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Development of metagenomic techniques for anal�
ysis of the structure of microbial communities [1, 2],
of which T�RFLP is the most reliable [3] had a signif�
icant effect on the basic research on the symbiotic
relationships between a macroorganism and its micro�
biota. Modern technologies make it possible to inves�
tigate the effect of various factors on the host organism
and on its microsymbionts and may be used to assess
the character of intermicrobial relationships, includ�
ing those developing in the intestinal ecosystem, e.g.,
in the case of arrival of a biomass of foreign bacteria as
a component of biologically active feed additives.
Technologies for the new generation of such additives
involving biofilm formation on solid carriers are of
great scientific and applied interest. Biofilms in nature
play a protective role for biofilm�forming bacteria [4–
6]. A biofilm may therefore improve the survival of a

microbial population under unfavorable conditions
(drying, granulation, etc.). The cells attached to the
carrier particles may affect the microbial cenosis of the
gastrointestinal tract.

The goal of the present work was to apply T�RFLP
analysis modified for investigation of the ruminal bac�
teria [7] in order to investigate the microbial commu�
nity of the ruminal fluid of calves switching from the
diary diet to the vegetable one and to investigate the
effect of Bacillus subtilis vegetative cells arriving into
the organism of young animals as biofilms of a vegeta�
ble carrier on the microbial ecosystem of the rumen
chyme and its internal interactions in order to estimate
the abundance of the individual components of the
microbiota exhibiting high correlation with the indices
of host digestion, growth, and development.
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Abstract—T�RFLP investigation of the microbial community of the ruminal fluid of calves revealed changes
in the microbiocenosis resulting from feeding the animals with biofilm�protected Bacillus subtilis cells. In the
control animals, which switched from the diary to the vegetable diet, the phylum Firmicutes predominated
Firmicutes (55.11 ± 1.97%), in particular the class Clostridia (53.10 ± 2.06%), families Lachnospiraceae (25.93 ±

1.41%) and Clostridiaceae (9.90 ± 1.35%). Members of the phyla Bacteroidetes (11.15 ± 2.88%) and Actino�
bacteria (9.27 ± 1.95%) were also present. Uncultured forms constituted 17.28 ± 2.01%. The share of bacilli
(family Bacillaceae) was below 2% (1.46 ± 0.41%). Introduction of B. subtilis cells into the rumen of experi�
mental animals increased the share of Bacillaceae to 2.80 ± 0.30%. The numbers of Thermoanaerobacteri�
aceae, Peptostreptococcaceae, and Alicyclobacillaceae increased by an order of magnitude. The numbers of
Pseudomonadaceae, Burkholderiaceae, and uncultured Bacteroidetes increased twofold. Increased numbers of
the rumen bacteria and protozoa, elevated fatty acid content, and higher ammonia emission indicated
increased efficiency of digestion. Some families, including the domineering ones, included the members with
different directions of the correlation with the indices of rumen digestion. The introduced bacilli stimulated
the phylotypes with the positive correlation coefficients and suppressed those with the negative correlation.
This, the rumen ecosystem was modified in the direction of improved digestion. The functional role of the
members of the microbial community, for which the correlations were negative, weakly associated, or unas�
sociated with the indices of rumen digestion are discussed.
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MATERIALS AND METHODS

Bacillus subtilis strain B�8130 was used in the work.
Solid�state cultivation of bacteria was carried out on
ground sea�buckthorn leaves [8] at 50% water content.
After fermentation, the mass was dried at 45°C to the
air�dry state. The number of B. subtilis cells (CFU/g)
was determined by the terminal dilution method. The
absence of spores was confirmed by light microscopy
of fixed, gentian violet�stained smears under an
Axioskop microscope (Zeiss, Germany) using a
KS 300 image analysis system.

Electron microscopy was carried out under a Cam�
Scan MB2300 scanning electron microscope (Czech
Republic). The wet fermentation mass containing
bacterial cells was carefully applied on a drop of iso�
tonic (0.5 M) sucrose solution [9] on a coverslip (18 ×
18 mm). The preparation was air�dried at room tem�
perature for 24 h. The coverslip was attached to the
manipulation table with a double�sided conductive
carbon tape. The preparations were sprayed with gold
under vacuum according to the standard procedure for
the sample preparation for scanning electron micros�
copy.

