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Abstract:
Introduction. People with gastrointestinal disorders should have a sparing diet with a balanced chemical and amino acid composition 
including all essential components. Based on formulations of meat products, we identified a number of essential nutritional components 
that could improve the diet for gastrointestinal pathologies. In this study, we aimed to develop a formulation for cooked sausage 
enriched with deficient essential nutrients.
Study objects and methods. Our study object was cooked sausage. First, we analyzed the diet for people with gastrointestinal disorders. 
Then, we formulated a meat-based product (cooked sausage), determined its chemical and amino acid compositions, as well as 
vitamin and mineral contents, and assessed the balance of amino acids. Finally, we evaluated the biological value and safety of the 
formulated sausage on laboratory mice.
Results and discussion. The chemical and amino acid compositions of a daily gastrointestinal diet in medical institutions revealed 
a deficiency of some water-soluble vitamins, vitamin A, calcium, magnesium, and iron, as well as an imbalance of amino acids. 
To replenish the deficiency, we formulated a meat-based product composed of trimmed beef and pork, beef liver, egg mix, food 
gelatin, chitosan succinate, rice flour, and soy fortifier. The product was classified as a meat and cereal cooked sausage of grade B, in 
which most amino acids were used for anabolic purposes. Its daily portion of 100 g eliminated the deficiency of potassium and iron, 
almost completely replenished magnesium, calcium, and vitamin A, as well as reduced the deficiency of dietary fiber by 4.8 g. The 
cytological studies of the blood of laboratory animals, whose basic diet contained the formulated sausage, proved its high biological 
value and safety.
Conclusion. We found that the formulated meat and cereal sausage can be included in the diet for patients with gastrointestinal 
diseases and used in medical institutions to eliminate the deficiency of essential nutrients.
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INTRODUCTION 
According to Russian official statistics, 

gastroenterological disorders rank third among all 
diseases. Nutrition is key to their prevention and 
treatment. Its factors include the chemical composition 
of the ingredients, the ratios between particular 
components, the frequency of meals, the calorie 

content of the daily diet, and others. The treatment of 
gastrointestinal diseases involves changing the chemical 
composition of the diet by removing or adding certain 
components based on their energy value, cooking 
method, and consistency. Balanced nutrition has a 
beneficial effect on the metabolism and regulatory 
systems [1–3].
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The development of rational nutrition or adequate 
diet is still a relevant issue [4, 5]. Such nutrition can 
include dietary supplements that regulate the chemical 
composition of foods, stabilize their functional and 
technological properties, and improve their sensory 
characteristics and digestibility. The economic 
indicators are also important, therefore food formulators 
need to create inexpensive products by adjusting their 
composition and properties [6, 7].

People with gastrointestinal disorders need a 
diet that has a balanced composition of micro- and 
macronutrients, protects the mucous membrane of the 
gastrointestinal tract, restores natural biocenosis, and 
reduces gastrointestinal inflammation. Dieticians should 
take into account the medicinal properties of each food 
component and their effect on the metabolism and other 
regulatory systems [1, 3, 5, 8].

Fermented milk products with kefir starter culture, 
as well as bifidobacteria and lactobacilli, can also 
benefit people with gastrointestinal diseases. The 
dietary supplements that maintain and restore the 
gastrointestinal functions include vitamins, macro- 
and microelements (Fe, Ca, Zn, etc.), polysaccharides, 
and dietary fiber. Dietary fiber, which acts as a sorbent, 
normalizes the motor and evacuation functions of the 
gastrointestinal tract. Its main feature is high water-
retention capacity that accelerates intestinal transit 
and peristalsis. Dietary fiber also acts as a prebiotic 
that helps the intestinal microflora by increasing the 
number of beneficial microorganisms and suppressing 
the development of coliforms and putrefactive  
microflora [9, 10].

There is scientific evidence that extracts of bovine 
abomasum polypeptides, both native and thermally 
treated, have a therapeutic effect on the damaged gastric 
mucosa of male Wistar rats, namely gastroprotective 
and antiulcer effects [11]. Extracts of abomasum 
polypeptides were also used in the production of pâté for 
children suffering from gastritis. 

