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Abstract. The aim of this work is to investigate the relationship between indicators of cicatricial digestion and lin-
earity of cows. Methods. The research was carried out in the breeding enterprises of the Sverdlovsk region on the 
livestock of Ural-type cows. Cicatricial fluid was collected with an oropharyngeal rubber probe, and a wooden yaw 
was also used. Cicatricial content was assessed at the Chelyabinsk Interregional Veterinary Laboratory. The pH value 
was determined by the electrometric method, VFA – in the Markgam apparatus, ammonia – by the microdiffusion 
method. Ciliates – in Goryaev’s chamber and under a microscope, bacteria – under a microscope with the addition 
of sodium chloride solution. Statistical data processing was carried out in the Microsoft Office Excel 2010 program. 
Results. In terms of the number of ciliates and bacteria in the rumen fluid, the Montwick Chieftain cows, character-
ized by high productive qualities, had an advantage. In terms of pH and VFA, the Vis Back Ideal line was the best. 
There were no significant differences between the groups in terms of the amount of ammonia in the rumen. The best 
animals from the point of view of influence on cicatricial metabolism were the animals of the Vis Back Ideal and 
Montwick Chieftain lineage. Scientific novelty. Studies have shown that linearity is associated with cicatricial diges-
tion in cows. The relationship of bull lines with indicators of cicatricial metabolism of cows has been determined for 
the first time. The food in the rumen is digested due to the action of bacteria, ciliates, and fungi. An environment has 
been created in the rumen for the active development of microflora. Bacteria are able to synthesize amino acids and 
vitamins. The proventriculus can contain up to 50 species of ciliates.
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Introduction
The health status of cattle, the level of milk produc-

tion may depend on the function of the rumen and the 
vital activity of microorganisms. The functioning of the 
mammary gland is interconnected with the scar. Dur-
ing cicatricial digestion, milk precursors are formed in 
animals. The rumen occupies about 80% of the complex 
stomach volume and plays an important role in the diges-
tion of ruminants. Begins to function a little after birth. It 
digests up to 70 % of the dry matter of the diet without the 
participation of digestive enzymes [1, p. 118]. The cattle 
rumen capacity is 100–300 liters. The rumen contains 2 
sacs – dorsal and ventral, between which the right and left 
longitudinal grooves run laterally. From the side of the 
mucous membrane, the grooves correspond to the strands 
framing the intra-cicatricial opening [16, p. 63].

The mucous membrane of the rumen is lined with 
squamous keratinized epithelium and contains a variety 
of papillae up to 1 cm long [19, p. 12].

The papillae contain a large number of blood and 
lymph vessels and have the ability to contract. The mus-
cle plate has separate bundles that lie at the base of the 
papillae. The structure of the muscular membrane has 

smooth muscle tissue and a small amount of striated mus-
cle tissue [16, p. 65].

The main function of the rumen – the digestion of 
feed fiber, is performed using the cellulolytic activity of 
microorganisms [2, p. 214].

Grinding of the feed is performed as a result of re-
peated chewing, in which the feed is regurgitated from 
the rumen into the oral cavity, then it is chewed, mixed 
with saliva and swallowed again. Saliva does not con-
tain digesting enzymes, it helps to moisturize the feed and 
normalize the acidity of the rumen [19, p.12]. Digestion 
in the proventriculus occurs with the use of plant cell en-
zymes, saliva and biological agents [18, p. 141]. For the 
normalization of cicatricial digestion, it is necessary that 
the number of feed particles with a size of at least 4 cm 
was within 20% of the dry matter mass of the diet [17, 
p. 144].

