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Annomayusn. C nomowpio cCmamucmuieckux Memooo8 GU3yaiu3ayuu IKCHepUMeHmMaibHbIX OaHHbIX
000CHOBAHO ~ UCNOBL308AHUE  UCKYCCIMBEHHO20 UHMeENIeKma OAs  pa3pabomKu  ONMUMAIbHLIX 1O
KAYeCmEeHHbIM XapaKkmepucmukam peyenmyp nuwesvlx npooykmos. Ha npumepe xonbacnvix uzdenuil
paspabomana Memoouxa UOeHMuPUKAYUY peyenmypHo20 coOCmasa NUUesblx nPOOYKMos Oisi CPAGHEHUs. C
nokazamensmu mexuuyeckou ooxymenmayuu. Oyenka adexeamuocmu XUMU4ecko2o U aMUHOKUCTIOMHO20
coCmasos peyenmyp mMexHUYecKol OOKYMEHmayuu noomeepoula 3poexmusHocms paspadomanHou
MeMOOUKU.
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Abstract. Using statistical methods of visualization of experimental data, the use of artificial
intelligence for the development of optimal food formulations in terms of qualitative characteristics is justified.
Using the example of sausage products, a method for identifying the prescription composition of food products
has been developed for comparison with the indicators of technical documentation. The assessment of the
adequacy of the chemical and amino acid compositions of the formulations of the technical documentation
confirmed the effectiveness of the developed methodology.

Keywords: statistical processing of results, artificial intelligence, chemical and amino acid
compositions, identification, qualitative characteristics
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Introduction. The production of food products with high quality characteristics is a priority
task for the food industry. The use of various food additives in food formulations often helps not only
to improve functional performance and adjust the chemical composition of finished products, but also
to reduce their nutritional value and cost. In the pursuit of profit, sometimes there is non-standard use
of various food ingredients, which has a negative impact on the quality of products. The use of
additives in quantities that do not meet the requirements of regulatory and technical documentation
can lead to gastrointestinal disorders, skin diseases, high blood pressure and other pathological
changes in the human body [1, 2, 3, 4, 5, 6].

Therefore, it is important to produce products that meet the requirements of technical
documentation and constantly pay attention to improving technology, increasing nutritional value,
and also be able to control the chemical composition, functional and technological indicators and
nutritional value of manufactured products. To carry out these activities, it is necessary to have
modern laboratory equipment and master the methods of mathematical planning and statistical
processing of experimental data.

Technological processes in the food industry are complex and diverse and are usually difficult
to describe using standard statistical methods.

Currently, there are a large number of computer applications that make it possible to carry out
mathematical planning, process experimental data and determine the optimal conditions of
technological processes and the recipe composition of food products. These most famous applications
include Statistic, SPSS Statistics, Statistical Neural Networks, Math Lab, Net Logo and others.
Recently, researchers in the field of biotechnology and food industry have been widely using artificial
intelligence.

Materials and research methods. The purpose of the research was to develop a
methodology for optimizing the recipe composition of food products based on the use of artificial
intelligence and assessing the main indicators of the chemical composition of finished products.

To achieve this goal, the following tasks were envisaged:

— justify the feasibility of using artificial intelligence to optimize recipe compositions of
food products;

— using the method of mathematical planning and processing of experimental data,
develop a recipe for boiled sausage;

— perform an analysis of the chemical and amino acid composition of the developed
recipe;

— to develop a method for determining the component composition of the finished
product formulation based on the results of a study of chemical and amino acid
compositions.

To create a data array on the chemical and amino acid compositions (with the exception of
control and experimental samples) of the recipes, we used literary sources [7], and calculations were
carried out in Excel [ 8, 9]. Experimental and control model samples of boiled sausages were produced
in laboratory conditions. The chemical composition of finished products was determined using a
FOSS analyzer FoodScan 2 Meat, a KNAUER modular amino acid analyzer was used to determine
the amino acid composition of products.

Experiment planning and data processing were carried out in the STATISTICA application
v.13. The Statistic application was used to create and process arrays Neural Networks v.4 e.
Comparison of the composition of recipe options was carried out in the Time application Clast. Each
experiment was carried out in 3-5-fold repetitions; in case of detection of errors and misses, the
number of repetitions of the experiment was increased [ 10, 11, 12, 13].

72 Bbinyck Ne 1, 2024


https://doi.org/10.37493/2307-910X.2024.1.

Modern Science and Innovations. 2024. No. 1 (45)

Research results and their discussion. To justify the use of artificial intelligence and as an
example, consider a diagram characterizing the influence of the chemical and amino acid
compositions of food product formulations (in this case, boiled sausages) on the quality indicators of

finished products (Fig. 1).
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Figure 1 — Diagram of neural network approximation of the influence of the recipe composition of food products
on the functional indicators of finished products

The presented diagram was compiled by processing matrix data of factors (formulation
components) and output variables (technological and functional indicators) using neural network
technologies for creating an array of indicators and multidimensional scaling. In order to visually
analyze the process and determine the optimal recipe option, it is necessary to implement a planning
matrix, that is, determine all the quality indicators of the recipes using the matrix. Then the neural
network architecture should be developed and trained so that it accurately (with a given level of
probability) describes the experimental data.

The next stage is to create an array of input variables (factors), usually the Pascal algorithmic
language is used to implement this task. The resulting array of factors is processed using a trained
neural network, that is, functional indicators are calculated for each variant of the array.
Multidimensional scaling is then carried out: factors (formulation components) are scaled into a two-
dimensional dimension; functional indicators — into one-dimensional ones. Scaling data is used to
visualize the process of influence of the recipe composition on the quality characteristics of finished
products. If you plot the array options (experiment numbers) on the graph, you can easily determine
the optimal recipe composition.

