
Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061	 4/11 ( 136 ) 2025

82

IDENTIFYING 
OPPORTUNITIES TO 

IMPROVE QUALITY OF 
COOKED SAUSAGES 

BY OPTIMIZING THEIR 
RECIPES

G u l b a g i  O r y m b e t o v a
Corresponding author

PhD, Associate Professor*
E-mail: orim_77@mail.ru

M a k h a b a t  K a s s y m o v a 
PhD, Professor

Department of Food Engineering**

E m i t  O r y m b e t o v
PhD, Associate Professor*

Z h a n s a y a  A b i s h
Doctoral Student

Department of Technology and Food Safety**
*Department of Engineering Disciplines

South Kazakhstan Medical Academy
Al-Farabi sq., 1, Shymkent, Republic of Kazakhstan, 160001

**Mukhtar Auezov South Kazakhstan University 
Tauke Khan ave., 5, Shymkent, 	

Republic of Kazakhstan, 160012

The object of the study is recipe for sausage products 
with addition of pea flour. The problem being solved is to 
create meat products with an optimal composition and 
quality with improved organoleptic nutritional char-
acteristics while maintaining safety and technological 
effectiveness of product. 

During study, a mathematical model for optimizing 
recipe was constructed using the linear programming 
method, and qualimetric assessment of the quality of 
final product was carried out. The optimal composi-
tion of sausage products consists of the following: beef – 
820 g/kg; lamb fat – 80 g/kg; pea flour–53.35 g/kg; table 
salt – 1.5 g/kg; sodium nitrite – 0.002 g/kg; ground black 
pepper–0.1 g/kg; starch – 45 g/kg; sugar – 0.15 g/kg. The 
results of the study showed that complex quality indica-
tor is 0.88. It corresponds to the best indicator of quality 
of finished products. The values of group quality indi-
cators of cooked sausages are as follows: organoleptic 
indicators – 0.14; physicochemical indicators – 0.14, safe-
ty indicators – 0.36, nutritional value – 0.15, energy  
value – 0.09. 

By using these approaches to selecting ingredients 
and their quantitative ratios, it was possible to achieve 
balance in amino acid and fat composition, reduce 
cost price and improve organoleptic characteristics of 
the product. These results are explained by use of a set 
of methods of mathematical modeling and organolep-
tic correction of the recipe based on tasting assessment. 
Using pea flour reduces raw material costs, it would be 
appropriate to use it as an alternative to meat. The data 
obtained can be used in practice in development of func-
tional meat products, especially in context of the need to 
increase nutritional value, safety and competitiveness of 
products
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1. Introduction

The creation of new food products with specified consum-
er properties is relevant. In conditions where the recipe of any 
food product depends on many factors, such as composition 
and properties of raw materials, technological parameters, 
nutritional value, organoleptic and physicochemical proper-
ties, also cost price – use of mathematical modeling allows 
for a systematic and rapid analysis of possible combinations 
of ingredients. Using linear programming, it is possible to 
quickly calculate optimal composition of product that meets 
specified criteria, which helps reduce volume of experiments, 
reduces development costs and accelerates process of intro-
ducing new products.

Currently, methods of mathematical modeling are widely 
used in the food industry, allowing for calculation of the bal-
ance of food products [1]. The use of forecasting using mathe-
matical methods allows to increase production efficiency and 
reduce costs, optimize the recipe for manufactured products, 
facilitate the introduction of new technologies, improve 

product quality indicators, determine the shelf life of finished 
products, and increase customer satisfaction. Based on the 
results obtained, optimal ratios are selected that correspond 
to the main quality indicators of the finished product.

Many authors widely use mathematical model methods 
in food research. It is used in research into the prediction of 
the growth of microbiological contamination [2], drying pro-
cesses [3], in the development of food products with increased 
nutritional value [4], food safety [5], pasteurization of food 
products [6], etc.

The use of a mathematical model will allow for the pre-
cise determination of the combination of ingredients and 
processing modes, which will accordingly reduce the number 
of experimental samples. In this context, it is important to 
note that the use of a mathematical model helps to ensure the 
prediction of precise characteristics with specified properties.

