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The effect of the combined action of sorbents (zeolite and polymer) and a protected
protein additive (TEP mix) on the metabolism of microflora in the rumen was investigated
in the conditions of the physiological yard on the black and spotted breed heifer with an
established the rumen fistula. Changes in the composition of rumen microflora under the
influence of additives and sorbents were studied, and the pH of rumen fluid was
determined.

Changes in microbiological processes in the rumen of the experimental animal
were detected, but these were not negative and did not disrupt the normal course of rumen
digestion. Fluctuations in the average daily pH of the rumen content between experiments
were insignificant. Changes in the enzymatic activity in the rumen were assessed when
feeding sorbents and additives: when feeding zeolite, amylolytic activity, depending on the
time of feeding, increased by 3.7 % before feeding (p<0.01), and after 3-4 hours decreased
by 23.0 % (p<0.05); when feeding a diet with a polymer, amylase activity in the rumen was
lower than in the control diet, both before and after feeding, which resulted in a decrease
in the average daily indicator by 15.7 % (p<0.05). Adding a polymer to the diet did not
cause significant fluctuations in the average daily values of cellulolytic activity in the
rumen. On the diet with zeolite, changes in cellulolytic activity were also insignificant, but
with an increase in amylolytic activity, a decrease in cellulolytic activity was observed and
vice versa. An average daily increase in the number of ciliates (within physiologically
normal limits) of 16.9 and 26.4 % was established for the first and second experiments,
respectively, for the control. The average daily number of bacteria in animals that
consumed diets with zeolite and polymer was approximately at the same level as the control
indicators.

Thus, the studied sorbents and feeds with protected protein can be used in cow diets
without harm to metabolic processes in the rumen. In the presence of low-quality
concentrated grain feeds, unbalanced diets, it is possible not to prevent the breakdown of
protein in these feeds, but to contribute to a significant increase in the synthesis of
microbial protein, which has high biological value.
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B ymosax ¢izionociunoco 06opy Ha menuuyi HOpHO-p6Oi nopoou 3
B8CMAHOBIEHOI0 PYOYesolo Gicmyno O00CHIONHCEHO B6NAUE CYMICHOI 0ii copbenmis
(yeonimy ma nonimepy) ma 0obaexu 3axuwenoeo oinky (TEII mikc) na memabonizm
Mikpognopu 6 pyoyi. [locniodceno sminu ckaady pyoyesoi mikpoghnopu nio eniueom
dobasox ma copbenmis, euznavweno pH pyoyesoi piounu.

Bcmanoesneno sminu mikpobionoziunux npoyecie 6 pyoyi 0ociioHoi meapuHu, ae
BOHU He MANU He2amuHo20 Xapakmepy mda He NOPYULY8alu HOPMATbHULl nepeobie
pyoyesoeo mpaesnenns. Konusanns cepednbo0o606o2o pH emicmy pyoys misic docrioamu
HesnauHi. OyiHeHO 3MIHU (epMeHMamueHoi akmueHocmi 8 pyoyi npu 320008Y8aHHI
copbenmise ma 000asKu: npu 320008Y8AHHI YeONiMy AMLIONIMUYHA AKMUBHICMb 8
3anexcnocmi 8i0 uacy 200i61i: 00 2o0ieni soinvuysanacs na 3,7 % (p<0,01), a uepes 3-4
200unu 3uudicysanaco Ha 23,0 % (p<0,05); 3a 320008y8anHs payioHy 3 noiimepom —
AKMUBHICMb aminasu y pyoyi 0yia HUNHCUO0, HidiC HA KOHMPOJIbHOMY PAYIOHI, SIK 00, MAaK
i nicns 2001671, WO NOZHAYUNOCSA HA 3HUIICEHHT CepedHb000008020 nokasHuka Ha 15,7 %
(p<0,05). Jlooasannsi nonimepy 00 payioHy He BUKIUKANO 3HAYHUX KOJIUBAHD
CcepeoHb0000068UX 3HAYEHb YeN0N0300ImuYHoi akmusHocmi 6 pyoyi. Ha payiowni 3
Yeonimom 3MIiHU YearoN030IMUYHOI AKMUBHOCMI MAKO0XC OYIU HEe3HAYHUMU, dle Npu
30LMbUWEHHT AMIIONIMUYHOT AKMUBHOCIT CNOCEPI2aloCs 3HUNCEHHS Yelt0I030iMUYHOT
i Haénaxu. Bcmanosneno cepednbo00008e 30inbuents uucia ingysopii (y gizionoziuno
HopmanvHux medcax) na 16,9 ma 26,4 % ons nepuioco ma 0py2020 00cniois, 8i0nogioHo
koumpoto. CepeOHb000008a KibKicmb 6akmepitl y meapun, sKi CNOHCUBAIU DAYIOHU 3
yeonimom i nonimepom, nepedy6ana NpuOIUSHO HA OOHOMY Di6HI 3 NOKAZHUKAMU
KOHMPOIIO.