It should be noted that bovine abomasum is a 
potential source of tissue-specific peptides that have 
a selective effect on the gastric mucosa cells. When 
formulating a meat product, dieticians should make up 
for the deficiency of essential components according 
to the daily requirements for nutraceuticals and 
dietary fiber, as well as ensure a balanced amino acid 
composition.

Taking into account the chemical and amino 
acid composition of meat of slaughter animals, we 
proposed to formulate a cooked sausage for people 
with gastrointestinal disorders that can make up the 
deficiency of essential components.

Cow liver is highly recommended to people with 
gastrointestinal disorders since it contains significant 
amounts of vitamin A, iron, copper, and other trace 
elements and hormonal substances [4, 5, 8, 12]. Beef 
with a high content of connective tissue and lean pork 
are also good for their diet [8]. Based on literature, we 
found the following sources of essential components 

for our formulation: chitosan succinate, egg mix, soy 
fortifier, rice flour, and food gelatin [4, 13–15].

Chitosan succinate, a chitin processing product, 
restores intestinal motility, removes toxic components 
(cholesterol, heavy metals, bile acids, etc.) from the 
body, revitalizes lymphatic cells, and helps prevent 
cancer and diabetes. When using it in cooked sausages, 
we should take into account that chitosan dissolves 
in acidic solutions and exhibits its gel-forming and 
emulsifying properties. It can be used as preliminarily 
dissolved in milk whey. Chitosan succinate (a complex 
compound of chitosan and succinic acid) has regions 
with high and low electron density on the surface of a 
polymer molecule. Therefore, it is capable of dissolving 
and exhibiting its functional and technological 
properties in a wide range of active acidity [12, 13]. 
When used in meat products, it does not change the 
active acidity of ground meat.

Rice flour is a source of B vitamins that have a 
beneficial effect on the nervous system. It contains 
silicon that normalizes metabolic processes in the 
human body [14, 15]. Also, rice flour is rich in 
dietary fiber and biotin, as well as minerals (sodium, 
potassium, phosphorus), which prevent gastrointestinal  
diseases [4, 16].

Soy fortifier is a soy milk product that contains 
a significant amount of dietary fiber, potassium, and 
ferrous digestible iron. It has a positive effect on the 
cardiovascular system and stimulates the formation of 
hemoglobin and certain groups of enzymes [15].

Many cooked sausages contain egg mix that is 
a source of unsaturated fatty acids, phospholipids, 
vitamins (A, D, E, B1, B2, etc.), phosphorus, iron, 
and calcium. Also, egg mix enhances the sensory 
characteristics of the sausage [16, 17].

Gelatin is used as a gelling agent. Up to 30% of 
connective tissue (primarily collagen-containing) 
proteins in meat products does not reduce their 
biological value. Gelatin stimulates blood clotting, acts 
as dietary fiber, and plays an essential role in the colon 
motility [18].

Thus, we aimed to develop a balanced meat-based 
product that could improve the daily intake of essential 
nutrients for people with gastrointestinal disorders.

STUDY OBJECTS AND METHODS 
Our study objects included trimmed beef with 

connective and adipose tissues under 12%, trimmed 
pork with fat under 10% (State Standard R 34424-2018 
“Meat industry. Classification of trimmed meat for 
production of meat products for child nutrition”), beef 
liver (State Standard 32244-2013 “Processed meat by-
products. Specification”), soy fortifier (Specification 
9146-020-00361809-2001 “Soy food fortifier. Technical 
conditions”), chitosan succinate (Specification 9284-
027-11734126-08 “Chitosan succinate”), egg mix (State 
Standard 30363-2013 “Products egg dry and liquid food. 
Specification”), food gelatin (State Standard 11293-89 
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“Gelatin. Specifications”), and rice flour (State Standard 
53495-2009 “Flour for baby’s nutrition. Specifications”).