Two groups of 10 calves 25–30 days old from the
Kelnovo�Chegodaevo experimental farm (Research
Institute of Animal Husbandry, Russian Academy of
Agricultural Sciences, Dubrovitsy, Russia) were used:
group 1 (control) and group 2 (experimental). The
animals of group 1 were fed with mixed fodder without
additives. The fodder of group 2 was supplemented
with 0.1% of dried biomass of B. subtilis B�8130 as a
biofilm on a vegetable carrier. Experimental feeding
was carried out for 105 days. The amounts of the fod�
der given and of the leftovers were registered daily in
order to determine the fodder consumption. The mass
of the animals was determined by individual weighting
at the beginning and end of the experiment. These
data were used to calculate the live weight gain. The
indices of digestion were analyzed at the end of the
experiment [10]. For characterization of the ruminal
digestion, samples of the rumen content were col�
lected with a probe 3 h after feeding. The sample reac�
tion was measured with an Akvilon�410 pH meter. The
rumen content was then filtered through four layers of
sterile gauze. The filtrate was used to determine total
volatile fatty acids (VFA) by steam distillation in a
Markham apparatus, ammonium nitrogen the Con�
way microdiffusion method, and the biomass of proto�
zoa and bacteria by differential centrifugation on a
Beckman model J2�21 centrifuge (Germany) [11],
and then to get absolutely dry biomass.

The experimental results were statistically treated
using the Student t criterion.

The species composition of the microbial commu�
nity from the ruminal fluid of 6 calves (3 from the
experimental and the control groups) 4.5 months old
was investigated using T�RFLP. DNA was isolated
from the rumen content by phenol/chloroform

extraction and purified with 2% CTAB. PCR amplifi�
cation of the 16S rRNA bacterial genes was carried out
using the probes 63F (CAGGCCTAACACATG�
CAAGTC) with a 5'�terminus label (fluorophore D4−
WellRed) and 1492R (TACGGHTACCTTGTTAC�
GACTT), which amplify the 16S rRNA gene fragment
at E. coli positions 63–1492.

For T�RFLP analysis, the fluorochrome�labeled
amplicons of the 16S rRNA gene were purified with
3 M guanidine isothiocyanate solution according to
the standard procedure [12]. The concentrations
of purified gene fragments were determined on a
Qubit 2.0 fluorimeter (Invitrogen, Germany) accord�
ing to the manufacturer’s recommendations. Restric�
tion of 16S rRNA amplicons (30–50 ng) was carried
out for 2 h at 37°C using the HaeIII, HhaI, and MspI
restriction endonucleases (Fermentas, Lithuania)
according to the manufacturer’s recommendations.
The restriction products were precipitated with etha�
nol, mixed with addition of 0.2 µL molecular mass
marker (Size Standart�600, Beckman Coulter, United
States) and 10 µL formamide (Sample Loading Solu�
tion, Beckman Coulter, United States), and analyzed
on a CEQ 8000 (Beckman Coulter, United States)
according to the manufacturer’s recommendations.
The peak sizes and areas were determined using the
Fragment Analysis software package (Beckman
Coulter, United States). The peaks were grouped into
phylotypes with the accepted experimental error pf
1.5 nucleotides, and the percentage of these phylo�
types in the microbial community was determined.
The phylogenetic position of the bacteria was deter�
mined using the Fragment Sorter software package
(http://www.oardg. ohiostate.edu/trflpfrag�
sort/index.php).

The casual relationships between the factor and
resulting characteristics were established using the
Pearson correlation coefficients [13] between the
number of rumen microorganisms and the indices of
ruminal digestion (pH, emission of ammonia and vol�
atile fatty acids, as well as the number of bacteria and
protozoa), which make it possible to determine direct
relationships between variables using their absolute
values. The following simplified version of the formula
was used [14]:

where X, Y, , and  stand for the number of bacte�
ria, the variable of LFA amount, ammonia, or bacte�
rial and protozoan biomass, and the averages for X and
Y, respectively.

