors, 
including climatic, agricultural and other ones.

So, in [11,12], the authors present the results of experi-
mental studies evaluating the antioxidant activity of spicy 
herbs and onion. It is shown that the content of phenolic 
compounds in spicy herbs varies depending on the type of 
spice and on the extent of ripening. The authors conclude 
that the studied spicy herbs and onion have the ability to 
quench free radicals, prevent lipid oxidation, and exhibit 
reducing properties. The addition of spicy herbs (dill, parsley, 
basil, rosemary, oregano) and onion in food, including meat, 
allows enriching them with natural phenolic compounds.

Analysis and comparative evaluation of antioxidant activ-
ity and the content of prooxidant factors in various types of 
food raw materials and food products, primarily of vegetable 
origin, i. e. vegetables, fruits, drinks, juices, various crops, 
bakery and confectionery products, are given in a number 
of works [13,14].

The work [15] studies total antioxidant content in water/
alcohol infusion of rose hips and barberry fruits and their 

 Original scientific paper

A METHOD DEVELOPMENT FOR IMPROVING 
THE STABILITY OF VEGETABLE POLYPHENOL COMPLEXES 
FOR SEMI-FINISHED MINCED MEAT PRODUCTS 
WITH ANTIOXIDANT EFFECT

Key words: semi-finished minced meat products, offals, dried cowberry squeezing extract, total antioxidant content, polyphenols, 
sorption, losses during heat treatment, peroxide value, storage

Abstract
Polyphenolic vegetable complexes are active antioxidants and play an important role in the processes of free radicals quenching 
in the human body. The aim of the work was to develop an immobilization method as a way for improving the stability of poly-
phenols in dried cowberry squeezing extract (DCSE) and to develop semi-finished minced meat products with antioxidant effect 
without changing their nutritional value. Experiments were carried out to study the nutritional value of DCSE. The presence of a 
large number of polyphenolic compounds in DCSE and a high radical-binding ability of the extract were revealed. Based on the 
mathematical planning method, an offal paste composition was obtained, which was used to obtain pellets, and the formulation 
of semi-finished minced meat products with pellets was optimized. It was established that preliminary immobilization of DCSE 
on offal pellets components allows to increase the level of total antioxidant content in the minced meat. Subsequent heat treatment 
of semi-finished minced meat products produced from such minced meat showed an increase in stability and, thus, bioavailabil-
ity of antioxidants and the possibility of obtaining a finished product with antioxidant effect. The antioxidant effect of cowberry 
squeezing extract in the meat system is proved: accumulation of lipid oxidative decomposition products in the meat system during 
storage of frozen semi-finished minced meat products was inhibited to a greater extent when using offal pellets with immobilized 
compounds of cowberry squeezing extract.
This work was carried out as part of the State Assignment of the Ministry of Education and Science of the Russian Federation No. 
19.5486.2017/BCh and the «Young Scientists of ESSTU-2019» grant.

UDC 637.523 DOI: 10.21323/2414–438X-2019–4–4–4–11

FOR CITATION: Gerasimov A. V., Bazhenova B. A., Zhamsaranova S. D., Zabalueva Yu. Yu., Zambulaeva N. D., Burkhanova A. D. A method develop‑
ment for improving the stability of vegetable polyphenol complexes for semi-finished minced meat products with antioxidant 
effect. Theory and practice of meat processing. 2019; 4(4): 4–11. DOI 10.21323/2414–438X–2019–4–4–4–11
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1 East Siberia State University of Technology and Management, Ulan-Ude, Russia
2 The Institute of General and Experimental Biology of the Siberian Branch 
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use as food additives with antioxidant effect in the produc-
tion of meat products.

Natural antioxidants have significant advantages over 
artificial ones: they contain a natural complex of biologically 
active substances in an available and digestible form. Such 
sources of antioxidants include many berries, for example, 
cowberry and cranberry, which are especially abundant in 
the Siberian forests [16].

One of the methods of berries processing is the produc-
tion of juices, in the production of which 20–35% of waste is 
formed consisting of peel and seeds, i. e. so-called squeezing. 
In the best case, they may be used as livestock feed. In the 
worst case, they may be disposed. Although squeezing has 
the greatest antioxidant potential, since it contains a complex 
of vitamins (C and B), organic acids (benzoic, citric, malic, 
sorbic), minerals (Na, K, Ca, Mn) and an increased content 
of dietary fiber [17,18,19].

Recycled berry processing products have already widely 
used in wine industry in the form of pastes obtained from 
frozen squeezing [20]. It is proposed to use dried and crushed 
squeezing to enrich confectionery, bakery and meat products 
[21,22,23]. In the work, it was found that in terms of anti-
oxidant properties (reducing strength by the FRAP method, 
antioxidant activity in the linoleic acid system, antioxidant 
activity by the DPPH method), squeezing is the best, while 
juices are significantly inferior to berries. Thus, squeezing 
is a valuable product containing more antioxidants than the 
initial raw material and having a high rate of antioxidant 
activity.

We have developed a technology for producing dried 
cowberry squeezing extract (DCSE) with antimicrobial and 
pronounced antioxidant effects [24]. In [25], the effect of 
dried extract from cranberry squeezing on the antioxidant 
and consumer properties of sugar cookies was investigated. 
The finished product, enriched with cranberry extract, was 
characterized by a high content of water-soluble antioxidants 
and had good consumer properties.

The level of bioflavonoids in food products depends both 
on the production technology and on storage duration and 
conditions of both raw materials and the products obtained 
from them. Cooking has a significant impact on the level of 
polyphenolic components. Simple peel cutting-off from fruits, 
vegetables, and berries may lead to a significant decrease 
in the content of bioflavonoids in them, which are usually 
present in significant quantities in the outer, and not in the 
inner part of fruits, berries, and vegetables [26].

Thus, the study of the actual content of compounds with 
antioxidant effect in finished products (after technological 
processing, cooking), increasing the efficiency and real as-
sessment of the enriched dietary products contribution to the 
antioxidant status of the human body is extremely relevant.

The aim of this work was to develop a method for im-
proving the stability of polyphenol complex isolated from 
cowberry squeezing and to formulate semi-finished minced 
meat products with high nutritional value and antioxidant 
effect.

Materials and methods
To conduct experimental studies, frozen beef offals from 

Buryat cattle were selected. The objects of research at the first 
stage were the beef offals, i. e. rumen, lungs, and diaphragm. 
The objects of research at the second stage were the dried 
cowberry squeezing extract (DCSE), minced meat and semi-
finished minced meat products.

At the first stage of the experiment, the nutritional value 
of beef offals was investigated; offal paste formulation was 
optimized, which included alginate-containing food ad-
ditive as a texture-forming component, KF Stabipro FAT 
in the amount of 4%. KF Stabipro FAT food additive was 
preliminarily subjected to hydration before its usage.

At the second stage, DCSE properties were studied, 
which was obtained by the following technology: squeez-
ing formed after the juice was squeezed from cowberry 
growing in Transbaikalia was dried under infrared radia-
tion at a temperature of 40 °C for 50 min to 10% moisture. 
Then, dried squeezing was subjected to grinding and further 
extraction with a water-alcohol solution using a microwave 
field. The obtained extracts were filtered, concentrated on a 
rotary evaporator at a temperature of 45 °C and then dried 
to obtain a powder [24].

At the next stage, in the course of the experiment, 
minced meat samples were prepared according to the 
formulation, which consisted of 2-grade trimmed beef 
and semi-fat trimmed pork (Control 1). Test 1 —  samples 
of steaks from minced meat, into which 0.2% DCSE was 
added. Control 2 —  steaks from minced meat with pellets 
(based on ground beef rumen, lungs, diaphragm, alginate-
containing additive). Test 2 —  steak sample with pellets, 
on the components of which 0.2% DCSE was preliminarily 
immobilized. Pellets have been used to replace basic raw 
materials and to study the possibility of DCSE polyphenols 
sorption on protein molecules. Alginate-containing additive 
was used as an enhancer of functional and technological 
characteristics.

To evaluate the antioxidant activity of the studied sam-
ples, the amperometric measurement of total antioxidant 
content (TAC) in quercetin equivalent was performed. To 
determine TAC, sample preparation was carried out by 
aqueous extraction of the test samples with bidistilled water 
to isolate water-soluble compounds with antioxidant effect. 
Total antioxidant content was determined by amperometric 
method using Tsvet Yauza-01-AA instrument. To construct 
calibration graphs, quercetin solutions were used [27].

The extraction efficiency was estimated by the number 
of phenolic compounds isolated with spectrophotometric 
method using the Folin-Ciocalteu reagent. The content of 
benzoic acid was investigated using the HPLC method. The 
pH value was determined by potentiometric method.

A spectrophotometric method with 2,2-diphenyl-1-picryl 
hydrazyl chromogen radical (DPPH) was used to determine 
the radical-binding ability (RBA) of the extracts. The method 
is based on the reaction of DPPH dissolved in ethanol with 
an antioxidant sample. Radical-binding ability was calculated 
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as EC50, i. e. the concentration of the initial extract required 
for quenching of 50% DPPH radicals [28].

During the experiments, the physical and chemical 
parameters characterizing the quality of semi-finished 
meat product were studied. Protein content was evaluated 
by the Kjeldahl method. Collagen content was evaluated 
by the amount of oxyproline (treating the analyzed sample 
with a solution of perchloric acid for 4 hours under heat-
ing conditions in a water bath at 100 °C, neutralization 
of the reaction mixture with sodium hydroxide, addition 
of propanol-2 and a solution of chloramine-T in acetate-
citrate buffer, followed by treatment with a solution of 
paradimethylaminobenzaldehyde in a mixture of 57% 
solution of perchloric acid and propanol-2, heating for 25 
minutes at 60 °C and photometric analysis of the result-
ing colored solution). Elastin content was evaluated by 
gravimetric method, and fat by Soxhlet method. Moisture 
was evaluated by drying to constant weight, ash by dry 
ashing, and amino acid composition by chromatographic 
method.

Sensory analysis of semi-finished minced meat products 
were carried out according to a 9-point scale. Peroxide value 
in the samples was determined by a method based on the 
interaction of the oxidation products of fatty raw materials 
(peroxides and hydroperoxides) with potassium iodide in 
a solution of acetic acid and chloroform, followed by quan-
titative determination of the iodine released by the sodium 
thiosulfate solution with the titrimetric method.

The experiments were performed in triplicate; statistical 
processing of the obtained experimental data was carried 
out using the Microsoft Excel software.

Results and discussion
In order to improve stability of the antioxidant polyphe-

nolic complex from cowberry squeezing, offal paste based 
pellets were developed, into which an extract was added to 
sorb biologically active substances of DCSE on the protein 
components of the paste. When developing the formula-
tion of pellets, the aim was to adequately replace part of 
raw meat with offals. Currently, low-value offals, such as 
lungs, rumen, etc., are either sold frozen or transferred to 
the production of feed. Although it is known that offals 
contain valuable proteins. Table 1 presents the content of 

the main components in the studied offals obtained when 
slaughtering Buryat cattle.