Taxum wuHoM, 00CAI0NHCYBAHT COpOEHmU MA KOPMU 3 3AXUUEHUM OLIKOM MOXHCYMb
Oymu 8UKOPUCMAHI 8 payioHaAX KOPI8 6e3 WKoOu 0 MemaboaiuHux npoyecis y pyoyi. 3a
HASBHOCMI HU3bKOSAKICHUX KOHYEHMPOBAHUX 3EPHOBUX KOPMI8, He30aNaHCO8AHUX
PAyioHie, MOJHCHA He 3anodieamu po3ujenyieHHIo OIIKa Yux Kopmie, a Cnpusimu 3HaA4HOMY
30L1bUEHHIO CUHME3Y MIKPOOHO20 OIIKA, AKULL MAE BUCOK) 0I0I02TUHY YIHHICTb.

KurouoBi cioBa: 3axumieHicTe TpOTEiHYy, TpaBieHHS, pyOels, pyOleBa
Mikpoaopa, COpOeHTH.

Introduction. The role of rumen microflora in digestive processes is multifaceted
and irreplaceable, which is why, according to (OQrskov E.R., et al., 2012), two aspects
should be taken into account when it comes to feeding ruminants: providing nutrients to
rumen microorganisms and meeting the needs of the host animal itself. The microflora of
the rumen consists of many microorganisms of different species: bacteria, infusoria, lower
fungi (Amanzougarene Z. M., et al., 2022). Rumen bacteria are the most widespread group
of microorganisms (1 ml of ruminal content contains from 107 to 1012 bacteria (Zhao G.,
2019), and its species composition of bacteria is quite large - up to 150 species (F.G.
Fabulyak et al., 1990). One of the most important biochemical processes carried out by
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ruminant rumen bacteria is the breakdown of fiber, which is carried out by various
microorganisms systematic groups and also by cellulolytic fungi (Allison M. J., 1970).
Protozoa play an active role in the metabolism of carbohydrates (starch and cellulose
breakdown), possessing protease and peptidase activity, and also synthesize proteins
Infusoria have a lipid-synthesizing function, and also ferment carbohydrates to LHK
(Chalmers M.J. et al., 1977). The protein of protozoa makes up 12% of the ruminal nitrogen
content (Kushnir V.I., 1997). the population of microorganisms is a rather fragile
ecosystem with complex trophic relationships, adapted to the conditions of the rumen and
functioning according to the principle of a self-regulating system. The accumulation of
biomass of bacteria and ciliates in the rumen occurs only under optimal conditions. The
temperature from + 38 to 40 °C and the pH of the environment, which is close to neutral
(6.0 - 7.3) are considered normal (Eliman M. E., 1982).The relationship between rumen
symbionts is currently considered to be a competition between protozoa and bacteria for
food. The number and species composition of the rumen of animals is largely dependent
on the composition of the diet. Non-nitrogenous substances usually increase the number of
bacteria. HeOinkoBi a30THCTI peyoBHMHHM 3a3BHYail 30UIbIIYIOTH OioMacy iH]y30piid,
however, an increase in the number of bacteria is not always observed.