The chemical composition of the meat-based 
product (grade B cooked sausage) was determined on 
a FoodScan analyzer. The amino acid composition of 
the sausage samples, which were pre-hydrolyzed in 
alkaline and acidic solutions, was determined by liquid 
chromatography on an AAA-400 automatic amino acid 
analyzer. The mineral composition was studied using a 
Spectroscan Max GV universal analyzer. The vitamin 
composition was determined on an LCMS-10EV liquid 
chromatograph. 

The product’s biological value was studied on 
BALB/C white mice (males and females) with an 
initial weight of 20–30 g. The animals were kept on 
litter in vivarium cages with standard lighting at about 
20°C. The experiment complied with the sanitary, 
epidemiological, and hygienic regulations for laboratory 
practice. Lipids, triglycerides, cholesterol, and protein 
in the blood of experimental animals were determined 
on an Cobas C-111 biochemical analyzer (Roche 
Diagnostics) [19–23].

The formulation was optimized using multidi- 
mensional scaling and cluster analysis in Statistic 
(v. 10, 12). Multidimensional data sets were created 
and processed with the Statistic Neural Networks. To 
exclude errors, data were obtained in 3–5 repetitions 

and analyzed in the Error per Case module (P ≤ 0.05)  
[24, 25].

RESULTS AND DISCUSSION 
Diet therapy for gastrointestinal disorders is based 

on regular split meals of foods that leave the stomach 
quickly, do not stimulate gastric secretion, and do 
not irritate the mucous membrane [3, 5, 8]. To study a 
daily gastrointestinal diet, we determined the chemical 
and amino acid compositions and compared the results 
with the recommended requirements. In particular, we 
analyzed Diet No. 1 recommended for diseases of the 
esophagus, stomach, duodenum, and sometimes the 
small intestine [5, 8, 26, 27].

The calculations were performed in Excel for the diet 
with and without meat products (Tables 1, 2).

We compared our data for Diet No. 1 (Table 1) 
with the recommended requirements for people 
with gastrointestinal disorders and found a number 
of discrepancies. In particular, the diet had a 
deficiency of dietary fiber (15.1 g per day – 75.5% of 
the recommended intake); vitamins: A (0.75 mg –  
83.3%), PP (7.8 mg – 39.0%), B1 (0.7 mg – 46.7%),  
B2 (1.0 mg – 55.6%); as well as magnesium (23 mg – 
7.7%), potassium (87 mg – 4.0%), calcium (207 mg – 
25.9%), and iron (3 mg – 16.7%). Since the deficiency 
of water-soluble vitamins (B1, B2, PP, and C) can be 
replenished with plant ingredients, and the sodium and 

Table 1 Chemical composition of the gastrointestinal diet*
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Breakfast 1
Rice porridge 
Cocoa
Cake rusks

250
200
60

6.3
3.8
5.1

65.8
25.8
31.5

0.5
3.9
6.5

0.5
0.7
0.1

973
50
264

48
242
85

36
122
19

25
18
25

85
120
62

1.0
0.6
1.1

0.1
0
0.1

0.05
0
0.06

1.2
0.2
1.1

–
–
–

–
–
–

Breakfast 2 
Black currant kissel (jelly-drink) 
Cake rusks

200
60

0.1
5.1

28.0
31.5

0
6.5

0.2
0.1

7
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59
85

8
19

4
25

9
62

0.2
1.1

0
0.1

0
0.1

0.1
1.1

24.0
0

0
0

Lunch
Grain soup
Beef patty
Cranberry jelly

500
50
200

6.6
5.0
2.7

50.1
6.8
24.1

5.8
8.7
0

1.8
0
0.1
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358
2
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11
44
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14
5
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0.7
0.2

0.2
0.04
0

0.1
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0

2.2
1.7
0.03

11.5
0
1.7

0
0.02
0

Afternoon snack
Fresh apple 120 0.4 9.8 0 0.6 26 248 16 9 11 0.6 0.03 0.02 0.3 16.0 0
Dinner
Curd pudding 
Boiled pike perch
Cake rusks 
Rosehip drink 

200
75
60
200

29.8
15.1
5.1
0.4

43.0
0
31.5
31.0

8.4
1.0
6.5
0

0.7
0
0.1
0
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1.6
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4
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8
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13
25
3
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2
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0.1
0
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0.06
0.06
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0.6
1.1
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0.4
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0
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0
0