Due to the constant supply of the substrate for bacte-
ria with food, the implementation of absorption through 
the wall of the rumen into the blood of the products of 
their vital activity, constant conditions are observed in the 
rumen [1, p. 118].
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The main process of cows’ digestion is carried out in 

the rumen under the influence of different types of micro-
flora. The vital activity of microflora is determined by a 
set of feeds and their quality indicators. In the digestion 
of feed protein, the leading role is played by bacteria and 
ciliates contained in the rumen. They help break down 
more than 40 % of crude protein. The proteins in the feed 
are degraded to amino acids and ammonia and other me-
tabolites are formed. Microorganisms use ammonia to 
synthesize their own protein. Protein synthesis can be 
carried out by microorganisms using urea, ammonium 
compounds. With increasing productivity, cows are less 
satisfied in amino acids under the influence of microbial 
synthesis. The microbial mass can accumulate and die 
off, enter the abomasum and intestines and be digested. 
Microbial protein provides a large proportion of the pro-
tein requirement of cattle [1, p. 118]. With an excess of 
protein in the rumen, an increased amount of ammonia is 
released, entering the bloodstream and causing toxicosis, 
ketosis or liver dystrophy [11, p. 70]. Individual types of 
bacteria can have different forms of relationships, which 
affects the formation of the microbial ecosystem of the 
proventriculus. The development of both microflora and 
microfauna in the rumen is facilitated by maintaining a 
constant temperature within 39–40 °C [6, p. 279].

Rumen bacteria differ in shape, habitat, end product of 
vital activity, substrate that is used for nutrition [9, p. 26]. 
The development and reproduction of some microorgan-
isms can be accompanied by autolysis and the death of 
others. The rumen contains both live and dead bacteria. 
In the proventriculus there are streptococci, cocci, cellu-
lolytic, lactic acid microorganisms that enter the rumen 
with water and food. The main bacteria – cellulolytic, 
promote the breakdown and digestion of fiber [19, p. 12]. 
Amylolytic microorganisms feed on starch and maltose, 
further breaking them down to succinic, acetic acids. Li-
polytic – break down fat to form glycerol and fatty acids. 
Lactic acid bacteria form lactic acid by breaking down 
starch and sugar. Bacteria also include clostridia, ureo-
lytic bacteria, bacteroids [9, p. 26]. For the development 
of bacteria, the intake of starch, carbohydrates (disac-
charides), minerals and vitamins is necessary. The total 
bacterial mass of the rumen of cattle is from 4 to 7 kg 
[6, p. 280].

The microflora of the gastrointestinal tract is respon-
sible for the synthesis of vitamins B and K, glycogen, mi-
crobial lipids. Some bacteria, for example pigment bac-
teria, synthesize carotene. The microflora of the gastroin-
testinal tract creates antibiotics that suppress the devel-
opment of pathogenic microorganisms. Microorganisms 
play an important role in the digestion of fiber and protein 
nutrition. When analyzing the nutritional value of pro-
tein in the diets of cows, degradable and non-degradable 
protein are considered. High consumption of breakdown 
protein can cause excessive accumulation of ammonia, 
which is converted to urea in the liver. Approximately 
35–45 % of proteins contained in the diet should be in the 
indigestible form [3, p. 34].

According to the authors, highly productive animals 
have a special cicatricial microflora, amylolytic bacte-
roids are formed, leading to a decrease in pH. The growth 
of lactutilizing bacteria is inhibited. These conditions are 
most optimal for lactobacilli that produce lactic acid. The 
content of most microorganisms in the rumen changes 
during the day, which is associated with the processes 
of fermentation of the rumen, the formation of VFA and 
other components [10, p. 38].

The contents of the rumen contain from 200 to 
1200 thousand/ml ciliates. The most widespread are rep-
resentatives of the Spirotricha subclass. In the presence 
of a large number of ciliates in the rumen, enzymatic pro-
cesses normally proceed. Large ciliates are highly sensi-
tive to environmental changes, which first of all disappear 
under unfavorable conditions [11, p. 71]. They can func-
tion actively in a neutral or slightly alkaline environment. 
They have the ability to absorb starch grains from the liq-
uid of the gastric contents [9, p. 26].

Ciliates absorb the non-protein nitrogen of the feed 
and convert it to the protein nitrogen of their own body, 
making it available for the digestion of ruminants. The 
duration of the breakdown of the starch is longer. VFAs 
created by ciliates have a high degree of bioavailability 
[9, p. 27].