Increasing the productivity of ruminants, in particular cows during lactation,
requires much larger amounts of energy and protein than the mechanism of ruminal
symbiotic microflora can provide (Bogdanov G.O., 2013; Monteiro H.F. et al., 2021).
Regulation of the intensity and direction of enzymatic processes in the rumen is possible
by feeding, introduction of additives of biologically active substances and inhibitors.
Additives of sorbents in the diet of cows absorb a certain amount of ammonia and retain it
for some time in the rumen, which increases the probability of its inclusion in the
composition of microbial protein in the process of slow digestion of crude fiber. Increasing
the intake of the protected protein component under the conditions of simultaneous control
of the content of additional energy protected from destruction in the rumen allows to
increase the level of protein assimilation in periods of greatest need for the body of lactating
cows, without negative consequences in terms of metabolic disorders. Currently, agents
with adsorption properties are widely used in animal husbandry: inorganic natural materials
(zeolites, bentonites, activated carbon), synthetic polymers (polyacrylamide - in various
modifications, etc.) (I. I. Grabovenskyi et al., 1984; A. D. Goetsch, et al., 1985). Zeolite is
a good absorbent for many organic and inorganic substances (macro- and microelements,
vitamins, enzymes, amino acids, etc.) (Lorenz M. et al., 2014). Polyacrylamide gel, which
has a spongy structure with a large surface, is most often used for enzyme immobilization.
It has been established that the digestibility of feed nutrients in ruminants can be increased
due to biologically active substances that create favorable conditions for the growth and
development of microflora in the rumen, which leads to an increase in digestibility
(Attwood G. T. et al., 1996).

Based on the above, more thorough studies of the complex effect of additives and
sorbents on the digestive processes in the rumen of cows are expedient, which will allow
to find out the mechanisms of increasing the efficiency of assimilation of nutrients by
animals without the risk of their loss as a result of ammonia toxicosis and ketosis, which is
definitely relevant and has significant social significance for agricultural producers.

Purpose of the work. To establish the effect of protected protein additives and
sorbents on the patterns of metabolism of the scar microflora.

Materials and methods. In the conditions of the physiological yard, a surgical
operation was performed to establish a fistula on the rumen of a heifer of the black and
spotted breed. The animals received the basic diet (BD), which consisted of hay, silage,
fodder molasses and compound feed. Combined feed consisted of wheat, barley, sunflower
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meal, wheat bran and mineral additives. In the experimental diets, 50 % of the compound
feed was changed to a bypass product (TEP mix). Also, two types of sorbents were added
to the diet: 4 % zeolite (first experiment), 0.3 % polymer "Solunate” in the compound feed
(second experiment).

Each experimental period lasted 21-28 days. The study d scheme is presented in
Table 1.

Table 1
Experiment scheme
Periods, days
. 1-it Egalitarian 2-it
[%2] ’
k) Egalitarian, 21 Egalitarian, 28 21 Egalitarian, 28
a)
BD BD + Zeolite BD BD + Polymer

At the beginning of each period, chemical analysis of diet feed samples was
performed: dry matter (DM), ash (A), crude protein (CP), crude fat (CF), crude fiber (CF),
nitrogen-free extractives (NFE), and mineral composition were determined.

Table 2
Theoretical feed consumption by the experimental animal, kg
Feed Control (BD) BD+ Zeolite | BD+ Polymer
Forage hay, kg 5,0 5,0 5,0
Corn silage, kg 30 30 30
Feed molasses, kg 1,5 1,5 1,5
Compound feed, kg 8,0 8,0 8,0
Table 3
Actual feed consumption by the experimental animal, kg
Feed Control (BD) BD+ Zeolite BD+ Polymer
Forage hay, kg 4,25 4,02 4,36
Corn silage, kg 28,16 29,85 29,15
Feed molasses, kg 1,5 1,5 1,5
Compound feed, kg 8,0 8,0 8,0

To assess the direction of rumen digestion processes when feeding diets with
different sorbents, samples of the specified feed ingredients were incubated in bags with
the following parameters: bag size: 7.0 cm by 5.5 cm; average tissue pore diameter 102 um;
sample quantity 5 g and incubation time (15 min for the zero sample and 6 h for the control
sample). The course of rumen digestion was indirectly assessed by the difference in the
nutrient content of feed samples with and without the sorbent, which were incubated in the
rumen environment. The results were processed by the method of variational statistics
using the Student's test.
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Research results. When feeding diets with zeolite and polymer, according to the
experimental data, the digestibility of dry and organic matter differed little from the
digestibility of these substances in the control experiment (Table 4). Crude protein
digestibility decreased by 35 and 29 %, respectively.

