Ankara Univ Vet Fak Derg, 67, 249-255, 2020
DOI: 10.33988/ auvfd.592849

Effects of probiotics on in vitro ruminal profile and population of
some cellulolytic bacteria
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Abstract: The aim of this study was to evaluate the effects of probiotics on ruminal pH, ammonia nitrogen, production of short
chain fatty acids (SCFA) and number of Ruminococcus albus and Ruminococcus flavefaciens. The probiotics blend was tested in vitro
for 48 h incubation using “Hohenheim Futterwert Test” (HFT). There was no interaction effect of the treatment and incubation time
on the ruminal pH and ammonia-nitrogen concentration. A supplemental probiotics blend tended to increase the total SCFA
concentration in comparison to the non-supplemented control fermenter fluids (P> 0.05). There was a significant interaction effect of
the treatment groups and incubation time on butyrate (P=0.042), valerate (P=0.045) and isovalerate (P= 0.028) concentrations. Total
protozoa and total bacteria numbers were higher in probiotics supplemented fluid than in non-supplemented control fluid (P<0.001 and
P<0.01, respectively). Dietary supplementation of a probiotics blend to the fermenters did not influence (P>0.05) the number of copies
of R. albus. However, the population of R. flavafaciens was lower (P<0.01) in the probiotic supplemented group as compared with the
non-supplemented control group. Our results showed that the probiotics blend might modulate both microbial metabolic activity and
the population of ruminal microorganisms.
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Probiyotiklerin in vitro rumen profili ve baz seliilolitik bakterilerin popiilasyonu iizerine etkileri

Ozet: Bu galismanim amaci probiyotiklerin ruminal pH, amonyak azotu, kisa zincirli yag asitlerinin iiretimi (SCFA) ve
Ruminococcus albus ve Ruminococcus flavefaciens'in popiilasyonu iizerindeki etkisini belirlemektir. Probiyotik karigimi 48 saat
inkubasyonda “Hohenheim Futterwert Testi” (HFT) kullanilarak test edilmistir. Ruminal pH ve amonyak-azot konsantrasyonu
bakimindan deneme gruplar ve inkubasyon siiresi arasinda anlamli bir etkilesim gdzlenmemistir. Probiyotik karigimi ilave edilen grup,
kontrol grubuna kiyasla toplam SCFA konsantrasyonunu arttirma egilimindeyken, gruplar arasindaki etkilesim istatistiki bakimdan
onemli bulunmamustir (P>0,05). Deneme gruplari ve inkubasyon siireleri arasinda biitirat (P=0,042), valerat (P=0,045) ve izovalerat
(P=0,028) konsantrasyonlarinda anlamli bir etkilesim gozlenmistir. Probiyotik ilave edilen grupta toplam protozoa ve toplam bakteri
sayisinin, kontrol grubundan daha yiiksek oldugu gozlemlenmistir (sirastyla P<0,001 ve P<0,01). Fermenterlere bir probiyotik
takviyesi, R. albus'un gen kopya sayisini etkilememistir (P>0,05). Bununla birlikte, probiyotik takviyeli grupta, takviye edilmemis
kontrol grubuyla karsilastirildiginda, R. flavafaciens popiilasyonunun diisiik oldugu (P<0,01) bulunmustur. Sonuglar, probiyotik
karigtminin hem mikrobiyal metabolik aktiviteyi hem de ruminal mikroorganizma popiilasyonunu degistirebilecegini gostermistir.

Anahtar sozciikler: Kisa zincirli yag asitleri, nutrigenomikler, probiyotikler, ruminomikler, seliilolitik bakteriler.