Daily total: – 85.5 378.9 47.8 4.9 4869 2212 604 291 1398 16 0.8 0.9 13.9 175.1 0.17

Daily total without meat products: – 75.4 372.1 39.1 4.9 4511 2113 593 277 1333 15 0.8 0.8 12.2 175.1 0.15
Recommended daily  
requirements [25]:
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* The meat product used for the chemical and amino acid analysis was “Kotlety derevenskiye” (Country-style patties) with connective and adipose 
tissues under 20% (State Standard 52675-2006. “Semi-prepared meat and meat-contained products. General specifications”)
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phosphorus contents were within the permissible limits, 
these components were outside our focus during the 
formulation. 

Since we aimed to formulate a meat-based product, 
we analyzed the chemical composition of Diet No. 1 
with the meat product (beef patty) excluded. We found 
a discrepancy between the amino acid contents in the 

diet and the recommended requirements based on the  
FAO/WHO standards.

All essential amino acids in Diet No. 1, except for 
tryptophan, were below the recommended daily intake 
(Table 2). 

Having compared the recommended and actual 
daily intake of essential components, we calculated the 
desired chemical composition of our meat product for 
people with gastrointestinal disorders (Table 3).

Experimental calculations were performed in the 
planning matrix. Each factor had a range of action. 
The plan included 255 experiments, with each factor 
analyzed according to the mixture design simplex 
centroid (Table 4).

It was important that our meat product complied with 
the FAO/WHO standards. The use of essential amino 
acids for anabolic purposes was based on the limiting 
amino acid.

The optimal formulation was identified using modern 
data mining methods based on artificial intelligence. For 
this, we used the following algorithm:
– calculation of the chemical and amino acid 
compositions for each planning matrix experiment;
– development of a neural network to adequately 
describe the process;
– compilation of an array of input variables in the 
algorithmic Pascal language;
– filling in functional (output) variables using the 
developed neural network (multilayer perceptron); and
– identification of the optimal variant by multidi- 
mensional scaling and cluster analysis.

The formulation parameters were determined using a 
neural network approximation: the scaled functions were 
superimposed on the scaled factors (Figs. 1 and 2).

Table 2 Amino acid composition of the daily diet 
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Actual amino acid consumption, g per day 0.88 4.57 2.25 2.97 3.22 3.69 2.38 4.66
Amino acid composition of the diet, g/100 g protein 1.03 5.35 2.63 3.47 3.77 4.32 2.78 5.45
FAO/WHO standard, g/100 g protein 1.0 7.0 4.0 5.0 4.0 5.5 3.5 6.0
Amino acid score of the daily diet, % 102.9 76.4 65.8 69.5 94.2 78.5 79.5 90.8

Table 3 Chemical composition of the formulated cooked sausage for people with gastrointestinal disorders

Components Recommended daily intake for people 
with gastrointestinal disorders [29]

Actual daily consumption  
without meat products 

Nutrient deficiency 
in the daily diet 

Formulated 
product

Dietary fiber, g/day 20.0 4.9 15.1 15.1
Vitamin А, mg/day 0.9–3.0 0.15 0.75 0.75–2.85
Calcium, mg/day 800–1000 593.0 207 207.0–407.0
Magnesium, mg/day 300–500 277 23 23–223
Potassium, mg/day 2200–2500 2113 87 87–387
Iron, mg/day 18.0–40.0 15.0 3.0 3.0–25.0

Table 4 Fragment of the planning matrix for the cooked 
sausage formulation 
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- - - - - - - - - - - - - - - - - - - - - - - - - - -
37 0.33 0.33 0.33 0 0 0 0 0
- - - - - - - - - - - - - - - - - - - - - - - - - - -
93 0.25 0.25 0.25 0.25 0 0 0 0
- - - - - - - - - - - - - - - - - - - - - - - - - - -
170 0.20 0.20 0.20 0 0 0.20 0.20 0
- - - - - - - - - - - - - - - - - - - - - - - - - - -
240 0 0.17 0.17 0.17 0.17 0.17 0.17 0
- - - - - - - - - - - - - - - - - - - - - - - - - - -
254 0 0.14 0.14 0.14 0.14 0.14 0.14 0.14
255 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
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The formulation components (input variables) 
were scaled in two dimensions, while the functional 
indicators (chemical and amino acid compositions) were 
one-dimensional. The color gamut of the functional 
indicators (Figs. 1 and 2) indicated the diversity of 
compositions and process complexity. Only modern data 
mining modules can ensure an optimal formulation with 
the required parameters.