Table 1 . The chemical composition of beef offals

Parameters
Offals

Lung Rumen Diaphragm
Mass fraction,%

moisture 73 .85 ± 1 .56 75 .51 ± 1 .18 72 .53 ± 1 .41
total protein, including
— collagen
— elastin

18 .43 ± 0 .91
6 .64 ± 0 .22
1 .02 ± 0 .03

17 .09 ± 0 .78
12 .03 ± 0 .52
0 .61 ± 0 .04

18 .84 ± 1 .12
5 .15 ± 0 .21
0 .3 ± 0 .01

fat 5 .85 ± 0 .10 5 .65 ± 0 .11 7 .08 ± 0 .11
ash 1 .87 ± 0 .12 1 .77 ± 0 .11 1 .74 ± 0 .12

The data in Table 1 indicate that the moisture content in 
rumen is 1.66% higher than in lungs and 2.98% higher than 
in diaphragm. Protein content is quite high in all types of 
offals and amounted to 68 to 77%, the difference was within 
statistical error. Offal proteins include both complete ones 
and low-value connective tissue proteins, which play a role 
in the gastrointestinal processes.

To analyze the protein composition of beef offals, com-
parative diagrams were constructed (Fig. 1), which clearly 
show that complete proteins, such as myoglobin, albumin, 
globulin and others, prevail in the lungs and diaphragm, 
which amounted to 63.4 to 71.1%. Rumen generally con-
tains low-value proteins, mainly collagen (70.4%), however, 
complete proteins are present, and their mass fraction is 
almost 30%.

In accordance with the aim, the possibility of creating 
pellets based on offal paste for the adequate replacement 
of minced meat and the immobilization of biologically ac-
tive substances from dried cowberry squeezing extract on 
pellet protein components to increase their stability during 
processing and heat exposure was studied.

To achieve this, studies were carried out to replace a 
portion of the meat in the formulation of minced steak with 
pellets developed on the basis of offal paste and alginate-
containing additive. The replacement is justified not only by 
the rational use of animal by-products, but also by reducing 
the cost of the finished product and the need to introduce 
polyphenolic micronutrients into the meat product in an ef-
fective dose. To preserve the nutritional value of the product 
and adequate meat replacement, the method of mathematical 
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Figure 1 . The ratio of complete and low-value proteins in offals obtained from slaughter of Buryat cattle: a) lungs, b) rumen, c) diaphragm
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simulation of minced steak formulation and optimization 
of the chemical composition was used.

Offals were prepared by thawing, cleaning and washing, 
then finely ground to a paste-like consistency. To determine 
the optimal ratio of offals in the composition of the paste, 
its formulation was optimized using the «Solution Search» 
tool in Microsoft Excel software, which resulted in the fol-
lowing ratio: diaphragm 40%, rumen 30%, lung 30%. The 
paste was red, without any off-odor. To improve the func-
tional and technological characteristics of the paste used, 
KF Stabipro FAT food additive containing sodium alginate, 
calcium pyrophosphate and calcium sulfate was introduced. 
To stabilize the texture of the resulting mixture, it was kept 
in a refrigerator at a temperature of 5 °C for 12 hours. The 
obtained hardened mass had an elastic consistency, red color 
and no off-odor. Then it was passed through a meat grinder 
(3 mm diameter) and so-called pellets were obtained, which 
were added into the composition of minced meat for steaks.

Formulation of minced steaks with pellets was developed 
by computer optimization using an integrated model that 
takes into account the chemical and amino acid composi-
tion of the ingredients.

To carry out the calculation of the formulation, a math-
ematical model was developed that included both the initial 
(protein, fat, amino acid content —  Table 2) and output data 
(optimal ratio of the formulation ingredients and the value 
of the optimality test).

Table 2 . The content of the main nutrient components

Parameters
2-Grade 
trimmed 

beef *

Semi-fat 
trimmed 

pork*
Pellets

Protein content,% 18 .8 12 .6 8 .4
Fat content,% 7 .5 33 .5 4 .6
Essential amino acids, g/100 g 
protein:
Valine 10 .9 9 .2 2 .2
Isoleucine 8 .2 6 .9 1 .9
Leucine 16 .6 9 .9 3 .8
Lysine 16 .7 12 .1 3 .4
Methionine + cystine 6 .1 4 .2 1 .6
Threonine 8 .2 6 .1 1 .5
Tryptophan 2 .2 1 .8 0 .4
Phenylalanine + tyrosine 14 .8 10 .2 2 .9
Total essential amino acids 83 .7 60 .4 17 .7

*  data from literature

The conditions in the mathematical model of the optimal 
steaks composition are described as a system of inequali-
ties, where:

х1 is 2-grade trimmed beef;
х2 is semi-fat trimmed pork;
х3 is offal pellets.
The limitations for the system of inequalities are pre-

sented by the indicators of biological value and chemical 
composition (Table 3).

Table 3 . Limitations for the mathematical model of formulation

Parameters
Content

min max
Protein content,% 14 .0 58 .0
Fat content,% 0 20 .0
Essential amino acids, g/100 g protein:
Valine 5 .0 no limitation
Isoleucine 4 .0 no limitation
Leucine 7 .0 no limitation
Lysine 5 .5 no limitation
Methionine + cystine 3 .5 no limitation
Threonine 4 .0 no limitation
Tryptophan 1 .0 no limitation
Phenylalanine + tyrosine 6 .0 no limitation
Total essential amino acids 36 .0 no limitation

The system of inequalities in the mathematical model 
(complex model) of formulation for the designed finished 
product is presented as follows:

1. 14.0 ≤ 18.8 х1 +12.6 х2 + 8.4 х3 ≤ 58.0 (by protein content)
2. 0 ≤ 7.5 х1 + 33.5 х2 + 4.6 х3 ≤ 20.0 (by at content)
3. 5.0 ≤ 10.9 х1 + 9.2 х2 + 2.2 х3 (by valine content). etc.
To simplify the inequalities, the following is assumed: 

х = хi/100, where i = 1÷3. Thus, the following natural require-
ment for obtaining a production unit arises:
 х1 + х2 + х3 = 1.0

The objective function is as follows:
 Fц (Total essential amino acids) =
 = 83.7 х1 + 60.4 х2 + 17.7 х3 → M

As a result of problem solving, the formulation options 
of the finished product were obtained presented in Table 4.

Table 4 . Formulation options

Formulation 
ingredients

Options
1 2 3 4 5 6 7

2-Grade 
trimmed beef 70 .0 65 .0 60 .0 55 .0 50 .0 45 .0 40 .0

Semi-fat 
trimmed pork 20 .0 20 .0 20 .0 20 .0 20 .0 20 .0 20 .0

Pellets 10 .0 15 .0 20 .0 25 .0 30 .0 35 .0 40 .0
Total 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0

In accordance with Table 4, samples of minced meat and 
minced steaks were produced and their sensory character-
istics were analyzed. The analysis showed that the addition 
of pellets at the level of more than 15% reduces the overall 
sensory quality of the finished products; therefore, for the 
further experiments, option 2 formulation was chosen.

The predicted quality indicators of the developed minced 
steaks with pellets, which were obtained when solving the 
inequalities of the mathematical model, are shown in Table 5.
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Table 5 . Quality indicators obtained when solving the 
mathematical model

Parameters

Content

Steaks 
(Control 1)

Steaks 
with pellets 
(Control 2)

Protein content, % 17 .56 16 .00
Fat content, % 12 .70 12 .27
Total essential amino acids, g/100 g 
protein: 79 .00 69 .14

The data showed that as a result of formulation develop-
ment for minced steaks with pellets, their composition is 
close to the content of the main substances in meat steaks.

At the next stage, the possibility of effective enrichment of 
semi-finished minced meat products with DCSE compounds 
was studied. The dry extract is obtained from by-products of 
juice production: the remaining squeezing after separation 
of the liquid pulp is not further processed and is considered 
waste. Squeezing, which consists of cowberry peel and seeds 
contains the largest number of biologically active compounds 
with high pharmacological characteristics [25].

DCSE preparation technology is presented in [24]. DCSE 
is a free-flowing mass of sweet and sour, harsh flavor with 
cowberry aroma and maroon color. The dry texture of the 
concentrated extract provides a high concentration of bio-
logically active substances, so even a small dose of DCSE 
in a meat product may provide it with functional proper-
ties; however, some technological difficulties are associated 
with this.

Table 6 presents physical and chemical characteristics of 
squeezing extract from cowberry growing in Transbaikalia.

Table 6 . Physical and chemical characteristics of dried cowberry 
squeezing extract

Parameters Value
рН value 3 .23 ± 0 .07
Total antioxidant content, mg/g 382 .5 ± 8 .4
Content,%:

moisture 4 .51 ± 0 .07
polyphenols 6 .62 ± 0 .03
benzoic acid 1 .33 ± 0 .01

The data in Table 6 indicate that cowberry squeezing 
extract has a low pH of 3.23 due to the high concentration of 
organic acids in DCSE. Significant total antioxidant content 
was found, which amounted to 382.5 mg/g of dry extract. 
The main components with antioxidant properties are poly-
phenols, the concentration of which is up to 6.62%. More 
than half of the polyphenols in cowberry are anthocyanins 
(3.59%), which are able to quench almost all types of reactive 
oxygen and nitrogen species four times more effective than 
ascorbate and α-tocopherol.

A high content of benzoic acid (1.33%) was found in 
DCSE, which is typical for cowberry fruits. That is why 
the berries may be stored for a long time without spoil-
age. Benzoic acid is known to have antimicrobial and even 
bactericidal effects.

Free radicals that occur in the body as a result of a 
homolytic rupture of chemical bonds due to a number of 
conditions (temperature, radiation, stress, improper nutri-
tion, etc.) have a maximum destructive effect on human 
cells. Level of free radicals binding characterizes the ability 
of the antioxidant to resist the development of the so-called 
oxidative stress. Among several methods for studying an-
tiradical activity, the method using 2,2-diphenyl-1-picryl 
hydrazyl is widely used and is the most acclaimed [29]. 
Figure 2 shows radical-binding ability of dried cowberry 
squeezing extract.

According to the data obtained, 50% of DPPH radical 
binding is achieved at a concentration of cowberry extract 
of 50.5 μg/ml, and 80% at 80.3 μg/ml. The high antiradical 
activity of apple and grape squeezing, which exceed the 
corresponding indices of berries and juices, is reported by 
the authors in [30].

To enrich semi-finished minced meat products with 
antioxidants, experimental studies were conducted on the 
addition of DCSE in the amount of 0.2% in dry form, hy-
drated in process water, and preliminarily sorbed on offal 
paste ingredients. Samples of minced meat were prepared 
and total antioxidant content was studied in minced meat 
and finished minced steaks after steam treatment at 80–85 °C 
for 20 minutes (Figure 3).

