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Abstract  
Simulation modeling is a type of computer modeling. In this case, imitation is understood to 

mean carrying out various experiments on computers with models that are presented as a 
certain set of computer programs. Currently, there are a significant number of software systems 
that allow using sequence calculations and graphical display of their results to reproduce 

(imitate) the processes of functioning of the object, subject to the impact on it of various factors. 
Currently, the use of mathematical modeling in economics and agriculture has become 

especially relevant. The activities of enterprises are carried out in a competitive environment 
and those who use resources most efficiently achieve success. Simulink is a block diagram 
environment for multidomain simulation and Model-Based Design. It supports system-level 

design, simulation, automatic code generation, and continuous test and verification of 
embedded systems. Simulink provides a graphical editor, customizable block libraries, and 
solvers for modeling and simulating dynamic systems. An actual direction in the development 

of modern winemaking is the development of technology for obtaining functional wine 
products with increased content of biologically active substances of grapes. The article presents 

simulation models of grape cultivation for the production of white table wine with increased 
biological activity and stаstatistical results of studies of the formation of the amino acid 
complex of white table wine materials made in Simulink. 
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1. Introduction 

Modeling is used to understand the properties of the original by examining not the object itself, but 

it's model. Modeling is justified if the creation of the model is easier than the creation of the original. 

In principle, depending on the way the models are implemented, they can be divided into physical 

models and mathematical models. Physical models are identical to the original devices of reduced 

dimensions, which have the same physical nature. They most accurately describe the behavior of a real 

object, but varying their parameters is difficult, and the creation of the model itself is very expensive. 

Mathematical models are descriptions of an object in the form of mathematical relationships. The 

mathematical model that describes the behavior of an object in time is called a simulation model [1,2]. 

Simulink is a block diagram environment for multidomain simulation and Model-Based Design. It 

supports system-level design, simulation, automatic code generation, and continuous test and 
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verification of embedded systems. Simulink provides a graphical editor, customizable block libraries, 

and solvers for modeling and simulating dynamic systems. 

The biological activity of grape wines is primarily due to the qualitative and quantitative structure 

of the phenolic complex of wine materials [3-5]. The long-term contact of the solid and liquid 

components of the pulp with the ridges used for the preparation of Kakhetian-type wines promotes a 

significant accumulation of phenolic compounds and, as a result, an increase in the values of antioxidant 

activity [6-8]. An important role in the formation of the quality and biological value of white table wines 

is played also by other chemical compounds of wine materials, including amino acids, the composition 

of which depends on their content in the wort and fermentation conditions [9-10].  

The purpose of this research was to delelop simulation model of production rocess of white table 

wine with increased biological activity.Test samples were obtained under micro-wine making 

conditions using the traditional "white-on-white" technological method (control) and by varying the 

degree of fermentation of sugars in the pulp without separating the ridges (1/3, 2/3, and complete 

fermentation) from their original content in the grapes. A sampling of wine materials was carried out 

according to GOST 31730-2012 Wine-making products [11-13]. Simulink was used to develop and to 

test to the model. 

The qualitative and quantitative composition of amino acids was determined by high-performance 

liquid chromatography (HPLC) using the Agilent Technologies chromatographic system (model 1100, 

USA) with a diode-matrix detector according to the methods P 4.1. 1672-03. Guidelines on methods of 

quality control and safety of biologically active food additives. All definitions were carried out in three 

repetitions. The research results were processed using standard methods of mathematical statistics. The 

standard deviation of the measurement results did not exceed 5 % [13-16].  

2. Main Part 

At present, there are a significant number of software systems that allow, using a sequence of 

calculations and a graphical display of their results, to reproduce (imitate) the processes of an object's 

functioning under the condition of exposure to various factors. Among the computer modeling systems, 

the MATLAB program stands out, focused primarily on scientific and technical calculations and 

modeling [8,9]. The Simulink extension package of the MATLAB program allows you to perform 

simulation of objects consisting of graphic blocks with specified parameters 

Below is an overview of the primary model created in Simulink. This Simulink model showing the 

relationship between vineyard/fruit area and yield (fig. 1,2). 

Scope blocks are used to visualize the results of the selected function. Therefore, they have no output 

elements. The results of scope blocks can be used to debug functions or to visualize the results of model 

functioning. The model contains two blocks that contain functions for calculating yield and fruiting. 

The “Product” block uses data from the yield and fruiting blocks. The Saturation block sets the limit 

for the upper and lower data values. The result of the model's functioning is shown in Scope block 3. 

 
Figure 1: Simulink model showing the relationship between vineyard/fruit area and yield  
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Figure 2: The results of the simulation model  
 

The main chemical and technological indicators of the control and experimental samples of white 

table wine materials, corresponding to GOST 32030-2013 Table wines and table wine materials. 