The absolute values of the correlation coefficients
r ≥ 0.5 were considered high. The correlation indices
for individual phylotypes were analyzed in the cases
when the share of a specific microorganism in the
community exceeded 0.05%.
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RESULTS AND DISCUSSION

Solid�state cultivation of B. subtilis B�8130 resulted
in biofilm formation upon the vegetable carrier (fig�
ure, a), in agreement with the literature data on
B. subtilis capacity for biofilm formation [15]. No
spores were found in the wet mass or in the dry fer�
mentation product, where the cells on a solid surface
were covered with a film providing for protection and
additional attachment to the carrier (figure, b). The
number of B. subtilis cells was 48 × 108 

± 10% CFU/g
dry mass. The mass was added to mixed fodder (0.1%).
Bacilli�enriched fodder was used in the ration of the
experimental group, while the control calves received
mixed fodder without additives. The composition of
the microbial community in the ruminal fluid was ana�
lyzed after the period of experimental feeding. The
rumen microbiota contains various groups, including
the bacteria of the ruminal fluid, those adhered to the
feed substrates, and those adhered to the mucous
membrane of the rumen [16, 17]. In the present work,
attention was focused on the bacterial population of
the rumen chyme, since a direct correlation exists
between the number of bacteria and ciliates in the
ruminal content and the productivity of ruminants
(the higher microbial number, the higher the animal
increment) [18].

Our results revealed the differences in the microbi�
ological characteristics of the ruminal fluid of the
experimental and control animals.

In the microbiocenosis of the control calves
at 4.5 months, when the animals switched completely
from the diary to the vegetable diet [19] and the micro�
bial community was therefore mostly formed,
T�RFLP analysis revealed predominance of the phy�
lum Firmicutes (55.11 ± 1.97%), mainly of the class
Clostridia (53.10 ± 2.06%), families Lachnospiraceae
(25.93 ± 1.41%) and Clostridiaceae (9.90 ± 1.35%).
Members of the phyla Bacteroidetes (11.15 ± 2.88%)
and Actinobacteria (9.27 ± 1.95%) were present in
approximately the same amounts. The share of bacilli
(family Bacillaceae) did not exceed two per cent
(1.46 ± 0.41%). The numbers of bacteria of the fami�
lies Bifidobacteriaceae, Enterobacteriaceae, Pseudo�
monadaceae, and the phylum Fusobacteria were close
to those of bacilli. Bacteria of other identified groups,
including the family Lactobacillaceae (0.32 ± 0.15%)
constituted together less than 1%. A significant part of
the ruminal microflora belonged to uncultured micro�
organisms. Unclassified forms together with uncul�
tured bacteroids constituted 17.28 ± 2.01%.

The structure of the microbial community charac�
terized the processes of digestion in this part of the
gastrointestinal tract associated with the state of young
animals on a vegetable ration. Decomposition of cel�
lulose and starch is associated with mass development
of bacteria of the phylum Bacteroidetes and families
Lachnospiraceae, Ruminococcaceae, and Thermoa�
naerobacteriaceae, which possess cellulolytic and

amylolytic activities. Fermentation of simple and
complex carbohydrates also depends on the activity of
bacteria of the families Clostridiaceae, Eubacteriaceae,
Veillonellaceae, and other rumen bacteria [20]. The
relatively low abundance of lactobacilli and bifidobac�
teria may be explained by the age�related characteris�
tics of the calves. Their ontogenesis at the time of sam�
pling was associated with the preferential development

(b) 10 µm

(а) 20 µm

Electron microscopy of the wet product of solid�state fer�
mentation, B. subtilis B�8130 cells (arrows) in the
biofilm (a) and of the dry preparation, the cells (arrows)
mostly covered with a film from above (b).
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of the microorganisms involved in decomposition of
cellulose and starch of the vegetable feed components.

Biofilm�protected cells of B. subtilis B�8130 intro�
duced into the host organism with mixed feed caused
an increase in the share of the family Bacillaceae from
1.46 ± 0.41 to 2.80 ± 0.30%, probably to do growth of
the introduced bacilli, and affected the total abun�
dance and ratio of the components of the rumen
microbial community. The numbers of Thermoanaero�
bacteriaceae, Peptostreptococcaceae, and Alicyclobacil�
laceae increased almost by an order of magnitude. The
numbers of uncultured Bacteroidetes, as well as of

Pseudomonadaceae and Burkholderiaceae, increased
twofold on average. Increased abundance of these
forms caused redistribution of the ratios of the compo�
nents of the microbial community, including a certain
decrease in the share of the dominant forms and a reli�
able decrease in abundance of Ruminococcaceae and
Bifidobacteriaceae, which had, however, no negative
effect on the indices of growth and development of the
experimental animals an on their digestion (Table 2).
Comparison to the indices of ruminal digestion for the
control animals revealed 1.3�fold increase in the num�
ber of bacteria and protozoa, as well as an increase in
VFA synthesis and ammonia emission (the indices

Table 1. Composition of the bacterial community of calf rumen, T�RFLP analysis, %