Introduction
The “omic” technologies that are used in an
extensive range of an execution area, are scoped at the
determination of genes (genomics), proteins (proteomics),
metabolites  (metabolomics), nutritional —genomics
(nutrigenomica) and rumen microbial genomics

(RuminOmics project) (8). Rumen environment consists
of a variety of microorganisms, like cellulolytic,
proteolytic, amylolytic and so on, which act in harmony to
degrade several nutrients to contribute energy and protein
metabolism of the host. Gut microbial communities
(microbiomes) through genomics and metagenomics and
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its underlying functions through the construction of a gene
catalogue can improve ruminal microorganism actions
and rumen health as well as metabolic health of host by
modificating the fermentation parameters (15). The
digestibility of nutrients is significant for ruminal
fermentation to produce SCFA which is the main source
of energy for bacteria and host. Cellulolytic bacteria, such
as Ruminococcus albus and Ruminococcus flavafaciens
utilize the cellulose by excreting exo-1,4-B- glucanase,
endo-1,4-B-glucanase  and  cellodextrinase  1,4-B-
glucosidase (10) and rapidly proliferate when ammonia
concentration is adequate. However, with the reduction of
the rumen pH, forage digestibility is reduced
incrementally due to the decreased cellulolytic bacteria
population (17). Because rumen pH is an important
determinant of rumen cellulolytic bacteria activity, as they
are negatively affected by the reduction of pH below 6.00
(24). For this purpose, to improve the ruminal flora and/or
fauna, some biotechnological feed additives were
developed, such as probiotics, that are considered as an
alternative to antibiotics. Probiotics can be defined as
viable microorganisms that have a beneficial effect on the
health and performance of the host (23). Chaucheyras-
Durand and Durand (4) reviewed that the most significant
effects of probiotics have been reported when they have
been included in the diet of animals for the gut microbiota
and the animal, stabilizing the rumen pH and promoting
the rumen health by reducing risk of acidosis. We
hypothesized that this probiotics blend may exert an
additive effect on rumen fermentation parameters and R.
albus and R. flavefaciens abundance to help the cellulose
degradation. The purpose of this study was to evaluate the
effects of probiotics blend addition on ruminal
fermentation, and ruminal microbiome genomics by the
use of real-time PCR for monitoring cellulolytic bacterial
species in the artificial rumen of cattle and to indicate the
precise population level of R. albus and R. flavefaciens by
quantifying the gene of each species.

Materials and Methods

Experimental diets and procedure: To stimulate in
vitro rumen fermentation, dried alfalfa hay was used as a
substrate in fermenters for HFT method (14) during the
experiment. The alfalfa hay was provided by a commercial
farm. Nutritional composition of alfalfa were analyzed
according to Association of Official Analytical Chemists
(1), and presented in Table 1. The probiotics were
obtained from a commercial company. The probiotics
blend was comprised of Saccharomyces cerevisiae,
Bacillus subtilis, Bifidobacterium animalis, Bifidobacterium
bifidum, Bifidobacterium longum, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus fermentum, Lactobacillus
plantarum, Lactococcus lactis, Streptococcs thermophiles,
Lactobacillus bulgaricus strains along with the distillated
water, molasses of organic sugar cane, salt, calcium oxide,
and magnesium oxide.

Table 1. Chemical composition of alfalfa

Chemical composition

Dry matter, % 93.00
Crude protein, % 9.51
Ash, % 8.20
Crude fiber, % 32.00
Acid detergent fiber, % 46.00
Neutral detergent fiber, % 65.82
Ether extract, % 1.10
ME, kcal/kg 1510

In vitro fermentation technique: Fermentation was
performed according to a modified HFT (14). Two
hundred milligrams of the dried alfalfa substrate were
incubated with 30 ml of a ruminal buffered suspension
with 0,1 ul /ml probiotics (PRO) to reach the 1 x 10 cfu/g
of probiotic blend or without an additive as a control
(CON) at 39 °C. Buffer suspension consisted of 20 ml
buffer solution and 10 ml rumen fluid. Rumen fluid was
obtained from a slaughtered cattle at a local slaughterhouse.
The owner indicated that these bulls were fed a diet
consisting of concentrate and straw (0.79:0.21). Rumen
fluid was immediately transferred to preheated thermos
and brought to the laboratory to start the fermentation.
Then, rumen fluid immediately mixed and strained into
syringes which were previously heated in an incubator (39
°C) and filled with the buffer solution (Macro Element
Solution: NayHPO4, KH2PO4, MgSO4.7H20; Micro
Element Solution: CaCl.2H,0, MnCl.4H,0, CoCl,.6H-0,
FeCl;.6H,O; Buffer Solution=NaHCO3;, NH4HCOs3;
Resazurin  Solution=Resazurin; Reductant Solution=
Na,S.7H,0, NaOH) which was bubbled with CO,. The
syringes were placed into an incubator for 3, 6, 12, 24 and
48 hours and kept at 39 °C. A total of 40 syringes were
used during the experiment.