Due to high consumer demand for the quality of manu-
factured products, competitiveness has increased many times 
over. Improvement of quality indicators (physicochemical, 
organoleptic, etc.) according to specified criteria and limita-
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ric forecasting model. A matrix of consumer preferences is 
proposed, which allows calculating the optimal content of 
particular component in a product. However, rather limited 
number of factors for modeling new recipes are described.

The paper [13] presents a comparative assessment of the 
quality and safety of canned meat from different manufac-
turers in modern types of combined and polymer packaging 
materials using the qualimetry method. Using the qualimetric 
model, a rating of the quality of canned food from different 
manufacturers was compiled taking into account organoleptic, 
physicochemical indicators, storage capacity indicators and 
nutritional value. The following issues remained unexplored 
in the work, such as analysis of migration of packaging com-
ponents to products, consumer and ergonomic evaluation 
of packaging, resistance of packaging materials to logistical 
loads. The reason for lack of study of the problem is related 
to focus of the study on qualimetric comparative assessment. 

Forecasting and planning important performance criteria 
for a new product is an important stage of research [14]. The 
presented study is aimed at applying qualimetric assessment 
for developing a recipe composition of combined snack prod-
ucts from plant raw materials. The work is focused on the 
basis of food, organoleptic and textural characteristics. How-
ever, despite practical value of the proposed model, study has 
following unexplored aspects: effect of dehydration parame-
ters on product quality, cost-effectiveness of the recipe. The 
reasons for not considering these aspects are associated with 
target focus of the study on the development and testing of 
qualimetric model in a narrow technological context. 

In the work [15] rational ranges of values influencing 
physicochemical, microbiological and organoleptic indica-
tors of finished sausage products were established. However, 
when assessing quality of sausage products, more detailed 
studies should be used to guarantee high quality of products. 
In the work [16] principles of qualimetric assessment of the 
quality of semi-finished meat products from horse meat were 
proposed. Organoleptic indicators, biological and nutritional 
value, determined the quality of semi-finished meat prod-
ucts. However, following aspects need to be supplemented in 
the work: physical and chemical indicators of finished prod-
ucts, microbiological safety, implementation of multi-criteria 
mathematical optimization. The study focuses on qualimetry 
as forecasting tool. 

All this suggests that it is advisable to conduct a study 
on the use of mathematical modeling and qualimetric as-
sessment of the quality of cooked sausage products with the 
addition of pea flour at the stage of development and design of 
new products, ensuring high competitiveness and consumer 
satisfaction of the products. 

3. The aim and objectives of the study

The aim of this study is to identify opportunities to im-
prove quality of cooked sausages by optimizing their recipes 
using mathematical modeling. This is aimed at developing 
an effective technology for production of cooked sausages, 
taking into account competitive advantages.

To achieve this aim, the following objectives are accom-
plished:

– to determine optimal recipe for cooked sausage with 
added pea flour;

– to conduct a qualitative assessment of cooked sausage 
with added pea flour.

tions can be effectively and efficiently achieved by optimizing 
recipe and computer modeling. Thus, mathematical model-
ing of the cooked sausage recipe and evaluation of quality 
indicators are topical issue in the field of food science.

2. Literature review and problem statement

The paper [4] presents the results of research recipes for 
muffins with use of Microsoft Excel and automated design 
Mathcad. However, this paper deals with the modeling of 
flour confectionery products. The use of these methods 
became the basis for further research into other products, 
namely meat products. 

The study was aimed at optimizing thermochemical and 
biological transformations occurring during heat treatment 
of food products. The work is devoted to the development of 
mathematical model of Sous-Vide process of processing func-
tional food products based on animal and plant raw materials. 
Issues related to complex effect of temperature conditions on 
quality and biochemical properties of product remain unex-
plored. The study is focused on solving heat transfer problem – 
modeling temperature fields based on differential equation of 
non-stationary thermal conductivity, taking into account Bio 
criterion. The model does not evaluate how thermal dynamics 
affects organoleptic indicators: taste, aroma, appearance of the 
product – parameters that determine consumer value [7].

In paper [8], an increase in profit from problem of red 
meat production using fuzzy linear programming with a 
single-objective function is shown. However, in this work 
only the economic factor of production is taken into account.

