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и птицеперерабатывающей промышленности. 

К публикации в журнале приглашаются 
как отечественные, так и зарубежные ученые 
и специалисты.

Важнейшими задачами журнала являются: 
 обобщение научных и практических достижений 
в области науки о мясе, повышения научной 
и практической квалификации как научных 
работников, так и представителей промышленности.
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AND SCOPE

The top priority goal of the Journal “Teoriâ i 
praktika pererabotki mâsa”  (Theory and practice of 
meat processing) is to distribute in the world scientific 
community the results of the research in the field of 
meat science performed by the scientists from scientific 
centers, scientific-research institutes and institutions 
of higher education from Russia and the CIS countries, 
increase the level of presentation of the achievements 
of the respective science in the international arena, 
inform the Russian scientists about the research 
carried out abroad, highlight the results of the prospect 
directions of the research activities in the meat and 
poultry processing industries.

Both Russian and foreign scientists and experts are 
invited for publication in the journal.

The main tasks are generalization of scientific and 
practical achievements in the fields of meat science, 
increase scientific and practical qualifications as 
researchers and industry representatives.
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Introduction
The quality of meat products depends on the composi-

tion and properties of raw materials, as well as the condi-
tions of its technological processing. The influence of natu-
ral factors, conditions of livestock rearing, transportation, 
pre-slaughter animal treatment, slaughtering conditions, 
the state of primary meat processing, parameters of au-
tolysis of the obtained raw materials and their further cold 
storage is significant [1,2].

The main consumer indicators of raw material quality, 
including tenderness, pH level, and the degree of develop-
ment of muscle tissue elements, are largely inherited and 
can be corrected by various food additives [3].

Feeding diets have a decisive influence on the quality 
of raw materials of animal origin and, ultimately, on its 
chemical composition. Feeding diets largely determine the 
composition and ratios of biochemical substances formed 
in the flesh of the animal, which later form flavour charac-
teristics [4,5].

The lack of essential components in the feeding diets 
leads to an increase in water content and causes a decrease 
in the mass fraction of protein and fat, as well as an in-
crease in the coarseness of fiber structures [6].

As a result of disorders in the type of feeding diets, as 
well as the presence of stress factors, animal raw materials 
may have parameters of lower quality with a predominance 
of a specific smell and taste. Microbiological additives in 
feed, as well as additives of processed seafood waste, also 
contribute to the appearance of an undesirable oil or fishy 
off-flavor [7].

Disorders in the type of feeding diets, increased suscep-
tibility of animals at mass management, stress during the 
slaughter result in production of raw materials, primarily 
of lower morphological quality. In this case, it is signifi-
cant that meat with non-traditional quality characteristics 
is formed: the so-called PSE (Pale, Soft, Exudative) watery, 
flabby and exudative meat with a pH < 5.4 and coarse, dark 
DFD (Dark, Firm, Dry) meat with a pH > 6.2. Recently, 
red non-standard watery meat RSE (Red, Soft, Exudative) 
is also distinguished. Meat with abnormal characteristics 
has technological properties that are not typical of NOR 
(normal) raw materials and, most important, different 
taste, aroma, consistency, i.  e. other organoleptic prop-
erties. The amount of PSE, DFD, and RSE can be from a 
quarter to half of all processed volumes. This significantly 
complicates the production of “delicious” meat products 
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and should be taken into account when making food sys-
tems recipes [8,9,10].

Formation of PSE, RSE, and DFD properties in raw 
meat correlates with the release of adrenaline in muscle tis-
sue under stressful management of animals, an increased 
content of which leads to an increased breakdown of ATF 
to inosine with the simultaneous formation of a large 
amount of lactic acid in muscle tissue, which can acquire 
PSE properties. Each factor in this chain is related with the 
intensive formation of a number of biochemical substanc-
es, which are manifested in the flavor traits of the finished 
product [11].

All of the above highlights the main problems of life-
time formation of acceptable quality of raw materials of 
animal origin, which, in many ways, determines the fi-
nal consumer properties of food products. However, the 
achievements of food chemistry make it possible to cor-
rect the flavour range of products at the final stages of pro-
duction, to smooth or completely eliminate unsatisfactory 
taste and aroma of finished products [12,13].

The most important economic parameter of the flavour 
formation problem is the need of imparting the so-called 
characteristics of “drinkability” and “eatability” to the prod-
ucts being sold. In this case, the task of producers becomes 
the necessity to form such properties in the product that 
cause its inordinate buying and corresponding consump-
tion. For example, the industry producing beverages such 
as Coca-Cola, Pepsi-Cola, 7 Up, Orangeade, and a whole 
host of others is aimed at production of drinking products 
that can’t slake the thirst. This is achieved by introducing a 
number of substances of natural and synthetic origin into 
the food recipes [14].

Similarly, for meat and fish products, the use of mono-
sodium glutamate, inosine derivatives and guanidines al-
lows not only correcting the taste, but also causes increased 
“eating” of products. Monosodium glutamate is widely 
used, but inonisate and sodium guanylate separately and in 
mixture can enhance the taste ten times better than mono-
sodium glutamate [15].

The task of forming flavour characteristics of meat prod-
ucts is largely the art of chefs and industrial technologists.

It is known that raw meat has almost no pronounced 
taste and aroma, although it may have a slight specific 
smell and a slightly sweet, light-salty taste. A noticeable 
specific taste and aroma appears after temperature treat-
ment as a result of formation of the products by the Mail-
lard reaction, which appear when the raw material compo-
nents interact with amino groups of peptides, amino acids 
or amines with carboxyl groups of aldehydes, ketones and 
sugars [16].

So, for example, the content of free glutamic acid in beef, 
pork and mutton during heat treatment may decrease, re-
spectively, before and after, mg%: from 4.6 to 2.2; from 2.0 
to 1.2; from 6.1 to 2.8. Similarly, the amount of carnosine 
dipeptide (beta-alanyl-L-histidine), respectively: from 90 
to 38; from 68 to 58; from 25 to 15 [12,17].

The role of glutamic acid in the flavour spectrum is very 
significant. It and its sodium salt, even in a small amount, 
about 0.03%, impart the product a meat taste. The presence 
of free amino acids such as valine, methionine and glycine 
also contributes to the unique aroma of meat products. The 
content of inosinic, cytidylic, uridine and guanylic acids in 
beef and pork in the process of heat treatment is changed 
almost in the same manner. Their decrease may be 25–40% 
of the initial value [15,18].

Substances that are flavor precursors are of great im-
portance. Substances that determine the taste and aroma 
of meat have a molecular weight of less than 200 Da and 
are extractive. Native meat extracts contain natural amino 
acids and short peptides, as well as glucose, glucosamine, 
fructose and ribose. After heat treatment, a greater amount 
of lactic acid appears, amines, inosine monophosphate, 
inosines, carbonyl and sulfur-containing compounds are 
formed, as well as significant amounts of free and derived 
amino acids. An important role here is played by the flavor 
precursors contained in raw meat. These include: carnitine, 
lysine, carnosine, methionine, creatinine, methylhistidine, 
cysteine, isoleucine, cystine, leucine, glucose-6-phos-
phate, glutamic acid, glutamine, nicotinamide adenine 
dinucleotide (NAD), glutathione, ornithine, glycerophos-
phoethanolamine, glycine, phenylalanine, glycoproteins, 
phosphoethanolamine, histidine, phosphoserine, hydro-
xyproline, fructose, hypoxanthine, fructose-6-phosphate, 
inosine-5-monophosphate, proline, nucleotides, purine 
nucleotides, purine nucleosides, ribose, ribose-5-phos-
phate, serine, methylhistidine, taurine, tyrosine, threonine, 
isoleucine. Each of these substances has a certain influence 
on the variety of flavour characteristics [19].

According to information sources, the aromatic compo-
sition of meat can contain up to 0.5% of ketones and esters, 
1.5% of hydrocarbons, 1.5–2% of sulfur-containing com-
pounds, 4–5% of alcohols, 12–15% of aldehydes, 28–30% of 
furans and up to 50% of pyrazines. Pyrazines were detected 
in heat-treated meat, for example, 2,3-diethyl-5-methyl-
pyrazine, 2-methylpyrazine, 2,3-diethyl-2-methylpyrazine, 
2,5-dimethylpyrazine, 2,3,5-triethylpyrazine, 2-acetyl-3-
me  thylpyrazine, 1-pyrazinyl-2-propanone, etc., in total a 
few tens of substituted pyranosides [20,21].

Pyrazines have a sensory effect in very low concentra-
tions and play a significant role in creating the aroma of 
fried food. Methoxyalkylpirazines convey the aroma of 
greenery. The presence of a substituent in the third posi-
tion of the ring causes the aroma of green beans, substitu-
tion of hydrogen atoms in the ring causes the characteristic 
aroma of green bell pepper. Threshold concentrations of 
sensory properties of these compounds are, ppb: 2-eth-
ylpyrazine (nutty, burnt)  — 400.0; 2-ethyl-3,6-dimeth-
ylpyrazine (aroma of fried, spicy boiled potato) — 0.002; 
2-ethyl-6-vinylpyrazine (buttered, baked)  — 0.002; di-
methylhexahydroxydicyclopyrazine (fried beans)  — 
0.002; 2-methylamino-3-methylpyrazine (roasted, green-
ery)  — 0.002; 2-methyl-5-thiomethylpyrazine (meat, 
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vegetables)  — 0.002; 2-methoxy-3-isobutylpyrazine (bell 
pepper)  — 0.002; 2-methoxy-3-hexylpyrazine (bell pep-
per)  — 0.001; 2-methoxy-3-isopropylthiopyrazine (pep-
per, raw potatoes) — 0.002; 2-methoxy-3-methylpyrazine 
(roasted nuts) — 4.0; 2-isobutyl-3-methoxy-6-methylpyr-
azine (mint-camphor)  — 2.6; 2.5-dimethylpyrazine (aro-
ma of boiled potatoes) –1800.0 [22].

The mechanisms of forming taste and aroma of meat 
are determined by a complex of organic components, 
which can be contained in small amounts, up to 0.001%. 
However, a fundamental role in the formation of the aro-
matic “bouquet” of meat is played by a small group of key 
substances that form the four main tastes — salty, sweet, 
sour and bitter. In meat, the sour taste is formed mainly by 
lactic, phosphoric and pyruvic acids; salty — by salts of the 
same acids and chlorides, bitter — by nitrogen-containing 
carboxylic acid creatine, some free amino acids, such as 
L-tryptophan and L-isoleucine, and nitrogenous extrac-
tives. The sweet taste is determined by glucose, ribose, 
trioses, and some amino acids, such as a mixture of D — 
and L-tryptophan, as well as L-glycine, L-alanine, L-serine, 
L-proline, D-valine, D-leucine, D-threonine, D-methio-
nine, and D-histidine [23,24].

Recently, some Asian countries (Japan, China) have 
distinguished the fifth taste, the so-called Umami, which 
means meat, spicy and delicious taste with a long aftertaste. 
Umami taste receptors are proteins with a high content of 
glutamine and glutamic acid, as well as glutamates. This 
aroma and taste become noticeable after 2–4 days after 
slaughter at low positive temperatures and becomes well-
pronounced on 5th day and the highest intensity is reached 
after 10–14 days.

The described above approaches to the formation of 
flavour characteristics of food products need to be under-
stood from the point of view of safety and usefulness for 
humans. This is especially true for the most biologically 
useful, but also the most expensive food products based on 
animal origin raw materials.

In this regard, the purpose of the work was to deter-
mine a set of possible ways to correct taste and aroma of 
meat and meat products for improving their flavor char-
acteristics.

Objects and methods
The NOR semifat pork, part of the carcass — carbon-

ade according to GOST 31476–2012, chilled, with a tem-
perature in the muscle thickness of 0–4oC was used in 
the study as the object of research. Chemical composi-
tion of raw material — semifat pork, chilled: moisture — 
67.5±6.7%, fat — 9.9±1.5%, protein by Kjeldahl — 20.25± 
2.90%, ash — 1.01± 0.2%, carbohydrates — 1.34%, pH — 
6.2. Background content of free monosodium glutamate, 
inosine and carnosine,% wt, is respectively 0.005±0.001, 
0.0015±0.0002 and 0.18 0±03. Amino acid composition 
of protein, g/100 g of raw material: Asp 1.32 ±0.20; Glu 
1.55±0.23; Ser 0.71±0.11; His 0.65±0.10; Gly 1.50 ±0.23; Thre 

0.66±0.10; Arg 1.00± 0.15; Ala1.12±0.17; Tyr 1.58±0.24; Cys 
0.11±0.02; Val 0.75±0.11; Meth 0.32±0.05; Phen 0.66±0.10; 
Ile 1.58± 0.24; Leu 2.24±0.34; Lys 1.25± 0.34; Pro 0.98± 0.15 
(total 20.08±2.85).