The data presented in Figure 3 indicate that antioxidants 
are present in minced meat of steak (Control 1) in an amount 
of 30.1 mg/100 g of minced meat. With the introduction 
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of 0.2% DCSE (Test 1), TAC increased almost twice and 
amounted to 59.1 mg/100 g of minced meat.

When adding pellets without DCSE to minced meat (Con-
trol 2), the antioxidant content remained almost unchanged 
compared to Control 1 and amounted to 31.0 mg/100 g of 
minced meat. With the addition of 0.2% DCSE sorbed on 
pellets (Test 2), TAC increased 2.27 times and amounted to 
70.3 mg/100 g of minced meat. The increase in total anti-
oxidant content with preliminarily immobilization of DCSE 
compounds compared to simple addition of the dry extract 
was 19%, which indicates the efficiency of polyphenolic com-
pounds sorption when pre-incubated with pellets. Proteins of 
connective tissue in offals, mainly collagen, have high sorp-
tion abilities. Fine grinding of offals to a paste also provides 
optimal conditions for sorption of polyphenols. The collagen 
molecule contains a significant amount of diamino and 
amino dicarboxylic acids with a large number of side polar 
groups that are able to bind other molecules, e. g. polyphe-
nols. Furthermore, the introduction of alginate-containing 
additive suggests the possibility of retaining polyphenolic 
compounds by sodium alginate polymolecules.

Further, antioxidants losses during heat treatment of 
minced steaks were studied. Since these are products without 
a cover, there is a high probability of TAC losses in finished 
products intended for consumption. The data presented in 
Figure 3 indicated that all samples showed a decrease in TAC 
after heat treatment. Thus, in the finished product (control 
1), there was a decrease in antioxidant content by 23.6% 
compared with minced meat. In Test 1, with the addition of 
0.2% DCSE, the losses were less (18.8%), apparently due to 
the initial high TAC level (almost 2 times higher compared 
to control).

Based on the data in Figure 3, TAC reduction after heat 
treatment in the finished product with pellets ( Control 2) 

was 20%. A significant reduction in TAC losses in the fin-
ished product (Test 2) should be noted, in which DCSE 
was preliminarily sorbed on pellets. Losses amounted to 
only 7.5%.

The data presented prove the effectiveness of DCSE poly-
phenols immobilization, as losses in Test 2 decreased by 2.5 
times compared with Test 1.

In accordance with the current «Recommended levels 
of consumption of food and biologically active substances. 
Guidelines. MR 2.3.1.1915–04» (approved by Rospotrebnadzor 
07/02/2004), the average consumption rate of antioxidant 
polyphenols for a healthy population is 250–300 mg/day. In 
our proposed formulation of minced steaks containing pel-
lets with immobilized DCSE, the TAC level is 70.3 mg/100 g 
of the finished product, which provides 23.4 to 28.1% of the 
daily requirement for antioxidants and represents a functional 
food with antioxidant effect.

The sensory characteristics of finished minced steaks 
were investigated (Figure 4).

As shown in Figure 4, the studied samples almost did 
not differ in their sensory characteristics. Test 1 sample was 
as close as possible to Control 1 sample. Control 2 and Test 
2 had more dense texture, elastic, pleasant to the taste. As 
a result, overall estimates of indicators characterizing the 
consumer properties of the finished product turned out to 
be at the same level in the control and test samples.

Polyphenols also have antioxidant activity; in this con-
nection, the effect of DCSE on the dynamics of peroxide 
value during storage of minced steaks was investigated. For a 
comparative study, a steak sample with pellets (Control) and 
a steak sample with pellets containing immobilized DCSE 
(Test) were selected. Figure 5 shows the influence of DCSE 
on the dynamics of fat oxidation process in the control and 
test minced steaks.
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Quick-frozen semi-finished minced meat products in 
sealed packaging may be stored for three months at a tem-
perature of minus 18 °C. According to the data presented in 
Figure 5, there is an irreversible process of fat self-oxidation 
in semi-finished products with the accumulation of primary 
fat degradation products. Immediately after production, 
peroxide value in test samples was 0.45 mmol O/kg. After 
storage of the frozen finished products at a temperature of 
minus 18 °C for one month, the peroxide value increased in 
the control up to the level of 1.23 mmol O/kg, and in the test 
sample up to 1.04 mmol O/kg. After two months of oxida-
tive process, peroxide value in the control was already 1.75 
mmol O/kg (3 times increase), and in the test 1.61 mmol O/
kg (2.5 times increase). After months, when the shelf life of 
frozen semi-finished minced meat products was reached, 
the peroxide value in the control sample increased to 1.95 
mmol O/kg, while remaining within the prescribed range. 
In the test sample, after three months, the peroxide value 
was 1.78 mmol O/kg. Based on the data obtained, the effect 

of lipid self-oxidation inhibition in the meat system with the 
addition of DCSE was found. The beneficial effect of natural 
antioxidants on oxidative reactions inhibition during storage 
of both minced semi-finished meat products and finished 
products was noted in [31].

Conclusion
Thus, as a result of experimental studies, it was found 

that the addition of DCSE, which has a high antioxidant 
effect, into the formulation of semi-finished minced meat 
products allows obtaining a finished product with an anti-
oxidant effect. It was established that preliminary mixing 
of DCSE with offal-based pellets and subsequent ageing 
of the mixture make it possible to increase the content of 
antioxidants both in semi-finished and in finished prod-
ucts due to sorption of DCSE polyphenols on ingredients 
of offal paste. Sorption of polyphenols allows improving 
antioxidant stability during the technological and thermal 
processing of minced steaks, thereby providing 23.4 to 28.1% 
of the daily requirement for antioxidants when consuming 
100 grams of the finished product. The use of pellets allows 
not only to reduce the consumption of basic raw materials, 
but also to ensure adequate preservation of the nutritional 
value of the finished meat product. Antioxidants of DCSE 
have antioxidative properties and reduce the accumulation 
of primary lipid degradation products, thus ensuring high 
consumer properties of the finished product and the pos-
sibility of shelf life extending for quick-frozen semi-finished 
minced meat products.
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Introduction
Animal proteins in a human diet are physiologically ac-

tive compounds; they have a direct action or are a substrate 
for enzymatic hydrolysis in processing and consumption of 
food. Biologically active peptides (BAPs) can be obtained 
through hydrolysis by intrinsic enzymes of meat raw ma-
terials, endogenous enzymes of the human gastrointestinal 
tract or microbial enzymes used in a technological process.

The integrity and structure of meat proteins change dur-
ing autolysis or long-term storage of meat raw materials in 
the frozen state. A great number of peptides with the physi-
ological activity are released during meat processing. The 
biological activity of food components is widely studied in 
vitro, and nowadays the attempts are made to study their 
in vivo effect on healthy people or patients with different 
pathologies.

This paper presents a complex review of the methods of 
biologically active peptide formation in meat raw materials 
and products.

Main part
The mechanisms of BAP formation in meat and meat 

products are similar (Table 1). During autolysis of muscle 
tissue, the proteolytic activity conditioned by endogenous 
enzymes (calpains and cathepsins) is a key process, which 
influences protein destruction and, consequently, generation 
and release of a large number of peptides and free amino 
acids [1,2].

Bauchart et al [4] in the study of aged beef found an in-
crease in the content of BAPs <5 kDa in meat after 14 days of 

storage at a temperature of 4 °C compared to their quantity 
in fresh meat. Fu et al. [23] also demonstrated that bioac-
tive peptides with a size of about 3 kDa can be generated in 
longissimus dorsi and semitendinosus muscles during meat 
aging after 20 days of proteolysis.

Generation of peptides can also be caused by the oxi-
dation processes during meat storage [24]. The oxidative 
status can regulate the endogenous enzymatic activity and, 
consequently, a degree of degradation of myofibrillar and 
sarcoplasmic proteins [25]. Changes in temperature and pH 
can affect the content of bioactive peptides due to changes 
in the activity of endogenous enzymes [3,26,27].

It is known that peptides with the biological activity are 
naturally formed in the mammalian gastrointestinal tract 
during metabolism of meat diet proteins under the action of 
the digestive enzymes such as pepsin, trypsin, chymotryp-
sin, elastase, and carboxypeptidase [3,28,29,30]. Therefore, 
to generate such potentially biologically active peptides, 
researchers model a process that simulates gastrointestinal 
digestion. The process is based on enzymatic hydrolysis 
with the use of different commercial exogenous proteinases 
obtained from animal tissues (pepsin and trypsin), plants 
(papain, ficin, and bromelain) and microbial sources (al-
calase®, flavourzyme®, neutrase®, collagenase or proteinase 
K) [30,31,32]. In addition to the meat sources, several BAPs 
are generated by enzymatic hydrolysis of collagen from 
meat or slaughter by-products (trimmings, organs, blood 
hemoglobin) as was highlighted in several studies [24,33].

For example, the release of potential BAPs — angiotensin-
I-converting enzyme (ACE-I, EC3.4.15.1), renin (EC3.4.23.15) 
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and dipeptidyl peptidase-IV (DPP-IV, EC3.4.14.5) — from 
bovine and porcine proteins including hemoglobin, collagen 
and serum albumin, was assessed in the study of 2014 [34] 
using the in silico methods, peptide databases and software 
as well as chemical synthesis and in vitro analysis to confirm 
bioactivity of peptides. These proteins are usually found in 
meat by-products such as bones, blood and meat trimmings, 
and play a key role in the control of hypertension, develop-
ment of type-2 diabetes and other diseases associated with the 
metabolic syndrome. New peptides included ACE-I inhibi-
tory tripeptide Ile-Ile-Tyr and DPP-IV inhibitory tripeptide 
Pro-Pro-Leu corresponding to the sequences f (182–184) and 
f (326–328) of porcine and bovine serum albumin, which 
can be released after hydrolysis by the enzymes papain and 
pepsin, respectively.

In another work [35], the inhibitory and antioxidant 
activities of ACE-I sarcoplasmic proteins extracted from 
the pectoral muscle (Pectoralis profundus) of cattle (Bos 
taurus) and hydrolyzed by papain at 37 °C for 24 hours were 
studied. Sarcoplasmic protein hydrolysates were subjected 
to membrane ultrafiltration and filtrates 10 kDa and 3 kDa 
were obtained. As a result, 11 peptides were characterized 
from the total hydrolysate fraction: 15 from the fractions of 
10 kDa filtrate, 9 peptides from the fractions of 3 kDa filtrate. 
The similarity between amino acid sequences of peptides 
identified in this investigation and known antioxidant and 
ACE-I inhibitory peptides described in the database of bio-
logically active peptide sequences BIOPEP was found [36].

A promising source of BAPs are porcine myofibrillar 
proteins [37]. The enzymes pepsin, trypsin and chymotryp-
sin were used for in silico proteolysis. In intact proteins and 
after simulation of gastrointestinal digestion, the inhibitory 
peptide sequences of dipeptidyl peptidase-IV were observed 
most frequently. In total, the authors found 399 peptides with 
the antioxidant, hypotensive, antiamnesic and stimulating 
or regulating different body functions activities, as well as 
enzyme inhibitors [38].