The study [9] presents mathematical modeling for a specif-
ic process of mixing minced meat in a vibration-mechanical 
machine, which allows for comprehensive consideration of the 
patterns of change in the main parameters of the vibration pro-
cess. The study is mainly aimed at optimizing amplitude-force 
characteristics and energy costs. However, it does not consider 
complex multi-criteria optimization, including product quality, 
cost price, organoleptic and microbiological indicators.

In paper [10] propose a study of sausage mince extrusion 
using mathematical model as the most common in quali-
metry, used to combine quality assessments into a complex 
indicator. Optimal ranges of values that affect the physico-
chemical, microbiological and organoleptic indicators of the 
finished product are determined. However, the study does 
not show influence of the mince composition (ratio of fat, 
meat, moisture-retaining components, protein additives, etc.) 
on the extrusion characteristics. No quantitative analysis or 
modeling of sanitary and hygienic indicators is presented. 
This is due to the fact that methodology was aimed at study-
ing physical-mechanical and technological factors. 

In work [11], results of calculations by experimental-sta-
tistical methods using optimized content of components in rec-
ipes “Puff buns” and “Grain bars” are presented. The main em-
phasis is on the efficient use of plant materials and expansion 
of range of functional food products. The recipe was optimized 
for limited number of factors, mainly quantitative composition 
of ingredients. However, the analysis of taste characteristics, 
appearance and aroma of final products was not studied. The 
economic efficiency was not assessed. A qualimetric model 
that would allow comprehensive quality of the product to be 
assessed in numerical terms was not included. 

The paper [12] presents the specifics of quality manage-
ment of minced meat semi-finished products using qualimet-
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4. Materials and methods

The object of the study is recipe for cooked sausage. The 
subject of the research is methods for improving quality of 
cooked sausage by combining plant and animal raw materi-
als in the recipe.

The research hypothesis suggests that creation of a new 
recipe for sausage products using mathematical modeling 
will allow development of food product with an optimal ratio 
of ingredients in the recipe.

Mathematical modeling of recipes was carried out using 
mathematical programming methods – the Mathcad auto-
mated design system.

The development of a mathematical model consists of the 
following sections:

– dependence on unknown quantities is presented (total 
costs for the production of cooked sausage);

– conditions are set that must be presented in the form of 
unknown quantities, which consist of available resources and 
their values to satisfy needs, conditions of technology of pro-
duction of cooked sausage. These conditions are represented 
by restrictions and inequalities.

To carry out qualimetric assessment of the quality of sau-
sage products, following is required [16]:

– establish a list of complex and individual indicators 
characterizing quality of products;

– build a hierarchical tree of properties;
– select scale that takes into account different dimensions 

of values of individual properties of products;
– select methods for determining and calculate weighting 

factors of complex and individual quality indicators at each 
level of the property tree;

– depending on the goals of constructing qualimetric 
model, develop method for calculating generalized, complex 
or integral indicator of product quality.

First, it is necessary to identify indicators by which it 
is possible to assess the quality of the products. The main 
groups of indicators are shown in Table 1. Among them, the 
organoleptic indicators were described in the most detail, 
since they are more significant for consumers.

Table 1 

Main characteristics of cooked sausage

Organoleptic (А)

Taste
Smell

Appearance
Consistency

Color and cross-sectional view

Physicochemical (B)

Mass fraction of fat
Protein mass fraction

Mass fraction of sodium chloride (table salt)
Mass fraction of starch

Safety indicators 
(microbiological and 

chemical hazards) (C)

Toxic elements:
Lead

Cadmium
Arsenic
Mercury

Microbiological indicators:
NMAFAM

Coliform bacteria 
Nutritional value (D) Amino acid and fatty acid composition

Energy value (E) –

A group of 8 experts was formed to assess the quality of 
sausage products. The experts carried out the assessment, 
filled out table according to the quality indicators of the sam-
ples, in accordance with 5-point scale (5-excellent, 4-good, 
3-average, 2-unsatisfactory, 1-very bad). The value of relative 
quality indicator of product being assessed was calculated 
using the formula

=

= ∑
1 .