The following food additives were used as FA:
— monosodium glutamate produced by “Ajinomoto do 

Brasil Industriae Comercio de Alimentos Ltda” (Brazil) 
with formula C5H8NO4Na and basic substance content 
> 95%, an average particle size of 150 µm, pH of 1% so-
lution — 7.0;

— ribotide Ajitide, Ribotide (I+G) produced by Ajinomo-
to (Japan), which is a 1:1 mixture of sodium inosinate 
(E627) and sodium guanylate (E631), containing > 98% 
of basic substance, pH of 1% solution — 7.8;

— yeast extract containing,%: dry matter > 95; ash — 9.5; 
nitrogen of free amino groups — 5.5; total nitrogen — 
10.7; potassium  — 5.7; calcium  — 0.1; magnesium  — 
0.12; sodium — 0.3; amino acids: alanine — 8.7; histi-
dine — 2, proline — 4, arginine — 5, isoleucine — 5.6; 
serine — 4.7; aspartic acid — 9.7; leucine — 7.6; threo-
nine — 4.4; cystine — 0.8; lysine — 8, tryptophan — 1.2: 
glutamic acid — 16.1; methionine — 1.3; tyrosine — 2.3; 
glycine — 4.9; phenylalanine — 3.8; valine — 5.8; pH of 
2% solution — 6.8.

— hydrolysate of vegetable soy protein “HVP 2M-P1” pro-
duced by Vitana (Czech Republic), containing > 95.0% 
of dry matter, 26% of protein, 2.0% of fat, 7% of natural 
glutamate, pH of 10% solution — 5.6.
Determination of the mass fraction of moisture, fat, 

protein, ash, carbohydrates, and pH was performed using 
standard methods [25].

The content of amino -, fatty acids, free monosodium 
glutamate, inosine and carnosine was carried out by chro-
matographic method [26].

Model systems were prepared according to the follow-
ing scheme. At the first stage, semifat pork pre-minced in a 
meat grinder was added to the stirrer, and the ingredients 
listed above were added one by one. The finished minced 
meat was shaped in the form of cutlets. Heat treatment was 
carried out without adding oil in the convection steamer 
until the temperature 72–750C inside was reached. 4 hours 
after the heat treatment, 100 g of the sample of each mod-
el system was minced using a blender. Non-volatile sub-
stances (NVS) were isolated by extraction 1:4 with hexane, 
and the composition was analyzed by the method of HPLC 
in the conditions: the volume of introduced sample 20 µl, 
gradient of eluent at the start 98% of A and 2% of B (A – 
0.1% aqueous solution of formic acid, B  — acetonitrile), 
10 min — 80% of A and 20% of B, 20–30 min 10% of A and 
90% of B, flow rate 1 ml/min, pressure 1500 psi, UV de-
tector 355 nm. Identification was performed in automatic 
mode using mathematical statistics methods, estimating 
the sum of one hundred most significant peaks on the 
HPLC chromatogram.

The chemical composition of aroma components was 
analyzed by gas chromatography on a 7890A chromato-
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graph with a mass-selective detector 5975C VLMSD Agi-
lent Technologies (USA) [27].

Results and discussion
Recipes of model meat systems with partial replace-

ment of meat raw materials and method of FA introduc-
tion was developed to assess the effect of recipe compo-
sition of meat products and method of FA introduction 
on the flavor intensity. Pork fat, soy protein, and pota-
to starch were used as substitutes for the part of meat 
(Table 1).

The effect of the recipe composition on the content of 
non-volatile components of NVS aroma was accessed. As 
it can be seen from Table 2, replacement of pork with pork 
fat in the recipe by 20% and 40% (model systems 1 and 
2) led to a sharp decrease in the concentration of NVS, i. e., 
to a decrease in the taste intensity of the finished product 
6.25 and 14.2 times, respectively. At the same time, replac-
ing pork with soy protein or starch only slightly reduced 
the taste intensity of the product: when replacing pork 
with 20 and 30% of soy protein (model systems 3 and 4), 
the taste intensity of the product decreased by 5% and 9%, 
respectively. A similar replacement with starch (model sys-
tems 5 and 6) resulted in a decrease in the taste intensity of 
the product, respectively, by 3 and 5%.

The obtained results can be explained by the fact that 
with a significant increase in the fat content in the recipe, 
there is a deficiency of protein for binding fat drops and, 
as a result, there is an increase in the proportion of fat 
drops without protein shells. These drops actively absorb 
fat-soluble NVS, and that leads to a noticeable decrease in 
the taste of the finished product. In addition, protein defi-
ciency can lead to reduced stability of meat emulsions and 
formation of broth-fat pockets.

It is also necessary to note the deterioration of the 
quality of pork fat sold on the Russian market. So, its fat-
ty-acid composition included (%): С4:0–0.02; С6:0–0.11; 
С8:0–0.1; С10:0–0.17; С12:0–0.43; С14:0–0.61; С15:0–0.08; 
С16:0–19.8; С17:0–1.4; С18:0–17.4; С19:0–1.3; С20:0–0.1; 
C22:0–1.47; C14:1–0.12; C15:1–0,1; C16:1–4,6; C17:1–0.5; 

С18:1n9c — 27.3; C20:1–0.6; С22:1n9–0.35; С18:2n6с — 4.1; 
C18:3n6–0.48; C18:3n3–0.29; С20:2–0.35; С20:3n6–0.62; 
C20:4n6–1.35; C22:2–0.48; С20:5nЗ — 0.22; С22:5n3–0.11; 
С22:6n3–0.02.

Its fatty acid profile is mainly represented by unsaturat-
ed fatty acids, which are quickly oxidized during storage, 
and that, in turn, negatively affects the meat taste. Due to 
the ongoing reduction in the fattening period of pigs from 
12 to 5 months, i. e. 2.5 times, changes occur in the fatty 
acid profile, in particular, during this period there is no 
sufficient accumulation of saturated fatty acids, which are 
not capable of rapid oxidation.

Table 2. Change in the total content of non-volatile substances
№ Variant Content of NVS, %
1 Control sample (pork semifat) 100
2 Model system:
3 1 (replacement — 20% of pork fat) 26
4 2 (replacement — 45% of pork fat) 18
5 3 (replacement — 20% of soy protein) 89
6 4 (replacement — 30% of soy protein) 85
7 5 (replacement — 10% of starch) 75
8 6 (replacement — 30% of starch) 45

From the obtained data, it can be concluded that it is 
expedient to replace high-quality meat raw materials with 
non-fat-containing ones in the recipes of meat products, 
and use hydrated soy protein or starch. In this case, there 
is a less significant decrease in the flavour characteristics of 
the finished product.

To study the effect of the method of introduction of 
food additives that affect the taste of finished products, the 
following experiment was conducted. In order to simulate 
standard conditions of introduction, monosodium gluta-
mate was added to the meat system at the first stage of mix-
ing in the model meat system (variant 1, Table 3). For com-
parison, sodium glutamate was added to the model system 
(variant 2, Table 3) at the second stage of the minced meat 
mixing.

Table 1. Model systems

№ Raw materials and materials
Recipe of the 

control 
sample, %

Model system, %

1 2 3 4 5 6

1 Pork, semifat whole muscle 90.0 70 45 70 60 80 60
2 Pork fat – 20 45 – – – –
3 Hydrated (1:3) soy protein – – – 20 30 – –
4 Hydrated (1:1) starch – – – – – 10 30
5 Onion 10 10 10 10 10 10 10
6 TOTAL: 100 100 100 100 100 100 100
7 Water 5.0 5.0 5.0 5.0 5.0 5.0 5.0
8 Common salt 1.8 1.8 1.8 1.8 1.8 1.8 1.8
9 Monosodium glutamate 0.05 0.05 0.05 0.05 0.05 0.05 0.05

10 TOTAL: 132.4 127.4 117.4 126.4 120.4 126.4 120.4
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Table 3. The effect of monosodium glutamate on the taste 
of model systems

Va
ri

an
t

Operation Content 
of NVS, %

1 Introduction of monosodium glutamate at the 
beginning of the mixing process 92

2 Introduction of monosodium glutamate at the 
end of the mixing process 109

As the results show, the introduction of monosodium 
glutamate at the second stage was more effective, since the 
amount of substances responsible for the taste of meat and 
meat products increases by more than 18%.

Ways of correction of taste of meat and meat prod-
ucts in order to improve them were studied. To do this, a 
chopped semi-finished product — minced meat was made 
from chilled whole-muscle pork. From the total mass of 
minced meat, samples of minced meat weighing 100 g each 
were selected and flavouring additives were added one by 
one according their compositions:
— sample № 1 (control);
— sample № 2 sodium glutamate (dosage of 0.05%);
— sample № 3 sodium glutamate (dosage of 0.05%) + 

yeast extract (dosage 0.05%);
— ample № 4 sodium glutamate (dosage of 0.05%) + ri-

botide (dosage of 0.05%);
— sample № 5 sodium glutamate (dosage of 0.05%) + veg-

etable protein hydrolysate (dosage 0.05%).
The results of the analysis of the chemical composition 

of the samples with the added FA are presented in Table 4.
The results presented in Table 4 indicate the identity of 

the chemical composition of the studied samples. The in-
dicator “carbohydrate content” draws attention. In samples 
№ 3 and № 4, their amount increased almost 3 and 4.3 times, 

respectively, compared to the control sample. This fact can 
be explained by the presence of increased carbohydrate con-
tent in sample № 3 (yeast extract) and sample № 4 (ribotide).

From the above data, it can be seen that the addition 
of sodium glutamate leads to its adequate increase almost 
4 times in the minced meat, while the content of inosine 
and carnosine remains almost unchanged compared to the 
original sample.

Addition of the composition consisting of monosodium 
glutamate and yeast extract (sample № 3) contributes to the 
increase in the content of aroma precursors — inosine and 
carnosine, respectively, 2.2 and 1.7 times, which positively 
affects the taste of meat products. Besides, it is known that 
there is a synergistic effect between monosodium glutamate 
and the nucleotides contained in the yeast extract.

In sample № 4, containing a composition of monoso-
dium glutamate and ribotide (inosinic acid: guanoic acid = 
50:50), a significant increase in all analyzed indicators was 
noted: monosodium glutamate — 5.8 times; inosine — 4.7 
times; carnosine — 1.6 times.

It can be assumed that the above composition will be 
the most impactful on improving the taste of the finished 
meat product.

Sample № 5, containing monosodium glutamate and 
vegetable protein hydrolysate also provides an increase in 
the level of all the studied indicators: monosodium gluta-
mate 5.6 times; inosine — 1.2 times; carnosine — 1.5 times.

The obtained results confirm the fact of significant in-
fluence of the used NVS on the characteristics of the food 
composition.

The composition of samples containing various types of 
flavor enhancers after heat treatment in convection steam-
er was studied. Table 5 shows the characteristics of heat-
treated products.

Table 4. Analysis of the chemical composition of samples

№ Sample Moisture, % Fat, % Protein, % Ash, % Carbohydrates, % рН,
units

Content, g/100g
Monoodium 

glutamate Inosine Carnosine

1 Control 67.8 ± 7.1 8.9 ± 1.2 21.5 ± 1.7 1.1  ± 0.2 1.17 5.7 Background
(0.005) 0.001 0.17

2 № 2 67.2 ± 6.7 9.0 ± 1.3 21.4 ± 1.7 1.11  ± 0.2 1.19 5.8 0.021 0.0015 0.175

3 № 3 66.5 ± 6.6 7.0 ± 1.0 21.2 ±  1.7 1.34 ± 0.3 3.96 5.7 0.02 0.0032 0.303

4 № 4 62.4 ± 6.2 9.9 ± 1.5 20.7 ± 1.6 1.21  ± 03 5.79 6.0 0.029 0.007 0.287

5 № 5 65.5 ± 6.5 8.9 ± 1.3 20.8 ± 1.7 1.52 ± 0.4 3.28 5.8 0.028 0.0017 0.271

Table 5. Physical and chemical characteristics of heat-treated products
№ Sample Moisture, % Fat, % Protein, % Ash, % Carbohydrates, % рН, units

1 № 1 47.5 ± 3.1 12.0 ± 1.9 29.25 ± 3.9 3.21 ± 0.5 8.04 6.2

2 № 2 47.6 ± 3.1 11.9 ± 1.7 31.1 ± 4.7 3.16 ± 0.5 6.24 5.8

3 № 3 46.5 ± 3.6 17.0 ± 2.0 31.2 ± 2.7 3.34 ± 0.4 8.08 5.7

4 № 4 42.2 ± 3.4 13.9 ± 1.9 30.7 ± 3.4 3.51 ± 0.5 9.69 6.0

5 № 5 45.7 ± 3.5 11.9 ± 1.7 30.5 ± 3.7 3.58  ± 0.8 8.32 5.8
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The results presented in Table 5, show that due to the 
heat treatment there is a change in the balance of moisture, 
fat and protein because of thermal loss during steam-boil-
ing. High carbohydrate content of the samples after heat 
treatment should be noted; its level increased more than 
6 times, that, apparently, can be explained by the inten-
sive interaction of amino acids contained in the flavouring 
compositions with the proteins of the muscle tissue of the 
studied samples.

