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EXCHANGE OF PROTEIN AND NITROGEN COMPOUNDS  

IN THE BULLS WHEN FEEDING  

CELLULOSE-CONTAINED FEED 

 
Metabolic processes in the body of cattle, in particular in the digestive tract 

of bulls, when feeding young grass, feed and various forms of fiber-containing feed 

during the spring-summer transition period are poorly understood. Young grass at 

this time contains a large amount of nitrogen-containing compounds, but very little 

readily available sugars and fiber. The content of the latter in the young grass of 

pastures and meadows, instead of the required for cattle 22-24% of dry matter, is 

only 15-18%. In addition, the fiber of young grass has very little of its structured 

form (associated with lignin and hemicellulose). This leads to the fact that cattle do 

not fully use the nitrogen available in the young grass. 

In the course of research we studied changes in the concentration of protein, 

residual and total nitrogen, urea, as well as the activity of transamination enzymes in 

whole blood of bulls depending on the time relative to the beginning of feeding and 

the presence in the diet of various forms of fiber. 

It is shown that the activity of transamination enzymes (AST and ALT) 

under the action of various forms of fiber-containing food before morning feeding 

increases by 5,1–7,5 % compared to control. This increase does not depend on the 

time relative to the start of feeding. It is suggested that the activity of transamination 

enzymes in the whole blood of bulls when feeding them fiber-containing feed is 

substrate regulated. 

According to research, it can be argued that the activity of reamination 

enzymes in the blood serum of bulls during the feeding of fiber-containing feed 

before morning feeding increases by 6,4–8,5 % compared to control. The 

concentration of protein in the blood serum of bulls, regardless of the time relative to 

the beginning of feeding, with the feeding of various forms of fiber-containing feed 

increases by 4,2–6,1 % compared to control. The content of urea and residual 

nitrogen in the whole blood of bulls at 3 hours from the beginning of morning 

feeding decreases by 6,3–8,9 %, and protein and total nitrogen – increases compared 

to control.  

It is also shown that weight gain depends on the level of nitrogen-containing 

compounds and the activity of transamination enzymes in the blood serum of  
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Шелевач А. В., Рівіс Й. Ф.  

Інститут сільського господарства Карпатського регіону НААН 

Обмін протеїну і азотових сполук в організмі бугайців за 

згодовування клітковиновмісного корму 

Обмінні процеси в організмі великої рогатої худоби, зокрема у 

травному каналі бугайців, при згодовуванні молодої трави, комбікорму та 

різних форм клітковиновмісного корму під час весняно-літнього перехідного 

періоду є маловивченими. Молода трава в цей час містить у своєму складі 

велику кількість азоту азотовмісних сполук, але дуже мало легкодоступних 

цукрів і клітковини. Вміст останньої у молодій траві пасовищ і луків, замість 

потрібних для великої рогатої худоби 22–24 % від сухої речовини, становить 

всього 15–18 %. Крім того, в клітковині молодої трави дуже мало її 

структуризованої форми (зв’язаної з лігніном і геміцелюлозою). Це призводить 

до того, що велика рогата худоба неповністю використовує наявний у молодій 

траві азот. 

У ході виконання досліджень ми вивчили зміни вмісту протеїну, 

залишкового і загального азоту, сечовини, а також активність ензимів 

трансамінування у сироватці крові бугайців залежно від часу щодо початку 

годівлі і наявності у раціоні різних форм клітковиновмісного корму. Також 

було взято до уваги такий важливий показник азотового обміну у жуйних 

тварин, як рівень ізовалеріанової кислоти у рубцевій рідині.  

За результатами досліджень можна стверджувати, що активність 

ензимів трансамінування (АСТ і АЛТ) у сироватці крові дослідних бугайців  

під дією згодовування різних форм клітковиновмісного корму після ранкової 

годівлі підвищується на 5,1–7,5 % порівняно з контролем. Це підвищення 

залежить від часу щодо початку годівлі. Доведено, що активність ензимів 

трансамінування у сироватці крові бугайців при згодовуванні їм 

клітковиновмісного корму регулюється субстратно. 

Вміст протеїну у сироватці крові бугайців після ранкової годівлі під 

дією клітковиновмісного корму з різною величиною частинок також зростає на 

6,4–8,5 % порівняно з контролем. Вміст сечовини і залишкового азоту у 

сироватці крові бугайців на третій годині після початку годівлі збільшується 

на 4,2–6,1 %, а протеїну і загального азоту – на 6,3–8,9 % порівняно з 

контролем. 

