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Summary

The aim of this study was to explore the relationships between a Gram-positive bacterial population and
methane production in the rumen of dairy cows supplemented with monensin and tallow, alone or in combination.
Under each treatment condition, the following ruminal fermentation parameters were measured: pH, oxidation-
reduction potential (ORP), VFA, and methane production. Quantification of Gram-positive bacteria present in
the rumen was performed by amplifying the 16S rDNA gene using PCR. Diversity analysis of Gram-positive
bacteria was performed by PCR-denaturing gradient gel electrophoresis (DGGE), and bacterial taxonomy data
were obtained by bioinformatics tools. Neither additive affected the pH or ORP, but they both reduced the total
quantity of VFA. Supplementation with monensin, tallow, or their combination caused a decrease in methane
production compared to the control diet. The best treatment to reduce methane production was monensin,
with a reduction of 7.2% compared to the control diet. Supplementation with monensin or tallow did not affect
the bacterial population. The Shannon diversity index was higher with monensin supplementation than with
the other treatments. The analysis of each DGGE microbial community by the unweighted pair group method
with averaging (UPGMA) revealed two clusters, one group with the control and monensin diets and the other
with the tallow and combination diets. Taxonomic analysis of the dominant bands from the DGGE gel with
the use of the Ribosomal Database Project (RBP) revealed that the Ruminococcaceae family was predominant,
followed by the Lachnospiraceae family. Correspondence analysis (CA) suggested that both were negatively
correlated with methane production in all treatments.
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Methane, one of the main greenhouse gases, has fermentation processes and to change the microbial

a great impact on climate change, which is a major
problem worldwide. Approximately 50-60% of
methane emitted into the environment comes from
ruminant production systems (27), and about 90% of
enteric methane generated by ruminants is produced
by methanogenic microorganisms (39). During lacto-
genesis, cows require more energy than they con-
sume (28); therefore, it is common to feed dairy cows
a high-concentrate diet to increase the net energy for
lactation (NE, ) (2). However, these diets cause a drop
in pH (31), which affects the rumen microbial popula-
tions and fermentation processes (36). To enhance the

populations and profile of fermentation end-products
in the rumen, supplements can be added to the cow diet
(22). Monensin and tallow are additives that are used
frequently in lactating dairy cows to diminish these
problems (16). Monensin promotes gluconeogenic
precursors and improves feed efficiency (11, 38). In
addition, it decreases the intracellular H* concentra-
tion in bacteria, thus maintaining a stable pH in the
rumen and decreasing methane production by 4-10%,
relative to control diets (4, 6, 15, 26). Tallow supple-
mentation, on the other hand, can increase the energy
density in the diet, thus increasing milk production
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and metabolic efficiency (14). Moreover, it reduces the
amount of fermentable matter, which reduces methane
production (25), and increases the unsaturated fatty
acid content, which has a toxic effect on methanogens
and Gram-positive bacteria (19). Beauchemin et al. (4)
have shown that 14% less methane was emitted from
cows fed a diet supplemented with tallow, compared
with a control diet. Therefore, our hypothesis was that
cows fed a diet containing monensin and tallow would
produce less methane than those fed a standard diet
due to the modification of the Gram-positive bacterial
consortium.

The aim of this study was to compare the meth-
ane production and ruminal Gram-positive bacterial
population in lactating dairy cows supplemented with
monensin and tallow, alone or in combination.

Material and methods

This study was performed at the Center for Teaching,
Research, and Technology Transfer of the Faculty of Zoo-
technics and Ecology of the Autonomous University of
Chihuahua. All procedures for animal care and use were
reviewed and approved by the Institutional Animal Care and
Use Committee of the Faculty of Zootechnics and Ecology
of the Autonomous University of Chihuahua, following
Mexican Official Norms (NOM-062-Z0O0-1999).