Having analyzed the clusters in different color zones 
(Clusters 72, 16, and 65 are given as examples in Fig. 2),  
we found Cluster 16 to have reference indicators  
(Y = –0.02448, X = –0.12303).

The compositional analysis of Cluster 16 showed 
that some options had unacceptable ratios between 
formulation components, often with insignificant 
amounts of meat. Also, some options had very similar 
compositions. Therefore, we analyzed the input variables 
(components) for Cluster 16 (Table 5).

The most optimal composition of the meat product 
formulated to prevent gastrointestinal disorders is shown 
in Table 6. This formulation was based on Experiment 
86 (Table 5).

The most optimal composition became a basis for 
our cooked sausage formulation. Chitosan succinate 
is readily soluble in water and can be directly added to 
the ground meat. Soy fortifier is a source of high-grade, 
easily soluble protein that contains 7.9% of plant-based 
dietary fiber of origin. Egg mix has good binding and 
emulsifying properties due to the presence of lecithin. It 
contains digestible proteins and fat-soluble vitamins and 
is widely used in cooked sausage formulations.

LebedevaI studied the use of rice flour in cooked 
sausage formulations. She found that preliminary 
treatment of rice flour in water heated up to 80°C 

I  Lebedeva LI. Razrabotka tekhnologii ehmulʹgirovannykh myasnykh 
produktov s ispolʹzovaniem modifitsirovannoy risovoy muki  
[The development of technology for emulsified meat products with 
modified rice flour]. Cand. eng. sci. diss. Moscow: V.M. Gorbatov 
All-Russian Research Institute of the Meat Industry, 2003. 133 p.  
(In Russ.). 

Figure 1 Neural network approximation of cooked sausage 
formulations 

Cluster  
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Figure 2 Neural network contour diagram of the cooked 
sausage composition 

Table 5 Fragment of the array of optimal cluster formulations 
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increases the water-binding, fat-binding, gelling, and 
stabilizing capabilities of the ground meat emulsion. 
Gelatin swells but does not dissolve in cold water. It 
dissolves in hot water (60–80°C) and, when cooled, 
turns into jelly [10, 18].

Since chitosan succinate, egg mix, and soy fortifier 
are not exposed to heat treatment, a food additive of 
gelatin and rice flour (1:1.2) was mixed with 80°C water 
(1:3) and homogenized for 3–4 min. Then, it was chilled 
and introduced into the meat at the final stage of cutting. 
Our formulation of cooked sausage with a food additive 
is shown in Table. 7.

The sausage yield was 117 kg/100 kg of unsalted 
raw materials. State Standard 23670-2019. “Cooked 
meat sausage products. Specifications” classifies the 
formulated sausage as a hybrid (meat and cereal) product 
according to the content of meat ingredients (53.6%), 
and as belonging to grade B according to the content of 
muscle tissue (43.0%).

The sensory evaluation of the sausage was performed 
by 10 panelists. The average score was 4.9 points, 
with slight discrepancies in the color evaluation. The 
chemical composition of the cooked sausage sample 
included 60.8% water, 4.4% fat, 10.3% protein, and 3.2% 
minerals (P ≤ 0.05). With a beef patty excluded from the 
diet, the protein deficiency was 9.6–14.6 g/day (Table 1).  
Therefore, the diet should contain at least 100 g of 
cooked sausage to replenish the protein deficiency.

To assess the biological value of the formulated 
sausage, we determined the amino acid composition of 
a beef patty using the reference book [4] and calculated 
the daily intake of amino acids for a diet with cooked 
sausage and a diet with a beef patty (Table 8).