,
n

ji
i

i b

P
K

P

where Ki – weight coefficient; Рji – assessment of the i-th 
product indicator; Pb – base product evaluation indicator.

Physicochemical, safety indicators (microbiological and 
chemical hazards) were determined according to regulatory 
documents. Energy value was determined by calculation.

5. Results of the study of quality indicators of sausage 
products using mathematical modeling of recipes

5. 1. Determination optimal recipe for cooked sausage 
with added pea flour 

Modeling of the content of food nutrients in sausage prod-
ucts has been proposed for developing recipes (Table 2). 

Based on the data in Table 2, the construction of a mathe-
matical model for creating the optimal content of ingredients for 
sausage products is considered. If enter designation xi, i=1, …, 
8 – quantity of ingredient of the i-th type (grams) in the recipe 
for sausage products.

Content of all ingredients in the recipe for sausage products 
corresponds to the ratio:

+ + + + + + + =1 2 3 4 5 6 7 8 1,000,x x x x x x x x

≥ 0,ix  = 1...8.i

The mathematical model of the problem takes the form, 
when it is possible to find the minimum value of the objective 
function

( ) →1 2 3 4 5 6 7 8, , , , , , , min,F x x x x x x x x

where F(x1, x2, x3, x4, x5, х6, х7, х8) is determined by the formu-
la taking into account the limitations shown in Fig. 1.

To optimize the content of ingredients in a designed sau-
sage product with pea flour consists of the following X=(x1, 
x2, …, x8), maximizing the objective function. In this case, 
the coordinates of the above vector must satisfy systems of 
inequalities and equations. The solution to the presented 
problem obtained in the Mathcad system is shown in Fig. 1.

It is important to note that mathematical modeling is 
not always used to finally determine the components of a 
formulation.

Tasting evaluation of the developed products is also an 
important stage. Therefore, the content of some ingredients 
was adjusted in accordance with the results of organoleptic 
studies. In particular, the amount of ground black pepper was 
increased and a small amount of sodium nitrite was added. 
According to the results of the organoleptic evaluation, it was 
found that sodium nitrite in small quantities significantly 
improves the color of the product.

So, recipe for sausage products will take the form present-
ed in Table 3.
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Table 2 

Modeling of the cooked sausage recipe based on the content of food nutrients (g/100 g)

Raw  
materials Valin Methionine Phenylalanine Isoleucine Leucine Lysine Tryptophan Monounsaturat-

ed fatty acids

Polyunsat-
urated fatty 

acids

Price of 1 kg  
of raw material 

(in tenge/$)
Beef meat 0.743 0.675 0.841 0.781 1.709 1.901 0.370 1.5 0.28 2520/5.04
Lamb fat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 41.1 6.5 1865/3.73
Pea flour 2.3 0.96 1.83 2.014 3.95 4.01 1.1 0.37 1.03 525/1,05
Table salt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 65/0.13
Sodium 
nitrite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1675/3.35

Ground 
black pepper 0.547 0.096 0.446 0.366 1.014 0.244 0.058 1.0 0.74 2410/4.82

Potato 
starch 0.356 0.107 0.316 0.299 0.425 0.413 0.115 0.2 0.15 1185/2.37

Sugar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 490/ 0.98

Exchange rate of 1 dollar = 500.10 tenge (25/03/2025).

f x1 x2 x3 x4 x5 x6 x7 x8( )
5.04 x1 3.73 x2 1.05 x3 0.13 x4 3.35 x5 4.82 x6 2.37 x7 0.98 x8( )