Animals. Four multiparous Holstein cows (600 kg +
20 kg) in lactation status (29.5 + 16.2 days) fitted with
a rumen cannula were used. The animals were in perfect
health, stayed in individual pens from 08 h 00 to 20 h 00,
and were milked twice daily at 04 h 00 and 13 h 00. The
cows were fed ad libitum twice daily at 08 h 00 and 15 h 00
with forage containing concentrate ratios of 40 : 60. The
diet was supplemented with monensin (Rumensin 200,
Elanco, USA) and/or animal tallow (Mexico). The cattle
rations were formulated to include 16.0% crude protein and
1.6 Mcal/kg of dry matter (Tab. 1), according to National
Research Council (NRC) recommendations. Cows were
randomly assigned to one of four dietary treatments and
placed in individual pens. The diets were as follows: con-
trol diet (C), as described above; control diet plus monensin
(M), 3.3 g/day; control diet plus tallow (T), used at 3% of
the total ration; and control diet plus monensin and tallow
(M/T), with the same doses as M and T alone (Tab. 1). The
treatments were switched every 15 days. Diets were fed as
total mixed rations, and the feed offered was adjusted to
ensure 5% orts. Fresh water was available ad libitum. The
experiment comprised four periods of 15 days: the cows
adapted to the diet during the first 14 days, and the last day
was used to gather ruminal samples. When a period finished,
the cows were fed with the control diet for 7 days before
the next period began.

Collection of samples and chemical analyses. On the
15" day of feeding each diet, ruminal fluid was collected
through the rumen cannula after 24 h. The ruminal liquid
was strained through two layers of cheesecloth. The pH
and oxidation-reduction potential (ORP) were simultane-
ously determined with a multiparameter probe (Hanna
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Tab. 1. Proportions (%) of ingredients and chemical compo-
sitions of the experimental diets

Ingredient Cand M Tand M/T
Corn silage 30.1 31.2
Alfalfa hay 16.4 17.0
Milled corn 34.8 31.1
Cottonseed meal 12.9 131
Corn gluten 2.7 2.8
Molasses 1.6 1.6
Tallow - 1.8
Carbonate calcium 0.7 0.6
Minerals? 0.6 0.5
Salt 0.3 0.3
Chemical composition (% DM)

DM 68.5+0.2 67.8+0.9

CP 19.5+0.2 21.9x1.6

NDF 19.04 0.7 22.7+0.7

ADF 14.9x0.9 15.8+1.0

EE 1.4£0.1 3.8+0.1
NE, (MJ kg DM-")e 6.7 6.7

Explanations: C — control; M — control + monensin; T — control
+ tallow; M/T — control + monensin + tallow; DM — dry matter;
NE, —net energy for lactation; CP — crude protein; NDF — neutral
detergent fiber; ADF — acid detergent fiber; EE — ether extract;
* The trace mineral and vitamin premix contained the following:
12.0% P, 11.5% Ca, 0.6% Mg, 2,160 ppm Mn, 2,850 ppm Zn,
580 ppm Fe, 1,100 ppm Cu, 102 ppm I, 13 ppm Co, 9 ppm,
Se, 220,000 Ul/kg vitamin A, and 24,500 Ul/kg vitamin E;
®NE, calculated (NRC, 2001)

Instruments, HI-9828). VFA analysis was conducted using
10 mL of duplicate ruminal liquid samples that were acidi-
fied with 0.2 mL of 50% H,SO, and frozen until analysis.
After thawing the samples at room temperature, 1.5 mL of
acidified ruminal fluid was centrifuged at 9,500 x g and
4°C for 15 min. Then, 1 mL of the sample was added to
0.25 mL of 25% metaphosphoric acid, homogenized, and
centrifuged at 9,500 x g and 10°C for 10 min. Subsequently,
1 mL of the supernatant was injected in a gas chromato-
graph (Perkin Elmer Instruments, Clarus 500) equipped
with a Phase N9316353 Elite FFAP column (15 m length,
0.32 mm outer diameter, 0.25 mm inner diameter), with the
following settings: injector temperature of 250°C; detector
flame temperature of 196°C; and oven temperature ramp
rate of 95°C for 0.5 min, 15°C/min and 160°C for 1.5 min.
The flow injection was 15 puL/min, with an average reten-
tion time of 3.24 min for acetic acid, 3.87 min for propionic
acid, and 4.5 min for butyric acid, with a net determination
time of 6.33 min (8). The amount of methane was estimated
by the method developed by Baldwin and Emery (3). This
method uses the molar proportion of VFA for acetic, pro-
pionic, and butyric acids. It estimates the fermentation bal-
ance and methane production by the conversion of dietary
carbohydrates to VFA.

