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Abstract 
 
The aim of the research is to develop a computer model that makes it possible to predict the productivity of pigs based on 
the data on their consumption of the exchange energy of feed and the amount of feed loss during storage and operation 
of technological equipment. Based on the known results, regression relationships have been established between the value 
of the exchange energy of the given feed and the average daily gain in the live weight of animals, as well as the cost of 
feed per kilogram of gain. Due to the loss of feed nutrients and the feed itself during the storage of feed in warehouses, 
during preparation and delivery to animals, as well as throwing away part of the feed when it is eaten by animals, the 
amount of nutrients consumed by the animal and the accounting of feed consumption do not match. 
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INTRODUCTION 
 
Pig breeding is one of the oldest branches of 
agriculture, when animals were kept on pasture 
in the process of growing. To reduce the cost of 
meat production, this method of keeping pigs is 
sometimes used now, using the walking method 
of production (García-Gudino et al., 2021). 
However, obtaining a large volume of meat 
products requires the use of modern equipment 
and technologies. Timely and accurate assess-
ment of the body weight of an animal when 
raising a pig affects the assessment of profit in 
its production, allowing decisions to be made on 
the timing of fattening animals to reduce labor 
and feed costs (He et al., 2021). Improving the 
technology of pork production is aimed at 
increasing the absorption of nutrients and 
reducing feed consumption (Pomar et al., 2021). 
Feeding is an important operation in the life of 
an animal, ensuring the efficiency of animal 
husbandry. The level of provision of an animal 
with nutrients significantly affects its behavior 
and the rate of weight growth (Jia et al., 2021; 
Misiura et al., 2021). Modern research in pig 
breeding has several directions. 
In particular, the influence of feeding conditions 
on the state of health of the animal is revealed, 
and through this, on the indicators of its 
productivity (Misiura et al., 2021). Another 
focus is on the impact of different diet 

formulation methods in providing pigs with the 
required amount of nutrients while minimizing 
nutrient excretion and greenhouse gas 
emissions. In particular, it was found that the 
reduction of crude protein improves the 
absorption of available energy due to a decrease 
in energy losses for protein deamination. Due to 
growing concern for the environment, selection 
in pig breeding for nitrogen excretion is being 
studied. A number of researchers (Monteiro et 
al., 2021) consider the assessment of the life 
cycle of an animal to be a more promising 
indicator. Relationships between production 
traits and the impact of life cycle assessment of 
individual reared pigs on finishing (feed 
consumption per kilogram of body weight gain) 
were studied (using a modeling approach). 
Double and precision feedings were compared. 
This indicator appeared to be the best indicator 
of the impact on the life cycle assessment with a 
very high and positive correlation (r> +0.99) for 
both feeding programs. Some work is focused 
on studying the effect of supplements or 
changing the norm of individual nutrients. The 
aim of the study (Ewaoluwagbemiga et al., 
2021) was to evaluate the behavior of animals 
during feeding with dietary protein restriction. A 
significant correlation coefficient was found 
between the predicted and observed values of 
protein (0.50), metabolic energy (0.70) and lipid 
(0.90). 
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The results of the researches show the 
relationship between the dynamics of feeding 
and the behavior and body weight of the animal. 
A model was used in which several breeds of 
animals, their age, feeding (behavior and feed 
intake) were used as factors. The results (Kavlak 
et al., 2021) show that the social interactions of 
animals in a group have a significant indirect 
genetic effect on the feeding, behavior and feed 
conversion rate of the pig, but not on the average 
daily weight gain and fat thickness. In an 
automatic feeding station for pigs, the features 
of animal behavior and interaction with other 
individuals were studied (Angarita et al., 2021) 
by recording the indicators of individual feeding 
of an animal. The results showed that both direct 
and social effects influenced the duration of 
eating at a single-site feeder. Animals that spent 
more time at the feeder per day 
Investigated the effect of feeding frequency (one 
/M1/, three /M3/ and five /M5/ times a day) with 
the same daily feeding rations. The results of 
these studies show that the number of feed 
deliveries per day affects the digestion and 
absorption of proteins and fats in pigs, and does 
not affect the weight gain of animals. Final body 
weight, average daily weight gain in the M3 and 
M5 groups were significantly higher than in the 
M1 group, but the specific feed consumption 
was significantly lower than in the M1 group. 
The researches consider the problems of animal 
productivity modeling. The limitations of the 
possibility of linear prediction and double 
exponential smoothing are noted. Often, 
uncertainty and correlation in the estimated 
features are not sufficiently taken into account. 
Alternative approaches to predicting individual 
growth or consumption response based on non-
linear models (allometric, monomolecular, 
rational) and Bayesian methodology were 
developed and evaluated to fit the model to the 
original data and the ability to generate 
probabilistic forecasts. It was found that a good 
fit does not guarantee an accurate forecast, 
which has a quantitative value in the medium 
and long term. Forecasts from non-linear models 
gave more accurate results compared to the 
reference linear models. 
An analysis of the methods used to model the 
studied livestock processes showed that pig 
breeding does not use methods typical of 
technical sciences (Bormotov et al., 2020; 