Rumen sampling and analysis: After each
incubation, the rumen fluid samples were collected from 4
syringes of each group and were strained into the
individual beakers with a sterile cheesecloth to stop the
fermentation. Each rumen fluid sample was divided into 4
portions. The first portion of each sample was transferred
into a 10 ml tube for pH measurement. The pH was
measured immediately with a pH-meter (Hanna
Instruments). The second portion was transferred into a 5
ml tubes and then the tubes were stored at —20°C for the
ammonia nitrogen measurement. The third and the last
portions were transferred into the 5 ml vials and stored at
—20 °C for the SCFA and the molecular analysis,
respectively. Finally, 0.1 ml rumen fluid sample was taken
into the tubes and suspended with 0.9 ml formaldehyde
(37%) to determine total bacteria count. The number of
bacteria were determined using a phase-contrast
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microscope with Thoma bacteria counting chamber
(depth: 0.02 mm, small square area: 0.0025 mm?). For the
determination of total protozoan number in fermented
fluids, 1 ml rumen samples were taken and supplied with
1 ml of protozoan counting solution (0.6 g methyl green,
8 g NaCl, 100 ml 37% formaldehyde). The protozoan
numbers were counted with the Fuchs-Rosenthal counting
chamber (depth: 0.2 mm, small square area: 0.0625 mm?)
using a light microscope (3, 7).

Ammonia nitrogen in rumen fluid was measured
using spectrophotometry by using indophenol blue
method at 546 nm according to the method described by
Chaney and Marbach (2). Concentration of SCFA were
determined by gas chromatography according to Geissler
et al (6). Briefly, frozen rumen samples were thawed at
4°C and rumen fluids were centrifuged at 4,000 rpm for
15 min at 4°C. One ml of supernatant was then transferred
to an Eppendorf tube and mixed with 0.2 mL ice-cold 25%
metaphosphoric acid solution. Then, tubes were placed in
an ice bath for 30 min. Subsequently, these tubes were
centrifuged again at 11,000 rpm for 10 min at 4°C and the
supernatant was transferred into gas chromatography vials
to determine acetic acid, propionic acid, butyric acid,
isobutyric acid, valeric acid and isovaleric acid
concentrations. Samples were analyzed by using gas
chromatography (Shimadzu GC-2010, Shimadzu Co.,
Kyoto, Japan) coupled with a capillary column (TR-
151035, TRB-FFAP, 30 m x 0.53 mm). The column
temperature was programmed to increase gradually from
120°C to 160°C during the analysis. In addition, the
injector port and flame ionization detector (FID)
temperatures were fixed at 230°C and 250°C, respectively.
The injection volume was set to 1 pL and analyses were
performed in duplicate. Total protozoa and bacteria were
counted using counting chambers (0.1 mm and 0.02 mm
depths, respectively) under a microscope.

DNA extraction and real-time PCR: Rumen fluid
samples were stored without any preservative at —20°C for
molecular analysis. Genomic DNA extraction was
performed using the easy DNA Kit (Thermo Scientific)
from R. albus and R. flavafaciens according to the
manufacturers’ recommendations. Quantitative real-time
PCR was performed using previously published primer
sets as shown in Table 2. All primers were obtained from
Novagentek Laboratory Products and Technologies Ltd.
Co. (Ankara, Turkey). The quantification of R. albus and