Analysis of Gram-positive bacteria population. To
analyze the bacterial population, 15 mL of each ruminal
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liquid sample (15 mL) without preservatives was examined.
Samples were collected on the 15" day, 24 h after the last
feeding. A 1-mL aliquot was centrifuged at 16,873 x g and
4°C for 5 min. The microorganism-containing pellet was
used for DNA extraction with a MasterPure Gram-Positive
DNA Purification kit (Epicentre, Madison, WI, USA), fol-
lowing the manufacturer’s instructions. The number of bac-
teria present in the rumen under each treatment condition
was estimated by amplifying the 16S rDNA gene with PCR
in triplicate. All amplification reactions were performed in
a final volume of 25 pL containing 100 ng of DNA, 0.2 nM
dNTP mix, 1.5 mM MgClL,, 1 x PCR buffer without Mg,
1 U of Platinum Taq DNA Polymerase (Invitrogen, Carls-
bad, CA, USA), 50 ng of primer 357F (5’-CTCCTAC-
GGGAGGCAGCAG-3) (41), and 50 ng of primer 1492R
(5’-TACCGYTACCTTCTTACGACTT-3") (12). These
two primers amplify a 1,135-bp fragment. The PCR con-
ditions were as follows: initial denaturation at 94°C for
2 min, followed by 40 cycles of denaturation at 94°C for
1 min, alignment at 54°C for 1 min, and extension at 72°C
for 1 min. The PCR ended with a final extension at 72°C
for 5 min. Amplified fragments were observed following
electrophoresis in 1.5% agarose and staining with 10 mg/
mL ethidium bromide (12).

PCR-denaturing gradient gel electrophoresis (DGGE)
was performed with 200 ng of DNA in a final volume of
50 pL containing 1 pL of 10 mM dNTP mix, 1.5 pL of
50 mM MgClL, 5 uL of 10 x PCR buffer without Mg?**,
100 ng of each oligonucleotide (HDA1, 5°GCCGCCC-
GGGGCGCGCCCCGGGCAEGGAGECAEGGAGEAGCAC-
GGGGGGACTCCTACGGGAGGCAGCAGT-3’ and
HDA2, 5’-GTATTACCGCGGCTGCTGCTGGCAC-3’),
and 2 U of Platinum Taq polymerase (Invitrogen). The
reaction conditions were as follows: initial denaturation at
94°C for 2 min, followed by 30 cycles of denaturation at
93°C for 30 s, alignment at 78°C for 30 s, and extension at
72°C for 30 s, and ending with a final extension at 72°C for
2 min. Using these primers, the amplified fragment of the V3
region of the 16S rDNA was 198 pb; this region represents
a useful polymorphic region that can be used to differenti-
ate species (7, 40). Diversity analysis was performed by
PCR-DGGE using a computer DCode universal mutation
detection system (Bio-Rad, Hercules, CA, USA) and 16 cm
x 16 cm % 1 mm gels, as described previously (40), with
some modifications. The gels used were 8% acrylamide
(acrylamide : bisacrylamide, 37.5 : 1), under denaturing
conditions with urea and formamide. Electrophoresis was
conducted at a constant voltage of 60 V at 60°C for 16 h.
The gels were stained with a solution of SYBR Green |
Nucleic Acid gel stain (Invitrogen) and viewed with UV
light using ImageQuant 300 (General Electric). To obtain
the PCR-DGGE profile, the gel images were obtained and
analyzed with BioNuerics software (version 6.6, Applied
Maths, Austin, TX, USA). On the basis of the band pattern
of the samples and by calculating Euclidean distances,
a distance matrix was generated, which produced a dendro-
gram by the unweighted pair group method with averaging
(UPGMA). Bands of interest were excised from the gel and
eluted in 40 uL of TE buffer, according to the method by
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Karnati et al. (19), and amplified using the primers HDA?2
and HDA1 without the GC clamp. The PCR product was
purified with a Wizard SV Gel and PCR Clean-up System
(Promega), in accordance with the manufacturer’s instruc-
tions, after which the PCR products were sequenced in an
ABI PRIMS 3100 genetic analyzer (Perkin Elmer). The
nucleotide sequences generated were separated by bacte-
rial taxonomy using the SeqMatch program of the Ribo-
somal Database Project (http://rdp.cme.msu.edu/seqmatch/
seqmatch_intro.jsp). For the diversity population compari-
sons, the Shannon diversity index was used based on the
relative intensity of each band measured by the Imagel
software (http://rsbweb.nih.gov/ij/index.html).