Bormotov et al., 2022), but mainly regression 
modeling and correlation or dispersion analysis 
are used. An exception is the work (Plaksin et 
al., 2021), where the simulation was performed 
on the basis of a theoretical analysis. This 
mathematical model takes into account the 
change in the consumption of the prepared feed 
mixture depending on the age of the suckling 
pigs during the operation of the technological 
equipment. Models that make it possible to 
comprehensively predict the productivity of pigs 
have not been identified. 
The aim of the research is to develop a computer 
model that makes it possible to predict the 
productivity of pigs based on the data on their 
consumption of the exchange energy of feed and 
the amount of feed loss during storage and 
operation of technological equipment. 
 
MATERIALS AND METHODS 
 
The research methodology included a regression 
analysis of the known production data for 
growing pigs for fattening to obtain adequate 
dependencies. The correlation coefficient of the 
initial and calculated values for the models was 
R=0.9321-0.9843. Based on the established 
functional dependencies, the indicators were 
modeled in the mathematical package 
MathCAD to determine the forecast of their 
values, taking into account the magnitude of 
feed losses during the operation of technological 
equipment. 
 
RESULTS AND DISCUSSIONS 
 
An analysis of the results of the economic 
activity of pig-breeding enterprises (Tronchuk et 
al., 1990) made it possible to establish in tabular 
form the relationship between the amount of 
metabolic energy during fattening of pigs and 
the value of animal weight gain, feed costs per 
kilogram of live weight gain and the duration of 
pig rearing. The specified information allows us 
to evaluate the results of the economic activity 
of the enterprise and identify existing trends, 
however, they are insufficient for numerical 
modeling of the performance indicators for 
raising pigs. At a minimum, it is required to 
establish regression expressions that 
numerically show the relationship of these 
indicators. The established regression models 
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(Figure 1) were obtained on the basis of the data 
of the industrial rearing of pigs. 
The applied expressions make it possible to use 
the well-known energy model of a living 
organism (Kill et al., 2013; Noblet et al., 2004), 
when part of the energy entering it (for example, 
Figure 1 a) is spent on maintaining a viable state 
(the minimum required amount, i.e. at Ec≤20 
MJ), and the excess of this energy begins to be 
converted into additional products (deposited in 
the body as a reserve of nutrients and an increase 
in live weight with the growth of the animal, i.e. 
at 18 MJ≤Ec≤26 MJ). 
If at the beginning of the increase in excess 
energy the animal receives a comfortable 
existence, and the amount of increase gradually 

increases, then after reaching a certain value, an 
intensive increase in animal weight gain is 
observed (26 MJ≤Ec≤31 MJ). After the 
realization of the body's ability to transfer food 
into the reserves of a living organism, there is a 
decrease in the efficiency of feed use (Ec≥31 
MJ). That is, the proportion of food in transit 
through the animal increases. These losses 
worsen not only the efficiency of the feed, but 
also the ecology of production (De et al., 2018). 
The results of the influence of the amount of 
expended metabolic energy on the specific feed 
consumption (Figure 1 b) and the duration of 
rearing (Figure 1 c) are interesting. In both 
regression models for Ec≤26 MJ indicators have 
the highest values.  
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Figure 1. Influence of the average daily consumption of the exchange energy of feed (Ec, MJ) on:  

a. - on the average daily gain in live weight (Wc, kg); b. - feed costs per kilogram of live weight gain (Fc, kg);  
c. - the duration of rearing the fattening animal (Tc, days) 
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Figure 2. The relationship between the average daily gain in live weight (Wg, kg) and indicators:  

feed costs per kilogram of weight gain (Fg, kg); the duration of rearing the fattened animal (Ts, days);  
average daily consumption of the exchange energy of feed (Ec, MJ) 