Показано також, що рівень азотовмісних сполук і активність ензимів 

переамінування у сироватці крові дослідних бугайців позитивно корелюють з 

приростами їх маси тіла. 

Ключові слова: сироватка крові, протеїн, клітковиновмісний корм, 

бугайці, ензими трансамінування. 
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Introduction. Young grass contains insufficient fiber (only 15 – 

18%, while 22 – 24% are needed) [1, 3, 14-16]. At the same time, it 

contains mainly easily digestible fiber [2–4], which is very quickly 

fermented in the rumen [5, 11, 18]. The consequence of this process is 

incomplete use of nutrients available in young grass [17], primarily 

nitrogen-containing compounds [9, 12], by ruminal microorganisms, which 

leads to lower levels of protein absorption in the body. It means, that diet of 

ruminants lacks structural fiber during spring-summer transition period. In 

particular, fiber associated with hemicelluloses and lignin. 

In order to replenish the structural fiber in the diet of ruminants that 

consume young grass, they are fed natural or processed rough feed (hay or 

straw) [6-8]. Fiber-containing feed performs various functions in the 

gastrointestinal tract of ruminants: it acts as nutrient, adsorbent and surface 

for ruminal microorganisms [27, 10, 11]. 

Winter wheat straw contains mainly fiber, hemicellulose and 

polyuronides [13–16]. Therefore, its nutritional value is low [4, 5]. The data 

obtained by us indicate that its presence in the rumen of ruminants, it 

significantly affects the intensity of metabolic processes [13, 14]. The size 

of its particles determines the speed of passage of the rumenal content into 

the posterior parts of the gastrointestinal tract. 

Structural fiber, hemicellulose a has a very low nutritional and 

energy value [18, 20]. At the same time, it is able to adsorb and transport on 

its surface significant amounts of nutrients available later in the 

gastrointestinal tract of ruminants [19–24]. The surface of structural fiber is 

inhabited by a large number of microorganisms (bacteria and protozoa) [25, 

26]. They have cellulose-, amylo-, proteo- and lipolytic activity [10, 29]. As 

a result, ruminants significantly increase their supply of carbohydrates, 

lipids, biologically active substances (primarily water-soluble B vitamins) 

and nitrogen-containing compounds from the gastrointestinal tract into the 

blood and lymph [28, 31]. 

It is currently unknown which of the above functions of fiber-

containing feed is more important for the body of a ruminant animal. In 

addition, the effect of various forms (in particular, particle sizes) of 

structural fiber-containing feed on various parts of metabolic processes in 

the body of ruminants remains unknown. 

Based on this, the aim was to establish the dynamic patterns of 

changes in the content of ammonia, amine and protein nitrogen in the liquid 

fraction of the rumen, the content of basic nitrogen compounds and the 

activity of reamination enzymes in serum of fattening bulls. 
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Materials and methods. On farm "Litynske" in Drohobych district 

of Lviv region were formed three groups of Simmental breed fattening bulls 

(5 animals each) using methodological approaches used in international 

practice in accordance with the requirements of ISO 17025, as well as in 

accordance with generally accepted methods of groups of analogues by age 

and live weight. Three animals from each group had rumenal fistulas. All 

animals were clinically healthy. 

Under the conditions of tethered keeping, animals of the control 

group during May-July (90 days) received the basic ration (OR), which 

included young green mass of cereal and legume pasture (35.0 kg) and 

compound feed (2.5 kg). 

Animals of the experimental groups in addition to the main diet were 

fed 1 kg of winter wheat straw, crushed into particles of different sizes. 

Animals of the I experimental group were fed straw chaff with a particle 

size of 0.2 – 2.0 cm, and animals of the II experimental group – 3.0 – 5.0 

cm. At the end of the experiment in fattening bulls from the jugular vein 

blood samples were taken before morning feeding and at 3 hours after its 

beginning. In bulls with rumenal fistulas, samples of its contents were taken 

before morning feeding, as well as at the 2nd, 4th, 7th and 10th hours after. 

In the liquid rumenal content it was determined the level of ammonia, 

amine and protein nitrogen according to Kjeldahl. 