Statistical analysis. The statistical design was conducted
using four Latin squares (4 x 4), in which four cows were
randomized in four periods and simultaneously received the
four treatments. The variables ORP, pH, VFA production,
VFA profile, and methane production were analyzed using
a model that included the physiological state of the cows
(lactating), supplementation (C, M, T, or M/T), period (1,
2, 3, or 4), and the physiological state x supplementation
interaction as fixed effects. The model included the cow
(1, 2, 3, or 4) and the cow x supplementation interaction
as random effects. Modeling was performed with PROC
MIXED in the SAS program (version 9.1.3; SAS Institute,
Inc., Cary, NC, USA). Means were compared by using
orthogonal contrasts with a significance level of a = 0.05,
where the contrasts were C vs. M, T, M/T; M/T vs. M, T;
and M vs. T. For quantification of the bacterial population,
the values were obtained as units of fluorescence (UF) from
the band areas of the PCR products in the gel by relative
intensity as determined with ImagelJ software (http://rsbweb.
nih.gov/ij/index.html). Analysis of variance was performed
using the generalized linear model procedure in the SAS
program; and for means separation, Tukey’s test was used.
To investigate the relationships between each rumen bacte-
rial community structure and rumen fermentation variables
in each treatment, correspondence analysis (CA) was per-
formed using the software package XLSTAT.

Results and discussion

Estimations of pH, ORP, VFA, and methane pro-
duction from lactating dairy cows fed with C, M, T,
and M/T diets are presented in Table 2. In this experi-
ment, the ruminal pH was very similar in all dietary
treatments, with the average pH being 6.9 (Tab. 2).
Mutsvangwa et al. (24) found similar pH results in
Holstein cows fed with controlled-release capsules of
monensin. Ruiz et al. (34) also did not find changes
in the ruminal pH in dairy cows supplemented with
350 mg of monensin. These results are in concor-
dance with those of Dubuc et al. (9), who declared
than monensin promotes a stable pH by controlling
the microorganisms that produce H*. Nevertheless,
tallow contains unsaturated fatty acids, which undergo
biohydrogenation and therefore decrease the amount
of H" that can acidify the ruminal ecosystem (30).
Our results, however, indicated that this additive did
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Tab. 2. Ruminal fermentation parameters in cattle as a function of diet
Parameters olet SEM ontrast
c M T /T Cvs.M, T, M/T MTvs. M, T Mvs. T
pH 7.0 6.9 6.9 6.9 0.1 NS NS NS
ORP -295.2 -288.4 -303.6 -299.5 4.9 NS NS NS
Total VFA (mM/mL) 93 72.3 71.8 79.4 4.8 * NS NS
Acetic acid (mol%) 63.8 63.4 64.7 64.2 1.5 NS NS NS
Propionic acid (mol%) 21.5 21.2 25.8 26.7 1.9 NS NS NS
Butyric acid (mol%) 8.7 9.3 9.5 9.2 1.3 NS NS NS
Acetate : Propionate 2.4 2.4 2.7 2.5 0.2 NS NS NS
Methane (mM/mL) 54.7 52.6 53.8 52.1 14 * NS *