It is known that glutamic and aspartic acids, histidine, 
serine, cystine and methionine have the most significant 
influence on the taste of meat and meat products, which 
have the ability to correct the taste of the product accord-
ing the sweet — bitter scale [27,28].

Amino acids are contained in food in a free and bound 
state, and free amino acids influence the taste and aroma 
more significantly [29].

A comparative analysis of the content of free amino ac-
ids before and after heat treatment in the studied samples 
is given in Table 6.

From the results shown in Table 6 it can be seen that 
the addition of monosodium glutamate, as a flavor en-
hancer, allows increasing the content of glutamic acid in 
sample № 2 almost 2 times after heat treatment, compared 
with its content in the control sample (semifat pork), in 
samples № 3, 4, 5 — almost 4.0 times. The addition of fla-
vor enhancers allowed increasing the content of aspartic 
acid after heat treatment in sample № 2, almost 1.6 times, 
in sample № 3–2.85 times, and in sample № 4.5 — almost 
2 times.

The content of serine in sample № 2 increased 1.35 
times, in samples № 3, 4–1.6 times, in sample № 5–3 times.

The amount of histidine in sample № 2 increased about 
3.2 times compared to its content in the control sample, in 
samples № 3, 4, 5 — almost 6 times.

The content of cystine in sample № 2 increased ap-
proximately 3.5 times, in sample № 3 — almost 5 times, in 
sample № 4–2 times, in sample № 5–6 times.

The content of methionine increased in sample № 2–2.6 
times, in sample № 3–4 times, in sample № 4–2.4 times, 
and in sample № 5 remained almost unchanged.

Analysis of the dynamics of changes in the content of 
amino acids conditioning the maximum degree of taste of 
meat and meat products shows that their maximum accu-
mulation is characteristic of samples № 3, 4 and 5, which 
contain compositions having a synergistic effect. It can 
be stated that the addition of monosodium glutamate as 
a mono-additive is less effective than its use as part of the 
studied compositions.

According to the expert assessment, the “enhanced 
taste” of the meat product most clearly appeared in the case 
of using a combined mixture of monosodium glutamate 
and soy protein hydrolysate.

Mass spectrometric analysis of aromatic substances re-
vealed a pool of free fatty acids involved in the formation 
of taste and aroma of products. The basic components were 
derivatives of fatty acids. Their composition in products 
with monosodium glutamate and soy protein hydrolysate, 
before and after heat treatment, in the form of methyl es-
ters is shown in Figure 1, in concentrations, mg/kg:

Table 6. Comparison of free amino acid content before and after heat treatment of minced pork samples, mg/100 g of product

№ Amino acid
Control Monosodium 

glutamate

Monosodium 
glutamate +
yeast extract

Monosodium 
glutamate +

ribotide

Monosodium 
glutamate +
soy protein 
hydrolysate

raw boiled raw boiled raw boiled raw boiled raw boiled
1 aspartic acid 18.06 58.12 58.07 94.88 162.65 165.19 99.94 115.55 128.17 122.13
2 glutamic acid 19.12 35.51 69.56 76.09 87.41 149.98 88.98 139.22 119.72 138.71
3 serine 27.85 40.19 125.86 53.54 129.79 62.88 107.34 72.66 123.57 119.43
4 histidine 115.72 129.58 375.44 412.09 780.68 772.34 567.98 677.78 307.72 791.11
5 glycine 28.33 68.12 125.67 126.38 214.39 199.68 134.87 159.66 121.06 144.75
6 threonine 42.45 64.22 82.47 160.85 283.66 187.24 154.86 167.67 193.05 118.46
7 arginine 10.95 21.72 72.97 59.42 55.32 147.97 34.98 47.99 115.21 130.89
8 alanine 6.16 18.73 57.14 55.83 27.35 128.64 12.56 28.69 15.18 128.75
9 tyrosine 4.42 15.58 43.45 20.00 21.51 40.03 24.99 30.00 15.34 27.39

10 cystine 4.14 25.27 34.18 86.96 66.14 121.81 44.78 51.81 130.45 152.79
11 valine 10.85 51.05 77.84 103.81 151.16 80.21 67.98 77.21 18.16 29.16
12 methionine 5.35 37.06 56.35 97.11 45.29 149.18 73.34 89.18 19.19 43.65
13 phenylalanine 6.15 33.71 47.12 96.68 126.99 83.74 90.44 103.78 143.52 199.14
14 isoleucine 21.46 96.61 131.91 206.13 142.57 242.09 234.93 292.09 15.26 39.13
15 leucine 7.24 55.14 124.27 106.46 496.83 188.52 342.12 388.57 118.14 110.56
16 lysine 7.58 39.87 78.68 80.27 132.16 94.33 98.66 104.36 117.12 135.19
17 proline 5.96 39.18 98.01 108.44 298.04 265.83 498.12 515.11 128.17 122.03
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Most of the major compounds were methyl esters 
of myristic (methyl tetradecanoate), erucic (methyl 
cis-13-eicosenoate), palmetoleic (methyl hexadec-9-eno-
ate), palmitic (methyl hexadecanoate) and oleic acids 
(methyl (Z)-9-octadecenoate), which are mainly monoun-
saturated fatty acids.

In the composition of aromatic substances of the prod-
uct with the addition of monosodium glutamate and soy 
protein hydrolysate were found more than 200 compo-

nents, including those with the highest content is present-
ed in Table 7.

A significant proportion of the aroma components was 
present in quantities from 0.001 to 0.2 mg/ kg. And only 
38 components were present in higher concentrations. 
It  is obvious that for a more complete assessment of the 
influence of these substances on the aroma profile, more 
in-depth research is needed, which was not the purpose of 
this work.
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Figure 1. Content of methyl esters of fatty acids in concentrations, mg/kg: a — minor components, b — major components

Table 7. Aromatic substances of the product with the addition of monosodium glutamate and soy protein hydrolysate

№ Compound name

Content, mg/kg,
without heat 

treatment/ with heat 
treatment

Compound name

Content, mg/kg,
without heat 

treatment/ with heat 
treatment

1 сyclopentyl ester 2.82 (ND) 5,6-dimethyl-phenanthridinium 2.22 (ND)

2 10-pentadecen-5-yn-1-ol 0.85 (ND) 1-methyl-4-(1-methylethyl)-1,3-
cyclohexadiene 0.94 (ND)

3 6-tetra-O-methyl-octanoic acid ethyl ester 0.89 (0.33) 1-undecene 1.71 (ND)

4 trenbolone 0.93 (005) 1-phenyl-4-(2-cyano-2-phenylethenyl)
benzene 0.54 (ND)

5 2-ethylacridine 2.31 (1.56) heneicosane 3.62 (3.3)
6 eicosane 2.14 (1.45) tetratriacontane 2.47 (ND)
7 pyridine 2.26 (0.76) 2-hexen-1-ol 0.31 (ND)
8 10-methylnonadecane 4.01 (2.5) 7-methoxy-3,7-dimethyl-octanal 0.56 (0.1)
9 n-nonadecanol-1 7.53 (ND) 3-methyl-tridecane 0.94 (0.45)

10 octadecane 2.16 (ND) 2-naphthyl-p-tolyl sulfone 0.40 (ND)

11 trans-2,3-methylenedioxy-b-methyl-b-
nitrostyrene 0.29 (ND) nexahydro-2H-pyrido(1,2-a)pyrazin-3(4H)-

one 0.69 (ND)

12 (3,4-dimethoxy-benzyl)-(4-morpholin-4-yl-
phenyl)-amine 0.46 (ND) 5-(4-ethoxyphenyl)-3-(4-pyrrol-1-

ylphenyl)-[1,2,4]oxadiazole 0.41 (0.16)

13 N-(2-chloroethoxycarbonyl)-l-methionine, 
propyl ester 0.45 (ND) 2,3-dihydro-2,8-dimethyl-benz[b]-1,4-

oxazepine-4(5H)-thione 0.55 (ND)

14 ethanethioic acid 0.21 (ND) paroxetine 0.41 (ND)
15 ethyl ester decanoic acid 3.86 (ND) 1-acetyl-4-[1-piperidyl]-2-butynone 0.35 (ND)
16 5-ethyl-2-methyl-octane 7.13 (ND) 2-methylaminomethyl-1,3-dioxolane 0.36 (ND)
17 triacontane 3.37 (2.55) 1-dodecene 0.67 (ND)
18 (3s)-pentanol 1.02 (ND) 4-methyl-2-hexanone 0.34 (ND)
19 docosane 1.13 (1.25) tetratriacontane 2.61 (0.95)
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Some components found in the composition of aro-
matic substances of the starting raw material, after heat 
treatment together with the used NVS, were found to be in 
significantly smaller quantities or were present in the form 
of other chemical derivatives of these components. Gener-
ally, the overall aroma seems to be due to the synergistic 
effect of all the detected substances.

The results of organoleptic analysis obtained by ten tast-
ers: appearance, color index of the product (in the section), 
taste, aroma and texture of the studied products showed 
that the most delicious samples were those containing 
monosodium glutamate with yeast extract (sample № 3), 
and monosodium glutamate with ribotide (sample № 4). 
The results of a positive tasting assessment correlate with 
the dynamics of changes in the amino acid composition of 
samples after heat treatment, confirming the significance 
of the influence of free amino acids on the flavour charac-
teristics of food products.

It can be concluded that the above-mentioned compo-
sitions are effective correctors for enhancing the flavour of 
meat and meat products.

Conclusion
The results of the study of the mechanism of formation 

of flavour properties of meat products show the effective-
ness of introducing FA containing monosodium glutamate 

at the final stage of mixing/cutting, after the introduction 
of fat-containing raw materials.

The results of chromatographic analysis of nonvolatile 
substances responsible for the taste of semi-finished meat 
indicate that when replacing a part of raw meat, the domi-
nant factor, deteriorating the taste of the product when in-
troducing additives, is the quality and quantity of pork fat 
containing a substantial amount of unsaturated fatty acids 
that undergo rapid oxidation and, as a consequence, dete-
riorate the taste of meat product. Carbohydrate-containing 
components (soy protein and starch) have almost no nega-
tive impact on taste when replacing part of the meat, as 
evidenced by almost no decrease in quality indicators of 
the studied meat products based on pork raw material.

Using more fat-containing raw materials leads to ab-
sorption by fat droplets of non-volatile substances respon-
sible for taste that can cause deterioration of the flavour 
profile of the product. Noticeable effect of known meat 
taste precursors — mono-additives inosine and carnosine, 
when they were added together with monosodium gluta-
mate, was not detected.

The most effective compositions of food additives that 
enhance the taste of meat products were mixtures of so-
dium glutamate with yeast extract and sodium glutamate 
with ribotide in dosages of 0.05% of each component by 
weight of raw materials.
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Introduction
Interrelation between nutrition and health is a 

сornerstone of human life. Questions of nutrient interac-
tion and their effect on the human body allow the complex 
study of regularities of biophysical, biochemical and en-
ergy mechanisms ensuring life activity.

Nutrition is one of the most important factors of 
health support. Medical data indicate interrelation be-
tween nutrition and the most common noncommuni-
cable diseases. Many cardiovascular diseases, different 
cancers, diabetes, gout, obesity are directly linked with 
excess intake of calories due to fats, simple carbohy-
drates, table salt, diets with reduced content of vitamins 
and dietary fibers.

Innovative technologies of food raw material process-
ing and food production are becoming globally important 
within the framework of modern biotechnology [1]. At the 
current stage of the biotechnology development, nutrition 
science is not only the topical interdisciplinary research di-
rection, but also rapidly developing. Personalized nutrition 
is individually adapted nutrition. With this approach, the 
gender, age, level of physical activity, presence of different 
chronic diseases and personal food preferences are taken 
into account. Individually tailored nutrition is aimed at 
prevention and treatment of different diseases, reduction 
of a negative effect of harmful environmental factors, sup-
port of healthy lifestyle. It is impossible to choose a diet 
without relying on achievements of modern genetics and 
nutrition science.

The paper is devoted to the study of food design prin-
ciples. A necessity to create a universal methodology for 
food design, an importance of its realization in different 
directions of human life activity are obvious. The present-
ed problem has different history of highlighting questions 
about methods for food design. There is a certain tradition 
of studying theoretical foundations and specific methods 
for using principles of balanced food design. Traditionally, 
food design is linked with formalization of qualitative and 
quantitative concepts about the rational use of food prod-
ucts [2]. The nutritional value of one or another product 
(proteins, fats, carbohydrates and their ratio) is placed in 
the center of the traditional design methods. At present, 
not only nutritional and biological value, but also a vari-
ety of medical, technological, economic, social and many 
other factors are taken into account when designing food 
products. The center of the modern biotechnological re-
search is an individual [3, 4].

