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Abstract 

Adequate nutrition of ruminants and physiologically correct assessment of the nutritional value of feed rations 
need additional knowledge about the quantitative transformation of the main components of any particular feed 
in diff erent parts of the digestive tract. The study of the principles of substrate energy use is necessary in each 
particular case to defi ne the actual need in substrates, which determines the effi  ciency of their use for implement-
ing biosynthesis and physiological functions. The determination of the infl uence of the energy supply of the diet 
of young cattle aged 7-12 months on the effi  ciency of energy use in the organism. Effi  ciency of the use of metab-
olizable energy of diets for calves with the increased level of energy nutritional value by 5.0% (MEC is equal to 
9.6 MJ/kg) promoted the increase of energy deposition and weight gain synthesis by 10.04%, weight gain energy 
by 19.50%, the effi  ciency of the use of metabolizable energy for weight gain by 3.81%.

Key words: rumen digestion, metabolite, volatile fatty acids, higher fatty acids, amino acids, glucose, metabo-
lizable energy, calves
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INTRODUCTION

In recent years, in countries with well-developed animal husbandry it has become 
necessary to improve the theory and practice of rationing food of cattle on the basis 
of modern scientifi c advances in the assessment of the nutritional value of feed and 
rations, and it has become necessary to have a physiological control of the adequacy 
of feeding (Kharitonov et al. 2020a; Natynchik et al. 2020).
Good nutrition of cattle must meet two basic requirements: it should be adequate for 
the physiology and biochemistry of cattle and should be economical in the produc-
tion of livestock products. The development of analytical and physiological research 
methods and computer technologies have made it possible to justify in theory and 
apply the new principles of assessment and planning of food rations for ruminants. 
Based on the data of a detailed chemical analysis of the feed, its digestibility and 
animals’ needs in energy and plastic substances, diets are evaluated on a range of 
substrates and metabolites which are necessary for sustaining life and producing milk 
and meat. These substrates-metabolites are primarily volatile and higher fatty acids, 
amino acids and glucose. Most of the substrates are produced in the gastrointestinal 
tract; it is the initial and most important step of metabolism and absorption of ration 
nutrients. The fact that ruminants have a rumen, where practically all feed compo-
nents are digested by microbes, makes fundamental diff erences in the processes of 
digestion and absorption of both ration nutrients and metabolites produced there (Di-
jkstra et al. 2005, Kharitonov 2007, Lemiasheuski et al. 2020a).
Depending on the fi lling of metabolizable energy with diff erent substances, the ef-
fi ciency of its use for a certain type of product may be diff erent, and thus there is 
a change in the productive areas of its use. It was Kellner who showed the diff erence 
in the effi  ciency of the use of various nutrients for fat deposition (Table 1).

Table 1

Energy deposition and effi  ciency of using net nutrients for cattle 
(Dijkstra et al. 2005, Kharitonov 2011)

Nutrients Deposited energy, kJ/g Effi  ciency of deposition,%
Starch 9.9 59
Protein 9.3 49
Fat 22.7 63
Saccharose 7.5 50
Cellulose 10.0 68

Historical background of the suggested principles can be found in the works of Blax-
ter et al. (cited from Cherepanov 2002, Dijkstra et al. 2005). These studies were 
performed to determine the effi  ciency of the metabolizable energy use depending on 
its fi lling with various substances as a result of infusion of VFA and various mixtures 
in the rumen of lactation cows (Table 2).
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Table 2

Use of VFA energy for fat deposition in sheep,% (Dijkstra et al. 2005)