Ciliates grind and loosen food, digest proteins, sugars, 
starch, synthesize amino acids [3, p. 30]. By the nature of 
nutrition, ciliates are divided into 3 types: herbivorous, 
starch-eating and carnivorous [9, p. 27].

When fasting for 3–4 days, ciliates almost completely 
disappear from the scar fluid. The use of starch, fiber, 
sugar, vegetable protein forms an environment in the ru-
men that has a beneficial effect on protozoa. Infusoria 
colonization of the proventriculus is carried out gradually 
[7, p. 169].

The proteins of ciliates are the most complete in com-
parison with the proteins of bacteria.

The rumen fluid may contain fungi (yeast, mold, etc.). 
They carry out the fermentation of sugars, the synthesis 
of amino acids, B vitamins, glycogen [9, p. 27].

The main factors influencing the cicatricial digestion 
of cows are the lack or excess of energy and protein nutri-
tion. Lack of energy supply leads to low activity of the 
rumen microflora, it is difficult to assimilate the nutrient 
elements of the feed. An excess of energy supply leads to 
obesity and cardiovascular diseases [11, p. 72].

From the carbohydrates contained in the rumen, 
VFA – volatile fatty acids are formed, the main of which 
are acetic (55–70 %), propionic (15–20 %), butyric (10–
15 %). The normal course of the process of cicatricial di-
gestion is assessed by a certain amount of VFA. The total 
content of VFA in the rumen can be determined by the 
composition and quality of the feed, the level of fiber and 
starch. VFA synthesis decreases in diseases of the proven-
triculus [11, p. 71]. Individual acids are absorbed in the 
rumen at different rates, which are determined by the acid 
concentration and the pH reaction [1, p. 120]. The main 
source of milk fat are acetic and butyric acids, glucose-
propionic acid. The increase in the content of propionic 
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acid in the rumen helps to improve the use of nitrogen, 
increases the amount of protein in milk. A decrease in 
the concentration of propionic acid leads to a decrease in 
liver glycogen and blood sugar [8, p. 396]. An increased 
amount of acetic and butyric acids in the rumen leads to 
ketosis [11, p. 71]. The body consumes acetic acid as a 
source of energy. According to the authors, butyric acid, 
in comparison with acetic acid, has a more effective ef-
fect on the scar. Butyric acid takes part in the synthesis 
of fatty acids by forming ketone bodies [14, p. 25]. The 
general increase in the content of volatile fatty acids in 
the rumen contributes to an increase in the milk produc-
tion of cows [7, p. 169].

An intermediate product of the conversion of carbo-
hydrates in the rumen is lactic acid. The content of lactic 
acid increases with the use of animal feed, which is dis-
tinguished by a significant amount of starch (cereal grain, 
root crops, tubers). With a high intake of lactic acid, the 
acid-base balance of the rumen shifts to the acidic side, 
possibly the occurrence of lactic acidosis [11, p. 72].

When animals consume a large amount of feed satu-
rated with carbohydrates, the pH drops below 6. When 
the pH drops to 4–5, digestive upset may occur, and the 
content of ciliates in the rumen decreases. When cows 
eat large quantities of legumes, the pH will shift above 
7.3. An alkaline reaction contributes to the suppression 
of the function of ciliates, the consequence is their death. 
Then putrefactive microflora develops, the ammonia con-
tent increases. The accumulation of ammonia character-
izes the level of nitrogen consumption by the body of 
animals. Ammonia is absorbed into the bloodstream and 
can cause liver intoxication and degeneration. The level 
of ammonia can be influenced by the degree of fermenta-
tion reactions in the rumen, the consumption of ammonia 
by microorganisms and the degree of absorption into the 
blood [11, p.71].

The increased total acidity of the contents of the ru-
men can be determined by the intensity of fermentation 
processes, the formation of acidic metabolites, represent-
ed by volatile fatty acids [1, p. 120].

Adequate feeding and quality of feed is a guarantee of 
animal health [4, p. 27]. With proper feeding, cicatricial 
metabolism improves and, consequently, the indicators of 
milk production of cows increase.