We presume that there is a relation between biotechno-
logical, nutrition factors and a human diet. For complex 
examination of eating behavior and prescription of a cor-
responding diet with consideration for personal preferenc-
es of consumers, it is necessary to study methods for food 
design, including complete analysis of the human genome 
for polymorphisms in different gene groups. The scientific 
novelty of this work resides in the fact that there are no 
available studies that examine systemically and in detail 
genes and their polymorphisms influencing human eating 
behavior.
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In our previous studies, we have already dealt with the 
indicated problem [5, 6, 7]. Principles and regularities of 
formation of dispersed food systems with functional prop-
erties are demonstrated from the current viewpoint. The 
peculiarities that should be taken into account in the de-
velopment of functional food recipes are shown in [6, 7, 8]. 
This paper will actualize specific methodological aspects 
of the product design process in the personalized aspect.

The aim of this study is to assess the effectiveness of food 
design methods and detect genes influencing food prefer-
ences by analysis of publications on the indicated theme. 
In particular, our research focus includes the genes that are 
responsible for fat and carbohydrate assimilation, food in-
tolerance, vitamin metabolism, taste sensation, oxidation 
of xenobiotics, food preferences and food addiction.

Materials and methods
The search of the literature carried out in November 

2019 and updated in September 2020 considered papers 
published from January 1, 2015 up to now. For cross-valida-
tion, we used databases of papers from Scopus, Web of Sci-
ences, Google Scholar, PubMed, LitVar, GeneCards, SN-
Pedia, 1000 genomes (1KGP), Russian scientific electronic 
libraries (https://www. elibrary.ru; https://cyberleninka.
ru). Search queries were formed by key words ‘genes’, ‘gene 
polymorphism’, ‘genetic diseases’, ‘eating habits’ and so on.

Results and discussion
In the national research, the development of functional 

products is based on the principles of food combinatorics 
(exclusion, fortification, replacement of a certain nutrient 
according to a human health state). A food product itself, 
its nutritional value, different recipe modifications are in 
the center of the traditional methodology. Modern meth-
ods for food product design have the anthropocentric di-
rection. They are guided by requirements of individuals, 
their social-economic status, place of residence, peculiari-
ties of the life activity of the body and genetic “memory” 
in general. The improvement of recipe design of multi-
component food products is largely linked with the use of 
one or another method of linear, experimental-statistical 
programming or the object-oriented approach.

For example, A. B. Lisitsyn and colleagues proposed 
a system modeling methodology for multi-component 
food products [9]. The essence of such tasks is selection 
of an optimal option from multiple possible recipe op-
tions by a targeted feature. O. N. Krasulya et al. (2015) ex-
amined the question of designing multi-component food 
products with consideration for information about ac-
tual values of functional-technological properties (FTP) 
of main raw materials and ingredients, kinetics of bio-
chemical and colloid processes, analytical and empirical 
dependencies [10]. The study [11] proposes to use neural 
network technologies. A program in the high-level lan-
guage Object Pacal was developed to design gerodietetic 
bread compositions [12]. M. A. Nikitina et al. (2018) pro-

posed to use the multi-criteria optimization method  — 
the Pareto method [13].

A special place in modern biotechnology and food 
combinatorics is given to nutrition science research linked 
with the development of nutrition systems, diets and so on. 
The nutrigenetics field includes the genetic basis of differ-
ent reactions of individuals to the same nutrients. Creation 
of an individual diet is based on analysis of genetic infor-
mation, which needs a list of genes. Genes participating 
in gaining an excess weight take an important place in the 
nutrition research [14].
— Genes responsible for carbohydrate and fat assimila-

tion. There are nine genes responsible for carbohydrate 
and fat assimilation: ADRB2 (polymorphisms rs1042714, 
rs1042713), TCF7L2 gene (rs12255372, rs7903146), 
FABP2 gene (rs1799883), PPARG gene (rs1801282), 
CETP gene (rs5882), ADRB3 gene (rs4994), ApoA5 
gene (rs662799, rs3135506), LEPR gene (rs1137101) and 
ApoE gene (rs429358, rs7412).

— Genes responsible for food intolerance. The list in-
cludes the HLA-DQ and MCM6 (rs4988235) genes, 
which cause monogenic diseases. The HLA genes are 
part of the immune response mechanism; that is, they 
help the immune system to differentiate self-proteins of 
the body from foreign proteins — viruses and bacteria.

— Genes responsible for vitamin metabolism. They in-
clude BCMO1 (rs7501331, rs12934922, rs119478057), 
Alpl (rs1256335) and NBPF3 (rs4654748), MTNFR 
(rs1801133), FUT2 (rs602662), VDR (rs1544410) and 
GC (rs2282679), F17ADS1 (RS1 4547).

— Genes responsible for taste sensation. GLUT2 (rs5400) 
is responsible for sweet taste sensitivity, TAS2R38 
(rs1726866) for bitter taste, CD36 (rs1761667) is linked 
with taste sensitivity and preference for fat. ADD1 
(rs4961) and CYP11B2 (rs1799998) are associated with 
salt sensitivity. The GLUT2 (or SLC2A2) gene encodes 
protein that transports glucose through the cell mem-
brane; as a result, the gene is a good “sensor” of glucose 
sensitivity [15].

— Genes responsible for metabolism of xenobiotics. 
MnSOD (rs4880), GSTP1 (rs947894) and CYP1A2 
(rs762551) take part in oxidation of xenobiotics enter-
ing the body with food.

— Genes responsible for eating behavior. The list of genes 
influencing food preferences includes FTO (rs9939609), 
MC4R (rs17782313), DRD2 (rs1800497). In this study, 
food preferences mean a tendency to overeat caused 
by genetic polymorphisms. The FTO gene encodes the 
protein that takes part in energy metabolism, oxidation 
reactions and metabolism of fatty acids.

— Genes responsible for food addiction. Genes respon-
sible for the develop ment of food addiction include 
ADH1B (rs1229984) and ALDH2 (rs671), CHRNA5 
(rs16969968) and CHRNA3 (rs1051730). The ADH1B 
and ALDH2 genes are responsible for sensitivity to al-
cohol [16].
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Definitely, available data are somewhat contradictory. 
It is impossible to give the decisive answer to the question 
about roles of genes, their polymorphisms in food prefer-
ences and several diseases. It is due to several reasons. The 
first one resides in the fact that a small number of people 
from different ethnic groups and different life conditions 
participated in the research [17, 18, 19, 20]. Sampling results 
are not fully relevant. The complex study of the human ge-
nome and use of population genetics data are necessary for 
system assessment. The second reason resides in the char-
acter of material under study. For analysis and assessment, 
we used data from already published papers and not from 
the initial data presented by authors. This focus of analysis 
significantly narrowed the review.

Today, it is possible to find databases that combine in-
formation for research in the field of nutrigenomics, for 
example, the studies of Oxford scientists NutriGenomeDB 
[21]. The authors’ materials allow entering a gene or genes 
of interest and obtaining information about their expres-
sion. Comparatively recently, a model of a personalized 
diet has been developed, which includes individual restric-
tions (past medical history, DNA, habitat, climate, life style 
and energy expenditure), the purpose of a diet (to main-
tain health or physical fitness, longevity, taste preferences, 
a balanced diet that promotes fast saturation with a small 
portion) [22]. The presented model is based on the follow-
ing criteria: information architecture, service technologies, 
production technology [23].

In addition, a method for the formation of personal-
ized nutrition based on DNA analysis with an emphasis 
on excess weight and food intolerance was developed 

[24]. The method includes the study of the polymorphic 
sites of the LCT, PPARG, ADRB2, FABP2, TCF7L2 genes 
and identification of the HLA-DQ haplotype. A corre-
sponding diet is recommended depending on how the 
polymorphism influences the excess weight and/or food 
intolerance, and/or the presence of HLA-DQ haplotype. 
The examined method is effectively used by our national 
colleagues to select an individual diet. The authors believe 
that the method is well suited for the indicated genes (LCT, 
PPARG, ADRB2, FABP2, TCF7L2, HLA-DQ), but these 
are not the only genes that can influence excess weight and 
food intolerance.

T. Matsuo et al. [25] demonstrated that a diet with the 
high/low fat content influences the PPARG gene expres-
sion. It is noted that if there is a polymorphism in the gene, 
a body weight decreases. I. Arkadianos et al. [26] used a 
nutrigenetic test to optimize nutrients in a human diet. 
They performed genetic testing (one of gene analyses was 
PPARG) and modified the Mediterranean diet according 
to the individual requirements of the body according to 
the test results. Therefore, nutrigenetics is a tool for im-
provement and optimization of adequate nutrition. It is an 
effective means for long-term changes in the lifestyle.

Weaknesses of the available methods and apps for the 
development of personalized diets include the following:
— they do not take into account genetic data;
— they are difficult regarding adherence to a diet (both in 

a product choice and in a regime), therefore, a consum-
er often has to quit, which is harmful for the body;

— applications are not translated into a corresponding 
language; 

Figure 1. The model for the development of a personalized diet, which ultimate goal is production of a functional product [5,8].
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— they should be paid for;
— information about a genetic predisposition is difficult 

to understand;
— population genetics is not taken into consideration.

Based on the presented weaknesses, a model for per-
forming a nutrigenetic study was generated to create a per-
sonalized human diet (Figure 1).

The presented model consists of the following compo-
nents. First, consumer survey questionnaire. It includes 
the past medical history, individual preferences (taste, re-
ligious), habitat, climatic zone of residence and lifestyle. 
All information should be entered into a protected da-
tabase, which later on will be used for analysis of DNA 
testing results.

Second, DNA analysis (a gene or a set of genes that cor-
responds to the specified purpose is chosen with consid-
eration for population genetics data). Materials (venous 
blood, buccal epithelium, saliva) are sampled, DNA is ex-
tracted and necessary polymorphisms are determined.

Third, analysis of data obtained using programs. A pro-
gram analyzes data obtained upon extracted DNA typing, 
information from an individual questionnaire, data on 
genes and their influence on food behavior. In the end, the 
program gives a formed result;

Fourth, creation of personalized nutrition. An expert in 
nutrigenetics processes data obtained using a program and 
forms an individual diet for a consumer.

Fifth, development of a functional product. Based on 
obtained data and with a permission from consumers, op-
timal food components and nutrients are selected to de-
velop a functional product of new quality based on genetic 
information and psycho-emotional preferences of a con-
sumer [27].

Conclusion
The analyzed methods for formation of personalized 

diets have several weaknesses: some methods do not take 
into account genetic data; many diets are difficult regard-
ing adherence (expensive products, tough regime), there-
fore, a consumer often quit a prescribed diet; the major-

ity of available programs are not adapted to foreign users; 
open access information about a genetic predisposition is 
difficult for understanding and interpretation of results; 
population genetics is not taken into consideration in de-
signing diets. A significant drawback is analysis of a small 
number of genes. It is necessary to carry out complete 
analysis of the human genome for polymorphisms in dif-
ferent gene groups for complex consideration of eating be-
havior regularities, prescription of a corresponding diet. It 
is also important to take into account personal preferences 
of a consumer.

As a result of the analytical review, thirty eight genes 
responsible for food behavior were revealed. The obtained 
data indicate that the number of polymorphisms causing 
monogenic diseases is lower than the number of genes 
leading to appearance of polygenic diseases. It is possible 
to identify genes, which mutations can lead to the develop-
ment of obesity (ADRB2, FABP2, PPARG, ADRB3, LEPR, 
FTO, MC4R); type 2 diabetes (ADRB2, TCF7L2, FABP2, 
PPARG, CETP, ADRB3, МТНFR, GLUT2, CD36); cardio-
vascular diseases (CETP, ApoA5, ApoE, МТНFR, GLUT2, 
CD36, ADD1, CYP11B2, MnSOD); oncology (MnSOD, 
GSTP1, CYP1A2, CHRNA5, CHRNA3); central nervous 
system diseases (CETP, ApoE, ALPL, NBPF3, МТНFR, 
TAS2R38, CD36).

Creation of a personalized diet envisages consideration 
for all genes influencing human eating behavior. It was 
established that substantiated dietetic recommendations 
based on a wide study of genes are not given in scientific 
literature despite the importance of nutrigenetic studies. 
It  is linked with complexity of nutrigenetics as a science 
because there are many contradictory data about a role and 
effect of SNP genes responsible for eating behavior. In this 
sphere, there is a need for experts competent not only in 
genetics but also in dietetics. The future of the indicated 
multidisciplinary direction of studying methods for the 
development of personalized nutrition models resides in 
creation of qualitatively new technologies of functional 
food production that play an important part in human nu-
trition and life activity.
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Introduction
Over the last decades, due to rise of discretionary in-

comes in Europe and North America, increased urbaniza-
tion and altered eating habits, worldwide food industry has 
changed from being locally oriented and supply-driven to 
become globalized and demand-driven. In order to satisfy 
consumer groups demanding safety, fair trade, “green” pro-
duction, and animal welfare-related changes in production 
practices, policy makers imposed high hygienic standards 
and various control strategies for pathogenic bacteria, vi-
ruses, and parasites. These measures primarily concerned 
with common causes of food-borne diseases such as un-
safe raw food, abused temperature, poor storage infra-
structures, inadequate cooking, poor personal hygiene, 
improper handling methods, and cross-contamination of 
cooked food with uncooked raw food. Although contami-
nation prevention and control strategies are mostly suc-
cessful in reduction of food-borne diseases, they also dem-
onstrate the weakness of the global food supply: if there is 
a fault in the process, then contamination may occur with 
pathogens from across the globe, including those that have 
recently emerged [1]. This proved to be challenging for di-
verse and complex food systems, especially those in less-
developed countries.