Table 4
Digestibility of nutrients in the rumen of diets, %
Indicators Diets

Control (BD) BD+ Zeolite BD+ Polymer
Dry matter 51,4+1,27 49,1+1,85 50,1+1,51
Organic 58,5+0,44 56,7+1,30 56,8+1,93
matter
Crude protein 13,7+0,46 8,9+£2,16 9,7+1,15
Crude fat -28.3+17,56 -10,0£2,77 -30,7+5,89
Crude fiber 69,6+1,02 70,1+1,78 70,0+1,82
Crude ash -50,0+10,29 -57,5+£10,24 -51,9+4,90
NFE 64,3+2.77 65,7+1,34 64,71+1,96

The study of the complex effect of protected protein supplements and sorbents on
the patterns of the course of metabolism of scar microflora showed a probable decrease in
the concentration of hydrogen ions in scar fluid in dynamics (Table 5).

Table 5
pH in rumen content, average daily and in dynamics
Diets
Sampling time, hours
Control (BD) BD+ Zeolite BD+ Polymer
7:00 (before feeding) 6,8+0,15 7,0+0,06 7,0+£0,13
11:00 (after 3 hours) 6,2+0,07 6,2+0,05 6,1+0,09
13:00 (after 5 hours) 6,1+0,05 6,2+0,18" 6,2+0,09"
Average daily concentration 6,3+0,04 6,5+0,07 6,4+0,05

Note: * - probability of difference p <0.05.

Organic matter of feed, including proteins and carbohydrates, entering the rumen,
is largely broken down by microorganisms. The bulk of nutrients in plant feeds used by
ruminants are carbohydrates. Microorganisms of the rumen are able to break down and use
as a source of energy large amounts of polysaccharides, such as starch, cellulose and other
structural carbohydrates to the stage of monosaccharides. Indicators of the course of
microbiological processes in the rumen during the experiment are presented in tables 6 - 9.
When determining the amylolytic activity in dynamics (table 6) during feeding the
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experimental diets, some decrease was noted. It should be noted that zeolite reduced
amylase activity to 28.6 U/ml immediately after feeding the diet (3-5 hours after feeding),
and the polymer contributed to a decrease in the amylolytic activity of the rumen microflora
both before and after feeding (p < 0.05). On the contrary, before feeding, the amylolytic
activity of the rumen contents was significantly higher on the diet with zeolite, compared
to the control diet, (P < 0.01), which suggests both a direct and an indirect effect of zeolite
on this indicator.

Amylolytic activity in dynamics and average daily, units/ml reple®
Sampling time, hours Diets X
Control (BD) BD+ Zeolite BD+ Polymer
7:00 (before feeding) 45,3+1,03 50,2+1,45%* 41,8+1,81
11:00 (after 3 hours) 43,8+1,82 32,5+1,63 38,6+3,02
13:00 (after 5 hours) 36,8+2,15 28,6+3,25* 31,843,18
Average /day 42,3+2.30 36,3+1,55 36,9+1,95%

Note. * - probability of difference p <0.05; ** - probability of difference p <0.01.

The cellulolytic activity of the rumen microflora underwent some changes
depending on the type of additives fed in the diet. Thus, during the period of the most
intensive fermentation (3-5 hours after feeding), the cellulolytic activity in animals
receiving zeolite was higher than the control values by 9-34% (Table 7). During the
increase in amylolytic activity, a decrease in cellulolytic activity is observed, and vice versa
(Tables 6, 7).

Table 7

Cellulolytic activity in dynamics and average daily, %
Sampling time, Diets
hours Control (BD) BD+ Zeolite BD+ Polymer
7:00 (before feeding) 22,5+1,30 20,5+0,76* 18,3+0,48*
11:00 (after 3 hours) 12,6+0,91 13,8+2,01* 11,9+1.,6
13:00 (after 5 hours) 12,5+1,14 16,8+2,12 14,9+0,55
Average /day 16,8+0,18 16,8+1,22 15,3+0,85

Note. * - probability of difference p <0.05.

In animals fed a diet with polymer, 3 hours after feeding, lower cellulolytic activity
was noted compared to control indicators - by 2.5 %. No significant differences in the
average daily cellulolytic activity were found in different periods of the experiment.

It is known that ciliates are sensitive to changes in feeding conditions. When the
rumen pH decreases to 5.0 and below, during starvation and a number of pathological
conditions of the antrums , the number of ciliates decreases until they completely disappear.
According to studies of the number of ciliates in the rumen fluid, an average daily increase
in their number (within physiologically normal limits) was noted in the experimental
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groups receiving compound feeds with zeolite and polymer, which indicates a positive
effect of additives on their development (Table 8).