In the blood serum were determined levels of urea, residual and total 

nitrogen, protein and activity of reamination enzymes – aspartate 

aminotransferase (AST 2.6.1.1) and alanine amino transferase (ALT 

2.7.1.2). Serum urea was determined by the Conway method; protein, 

residual and total nitrogen – according to Kjeldahl. The activity of AST and 

ALT in blood serum was determined by the methods described by V. V. 

Vlizlo et al. [9]. 

Biometric analysis of the results was performed by the method of 

variation statistics according to N. A. Plokhinsky, taking into account the 

Student's criterion. Standard computer mathematical and statistical 

programs, in particular Microsoft EXCEL, were used to estimate the 

probability of the obtained results – arithmetic mean values (M), arithmetic 

mean error (±m) and probability of differences between the studied 

arithmetic mean values (P). 

Results and discussion. It was found that in the liquid content of the 

rumen of bulls of experimental groups, which were fed young green mass of 

cereals, legumes, and fiber-containing feed with different particle sizes, the 

lowest content of ammonia nitrogen and amine nitrogen were before 

feeding and 10 hours after begin of feeding – by 24.5 and 34.2%, 
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respectively, in groups I and II compared with the control). The content of 

ammonia nitrogen and amine nitrogen in the liquid content of the rumen of 

bulls of the experimental groups increased on 2 – 4 hours after the start of 

feeding. Moreover, it was maximum at 2 hours after the start of feeding, but 

23.1 and 27.8% lower than in the control, what is showed in the Table 1. 

The presence of amine nitrogen in the ruminal fluid indicates the 

presence of free amino acids. The large number of free amino acids in the 

ruminal fluid may be due to the low efficiency of their inclusion in proteins 

[18]. 

Feeding the bulls of the experimental groups of straw chaff with 

particles of different sizes, compared with the bulls of the control group, 

resulted in a 29.35% reduction in the content of ammonia nitrogen and 

amine nitrogen in the liquid content of the rumen. It was also found that, 

compared with the control, the content of ammonia nitrogen and amine 

nitrogen in the liquid fraction of the rumen of fattening bulls of the II 

experimental group, which in addition to the main diet were fed straw chaff 

with a particle size of 3.0-5.0 cm is minimal – by 34.7% lower. This is due 

to the fuller use of ammonia nitrogen and amine nitrogen to synthesize the 

main components of their cells by microorganisms inhabiting rumen [11]. 

The reliability of the above mentioned is also confirmed by the data 

on the content of protein nitrogen in the ruminal fluid of the experimental 

bulls. In particular, the lowest its level was in bulls of the I and II 

experimental groups, which were fed green mass of cereal and legume 

pastures plus fiber-containing feed. It was observed before feeding and at 10 

hours after the start of feeding (6.4 and 8.7% less compared to control). The 

amount of protein nitrogen in the fluid of the rumen of bulls of the II 

experimental group decreased by 2-7 hours after the start of feeding by 7.9 

and 9.1%, respectively, compared with the control. 

Feeding bulls of I and II experimental groups of straw chips with a 

particle size of 0.2-2.0 and 3.0-5.0 cm, respectively, compared with bulls of 

the control group, led to an increase in the amount of protein nitrogen in 

their ruminal fluid by 7-10th hour after the start of feeding (8.1 and 9.5% 

more than control). It should be noted that in the ruminal fluid of bulls of I 

and II experimental groups, compared with bulls of the control group, the 

amount of protein nitrogen decreased by 2-4th and 4th hour after the start of 

morning feeding by 6.9 and 7.5%, respectively. 
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Such differences in the content of protein nitrogen in the cicatricial 

fluid of bulls depending on the time relative to the beginning of feeding are 

associated not only with the direction of metabolic processes in the rumen, 

but also with the intensity of absorption and evacuation to the posterior 

gastrointestinal tract of ruminants. 

The results of the analysis of Table 2 show that the content of urea 

and residual nitrogen in the serum of fattening bulls of experimental groups, 

fed different forms of fiber-containing feed, compared with bulls of the 

control group who received the basic diet, before morning feeding has only 

a tendency to decrease. 