In this paper we will address viral foodborne illnesses 
which have become a significant cause of all reported food-
borne illnesses in recent years and considered as an emerg-
ing risk in veterinary public health.

Food-borne viruses and their role in food safety
Currently known viruses that can infect humans are 

grouped into 22 families. In addition to this, the recent 
advances in molecular techniques that allow characteriza-
tion of all genetic material in a given sample has led to the 
identification of several new viruses in recent years, most 
of which remain to be fully characterized [2, 3]. Viruses 
are strict intracellular parasites and cannot replicate out-

side a specific living cell. The host cell treats viral genetic 
information as if it were its own. Replication of viruses oc-
curs by transcription and translation of the viral genome 
using host cell mechanisms. It is not possible to culture 
them in an environment free of living cells, and therefore 
the number of viral particles does not increase in food and 
water during production, processing, transport, and stor-
ing. Sensory characteristics of products containing these 
pathogens and those of non-contaminated food are identi-
cal [4, 5]. Transmission of the virus does not only depend 
on its interaction with the host, but also on the influence 
of the external environment. Outside the host organism, 
viruses are inert particles without their own metabolism. 
The longer they survive in the infectious state environ-
ment, the higher is the probability of transmission and 
spread of infection [6].

Foodborne transmission has been documented for vi-
ruses belonging to at least 10 taxonomic families, and the 
diseases associated with these infections range from mild 
diarrheal illness to severe encephalitis. Foodborne trans-
mission can occur by:
• contamination of food by infected food handlers (fre-

quently),
• by contamination of food during the production pro-

cess (frequently  — in bivalve molluscan shellfish or 
berry fruit production),

• by consumption of products of animal origin harboring 
a zoonotic virus (very rare).
The first and second mean of transmission applies to 

viruses that are transmitted by the faecal-oral route, hence 
infect their host after ingestion, followed by invasion of 
cells in the gut epithelium, and subsequent replication in 
the same site or elsewhere in the body. WHO and FAO 
[7] have ranked noroviruses (NoV), group A rotaviruses, 
and hepatitis A viruses (HAV) as priority hazards. When 
it comes to emerging hazards, hepatitis E virus (HEV), 
Nipah viruses, H5N1 avian influenza viruses and SARS 
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coronavirus were considered to be of greatest importance. 
They have also linked risk of specific virus to a specific 
commodity, and the importance of that commodity in 
causing viral foodborne illness and found following virus-
commodity combinations for which prevention and con-
trol measures should be thoroughly considered:
• NoV and HAV in bivalve molluscan shellfish;
• NoV and HAV A in fresh produce;
• NoV and HAV in prepared foods;
• Rotaviruses in water for food preparation;
• Emerging viruses in selected commodities.

Foodborne NoV outbreaks are often linked to food 
handlers who infect foods that are eaten raw or not further 
processed (ready to eat (RTE) foods) prior to consump-
tion [8]. In many of these outbreaks, a sick food-handler 
or food-handler with a recent history of gastroenteritis 
was noticed. Workers have often been in contact with ill 
family members including children before the worker 
handled food. The most common food worker errors iden-
tified in relation to outbreak of NoV and HAV are food 
handling by an infected person or carrier of virus together 
with bare-hand contact by handler (RTE foods) and fail-
ure to properly wash hands (9). Poor personal hygiene was 
also identified as a contributing factor in outbreaks with 
NoV assigned as the causative agent. Food handlers can 
contaminate food either with particles from vomit (NoV) 
or from faeces (NoV/HAV) when employing insufficient 
personal hygiene after using toilets. Asymptomatic food 
workers are implicated more frequently than symptomatic 
workers, which helps explain the difficulty in detecting and 
stopping an outbreak by excluding ill food workers [9].

Food contamination at site happens when food is con-
taminated during the primary production of risky com-
modities, such as berries, green vegetables or bivalve 
molluscan shellfish. In these cases sewage or wastewater 
contamination are the primary source of food-borne vi-
ruses, and NoV and HAV were considered to be priority 
concerns according to aforementioned WHO/FAO opin-
ion [7]. Sewage or contaminated water frequently contain 
multiple RNA viruses, opposite to cases in which food han-
dler contamination occurred. In this case, cohabitation of 
different (ss+) RNA viruses and subsequent co-infection of 
a human cells by genetically distinct viral strains can lead 
to the generation of recombinant viruses shuffling their in-
dividual mutations and thus making unpredictable effects 
on viral behavior and virulence.

Zoonotic food-borne infection occurs when meat, or-
gans, or other products from an infected animal are con-
sumed [10]. For viruses, this is the very rare mode of trans-
mission, although in every emerging disease outbreak this 
should be investigated. This is especially case with hepa-
titis E virus since infected pig liver (of both domestic pig 
and wild boar) consumed raw or undercooked is the main 
source of infection/contamination. Also, severe acute re-
spiratory syndrome (SARS) and Nipah virus have been 
transmitted through food-related incidents [11, 12].

Common foodborne viruses
Norovirus
NoV belong to the Family Caliciviridae, that is divided 

into five genera. NoV and Sapovirus are the two genera of 
the family Caliciviridae that contain viruses that cause in-
fections in humans. NoV have also been detected in pigs, 
cattle, mice, cats, dogs, and sheep, and sapoviruses in pigs. 
The other genera of the family Caliciviridae are Lagovirus, 
Vesivirus, and Nebovirus encompassing viruses infecting 
rabbits, and brown hares (lagoviruses), sea lions, swine, 
cats, dogs, fish, seals, other marine animals, cattle and 
primates (vesiviruses), and cattle (Nebovirus) [13]. In hu-
mans, NoV infection typically causes acute gastroenteritis, 
with the most common symptoms being nausea, vomiting, 
diarrhea, and stomach pain. Symptoms usually develop 12 
to 48 hours after infection. The disease normally lasts be-
tween 1 and 3 days.

NoV can be divided into five distinct genogroups, based 
on phylogenetic analyses of the capsid protein (GI-GV). 
Viruses of GI, GII and GIV are known to infect humans. 
GII viruses have additionally been detected in pigs, and 
GIV viruses have been detected in a lion cub and a dog. 
GIII viruses infect cattle and sheep and GV viruses infect 
mice. Recombination between viruses from different geno-
groups is rare suggesting that this constitutes a species level 
in taxonomy. Within each genogroup, viruses are further 
divided into genotypes [14].

NoV illness prevalence is highest in young children (< 
5 years) and the elderly [15]. Factors that contribute to the 
significant impact of noroviruses include a large human 
reservoir, low infection dose (only 10 to 100 viral particles), 
their environmental robustness, the short-lived immunity 
to noroviruses (18 months at most), and the ability to be 
transmitted by various routes. Majority of incriminated 
foods includes shellfish which feed by filtration of sur-
rounding water, then berry fruit and green vegetables con-
taminated during soil fertilizing shortly before picking or 
watered by contaminated municipal water [5, 16, 17].

Most NoVs can also escape the receptor-blocking ac-
tivities from antibodies triggered by earlier infections due 
to accumulated mutations in genome [18, 19]. Viruses are 
present in faeces and vomitus of diseased people at ex-
tremely high levels, up to 1010 viral particles per gram of 
stool [20]. The major obstacle to research human norovi-
ruses has been the lack of a robust and reproducible in vi-
tro cultivation system. Such a system is critical to achieve 
a full mechanistic understanding of human noroviruses 
replication, stability, evolution and pathogenesis. However, 
recently stem-cell derived, non-transformed human intes-
tinal enteroid (HIE’s) cultures validated as an appropriate 
pre-clinical model for clinically important enteric infec-
tions have been reported [21].

When it comes to prevalence, WHO estimates that 
Norovirus is the most common cause of foodborne illness 
in the European region with close to 15 million cases each 
year, causing more than 400 deaths. In the Netherlands, 



20

THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. 5, no. 4

Norovirus remains the key pathogen causing food-related 
outbreaks in 2016 as in previous years, followed by Salmo-
nella and Campylobacter [22].

EFSA, ECDC and FVO have been systematically moni-
toring whole picture of the state of affairs concerning the 
Norovirus issue. European Union-coordinated monitor-
ing program on the prevalence of norovirus in raw oysters 
was initiated. The objective of the study was to estimate the 
European prevalence of norovirus-contaminated oysters at 
production areas and batches of oysters at dispatch centers, 
with a 95% level of confidence and a level of precision of 
5% considering an expected prevalence of 50%. The sur-
vey started in November 2016 and finishes in October 2018 
[23]. The EFSA delivered a scientific opinion on the evalu-
ation of heat treatments, different from those currently es-
tablished in the EU legislation that could be applied to live 
bivalve molluscs. Of particular relevance are the achieve-
ment of at least 90 °C for at least 90 s in the molluscs flesh 
and the inactivation of viruses [24].

Currently, EU regulatory authorities are focusing in fol-
lowing areas in Norovirus combat: (i) whole genome se-
quencing for the characterization of Norovirus and other 
foodborne viruses; (ii) surveillance to generate more infor-
mation about levels of Norovirus occurring in food; (iii) re-
finements to current RT-PCR to improve detection of low 
numbers of norovirus particles in all food matrices; (iv) the 
binding properties and possible methods of inactivation of 
norovirus; (v) the effectiveness of depuration (or alterna-
tives such as high pressure, UV, ozone, irradiation) in re-
moving norovirus from oysters; and (vi) establishment of 
the infectious dose in different food commodities includ-
ing shellfish and fresh produce (lettuce and berries).

Hepatitis A virus
Hepatitis A is caused by the hepatitis A virus (HAV) 

which belongs to genus Hepatovirus within family Picor-
naviridae. Hepatoviruses have only been found in humans 
and primates, suggesting there is no introduction from any 
other reservoir. Based on genetic diversity, hepatitis A vi-
ruses are divided into six lineages or genotypes, of which 
genotypes I–III infect humans [25]. It consists of a non-
enveloped icosaedral capsid of around 30 nm in diameter 
containing a positive ssRNA genomic molecule of 7.5 Kb 
[26]. HAV is a unique picornavirus because it does not in-
hibit host-cell protein synthesis to allow a regulated ribo-
some traffic rate thus ensuring the proper protein folding 
[27]. Capsid folding is critical to permit a long period-en-
vironmental stability for a virus transmitted through the 
faecal-oral.

Since proper sanitation and good hygienic conditions 
greatly reduce transmission rate of HAV its prevalence 
is significantly lower than prevalence of NoVs, [28]. In 
highly endemic regions, HAV is one of the childhood in-
fections that, in the majority of cases, runs an asymptom-
atic course, while triggering a protective immune response 
that lasts long, possibly even lifelong [29]. HAV is quite 

stable outside a host and, therefore, can persist on con-
taminated environments, food, and water for a quite long 
time. Food- and water-borne outbreaks have been docu-
mented, although again, as for NoVs, the most common 
mode of transmission occurs between persons. Incidence 
risk of food-borne HAV at present comes from introduc-
tion through food into regions where population immu-
nity is relatively limited. Foods commodities susceptible 
to contamination during the production phase, such as 
bivalve filter-feeding oysters, clams, mussels or commodi-
ties that are irrigated with water that may be contaminated 
(lettuce, green onions, and soft fruits, such as raspberries 
and strawberries). These foods should be considered the 
principal targets for virological analysis. Nevertheless, in 
roughly 40% of the reported cases of hepatitis A the source 
of infection cannot be identified [30]. The first documented 
shellfish-borne outbreak of “infectious hepatitis” occurred 
in Sweden in 1955, when 629 cases were associated with 
raw oyster consumption. However, the most significant 
outbreak of HAV infection occurred in Shanghai, China, 
in 1988, in which almost 300,000 cases were caused by con-
sumption of clams harvested from a sewage-polluted area. 
A specific problem with shellfish is that the current micro-
biological quality control criteria are based on quantitative 
testing for E. coli contamination, which often fails to pre-
dict the presence or absence of viruses. Water-depurated 
shellfish have been associated with outbreaks of norovirus, 
hepatitis A, gastroenteritis, and other viral diseases [31].

