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Abstract

The aim of this work was to quantify four
rumen bacterial strains (Butyrivibrio fibrisol-
vens, Ruminococcus albus, Streptococcus bovis,
Megasphaera elsdenii) in an in vitro batch
rumen fermentative system by quantitative
real time polymerase chain reaction (qPCR).
The experiment was a 2×2 factorial arrange-
ment with two types of liquid rumen, collected
from dairy cows (DC) and fattening bulls (FB)
and two types of fermentation substrate (for-
age:concentrate ratios, 75:25 and 25:75) and
was replicated in two fermentation runs.
Fermentation fluids from FB compared to
those from DC had lower pH, higher total VFA
concentrations (averages of 0 and 24 h sam-
plings, 6.70 vs 7.04 and 72.6 vs 42.7 mmol/l
P<0.001) and contained less acetic (P=0.014)
and more propionic (P<0.01) and butyric
(P=0.029) acids. The two types of substrates
incubated produced very small differences in
the end fermentation products.

B. fibrosolvens concentrations were higher
(P<0.001) in the DC fermentation fluids com-
pared to that from bulls (averages of 0 and 24
h sampling times, 3.47 vs 1.38 x109 copies
/mL), while M. elsdenii was detected only in FB
fermentation fluids. R. albus and S. bovis con-
centrations were not different between the two
types of rumen liquid. With the only exception
for B. fibrosolvens, bacteria strains considered
in this study increased their concentrations in
the fermentation fluid during the 24 h of in
vitro incubation. 

Introduction 

The in vitro rumen fermentation in batch
culture systems are the simplest simulations
of the rumen conditions. These techniques
make use of uncomplicated apparatus (e.g.
jars, flasks, tubes, stopped serum vials, glass
syringes, etc.), utilise buffered rumen fluid
without liquid turnover but have a limited
duration of fermentation (e.g. 24 and/or 48 h).
Despite this high simplification of rumen con-
ditions, these systems have been largely
utilised to rank the nutritive value of feeds
(Getachew et al., 2002; Spanghero et al., 2010)
or to study the effect of different additives in
modifying rumen fermentation (Cardozo et al.,
2005; Speight and Harmon, 2010).

Recent progress in molecular techniques
allows direct quantification of different micro-
bial strains in rumen fluid by quantitative real
time polymerase chain reaction (qPCR) and
some recent papers have applied these proce-
dures to samples collected in vivo or from in
vitro continuous systems (Martínez et al.,
2010, Palmonari et al., 2010; Popova et al.,
2011). Moreover, the application of molecular
techniques to fermentation fluid from batch in
vitro systems would represent a possible
improvement in their investigative potential.

The aim of this experiment was to use the
qPCR to monitor variations in four rumen bac-
terial strains (Butyrivibrio fibrisolvens,
Ruminococcus albus, Streptococcus bovis,
Megasphaera elsdenii) in an in vitro batch sys-
tem. Different fermentative conditions were
created using two types of rumen inoculums,
collected from dairy cows (DC) and fattening
bulls (FB) and two types of substrate (with dif-
ferent proportions of forages and concen-
trates). 

Materials and methods 

In vitro rumen fermentation
The experiment was a 2×2 factorial

arrangement with two types of liquid rumen
(DC and FB, respectively) and two types of fer-
mentation substrate (forage:concentrate
ratios, 75:25 and 25:75, designated F and C,
respectively) and was replicated in two fer-
mentation runs. The apparatus used (Ankom,
Tech. Co., Fairport, NY, USA) is composed of
four digestion jars (2 L capacity), which have
to be filled with pre-warmed buffer solutions
(39°C, 1660 mL), with filtered rumen fluid
(400 mL) and with 24 filter bags (size 5*3 cm,

250 mg dried substrate/bag, Ankom 57). In
each fermentation run, two jars were filled
with rumen fluid collected at slaughter house
from 3 culled dairy cows and the other two with
rumen fluid from 3 fattening bulls. One of the
two jars with the same rumen fluid was filled
with 18 bags containing forages (two types of
meadow hay), 4 bags of extracted soya bean
and 2 bags of corn meal (forage:concentrate
ratios, 75:25, F substrate); the other jar was
filled with 6, 4 and 14 bags containing corn,
extracted soya bean and forages, respectively
(forage:concentrate ratios, 25:75, C substrate). 