Other mechanisms, such as the processes of freezing and 
cooking can affect release and availability of meat BAPs. 
Freezing can denature proteins due to different chemical 
and physical stress mechanisms including ice formation, 
pH changes and low temperature [39], which leads to an 
increase in BAPs. Cooking can influence peptide genera-
tion and their biological activity [23,27] due to changes in 
the native conformation (denaturation) and disruption of 
intramolecular bonds caused by heating [40].

It was shown that several BAPs are also released from 
meat products during drying or aging [41]. Proteolytic deg-
radation, which occurs during aging of dry cured ham or 
during sausage fermentation and forms aroma and texture, 
results in generation of peptides with low molecular weight 
(3–5 kDa) and free amino acids [7,42]. In fermented meat 
products, protein degradation is influenced by different 
variables such as product composition, processing conditions 
and starter cultures. Proteolytic degradation by endogenous 
enzymes and lactic acid bacteria affects the peptide content. 
In particular, the presence of lactic acid bacteria causes a 
decrease in pH, which leads to higher activity of muscle 
endogenous proteases [43].

Generation of bioactive peptides in meat autolysis
Biologically active peptides can be generated under 

the action of endogenous proteases in the process of meat 
autolysis. Proteolysis by endogenous enzymes is the most 
important phenomenon that takes place during meat aging. 
Endopeptidases, such as calpains and cathepsins, first of all, 
are responsible for hydrolysis of proteins into large fragments 
and oligopeptides, which influences meat texture during 
aging and the initial stages of the rigor mortis processes. 
Later due to exopeptidases, such as aminopeptidases and 
carboxypeptidases, small peptides and free amino acids 
will be formed [44].

Meat aging influences its taste, tenderness, moisture 
binding capacity (MBC), color and juiciness. A detailed 

Table 1 . Brief characteristics of the processes of generation of meat biologically active peptides [3]

Product Process Carrier/Regulation Functionality Peptide sequence Reference

Muscle 
tissue

Proteolysis, 
oxidation Endogenous enzymes ACE*-I activity APPPPAEVPEVHEEVH, PPPAEVPEVHEEVH, 

IPITAAKASRNIA, LPLGG, FAGGRGG, APPPPAEVP [4,5,6]

Enzymatic 
hydrolysis Exogenous enzymes

ACE-I, antioxidant, 
antithrombotic, 
antimicrobial and 
antitumor activities

KRQKYD, EKERERQ, KAPVA, PTPVT, RPR, 
GLSDGEWQ, GFHI, DFHING, FHG [7–15]

Preparation High temperature ACE-I SPLPPPE, EGPQGPPGPVG, PGLIGARGPPGP [4]

Collagen Enzymatic 
hydrolysis

Bacterial collagenase, 
exogenous enzymes, proteases 
from Aspergillus oryzae

ACE-I and antioxidant 
activities

AKGANGAPGIAGAPGFPGARGPSGPQGPSGPP, 
PAGNPGADGQPGAKGANGAP, GAXGLXGP, 
GPRGF, VGPV, QGAR, LQGM, LQGMH, LC

[16–19]

Dry-cured 
products Proteolysis Endogenous enzymes

antioxidant activity DSGVT, IEAEGE, EELDNALN, VPSIDDQEELM, 
DAQEKLE, ALTA, SLTA, VT, SAGNPN, GLAGA, 

DLEE
[20,21]

Fermented 
products Proteolysis Presence of starter cultures antioxidant activity FGG, DM [22]

* ACE — Angiotensin converting enzyme
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study of the biochemical processes occurring during meat 
aging improves the understanding of their development. 
Monitoring of these processes allows revealing biomarkers 
of meat product quality [45]. Di Luca et al. [46] studied 
changes in proteome of muscle exudate during the normal 
period of meat aging (seven days) in genetically simi-
lar pigs from one population with the same meat quality 
characteristics. It was found that several quality meat in-
dicators significantly changed during autolysis especially 
at the latest stage of aging. For example, from the 3rd to 
the 7th day, meat tenderness significantly increased, color 
parameter CIE b* of muscles also changed compared to the 
period of rigor mortis, and cooking losses changed as well. 
These data illustrate structural changes that take place in 
pork muscles during their aging, which was significantly 
reflected on their proteomic profiles. Three key protein 
groups (stress proteins, metabolic enzymes and structural 
proteins), which significantly changed during meat aging, 
were identified [47].

Another significant peculiarity resided in the fact that 
quantity of proteins associated with stress reduced. Monitor-
ing of these changes is usually performed using myofibrillar 
or sarcoplasmic proteomic fractions. These observations in 
the more available substrate, that is, in the muscle exudate, 
allows complimenting previous studies, showing, for example, 
that vinculin correlates with the moisture binding capacity 
and peroxiredoxin-6 with meat tenderness. These protein 
biomarkers have potential for monitoring fresh meat quality 
and predicting a course of autolysis [47,48].

Hydrolysis by enzymes of different origin
The most common methodology of BAP generation is 

hydrolysis of proteins by commercial enzymes of microbial, 
plant or animal origin. In meat and meat products, Fla-
vourzyme from Aspergillus oryzae, as well as Neutrase and 
Alcalase from Bacillus subtilis and Bacillus lincheniformis, 

respectively, are most widely used for generation of bioac-
tive peptides. In addition, proteases of plant origin, such as 
bromelain and papain, were described as interesting enzymes 
for meat protein hydrolysis due to their role in meat tender-
ization. These enzymes show wider specificity compared to 
other enzymes, such as trypsin and pepsin, cleaving peptide 
bonds from a wide spectrum of areas and often acting either 
as endopeptidases or as exopeptidases hydrolyzing amino 
acids from N- and C-terminal ends [45].

Conclusion
Meat and meat products are one of the main sources of 

biologically active peptides.
With proteins as the main meat components, BAP genera-

tion occurs either under the action of endogenous muscle 
enzymes in the processes of autolysis and aging, or exog-
enous enzymes during digestion in the gastrointestinal tract, 
or with the use of commercial enzymes in laboratories or 
industrial processes under controlled conditions. During 
meat storage, peptide formation can also be caused by the 
oxidation processes. In addition, freezing processes and 
cooking can affect recovery and availability of meat BAPs. 
BAPs can be released from meat products during drying 
or aging. Mechanisms of BAP formation in meat and meat 
products are similar.

However, despite clear identification of BAPs, there is 
a growing need for studying interactions of a food matrix, 
especially when the aim is to use bioactive peptides as a 
functional ingredient. Qualitative assessment of these pep-
tides for the better understanding of their impact on health 
and bioavailability is necessary for advance in this field. We 
will discuss this question in the second part of the review.
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Introduction
The modern outlook of the customer is formed currently 

by the mass media, the majority of «near-scientific (pseudo-
scientific)» data — are the European researches based on data 
extracted from various statistical publications (meta-data), 
that associate meat products with «oncology» risks. The In-
ternational Agency Research on Cancer (IARC) released the 
monograph of meta-analysis performed in 2015, which results 
showed, that meat products have carcinogenic properties 
in certain conditions, which are explained by a wide range 
of xenobiotics trapped in the product from outside sources 
and directly formed in it during the heat treatment [1, 2].

Besides this, the National Cancer Institute informed, 
that during the heat treatment of food products with high 
protein content (meat, poultry, fish), it is produced the het-
erocyclic amino acids (HAA) — these substances are known 
of for their expressed carcinogenic and mutagenic proper-
ties [3, 4], which explains the need of conducting research 
of the chemical nature of their formation. Their mutagenic 
and carcinogenic properties have been proven both by the 
Ames test, and by the course of long-term experiments on 
the rodents and monkeys [5].

Main part
Based on the results [6] it can be concluded, that the 

main factors, contributing to the formation of the HAA in 
the product are the temperature (150 °C) and the duration 

of heat treatment, and also the contact of the product and 
the heating surface. Regarding this, the HAA will mainly 
be formed in products cooked at home, and also in public 
catering enterprises. The range of the HAA values content 
in food products varies from 1 µg / kg to 100 µg / kg. The 
quantitative content of the HAA in food products is di-
rectly proportional to the temperature of heat treatment. 
The profile of the substances related to the HAA depends 
on the temperature in the same way [7,8,9,10,11,12,13,14,
15,16,17,18,19].

Raw materials and product recipe formulation, including 
to secondary factors, influence the quantitative content of 
the HAA in the meat products.

Firstly, the HAA were discovered in 1977 by the professor 
Takashi Sigimura and his collaborators, as a result of conven-
tional home cooking processes. The beginning of the work 
on the HAA study was put by suspicions that the smoke, 
which is formed during the heat treatment of meat products, 
can be carcinogenic. Due to this there were discovered 20 
different compounds, not registered as recipe components, 
which are actually formed during heat treatment, and they 
fell into the category of the HAA [7,9].

In the 80s of the last century, on the basis of the assump-
tion on formation of mutagenic HAA groups of imidazo-
quinolines and imidazoquinoxalines during the Maillard 
reaction, a mechanism for the formation of the HAA was 
proposed [19] (Figure 1).

 Review paper

PRODUCTS OF CHEMICAL REACTIONS  
THAT OCCUR DURING HIGH-TEMPERATURE  
HEAT TREATMENT OF THE MEAT PRODUCTS

Key words heterocyclic aromatic amines, carcinogens, meat products

Abstract
Recently the actively active studies have begun devoted to the accumulation of «harmful» substances in food products, which are sup-
posedly accumulated in the body of a person who often consumes these products. Meat, as a source of full-featured animal protein, is 
especially popular in this aspect. For the preparation of meat products various types of heat treatment are used, almost each of which 
will inevitably lead to the destruction of some of the chemical compounds originally present in the product, and the formation of com-
pletely new chemical compounds, which can often be harmful to the human body. During high-temperature heat treatment (mainly 
frying), some chemical reactions in meat products occur, which lead to the formation of heterocyclic aromatic amines (HAA) in it. 
Due to the great variety of raw meat and cooking recipes, during the heat treatment HAA’s of various classes are formed, each of them 
will be peculiar for the particular type of raw material or recipe components (with the exception of MeIQx and PhIP, which always 
form during frying). The more complete understanding of the HAA’s formation mechanism will help study the products of Maillard 
reactions and Strecker degradation. In this work we studied the formation of HAA’s as a result of the cyclization of creatine and the 
detaching of water (dehydration) from it during temperature exposure. The classification of the compounds formed as a result of these 
reactions is presented and the main classes of the HAA obtained in result are considered. The questions of the influence of various 
factors on amount of HAA formed, such as the fat content, the introduction of Fe2+, Fe3+, are raised. In the future it is necessary to 
conduct studies of the quantitative content of HAA in meat products to complement the already actively ongoing work on the study of 
xenobiotics consumed by humans with food, which will give a more comprehensive picture of the carcinogens content in food products.
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In result of cyclization and detaching of water, accord-
ing to the proposed scheme, creatine turns into creatinine 
and form forms the amino-imidazole part of the HAA, and 
the Strecker degradation products, such as pyridine deriva-
tives or pyrazines, formed in result of the Maillard reaction 
between hexoses and free amino-acids, «completing» the 
chemical structure of the HAA. The important participant 
in the «completion» of the HAA molecule is the so-called 
Strecker aldehyde (or the corresponding base of Schiff), 
which is also formed in result of Strecker degradation.