Table 8
The ciliates number, in dynamics and average daily, thousand/ml

Sampling time, hours Diets
Piing ’ Control (BD) BD+ Zeolite BD+ Polymer
7:00 (before feeding) 143,84+35,46 218,8+18.31 208,3+£25,07
11:00 (after 3 hours) 122,5+19,22 145,0+14,72* 158,3+12,85
13:00 (after 5 hours) 157,5+£19,79 152,5£22.91 167,8+16,10
Average /day 145,7+20,05 170,4+12,04 184,1£10,37

Note. * - probability of difference p <0.05.

A significant decrease in the total number of bacteria in the rumen contents before
feeding was observed only in the diet with polymer. After feeding, the situation changed,
and this indicator in animals on diets with zeolite and polymer was approximately at the
same level as the control indicators (Table 9).

Table 9
The bacteria number, in dynamics and daily average, billion/ml

Sampling time, Diets
hours Control (BD) BD+ Zeolite BD+ Polymer
7:00 (before feeding) 10,6+0,26 10,6+0,82 8,5+0,16*
11:00 (after 3 hours) 9,3+0,18 8,9+0,74 8,24+0,25
13:00 (after 5 hours) 7,940,15 8,3+0,46 7,6+0,36
Average /day 8,7+0,23 8,8+0,82 8,5+0,46

Note. * - probability of difference p <0.05.

Discussion. In the study of the digestibility of nutrients in the rumen when feeding
diets with protected protein and sorbents, it was found that the total digestibility of dry
matter and organic matter changed slightly. At the same time, it should be noted as a
positive point that prevents nitrogen loss, a decrease in the digestibility of crude protein in
experimental cows on diets with zeolite and polymer, which is consistent with the data
(Martin M., 2014). The inclusion of sorbents in the diet did not lead to significant changes
in the digestibility of crude fiber, this indicator was at the level of control values, and the
digestibility of nitrogen-free extractives did not change significantly. Negative values of
the digestibility of crude fat and crude ash are characteristic of ruminants. The increase in
the amount of crude fat in the rumen content, apparently, may indirectly indicate the normal
development of the rumen microflora, since it is microorganisms that synthesize fatty acids
from non-lipid components of the feed (Wu Z. et al., 1991; Yu Y. et al., 2025).

Apparently, partial sorption of hydrogen ions by zeolite and polymer occurred in
the rumen, due to which a more favorable pH level was maintained for the rumen

204



:l
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne135 F=&

microflora and the action of bacterial enzymes, in particular proteinases and peptidases, the
activity of which largely depends on the pH value. It is known that the optimal reaction for
bacterial proteinases is pH about 7.0. The optimum action of peptidases is in the range of
pH from 5.5 to 7.0, which depends on the type of bacteria that produce the enzyme (Bach A.
et al., 2005). In our studies, the average daily pH of the rumen content of cows did not
differ between periods. Changes in cellulolytic activity are probably associated with
consistently higher rumen pH values, which favorably affected cellulolysis. A rumen pH
level below 6.2 significantly inhibits the development of cellulolytic microorganisms
(Atikah I. N., et al., 2021). Similar changes are consistent with the indicators of amylolytic
activity in the rumen in animals receiving zeolite. In our opinion, some average daily
decrease in amylolytic activity in the rumen, noted when feeding diets containing additives,
should be considered rather a positive point. Starch is hydrolyzed very intensively under
normal conditions, while a decrease in pH is noted, which does not always positively affect
the activity of bacterial enzymes and the survival of some microorganisms. Reducing the
fermentolysis of starch also allows for an increase in its entry into the intestine, where it is
digested by the body's digestive enzymes to glucose, which helps to provide the body with
glucose without enzymatic losses. In this case, theoretically, the consumption of glucogenic
amino acids used in the process of gluconeogenesis should decrease. Regarding the
opposite changes in amylolytic and cellulolytic activity (Tables 6, 7), it is known that starch
in the diet can to some extent inhibit the digestibility of fiber in the rumen. The reasons for
this phenomenon may be a decrease in pH below the optimum for the action of cellulases,
or competition between amylolytic and cellulolytic organisms in the rumen.