Table 2. Oligonucleotide primers used for g°PCR in rumen fluid

R. flavafaciens DNA in total rumen DNA was carried out
using Rotor-GeneQ (Qiagen, Germany). The reaction
mixture (25 pL) consisted of 12.5 pL of Fast Start
Universal SYBR Green Master (Rox) (Roche Diagnostics,
Indianapolis, IN, USA), 0.2 umol/L of each primer set and
5 uL of the template DNA. The real-time PCR conditions
involved one cycle at 95°C for 5 min for initial
denaturation and then 45 cycles of 95°C for 20 s followed
by 60°C for 50 s. Detection of the fluorescent product was
set at the last step of each cycle. Prior to cloning, PCR
products were amplified by using the reaction mix
containing 75 mM Tris—HCI (pH 8.8), 20 mM NH4(S0.)2,
2.4 mM MgCly, 10 pmol of each primer, 0.2 mM dNTP,
and 5 U of Tag DNA polymerase (Thermo Scientific
Company) and 3 pl of DNA. The mixture for PCR was
preheated at 94 °C for 5 min, subjected to 30 cycles of 1
min at 94 °C, 1 min at the required temperature for each
primer pair (Table 2), 2 min at 72 °C and a final 7 min
incubation at 72 °C. One positive amplicon from each
species (R. albus and R. flavafeciens) was ligated into the
Pjet 1.2 cloning vector (Thermo Scientific Company) and
transformed into competent E. Coli DH5a cells. Then, the
clones were tested for correct insertion size by colony
PCR amplification with Pjetl.2 forward and reverse
primers supplied by the manufacturer. The positive
amplicons quantitated spectrophotometrically and used as
standards in 10-fold dilutions in the gPCR assay, carried
out using QuantiTect Probe RT-PCR kit (Qiagen,
Germany) in a Rotor-GeneQ (Qiagen, Germany).

Statistical analysis: All data were analyzed using
MIXED procedure of SPSS (V22.0; SPSS Inc., Chicago,
IL, USA). The effect of group, sampling time and their
interaction on pH, NH3, acetic, propionic, isobutyric,
butyric, isovaleric, valeric, total protozoa and bacteria, a/p
ratio, R. albus and R. flavafeciens were analyzed by using
following model with repeated measures:

Where dependent variable; overall mean; effect of
the group (= Group 1 and Group 2); effect of sampling
time (= 1, 2, 3, 4 and 5); interaction between group and
sampling time; and residual error. Group, sampling time
and their interaction were assessed as a fixed effect.
P<0.05 was considered as significant in all analyses. When
a significant difference was revealed, any significant
terms were compared by simple effect analysis with
Bonferroni adjustment.

Target bacteria Item Primer sequence (5°-3) Size References

R. albus Forward CCCTAAAAGCAGTCTTAGTTCG 175 bp Koike and Kobayashi (22)
Reverse CCTCCTTGCGGTTAGAACA

R. flavafeciens Forward GGACGATAATGACGGTACTT 835 bp Tajima et al. (23)
Reverse GCAATC(CT)GAACTGGGACAAT
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Results to increase the total SCFA concentration (from 38.17 to
No significant interaction effect on ruminal pH and ~ 94.21 mM/I vs. from 37.77 to 73.25mM/l) in comparison
ammonia-N concentration was observed between the to non-supplemented control fermenter fluids, however,
treatment and incubation time (Table 3). As expected, interaction between the groups were not significant (P =
NHz-N, acetate, propionate, butyrate, isobutyrate, 0.063) (Table 3). A significant interaction effect was
valerate, isovalerate, and total SCFA concentrations were ~ observed in butyrate (P = 0.042), valerate (P = 0.045) and
increased with the 3, 6, 12, 24 and 48 h of incubation (P < isovalerate (P = 0.028) concentrations between treatment
0.001). On the other hand, supplemental probiotics tended ~ groups and incubation times (Table 4).

Table 3. Effects of probiotics on pH value, NH3-N (mmol/l), total protozoa and bacteria (logio cfu/ml) number (from 3 to 48 h of
incubation) in fermenter fluids during the incubation time.