Current Technical documentation for finished products usually regulates the chemical
composition, organoleptic, microbiological characteristics and product yield in relation to the mass
of raw materials. However, it should be noted that these indicators do not allow us to effectively
assess the compliance of the formulation with regulatory requirements.

Each food additive is unique in its chemical and amino acid composition, therefore, depending
on the types of raw materials and food additives used (meaning protein supplements), the chemical
and amino acid composition of the finished product will be unique. Modern methods of analysis and
the laboratory equipment used make it possible to quickly and accurately determine the chemical and
amino acid compositions of raw materials and finished products; only a technique is needed to
identify food compositions based on the results of laboratory tests.

The development of a methodology for assessing the recipe composition of food products will
protect the consumer from the appearance of substandard products on the market.
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As components of the recipes, we used trimmed raw meat (pork and beef) of all varieties, lard,
cheek, chicken eggs, beef liver, pork brisket and skin, sodium caseinate, soy isolate, gelatin and other
components. The research was carried out at four levels of the Greco-Latin square design. A fragment
of the limits of variation of factors (formulation components) is presented in Table. 1. For each
experiment of the plan, the chemical and amino acid compositions were calculated using Excel.

Table 1 — Fragment of indicators of the limits of factor variation

N Values of factors in dimensionless dimension
/0' Formulation components 0.00 | 0.33 | 0.67 | 1.00
PP Indicators in natural values, k
1 Beef trimmed in. With. 0.0 33.0 67.0 100.0
9 Lard or cheek 0.0 13.3 26.7 40.0
25 Soy isolate 0.0 1.0 2.0 3.0

Based on the results of processing the planning matrix, a neural network in the form of a
multilayer perceptron was developed, and then an array of input variables was created (including
17,026 recipe options) in order to evaluate the intermediate variety of composition options. The
calculation of the functional indicators of each variant of the array (chemical and amino acid
compositions) was carried out using a neural network. It should be noted that since the studies were
carried out on meat products, when analyzing the amino acid composition, it is advisable to determine
the amino acid hydroxyproline, which is a characteristic representative of connective tissue proteins.
A fragment of data for calculating the chemical and amino acid compositions of array recipes by a neural
network is given in Table. 2.

To test the effectiveness of the Kohonen neural network, two prototypes of the highest-grade
Stolichnaya boiled sausage were made:

1 — in accordance with the recipe of GOST 23670-2019 [14];

2 — with the replacement in the main recipe (according to GOST) of 2 kg of premium beef
with hydrated soy isolate.
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Table 2 — Fragment of the calculation of the chemical and amino acid compositions
of an array of formulation compositions
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The 1st sample in the database was designated by the term Standard, the 2nd sample with soy
isolate - Sample. At the same time, the recipe and calculated indicators (chemical and amino acid
compositions) of the highest grade boiled Stolichnaya sausage were entered into the array of
variables, taking into account the deviation of the composition of each component of +5% ( Standard
+ and Standart —), as well as indicators obtained as a result of studying the chemical and amino acid
compositions a standard sample of top-grade boiled Stolichnaya sausage ( Standard ) and a product
with soy isolate ( Sample ).

A preliminary assessment of the chemical and amino acid composition data set was performed
using unsupervised learning of Kononen maps in the application Time Clast (Fig. 2, 3). The fullness
of cluster cells (Fig. 2) characterizes the quantitative content of variants in each cluster. Each cluster
contains similar variants in the composition of the recipes. As a result of cell analysis, it was
established that samples Sample, Standart -, Standard, Standart + are in the same cluster - No. 7,
which indicates the similarity of the chemical and amino acid compositions and, therefore, the
formulations of these variants. If you change the program task and reduce the number of cluster zones,
you can determine the location of the sample by replacing 2 kg of premium beef with hydrated
soybean isolate in the main recipe (Fig. 4).

EM Cluster N. &

1340
1341
1342

H. of elements for the cluster:3

Cluster N. 7T

Sample
Standart-
Standart
Standart+

Figure 2 — Cluster cells Figure 3 — Clustering listing fragment
Kohonen neural network

The cluster under study, consists of 61 recipe options, includes all compositions of interest
(Sample, Standart -, Standart, Standart +), which are located in close proximity to each other.

Figure 4 shows that Sample is located in close proximity to Standard and Standard +. If we
analyze the composition of the Sample recipe using matrix data (Fig. 4), it is easy to establish that
this sausage product contains 2% hydrated soy isolate.

The program is designed in such a way that if you hover the cursor over the hexagon of interest
to the researcher, the characteristics of the option will appear on the X-axis. In this example, the
standard sample corresponds to the standard.
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Figure 4 — Analysis of the recipe composition of the sausage product

Thus, the use of modern techniques and laboratory equipment for the analysis of the chemical
and amino acid composition of food products in combination with modern Data methods Mining,
including planning and neural network processing of research results, will allow one to accurately
identify the recipe composition of finished products.

Conclusion.

1. The use of artificial intelligence to determine the quality characteristics of food products is
theoretically justified.

2. An array of compositions has been developed using the main types of raw materials for
sausage production, and the chemical and amino acid compositions have been calculated for each
option.

3. Model prototypes of premium boiled sausage were produced in accordance with GOST and
replacing 2 kg of premium beef with soy isolate in the main recipe.

4. The chemical and amino acid compositions of model prototypes of sausage products were
studied.

5. Using artificial intelligence and cluster analysis, prototypes of sausage products were
identified.
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