At the beginning of fermentation and after
24 h, the jars were opened under a CO2 flow to
allow duplicate 20 mL rumen fluid collection.
The pH of each sample was measured and the
sample was divided into two parts and frozen
until needed with one part allotted for DNA
extraction and the other for volatile fatty acid
(VFA) analysis. At the end of incubation (48 h)
the bags were removed from the jars, carefully
rinsed with tap water and dried (60°C oven for
48 h). Samples of feed substrates were
analysed for dry matter and for CP (nitrogen x
6.25) contents (AOAC, 2000, methods 930.15
and 976.05, respectively). The neutral deter-
gent fiber (NDF) content (Van Soest et al.,
1991) of feed samples and fermentation bag
residues was analysed by AnkomII Fiber
Analyser (Ankom) and were used to calculate
the NDF degradability (NDFD).

Volatile fatty acid analysis 
by gas-liquid chromatography

Duplicate 10 mL fermentation fluid samples
were thawed, centrifuged at 13,400 g (30 min
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at 10°C), filtered through a 0.45 µm filter and
1.5 mL of the filtrate was added with 3 mL of 2-
ethylbutyrate acid solution (Sigma-Aldrich,
CR, 99% pure, code 109959). Samples were
analyzed for VFA by gas-liquid chromatography
(Carlo Erba, 5300 Mega series GC) equipped
with a Nukol glass column (length: 30 m; inter-
nal diameter: 0,25 mm; filter thickness: 0,25
µm; code 24107, Supelco Inc., Bellefonte, PA,
USA). The analysis was run with a program
temperature ranging from 100 to 200°C with
an increment of 10°C/min and split ratio 1:30.
The FID and injector temperatures were main-
tained at 200°C and pressure of carrier gas
(He) was 200 kPa. All the detected peaks were
resolved in 12 min, taking into account the 2
min standby at the end of each race. The
Standard Acid Volatile Mix (Supelco Inc., code
46795-U) was chosen as the external standard
for calculating the response factor and evalua-
tion of retention time. Several runs were made
using the external standard and the internal
standard at comparable concentrations to
obtain the response factor for each individual
volatile fatty acid.

DNA extraction procedures
Ten mL of fermentation fluid sample was

thawed, centrifuged at 500 g for 5 min to sedi-
ment plant debris and the resulting super-
natant centrifuged at 13,500 g for 15 min. The
pellet was washed and subjected to extraction
using the QIAamp® DNA Stool Mini Kit (QIA-
GEN, Düsseldorf, Germany, code 51504) follow-
ing manufacturer’s instructions. The excep-
tion being that reaction volumes were scaled
up proportionally. The extracted DNA was run
on 0.8% agarose gel and ultraviolet (UV)
absorbance at 280, 260 and 230 nm were meas-
ured using a spectrophotometer (NanoDrop
ND-1000, Nanodrop Technologies, Wilmington,
DE, USA) to determine DNA concentration and
purity.

Quantitative qPCR 
The following microorganisms were chosen

as target to be enumerated using qPCR: B. fib-
risolvens, R. albus S. bovis, M. elsdenii. Specific
primers that would amplify 16S rRNA gene
sequences were obtained from literature and
their annealing temperatures are shown in
Table 1. Quantitative PCR was performed
using a RotorGene6000 QPCR thermal cycler
(Explera, Qiagen, Milano, Italy) in a 10 μL
reaction mixture consisting of 0.5 μL of DNA
template (prediluted 1:50), 2× DyNAmo Flash
SYBR green qPCR (ThermoFisher Scientific
Finnzymes) and 300 nM of each primer.

Standards were generated using dilutions of
purified genomic DNA (purchased from DSMZ,
Braunschweig, Germany) or extracted from
pure cultures with known concentration. The
16S rRNA gene copy numbers were calculated
using the copy number calculator at the URI
Genomics and Sequencing center web site
(http://www.uri.edu/research/gsc/resources/
cndna.html). Dilution series of the standards
ranging from 101 to 106 copies of the 16S rRNA
gene were used. The efficiency and functional-
ity of the primer used in each PCR assay were
checked using positive and negative controls.
PCR amplifications were performed in tripli-
cate for all standards with a 10 min denaturing
step at 95°C, followed by 45 cycles of 94°C for
30 s, annealing temperature for 30 s (Table 1),
and 72°C for 40 s. Melt curve analysis was per-
formed between 55°C and 95°C. Each run
included a calibration curve and a negative
control. Fluorescence of the sample spectrum
was acquired using 470 nm excitation filter
and detected at 510 nm during each elongation
stage; qPCR followed by melting curve analysis
allowed differentiation of amplicons and iden-
tification of false positives. The concentration
of the amplified DNA was calculated using the
Cycling feature in the RotorGene 6000 soft-
ware (Rotor-Gene ScreenClust HRM
Software). The data obtained were expressed
as copies per mL. 
Statistical analysis

Data of pH, VFA content, VFA proportions

and qPCR bacterial counts were analysed with
the following four factors model: 

y = μ + αi + βj + γk + δl +(αβ)ij
+(αγ)ik + (βγ)jk+ (αβγ)ijk + εijkl

where 
μ=overall mean;
α=fixed effect of origin of rumen fluid
(i=1,2); 
β=fixed effect of type of fermentation sub-
strate (j=1,2); 
γ=fixed effect of sampling time (k=1,2);
δ=fixed effect of fermentation run (block,
l=1,2).