Taxonomic rank
Group of animals

1 control 2 experimental

Phylum Bacteroidetes 11.15 ± 2.88 8.99 ± 1.2

Uncultured Bacteroidetes 0.54 ± 0.24 1.22 ± 0.58

Fam. Bacteroidaceae 1.48 ± 0.99 0.87 ± 0.17

Fam. Flavobacteriaceae 5.74 ± 2.41 4.24 ± 0.54

Fam. Flexibacteraceae 2.98 ± 0.73 2.53 ± 0.42

Fam. Prevotellaceae 0.42 ± 0.56 0.14 ± 0.1

Phylum Proteobacteria 4.33 ± 1.29 6.78 ± 2.12

Fam. Enterobacteriaceae 1.93 ± 0.86 2.63 ± 0.14

Fam. Camphylobacteriaceae 0.28 ± 0.37 BLRD

Fam. Pseudomonadaceae 1.52 ± 0.45 2.99 ± 1.72

Fam. Burkholderiaceae 0.63 ± 0.41 1.17 ± 0.05

Phylum Firmicutes 55.11 ± 1.97 59.61 ± 2.24

Class Clostridia 53.10 ± 2.06 55.72 ± 3.44

Fam. Thermoanaerobacteriaceae 1.00 ± 0.06 10.79 ± 3.28***

Fam. Peptostreptococcaceae 0.06 ± 0.08 0.77 ± 0.05***

Fam. Clostridiaceae 9.99 ± 1.35 7.15 ± 2.02

Fam. Lachnospiraceae 25.93 ± 1.41 21.27 ± 5.44

Fam. Eubacteriaceae 5.79 ± 1.7 7.83 ± 2.2

Fam. Ruminococcaceae 4.83 ± 0.74 2.89 ± 0.26*

Fam. Veillonellaceae 5.54 ± 0.62 5.05 ± 0.34

Class Bacilli 1.7 ± 0.33 3.48 ± 0.97

Fam. Bacillaceae 1.46 ± 0.41 2.8 ± 0.3**

Fam. Alicyclobacillaceae 0.05 ± 0.02 0.45 ± 0.52**

Fam. Paenibacillaceae 0.2 ± 0.1 0.24 ± 0.17

Order Lactobacillales 0.32 ± 0.15 0.42 ± 0.21

Fam. Lactobacillaceae 0.32 ± 0.15 0.42 ± 0.21

Phylum Actinobacteria 9.27 ± 1.95 8.08 ± 0.72

Fam. Bifidobacteriaceae 1.37 ± 0.29 0.4 ± 0.14*

Phylum Fusobacteria 1.53 ± 0.24 0.81 ± 0.25*

Uncultured bacteria 16.74 ± 1.77 15.21 ± 0.49

Note: BLRD stands for below the limit of reliable detection.
Reliable at * p ≤ 0.05; ** p ≤ 0.1; *** p ≤ 0.001.
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characterizing digestion efficiency) in the presence of
B. subtilis B�8130. These findings required additional
investigation for the understanding of the biological
background of the phenomenon.

The data obtained by T�RFLP analysis were used
to calculate the correlation coefficients between the
content of microorganisms and groups in the micro�
bial community and the major indices of ruminal
digestion. This approach has been previously success�
fully applied to investigate the relationship between
poultry metabolism and the content of microorgan�
isms in the gastrointestinal tract [21].

Among the Lachnospiraceae, which dominated the
rumen community, two phylotypes (262 and 279 bp)
exhibited high positive correlation, while one phylo�
type (277 bp) had negative correlation. The correla�
tion coefficients with VFA production, ammonia
emission, and total amount of bacteria and protozoa
were r = 0.66 each for the 262 bp phylotype and r ≥
0.68 for the 279 bp phylotype. For the 277 bp phylo�
type, the coefficients varied from r = –0.66 and r =
⎯0.69. Importantly, the 264 bp phylotype predomi�
nant in this group (Butyrivibrio fibrisolvens), which
constituted 14.0 and 11.9% of the total microbial
number in the control and experimental animals,
respectively, exhibited low correlation with the rumi�
nal digestion. Weak positive correlations were found
for pH (r = 0.1) and number of bacteria in the rumen
(r = 0.03), while negative correlations were revealed
with other digestion indices, with r values not exceed�
ing r = –0.17. These results indicated heterogeneity of
the family Lachnospiraceae, which included the spe�
cies with opposite functions in the ruminal digestion
or unassociated with the investigated characteristics.