VFA Effi  ciency of use,%
Acetic acid 32.9
Propionic acid 56.3
Butyric acid 61.9

However, these studies have not been applied. Existing systems also suggest the 
possibility of creating a specifi c structure of the metabolizable energy in nutrients, 
especially protein, mainly on the basis of optimal nutrient ratios in the diet for more 
complete fermentation in the rumen, by introducing diff erent regulatory ratios of diet 
nutrients (the ratio of sugar and protein, the ratio of fi ber and sum total of sugar and 
starch). The needs of the productive organs in certain substrates are not taken into 
account. It is problematic to take into account these requirements in terms of digest-
ible crude nutrients because the correlation is established between the multifactorial 
variables. It is possible to determine the exact correlation only if we take into account 
the contained substances (Kharitonov 2008).
Therefore, adequate nutrition of ruminants and physiologically correct assessment of 
the nutritional value of feed rations need additional knowledge about the quantita-
tive transformation of the main components of any particular feed in diff erent parts 
of the digestive tract. Thus, you must know the true digestibility of nutrients of any 
particular feed. Moreover, the lack of information about the recycling of a number of 
components and metabolites prevents us from determining the true digestibility and 
absorption from the digestive tract (Figure 1) (Kharitonov 2011).
Previous studies established the possibility of determining the number and ratio of 
substrates used in energy metabolism (Kharitonov 2008, Aliev 1997). For example, 
as for lactating cows, over 50% of the metabolizable energy of their diets can be used 
in the energy processes and, ultimately, can be lost as heat. Maintaining the energy 
balance in the body of ruminants is the most important task, especially at low levels 
of feeding. At this level of feeding all the feed substrates available for the digestion 
of food are used for energy. Reserve and structural elements of tissues and organs are 
used for energy needs in case of starving (Kharitonov et al. 2020b). Therefore, the 
study of the principles of substrate energy use is necessary in each particular case to 
defi ne the actual need in substrates, which determines the effi  ciency of their use for 
implementing biosynthesis and physiological functions.

OBJECTIVE

The determination of the infl uence of the energy supply of the diet of young cattle 
aged 7-12 months on the effi  ciency of energy use in the organism.
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Fig. 1. Diagram of absorption and excretion in the gastrointestinal tract of ruminants

MATERIAL AND METHODS

To achieve this goal a physiological experiment lasting for 30 days was carried out 
in the “Science-practical center of the National Academy of Sciences of Belarus on 
Animal Husbandry”. Three groups of young cattle of the Belarusian black-motley 
breed, containing 4 heads each, were formed.
Standards for nutrient and energy needs were determined for receiving 1000 g of pro-
ductivity. The ruminants of the fi rst control group received basic diet (BD) according 
to the norms of Agricultural Sciences (1985). The rations of the second and third ex-
perimental groups had the content of metabolizable energy increased by 5 and 10%, 
respectively, with the help of including of dry fat supplements containing 30.14 MJ 
of metabolizable energy per 1 kg into the diet.
The chemical composition of feed rations was analysed in the laboratory of biochem-
ical analyses of the “Science-practical center of the National Academy of Sciences of 
Belarus on Animal Husbandry”. The gross energy (GE) of feed was determined by 
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direct colorimetric method in the laboratory of nutrition and physiology of nutrition 
of cattle with the help of the calorimeter C 2000 Control IKA-WERKE.
The total substrate energy was determined by conventional methods on the basis of 
the energy of digestible nutrients excluding energy loss with methane and thermal 
fermentation. It characterizes the energy of the digested nutrients or the energy of the 
absorbed nutrients (Den’kin and Lemiasheuski 2020). In the process of determina-
tion of the metabolizable energy it is possible to exclude only methane loss, but the 
amount of “the total energy of substrates which are available for absorption” corre-
sponds to the energy equivalent of the digested substrates more accurately.
The amount of the total energy of substrates which are available for the absorption is 
the starting point for calculating the number of the main groups of substrates, which 
are produced in the rumen (VFA) and the small intestine (HFA, amino acids (AA), 
glucose), and are absorbed.
The amount of feed consumed was also studied in the research. The daily calculation 
of the given feed and its remaining part before morning feeding was analysed for this 
purpose.
Nutrient digestibility of the feed was determined on the basis of the following formu-
la: the consumption of nutrients minus excretion of metabolic products. The index of 
digestibility was calculated.
The signifi cance of the obtained eff ects was assessed taking into account the Stu-
dent’s t-test.