Hepatitis E virus
HEV is a non-enveloped icosahedral virus with a di-

ameter of 35 nm, classified into the unassigned genus 
Hepevirus. The genome consists of one positively oriented 
single-stranded RNA molecule and around 7 kb in length. 
The major ORFs are ORF-1, which encodes a non-struc-
tural polyprotein, ORF-2 encoding the capsid protein and 
ORF-3 encoding a phosphoprotein.

The HEV strains can be grouped into 4 genotypes, with 
different spatiotemporal distribution and different host. 
Genotypes 1 and 2 have been found solely in humans, i. e. 
genotype 1 is endemic in Asia and Africa where inhabitants 
are exposed to the virus due to poor sanitary conditions 
and sewage overspill that results from heavy rainfall [32]. 
In these conditions surface water is contaminated that is 
used for drinking water production or as source for water 
used for household tasks, so this explains the magnitude 
of outbreak. Genotype 2 is endemic in Mexico and West-
ern Africa. However, beside in humans, genotypes 3 and 4 
have been detected in pigs and other animal species. Geno-
type 3 is distributed worldwide and genotype 4 is mostly 
restricted to Southeast Asia. Endemic strains found in Eu-
rope are usually of genotype 3.

The epidemiology of HEV is rather complex, and a 
foodborne transmission of HEV from animal products to 
humans is an emerging risk, especially in the European 
developed countries. A few research studies indicated the 
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following food commodities present risk factors for onset 
of HEV infection: pork pies, liver pate, wild boar, under-
cooked or raw pork, home-made sausages, meat (in gen-
eral), unpasteurized milk, shellfish and ethnic foods [33]. 
Nevertheless, these factors were not adequately proven due 
to scarce data obtained from very few systematic studies. 
One systematic case-control study has been performed in 
Germany, in which eating of any offal or wild boar meat 
was identified as risk factor for autochthonous hepatitis E 
[34]. In addition, another recent small-scaled case-control 
study identified eating of raw pig liver sausage as a risk 
factor for hepatitis E in France [35]. Earlier publications 
from Japan indicate direct HEV transmission by eating raw 
or undercooked meat from wild boar or deer by detailed 
analysis of small outbreaks [36]. No detailed information 
on hepatitis E cases, including the proportion of foodborne 
cases, is available for the EU which is the reason why EFSA 
in July 2017 advised national competent authorities to 
commence gathering data on HEV prevalence and/or pos-
sible HEV outbreaks [37]. Despite rough estimations that 
approximately 2 billion people could have been exposed to 
HEV [38], majority of HEV cases occurred in the endemic 
regions in Asia, Africa and Central America, where trans-
mission is mainly due to faecally contaminated water. Eu-
rope is not a endemic region, but sporadic hepatitis E cases 
have been described in France, The Netherlands, Spain, 
Hungary, the UK, Denmark, Norway (39), indicating an 
EU-wide distribution of the virus. In Germany, HEV is no-

tifiable as of 2001 and their data indicate that a total of 40 to 
220 cases (mostly non-travelers in endemic area) per year 
are registered, with increasing tendency (39). In France the 
disease is also notifiable and 218 cases have been identi-
fied in 2008. Among these cases 146 have been identified as 
autochthonous cases, 23 to travels and no epidemiological 
data was available for 49 cases [39].

Conclusion
NoV and HAV have been recognized as priority con-

cerns in viral food-borne transmission. However, proper 
diagnosis of infection caused by these agents is often hin-
dered due to sharing general symptoms with other dis-
eases (fatigue, dehydration, nausea, vomiting, diarrhea, 
and some stomach cramping), failure of notification and 
relatively quick resolution of signs of illness. The most im-
portant role in transmission route is attributed to infected 
food handlers and sewage-contaminated foods. In the latter 
category, complex mixtures of human and animal viruses 
and other pathogens may be present in a single food item, 
causing possible genetic recombination and subsequent 
uncontrolled expansion of the diversity of these pathogens. 
Routine harmonized surveillance of viral outbreaks, and 
surveillance of virus occurrence in food commodities, in 
combination with systematic strain typing, and joint ex-
pertise from veterinary, food, and clinical microbiologists 
would be recommended to aid source attribution studies 
and identify risk prevention measures.
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Introduction
The current situation on the Russian market is charac-

terizing by a significant amount of falsified food products 
and various food additives, including colours [1]. Most 
food colours are xenobiotics, therefore, it is necessary to 
control the use of colors in food production for safety rea-
sons. In Russia red food colours Red rice, Carmines E120 
and Ponceau 4R E124 are used in production of some meat 
and sausage products [2].

Red rice is obtained by fermenting various carbohy-
drate substrates, most often rice, by the strains of the fun-
gus Monascus, which produce yellow and red substances: 
С21Н26О5 (Monascine), С23Н30О5 (Ankaflavine), C21H22О5 
(Rubropunctatine), С23Н26О5 (Monascorubine), C21H23O4N 
(Rubropunctamine) and C23H27O4N (Monascorubramine), 
whose structural formulas are shown in Figure 1 [3,4].

Various genus of the Monascus are used to obtain the 
colour: Monascus purpureus, Monascus pilosus, Monascus 
anka and Monascus ruber. The strain-producer and the 
conditions of its cultivation affect the content and com-
position of colour substances. But technical information 
about Monascus colours production is a commercial se-
cret and therefore rarely published [5]. The colours are 
highly soluble in ethanol and slightly soluble in water. 
The color of its solutions depends on pH: orange at pH 
3÷4, red at pH 5÷6, purple at pH 7÷9. Monascus colour-

ing substances are fairly stable in 70% aqueous solution 
of ethanol. It is resistant to light, high temperatures and 
oxidation. Red rice is use in China as a food additive for 
over 2000 years [6].

It was found that Red rice contains the mycotoxin ci-
trinin [7], but neither the criteria for its purity, nor the 
safety indicators in TR CU029/2012 are regulated, as well 
as the method for the determination of this food colours 
[2]. China is the main manufacturer and supplier of Red 
rice. However, the current Chinese National Standard does 
not set a maximum limit for citrinin in pigments produced 
by Monascus. Extensive testing of Red rice has not been 
conducted in the USA, but consumers are warned to avoid 
dietary supplements based on it due to possible myopathy 
and renal failure [5].

In the European Union the maximum level of citrinine 
(2 mg / kg) in Red rice preparations is regulate. This level 
ensures the possible exposure of citrinine from these drugs 
to well below the level of its nephrotoxicity (0.2 μg / kg 
body weight) [8]. However, the results of Red rice vari-
ous samples study showed that the content of citrinin can 
reach 7 μg / kg of the product [9]. Acceptable daily intake 
of Red rice for humans has not been established. As the 
uncertainty about the carcinogenicity and genotoxicity of 
Red rice remains, it was decided to revise its maximum al-
lowable level in foods [8, 10, 11].
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The inadequate level of researching Red rice, as well as 
the possibility of falsification, which consists in replacing 
one colour with another, dictates the need to develop de-
termination methods of colours in food products. The aim 
of this work was to study the physical and chemical prop-
erties of Red rice and to develop method for its determina-
tion in sausage products.

Materials and methods
The objects of the study were commercial samples of 

food colours Red Rice, Carmines E120, Ponceau 4R E124 
and cooked smoked sausages: «Cervelat Muskatny», «Cer-
velat Konyachny», «Cervelat Gubernsky», which were pro-
duced in accordance with the manufacturers’ specifications.

The content of colours in the samples and extracts 
was determined by measuring the optical density 
of solutions at the maximums of light absorption at 
characteristic wavelengths by the spectrophotometric 
(SPh) method. The measurement was carried out on a 
 SHIMADZU UV-1800 double-beam scanning spectro-
photometer in the wavelength range of 300–700  nm 
against the solvent. Mass fraction of colours in the 
object of study (in  %) was calculated according to the 
formulas in the reference source [12]. The colours were 
identified by high performance thin layer chromatog-
raphy (HPTLC) method on «Sorbfil» PET sheet plates 
(Table 1) and high performance liquid chromatography 
(HPLC) method.
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Figure 1. The structural formulas of Red rise colouring substances

Table 1. Conditions for colours assay by HPTLC method

№ Eluent composition, v/v
Values Rf for colours

Ponceau 4R E124 Carmines E120 Red rice

1 pyridine: 3-methyl-1-butanol: 2-methylpropanol-1: ethanol: 
ammonia 25% (3: 3: 3: 4: 4) 0.33 ± 0.03 0.00

0.43 ± 0.03
0.53 ± 0.03
0.64 ± 0.03
0.79 ± 0.03

2 acetone: ethanol: ammonia 25%: water
(7: 3: 0.05: 3) 0.89 ± 0.03

0,00
0.49 ÷ 0.64
0.74 ± 0.03

0.76 ± 0.03
0.84 ± 0.03
0.93 ± 0.03
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Also the colours were identified by reverse phase HPLC 
on a chromatograph VARIAN920 — LC with a diode ar-
ray detector: column Polaris C8A 150×4.6 mm (5μm), tem-
perature 28 °C, flow rate 0.6 cm3/min. Eluent is a mixture 
of 0.02 M solution of sodium acetate and acetonitrile in 
a volume ratio of 90:10. Sample volume is (10 ÷ 50) mm3, 
detector wavelength at 500 nm, time of analysis is 10 min-
utes. The samples were filtered through a filter with a pore 
diameter of 0.45 μm. The obtained chromatograms were 
processed using the GALAXIE program.

Sample preparation for the determination of colours 
in cooked smoked sausages was carried out in accordance 
with GOST R ISO 13496–2013. Samples were defatted with 
chloroform or petroleum ether and centrifuged. The co-
lours were extracted from defatted cooked smoked sau-
sages with constant stirring at a temperature from 20 °C to 
60 °C and varying the extraction time from 10 to 60 min. 
Extraction was performed in a stirring device with a rota-
tion speed 120 rpm, in a Bandelin Sonorex ultrasonic bath 
at a power of 128 W and 160 W, and on a magnetic stirrer 

with a stirrer rotation speed of 400 to 1200 rpm. For extrac-
tion we used: chloroform, petroleum ether, cyclohexane, 
hexane, acetone, ethyl alcohol, its aqueous solutions with 
a mass fraction of ethyl alcohol 50% and 70%, as well as 
mixtures of these solvents with the ratio sample: extractant 
1:4. The resulting extracts were centrifuged for 15 minutes 
at 6000 rpm. In the supernatant the colours content was 
determined by the spectrophotometric method.

All experimental measurements were performed three 
times. Analysis of variance of the obtained data was car-
ried out by Microsoft Excel with a significant difference at 
P 0.05. Graphical dependencies were obtained using Mi-
crosoft Excel software.

Results and discussion
SPh analysis of commercial samples of Red rice, car-

ried out in accordance with the method [12], shows that 
the samples differ in their coloring power, spectral char-
acteristics (Figure 2), composition and quantitative ratio 
of pigments (Figure 3). The pigment content varied from 
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(60 ± 2)% to (90 ± 2)%. Experiments show that chloroform 
and acetone extract all of the Red rice coloring substances. 
Petroleum ether extracts only a small amount of yellow 
and orange pigments, which will not affect the subsequent 
identification of the Red rice. Therefore, the petroleum 
ether is the best for degreasing of the sausages. From the 
reference source it is known that the isolation of Red rice 
from various matrices is carried out with water-ethanol 
solutions at the temperature range from 30 °С to 60 °С [8, 
11, 13]. However, a study of the solubility of colours show, 
that Carminic acid and Ponceau 4R, as well as Red rice, 
dissolve in water-ethanol solutions, and these colours have 
very similar spectral characteristics (Figures 4, 5).

Carminic acid and Ponceau 4R is not extracted in ac-
etone, therefore, it was proposed to isolate Red rice from 
defatted sausages with acetone.

The extraction process of colours was studied on mod-
el samples. Analysis of the sample «Cervelat» Muscatny» 
showed that it does not contain any colours, therefore, 
model samples were made on its basis. Colours, celite or 
sodium sulfate, or quartz sand were added to the model 
samples. Then the sample was triturated until it became 
homogeneous. It was shown that celite and sodium sulfate 
was adsorbed colours irreversibly. Therefore, quartz sand 
was chosen for grinding the samples. It’s known, that ul-
trasonic action is increasing the extraction of different sub-
stances from plant and animal matrices [14, 15]. The results 

(Figure 6) showed that 90% of the Red rice was extracted 
from the samples in two stages of extraction with ultra-
sonic treatment.

According to the reference sources, the quantitative de-
termination of Red Rice, as a rule, is carried out by SPh 
and HPLC methods [3,4,5,7,8,9,10,16,17,18]. Based on the 
results of the identification of colours by HPTLC, two elu-
tion systems were selected (Table 1). These eluents correct-
ly identify Red rice in the presence of synthetic colours and 
Carmine E120 (Figure 7).  