In the family Clostridiaceae, similar to Lachnospi�
raceae, members with different signs of the correlation
dependencies were revealed. For example, the phylo�
types 182, 184, 186, and 188 bp exhibited positive cor�
relation with digestion indices (the correlation coeffi�
cients varying from r = 0.59 to r = 0.8), while the phy�
lotype 492 bp showed negative correlation with the
correlation coefficients from r = –0.63 to r = –0.68.
The different effects of Clostridiaceae members on the
ruminal microbial ecosystem may be explained by the
broad spectrum of the biochemical activity of the
members of this family, which, apart from the species
useful for the symbiotic digestion, contains probably
those with a negative effect.

Among the Eubacteriaceae members, only the phy�
lotypes with high positive correlation with digestion
indices were found; for example, the correlation coef�
ficients for the phylotype 199 bp (Eubacterium rumi�
nantium) varied from r = 0.74 to r = 0.79.

The 250 bp phylotype of the family Ruminococ�
caceae, genus Faecalibacterium exhibited a negative
correlation with all digestive indices (r = –0.65). The
share of this organism in the ruminal fluid was 2.32 ±
0.82 and 0.70 ± 0.18% for the calves of the control and
experimental group, respectively. The factors stimu�
lating host growth and development and intensifying
digestion in the microbial ecosystem should result in
suppression of the forms inhibiting this process, as was
shown in our experiment. The negative correlations of
the Faecalibacterium sp. phylotype with digestion
indicated that this microorganism was probably
involved in the synthesis of compounds undesirable for
the ruminal digestion. The active preparation with
B. subtilis shifted the equilibrium of the system, inhib�
iting this Ruminococcaceae species. Since its share in
the control animals was 48% of all members of this
family, a decrease in the total abundance of Rumino�
coccaceae was observed in the microbial community of
the ruminal chyme of the experimental animals
(Table 1). Thus, decreased numbers of Ruminococ�
caceae in the presence of bacilli resulted from redistri�
bution of the ratios of the members of this family, with
a decrease in abundance of its part playing a negative
role in digestion.

Among the Veillonellaceae members of the rumen
community, the phylotype 259 bp (Megamonas hyper�
megale) exhibited positive correlation with the
amounts of ammonia and volatile fatty acids (r =
0.75). The share of these bacteria in the ruminal con�
tent of experimental animals increased threefold and
was 1.82 ± 0.89% compared to 0.60 ± 0.12% in the
control. Increased abundance of bacteria of this phy�
logenetic group in the rumen is known to result in
enhanced fermentation of easily degradable carbohy�
drates due to the stimulation of amylolytic microor�
ganisms [22]. The latter ferment starch and produce
high amounts of lactic and succinic acids, while lac�
tate�fermenting bacteria (including Veillonellaceae
species) convert these acids to VFA with preferential
formation of propionic acid. Moreover, a reliable neg�
ative correlation was found between the indices of
ruminal digestion and the presence of the phylotype

Table 2. Average daily increase in calf body mass (M ± m, n = 10) and indices of the processes of ruminal digestion

Animals Average daily
increase, g pH Ammonia, 

mg %
VFA, mmol/100 mL 

ruminal content

Absolutely dry biomass, g/100 mL 
ruminal content

Protozoa Bacteria 

1 control 753.9 ± 25.25 6.8 ± 0.02 18.12 ± 0.02 11.24 ± 0.03 1.34 ± 0.04 0.40 ± 0.02
2 experimental 852.9 ± 37.65* 6.9 ± 0.04 20.86 ± 0.04 12.44 ± 0.04 1.87 ± 0.05 0.52 ± 0.02

Note: Reliable at *p ≤ 0.05.
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246 bp (Fusobacterium sp. of the phylum Fusobacte�
ria), with r = –0.79 for VFA and total amount of bac�
teria and protozoa and r = –0.80 for ammonia. The
negative correlation between the presence of Fusobac�
terium sp. and digestion may result from competitive
relationships between this microorganism and the
symbionts involved in ruminal digestion, since it is
able to grow at decreased pH utilizing lactate, a prod�
uct of starch fermentation. Introduction of active
B. subtilis cells into the ration of the animals resulted
in modifications of the microbial composition,
increased pH, and enhanced VFA synthesis with pref�
erential production of propionate by Veillonellaceae,
which suppresses the growth of Fusobacterium sp.