Explanations: C — control; M — control + monensin; T — control + tallow; M/T — control + monensin + tallow; ORP — oxidation-
-reduction potential, VFA — volatile fatty acids; SEM — standar error of the means; NS =P > 0.05; * =P <0.05

not influence the pH. Similarly, Ruppert et al. (35)
and Onetti et al. (29) found that dairy cows fed with
a 50:50 forage-to-concentrate ratio supplemented with
2% dry matter of tallow had the same ruminal pH as
those fed a control diet.

The variable ORP showed no differences between
any of the treatments. In the rumen, the most important
reducers are methanogenic bacteria, which use hydro-
gen as the electron donor. With inclusion of monensin
in the diet, a reduction of Gram-positive bacteria that
produce hydrogen was expected; therefore, if the
amount of hydrogen is limited, the ORP value would
tend to improve. Similarly, tallow supplementation was
expected to increase the ORP value because it would
compete with hydrogen during the biohydrogenation
of unsaturated fatty acids (30).

The total VFA production was greater (P < 0.05)
in animals fed with a control diet than in those with
an M, T, or M/T diet, demonstrating that diet supple-
mentation with monensin and/or tallow has the same
effect because both decreased (P> 0.05) the total VFA
production by approximately 10%. Similar to our find-
ings, Ruppert et al. (35) have reported that the amount
of VFA decreases when Holstein cows are fed a high-
corn silage and high-alfalfa silage diet supplemented
with 2% or 4% tallow. The same response has been
reported in lactating cows fed a high-concentrate diet
supplemented with 2.5% or 5% tallow (10). Another
study has reported that the supplementation of lactat-
ing Holstein cows with monensin decreased VFA (5).
Furthermore, Mathew et al. (23) have reported that the
supplementation of cows with monensin and tallow
together results in a decrease in total VFA. In contrast
with the current study, Lewis et al. (21) have reported
that cows fed tallow did not have a significant change
in total VFA production compared to controls, but they
did have a significant increase in propionic acid con-
tent as well as decreases in acetic acid content and the
acetate:propionate ratio. These data are consistent with
the ruminal pH observed with diets supplemented with
monensin and/or tallow because monensin controls the

colonization of H'-producing bacteria (9), and tallow
decreases the amount of fermentable dietary substrate
(1). The molar ratios of acetic acid, propionic acid, and
butyric acid, as well as the acetate:propionate ratio
were not different between the control and treatment
groups. Similar to this study, some studies have not
shown a difference in the molar ratio of these param-
eters between animals fed monensin and tallow (18,
19). Tallow supplementation provides unsaturated
fatty acids that can serve as electron acceptors during
biohydrogenation in the rumen, and this reaction will
reduce the amount of H" available to reduce CO, (32).
The primary benefit of monensin supplementation is
usually attributed to the inhibition of Gram-positive
bacteria and a shift of fermentation from acetate to
propionate production (17). In our study, monensin
supplementation increased the availability of glucose
precursors by decreasing the acetate:propionate ratio in
the rumen; however, the difference was not significant.
Previous VFA data showing an 8.4% decrease in the
acetate:propionate ratio support our finding (13). In
addition, a significant shift in fermentation from ace-
tate, butyrate, and isovalerate toward propionate and
valerate has been reported with the addition of fat (37).
Because propionate is an important hydrogen sink,
propionate is expected to result in decreased methane
production per unit of fermentable matter (33).