 
For the interval (26 MJ≤Ec≤31 MJ) is characte-
rized by an intensive improvement in perfor-
mance. For values of Ec≥At 31 MJ, stabilization 
of the indicators under consideration is again 
observed. As a result, a sharp reduction in the 
growing period stops, and the specific feed 
consumption decreases slightly. 
Interesting information is obtained by changing 
the abscissa index (Figure 2). With a weight gain 
of more than 0.6 kg, both the growing period and 
the specific feed consumption do not improve 
significantly. At the same time, in the area 
Wg=0.3-0.9 kg, a linear increase in the 
consumption of the exchange energy of the feed 
is observed. This allows us to consider the 
further use of scaling by the proportionality 
factor Kw justified. With a further increase in 
the weight gain of animals, the costs of 
metabolic energy increase sharply. That is, the 
limited feeding of animals contributes to the 
efficient use of the exchange energy of the feed. 
Feeding ad libitum reduces the energy efficiency 
of feed. Thus, feeding animals with their 
consumption of metabolic energy corresponding 
to this transitional regime (according to Figure 2 
- Wg = 0.9-1.0 kg), allows you to reduce the 
period of growing animals and effectively use 
the feed. 
It should be noted the production conditions for 
obtaining the initial data of regression models. 
For the result, the important point is precisely 
the consumption of the right amount of feed by 

the animal, and not its issuance to the feeder or 
accounting for consumption. Since some of the 
energy can simply be lost. The amount of feed 
energy stored and taken into account in 
accounting does not always correspond to the 
actual energy sent to the livestock department. 
There is the effect of shrinkage, rotting, natural 
decline in feed quality, eating by rodents and 
theft by people. Feed mixtures are prepared from 
feed components in the workshops. In this case, 
part of the material is inevitably lost, and during 
heat treatment, the amount of metabolic energy 
available to animals increases. When eating 
food, animals instinctively throw out part of the 
feed from the feeder, 
Losses in specialized feeders that follow the 
contours of the animal's head can be reduced to 
0.3%, and in production - up to 2% (Baxter, 
1989). Changes in the dimensions of pigs during 
the selection process also affect the rational 
parameters of the feeders (Condotta et al., 2018; 
Shneider et al., 2021; Neilson et al., 1996). A 
review (Konovalov et al., 2005) of the technical 
condition of technological equipment showed 
that: the loss of feed from dusting when 
unloading dispensers is about 0.5%, from 
scattering when falling into the feeder or on the 
floor - up to 5.2%, when eating - up to 10.3 %; 
daily fluctuations in the dose of feed on dry 
matter can be 20-25%, which additionally leads 
to a decrease in weight gain by 2-4%. 
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Three areas of the occurrence of losses are 
considered: 1 - loss of feed (and, accordingly, 
the exchange energy in it) in the process of 
eating the given portion by the animal; 2 - loss 
of exchange energy and feed in the shops of the 
livestock enterprise in the process of preparing 
the feed mixture, delivering and distributing it to 
animals (taking into account the change in 
exchange energy, the percentage of losses can be 
negative); 3 - loss of exchange energy and feed 
in the process of storage of raw feed 
components. Losses are measured as shares of 
the amount of feed and its energy according to 
the company's accounting records. 
It should be borne in mind that different breeds 
of animals are used in different livestock 
enterprises, with different directions of 
cultivation and genetic inclinations. In this case, 
different types of feeding and different balances 
of nutrients are used (Panin et al., 2017) even if 
the specific values of exchange energy are equal. 
Therefore, it is required to create a model 
capable of predicting the considered indicators 
of the efficiency of pig production. Based on the 
fact that the general principal model of the 
influence of the amount of exchange energy on 
the efficiency indicators of pig breeding is 
preserved, we will model the weight gain of 
animals, taking into account the correction for 