Among uncultured species the phylotypes exhibit�
ing negative (e.g., r = –0.82 to r = –0.89 for the phy�
lotype 430 bp) and positive correlation with digestion
indices (e.g., phylotype 431 bp with r = 0.65 to r =
0.74) were also found. The role of uncultured forms of
the microbiocenosis of the ruminal fluid in digestion is
therefore not more equivocal than that of other com�
ponents of the community.

The family Bacillaceae was characterized by posi�
tive correlation with digestion. Bacilli showed high
positive correlation coefficients with ammonia pro�
duction (r = 0.83) and positive correlation with the
number of bacteria and protozoa in the rumen (r =

0.57). Modification of the rumen microbial ecosystem
caused by the vegetative cells of B. subtilis B�8130 may
be explained by an increase in abundance of the family
Bacillaceae, which is generally beneficent to the host,
resulting in a chain reaction of directional shift in the
microbial community, with the preferential develop�
ment of its members having a positive effect on the
digestion of the animals. This suggestion is confirmed
by significant stimulation of development of the phy�
lotypes having a positive correlation with digestion
(including uncultured ones) and by suppression of
those with a negative correlation (Table 3).

The functional role of those components of the
rumen community which exhibit a negative correla�
tion with digestion indices in the symbiosis should be
different, e.g., associated with pathogen suppression,
participation in immunity development [23], or
decomposition of toxic low�molecular compounds
[24].

The data presented in Table 3 show that 75–80% of
the microorganisms of the ruminal fluid exhibited low,
if any, correlation with pH, protozoan number, or
amounts of ammonia and VFA. Since these microor�
ganisms consume nutrients for their development,
they are in relations of commensalism with the host.
Bacterial biomass may probably be used to support
homoiothermy [24], which is in agreement with the

Table 3. Some phylotypes of the microbial community of the ruminal fluid exhibiting high correlation coefficients with the
indices of ruminal digestion (T�RFLP analysis)

Fragment 
length, bp Microorganism Character 

of correlation

Phylotype share, %

1 control group 2 experimental group

460 Bacterium of the fam. Enterobacteriaceae + 0.63 ± 0.23 1.93 ± 0.58

182, 184, 186, 188 Clostridium sp. + 0.36 ± 0.05 2.22 ± 0.32

492 Clostridium sp. – 0.77 ± 0.24 0.21 ± 0.07

199 Eubacterium ruminantium + 0.51 ± 0.28 1.91 ± 0.66

262 Butyrivibrio fibrisolvens + 2.61 ± 0.38 3.95 ± 1.27

277 Pseudobutyrivibrio ruminis – 6.29 ± 3.75 2.45 ± 0.36 

279 Pseudobutyrivibrio ruminis + 1.01 ± 0.74 2.06 ± 0.63

250 Faecalibacterium prausnitzii – 2.32 ± 0.82 0.7 ± 0.18

259 Megamonas hypermegale + 0.60 ± 0.12 1.82 ± 0.89

265 Selenomonas sp. – 1.17 ± 1.01 0.63 ± 0.15

242 Amycolatopsis sp. – 1.23 ± 0.35 0.06 ± 0.01

243 Arthrobacter sp. – 1.02 ± 0.89 0.28 ± 0.14

246 Fusobacterium sp. – 1.50 ± 0.35 0.60 ± 0.45

430 Uncultured bacterium – 1.18 ± 0.50 0.08 ± 0.04

431 Uncultured bacterium – 1.38 ± 0.66 0.53 ± 0.2

462 Uncultured bacterium + 0.28 ± 0.08 1.12 ± 0.31

Total share of positively associated phylotypes 6.00 ± 1.76 15.01 ± 4.66

Total share of negatively associated phylotypes 16.86 ± 8.57 5.54 ± 1.6

Note: Reliable at p ≤ 0.05.
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elevated temperature in the rumen (38–42°C). They
may also be consumed as a source of microbial pro�
tein. In the latter case, participation of these bacteria
in digestion is not required.

The data obtained support the conclusion that the
addition of biofilm�protected B. subtilis cells into ani�
mal feed has an effect on the ruminants by stimulating
the ruminal digestion. Not all the microorganisms
present in the rumen and even not the domineering
organisms are directly involved in digestion, but rather
the minor forms, constituting not more than 6% of the
microbial community. These were the organisms
affected by the probiotic, which caused a directional
modification of the microbial ecosystem with a three�
fold increase in the numbers of bacteria exhibiting a
positive effect on digestion, growth, and development
of the host organism.
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