As can be seen in Table 8, the score of the limiting 
amino acid (isoleucine) in the sausage (70.1%) was 
higher than the score in the patty (65.8%). This means 
that in the diet with cooked sausage, more essential 
amino acids will be used for anabolic purposes. There 
was no need to assess the balance of amino acids in the 
daily diet, since it consisted of split meals consumed at 
different times.  

We compared amino acid contents in the cooked 
sausage and beef patties (Table 8) and found that 
the formulated meat product had a well-balanced 
composition of essential amino acids. Based on Table 
8 and using the method of Lipatov, we calculated the 
mutual balance and rationality of essential amino 
acid contents in the formulated sausage and beef 
patties (Table 9) [28, 29].

As can be seen in Table 9, the rationality coefficient 
for cooked sausage was much higher than for a beef 
patty. Cooked sausage had a low content of amino acids 
used for the biosynthesis of nonessential amino acids 
(∑BSEAA), compared to a beef patty. The proportion 
of essential amino acids used as energogenic material 
(∑EGEAA) was almost the same for both samples. Thus, 

Table 7 Basic formulation of cooked sausage* 

Unsalted ingredients, kg/100 kg
Trimmed beef with con- 
nective tissue under 12%

Trimmed pork  
with fat under 10%

Beef 
liver

Chitosan 
succinate

Soy 
fortifier 

Egg 
mix

Food additive

48 9 8 0.5 2 1 31,5
Gelatin Rice flour Water

Ratio, %
1 1.2 6.6

* Additional ingredients included 1.8 kg table salt, 100 g granulated sugar, and 5 g sodium nitrite per 100 kg of unsalted raw 
materials

Table 8 Amino acid composition of the daily diet and the formulated cooked sausage, P < 0.05

Essential amino acids

Indicator Tr
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Amino acid composition of cooked sausage,  
g/100 g protein

0.86 6.56 3.88 5.10 3.92 6.00 3.45 5.82

Amino acid score of cooked sausage, % 86.0 93.7 97.0 102.0 98.0 109.1 98.6 97.0
Amino acid composition of beef patty, g/100 g protein 0.96 8.86 4.94 5.77 4.81 5.29 1.92 3.65
Amino acid score of beef patty, % 96.1 126.5 123.6 115.4 120.2 96.1 55.0 60.9
Daily diet with cooked sausage instead of beef patty:
Amino acid composition of the diet, g
Amino acid composition of the diet, g/100 g protein
Amino acid score of the diet, %

1.02
1.09
109.0

4.8
5.60
80.1

2.40
2.81
70.1

3.21
3.74
74.9

3.38
3.95
88.7

4.04
4.71
85.7

2.63
3.07
87.8

5.07
5.92
98.7
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the formulated sausage had a well-balanced amino acid 
composition.

The contents of some deficient minerals and vitamins 
in the formulated product are shown in Table 10.

Based on Tables 10 and 3, we found that 100 g of 
the cooked sausage could replenish a daily deficiency 
of potassium and iron, and significantly reduced the 
deficiency of magnesium, calcium, and vitamin A.

The sausage sample contained 1.2% of insoluble 
plant-based dietary fiber (cellulose, hemicellulose, and 
lignin) and 3.6% of animal-based dietary fiber (gelatin). 
Thus, 100 g of the cooked sausage could reduce the 
deficiency of dietary fiber in people with gastrointestinal 
disorders by 4.8 g. We find it advisable to recommend 
including dietary fiber in the formulations of other 
products in the diet.

The biological value and safety of the developed 
sausage was determined on BALB/C white mice in vivo. 
The experiments complied with the sanitary, hygienic, 
and epidemiological standards and requirements. The 
experimental mice were divided into 3 groups of 5 ani- 
mals: mice fed on the basic diet (control group A), 
mice fed on the basic diet + cooked sausage without a 
preventative supplement (control group B), and mice fed 
on the basic diet + cooked sausage with a preventative 
supplement (experimental group).

The observations lasted 30 days. The hematological 
parameters of mice blood at the end of the experiment 
are given in Table 11.