1000


x1 0 x2 0 x3 0 x4 0 x5 0 x6 0 x7 0 x8 0

Given
0.675 x1 0.96 x3 0.096 x6 0.107 x7

100
2.30.743 x1 2.3 x3 0.547 x6 0.356 x7

100
4

0.841 x1 1.83 x3 0.446 x6 0.316 x7
100

4.1
0.781 x1 2.014 x3 0.366 x6 0.299 x7

100
3

1.709 x1 3.95 x3 1.014 x6 0.425 x7
100

6.1
1.901 x1 4.01 x3 0.244 x6 0.413 x7

100
4.8

0.37 x1 1.1 x3 0.058 x6 0.115 x7

100
0.66

1.5 x1 41.1 x2 0.37 x3 1.0 x6 0.2 x7

100
6

0.28 x1 6.5 x2 1.03 x3 0.74 x6 0.15 x7

100
1

820 x1 845 80 x2 110 30 x3 70 1 x4 1.5 x5 0

x6 0 45 x7 50 0.1 x8 0.15

x1 x2 x3 x4 x5 x6 x7 x8 1000

A Minimize f x1 x2 x3 x4 x5 x6 x7 x8( )

A

820

80

53.35

1.5

0

0

45

0.15



























f A( ) 4.59

  

Fig. 1. Solving task in the Mathcad system
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Table 3 

Ingredients for the production of cooked sausage per 1 kg

Raw materials Weight, g
Beef 820

Lamb fat 80
Pea flour 53.35
Table salt 1.5

Sodium nitrite 0.002
Ground black pepper 0.1

Starch 45
Sugar 0.15

Thus, it can be concluded that the proposed composition 
of cooked sausage with pea flour is optimized using mathe-
matical modeling. However, to produce high-quality devel-
oped sausage products, it is necessary to conduct qualimetric 
assessment that meets consumer expectations and identifies 
potential problems at early stages of production.

5. 2. Qualimetric assessment of the quality of 
cooked sausage

The use of qualimetric model for assessing and predicting 
product quality allows:

– forecast consumer demand for finished products;
– set right priorities in product development;
– identify important indicators required in product devel-

opment and quality control;
– identify promising directions for achieving desired 

quality;
– conduct qualimetric assessment of product quality 

using calculated indicators that determine product quality.
To study qualimetric assessment of finished products, se-

lected reference indicators as basic values. The organoleptic 
indicators were studied in accordance with basic score values 
according to sausage quality assessment scale developed in State 
Standard [18]. To determine the organoleptic, physicochemical 
and safety indicators, the methods specified in the regulatory 
documentation were used. Requirements for the content of 
essential amino acids were equated to the protein reference in-
dicators according to the FAO/WHO scale (2011). The content of 
unsaturated fatty acids was determined according to the “ideal 
lipid” model. The energy value was determined by calculation.

The results of the quality assessment of individual in-
dicators of cooked sausage with addition of pea flour are 
presented in Table 4.

The results show that sausage products have fairly high 
organoleptic properties, also low content of toxic elements 
and microbiological impurities.

Table 4 

Main characteristics of cooked sausage with added pea flour

Indicators Base value
Weighting  

factors of a sin-
gle indicator

Received 
data

Values of a single 
indicator taking 
into account the 

weight coefficient

Organoleptic (А)

Taste 5 0.15 5 0.15
Smell 5 0.15 4.8 0.14

Appearance 5 0.2 4.6 0.18
Consistency 5 0.3 4.8 0.29

Color and cross-sectional view 5 0.2 4.7 0.19

Physicochemical (В)

Mass fraction of fat, % 15 0.30 9.8 0.20
Protein mass fraction, % 13 0.30 21 0.48
Mass fraction of sodium  
chloride (table salt), % 2.3 0.15 1.9 0.12

Mass fraction of starch, % 2.0 0.25 1.2 0.15

Safety indicators 
(microbiological and 

chemical hazards) (С)

Toxic elements, mg/kg
Lead 0.5 0.25 0.051 0.03

Cadmium 0.05 0.25 0.00 0.00
Arsenic 0.1 0.25 0.00 0.00
Mercury 0.03 0.25 0.00 0.00

Microbiological indicators
NMAFAM, CFU/g, no more than 1000 0.50 148 0.07

Coliform bacteria in 0.1 g Not allowed 0.50 0.00 0.00

Nutritional value (D)

Valin 4 g/100 g 0.1 2.355 0.06
Methionine+cysteine 2.3 g/100 g 0.15 1.842 0.12

Phenylalanine + tyrosine 4.1 g/100 g 0.1 3.260 0.08
Isoleucine 3 g/ 100 g 0.1 2.316 0.08

Leucine 6.1 g/100 g 0.10 4.135 0.07
Lysine 4.8 g/100 g 0.15 4.211 0.13

Tryptophan 0.66 g/100 g 0.1 0.428 0.06
Monounsaturated fatty acids 60% 0.10 42 0.07
Polyunsaturated fatty acids 10% 0.10 7.1 0.07

Energy value (E) 250 kcal/100 g of 
product 1.0 227.4 0.90
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Table 5 shows the values of group quality indicators of 
cooked sausage products with addition of pea flour.