According to the experimental data obtained, proposed 
HPLC method also allows correct identification of colours 
in sausage products (Figure 8). The retention time of the 
colours was (4.5 ± 0.2) min for Carminic acid, for Ponceau 
4R — (7.3 ± 0.2) min, for Red rice — (3.3 ± 0.2) min. Thus, 
the methods of identification of Red rice, Carmines and 
Ponceau 4R with their possible simultaneous presence in 
the analyzed sample have been determined.

The developed method was tested on samples of boiled 
smoked sausages “Cervelat” Konyachny” and “Cervelat 
“Gubernsky”. Food colours Carmine E120 in the amount of 
(4.0 ± 0.4) mg/kg and Red rice in the amount of (32 ± 3) mg/
kg were found in the sample “Cervelat” Konyachny “. No 
colours were found in the sample “Cervelat“ Gubernskiy ”. 
Sample analysis results are consistent with the information 
on the sample label.
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Conclusion
The process of extracting food colors has been stud-

ied on model samples of cooked smoked sausages. The 
extraction parameters of Red rice from sausages are de-
termined. Spectrophotometric analysis revealed differ-
ences in solubility, coloring power, spectral characteris-
tics, composition and ratio of pigments in commercial 

samples of Red rice. It is proposed to use petroleum 
ether for defatting sausages, and acetone for the extrac-
tion of Red rice. Methods of spectrometric and chro-
matographic analysis have been developed to determine 
the Red rice in cooked smoked sausages. The developed 
method was tested on commercial samples of cooked 
smoked sausages.
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Introduction
The knowledge of product thermophysical properties 

is extremely important in designing and realization of 
processes of their transportation, storage and technologi-
cal processing linked with freezing and thawing. This de-
termines a large number of studies conducted by several 
foreign and national scientists [1,2,3,4,5,6,7,8,9,10,11,12,13] 
and summarized largely in [14]. Meat is one of such prod-
ucts. Meat freezing is accompanied by crystallization of 
water contained in it. From the viewpoint of studying 
heat exchange processes in meat refrigerated processing, 
it is conventional to classify water contained in it into free 
and bound. There is still no strict definition of the term 
“bound water” [13]. It is noted that bound water does 
not freeze at a temperature of minus 40 °C. It is shown in 
[2,15] that freezing of free water and, consequently, crys-
tallization are ended when refrigerating at minus 30 °C 
(beef) and minus 31 °C (pork) (243.15 К and 242.15 К, re-
spectively). Riedel pointed at this fact for the first time by 
the example of beef [2].

When studying the process of phase transition, the 
basic thermophysical characteristics of a product are the 
cryoscopic temperature Тf and initial moisture content w. 
At the cryoscopic temperature in a range of 273 К to 268 К, 
the crystallization process is accompanied by the release of 
90% of latent heat of crystallization [12]. Specific isobaric 
heat capacity measured in this area is a sum of heat capaci-
ties: true heat capacity [11] and heat capacity conditioned 
by released latent heat of crystal formation [15].

It is generally agreed that the most reliable results are 
obtained upon measurement using a low-temperature 
adiabatic vacuum calorimeter [8,16,17]. Figure 1 presents 
a graph of the dependence of beef heat capacity measured 

using such instrument according to the data obtained by 
Latyshev [8].

Peculiar features of the indicated measurements are 
discreteness and duration of the measurement process 
upon the absence of the possibility to manage the rate of 
refrigeration. Due to this, discreteness of results, as a rule, 
is equal to or higher than 1 К.

The studies appeared that noticed the significance 
of the effect of physico-chemical processes occurred 
in meat in a range of the subcryoscopic temperatures 
(Tkr ± 0.5  К)  on its consumer properties [18]. For such 
investigations of meat refrigeration in a narrow range 
of the subcryoscopic temperatures, higher frequency 
of temperature measurement using the DSC method is 
necessary [16,17,19].The use of the differential scanning 
calorimetry method allows minimizing discreteness for 
specific heat capacity calculation.
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Figure 1. Dependence of beef specific heat capacity measured using 
a low-temperature adiabatic vacuum calorimeter [8]
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At present, however, there is no method that enables 
predicting the character of meat heat capacity dependence 
on a temperature in a range of the phase transition tem-
peratures.

Several studies of the crystallization process consider 
two phenomena: the crystal growth and diffusion of the 
intercrystalline liquid phase to the crystal surface. With 
that, they analyze the crystal growth rate, which changes 
the sizes of channels between them and hydrodynamics of 
the intercrystalline liquid flow. This approach is realized in 
[20,21,22]. The calculated dependencies presented in these 
studies are markedly inconsistent with the data obtained 
using an adiabatic calorimeter [8]. A significant difference 
in the nature of these processes from meat free water crys-
tallization does not allow using any elements of these stud-
ies in this research.

The aim of this research is to develop a model for crys-
tallization process based on the Debye concept, which en-
ables predicting by calculation the specific isobaric heat 
capacity depending on a temperature and initial moisture 
as applied to beef freezing.

Materials and methods
The development of a model for free water crystalliza-

tion in beef is based in this study on the publication [19], 
in which the authors (being also the authors of the present 
paper) showed the possibility to use the Debye concept by 
the example of NOR beef. The dependence has the follow-
ing form:
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where
 c is meat specific heat capacity, kJ/kg·K;
 3 is the nondimensional coefficient;
 µ∙N is the number of crystallization centers in a meat sample;
 N = 1025 kg-1 is the order of determining the number of crys-

tallization centers;
 µ = 0.0725 ÷ 1.035 is the coefficient that depends on the sam-

ple moisture content;
 Tkr is the beef cryoscopic temperature (the temperature of the 

beginning of free water freezing with crystal formation);
 θ = hν/k, К is the characteristic temperature;
 h is the Planck constant, h = 6.626 ⋅ 10–34 J ⋅ s;
 ν is the vibration frequency of atoms in a crystal, s-1;
 k is the Boltzmann constant, J/K; k = 1.38 ⋅ 10–23 J/K;
 Т is Kelvin temperature;
 δ is the coefficient corresponding to a deviation of the tem-

perature of the water crystallization onset in the process of 
transformation into ice from the temperature of the heat ca-
pacity peak in the process of phase transition, K;

 B is the coefficient characterizing the contribution of 
heat  capacity of components not containing free water, 
В = 7.5 ∙ 10–3 kJ/kg∙К.

By investigating beef heat capacity in a wide range of 
moisture (37% — 75%), the possibility to use dependence 
(1) to calculate specific isobaric heat capacity using the cal-

culated dependencies of the parameters µ, θ, δ and Тkr ob-
tained below is shown in this paper.

The most important characteristic of the crystallization 
process is the cryoscopic temperature Тkr. Methods for 
measuring this parameter are given in [15, 19]. For beef, 
the temperature, when free water is finally frozen out, is 
243 ±0.25 К  (–30.15 ±0.25 °C), which corresponds to the 
end of free water phase transition in beef. The above men-
tioned paper [19] presents dependence (2) by the results 
of the experimental study of a decrease in heat capacity of 
a frozen sample lower than the temperature of the end of 
phase transition.

 сfr.b. = 0,548 + 1,85 ⋅ 10–3 ⋅ T + 1.68 ⋅ 10–5 ⋅ T2, (2)
where сfr.b. .is specific heat capacity of frozen beef not including 

heat capacity determined by latent heat of crystallization 
(melting) kJ/kg ∙ К.

It is necessary to note that the intersection point of the 
phase transition curve (1) with curve (2) corresponds to 
the end of moisture crystallization process in beef. Fulfil-
ment of the indicated statement by dependence (1) for dif-
ferent moisture levels in beef can be another criterion of 
the model adequacy to the real process of phase transition.

The experimental base of this study aimed at valida-
tion of the dependence (1) adequacy are the results of the 
detection of heat capacity of beef with different moisture 
content obtained by the differential scanning calorimetry 
(DSC) method using a DSC204 F1 NETZSCH instrument.

Detection of phase transition enthalpy in beef freezing 
by the indicated method ensured the error of not more than 
± 3%. When processing the results of the DSC experiments 
with the method of τ — R correction [17], dependencies 
of beef heat capacity on temperature were practically in 
the complete agreement with the data on heat capacity ob-
tained using the adiabatic instrument by Latishev at a meat 
moisture level of 74.1% [8].

Latent heat of water crystal formation in the samples 
was calculated as the integral difference of total heat ca-
pacity of the sample сTS.S and specific heat capacity of the 
frozen sample сfr.b. by (2):

 ∆HLH = 
T2

∫
T1

(cTS.S – cfr.b.) dt (3)

where: 
 ΔНLH — enthalpy (latent heat) of crystallization of free water 

in a beef sample, J/kg; 
 Т1, Т2 are temperatures of the beginning and end of the melt-

ing peak, respectively (Т1 = 243 К; Т2 = Тkr is the cryoscopic 
temperature) °С;

 сfr.b. is the line determined by the values of beef specific heat 
capacity by (2);

 сTS.S is the line that characterizes total (effective) specific heat 
capacity of a sample.

The method of heat capacity determination proposed in 
the work [19] in correspondence with the concept of heat ca-
pacity by Debye can be used for analysis of the  association of 
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obtained dependency (1) parameters with indicators of the 
freezing regime and different meat initial moisture.

Different moisture content in the samples was achieved 
by freeze drying, after which they were placed into a crucible 
for DSC measurements. After DSC measurements of heat 
capacity values, the crucibles were opened and moisture of 
the samples was determined by drying in a thermostat at an 
air temperature of 100oС and the following weighing.

Values of the cryoscopic temperature necessary for in-
vestigations were detected using an osmometer-cryoscope 
OSСR-1. The instrument was entered into the RF State 
Register of measuring instruments under the number of 
42519-09. The technical characteristics are given in Table 1.

The absolute thermodynamic scale, according to which 
Т = 273.15 К + t °С [14], is used in the work.

Table 1. Main specifications of OSKR-1
Parameter Error

Range of freezing temperature measurement: 0 to –3.720 °C
Limits of allowable fundamental absolute error in 
temperature measurement
— in the range of 0 to –0.930 °C: ±0.002 °C
— in the range of –0.930 to –3.720 °C: ±0.010 °C
Sample volume, not less than: 0.3 ml

The development of the model of heat capacity by (2) in 
dependence on a temperature and moisture of the studied 
beef sample is realized by selection of the model parameter 
investigation depending on the initial moisture by mini-
mizing the integral dependencies (3) and (4). The results 
are given in table 2, as well as in the form of polynomial de-
pendencies (6–10). The final correction of correspondence 
of the calculated values of beef specific heat capacity to the 
values obtained by the empirical way is carried out using 
the coefficient B.

The parameter Тkr was determined using the above 
mentioned instrument with account for the instrument er-
ror and random errors with the overall error of ± 0.05 К.

The parameters µ; θ; and δ were found based on the fol-
lowing considerations:

1 — It has been noticed that the parameter µ is deter-
mined by the maximum value of the peak of the experi-
mental curve of heat capacity, which enables using this 
parameter as a reference point when determining the pa-
rameter µ. The sequence of these points obtained at differ-
ent moisture levels in beef can be described as a polyno-
mial of type (8), Figure 3.

2  — The characteristic temperature θ, as was shown 
above upon its definition, depends on the character of heat 
removal (the phonon flow according to Debye with the fre-
quency of ν ~ 1011); with that, the value of the parameter θ 
increases with reduction of the water content in a sample; 
several reference points of the parameter θ value for the 
experimental curves of beef heat capacity allowed obtain-
ing the empirical polynomial dependence of the parameter 
on moisture (9), Figure 6.

3  — The parameter δ (see the definition above). This 
value practically compensates errors in the measurement 
of the cryoscopic temperature and corrects the position of 
the peak of the heat capacity curve in the area of phase 
transition. The sequence of values of this parameter ob-
tained upon correction by bringing into proximity the po-
sition of the empirical peak of the phase transition curve to 
the calculated one by dependence (2) is approximated by 
dependence (10), Figure 5.

Verification of the obtained calculated expressions of 
specific heat capacity for samples with all moisture levels 
was carried out by several criteria:

1 — minimization of the difference between the calcu-
lated and experimental values of phase transition enthalpy; 
that is, minimization of the difference between the results 
of the calculation by (3) and calculation of enthalpy using 
dependencies (1) and (2):

 ∆HLH
exp – ∆HLH

calc = 
T2

∫
T1

(cTS.S – cfr.b.) dt –
T2

∫
T1

(c1 – c2) dt, (4)

where: с, сfr.b are specific heat capacities calculated by dependen-
cies (1) and (2).

2  — minimization of the difference between the se-
quence of measurement results for specific heat capacity 
by the DSC method and by equation (1).

 ∆c = c1 – F(TDSK), (5)

See Figure 2. The experimental curves of heat capacity 
F(TDSK) are marked in the figure by the numbers with the 
‘e’ index.

Results and discussion
In the final form, the mathematical model of free water 

crystallization upon beef freezing is a system of equations 
(1), (2), (6–10) plus correcting equation (11).

