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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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