Table 5 

Values of group quality indicators of developed cooked 
sausage products

Indicators Result values Base indicator 
(Literary data)

Organoleptic (А) 0.14 0.15
Physicochemical (B) 0.14 0.15

Safety indicators (microbiological 
and chemical hazards) (C) 0.36 0.40

Nutritional value (D) 0.15 0.20
Energy value (E) 0.09 0.10

Comprehensive quality indicator 0.88 1.00

Thus, according to the results of the qualimetric assess-
ment, the complex quality indicator is 0.88. This indicator 
corresponds to the level of excellent quality. The table shows 
that the group indicators are close in their values to the refer-
ence ones. The best are the organoleptic indicators and nutri-
tional value of cooked sausages with the addition of pea flour.

For a more visual representation of the results of quali-
metric assessment of quality indicators, it is possible to show 
them in the form of a graph (Fig. 2).

The graph shows that the group quality indicators of the 
developed cooked meat products are higher than those of the 
control sample.

6. Discussion of the results of the study of the quality 
of cooked sausages

The results obtained during the study demonstrate effec-
tiveness of using linear programming methods in developing 
an optimal recipe for sausage products with addition of pea 
flour. The use of mathematical model made it possible to 
accurately determine combination of ingredients and pro-
cessing modes, which accordingly reduced number of exper-
imental samples. The resulting model allows for prediction 
of precise characteristics with specified properties. The use 
of pea flour reduces raw material costs, and it is advisable to 
use it as an alternative to meat. The basis of mathematical 

modeling was data on the component composition given 
in Table 2, and solution to the recipe optimization problem is 
presented in Fig. 1. The product optimization was carried out 
taking into account nutritional value of ingredients, in partic-
ular content of essential amino acids. The optimization prob-
lem was solved in the MathCad software environment, which 
made it possible to determine the optimal ratios of ingredients 
that meet both economic and nutritional criteria. However, as 
noted in the study, mathematical modeling does not cover all 
the characteristics of perception of the finished product, so 
an organoleptic adjustment was made: an increase in sodium 
nitrite and ground black pepper. These changes significantly 
improved organoleptic characteristics of the finished product. 
The final recipe was presented in Table 3. This adjustment il-
lustrates limits of applicability of the mathematical model and 
need for its comprehensive use with tasting data.

Unlike traditional empirical methods of formula selection 
using trial and error, this approach has following advantages: 
it allows problem to be formalized as system of constraints 
and an objective function, provides automatic selection of 
components taking into account economic and nutrient re-
quirements, and makes it possible to adapt recipe to various 
raw material and price conditions.

Unlike [18], where proposed method is applied after 
experimental production of various formulations to assess 
influence of factors on the output characteristics of the prod-

uct, in this study, method is applied at the product 
development stage, when it is important to select 
optimal composition taking into account multiple 
constraints and quality criteria.

Paper [19] applied a matrix method for design-
ing multicomponent dairy products, but did not 
include organoleptic adjustments after modeling. 
There is also no qualimetric assessment after mod-
eling, which allows taking into account set of fac-
tors (organoleptic, physicochemical, safety indica-
tors, nutritional and energy value) and determining 
balanced assessment and justification of the quality 
of obtained modeling result.

Thus, study demonstrated effectiveness of using 
mathematical modeling to form preliminary opti-
mization according to the specified recipe criteria. 
However, it also emphasizes that, taking into account 
tasting and qualimetric analysis, it is possible to en-
sure high quality and consumer appeal of finished 
products.

To conduct a qualimetric assessment of the finished prod-
uct, individual quality indicators were determined, reflected 
in Table 4. They demonstrated that developed product has 
high organoleptic characteristics, also a low content of toxic 
elements and microbiological contaminants. Thus, it can be 
concluded that it is highly food safe.