Basically, different researchers have considered the 
effect of types of feed and various feed additives on the 
intensity of the processes in the rumen. In addition to the 
usefulness and quality of feed, genetic factors, for exam-
ple, a bull’s line, can influence the indicators of cicatricial 
digestion, which has not been studied by other authors.

Breeding along lines is one of the main methods for 
improving the indicators of milk productivity of cows [5, 
p. 4164].

The components of milk productivity are more depen-
dent on the course of physiological processes, digestion 
plays a significant role [12, p. 2107].

With the skillful use of breeding along the lines, it is 
possible to eliminate certain disadvantages [15, p. 242]. 
The number of lines in the breed, the qualitative composi-

tion characterize the genetic diversity of the broodstock 
of a herd of cattle [16, p. 167].

The aim of this work is to investigate the relationship 
between indicators of cicatricial digestion and linearity 
of cows.

Methods
The study was carried out on the livestock of Hol-

steinized black-and-white Ural type cows in 2 breeding 
enterprises of the Sverdlovsk region.

For the tests, animals were preliminarily formed into 
groups (10 animals each), taking into account the physi-
ological state, lactation, live weight, linearity (Reflection 
Sovering 198998, Vis Back Ideal 1013415, Montwick 
Chieftain 95679).

The animals were fed in accordance with the accepted 
diets of the breeding enterprises, taking into account the 
feeding norms of cattle. All cows during the study were 
in the same conditions of feeding and housing. Feeding 
is two times a day. The system of keeping the stall, the 
method – tethered.

For sampling the contents of the rumen, an oropharyn-
geal probe, which was a rubber tube, was used. A wooden 
yawner was used for sounding. The end of the probe was 
inserted into the root of the tongue and pushed forward, 
causing swallowing. The contents of the scar flowed out 
by gravity. Samples were filtered and preserved with 10% 
formalin solution. The components of the cicatricial con-
tent were assessed in an accredited interregional veteri-
nary laboratory in Chelyabinsk.

The pH was assessed by the electrometric method, 
VFA – in the Markgam apparatus, ammonia – by the mi-
crodiffusion method. Ciliates were identified in a Gory-
aev chamber and under a microscope. The bacteria were 
counted under a microscope with the addition of sodium 
chloride solution.

The digital material was processed using the methods 
of variation statistics using Microsoft Excel.

Results
There was made a comparative analysis of the bacte-

ria and ciliates contained in the rumen of cows of differ-
ent linearity (Fig. 1, 2).

In terms of the content of bacteria in the rumen, the 
best were animals of the Montwick Chieftain lineage – 
11.3 ± 0.1 billion/ml, which surpassed the Vis Back Ideal 
cows by 5.3% (P < 0.05), the Reflection Sovering line – 
by 3.5 %.

In terms of the number of ciliates in the cicatricial 
content, the Montwick Chieftain cows had an advantage – 
639.1 ± 14.1 billion/ml, having a significant superiority 
over the Vis Back Ideal animals – 11.7 % at P < 0.05. The 
value of this indicator for cows of the Reflection Sovering 
line took an intermediate position with an insignificant 
intergroup difference.

An increase in the content of bacteria and ciliates in 
the rumen of Montwick Chieftain cows may indicate a 
better course of digestive processes, which is confirmed 
by rather high indicators of milk productivity (milk yield 
in 305 days of lactation was 6708 kg, protein content – 
3.12 kg). And the productivity of cattle can be determined 
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by the availability of exchangeable protein, which is 
formed by the entry of microbial protein into the intes-
tine. The intake of protein in the body of cows is carried 
out not only with feed, but also due to the microbial pro-
tein of the rumen.

Intergroup differences in pH, ammonia, volatile fatty 
acids are presented in the table 1.

The hydrogen index is interrelated with the intensity 
of carbohydrate metabolism and is determined by the 
composition of the diet, acid balance in the body. Healthy 
cows have a pH between 6.2 and 7.2. With a concentrate 
type of feeding, the reaction of the cicatricial content can 

decrease to 5; with the predominance of roughage in the 
diet, the pH rises (more than 7.5) [13, p. 400].