As we can see from the name, the HAA have at least 
one heterocyclic ring and the amino group. Heterocyclic 
ring is a cyclic hydrocarbon, in which one or more carbon 
atoms are replaced by other atoms (with oxygen hetero-
atom). In most cases the heteroatom is nitrogen and less 
often it is oxygen, and still less often it is sulfur. In cases, 
where the heteroatom is nitrogen, the compound is an 
amine itself, in other cases the aminogroup is attached 
to the heterocycle. The majority of the HAA, except the 
group of β-carbolines (such as harman and norharman, 
Figure 2 and 3 respectively), the aminogroup is located 
out of the cycles.

The natural content of the HAA can be found, rang-
ing from plants and algae to vitamins and antibiotics. 

The HAA, which are formed in result of heat treatment of 
high-protein foods, being the carcinogens, can be divided 
into two major groups.

The first group includes aminoimidazoarenes (AIA) or 
«thermal» HAA, which have in their molecule N-meth-
yl-2-aminoimidazole part. These HAA are usually formed 
during the «home» cooking temperatures of 150 °C primarily 
as a result of the reaction of aminoacids pyrolysis products 
(such as pyridine and pyrizine) with creatine and carbohy-
drates, forming imidazoquinolines (IQ), imidazoquinoxalines 
(IQx), and imidazopyridines (Fig. 4) [10,18,19].

Figure 5 shows the presumed reaction of IQ and IQx 
formation. Depending on the polarity, aminoimidazoarenas 
can be divided to polar and nonpolar.

The second group — «the pyrolytic HAA» or aminocar-
bolins are formed by higher temperatures (over 300 °C) by 
thermal destruction of tryptophan, phenylalanine, ornithine 
and glutamic acid. At high temperatures, these amino ac-
ids form desaminated and decarboxylic reaction products 
with reactive radical fragments, the condensation of which 
produces heterocyclic ring structures. This group mainly 
includes one of the fragments of 5 structurally different 
groups of pyridoindole, pyridoimidazole, phenylpyridine, 
tetraazaflurantene or benzimidazole (Figure 6) [11,12,19].

Figure 1 . Mechanism of formation of HAA

Maillard 
reaction

Degradation 
by Strecker

Creatine

Сreatine phosphate

Creatinine

Designations

Figure 2 . Harman (1-methyl-9H-pyrido[3,4-b]indole) Figure 3 . Norharman (9H-pyrido[3,4-b]indole)
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Figure 4 . Graphic formulas of imidazoquinolines, imidazoquinoxalines and pyridines

Figure 5 . The presumed reaction of IQ and IQx formation

Imidazoquinolines

Imidazoquinoxalines

Pyridines 

If A = CH – Pyridine
If A = N — Pyrazine

Aldehyde
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Due to the fact that AIA are formed at lower temperatures, 
they are more common and, accordingly, are mutagenic and 
carcinogenic HAA studied in a better way. Also, alpha- and 
gamma-carbolines are mainly formed as a result of pyrolysis 
of plant proteins in concentrations 10–100 times less than 
the number of the formed beta-carbolines, such as harman 
and norharman [18].

In 1993 the IARC considered 8 Heterocyclic aromatic 
amines (HAA), (MeIQ, 8-MeIQx, PhIP, AαC, MeAαC, 
Trp-P-1, Trp-P-2 and Glu-P-1) as possible carcinogens for 
humans (class 2B) and 1 (IQ) as probable carcinogen for 
humans (class 2A) and recommended reducing exposure 
to these compounds. So in 2004, IQ, MeIQ, 8-MeIQx and 
PhIP were listed in the National toxicology program, be-
cause they are carcinogenic to humans [20]. These results 
are based on the results of long-term animal experiments. 
Although the epidemiological evidence suggests that the 
roasted meat consumption is associated with an increased 
risk of cancer in humans, data were insufficient to confirm 

that this risk is caused due to the presence of the HAA 
(MeIQ, 8-MeIQx, or PhIP). Sample studies show very con-
tradictory results.

The HAA, a family of mutagenic compounds, are formed 
during the cooking process of many animal products, in-
cluding chicken, beef, pork, and fish. Meat, cooked with 
moderate temperatures but grilled or fried, can contain 
significant amounts of these mutagens. [8,19].

The longer the meat is cooked and the higher is the tem-
perature, the more these compounds are formed [6,7,8,9,10]. 
Studies have shown that during the cooking of the grilled 
chicken the higher concentration of the HAA were found 
than in other types of meat [19].

The main classes of heterocyclic amines include amino-
imidazoquinolines or aminoimidazoquinoxalines (collec-
tively called type IQ compounds) and aminoimidazopyri-
dines such as PhIP. Compounds such as IQ and PhIP are 
formed from creatine or creatinine, specific amino acids 
and sugars [13]. All meat (including fish) contains a large 

Figure 6 . Graphic formulas of 2 groups of the HAA
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amount of creatine, because of what the maximum forma-
tion of the HAA occurs during the cooking of meat at high 
temperatures (grilled or fried). Eating deep-fried meat and 
PhIP is associated with an increased risk of breast cancer 
and colon cancer [20,21,22,23,24,25,26,27].

In addition to the type and duration of heat treatment, 
the amount of the HAA produced is influenced by the con-
tent of antioxidants, precursors, and the HAA inhibitors in 
the product. One of the inhibitors, but at the same time a 
catalyst in the reaction of the HAA formation in the product 
is fat. In research [6] the experiment was carried out, where 
the semi-finished meat products with different mass frac-
tion of fat were subjected to frying. The results showed that 
with a relatively low fat content in the product (no more 
than 20 %), the amount of the formed HAA grew in direct 
proportion to the amount of fat, and with an amount of fat 
over 20 %, the amount formed during heat treatment of the 
HAA was less in comparison with the samples where the fat 
content was less than 20 %, but at the same time it remained 
relatively stable and did not change with further changes in 
the amount of fat in the recipe formulations of the products. 
Most likely, this is due to the fact that a large amount of fat 
in the product acts as a wall between the product and the 
heating surface, and with smaller amounts of fat this fat is 
involved in the reaction to form the HAA. An important role 
is played by the type of the fats used — the greatest muta-
genic activity was found while using butter, and the use of 
vegetable oils leads to the formation of smaller amounts of 
food mutagens. It was found that the introduction of iron 
(Fe2+, Fe3+) increases the number of formed IQ and IQx 
almost in two times. The amount of moisture in the recipe 
formulation components also influences the concentration 
of the HAA, possibly because of its role as a transporter of 
water-soluble HAA precursors.

Conclusion
Currently there is a need for experimental studies of 

the HAA content in food products, which will be another 
block of great work on the study of xenobiotics entering 

the human body with food products, which will comple-
ment the picture of the chemical carcinogens content in 
the food products.

In world practice the meat products are considered as 
high-risk products, which are characterized by both bio-
logical and chemical risks. The Codex Alimentarius and the 
World Organisation for Animal Health (OIE) documents 
provide guidance on the application of a risk-based approach 
to the analysis of products of animal origin. However, in 
Codex Alimentarius they refer to the finished product and 
are considered in relation to a human health, and in OIE 
documents they refer mostly to the veterinary welfare of farm 
animals. The technological component is not highlighted in 
these documents, but it serves as an essential mechanism 
for managing both individual risks and their aggregate com-
bination, which allows producing a product of guaranteed 
safety during its shelf life.

In many ways the harm from red meat is determined not 
so much by the properties of the meat, as by the methods 
of its cooking and combination with other foods. Often the 
product becomes harmful because of ignorance of elemen-
tary rules of its use. In general, this review emphasizes that 
species differences and data on the mechanisms of toxic 
action must be taken into account when transferring data 
on carcinogenic risks obtained from the use of large doses 
of the tested substance in experimental animals, to humans 
receiving small doses of this substance.

The primary objective of the study of the HAA accumula-
tion is to select an indicator of the presence of carcinogens 
of this type. A range of researchers have found that the most 
common HAA are PhIP (2-amino-1-methyl-6phenylimid-
azo[4,5 b]pyridine) and MeIQx (2-amino-3,8-dimethylimid-
azo[4,5 f]quinoxaline) [8]. Therefore these substances were 
selected as the main markers for further monitoring of the 
quantitative content of the HAA in the food products, carried 
out within the framework of the State task on the basis of 
the laboratory of the Scientific and methodological works, 
biological and analytical researches of the V. M. Gorbatov’s 
Federal Research Center for Food Systems.
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Introduction
Soybean and products of its processing are widely used 

in the food industry. This category of raw materials is often 
used for meat product falsification (replacing part of meat 
raw materials or exceeding a quantity specified in TS). It is 
also necessary to note that soybean is an allergen and one of 
the main cultures subjected to genetic modification.

At present, several methods have been developed to 
detect soybean in foods. Methods based on the polymerase 
chain reaction (PCR) and enzyme-linked immunosorbent 
assay (ELISA) are applied most frequently. Soy proteins are 
also used in manufacturing products that have undergone 
deep technological processing (canned foods, fermented 
products). In this case, both DNA and proteins are sub-
jected to strong degradation, which reduces sensitivity of 
these methods [1,2].

As soybean is an allergen, several authors choose the 
lectin gene (le1) to develop methods for PCR identification 
of soybean. The lectin gene is presented by a single copy in 
genomic DNA. Therefore, sensitivity of the method can be 
insufficient when analyzing certain samples. This constraint 
can be overcome by digital PCR with higher sensitivity com-
pared to other PCR methods [3]. Primers specific to the lectin 
gene are used mainly in multiplex test systems of quantitative 
detection of GMO by digital PCR [2,4].

To increase PCR sensitivity, multicopy DNA markers 
are used, in particular, DNA of organelles: mitochondrial 
[5] or plastid [6]. This approach in combination with highly 
effective DNA extraction enables identification of a targeted 
matrix in low concentrations in deep processed samples [7]. 
However, in this case, time and expenditures for analysis 
are increased.

Retrotransposons are promising DNA regions for primer 
design when analyzing products that have undergone deep 

technological processing. Their main advantage is mul-
tiple copies. For example, Ballin et al. used the elements 
called the chicken repeat 1 (CR1) with the copy number 
of approximately 26,650 in the chicken genome and the 
trinucleotide repeat containing 5 (TNRC5) with the copy 
number of approximately 100,000 in the pork genome for 
comparative quantitative assessment of pork and poultry 
meat in the model samples [8]. This approach had high 
theoretical sensitivity of the method. However, the practical 
limit of detection (LOD) was restricted to 0.01 % chicken in 
pork and 1 % pork in chicken. This was explained by non-
specific interspecies amplification at the last cycles. The 
authors noted that predicted copy numbers of the targeted 
region in the pig genome were higher than the real ones 
by the order of magnitude. This was caused by nonspecific 
annealing of the developed primers on other regions of the 
genome. Therefore, the use of these regions was necessary 
for designing a primer system.