 

2. The content of nitrogen-containing compounds and the activity of 

reamination enzymes in the serum of experimental bulls, М±m, n=5 

Indicators 
Groups of animals 

control І experimental ІІ experimental 

Before feeding 

Protein, g/l 70,91 ± 1,71 85,62 ± 1,75** 89,15 ± 1,9*** 

AST, units/l 61,08 ± 1,41 57,43 ± 0,52** 58,23 ± 0,86** 

ALT, units/l 47,97 ± 1,87 38,69 ± 1,77** 38,81 ± 0,92** 

Urea, μmol/l 3,66 ± 0,25 2,83 ± 0,27* 2,66 ± 0,19** 

Residual nitrogen, 

g-3/l 0,28 ± 0,02 0,23 ± 0,01 0,21 ± 0,01 

Total nitrogen, g-3/l 26,69 ± 0,39 27,45 ± 0,25 27,11 ± 0,17 

3 hours after the start of feeding 

Protein, g/l 71,82 ± 1,71 78,3 ± 1,07** 79,6 ± 1,38** 

AST, units/l 67,25 ± 2,21 79,73 ± 1,98*** 78,81 ± 2,23*** 

ALT, units/l 49,36 ± 1,35 54,91 ± 0,81* 56,32 ± 1,54** 

Urea, μmol/l 5,33 ± 0,15 5,16 ± 0,18 4,99 ± 0,11* 

Residual nitrogen, 

g-3/l 0,38 ± 0,02 0,46 ± 0,01** 0,45 ± 0,01** 

Total nitrogen, g-3/l 25,61 ± 0,16 28,25 ± 0,18* 29,43 ± 0,12** 
Note: changes are probable, р < 0,05*; p < 0,01**; p < 0,001*** 

 

At the same time, the level of protein in their blood increases. In this 

case, the content of total nitrogen before feeding has only a tendency to 

increase. This is due to both the level of their entry into the blood from the 

gastrointestinal tract and the transformations in the liver. After all, the 

results of studies indicate that the activity of reamination enzymes (AST 

and ALT) in the serum of bulls of experimental groups, compared with 
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bulls of the control group, after morning feeding increases by 5.1 – 7.5%. It 

is obvious that the change in the activity of reamination enzymes (AST and 

ALT) in the serum is associated with the level of nitrogen-containing 

compounds incoming from the gastrointestinal tract into the blood [12]. The 

above data is confirmed by the indicators obtained 3 hours after the start of 

morning feeding. At this time, it is observed the maximum changes in the 

level of nutrients incoming from the gastrointestinal tract into the blood, as 

indicated by other authors [4]. 

Metabolic processes in the body of experimental bulls affect their 

productivity, as evidenced by changes in the activity of enzymes of 

reamination and fluctuations in urea, residual nitrogen, protein and total 

nitrogen in the serum. Thus, the absolute weight gain of bulls of the control 

group during the experiment was 64.4 ± 1.08 kg, and bulls of I and II 

experimental groups – 76.9 ± 1.69 (p <0.001) and 72.7 ± 1.60 kg (p <0,01), 

which is 19.4 and 12.9% more compared to the control group. 

Higher weight gain of bulls of experimental group I compared with 

bulls of experimental group II is associated with the time during which the 

fiber-containing food was in the rumen and, consequently, with the level of 

nutrients incoming from the gastrointestinal tract into the blood and tissues. 

Smaller particles of fiber-containing feed pass faster from the rumen to the 

lower parts of the gastrointestinal tract of ruminants compared to larger 

particles [5]. This significantly affects the level of digested nutrients of the 

feed and assimilated from the gastrointestinal tract into the blood and 

tissues as well as content of individual components and the activity of 

reamination enzymes. 

Conclusions. It was found that different forms of fiber-containing 

feed, depending on the time relative to the beginning of feeding, affect the 

metabolic processes in the rumen and the level of nitrogen-containing 

compounds incoming from the gastrointestinal tract into the blood of 

experimental bulls. Thus, fiber-containing feed has an effect on the 

substrate regulation of enzyme activity in ruminants. 

The activity of reamination enzymes (AST and ALT) in the serum of 

bulls during the feeding of fiber-containing feed at 3 hours after the start of 

morning feeding increases by 5.1 – 7.5% compared with the control. 

The protein content in the serum of experimental bulls, after morning 

feeding under the action of fiber-containing food with different particle 

sizes also increases by 6.4 – 8.5% compared to the control. 

The content of urea and residual nitrogen in the serum of bulls before 

morning feeding under the action of fiber-containing food with different 

particle sizes is reduced by 6.1 – 7.8% compared with the control. The 
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content of protein, residual and total nitrogen in the serum of bulls on the 

third hour after the start of feeding increases by 4.2 – 6.1%, and level of 

urea – decreases by 6.3 – 8.9% compared with the control. 
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