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Influence of biologically active compounds on the stability of the
fat complex of poultry meat of mechanical rolling during storage

Goal. To study the influence of biologically active compounds on the process of lipid oxidation of the fat
complex in poultry meat of mechanical rolling (PMMR) during storage. Methods. Research of acid and peroxide
numbers of model samples of PMMR was carried out by employees of the department of technology of meat
products according to GOST 314702012 «Poultry meat, by-products, and semi-finished products from poultry
meat. Methods of organoleptic and physicochemical research». The method of determining the thiobarbituric
number is based on the formation of colored substances as a result of the interaction of fat oxidation products with
2-thiobarbituric acid and on the measurement of the color intensity on the spectrophotometer. The object of
research was PMMR with the addition of the following biologically active compounds: water and fat green tea
extract, water and fat rosemary extract, dihydroquercetin. Results. The influence of biologically active compounds
on the oxidizing properties of the PMMR fat complex was studied. The results of the determination of acid and
peroxide numbers during the storage of the studied model samples and control for 120 days indicated the
effectiveness of the selected antioxidants. As antioxidants they used natural extracts in the following quantities: fat-
soluble rosemary — 0.1%; water-soluble rosemary — 0.07%; fat-soluble and water-soluble green tea — 0.05%;
dihydroquercetin — 0.025%. It was found out that these compounds inhibit oxidative processes in 3.7 — 5.2 times.
Conclusions. The obtained research results testify to the expediency of using biologically active compounds to
reduce oxidative damage in PMMR during storage.
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The poultry processing industry plays a significant role in providing consumers with high-quality animal
products. In recent years, the global poultry market has expanded significantly and become more competitive. The
requirements for the assortment, quality and shelf life of these products have increased [1-3]. An important task for
manufacturers of the meat industry today is the production of high quality products and the rational use of meat raw
materials, in particular MDPM. Taking into account the fast growth rates of the poultry processing, the MDPM
production volume is constantly growing, therefore, the problems of its long-term storage becomes relevant [4]. In
addition, the production of MDPM is practically a waste-free technology and, due to its low cost, is an affordable
raw material, and the presence of up to 15% of protein in its composition makes its widespread use possible
throughout the world.

Technological features of the manufacture of MDPM cause the oxidative damage of the lipid fraction due to the
presence of bone marrow elements with a significant content of phospholipids, cholesterol, and heme pigments.
Depending on the mechanism of oxidative processes, various oxidation products are formed - peroxides, free
radicals and low molecular weight decay products, which provide a rancid taste to fats and which reduce the
nutritional value of meat products. Therefore, domestic and foreign scientists paid much attention to the
stabilization problem of the possible inhibition of lipid oxidation, in particular, MDPM as a fat-containing product [3].

The cooling of meat raw materials lengthens their shelf life, but cannot completely prevent processes caused by
the action of reactive oxygen modifications that initiate free radical reactions. Therefore, in the meat industry,
natural and synthetic antioxidants are used to protect meat products from oxidative damage, their action aiming at
blocking active radicals in chain oxidation reactions [5].

Synthetic antioxidants that have been used in the meat industry for a long time cause cytotoxicity, which leads
to disruption of the metabolism in the body. That is why biochemists prefer antioxidants of natural origin, which
allow you to stop the oxidation processes and, at the same time, do not have a cytotoxic effect, and are also easier
to use. One of such well-researched and studied by domestic and foreign scientists antioxidants is rosemary
extract [6, 7].

As a result of the study and analysis of publications of contemporary researchers, for example, works of
Sharyginoy Y.l. and Baydalinova L.S. dedicated to plant extracts with antioxidant effects, in particular rosemary and
tea extracts [8-12], scientific and experimental confirmation of the feasibility of using plant extracts, their effect on
the physicochemical parameters of hydrolytic and oxidative processes in minced meat mixes for meat products
was noted.

In work [13], the feasibility of introducing a composition of extracts of rosemary and grape seed to minced duck
meat to reduce hydrolytic and lipid peroxidation was shown. The obtained results prove the promising use of the
composition in the technology of minced products with a high fat content. In addition, rosemary is an excellent
source of vitamin E (alpha-tocopherol), another effective antioxidant that also neutralizes the action of free radicals,
is the source of more than 12 types of antioxidants, contains minerals necessary to strengthen immunity: iron,
magnesium, phosphorus, potassium, sodium and zinc.
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The green tea extract is often used as an antioxidant, this extract being a source of polyphenols — natural
antioxidants that can be used as an alternative. The study of the influence of natural green tea extracts on the
safety and quality of Turkish dry fermented sausages during ripening showed that natural antioxidants are more
effective than synthetic ones, therefore they can be used in sausages to improve the quality and safety of food
products [14, 15].