Regarding the characteristics of the state of the microfauna in the rumen at different
feeding rations, the results obtained, in our opinion, are explained by the following reasons:
the fractional nature of the components of the microbial population of the rumen: a free-
living suspension of organisms, microorganisms that have attached to feed particles, and a
population of microorganisms that is associated with the rumen wall. The free-living
suspension of organisms is the organisms of the rumen fluid. This population is not very
specific and contains impurities of organisms that have freed themselves from particles that
were previously attached. This fraction is very active in terms of metabolism. The
consumed feed falls precisely into this fraction. Microorganisms that have attached to feed
particles. It should be emphasized that the main part of the fermentation of roughage is
carried out by organisms that adhere to feed particles. This fraction includes both
microorganisms that are weakly associated with feed particles and microorganisms that are
strongly associated with feed particles. It is in this fraction that the most intensive digestion
of fiber occurs. The population of microorganisms associated with the rumen wall includes
bacteria that adhere to the rumen epithelium. They are specific and have proteolytic and
ureolytic activity (Lobo R. R. et al., 2023). The attachment of microbes to feed particles
plays an important role, as it provides close contact with the substrate and increases the
time of microbes in the rumen and thereby promotes their survival. There is a constant
exchange between the fractions of microorganisms. The total number of ciliates is counted
in a certain volume of rumen fluid. When determining the number of bacteria, the rumen
contents filtered through several layers of gauze are used. According to (Orskov E.R.,
2002; Orskov E.R., 1992), it is necessary to distinguish the components of the rumen fluid.
The food mass in the rumen is poorly homogenized. Therefore, the content of certain
investigated components of the rumen contents and rumen metabolites at different levels
may be different. When taking the rumen contents, as a rule, only the liquid fraction of the
rumen contents, with free-living microorganisms, enters the Bunsen flask.

Thus, under the conditions of the experiment, the animals studied did not show any
disruption of the normal course of microbiological processes in the complex stomach, and
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the changes observed were not negative in nature and did not cause physiologically
abnormal changes in rumen digestion. However, undoubtedly, the information obtained
requires further detailed study using additional microbiological studies. It is obvious that
in the presence of concentrated grain feeds of low quality and unbalanced diets, it may be
more profitable and rational not to prevent the breakdown of crude protein of these feeds,
but to increase the synthesis of microbial protein, which has high biological value.
However, its practical use in feeding cows requires further studies on different diets, in
combination with different feeds and especially concentrates, taking into account the
impact on milk productivity and quality of dairy products.

Conclusions:

1. The effect of the complex action of sorbents and protected protein additives on
microbiological processes in the rumen was established: in experimental animals, no
disruption of the normal course of microbiological processes was noted, and the changes
were not negative in nature and did not cause physiologically abnormal changes in rumen
digestion.

2. It was determined that in experimental animals, both on the control and
experimental diets, the apparent digestibility of dry matter and organic matter of the
experimental diets (with zeolite and polymer) differed little. At the same time, a decrease
in the digestibility of crude protein in experimental cows on diets with zeolite and polymer
was established by 35 % and 29 %, respectively. The digestibility of crude fiber and
nitrogen-free extractives did not change significantly when sorbents were included in the
diet, while crude fat and crude ash had negative values.

3. Changes in enzymatic activity in the rumen were assessed: amylolytic activity
when feeding zeolite depending on the time of feeding - before feeding increased by 3.7 %
(p<0.01), and after 3-4 hours decreased by 23.0 % (p<0.05); changes in cellulolytic activity
were insignificant, but with an increase in amylolytic activity, a decrease in cellulolytic
activity was observed and vice versa.

4. It was determined that when feeding a diet with a polymer, amylolytic activity in
the rumen was lower than in the control diet, both before and after feeding, which caused
a decrease in the average daily rate by 15.7 % (p<0.05). Fluctuations in the average daily
values of cellulolytic activity in the rumen were insignificant.

5. An average daily increase in the number of ciliates (within physiologically
normal limits) of 16.9 and 26.4 % was found in diets with zeolite and polymer, respectively,
in the control. The average daily number of bacteria in animals consuming diets with
additives was approximately at the same level as in the control. Fluctuations in the average
daily pH of the rumen content between the study periods are insignificant.
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