NDFD were analysed with the same model
without the effect of sampling time.

Results and discussion

The two rumen inoculums were collected
from animals fed very different diets in terms
of starch and fibre contents. The dairy cows
culled for low milk yield or for fertility prob-
lems are usually at the end of their lactation
and therefore receive diets with high fibre lev-
els, while fattening bulls are generally fed with
diets rich in concentrates in the last period of
fattening cycle. According to the different
rumen liquor source utilised, there were sever-
al differences such as pH, total yield and com-
position of VFA of the fermentation fluids
(Table 2). Fermentation was intense in fer-
menters with rumen fluid from FB, given their
lower pH values (P<0.001) and higher total
VFA concentrations (P<0.001) compared to DC
fluids (averages of both samplings, 6.70 vs 7.04
and 72.6 vs 42.7 mmol/l). Moreover, FB fermen-
tation liquids contained less acetic (P=0.014)
and more propionic (P<0.01) and butyric
(P=0.029) acids than that of cows. Finally, the
fiber degradation of both hay samples was
higher (P<0.001) when bags were incubated
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Table 1. PCR primers used for quantification of selected rumen bacteria by real-time PCR. 

Target                                              Primer sequences (5’ to 3’)                          References                                                        Annealing                                Product
                                                                                                                                                                                                                   temperature                                 size

Butyrivibrio fibrisolvens            F:ACACACCGCCCGTCACA                               Klieve et al., 2003                                                   60°C                                       64bp
                                                         R:TCCTTACGGTTGGGTCACAGA                                                                                                           
Ruminococcus albus                   F:CCCTAAAAGCAGTCTTAGTTCG                   Koike and Kobayashi, 2001                                  55°C                                      175bp
                                                         R:CCTCCTTGCGGTTAGAACA
Streptococcus bovis                     F:ATGTTAGATGCTTGAAAGGAGCAA              Klieve et al., 2003                                                   60°C                                       90bp
                                                         R:CGCCTTGGTGAGCCGTTA                                                                                                                                                                  
Megasphaera elsdenii                 F:AGATGGGGACAACAGCTGGA                      Stevenson and Weimer, 2007                              54°C                                       95bp
                                                         R:CGAAAGCTCCGAAGAGCCT                                                                                                                                                                

F, forward primer; R, reverse primer. 
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in fermentation fluid obtained from DC than
FB (48% vs 43% and 67% vs 56%).

The type of substrate added with the incu-
bated bags in jars C and F differed. In fact, CP
and NDF contents of hays (sample 1, 12.0 and
57.4% DM; sample 2, 11.0 and 62.2% DM), corn
meal (9.8% and 9.7% DM) and extracted soy-
bean meal (52.9% and 18.4 % DM) allowed to
calculate that the substrates incubated in the F
and C jars differed greatly in terms of the over-
all NDF contents (48.6 and 23.6 % DM, respec-
tively), while were similar for the CP contents
(18.2% and 17.4% DM, respectively). However,
the two types of substrates incubated produced

very small differences in the end fermentation
products and there was only a tendency to have
higher proportion of propionic acid after 24 h
of fermentation in the C jars (P=0.137 for the
interaction type of rumen inoculums origin
and sampling time). The different fermenta-
tive substrates affected the NDFD of soya bean
meal, which was higher (P=0.021) in the C fer-
menters (63% vs 58%). 

Overall both the degradability and fermenta-
tion data indicate that the two factors included
in the experiment (e.g. type of rumen liquor
and substrate) showed a very different capaci-
ty to influence fermentation. While both the

fermentation end products profile and the
NDFD of hays support the hypothesis of a more
favourable environment for fibrolytic fermen-
tation in the DC fermentation fluids, the rotat-
ing jar system appears to be slightly insensi-
tive to modifications of substrate based on dif-
ferent proportions of bags containing forages
and concentrates. The lack of substrate effect
could be due to a very low ratio between DM
substrate and rumen fermentative liquor in
fermentative jars of the Daisy apparatus (i.e. 3-
4 g DM incubated/L of rumen fermentation
fluid) when compared with other batch in vitro
systems (7 and 10 g/L, in the Menke and
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Table 3. Effect of rumen inoculum origin, type of substrate and sampling time on the absolute abundance of target rumen bacteria
determined by real-time PCR (expressed as 16S rRNA copies/mL) in fermentation fluid from an in vitro system.