We found a slight increase in leukocytes, 
hemoglobin, and erythrocytes in the blood of the 
experimental mice over the entire feeding period  
(30 days).

The contents of total protein and albumin increased 
in the control group B and in the experimental group by 
6.6 and 6.0 g/L, respectively. The level of glucose was 
within the normal range (4.11–4.18 mol/L) for all the 
animals in the entire period, regardless of the diet.

The activity of aspartaminotransferase (AST) and 
alanine aminotransferase (ALT) in blood serum is 
indicative of general health and the state of specific 
organs. For example, a deviation from the AST norm 
(26–77 U/L for mice) can indicate liver pathology, 
heart problems, abnormalities in protein structures 
and bile production, etc. ALT is responsible for the 
movement of alanine from one cell to another. Its 
normal level (54–269 U/L for mice) strengthens the 
immune system and normalizes metabolic processes. 
Increased ALT indicates blood disease and disorders 
in the work of heart, liver, and blood vessels, as well as 
other pathologies. Decreased ALT is usually caused by 
a deficiency of vitamin A. Our study showed that the 
levels of the AST and ALT enzymes were within the 
normal range in all the groups of mice, and their ratio 
(de Ritis coefficient) corresponded to the required level 
(0.91–1.75) [30].

Thus, the hematological parameters pointed to the 
biological value and safety of the formulated sausage.

CONCLUSION 
We analyzed Diet No. 1 used in medical institutions 

for people with gastrointestinal disorders and found 
that its daily contents of essential ingredients (proteins, 

Table 9 Mutual balance and rationality of essential amino 
acids (EAA) in cooked sausage and beef patties  
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Cooked sausage
0.86 0.356 0.87 4.63 5.98 0.028 0.14 0.87 1

Beef patty
0.55 0.362 0.55 15.91 28.9 0.365 0.16 0.55 1

Table 10 Some minerals and vitamin A in cooked sausage,  
P < 0.05

Content, mg/100 g of product
K Ca Mg Fe Vitamin A
290 185 21.8 3.2 0.73

Table 11 Hematological parameters of mice blood before and after feeding, P < 0.05

Name Erythro- 
cytes, 
1012/L

Leuko- 
cytes, 
109/L

Hemoglo- 
bin, g/L

Total 
protein, 
g/L

Albu- 
min,  
g/L

Glucose, 
mol/L

AST, 
U/L

ALT, 
U/L

ALT/AST
(de Ritis 
coefficient)

A day before feeding  
(7th day of observations)

8.16 8.64 126.00 59.60 36.62 4.11 51.40 67.85 1.32

30th day:
Basic diet

8.64 8.94 128.60 61.40 39.40 4.18 52.00 62.92 1.21

Basic diet + sausage without 
preventative supplement

8.78 9.32 129.40 66.20 42.80 4.16 57.20 68.068 1.19

Basic diet + sausage with 
preventative supplement

8.50 9.32 129.01 65.60 42.40 4.16 53.80 62.95 1.17
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dietary fiber, vitamins, and some minerals) did not meet 
the recommended intake. In particular, we identified 
an imbalance of amino acids in the meat product used 
in the diet (a beef patty). In order to eliminate this 
nutritional deficiency, we formulated a meat and cereal 
product of grade B – cooked sausage. Apart from meat, 
it contained chitosan succinate, egg mix, soy fortifier, 
food gelatin, and rice flour. Our product had a well-
balanced composition of amino acids, with tryptophan 
as the limiting amino acid (amino acid score – 86.0%, 
the utility coefficient – 0.87). 100 g of the formulated 
cooked sausage can completely eliminate the deficiency 
of potassium, calcium, and iron, as well as significantly 
reduce the lack of magnesium and vitamin A. Since 
it can only reduce, rather than fully replenish, the 

deficiency of dietary fiber, we recommend that foods 
rich in dietary fiber are included in the diet.

The experimental studies of the hematological 
parameters in the laboratory mice confirmed the 
nutritional value and safety of the formulated cooked 
sausage. Therefore, it can be included in the diet for 
people with gastrointestinal disorders and used in 
medical institutions. 
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