RESULTS AND DISCUSSION

Feed consumption is a crucial step in the complex process of regulation of energy 
metabolism in the animal organism (Pogosyan 2014).
As for the total nutritional value of the average daily diet of experimental animals, it 
contained 52-56% of concentrated feed (Table 3).
The experimental animals received 7.5-7.7 kg of dry matter. In terms of 100 kg of 
live weight, it accounted for 2.4-2.5 kg. Crude fi ber content varied from 177.2 to 
191.1 g per 1 kg of dry matter.
The concentration of digestible carbohydrates in the dry matter of the diet in the fi rst 
control group was 22.1%, in the second group 21.5% and in the third group 21.4%, 
which is within acceptable limits (Kharitonov 2011).
The ratio of easily hydrolyzable carbohydrates and protein was the highest in the 
experimental diets: 3.59-3.73:1, whereas the diet of the fi rst control group contained 
3.47 g of nonstructural carbohydrates per 1 g of digestible protein. The norm is not 
less than 2.3:1 (Aliev 1997).
Modern systems of the feeding of ruminants, based on metabolizable energy needs, 
allow to predict the level of productivity with high accuracy, but at the same time, 
they focus only on the realization of the productive potential of animals. This results 
in the increase of the effi  ciency of the feed usage, but at the same time, the negative 
infl uence on the product quality, health condition and the period of productive usage 
is observed. More attention has recently been given to these problems, attempts to 
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improve the systems of animal feeding with the help of the control of biochemical 
reactions in the stomach, small and large intestine of ruminants, as well as at the level 
of tissue metabolism, have been done (Andrade-Montemayor et al 2009).

Table 3

Food ration of young cattle

Index Unit of 
measurement

Group
I II III

Corn silage kg 16.3 15.7 15.2
Mixed fodder kg 4.0 4.0 4.0
Profat kg - 0.1 0.3

The diet contained:
metabolizable energy MJ 79.91 83.46 84.37
dry matter g 7456 7661 7597
crude protein g 685 640 655
degradable protein g 473 365 341
digestible protein g 474 441 454
crude fat g 260 364 473
crude fi ber g 1425 1395 1346
starch g 1507 1507 1507
sugars g 137 138 121
calcium g 43.9 58 70,5
phosphorus g 27.3 26.7 28.4

New methods of evaluating the nutritional value of the rations – quantitative data 
on the substrates produced in the gastrointestinal tract as a result of digestion were 
used. Depending on the content of essential nutrients in the rations, the following 
indices change: the quantity and the ratio of the production of acetate, propionate and 
butyrate in the rumen, the amount of intestinal digestion and the absorption of higher 
fatty acids, amino acids and glucose from the intestine (Table 4).

Table 4

The list of substrates available for absorption, g

Index Group
I II III

The amount of amino acids 413.3 396.9 410.8
The amount of HFA 186.9 322.8 445.0
Acetate 1585.4 1667.3 1731.4
Propionate 726.4 736.8 746.4
Butyrate and others 410.2 423.1 432.1
Glucose 4818.6 4724.3 4482.4
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When the animals of the fi rst control group received their ration having the energy 
level according to the norms of Agricultural Sciences, the digestion of nutrients took 
place mainly in the rumen which accounted for 68% of the total amount of all digest-
ible nutrients, while only 32% took place in the intestine. As a result of the rumen 
digestion 48.5 MJ of energy was contained in VFA in the following ratio: acetic acid 
64.6%, propionic acid 24.0%, butyric acid and other acids 11.4%. The contribution 
of VFA to the exchange fund of the organism was the following: acetate 19.5%, pro-
pionate 8.9%, butyrate and others 5.0% available for the substrate absorption. In the 
intestine the following amount was formed: 59.2% of glucose, 5.1% of amino acids, 
2.3% of higher fatty acids.
When the energy nutrition was increased by 5% in the ration of the young cattle 
of the second experimental group, 68% of all digestible energy was digested in the 
rumen and 32% was digested in the intestine. The total energy of VFA was equal to 
50.3 MJ, and the ratio and the weight quantity were the following: acetic acid 65.3% 
(1667.3 g), propionic acid 23.4% (736.8 g), butyric acid and other acids 11.3% (423.1 
g). In the intestine the following amount was formed: 4724.3 g of glucose, 396.9 g of 
amino acids and 322.8 g of higher fatty acids.
When the nutritional value was increased by 10% in the ration of the cattle of the 
third experimental group, 69% of all digestible energy was digested in the rumen, and 
31% was digested in the intestine. The total energy of VFA was equal to 51.5 MJ and 
the ratio was the following: acetic acid 65.8%, propionic acid 23.0%, butyric acid 
and other acids 11.2%. The contribution of VFA to the fund of available substrates 
was the following: acetate 21.0% (1731.4 g), propionate 9.1% (746.4 g), butyrate and 
others – 5.2% (432.1 g). In the intestine the following amount was formed: 54.4% of 
glucose, 5.0% of amino acids, and 5.4% of higher fatty acids.
The effi  ciency of using the energy value of the ration is shown in Table 5.