Retrotransposons are mobile genetic elements, which are 
most often represented in the eukaryotic genome by a large 
number of copies. Due to an absence in their composition 
of genes that are functionally significant for the organism, 
retrotransposons rapidly accumulate substitutions and, con-
sequently, diversify. Moreover, part of retrotransposons are 
endogenous retroviruses, which allows suggesting that its 
own retrotransposon can appear in a taxon of any level due 
to insertion of a retrovirus into the genome and the follow-
ing loss of its ability to develop virus particles. Because of 
this, an advantage of using these regions is low probability 
of non-specific annealing of primers for DNA of closely re-
lated species. To identify soybean, Yamakawa et al. [9] used 
primers for the retrotransposon. Detection of amplification 
products was carried out using gel electrophoresis. Specificity 
was controlled using 11 related (legume) and 16 other species 
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of plants. The limit of detection (LOD) of non-degraded 
DNA was 0.001 %. A critical factor for the development of the 
PCR test-systems is a length of an amplicon. The longer an 
amplicon, the higher a probability of breakage at this DNA 
region under an effect of a technological process [10,11,12]. 
For real time PCR, a length of 100–150 nucleotide bases is 
considered optimal.

In the present work, we developed a primer-probe sys-
tem for identification of soybean in products with its low 
content and in products that have undergone deep thermal 
processing. The primer-probe system was complimentary to 
the long terminal repeat (LTR) 83l18-re-1 [13]. The products 
that were subjected to deep technological processing were 
analyzed. For comparison, parallel analyses with primers 
for the single-copy lectin gene were carried out.

Materials and methods
Objects of the research
Soy flour was used as a positive control. Flour produced 

from samples of pea, kidney bean and chickpea was a nega-
tive control. The samples were taken from the collection of 
the Laboratory of molecular biology and bioinformatics of 
the V. M. Gorbatov Federal Research Center for Food Sys-
tems of Russian Academy of Sciences. The following food 
products available in the retail chains were taken as test 
samples: four articles of canned meat-and-plant pastes (code 
designation P1-P4), six articles of meat-and-plant canned 
foods (C1–C6). To compare an effect of other technological 
processes on DNA degradation, samples of tofu, preserved 
tofu and three samples of soy sauces (S1–S3) were taken 
as well. We also analyzed four samples of confectionary 
products that contained soy lecithin (Con1-Con4) to assess 
a possibility of the method to detect soybean components 
that have undergone deep technological processing in food 
product samples.

As a positive control of soybean degraded DNA, we 
prepared a sample of soy flour that was diluted in distilled 
water in a ratio of 1:4 by mass. The obtained paste was 
treated in an autoclave in a glass vial at a temperature of 
120 °C for 20 min.

Sampling and DNA extraction
Food products were minced in a knife mill GRINDOMIX 

GM 200 (Retsch, Haan, Germany). For DNA extraction, 
food product samples and control samples of 50 mg each 
were taken. To extract DNA from the positive control of 
degraded DNA, 200 mg were taken. After that, lysis and 

purification with chloroform were performed using the 
reagent kit Sorb-GMO-B (Syntol, Moscow, Russia) accord-
ing to the instruction. The following DNA extraction was 
carried out using the MagNA Pure LC2.0 isolation station 
(Roche) with MagNa Pure LC DNA Isolation Kit II (tissue) 
(Roche, Mannheim, Germany).

Primer design
The primer-probe systems were complementary to the 

regions of le1 and long terminal repeat (LTR) 83l18-re-1 
(Table 1) available in the GenBank database [14]. For system 
design, the programs Primer-BLAST [15] and OligoAnalyzer 
v. 3 were used [16].

Real-time PCR
Real-time PCR was carried out using an amplifier ANK-32 

(Syntol, Moscow, Russia). The reaction mixture with a vol-
ume of 30 µl contained primers with a concentration of 
300 nM, a probe with a concentration of 150 nM, 2.5 mM 
MgCl2, dNTPs with a concentration of 0.25 mM each, SynTaq 
polymerase with a concentration of 2.5 activity units and 
5 μL of extracted DNA. The components of the reaction 
mixture were produced by Syntol. The parameters of PCR 
were the following: initial denaturation at 95 °C for 7 min 
and 45 cycles of amplification (60 °C, 40 s and 95 °C, 15 s). 
All samples were investigated in triplicate. The obtained 
data were analyzed using the software ANK-32 (Syntol). 
Statistical analysis was carried out with the use of Microsoft 
Excel 2016 [17].

Results and discussion
Detection of efficiency, specificity and cut-off cycles
To detect the reaction parameters and detection limit, 

PCR with selected primer pairs was performed. For analysis 
of primers for the le1 gene, soybean DNA and its decimal 
dilutions up to 0.001 % were used. For analysis of prim-
ers for the region 83l18-re-1, we used a dilution of DNA 
extracted from soy flour with concentration of 10 % to 
0.0001 %.

The limit of detection in PCR with primers for le1 was 
0.01 % of the targeted matrix in a sample. The calculated 
coefficient of correlation of PCR with primers for le1 was 
R2 = 0.99; PCR efficiency was E = 85.5 %. The equation of 
linear regression is the following:

 y = − 4.295x + 49.01  (1)

The calculated coefficient of correlation of PCR with 
primers for 83l18-re-1 was R2 = 0.99; PCR efficiency was 

Table 1 . Sequences and positions of the primers used in the study

Primer Primer sequence (5’ → 3’) Amplification
region

Amplification 
size, bp

Lec1-F CTCTACTCCACCCCCATCCA

le1 111
Lec1-R ATCTGCAAGCCTTTTTGTGTCAG
Lec1-P (FAM)-TT(C–LNA)AA(C–LNA)TTCA(C–LNA)(C–LNA)TT(C–LNA)TATGCC-(RTQ1)
Gly_MAX-F CTCTCTATGGATTGAAGCAAGCTC

83l18-re-1 91
Gly_MAX-R TCAATTCCTCCCTTCCTATACCCT
Gly_MAX-P (FAM)-CTTGGTATGAAAGGCTAACAGAGTTCC-(RTQ1)

bp — base pairs
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E = 98.0 %. The equation of linear regression is the fol-
lowing:

 y = –3.4267 x + 50.63  (2)

When using Lec1, there was no non-specific annealing 
with samples of chickpea, kidney beans and pea, as well as in 
the negative control without DNA. When using primers for 
83l18-re-1, the threshold cycle (Cq) for all negative controls 
was 36.5±1.4 (presented as the mean ± standard deviation, 
N=18) and was equal to Cq of the reaction without DNA 
addition (36.3±0.05, N=3). Therefore, the cut-off cycle for 
the reaction with Gly_MAX was the 34th cycle, and the 
practical limit of detection was 0.001 % of non-degraded 
DNA. The obtained values are comparable with the primers 
used in the work of Yamakawa et al. [9].

Analysis of food products
In the world market, as a rule, food products containing 

soy components are subjected to fermentative (tofu, soy 
sauces) and thermal treatment (confectionary products, 
bakery products). For quantitative detection of soybean 
content in products of deep processing, several authors 
proposed corresponding models of DNA degradation: a 
temperature regime [4,10,18], enzyme treatment [19] and 
combination of an impact of a temperature and pH value 
[11,19]. The recipe of the model objects and temperature 
regimes were selected with consideration for the baking 
technology. For the Russian market, however, a study of 
canned foods is topical. To assess an effect of sterilization 
on DNA, DNA of soy flour after autoclaving was taken as 
a positive control. The Cq values of this sample were lower 
than in 1 % of non-degraded DNA (Table 2). This suggests 
a significant effect of sterilization regimes on DNA. When 
using the primer-probe system Lec1, a difference between 
values Cq (ΔCq) of 1 % soybean DNA and 100 % degraded 
DNA was 8.08 cycles, while ΔCq of the same samples was 
2.34 when the primer-probe system Gly_MAX was used 
(Table 2). Therefore, the primer-probe system Gly_MAX 
has higher comparative sensitivity in analysis of samples 
that have undergone technological processing. The calcu-
lated sensitivity for this model of degradation ensures the 
calculated sensitivity of 0.1 % soybean in a sample.

During the investigation, soybean DNA was not revealed 
in the samples C3–C6, which corresponded to the declared 
composition. The results of real-time PCR of other samples 
are presented in Table 2. Soybean was found in the paste 
samples and sample C1 with the use of both primer-probe 
systems: Lec1 and Gly_MAX. In these samples, soybean 
was declared in the product composition, but it was not 
the main component. The Cq values obtained in real-time 
PCR were close to the positive control of DNA of 100 % 
autoclaved soybean. In this semi-quantitative analysis, how-
ever, it is necessary to select a model of DNA degradation 
that corresponds to the studied sample. When studying 
the sample C2, soybean was detected with the use of the 
prime-probe system Gly_MAX, while real-time PCR with 
the use of Lec1 gave a positive result only in two of three 

replicates. Soybean was not declared in the composition 
of this product.

Table 2 . The result of PCR in the control samples and food 
samples with the use of the primers specific to the le1 gene (Lec1) 
and LTR83l18-re-1 (Gly_MAX)

Result of ampification, Cq ΔСq between 
Leq1 and 
Gly_MaxLeq1 Gly_Max

Control samples
Soybean 1 % 28 .14 ± 0 .11a 18 .26 ± 0 .03a 9 .88

Soybean 100 %, 
120°/20 min 36 .22 ± 0 .63a 20 .6 ± 0 .09a 15 .62

Meat-and-planned 
canned foods

P1 32 .6 ± 0 .37a 20 .58 ± 0 .04a 12 .02
P2 33 .49 ± 0 .19a 20 .68 ± 0 .11a 12 .82
P3 33 .63 ± 0 .26a 21 .19 ± 0 .05a 12 .44
P4 34 .71 ± 0 .04 22 .64 ± 0 .03a 12 .07
C1 35 .31 ± 0 .3a 20 .27 ± 0 .07a 15 .04
C2 37 .63 ± 0 .71b 29 .21 ± 0 .07a

Preserved tofu 36 .16 ± 1 .43a 21 .8 ± 0 .04a 14 .36
Tofu 26 .28 ± 0 .04 14 .0 ± 0 .02 12 .28

Soy sauces
S1 NR 31 .9 ± 0 .15a

S2 NR 31 .37 ± 0 .11a

S3 NR 30 .25 ± 0 .02a

Confectionary 
products

Con1 37 .55 29 .6 ± 0 .1a

Con2 28 .26 ± 1 .43a 17 .9 ± 0 .9a 10 .32
Con3 37 .80 ± 0 .02b 31 .14 ± 0 .19
Con4 NR 33 .3 ± 0 .38a

Con5 37 .37 31 .95 ± 0 .13a

The Cq values are presented as: the arithmetic mean ± standard 
deviation (a – N=3, b — N=2), NR — negative result

In production of tofu, soybean raw materials are heated 
at 85–110 °C in the acidic environment [20]. In this pro-
cess, DNA is also subjected to significant degradation [11]. 
During the investigation, a decrease in a quantity of non-
degraded DNA was found (table 2). For example, the Cq 
value for preserved tofu was comparable with the results 
of the analysis of meat-and-plant canned foods. With that, 
Yamakawa et al. failed to detect specific DNA in thermally 
treated (fried) tofu [9].