General technical conditions. The obtained values of the antioxidant activity (AOA) of the experimental 

wine materials indicated an increased biological activity compared to the control sample [17-18]. As a 

result of the conducted studies, it was found that long-term contact of the solid and liquid parts of the 

pulp contributes to a significant accumulation of amino acids in the process of preparing wine materials 

with increased biological activity. This is because the skin of grapes and the adjacent layers of pulp 

contains the largest amount of nitrogenous substances that pass into the wine material when the wort is 

aged on the pulp [20-22]. 

This graph examines the dependence of the yield on the area of fruiting vineyards. In this case, the 

function of the sum of sines of the 6th order is taken for approximation. The maximum obtained 

reliability according to the R-squared criterion is 0.63. This indicates either the absence of a clear 

relationship between the areas of fruiting vineyards and the yields or the need for additional data 

analysis, taking into account other factors (fig. 2). 

Studies have shown (Fig.) that when 2/3 of the sugars contained in grapes are fermented, the mass 

concentration of the sum of amino acids (MCA) reaches the maximum value and exceeds this indicator 

by 60% in wine materials prepared "in white". With the complete fermentation of sugars, the content 

of amino acids in the wine material decreased. 23 amino acids were identified in wine materials 

prepared by fermentation of pulp with ridges until complete fermentation and fermentation of 2/3 of 

sugars (table). Glutamic acid, serine, and alanine were not detected in the amino acid complex of the 

prototype and the wine material prepared by fermenting 1/3 of the sugars. The main component of the 

amino acid complex in all wine materials was proline, the maximum content of which was noted in 

samples prepared by fermenting 2/3 of the pulp sugars (fig. 3). 
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Figure 3: Dynamics of amino acids and antioxidant activity depending on the degree of fermentation  

 

These wine materials were also enriched to the greatest extent with other amino acids, including 

essential ones (valine, leucine, isoleucine, lysine, threonine, methionine, phenylalanine). Their share in 

the experimental wine material with the fermentation of 2/3 of the pulp sugars was 7.9% of the total 

amino acid content compared to other wine materials (6.4% in the experimental sample, 6.5% with the 

fermentation of 1/3 of the sugars, and 5.9% with full fermentation) (fig. 4). 

 
Figure 4: Amino acid composition of white table wine materials  

 



151 

 

Studies have shown that complete fermentation of sugars in the pulp with ridges leads to a decrease 

in the mass concentrations of all amino acids, which is associated with their consumption by yeast and 

the processes of transformation of amino acids with the formation of other compounds during 

fermentation (for example, higher alcohols) [7]. 

Mathematical processing of the data revealed a high correlation between the values of antioxidant 

activity in the control and experimental wine materials and the mass concentration of the sum of amino 

acids (r=0.74 at P=0.05). The analysis of the literature data indicates both the synergistic effect of amino 

acids on antioxidants [9] and the manifestation of their antioxidant activity [10]. 

3. Conclusions 

Simulink is a block diagram environment for multidomain simulation and Model-Based Design. It 

supports system-level design, simulation, automatic code generation, and continuous test and 

verification of embedded systems. Simulink provides a graphical editor, customizable block libraries, 

and solvers for modeling and simulating dynamic systems. 

The proposed model allows emulation of the production of white table wine with increased 

biological activity. 

An actual direction in the development of modern winemaking is the development of technology for 

obtaining functional wine products with increased content of biologically active substances of grapes. 

The analysis of publications devoted to the amino acid composition and biological activity of wines is 

carried out. The article presents the results of studies of the formation of the amino acid complex of 

white table wine materials from the Rkatsiteli grape variety, the most common in the conditions among 

white varieties, depending on the degree of fermentation of the sugars of the pulp with ridges – 1/3, 2/3 

and complete fermentation. It was found that when fermenting 2/3 of the sugars contained in grapes, 

the mass concentration of the sum of amino acids reaches the maximum value and is 60% higher than 

this indicator in wine materials prepared "by white". With complete fermentation of sugars, the content 

of amino acids in the wine material decreases.  

As a result of high-performance liquid chromatography studies, 23 amino acids were identified in 

white table wine materials with increased biological activity. At the main technological stages of 

production of control and experimental samples of wine materials, the values of antioxidant activity 

were determined. The established value of the correlation coefficient between the indicator of 

antioxidant activity and the mass concentration of amino acids (r=0.74) indicates the manifestation of 

antioxidant properties by amino acids. The obtained data allow us to recommend a technology for the 

production of white table wines with increased biological activity, which provides for the fermentation 

of the pulp with ridges until the fermentation of 2/3 of the sugars, followed by the separation of the 

solid parts of the pulp and further fermentation of the wort until complete fermentation. 
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