Table 5

Use of energy by the cattle, MJ

Index Group
I II III

Metabolizable energy 79.91±1.71 83.46±1.19 84.37±2.14
The energy of heat 60.69±0.84 60.50±0.52 62.28±2.49
Weight gain energy 19.22±0.83 22.96±0.95 * 22.09±0.66
Basal metabolism energy 24.95±0.69 24.40±0.97 25.04±0.41
Maintenance energy 36.68±1.02 35.89±1.43 36.83±0.61
Excess maintenance energy 43.23±0.86 47.57±0.45 * 47.55±1.13 *

Effi  ciency of using the ME for weight gain,% 44.46 48.27 46.46
Metabolize GE,% 57.91 58.63 58.91

Note: * – р<0.05
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There were certain diff erences in the nature of the use of the ME by the young cattle 
of the compared groups. In particular, with the increase of the energy level of the 
diet by 5% at the concentration of metabolizable energy (MEC) equal to 9.6 MJ, the 
cattle spent more energy on the deposition of the product and its synthesis. As for the 
second group, this indicator was higher by 4.34 MJ (p<0.05), or 10.04%. With fur-
ther increase of the energy level of the diet by 10% at MEC equal to 9.9 MJ, excess 
maintenance energy expenditure remained at the level of the second group exceeding 
the fi rst control group by 4.32 MJ (p<0.05), or 10.0%. Excess maintenance energy 
accounts for 54.1% of metabolizable energy in the fi rst group, 57% in the second 
group and 56.4% in the third group.
Excess maintenance energy consists of the production energy (44.5-48.3%) and the 
energy spent on its synthesis (55.5-51.7%).
The amount of metabolizable energy in the diets was considered as to the sum of the 
energy expenditure of the animal and the energy deposition. Consequently, the me-
tabolizable energy of the diets can be represented in more detail, being divided into 
the energy part and the productive part. One of the objective indicators of the fi nal 
results received in the process of growing and fattening of calves is the accumulation 
of the energy in the weight gain and in the body as a whole, due to the deposition of 
protein, fat, and of carbohydrates in small amounts (Lemiasheuski et al 2020b).
Signifi cant diff erences between the experimental groups were observed in weight 
gain energy of calves. There was a clear pattern noticed: with the increase of the 
energy level of the diet by 5%, weight gain energy increased by 3.74 MJ (p<0.05), 
or 19.5%. Further increase of the energy level of the diet by 10% resulted in the 
increase of weight gain energy by 2.87 MJ (14.9%) (in comparison with the fi rst con-
trol group). The weight gain energy of the calves from the experimental groups was 
equal to 24.0-27.5% of metabolizable energy.
The energy for maintaining bodily functions mainly depends on bodyweight of the 
animal [18] and varies between 59.1-60.4% of the heat production and more than 
43.0% of the metabolizable energy. In the experimental groups, with the increase of 
the energy level of the diet by 5% at MEC equal to 9.6 MJ, the maintenance energy 
decreased by 0.79 MJ, or 2.2%, while the production energy increased. The calves 
in the third group had the level of the maintenance energy equal to the fi rst control 
group.
The heat energy of tissue metabolism is represented by the energy released from the 
body of the animal in the form of heat to perform physiological functions and the 
synthesis of weight gain. It is equal to 72.5% in the second group, 73.8% in the third 
group and 76.0% in the fi rst control group. The calves from the third experimental 
group expended more energy on heat production than the other animals and exceeded 
the control group by 1.59 MJ, or 2.6%.
Despite the diff erences in live weight of calves, the level of metabolizable energy and 
productivity, energy expenditure, the heat production of tissue metabolism is propor-
tional of consumed dry matter – 8.14 MJ/kg (in the fi rst control group), 7.90 MJ/kg 
(in the second group), 8.20 MJ/kg (in the third group). This energy expenditure is 
inevitable as it is connected with the provision of basic physiological functions and 
biosynthesis of the components of weight gain of animals.
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The increase of the energy level of the diet by 5% reduced the expenditure of basal 
metabolism energy by 0.6 MJ, or 2.2%. The calves from the third experimental group 
spent basal metabolism energy in the same way as the animals from the fi rst control 
group. The diff erence between the experimental groups was not signifi cant.
With the increase of the energy nutrition by 5% at MEC equal to 9.6 MJ, the indicator 
of the productive use of the metabolizable energy for weight gain increased by 3.81 
percentage points (p<0.05). The calves from the third experimental group used the 
metabolizable energy for weight gain at 2.00 percentage points better than the calves 
rom the fi rst control group.