The values of group quality indicators presented in Ta-
ble 5 confirm overall high quality. The product is character-
ized especially favorably by organoleptic indicators and en-
ergy value. The product also meets established standards of 
safety indicators. For visual representation of the quality lev-
el, graph was constructed (Fig. 2), which shows that all group 
indicators are close to the reference values. High indicators 
of organoleptic characteristics stand out in particular, which 
emphasizes good perception of the product by consumers.

The generalized integral quality indicator calculated 
based on the qualimetry results was 0.88, which corresponds 
to the excellent quality level. This confirms effectiveness 
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cooked meat products with a control sample
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of the recipe used and composition optimization method 
applied. Thus, it can be stated that mathematical modeling 
supplemented by qualimetric assessment is reliable tool for 
developing food products.

The developed cooked sausage products have competitive 
advantages due to the expansion of the range of finished 
products and the improvement of their quality, also the re-
duction of cost price, the intensification of production, which 
are carried out through the following activities:

– combining raw materials of plant and animal origin, 
improving the nutritional value of products: amino acid, fatty 
acid, vitamin and micro- and macroelement composition;

– use of low-grade meat raw materials;
– reduction of development time and labor costs for 

designing recipes and technologies for sausage products en-
riched by pea flour. 

Thus, results of this study are confirmed and consistent 
with existing data, which emphasizes the reliability and 
relevance of the proposed method. The proposed method of 
mathematical modeling and qualimetric assessment allows 
not only to accurately predict the properties of meat products, 
but also to optimize its composition to achieve better quality 
characteristics compared to existing methods.

The obtained results can be used to expand model to 
nonlinear methods that take into account more complex 
dependencies between components; expand study to other 
types of meat products, which will ensure universality of 
the model; conduct large-scale consumer testing to confirm 
commercialization of the developed recipe.

The following limitations should be considered in this 
study. The proposed models are based on certain production 
conditions, such as temperature, processing time and cooking 
methods. Changing these conditions may lead to distortion of 
the results and, accordingly, to a decrease in the quality of the 
product. The results may vary depending on the quality of the 
raw material (meat, various substitutes). These indicators may 
affect the reproducibility of the data obtained under changed 
conditions. Also replace one of the ingredients, it can affect 
the organoleptic indicators, and as a result, qualimetric as-
sessment. A certain set of input data was used for the studies, 
which were obtained as a result of experiments. The results 
are adequate within the specified values. If change the pro-
portions of components of recipe or replace them with other 
ingredients, it can lead to different results. The assessment of 
organoleptic properties can vary depending on the preferences 
and tastes of different consumer groups. The model cannot 
take into account changes in the quality indicators of the prod-
uct during its storage (temperature, humidity). 

The disadvantage of this work is possibility of organo-
leptic deviation when scaling recipe to an industrial level, 

also limited scientific research on modeling recipe of sausage 
products only.

Thus, despite significance and usefulness of the proposed 
method of mathematical modeling and qualimetric assess-
ment, it is necessary to take into account above limitations 
for further use in practical activities. 

7. Conclusions

1. A optimal recipe for sausage products was developed 
using modeling the content of nutrients amino acids, fatty 
acids, and the price of raw materials. Thus, the content of raw 
materials in the proposed sausage products is proposed as fol-
lows: beef – 820 g/kg; lamb fat – 80 g/kg; pea flour–53.35 g/kg; 
table salt – 1.5 g/kg; sodium nitrite – 0.002 g/kg; ground black 
pepper–0.1 g/kg; starch – 45 g/kg; sugar – 0.15 g/kg.

2. The developed sausage products were examined for a 
comprehensive quality indicator using qualimetric assessment. 
The results of the study showed that the complex quality indi-
cator is 0.88. They correspond to the best quality indicator of 
finished products. The values of the group quality indicators 
are as follows: organoleptic indicators – 0.14; physicochemical 
indicators – 0.14, safety indicators (microbiological and chemi-
cal hazards) – 0.36, nutritional value – 0.15, energy value – 0.09.
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