the results of updated studies (Figure 3). 
Knowing the weight gain of fattening animals 
and the amount of metabolic energy consumed 
by them, as well as the percentage of feed losses, 
the value of the correction factor Kw is 
determined (Figure 3) recalculation of the 
weight gain chart (Figures 4, 5). 
At the same time, losses are important. In the 
above model, the percentage of losses is 
indicated as notional values to show the logic of 
the process and the modeling technique. When 
conducting an updated experiment, the amount 
of feed given out and the value of weight gain 
are known (W=0.86 kg, Figure 3). The 
percentage of losses is conditionally taken as 2% 
(Flb1=0.02). Taking into account these losses, 
the amount of feed consumed by the animal was 
recalculated with the calculated exchange 
energy (taken as Ec=30 MJ). If these are the 
results of production work, then its specific 
percentages of losses are indicated. If these are 
the results of trial fattening of a group of 
animals, then the percentages of losses are 
indicated (for example, Flb2=0.03 and 
Flb3=0.05) corresponding to the loss conditions 
of the intended production (Flp2=0.03; 
Flp3=0.05; Flp1=0.03). When implementing the 
model, the calculated values are determined. 

 

 
Figure 3. Process modeling (beginning - input of initial data and determination of the correction factor Kw) 
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Figure 4. Modeling the process (continuation - calculation of the model to determine the weight gain of animals) 

 

 
Figure 5. Modeling the process (continued - the graph of animal weight gain and the calculation  

of the model to determine the duration of rearing) 
 
In Figure 5, the red curve shows the original 
weight gain model as an analogue of the graph 
in Figure 1a, and the black curve corresponds to 
the adjusted calculation model for the updated 
experiment data. Due to the value of Kw=1.05 
(Figure 3), the graph of the calculation model 
has shifted upwards (Figure 5). Taking into 
account the percentage of losses, the values of 
the exchange energy Ec are determined (Figures 
4 and 5). Metabolic energy in Figure 4 is given 
numerically (0 - for the animal in the updated 
experiment; 1 - according to production records; 
2 - according to shop records; 3 - feed given out; 
4 - feed consumed), and in the graph of Figure 
5, the values are presented in in the form of 
horizontal lines crossing the weight gain curve 
of the animal. Due to feed losses, the value of 
available metabolizable energy decreases, and 
accordingly the point of intersection with the 
curve shows a decrease in the expected weight 
gain. A change in the initial value of the 
exchange energy of feed based on the results of 

updated experiments with the same loss values 
would show a non-linear change in weight gain. 
The main reference point is the weight gain in 
terms of the exchange energy of the consumed 
feed. At the initial value of the exchange energy, 
the calculated weight gain is Wg = 0.659, and 
according to the calculation model - 0.539 kg. If 
we reduce feed losses under production condi-
tions, then we can increase weight gain at the 
same production costs of feed energy (additional 
values - 0.805; 0.761; 0.711). In Figure 6, 
models are implemented for the duration of 
rearing and specific feed consumption. Based on 
their values, adjusted graphs were constructed 
depending on the weight gain of animals, shown 
in Figure 2. Vertical blue projections on the 
abscissa (Wg0=0.659 end Wg4=0. 539) the 
intersection of the thin black horizontal 10∙Eb 
(and the red horizontal 10∙Ep) with the blue 
curve 10∙Ec gives indicative values at the points 
of intersection with the red and black curves 
(marked with dots in Figure 2) of the specific 
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feed consumption per kilogram of weight gain 
and duration of cultivation according to the 
initial and projected options. The interval of the 

difference between the values of indicators by 
options (vertically) will show the expected 
effect of the changes.

 

 
Figure 6. Simulation of the process (end - calculation of the model to determine the specific feed consumption,  

graphs of the duration of cultivation and specific feed consumption) 
 
CONCLUSIONS 
 
Regression analysis of the known production 
data on the relationship between the amount of 
metabolic energy of fattening pigs and the 
weight gain of pigs, the cost of feed per kilogram 
of weight gain and the duration of rearing made 
it possible to obtain adequate functional 
dependencies of these indicators. 
Modeling in the mathematical package 
MathCAD made it possible to predict the 
indicated production indicators of the efficiency 
of raising pigs, taking into account feed losses in 
the sections of the feed transportation 
technological chain. 
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