CONCLUSIONS

The fact that ruminants have a rumen, where practically all feed components are 
digested by microbes, makes fundamental diff erences in the processes of digestion 
and absorption of both ration nutrients and metabolites produced there. Maintaining 
the energy balance in the body of ruminants is the most important task, especially at 
low levels of feeding. At this level of feeding all the feed substrates available for the 
digestion of food are used for energy. Reserve and structural elements of tissues and 
organs are used for energy needs in case of starving.
The effi  ciency of the use of metabolizable energy of diets for calves having increased 
nutritional value by 5% (MEC is equal to 9.6 MJ/kg) and the following ratio of me-
tabolites: 34.4 (VFA) : 3.9 (HFA) : 4.8 (AA) : 57.1 (glucose), promoted the increase 
of energy deposition and weight gain synthesis by 10.04% (p<0,05), weight gain en-
ergy – by 19.50% (p<0,05), effi  ciency of the use of metabolizable energy for weight 
gain – by 3.81% (p<0,05). The ratio of VFA in this case was the following: acetic 
acid – 65.3%, propionic acid – 23.4%, butyric acid – 11.3%.
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OCENA METABOLIZMU ENERGII U CIELĄT 
PRZY WYKORZYSTANIU PODŁOŻY ENERGETYCZNYCH

Streszczenie 

Odpowiednie żywienie przeżuwaczy i fi zjologicznie właściwa ocena wartości odżyw-
czej racji pokarmowych wymagają dodatkowej wiedzy na temat ilościowej przemiany 
głównych składników poszczególnych pasz w różnych częściach przewodu pokarmowe-
go. Badanie zasad wykorzystania energii substratu jest w każdym przypadku niezbędne 
do określenia rzeczywistych potrzeb substratów determinujących efektywność ich wy-
korzystania do realizacji biosyntezy i funkcji fi zjologicznych. Celem pracy było okre-
ślenie wpływu podaży energii w diecie cieląt w wieku 7–12 miesięcy na efektywność 
energetyczną organizmu. Efektywność wykorzystania energii metabolizowanej w dietach 
dla cieląt o podwyższonym poziomie odżywczej wartości energetycznej wzrosła o 5,0% 
(MEC równa się 9,6 MJ/kg), przyczyniła się do wzrostu magazynowania energii i jej syn-
tezy o 10,04%, natomiast energia przyrostu masy ciała wzrosła o 19,50%, a efektywność 
wykorzystania energii metabolizowanej do przyrostu masy ciała  wzrosła o 3,81%.

Słowa kluczowe: trawienie w żwaczu, metabolity, lotne kwasy tłuszczowe, wyższe kwasy 
tłuszczowe, aminokwasy, glukoza, energia metaboliczna, cielęta