As a representative of antioxidant compounds, dihydroquercetin (DHA) is widely used. DHA is a bioflavonoid of
natural origin, which has the highest antioxidant activity compared to all known exogenous antioxidants, including
vitamins E, A, B, C, D, K, beta-carotene. It is not synthesized in the human body, so it is necessary to use the
products in which it is contained. In addition, the use of DHA will allow the production of health-improving food
products, since the positive effect of bioflavonoids on human health has been proven by long-term experimental
and clinical studies of medical institutions [16]. Numerous literary sources and published results of research by
scholars confirm the feasibility of using the selected natural antioxidants for long-term storage of fat-containing
products, especially meat, as their presence in products is perceived positively by consumers [17].

The main cause of oxidative damage to meat and meat products is lipid peroxidation caused by active oxygen
modifications. The degree of oxidative changes in fats is judged by the magnitude and dynamics of changes in
peroxide and acid numbers.

The acid value (AV) of fat is determined by the free fatty acids contained in it. The acidity of fat is an indicator of
its freshness. An increase in the acid number of fat during storage indicates the onset of hydrolytic fat spoilage.

Peroxide value (PV) characterizes the content of peroxides in fat. Fatty acids during long-term storage of fat are
oxidized by atmospheric oxygen with the formation of intermediate peroxide compounds, so the accumulation of
peroxides can be used to judge the initial stage of oxidative damage.

Since the action of antioxidants is planned to be studied for a long time, it is important to trace their effect on the
formation of secondary oxidation products. This can be done by analyzing the thiobarbituric value (TBV). The TBV
indicator reflects the development and depth of oxidative changes in the fat phase of meat products by the
quantitative content of malondialdehyde, the formation of which is considered one of the adverse consequences of
lipid peroxidation. An absolute TBV of less than 0.5 mg / kg indicates the stability of the lipid fraction during
storage, an increase in concentration to values greater than 0.5 mg / kg indicates some oxidation, and values
above1.0 mg / kg indicate deep oxidative changes.

The aim of the research is to study the effect of biologically active compounds on the kinetics of lipid oxidation
of the fatty complex in MDPM during storage.

Materials and research methods. Studies of the acid and peroxide numbers of fat of model samples of MDPM
were carried out in accordance with GOST 31470-2012 «Poultry meat, edible offal and semi-processed products.
Methods for organoleptic and physico-chemical examinations» [18]. The quality of MDPM during storage was
evaluated by the accumulation of secondary products of oxidative spoilage of fat, which react with 2-thiobarbituric
acid.

Results. For research, 6 samples of MDPM were prepared for freezing and storage at a temperature of minus
18 °C. The composition of the samples was introduced by antioxidants in such concentrations:

- fat-soluble extract of rosemary (RF) - 0.1%;

- water-soluble extract of rosemary (RW) - 0.7%;

- fat-soluble extract of green tea (TF) - 0.05%;

- water-soluble extract of green tea (TW) - 0.05%;

- dihydroquercetin - 0.025%.

No antioxidants were added to the control sample.

The main studies were carried out in accordance with GOST 31470-2012 «Poultry meat, edible offal and semi-
processed products. Methods for organoleptic and physico-chemical examinations».

The determination of the thiobarbitural number was carried out according to the methodology described in
section | of the training manual [19].

Statistical processing of the results was carried out based on the calculation of arithmetic mean values and
standard error. All experimental data are the results of 5 parallel determinations.

To assess the dynamics of changes in the oxidation process, we determined the acid and peroxide numbers.
The research results are shown in table.