                                                                                                            Rumen inoculum                                                            Significance                                       RSE

                                                                                                      Cows                                  Bulls                                                                                                                              
                                                 Forage:concentrate         75:25          25:75                75:25          25:75                      L            S             T          LxS         LxT       SxT

                                                    Sampling time, h

Butyrivibrio fibrisolvens, ×109           0                           4.43            3.96                  1.48            1.21                  <0.001    0.223      0.110      0.351      0.082     0.734         0.76
                                                                24                          3.39            2.09                  1.41            1.43                                                                                                                    
Ruminococcus albus, ×107                 0                           0.77            0.16                  0.06            0.91                    0.265      0.067      0.004      0.017      0.293     0.028         0.40
                                                                24                          1.86            0.33                  1.80            1.34                                                                                                                    
Streptococcus bovis, ×107                   0                           0.12            0.09                  0.08            0.07                    0.034      0.187      0.003      0.026      0.362     0.615         0.04
                                                                24                          0.27            0.14                  0.11            0.17                                                                                                                    
Megasphaera elsdenii, ×104               0                              -                  -                     0.86            1.15                       -          0.972      0.150          -              -         0.684         0.83
                                                                24                             -                  -                     1.98            1.74                                                                                                                    

L, inoculum origin; S, type of substrate; T, sampling time; interaction LxSxT, P>0.10; RSE, residual standard error.

Table 2. Effect of rumen inoculum origin, type of substrate and sampling time on the pH, volatile fatty acids and neutral detergent fibre
digestibility (measured at only 48 h of fermentation) in an in vitro system.                   

                                                                                                            Rumen inoculum                                                           Significance                                       RSE

                                                                                                      Cows                                  Bulls                                                                                                                              
                                                 Forage:concentrate         75:25          25:75                75:25          25:75                      L            S             T          LxS         LxT       SxT

                                                    Sampling time, h

pH                                                             0                           7.18            7.24                  6.88            6.92                  <0.001    0.766    <0.001    0.699      0.383     0.158         0.08
                                                                24                          6.93            6.82                  6.51            6.47                                                                                                                    
Total VFA, mmol/L                                 0                          29.60          32.10                61.90          71.40                 <0.001    0.365      0.003      0.054      0.129     0.730         9.08
                                                                24                         57.80          51.14                68.84          88.70                                                                                                                   
Acetic acid, mmol/100 mmol              0                          76.90          76.30                63.90          65.00                   0.014      0.318      0.044      0.873      0.671     0.256         4.32
                                                                24                         72.70          67.91                62.80          57.73                                                                                                                   
Propionic acid, mmol/100 mmol        0                          15.50          15.50                23.80          23.20                 <0.001    0.231      0.179      0.852      0.073     0.137         2.04
                                                                24                         18.02          20.51                21.00          24.60                                                                                                                   
Butyric acid, mmol/100 mmol             0                           7.50            8.20                 12.40          11.80                   0.029      0.440      0.017      0.658      0.354     0.453         2.41
                                                                24                          9.12           11.57                16.20          17.66                                                                                                                   
NDFD, %                                                                                                                                                                                                                                                                          
    Meadow hay (forage 1)                  48                          48.8            47.1                  43.4            42.5                  <0.001    0.097          -          0.607          -             -             1.81
    Meadow hay (forage 2)                  48                          66.3            66.8                  57.4            56.6                  <0.001    0.586          -          0.298          -             -             2.05
    Soya bean meal, extract                 48                          55.4            64.5                  60.0            62.0                    0.628      0.021          -          0.123          -             -             5.37
    Corn meal                                          48                          90.5            89.9                  88.1            89.4                    0.018      0.493          -          0.117          -             -             1.36

L, inoculum origin; S, type of substrate; T, sampling time; interaction LxSxT, P>0.10; RSE, residual standard error; VFA, volatile fatty acids; NDFD, neutral detergent fibre digestibility.
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Steingass (1988) and Tilley and Terry (1963)
systems, respectively). A shortage of incubated
substrate with respect to fermentation fluid
causes an excess in fermentability and this
probably diminishes any possible impact on
the fermentation process, whatever the sub-
strate may be. A further limitation could be the
utilisation of bags to fed the fermentation jar,
because their porosity limit the access to sub-
strate of rumen microbiota. 