Time Mean effect P

Parameters  Group — 6 0 24 23 oM (Group) G T  GxT
oH CON 6.903 6.913 6.860 6.930 6.937 0.079 6.909 + 0.035

PRO 6.925 6.802 6.712 6.815 6.990 ' 6.849 +0.035 0.243 0.258 0.630
Mean effect (time) 6.914 6.858 6.786 6.873 6.964  0.056
NH3 CON 11.845 13.138 19.515 29.033  36.745 1818 22.055+1.289

PRO 10.850 12.425 18.730  28.165 35.108 ' 21.056+£1.289 0.279 <0.001 0.998
Est Mean effect (time) 11.348¢ 12,7819 19.123¢ 28.599® 35.926% 1.509
Total CON 5928 57720B 5708 5492¢B 518348 0.020 5.613 +£0.009
protozoa PRO 5892  5942A 58852A 5667™-A 5407¢A 5.758£0.009 <0.001 <0.001 <0.001
Mean effect (time) 5.905 5.856 5.792 5.580 5295 0.014
Total CON 8.468 8.492 8.407 8.400 8.425 0.047 8.439 + 0.0308
bacteria PRO 8.497 8.605 8.500 8.487 8.482 ' 8.514+£0.0304 0.007 0.096 0.869
Mean effect (time) 8.482 8.549 8.454 8.444 8.454  0.037
Total SCFA CON 37.765 48.070  69.277 81.700 73.245 4.639 62.012 +£2.075

PRO 38.170 50.390 71.165 74535 94.212 ' 65.694+2.075 0.219 <0.001 0.063

Mean effect (time) 37.967° 49.23° 70.221° 78.117*% 83.729° 3.281

ad or A-B: Means in the same row or column followed by different superscripts differ significantly (P <0.05); CON= Control group that
is without any supplementation; PRO= Treatment group with probiotic addition, 1 x 10%° cfu/g; G= Effect of the trial groups; T= Effect
of the relative to incubation time; G x T= The experimental groups by incubation time interaction

Table 4. Effects of probiotics SCFA (mM/I) concentration (from 3 to 48 h of incubation) in fermenter fluids during the incubation
time.

Time Mean effect P
Parameters  Group — 6 12 24 23 otM (Group) G T  GxT
Asetic a CON 24117 31.112 43.825 50.845 45.610 1818 39.102 £ 6.561
' PRO  24.262 32.630 45297 46.230  58.387 ' 41361 £6.561 0.234 <0.001 0.076
Mean effect (time) 2419 31.871° 44561* 48537% 51.999° 6.756
Propionic a. CON  6.337 8.300 12.345 14310 12.628 1.009 10.784 + 0.699
PRO 6.400 8.605 12477 13105 16.368 11.391£0.699  0.247 <0.001 0.057
Mean effect (time) 6.396°  8.452°  12.411* 13.707% 14.498° 0.829
Isobytiric a. CON 0.550 0.650 0.965 1.355 1.348 0.065 0.974 +£0.029
PRO 0.562 0.672 1.017 1.300 1.680 1.047 +£0.029 0.086 <0.001 0.051
Mean effect (time) 0.556°  0.661° 0.991°>  1.328* 1514  0.046
Byturic a CON  4.962° 5.96° 9.195% 10.887% 9.382*B 1961 8.077 £1.140
' PRO 5.09¢ 6.352°¢ 9.247° 9.912% 122628~ 8.573 £ 1.140 0.203 <0.001 0.042
Mean effect (time) 5.026 6.156 9.221 10400 10.822 1.186
Isovaleric a CON 0.91° 1.073% 1.685° 26152 27758 0.153 1.812 +£0.068
" PRO 0.949 1.12¢ 1.783¢° 2.46° 3.612A ' 1.982 £0.068 0.087 <0.001 0.028
Mean effect (time) 0.925 1.096 1.734 2.538 3.192 0.108
Valeric a CON  0.89 0973«  1.267 1.683* 1.505% B 0.085 1.263 £0.038
' PRO 0.9154 1.01¢d 1.342b¢ 1,527 1.905%A ' 1.340 £ 0.038 0.167 <0.001 0.045
Mean effect (time) 0.902 0.991 1.305 1.605 1.705 0.060
alp CON  3.806 3.762 3.551  3.548 3.607 0.077 3.655 +0.068
PRO 3.791 3.795 3.635 3.527 3.568 ' 3.663 = 0.068 0.738 <0.001 0.520