Supplementation with monensin, tallow, or their
combination led to a decrease (P < 0.05) in methane
production compared with the control diet. Notably, the
combination of monensin and tallow did not change
methane emission more than monensin or tallow
supplementation separately. Of the two additives pro-
vided separately, the better treatment to reduce methane
production was monensin (P < 0.05), with a reduction
of 7.2% compared to the control diet. These results
imply that tallow and monensin supplementation in
combination did not offer a significant decrease in
methane emission and that monensin continues to be
the additive of choice to reduce methane production
in dairy cows.
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Relative quantity
of 16S DNAr gene (UF)

M ' T

M/T

Fig. 1. Mean values of the relative quantity of the 16S DNAr
gene as determined by PCR

Explanation: Different letters indicate significant differences
(P<0.05)

Compared to the control diet, monensin supplemen-
tation did not affect the bacterial population (Fig. 1),
which suggests than monensin promotes the develop-
ment of Gram-positive bacteria that could be resistant
to monensin action, which are different from the Gram-
positive bacteria present with the control diet. It was
clear that the bacterial population was higher (P <0.05)
with tallow supplementation alone, compared to the
M/T diet and the C and M diets (Fig. 1), which implies
that tallow stimulates the development of bacterial
population. Unexpectedly, the combination of monen-
sin and tallow (M/T treatment) caused a large decrease
(P < 0.05) in the Gram-positive bacterial population
compared with tallow treatment alone. These findings
suggest that, in the presence of tallow, Gram-positive
bacteria were more susceptible to monensin action, and
the bacteria that survived were incapable of affecting
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Fig. 2. Results of the hierarchical cluster analysis of all DGGE profiles demonstrated

graphically in a UPGMA dendrogram

Explanations: C = control, M = monensin, T = tallow, M/T = monensin/tallow, P1 through P4
represent the four periods, and the red rectangle represents distinct bands visually selected

and identified
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Tab. 3. Shannon diversity index determined from DGGE
fingerprints from each treatment

c 35 3.06
M 36 3.13
T 32 3.03
mT 28 2.69

Explanations: H" = -2 (n/N) log(n/N), where n_is the relative
surface intensity of each DGGE band, and N is the sum of all the
surfaces for all bands in each treatment; C — control; M — control +
monensin; T — control + tallow; M/T — control + monensin + tallow

the ruminal methanogenic activity (Tab. 2). In order
to determine the types of Gram-positive bacteria that
were involved in this process, bacterial diversity analy-
sis was carried out by DGGE. PCR-DGGE analysis
revealed different band patterns between treatments,
demonstrating that each diet generated individual
unique bacterial community structures. For example,
the Shannon diversity index increased when the diet
was supplemented with monensin and decreased
when the diet was supplemented with a combination
of monensin and tallow (Tab. 3). These results were
in concordance with the amount of Gram-positive
bacteria found by 16S DNAr gene analysis (Fig. 1).
UPGMA analysis of the DGGE microbial communities
(Fig. 2) revealed segregation into two distinct clusters:
A and B. Group A was divided into clades Al and AlL.
The Al clade (54.6% similarity) contained the control
(periods 1, 2, and 3) and monensin (periods 3 and 4)
diets. Clade AII contained the tallow (periods 2 and 4),
monensin (period 1), and monensin/tallow combination
(period 4) diets, with a similar-
ity 0f 59.8%. Group B consisted
of the tallow (periods 1 and 3)
and M/T (periods 1, 2, and 3)
treatments, with a similarity of
51.3%. In order to further char-
acterize the community struc-
ture, multidimensional scaling
analysis was used to produce
a three-dimensional plot to
show the relationship between
the diets and bacterial diversity.
It showed that all periods of the
monensin diet were closer to the
control period diets. Similarly,
the tallow and monensin/tallow
periods tended to be together
away from the control and
monensin treatments (Fig. 3).
Therefore, the groupings are
due to the type of additive
offered to the cows. A similar
response has been reported by
Chen et al. (6), who used dif-
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Fig. 3. Multidimensional scaling plot of the PCR-DGGE
profiles