Dynamics of the influence of biologically active compounds on the indicators of oxidative damage of
MDPM samples during storage

Shelf life, Dihiydro- Rosemary Rosemary Tea
days Control quercetin extract, extract, -I;z?;fgac‘;’ extract,
fat soluble water soluble water soluble

Peroxide number, % J,




0 0,017+0,006 | 0,013+0,006 | 0,013+0,006 | 0,013+0,013 | 0,011+0,019 | 0,014+0,006
3 0,046+0,013 | 0,018+0,006 | 0,040+0,013 | 0,025+0,019 | 0,035+0,013 | 0,021+0,013
0,035+0,019 | 0,018+0,019 | 0,029+0,006 | 0,025+0,032 | 0,022+0,013 | 0,020+0,032
15 0,034+0,019 | 0,017+0,006 | 0,030+0,025 | 0,026+0,025 | 0,023+0,038 | 0,020+0,013
Acid number, mg KOH
0 1,986+0,032 | 1,943+0,032 | 1,962+0,025 | 1,973+0,032 | 1,970+0,025 | 1,979+0,051
2,546+0,032 | 1,974+0,025 | 2,154+0,044 | 2,090+0,057 | 2,112+0,019 | 2,032+0,025
2,743+0,032 | 2,253+0,013 | 2,433+0,032 | 2,379+0,013 | 2,375+0,044 | 2,298+0,057
15 2,923+0,032 | 2,154+0,044 | 2,498+0,038 | 2,368+0,025 | 2,328+0,032 | 2,245+0,044

The dynamics of changes in acid and peroxide values shows that the addition of these antioxidant inhibits the
process of lipid hydrolysis and has a positive effect on the rate and amount of peroxide formation and shows down
oxidative processes. It was found that after 15 days of storage of MDPM, the increase in peroxide values of the
tested samples with dihydroquercetin was less by 42%, and with green tea water extract — by 35% compared with
control samples.

Given the effectiveness of selected antioxidants, their effect on oxidative damage during long-term storage —
120 days was studied.

The dynamics of PV changes during storage of MDPM samples under the action of biologically active
compounds is shown in Fig. 1.
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Fig. 1. Dynamics of the influence of biologically active compounds on the indicators of oxidative
damage of MDPM samples during storage

The dynamics of changes in the peroxide number during storage of samples of MDPM shows that the best
values of peroxide number were noted from the 60th to the 90th day of storage, after which they began to grow
slowly. The greatest influence of their properties onthe inhibition of the formation of hydroperoxides was shown by
the extract of fat-soluble rosemary, the extract of water-soluble rosemary and dihydroquercetin.

The hydrolytic damage to the fat complex of MDPM is characterized by the acid number of fat. The results of
measurements of the acid number over 120 days are shown in Fig. 2.
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Fig. 2. Dynamics of the influence of biologically active compounds on the indicators of hydrolytic
deterioration of MDPM samples during storage

The acid values dynamics shows that as a result of the addition of antioxidants, the process of hydrolysis of the
fat complex slows down, but their effect begins to appear after the 30th day of storage. After the 40th day, the
process of hydrolytic decomposition noticeably decreases. Especially different is the positive effect on the inhibition
of the formation of hydroperoxides of antioxidants such as fat-soluble rosemary extract, dihydroquercetin, and
water-soluble green tea extract. The acid index in the samples with the fat-soluble extract of rosemary and
dihydroquercetin grew linearly and its average value in both cases at the end of the shelf life by 120 days was 25%
lower than the value of the control sample.

The deeper oxidative changes and the formation of products of secondary fat oxidation (aldehydes, ketones)
characterizes the thiobarbituric value.

The results of studies of the dynamics of the formation of secondary oxidation products are presented in Fig. 3.
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Fig. 3. Dynamics of the influence of biologically active compounds on the formation of secondary
products of oxidation of the fatty complex MDPM during storage

Upon receipt of the research results, it is noted that the effect of antioxidants not only completely slowed down
the growth of the thiobarbituric value, but also significantly reduced them by about 85% of the values of the control
sample on the 60th day of storage.



In the control sample, the thiobarbituric value was almost unchanged from the beginning to the end of storage.
After the 100th day and until the end of storage, the indicators of thiobarbituric values of samples with antioxidants,
water-soluble rosemary extract, water-soluble green tea extract increased their values by1.5 times, and samples
with oil-soluble rosemary extract and green fat-soluble tea extract, on the contrary, decreased by 1.2 times.

A generalization of the obtained results of changes in oxidative processes during storage of MDPM confirms the
correct choice of selected studied biologically active compounds.

Conclusion
When studying the effect of antioxidants such as fat-soluble rosemary extract, water-soluble rosemary extract,
fat-soluble green tea extract, water soluble green tea tea extract, dihydroquercetin on the oxidation of lipids of the
fatty complex MDPM during 120 days of storage, their high antioxidant effect on oxidative deterioration was noted,
which allows extending the shelf life of this raw material by (10-15) days.
The effectiveness of the studied antioxidants in inhibiting oxidative processes was confirmed to be (3.7-5.2)
times higher than in the control sample.
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