Mean effect (time) 3.799%  3.7792 3593 3537° 3588  0.072

ad or A-B: Means in the same row or column followed by different superscripts differ significantly (P <0.05); CON= Control group
that is without any supplementation; PRO= Treatment group with probiotic addition, 1 x 10%° cfu/g; G= Effect of the trial groups; T=
Effect of the relative to incubation time; G x T= The experimental groups by incubation time interaction.
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Figure 1. Effect of group (Control; CON, Probiotics; PRO) by time interaction on R. albus and R. flavafaciens population in fermenter

fluid.

A significant interaction effect was observed in the
total protozoa number (P < 0.001). Total protozoa (4.45
%) and total bacteria numbers (0.60%) were found to be
higher in probiotic supplemented fluid than in non-
supplemented control fluid at the last incubation time
(Table 3). As expected, numbers of both R. albus and R.
flavafaciens were increased with the advanced incubation
time. Dietary supplementation of the probiotic cocktails to
the fermenters did not influence the number of copies of
R. albus. However, population of R. flavafaciens was
found to be lower (P = 0.009) in the probiotics
supplemented group as compared with non-supplemented
control group. No significant interaction effect on
cellulolytic bacteria numbers was observed between the
treatment groups and incubation time (Figure 1).

Discussion and Conclusion

Bacterial and fungal probiotics confer beneficial
effects on a rumen environment by improving the
development of rumen milieu and stimulating the
maintenance of a stable fermentation. Ruminant nutrition
experiments are usually accompanied by the measurement
of number of parameters, such as rumen pH, SCFA and
ammonia concentration to find out the effects of dietary
treatments on a host animal (5). It is generally known that
these parameters are directly related to the rumen
microorganisms which are influenced by the dietary
substrates and bioactive compounds. Similar to the
previous study designs, the present study aimed to
investigate the influence of a probiotics blend on rumen
fermentation and ruminal bacteria abundance by using an
in vitro model.

Rumen pH, NH3-N and SCFA concentrations, which
are directly related to ruminal fermentation, are important
factors for rumen function, flora, and fauna. Over the last
decade, a considerable number of studies has reported that
the probiotics, mostly of yeasts, to modify the ruminal
fermentation by stabilizing pH and regulating the SCFA
absorption (4, 22). Probiotics affects used for modifying
the rumen fermentation was considered positive in terms
of energy efficiency when the SCFA concentration change
because the volatile fatty acid meets most of the daily
energy requirement for ruminants (22). In our experiment,
an addition of the probiotics blend with substrate at
different incubation times did not alter the pH value. On
the contrary, NHs-N and SCFA concentrations were
influenced by the incubation time. The effect of probiotics
on rumen fermentation as well as SCFA production were
generally species-dependent. In our experiment the
probiotic blend including yeast was used and it is
considered the different species might be effective in
different incubation time. Regardless of the incubation
time, supplementation of probiotics did not affect rumen
pH, NHs-N and SCFA concentrations. This is consistent
with Yang et al. (25) who found no differences in
fermenter pH, total ruminal SCFA concentrations, and
their molar proportions between the control and the direct
fed microbial supplemented group. Moreover, Zhong et al.
(26) revealed that inoculation of fresh rumen liquid as a
probiotic supplement had no significant effect on ruminal
pH, ammonia-N and total SCFA concentrations in lambs.
Whereas, Pinloche et al. (20) reported that dietary yeast
supplementation increased the pH value and total SCFA
level, decreased the NH3 concentration in rumen with the
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increasing levels of S. cerevisiae from 0.5 g/d to 5 g/d.
However, Paengkoum et al. (18) concluded that the
combined use of S. cerevisiae with Lactobacillus
acidophilus has adverse effect on rumen pH value, SCFA
and NHs; concentrations. However, previous study results
are contradictory, mostly due to the dose and type of the
probiotic supplements that are used in the experiments. It
is known that the pH value is influenced by rumen SCFA
concentration which is also the major precursor for
subacute ruminal acidosis (SARA) (9). Khafipour et al. (9)
demonstrated a clear relationship between subacute
ruminal acidosis and particular rumen bacterial population
that might be protective. Thereby, even in the existence of
numerically higher total SCFA concentration (non-
supplemented fluid; 73.25 vs probiotic supplemented
group 94.21), an unchanged pH in the current study may
be an important finding for the prevention of SARA.
However, more in vivo animal studies and/or SARA
challenged studies are needed to prove the effect of
probiotics on rumen fermentation characteristics,
performance, and health of the host animal.