Soy sauces are produced by long fermentation. This leads 
to a significant degradation of DNA and proteins. A major-
ity of developed PCR and ELISA methods do not detect the 
presence of soybeans in a soy sauce. With that, this product 
retains its allergenicity [21]. In our work, PCR with the prim-
ers Gly_MAX gave a positive result. This is in agreement 
with the data of Yamakawa et al., who used primers for the 
retrotransposon region in their work [9].

In the samples of the confectionary product Con2, soy 
flour was declared in the composition. Its presence was suc-
cessfully confirmed in PCR with both primer pairs. In the 
samples Con1, Con2 and Con5, soy lecithin was declared 
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in the composition. In the sample Con4, soy components 
were not indicated on the label. In analysis with the primers 
Gly_MAX, soybean was found in all samples. In analysis 
with the primers Lec1, a positive result was observed in the 
samples Con1 and Con5 only in one of three replicates, in 
the sample Con3 in two. The result of PCR with the primers 
Lec1 was negative in the sample Con4.

An effect of temperature regimes on a degree of degradation 
of different genome regions.

DNA degradation has a non-linear character depending 
on a technological process, for example, with an increase in 
time of exposure to a certain temperature [10]. Therefore, 
for quantitative assessment, it is necessary to know precise 
parameters of a technological process, which is impos-
sible in practice. Mano et al. developed an index of DNA 
fragmentation based on the results of PCR of a targeted 
product with several primer pairs giving different length 
of amplicons [10]. However, the authors applied this index 
only for calculating the detection limit of the reaction for 
a certain sample and not for quantitative assessment of 
targeted DNA.

It was found during the investigation of control samples 
and products that a rate of degradation of the le1 gene region 
was higher than those of LTR83l18-re-1. It is well seen when 
comparing the difference in values Cq (ΔСq) obtained in 
PCR of the sample with the primers Lec1 and Gly_MAX 
(Table 2). For example, in analysis of positive controls, ΔСq 
for the control sample of non-degraded 1 % soybean was 9.88; 
while for the control sample of degraded DNA, it was 15.62.

The obtained value ΔСq of the control 1 % soybean DNA 
(9.88) was close to ΔСq of the sample Con2 (10.32), in which 
composition soy flour was declared. In the sample C1, ΔСq 
(15.04) was close to the control sample of degraded DNA 
(15.62). It is necessary to note that exposure time of the 
control sample (20 min.) was lower than in production of 
meat-and-plant canned foods. The comparable degree of 

DNA degradation can be explained, most likely, by the low 
volume and container type, in which the sample was steril-
ized. ΔСq of meat-and-plant canned foods was lower and 
varied in a range of 12.02 to 12.82, which is linked with dif-
ferent sterilization regimes for this product category. ΔСq of 
tofu and preserved tofu also expectedly differed from each 
other. ΔСq was not calculated for the samples C2, Con1, 
Con3-Con5 as the positive reaction with the primers Leq1 
was not observed in all replicates.

Therefore, ΔСq between the values obtained with the 
primers for single-copy and multi-copy regions was higher 
when the technological impact on DNA was larger.

Conclusion
We developed a highly sensitive method for soybean 

detection in food samples based on selection of a multi-copy 
region of genomic DNA for primer design. The samples of 
meat-and-plant canned foods and other samples that un-
derwent deep technological processing were successfully 
detected by this method. The method showed high sensitivity 
compared to the use of the primers selected for the single-
copy DNA region: 0.001 % non-degraded soybean DNA for 
the primers Gly_MAX vs. 0.01 % for Leq1.

During the investigation, a difference in the rate of deg-
radation of the le1 gene region and LTR83l18-re-1 was found. 
This effect can be used for the development of a method for 
assessing DNA degradation in food products underwent 
deep technological processing and the following quantitative 
assessment of the composition.
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Introduction
Currently, the volume of poultry meat on the Russian 

market exceeds that of slaughtered animals, which are tra-
ditional raw materials for the production of sausages [1].

For this reason, in recent years, various types of sausages 
from poultry meat, including cooked ones, have been widely 
represented on the domestic market [2].

In this regard, it should be noted that each change in the 
technology of sausage production may require the introduc-
tion of appropriate additional technological methods.

In particular, some researchers note the need to replace fat 
in the composition of minced meat based on poultry meat, 
since chicken fat, due to the low melting point, easily melts 
during heat treatment forming oily «pockets» in minced meat 
for sausages, thereby reducing the quality of products [3, 4].

The stabilizing function in an unstable heterogeneous 
system of minced meat for cooked sausages is performed 
by emulsifiers and gelling agents that provide binding and 
retention of water and fat in a single system before and after 
heat treatment [5].

One of the best natural emulsifiers and gelling agents are 
products chicken egg processing, i. e. pasteurized liquid egg 
and yolk (emulsifiers), egg white (gelling agent) [6].

In addition, the introduction of these egg products into 
minced meat for sausages will significantly increase the nu-
tritional value of the finished product, because, for example, 
pasteurized liquid egg almost completely corresponds to hu-
man milk in terms of essential amino acids content (g/100 g of 
protein), which is the highest standard of nutritional value [7].

At the same time, the use of egg products as ingredients 
of minced meat for cooked sausages will reduce their cost 
because the cost of chicken eggs is lower than the equivalent 
weight of poultry meat.

Thus, the use of egg products in minced meat for cooked 
sausages will solve the following important problems: stabilize 
minced meat for sausages before and after heat treatment, 
increase the nutritional value of the finished product and 
reduce its cost.

However, currently, egg products are used in the produc-
tion of sausages in liquid form. This fact determines their 
low mass fraction in the formulations of combined meat and 
egg products (on average 5–10 %) [8], which restricts their 
use as ingredients of meat and egg products.

In addition, the liquid state of egg ingredients does not 
allow obtaining a pattern of egg fragments in the section of 
finished products, if necessary.

Original scientific paper

THAWING PROCESS CALCULATION  
OF EGG INGREDIENTS PARTICLES IN MINCED MEAT
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energy balance

Abstract
Sausages from poultry meat are present on the domestic market. In this regard, the problem of improving the competitiveness of 
these products is urgent. One way to solve this problem is to replace part of the raw meat in the minced meat for sausages with 
chicken egg products (pasteurized liquid egg, egg white, yolk). Using egg products as ingredients of minced meat will help stabilize 
minced meat for sausages before and after heat treatment, increase the nutritional value of the finished product, and reduce its cost. 
However, currently, the mass fraction of egg ingredients in meat and egg products formulations does not exceed 5–10 %. This is due 
to the appearance of a specific taste, if it is exceeded, and because it is impossible to obtain a pattern of egg fragments in the section 
of the finished products, if necessary. This fact restricts the use of egg products as ingredients of meat and egg products. A techno-
logical method to eliminate these problems is freezing egg ingredients before adding to minced meat. In order to control the applica-
tion of this method, the mechanism of changes in frozen egg ingredients during the preparation and heat treatment of minced meat 
for sausages is revealed. It was found that at the stage of minced meat mixing, the liquid part of the egg ingredients resulting from 
the thawing of frozen particles surface mixes with meat ingredients. Moreover, when unmoved relative to the surrounding minced 
meat, the frozen particles of egg ingredients are caught by the minced meat, and then locally coagulate in the process of meat and 
egg product heat treatment. The weight of the liquid phase resulting from the thawing of frozen egg ingredient particle and the 
weight of its remaining local part depend on the duration of the minced meat mixing process, its temperature and particle weight. 
Based on the knowledge about this mechanism, analytical equations are obtained using the energy balance method. They describe 
the duration of egg ingredients thawing in meat and egg products depending on the particle weight and the temperature of minced 
meat. The experimental data of the authors are used as a basis for calculating the process of egg ingredients thawing. The proposed 
calculation method will allow purposeful controlling the process of change in frozen egg ingredients aggregative state in minced 
meat for sausages, under production conditions.
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In this regard, the search for technological methods that 
can eliminate these limitations is urgent.

One of such methods is to freeze egg ingredients before 
adding to minced meat.

The use of frozen egg ingredients during the mixing of 
minced meat for sausages will allow to use them in the pro-
cess of finished product manufacturing for two purposes. The 
thawed liquid part mixed with meat ingredients of minced 
meat will act as an emulsifier (pasteurized liquid egg and 
yolk) or as a gelling agent (egg white). Moreover, the part of 
egg ingredients remaining in the frozen state will be trans-
formed into pattern in the section of finished products as a 
result of coagulation at the heat treatment stage.

In general, this technological approach will allow to 
better stabilize of minced meat for sausages, increase the 
mass fraction of egg ingredients in combined meat and 
egg products and the nutritional value of finished products 
without giving them a specific egg flavor, cool down minced 
meat in the process of its preparation and reduce the cost 
of finished products.

The practical implementation of the above technological 
method requires the possibility of calculating the changes 
in frozen egg ingredients during the preparation and heat 
treatment of minced meat for sausages.

The aim of this work was to obtain analytical equations 
describing the duration of egg ingredients thawing in meat 
and egg products depending on the particle weights and 
ambient (minced meat) temperature.

Materials and methods
Objects of study: egg ingredients of meat and egg prod-

ucts, i. e. pasteurized liquid egg, yolk and egg white, cylin-
drical (D = H), where D is the diameter of the cylinder and 
H is its height.

Subject of study: egg ingredients thawing process.
The calculation of food products thawing duration is a 

complex problem, since it requires consideration of many 
factors, including changes in the thermophysical properties 
of the product during this process.

There are number of mathematical models developed for 
this purpose, for example [9,10,11,12, 13,14,15].

These calculation methods may be divided into two 
groups: relatively simple analytical dependencies based 
on a number of assumptions, and therefore, the results of 
calculations using them contain unacceptably large errors; 
and complex mathematical models that require unreason-
ably complicated calculations to solve practical problems.

We have chosen an intermediate analytical and empirical 
model that optimally combines their advantages (simplicity 
and acceptable accuracy).

In order to obtain engineering equations for calculating 
the process of egg ingredients thawing convenient for use 
in production conditions, kinetic indicators (the rate of egg 
products thawing — pasteurized liquid egg, yolk and egg 
white, in relative units) obtained empirically by the authors 
were used as the basis for the calculations [16].

The experiments to obtain the base for calculations were 
performed as follows.