The pH value of the rumen is determined by the bal-
ance between fermentation acids, their absorption and 
neutralization [9, p. 60].

The pH value was 6.4–6.8. A lower pH value of 
–6.4 ± 0.03 was found in the cicatricial contents of Vis 
Back Ideal cows, which is 5.9 % lower (P < 0.05) com-
pared to Reflection Sovering animals. A pH value of 6.4 
indicates a more acidic valence in the rumen fluid and 
can be determined by an increase in volatile fatty acids 
in the rumen.

Fig. 1. The number of bacteria in the scar fluid of cows of three lines

Table 1
Indicators of scar digestion of cows of different lines

Indicator
Linear affiliation

Vis Back Ideal 1013415,
 n = 10

Montwick Chieftain 95679, 
n = 10

Reflection Sovering 198998, 
n = 10

pH value 6.4 ± 0.03 6.7 ± 0.04 6.8 ± 0.02*

Ammonia content, 
mg%

10.1 ± 0,03 10.3 ± 0.1 10.3 ± 0.02

Сontent of volatile 
fatty acids, mmol/l

97.0 ± 1.2* 91.4 ± 1.0 91.0 ± 1.4

Note. * P < 0,05.
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Part of the protein that feeds cows is broken down to 
form amino acids and ammonia. The ammonia content in 
the rumen of the experimental animals was in the range of 
10.1–10.3 mg%, the difference between the groups was 
insignificant.

Carbohydrate metabolism of animals is determined 
by the amount of volatile fatty acids, the ratio of which 
is determined by the amount of nutrients, which are a fa-
vorable environment for the development of microorgan-
isms. Cows of the Vis Back Ideal line had an advantage 
in the content of VFA – 97.0 ± 1.2 mmol/l, which signifi-
cantly exceeded the peers of the Reflection Sovering line 
by 6.2 % (P < 0.05). An intermediate position in terms of 
the VFA content in the rumen – 91.4 ± 1.0 mmol/l was 
found in the animals of the Montwick Chieftain line. The 
best indicator of VFA in the rumen fluid of cows of the 
Vis Back Ideal lineage can be associated with a high yield 
of milk fat and protein in the milk of cows of this group.

Discussion and Conclusion
The best indicators of cicatricial metabolism were 

observed in animals of the Vis Back Ideal 1013415 and 
Montwick Chieftain 95679 lines. The cicatricial contents 
of the Montwick Chieftain animals contained a higher 
number of bacteria and ciliates, affecting the improve-
ment of digestion and activation of enzymatic processes 
that convert feed protein into protein of microbial ori-

gin, regulating synthesis milk proteins by the mammary 
gland. When analyzing the indicators of milk productiv-
ity of cows, carried out in previous studies, it was the 
animals of the Montwick Chieftain line that had the ad-
vantage in terms of the protein content in milk.

The Vis Back Ideal cows were the best in terms of the 
content of volatile fatty acids, ammonia and pH of the 
reaction of the environment. VFAs affect the formation 
of milk fat (acetic acid) and protein (propionic acid). The 
highest yield of milk fat and protein in milk was found in 
animals of the Vis Back Ideal lineage. Protein digested in 
the rumen is broken down into amino acids and ammonia. 
The acidity in the rumen can be controlled with the cor-
rect ratio of nitrogen sources. Due to the production of ac-
etate and butyrate, the production of milk fat by animals 
is increased. The highest yield of milk fat is found in the 
milk of cows of the Vis Back Ideal line.

The advantages of Vis Back Ideal and Montwick 
Chieftain animal lines in terms of cicatricial digestion 
may also be related to the correct functioning of the ru-
men.

Thus, the cows of each line had different components 
of cicatricial digestion. Cicatricial metabolism is interre-
lated with indicators of milk production of cows. Animals 
of all three lines of bulls have different milk yields, but-
terfat and protein milk yields, milk fat and protein yields.
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