Changes in rumen microbiota and protozoa
abundance are of great significant for rumen fermentation
characteristics and the health of the host. These parameters
are directly influenced by diet and as well as by feed
additives such as probiotics. According to our results,
supplementation of the probiotic blend to in vitro
fermenters significantly increased total protozoa and
bacteria counts in rumen fluid. Similarly, Newbold et al.
(16) concluded that S. cerevisiae significantly influenced
rumen total bacteria in an in vitro fermenter (Rusitec). As
expected, our results showed that R. albus and R.
flavafaciens were influenced by the incubation time.
However, no significant interaction was observed between
the group and the incubation time. Contrary to our
expectation, number of R. flavafaciens in rumen fluid were
found to be lower than control group. These findings are
consistent with the study of Mathieu et al. (13) which
reported that the yeasts reduced the cellulolytic bacteria
population in fistulated sheep while inconsistent with
previous studies (12, 19) which concluded that probiotics
could have beneficial effect on rumen bacterial
populations by promoting the growth of cellulolytic
bacteria. Newbold et al. (16) revealed that S. cerevisiae
stimulated the cellulolytic bacteria count in Rusitec.
However, most of the earlier work focused on the effects
of S. cerevisiae on rumen fermentation parameters and
bacteria population rather than probiotics blend.
Discrepancies between our results and previous studies is
probably due to the differences in the strains of probiotics,
doses of the probiotic blend or the experimental design.
On the other hand, the growth rate of R. flavefaciens, but
not R. albus, was lowered by less than 0.03 mmol/L of
nitrate in rumen fluid (11). In present study, the nitrate

level of the rumen samples did not analyzed but it might
be higher than that level regarding with the strains of
probiotics. Because in Bifidobacterium spp. species that
was used in present probiotics blend, the nitrate reduction
is negative (21).

Our results showed that the probiotics blend might
modulate both microbial metabolic activity and
population of the ruminal microbes. However, more
research needs to be conducted to determine their effects
on rumen fermentation characteristics and bacterial
population with an in vitro and in vivo experiments design.

Acknowledgement
We would like to thank a colleague who is a native
English speaker to review our manuscript for clarity.

Financial Support
This study was funded by the Ankara University
Coordination of Scientific Research Projects with project
number 14H0239001. The authors thank SCD Probiotics
for providing materials.

Ethical Statement
This study does not present any ethical concerns.

Conflict of Interest
The authors declare that they have no conflict of
interest.

References

1. AOAC (2002): Official Methods of Analysis of AOAC
International, Arlington, Virginia.

2. Chaney AL, Marbach EP (1962): Modified reagents for
determination of urea and ammonia. Clin Chem, 8, 130-132.

3. Coleman G (1988): The importance of rumen ciliate
protozoa in the growth and metabolism of the host ruminant.
Int J Anim Sci, 3, 75-95.

4. Chaucheyras-Durand F, Durand H (2009): Probiotics in
animal nutrition and health. Benef Microbes, 1, 3-9.

5. Fuller R (1992): History and Development of Probiotics. 1-
8. In: Probiotics. Springer, Netherlands.

6. Geissler C, Hoffmann M, Hickel B (1976): Gas-
chromatographic estimation of volatile fatty acids. Arch
Anim Nutr, 26, 123-129.