In this trial, the bacteria species were cho-
sen as representative of the groups of organ-
isms which play a significant role in rumen
function. B. fibrisolvens and R. albus, were
selected to represent hemicellulolytic and cel-
lulose degrading rumen bacteria (Church,
1988; Koike and Kobayashi, 2009). Within the
non fiber utilisers we selected S. bovis as an
amylolytic and lactate-producing bacteria and
M. elsdenii as a propionate producing and lac-
tate utilizing rumen bacteria. Results of qPCR
quantification of the target rumen bacterial
are presented in Table 3. B. fibrosolvens con-
centrations were higher (P<0.001) in the fer-
mentation fluid from cows compared to that
from bulls (averages of two sampling times,
3.47 vs 1.38×109 copies /mL). This is in agree-
ment with what observed in the rumen liquor
of animals fed a high forage diets compared to
a high concentrate diets in earlier culture-
based studies, (Dehority and Orpin, 1988;
Latham et al., 1972) and more recently using
molecular techniques (Gudla et al., 2011;
Klieve et al., 2003; Tajima et al., 2001). B. fibro-
solvens appeared quite stable during the fer-
mentation in the FB fermentation fluid with
the tendency (P=0.082) to a reduction in the
DC fermentation fluid (interaction rumen
liquor x sampling time). A decrease of concen-
tration of this bacteria during in vitro fermen-
tation was also found by Weimer et al. (2011).

In this experiment R. albus concentration did
not change with respect to rumen liquid origin
and there was a significant interaction
(P=0.017) among the type of rumen liquor and
the substrate, which is difficult to interpret.
However, the interaction between substrate and
sampling time (P=0.028) indicated, during the
24 h of fermentation, a clear increase of concen-
trations of R. albus, which doubled for the F sub-
strate and increased of about 50% for the C sub-
strate. The aptitude of R. albus to increase its
population density in the in vitro fermentation
fluids was also found by Weimer et al. (2011) in
batch culture systems and by Muetzel et al.
(2009) in a continuous fermentation systems.
The S. bovis concentration was not different
between the two types of rumen liquid, which is
surprising given its starch-utilising aptitude
(Klieve et al., 2003). However, Klieve et al.

(2003) did not found in vivo an increase of this
bacteria after a great increment of dietary starch
and hypothesized that S. bovis is not one of the
major starch-utilizing bacteria in the rumen.
Finally, we observed a significant increment of
concentration (P=0.003) during the in vitro fer-
mentation, which was not found for this strain
by Weimer et al. (2011). The fourth bacteria con-
sidered, M. elsdenii, utilises lactate which helps
it to adapt favourably to concentrate diets and to
mitigate the acidic conditions of the rumen
(Henning et al., 2010a; 2010b). In the first fer-
mentation run this bacteria was not detected in
rumen inoculum from cows, while in second run
the concentrations were negible or very low
(0.14±0.07×104copies /mL). Also Huws et al.
(2010) did not detect either M. elsdenii among
the bacteria in the rumen from samples taken in
vivo from animals fed forage diets, while Klieve
et al. (2003) was able to demonstrate in vivo a
rapid growth of this strain after the increase of
grain in the diets of animals. In accordance with
Weimer (2011) and similarly to what described
for S. bovis, M. elsdenii had the tendency
(P=0.150) to increase its population density
from 0 to 24 h of fermentation (average of both
substrates, from 1.01 to 1.86 ×104copies /mL).
With the only exception for B. fibrosolvens, bac-
teria strains considered in this study increased
their concentrations in the fermentation fluid
during the 24 h of in vitro incubation. This could
be attributed to the suitable environmental con-
ditions, to a low levels of competition and also to
a lesser predation by protozoa, which disappear
quickly in the jar rotating fermenter (our unpub-
lished data) as usually found in vitro systems
(Muetzel et al., 2009).

Conclusions

The origin of rumen inoculums had a clear
impact on the concentration of B. fibrosolvens
and M. elsdenii in the fermentation fluids after
24 h of in vitro rumen fermentation. On the
contrary, in the specific experimental condi-
tion adopted, the substrate type failed to influ-
ence the concentration of the bacterial strains
studied. Given the relevant increment of popu-
lations density during fermentation for R.
Albus, S.bovis and M. elsdeni it can be conclud-
ed that in vitro conditions did not depress the
bacterial growth of these strains.
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