Egg white, yolk, and pasteurized liquid egg were trans-
ferred into cylindrical metal containers with an inner di-
ameter and height of 43 mm. The temperature sensor was 
fixed in the thermal center of the sample (on the axis of 
the cylinder, at the same distance from the bottom of the 
container and the surface of the sample). In order to ensure 
the identical conditions of the experiment for all objects of 
study, three containers with prepared samples (protein, yolk 
and pasteurized liquid egg) were simultaneously placed into 
freezer and frozen.

After freezing, product samples were removed from the 
freezer and thawed at room temperature. During freezing 
and thawing, changes in temperature of the samples over 
time were recorded.

The temperature was measured using IS203.4 tempera-
ture recorder (Russia). The sensor readings were recorded 
automatically, with an interval of 2 seconds. The absolute 
measurement error was ± 0.2 °C. Overall, five experiments 
were performed at the same air temperature in the freezer, 
i. e. minus (15 ± 0.5) °C.

The coefficient of variation for the set of measurements 
did not exceed 4 %.

The relationship between the temperature of the study ob-
jects and their aggregative state was established qualitatively 
(visually) and quantitatively (by determining the penetration 
using KP-3 penetrometer (Russia). The difference between 
the results of three parallel measurements did not exceed 3 %.

Analytical equations describing the duration of egg in-
gredients thawing in meat and egg products depending on 
particle weight and ambient temperature were obtained based 
on the energy balance of egg ingredients thawing process 
[17,18]. In such a case, the results were used of studies on 
the mechanism of change in egg ingredients during mixing 
and heat treatment of minced meat for sausages.

Comparison of calculated and experimental data con-
firmed the validity of this assumption, i. e. the relative error 
of the calculation results with the proposed equations did 
not exceed 5 %, which is acceptable for technical calculations 
in sausage production.

Results and discussion
The surface of egg ingredient frozen particle located in 

minced meat with a positive temperature thaws. During 
minced meat mixing, the resulting liquid is mixed with meat 
ingredients. If the frozen particle (or its frozen part remain-
ing after thawing) is unmoved relative to the surrounding 
minced meat, then it is caught by the minced meat and locally 
coagulates during the subsequent heat treatment forming 
the pattern in the section the meat and egg products [16].

The weight of the liquid phase resulting from the thaw-
ing of egg ingredient frozen particle and the weight of its 
remaining local part depend on the duration of the minced 
meat mixing process, its temperature and the weight of the 
egg particle.
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In the production environment, purposeful control of 
the mechanism for changing the aggregative state of egg 
ingredients frozen particles in the minced meat for sausages 
is possible only with the help of analytical equations that 
describe the dependence of duration of egg ingredients 
thawing on particle weight and ambient (minced meat) 
temperature.

The indicated analytical dependences are as follows.

Calculation of the duration of egg ingredient  
particle thawing depending on its weight
The energy balance equations for the thawing process of 

two cylindrical frozen particles of egg ingredient of different 
weights are as follows. The first particle of egg ingredient 
(equation members are indicated by index 1):
 W × ω × М1 × r = q × F1 × τ1, (1)
where:
 W is the humidity of egg ingredient, %;
 ω is the fraction of frozen water in egg ingredient, %;
 М1 is the weight of egg ingredient, kg;
 r is the specific heat of ice thawing, J/kg;
 q is the specific heat flux that enters the surface F1, m2 of fro-

zen egg ingredient, J/m2s;
 τ1 is the duration of thawing process, s.

By analogy with equation (1), the energy balance equation 
for the second particle of egg ingredient (equation members 
are indicated by index 2) is as follows:
 W × ω × М2 × r = q × F2 × τ2. (2)

As a result of transformations of equations (1) and (2) (i. e. 
expressing the areas F and weights M of the egg ingredient 
particles through their radii: F = 4πR2; M = ρ*π*R3, where 
ρ is the specific gravity of the egg ingredient frozen particle, 
kg/m3) the following equations are obtained:
 τ1 = W × ω × r × ρ × π × R1

3/ q × 4πR1
2. (3)

 τ2 = W × ω × r × ρ × π × R2
3/ q × 4πR2

2. (4)

Dividing equation (3) by (4) gives the following equation:
 τ2 = τ1 × R2/R1, (5)
where:
 R1 and R2 are the radii of the first and second particles, m.

By expressing the radii of the particles through their 
weights (R3 = M/ρ × π × ), we obtain the desired equation:

 τ2 = τ1 × 3√ М2 /М1. (6)

Calculation of the duration of egg ingredient particle 
thawing depending on ambient temperature
The energy balance equations for the thawing process of 

two frozen particles of egg ingredient of the same weight at 
different ambient temperatures are as follows.

The particle of egg ingredient at the ambient temperature 
T1 (equation members are indicated by index 1):
 WωМ × r = q1 × F × τ1, (7)
where:
 М is the weight of egg ingredient;

 q1 is the specific heat flux that is transmitted to the surface F 
of frozen egg ingredient under the influence of temperature 
difference between the environment and the frozen product 
surface ΔT1;

By analogy with equation (7), the energy balance equation 
for the particle of egg ingredient at the ambient temperature 
T2 (equation members are indicated by index 2) is as follows:
 WωМ × r = q2 × F × τ2,  (8)
where: q2 is the specific heat flux that is transmitted to the sur-

face F is the specific heat flux that is transmitted to the sur-
face ΔT2;

From equations (7) and (8), we express τ1 and τ2

 τ1 = WωМ × r/q1 × F, (9)
 τ2 = WωМ × r/q2 × F, (10)

Dividing equation (9) by equation (10) gives the following 
equations:  
 τ2 = τ1 × q1/q2 (11)

Based on the Newton’s law of cooling (q = α*ΔT)), we 
can write equation (11) in the following form:
 τ2 = τ1* ΔT1/ΔT2 (12)

The change in the temperature difference between the 
environment (minced meat) and the surface of the egg in-
gredient frozen particle, under the influence of which the 
heat flux is transferred for thawing, depends only on the 
changes in the ambient temperature. This is because the 
surface temperature of the frozen object that receives heat 
flux from the environment is constant and equal to the cryo-
scopic temperature of egg ingredient.

For this reason, to perform the calculations with con-
venience, we replace ΔT in equation (12) with the ambient 
temperature T.

As a result, the desired equation is as follows:
 τ2 = τ1 × T1/T2, (13)

where T1 and T2 are the ambient temperatures.

Here is an example of calculating the parameters of the 
meat and egg product manufacturing process regarding the 
use of frozen egg ingredients using equations (6) and (13).

Statement. It is necessary to produce meat and egg prod-
uct with a total content of egg ingredients equal to 25 %. 
The part of egg ingredients, which should be turned into a 
liquid state and mixed with meat ingredients, is 10 % of the 
whole product weight. The remaining part is 15 % of the 
whole product weight. It forms a pattern on the product 
section, i. e. local coagulated inclusions of cylindrical shape 
H = D = 1.10 cm (weight 1.0 g).

Unknown. The initial sizes of the egg ingredients frozen 
particles (H = D) and the duration of minced meat (with a 
temperature of 12 °C) mixing with added egg ingredients.

Solution. According to the statement, the total weight 
of the egg ingredients particles forming the pattern on 
the product section should be 15 % of the whole prod-
uct weight. The total weight of thawed egg ingredients 
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should be 10 % of the whole product weight, i. e. 1.5 times 
less than the total weight of the particles forming the pat-
tern. As for one particle, the weight of its thawed part is 
1.0 g/1.5 = 0.67 g. Hence, the initial weight of the frozen 
particle is 1.0 g + 0.67 g = 1.67 g.

To determine the size of the initial frozen particle, the 
following well-known equation should be used:
 M = ρ × V = ρ × π × H3/4 (14)
where: 
 M is the initial weight of the frozen particle;
 ρ is the specific gravity of the egg ingredient frozen particle;
 V is the volume of the egg ingredient frozen particle;
 H is the height of the cylinder equal to its diameter (D).

Expressing H from equation (10):

 H = 3√4 × M/ρ × π. (15)
By substituting the numerical values   of the symbols in 

equation (11) (for the convenience of calculations, we ap-
proximate the numerical values   of M to 1.70 g, and ρ to 1.0 
g/cm3), we obtain the size of the initial egg ingredient frozen 
particle: H = D = 1.30 cm.

Next, using equations (6) and (13), we can determine the 
duration of the minced meat mixing (we consider the tem-
perature of minced meat equal to 12 °C) with added frozen 
egg ingredients (e. g. pasteurized liquid egg). This duration 
must provide the specified values   of the mass fractions of 
liquid (10 %) and coagulated (15 %) phases of egg ingredients 
in the finished product.

First, using equation (6), we determine the duration of 
thawing for pasteurized liquid egg with weight of 0.7 g at 
the ambient temperature of T2 = 23 °C.

For this purpose, by substituting in this equation the 
numerical values   of the symbols: τ1 = 16 min and M1 = 60 g 
(determined experimentally [16]), and the given value 
M2 = 0.7 g (according to the statement, this weight should 
be turned into the liquid state), we obtain:

 τ2 = τ1 × 3√ М2 /М1 = 16 × 3√ 0,7/60 = 16 × 0,23 = 3,7 min

Then, using equation (13), we determine the duration of 
thawing for pasteurized liquid egg with weight of 0.7 g at 
the ambient temperature of T2 = 12 °C.

By substituting the numerical values of the symbols in 
equation (13), we obtain the following value:

 pasteurized liquid egg: 
 τ2 = τ1 × T1/T2 = 3,7 × 23/12 = 7,1 min

Using kinetic indicators of the egg ingredients thawing 
process expressed in relative units (yolk — 1.3; pasteurized 
liquid egg — 1.1; egg white — 1.0) [16], we calculate the du-
ration of thawing for particles with weight of 0.7 g for yolk 
and egg white at the ambient temperature of T2 = 12 °C. We 
can make it using as a base the obtained value of a similar 
indicator for pasteurized liquid egg:
 yolk: τ2 = 7,1 × 1.1/1,3 = 6,0 min

 egg white: τ2 = 7,1 × 1.1/1,0 = 7,8 min

Result of the solution. As a result of solving this problem, 
it was established that the fulfillment of the above statement 
requires the following process parameters:

Initial frozen cylindrical particles of egg ingredients 
should have the dimensions: D = H = 1.30 cm, and the du-
ration of minced meat mixing with added particles (at the 
minced meat temperature T2 = 12 °C) should have the follow-
ing values for various egg ingredients (min) — pasteurized 
liquid egg, 7.1; egg white, 7.8; yolk, 6.0.

Conclusion
The obtained analytical equations allow carrying out 

calculations of changes in the aggregative state and the 
geometric dimensions of the egg ingredients frozen par-
ticles in the minced meat for sausages, when egg ingre-
dients are used to develop the technology of meat and 
egg products.

The simple structure of the obtained equations, which 
contains only physical parameters, ensures their convenient 
application in a production environment.
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