Approximating dependencies of the parameters Tkr, 
ΔH, µ, θ, δ on the initial moisture content in beef have the 
following form (6–10):

 Тkr(w) = 257.1 + 34 ∙ w – 18 ∙ w2; Δerror ≤ 0,1%  (6)

 ∆НLH = L ∙ w ∙ (1 – 0,35 ∙ (1 – w)/w); Δerror ≤ 5%   (7)

 µ(w) = 0,014 + 1,85 ∙ w4 + 3 ∙ w5; Δerror ≤ 14%;  (8)

 θ(w) = 3,66 – 4,35 ⋅ w; Δerror ≤ 20%  (9)

 (w) = 1,94 – 2,25 ⋅ w; Δerror ≤ 10%.  (10)

It is necessary to note that the error of dependence (7) 
in the area of low moisture levels (< 60%) is ± 5%, in the 
area of >60% of moisture, the deviation of calculated val-
ues is ~3%. The use of dependence (7) by Riedel [2] to cal-
culate beef enthalpy is significantly easier than the use of 
dependencies (1 and 2) without decreasing accuracy.

Dependencies of beef heat capacity by equation (1) us-
ing the experimental data presented in Table 2 are given in 
a form of graphic dependencies in Figure 2. It is necessary 

https://www.multitran.com/m.exe?s=sequence+of+inputs&l1=1&l2=2
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to take into account that all calculations are true in a range 
of 243 К ≤ Тkr К.

Numbers of curves correspond to the sequential num-
bers of the rows in Table 2; with that, the numbers with 
the “e” index correspond to approximations of the experi-
mental values of heat capacities and without the index to 
calculated values by equation (1).

Figures 3–7 present the graphs of dependencies (6–10) 
with account for data of Table 2.

Upon condition of postulation of the circumstance 
that at the temperature of the end of phase transition all 
curves by equation (1), which were calculated for differ-
ent moisture levels by equations (6–10), should converge 
in one intersection point at Tkr = 243 K with the freez-
ing curve of a beef frozen sample (11) (Figure 8), calcu-
lated by equation (2), it is necessary to assign a value to 
constant B that ensures the condition of the postulate in 
equation (1) for each moisture level. Table 3 gives these 
values and the polynomial approximation of the set of 
values (11).

Table 3. Adjusted values of the parameter B for equation (1)

w 0.37 0.45 0.600 0.625 0.700 0.752

B∙10–3. J/kg∙К 7.55 6.911 7.197 7.385 7.325 7.557

 D(w) = 9,125 – 8,5w + 8,5w2, (Δerror ± 5%)  (11)

Table 2. Moisture, cryoscopic temperature, enthalpy and parameters µ, θ, δ of the equation of phase transition in beef samples
Number 
of meat 
samples

Initial beef 
moisture w, mass 

fraction

Tkr
±0.05

K

HLH, by (3)
(exp.)
kJ/kg

HLH
(calc.)

by (1), kJ/kg

HLH, (calc.)
by (5)
kJ/kg

µ,
non-

dimensional

θ,
K

δ,
К

1 0,370 267,14 45 44.998 49,843 0,0725 2,130 1,100
2 0,450 269.14 91 90,136 85,850 0,2980 1,800 0,96
3 0,600 270,73 interp. 155 155,420 153,364 0,6300 0,920 0,600
4 0,651 271.84 168,5 169.837 169,837 0,7130 0,820 0,400
5 0,700 271,85 198 198.213 198,213 0,8780 0,710 0,416
6 0,751 272,4 220 220.07 220,007 1,0350 0,497 0,28

Figure 2. Dependencies of beef heat capacities at different initial moisture levels presented in Table 2
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Figure 4. Dependence of enthalpy of phase transition (crystal forma-
tion) on the initial moisture of the beef sample by equation (7)
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Figure 5. Dependence of the coefficient µ, which characterizes the 
number of crystals in the mass unit of freezing water, on the initial 
moisture content by equation (8)
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Figure 6. Dependence of the characteristic temperature θ on the ini-
tial moisture of beef sample, approximation by equation (9)
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Figure 8. The intersection point of phase transition curves according to equation (1) with account for dependencies (6–10) with freezing curve 
of beef frozen sample (11) by equation (2)
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Conclusion
The calculated model was developed for the beef freez-

ing process in a range of temperatures of free water phase 
transition realized by the way of crystallization described 
by the system of equations (1–2, (6–11), linking beef spe-
cific heat capacity, temperature and initial moisture.

The proposed model allows predicting beef heat capac-
ity values in a range of the most energy-intensive freezing 
process.

The development method can be used for similar com-
putational simulation of freezing processes for other meat 
raw materials and semi-finished products as well as fish.
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Introduction
Sci-Hub is a popular Internet service, which provides 

an access to scientific information. Despite the fact that 
this service positions itself as a “pirate”, it is popular among 
scientific community [1]. The founder of Sci-Hub is Alek-
sandra Elbakyan [2]. This Internet resource has been in ex-
istence since 2011 and today its database covers more than 
85% of all existing scientific papers [3].

From the moment the service was launched and up to 
now, the audience of Sci-Hub has been constantly growing 
and a significant percent of users is from the developed coun-
tries [1]. With that, Sci-Hub goes beyond distribution of only 
licensed content but distributes scientific literature without 
consideration for authors’ rights, including scientific publica-
tions with open access. The founder of this Internet project 
was sued by rights holders several times; however, the activi-
ties of Sci-Hub were not stopped and, in 2016, Aleksandra 
Elbakyan entered the Nature’s 10 list, which included people 
who had the highest influence on science in that year [2].

Therefore, the “pirate” activity of Sci-Hub can be per-
ceived differently; however, the coverage of the broad sci-
entific audience gives value to data on requests of one or 
another scientific paper, as these data are a kind of cross 
section of interests and activities of scientific community. It 
is necessary to note that many countries envisage liability 
for violation of author’s rights. In this paper, we analyze data 
on the most requested papers for two journals related to the 
food industry — Nature Food and npj Science of Food.

Objects and methods
The initial data contained 50548903 requests of papers 

on different directions. We analyzed requests for two jour-
nals (Nature Food and npj Science of Food) that publish 

papers on themes linked to the food industry. For these 
journals, data for the period from 1.01.2020 to 29.06.2020 
were analyzed and processed using a bash script.

Results and discussion
As a result of data processing, we identified fifteen papers 

that were more frequently requested on the Sci-Hub service 
for the journals Nature Food and npj Science of Food. These 
data are presented in Table 1. In general, papers presented 
in Table 1 have a review character. The first four positions in 
the table are occupied by papers devoted to genetic modifi-
cations of plants, including genetic modification of soybean 
[4,5,6,7]. We also would like to note the presence of papers 
devoted to production of edible gels and gelatin scaffolds for 
artificial meat fibers [8, 9]. Other papers are also of inter-
est. For example, Herrero et al. discuss the ways of changes, 
prospects of optimization and general prospects of some 
processes associated with the food industry [10]. Mozaffar-
ian et al. discuss peculiarities of different diets and questions 
of balanced substances in food to solve the problem of mal-
nutrition and maintain the health of consumers [11]. Gib-
ney et al. give recommendations for studying the nutrition 
process [12]. McClements et al. discuss the safety of using 
nanoparticles in semi-prepared food products [13]. Lessard 
et al. describe an interesting effect of feeding ill chickens 
with genetically modified corn that contained a region of an 
antibody to interleukin-10. It is noted that chickens had the 
same weight as those in the group received the correspond-
ing pharmaceutical preparation [14]. Potentially, the same 
approach can be used, for example, in medicine. Cottrell et 
al. studied an effect of new aquafeeds on aquaculture growth 
[15]. Cui et al. present data on the demand for genetically 
modified products in all Chinese provinces [16].
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To compare how often papers related to the food indus-
try are requested compared to other journals, we present 
the data for journals Nature and Science for the same time 
period (Table 2, Table 3).

According to the data of Yu-Ming Liao, the journals Sci-
ence and Nature have the high impact factor and occupy lead-
ing positions in the journal ranking presented by the author 

[29]. It should be noted that, in general, the journals Nature 
and Science contain many papers linked with medical themes.

Analyzing data from Tables 2 and 3, we noticed that 
papers related to highly ranked journals of the food indus-
try are requested relatively seldom compared to the most 
frequently requested papers from the journals Science and 
Nature (Figure 1)

Table 1. The most popular requests of papers for journals Nature Food and npj Science of Food according to the data from Sci-Hub for 
the indicated period of time

№ Paper title Number 
of requests Journal title Reference

1 A CRISPR way for accelerating improvement of food crops 684 Nature Food 4
2 Local food crop production can fulfil demand for less than one-third of the population 531 Nature Food 5

3 Textured soy protein scaffolds enable the generation of three-dimensional bovine skeletal 
muscle tissue for cell-based meat 475 Nature Food 6

4 Crop biotechnology and the future of food 292 Nature Food 7
5 Innovation can accelerate the transition towards a sustainable food system 277 Nature Food 10
6 Dietary metabotype modelling predicts individual responses to dietary interventions 256 Nature Food 17
7 Design principles of food gels 215 Nature Food 8
8 Dietary and policy priorities to reduce the global crises of obesity and diabetes 194 Nature Food 11
9 Uncertainty in human nutrition research 171 Nature Food 12

10 Publisher Correction: The unmapped chemical complexity of our diet 150 Nature Food 18

11  Is nano safe in foods? Establishing the factors impacting the gastrointestinal fate and 
toxicity of organic and inorganic food-grade nanoparticles 146 npj Science 

of Food 13

12 Improved performance of Eimeria-infected chickens fed corn expressing a single-domain 
antibody against interleukin-10 124 Nature Food 14

13 Muscle tissue engineering in fibrous gelatin: implications for meat analogs 123 npj Science 
of Food 9

14 Global adoption of novel aquaculture feeds could substantially reduce forage fish demand 
by 2030 110 Nature Food 15

15 Public perception of genetically-modified (GM) food: A Nationwide Chinese Consumer 
Study 108 npj Science 

of Food 16

Table 2. The most popular requests of papers for the journal Nature according to the data from Sci-Hub for the indicated period of time

№ Paper title Number 
of requests Journal title Reference

1 Deep learning 14258 Nature 19
2 Proteomics identifies new therapeutic targets of early-stage hepatocellular carcinoma 9352 Nature 20
3 A photophoretic-trap volumetric display 7705 Nature 21
4 Restoration of brain circulation and cellular functions hours post-mortem 7624 Nature 22
5 CD24 signalling through macrophage Siglec-10 is a target for cancer immunotherapy 6466 Nature 23
6 Dermatologist-level classification of skin cancer with deep neural networks 6267 Nature 24
7 A pneumonia outbreak associated with a new coronavirus of probable bat origin 6155 Nature 25
8 Electrochemical Photolysis of Water at a Semiconductor Electrode 6067 Nature 26
9 Prioritization of cancer therapeutic targets using CRISPR–Cas9 screens 5936 Nature 27

10 Search-and-replace genome editing without double-strand breaks or donor DNA 5680 Nature 28

Table 3. The most popular requests of papers for the journal Science according to the data from Sci-Hub for the indicated period of time

№ Paper title Number 
of requests Journal title Reference

1 Thermal Barrier Coatings for Gas-Turbine Engine Applications 76618 Science 30
2 Culturally inclusive STEM education 11057 Science 31
3 Electric Field Effect in Atomically Thin Carbon Films 10059 Science 32
4 Plastic waste inputs from land into the ocean 7960 Science 33
5 The biology, function, and biomedical applications of exosomes 7001 Science 34
6 The Chemistry and Applications of Metal-Organic Frameworks 6665 Science 35
7 Combining theory and experiment in electrocatalysis: Insights into materials design 6108 Science 36
8 The global tree restoration potential 5641 Science 37
9 A Programmable Dual-RNA–Guided DNA Endonuclease in Adaptive Bacterial Immunity 5444 Science 38

10 A bacterium that degrades and assimilates poly(ethylene terephthalate) 5237 Science 39
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Conclusion
Studies related to genome modification were most 

frequently requested on Sci-Hub during the period 
from 1.01.2020 to 29.06.2020. Apparently, attention of 
researches is focused in this direction, which will likely 
lead to appearance of new genetically modified agricul-

tural cultures in the future. However, it should be noted 
that there are no papers dedicated to genetic modification 
of animals in Table 1. At the same time, part of presented 
papers touches on the question of interrelation between 
food quality and population health in the context of the 
excess weight and diabetes problems, but papers on such 
important direction as pathogen detection are absent in 
the presented table.

It is worth noting that there are many papers on the 
medical theme in Table 2 with high frequency of requests. 
Therefore, the attention of the world community is focused 
to a great extent on a search for new medical approaches 
(therapies), but at the same time, the attention to the work 
of the food industry is generally relatively low despite the 
fact that food quality directly influences population health. 
It should be emphasized that higher attention to the food 
industry can lead to reduction in the number of diseases 
among population.
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