Explantions: C = control (green), M = monensin (red), T = tal-
low (blue), M/T = monensin/tallow (yellow), and P1 through P4
represent the four periods

ferent percentages of hay in cow diets. Taxonomic
analysis using the Ribosomal Database Project (RBP)
database of the dominant bands visible in the DGGE
gel revealed that the Ruminococcaceae tamily was
predominant, followed by the Lachnospiraceae tamily
in all treatments (Fig. 4). The monensin and control
diets showed similar amounts of Ruminococcaceae
and Lachnospiraceae family members. These results
are in agreement with those of Kim et al. (20), who
showed that Firmicutes were the major Gram-positive
bacteria present in the rumen of lactating Holstein
cows supplemented with monensin. Tallow supple-
mentation caused a decrease of 18.3% in the popula-
tion of Ruminococcaceae family members, while the

100% T
90% 1
I Bifidobacteriaceae
80% 1
[ Micrococcaceae

70% 1 Il Lachnospiraceae

60% Il Ruminicoccaceae
50% 1
40% 1
30% 1
20% 1
10% 1

0% -
C M T M/T

Fig. 4. Distribution of each family of bacteria based on the
sequences classified as bacteria according to the DGGE profile
Explanations: C — control; M — control + monensin; T — control
+ tallow; M/T — control + monensin + tallow
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population of Lachnospiracea did not change, and the
populations of Micrococcaceae and Bifidobacteriaceae
increased to represent 11.11% and 5.6% of bacterial
population, respectively; both of these families belong
to the phylum Antinobacteria. For the M/T treatment,
the Ruminococcaceae population increased by 7.8%,
and the Lachnospiracea population decreased by
11.1%, compared to the control diet. In addition, the
Micrococcacea population decreased by 7.6%, com-
pared to the tallow diet. Kim et al. (20) also found
that the relative abundance of Actinobacteria phylum
bacteria in cows supplemented with monensin and fat
was low.

The influence of diet and rumen fermentation vari-
ables on the rumen microbial community was evalu-
ated by CA, which showed that 99.91% of the total
diet treatment structure variance was explained by
the ruminal fermentation variables and the bacterial
families identified. The CA ordination biplot (Fig. 5)
shows that the M and C diet treatments were negatively
correlated with the Ruminococcaceae family popula-
tion, as well as with methane, butyric acid, and the
A : Pratio; in addition, they were positively correlated
with the Lachnospiraceae family population and pro-
pionic acid. For the M/T treatment, the correlation was
negative for the Micrococcaceae and Ruminococcacea
families, and it was positive for methane. Tallow
supplementation showed a positive correlation with the
Lachnospiraceae and Bifidobacteriacea families, and
it was negatively correlated for all ruminal fermenta-
tion variables. The biplot graph shows that in all of the
treatments, the Lachnospiraceae family was negatively

correlated with methane production.
0.8
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0.4 T

Lachnospiraceae

M &P

C “/bH T
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Fig. 5. Correspondence analysis biplot of the bacterial family
communities identified and the ruminal parameters (red lines)
in relation to different diets (blue circles)

Explanations: C = control, M = monensin, T = tallow, M/T =
monensin/tallow, P.A. = propionic acid, B.A. = butyric acid, A:P
= acetate : propionate ratio, and CH4 = methane
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In conclusion, the Gram-positive bacterial com-
munity in the rumen of dairy cows depends on the
chemical composition of the diet offered, and monensin
supplementation promotes this community in a similar
manner as the control diet. The bacterial community
mainly consists of bacteria from the Ruminococcaceae
and Lachnospiraceae families, which could be respon-
sible for the methane production modulation observed
in cows supplemented with monensin. Moreover,
supplementation with a combination of monensin and
tallow does not provide a significant methane emission
reduction.
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