7. Harmeyer J (1965): Zur methodik experimenteller
untersuchungen an pansenprotozoen. Transbound Emerg
Dis, 12, 841-880.

8. Horgan RP, Kenny LC (2017): Omic technologies:
genomics, transcriptomics, proteomics and metabolomics.
Obstet Gynecol, 13, 189-195.

9. Khafipour E, Li S, Plaizier JC, et al (2009): Rumen
microbiome composition determined using two nutritional
models of subacute ruminal acidosis. Appl Environ
Microbiol, 75, 7115-7124.

10. Lynd LR, Weimer PJ, Van Zyl WH, et al (2002):
Microbial cellulose utilization:  fundamentals and
biotechnology. Microbiol Mol Biol Rev, 66, 506-577.



11.

12.

13.

14.

15.

16.

17.

18.

Ankara Univ Vet Fak Derg, 67, 2020

Marais JP, Therion JJ, Mackie RI, et al (1988): Effect of
nitrate and its reduction products on the growth and activity
of the rumen microbial population. British J Nutr, 59, 301-
313.

Martin SA, Nisbet DJ (1990): Effects of Aspergillus oryzae
fermentation extract on fermentation of amino acids,
bermudagrass and starch by mixed ruminal
microorganisms in vitro. J Anim Sci, 68, 2142-2149.
Mathieu F, Jouany JP, Senaud J, et al (1996): The effect
of Saccharomyces cerevisiae and Aspergillus oryzae on
fermentations in the rumen of faunated and defaunated
sheep; protozoal and probiotic interactions. Reprod Nutr
Develop, 36, 271-287.

Menke K, Steingap H (1986): Schdtzung des energetischen
futterwerts aus der in vitro mit pansensaft bestimmten
gasbildung und der chemischen analyse. 1. Untersuchungen
zur methode. Ubers Tierernihr, 14, 251-270.

Morgavi DP, Kelly WJ, Janssen PH, et al (2013): Rumen
microbial (meta) genomics and its application to ruminant
production. Animal, 7, 184-201.

Newbold CJ, Wallace RJ, McIntosh FM (1996): Mode of
action of the yeast Saccharomyces cerevisiae as a feed
additive for ruminants. Br J Nutr, 76, 249-261.

Orskov ER (1987): Protein nutrition in ruminants.
Academic Press Ltd, London.

Paengkoum P, Yong H, Traiyakun S, et al (2011): Effect
of blend probiotics on rumen fermentation and plasma fatty
acid contents and plasma n6:n3 ratios of growing goats. J
Anim Vet Adv, 10, 3112-3117.

19.

20.

21.

22.

23.

24,

25.

26.

255

Ping Y, JiaQi W, DengPan B, et al (2009): Effects of
Bacillus subtilis natto in diets on quantities of
gastrointestinal celluloytic bacteria in weaning calves. J
China Agri Uni, 14, 111-116.

Pinloche E, McEwan N, Marden J-P, et al (2013): The
effects of a probiotic yeast on the bacterial diversity and
population structure in the rumen of cattle. PLoS One, 8,
e67824.

Poupard JA, Husain I, Norris RF (1973): Biology of the
Bifidobacteria. Bacteriol Rev, 37, 136-165.

Retta KS (2016): Role of probiotics in rumen fermentation
and animal performance: a review. Int J Livest Prod, 7, 24-
32.

Rijkers GT, De Vos WM, Brummer R-J, et al (2011):
Health benefits and health claims of probiotics: bridging
science and marketing. Br J Nutr, 106, 1291-1296.
Stewart CS (1977): Factors affecting the cellulolytic
activity of rumen contents. Appl Environ Microbiol, 33,
497-502.

Yang WZ, Beauchemin KA, Vedres DD, et al (2004):
Effects of direct-fed microbial supplementation on ruminal
acidosis, digestibility, and bacterial protein synthesis in
continuous culture. Anim Feed Sci Technol, 114, 179-193.
Zhong R, Sun H, Li G, et al (2014): Effects of inoculation
with rumen fluid on nutrient digestibility, growth
performance and rumen fermentation of early weaned
lambs. Livest Sci, 162, 154-158.



