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A B S T R A C T

The objective of this experiment was to evaluate the effects of crude glycerin (CG) and virgi-
niamycin (VM) diets on ruminal fermentation and microbial population of feedlot Nellore cattle.
Eight rumen fistulated bulls (BW=600 ± 34 kg; 26 ± 3 months) were used in a replicated
4×4 Latin square (21-d periods) with 2× 2 factorial arrangement of treatments: diets without
virginiamycin (VM−) or virginiamycin at 25mg/kg DM (VM+) combined with diets without
crude glycerin (CG−) or CG (80% glycerol) at 100 g/kg DM (CG+). The sugar cane bagasse was
used as the exclusive roughage in the proportion of 200 g/kg in dry matter of diet and crude
glycerin replaced corn in the diet formulation. Ruminal samples were collected immediately
before feeding and at 3, 6, 12 and 18 h post feeding on days 20 and 21 of the sampling week. Data
were analyzed in a replicated 4× 4 Latin square with a 2× 2 factorial using the MIXED pro-
cedure of SAS (SAS Inst., Inc., Cary, NC). There were no CG×VM interactions for any variable
measured (P≥ 0.10). The intake of DM had a tendency to be greater in CG+ than CG− diets
(P= 0.07). Apparent total tract digestibilities of nutrients were similar among diets (P≥ 0.10).
Diets with CG or VM had similar values of pH (mean= 6.15; P≥ 0.10). Data showed that CG or
VM did not affect the concentration of total VFA (116.92mM; P≥ 0.10). The proportion of
propionate increased 27.5% in CG+ diets, regardless of VM inclusion (P= 0.01).
Acetate:propionate ratio was lower in CG+ compared to CG− diets (3.58 vs. 2.12; P≥ 0.10).
Valerate and butyrate proportion was greater in CG+ than CG− diets (P < 0.05). The inclusion
of VM or CG did not alter the relative abundance of fibrolityc bacteria (P≥ 0.10). Total protozoa
counts (P= 0.052) and Metadinium spp. (P= 0.058) had a tendency to decrease in VM+ than
VM− diets (P < 0.10). Crude glycerin had positive effects on rumen fermentation products and
can replace virginiamycin with increment of Megasphaera elsdenii abundance. However, com-
bining virginiamycin and glycerin does not affect positively rumen fermentation and growth of
bacteria that metabolize lactate.

1. Introduction

Feedlots diets of beef cattle are generally rich in grains with high starch content. The great concentration of starch present in
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finishing diets increment the accumulation of VFA and potentially lactate that can alter metabolic activity of rumen microbiota,
leading the increment of lactate accumulation and metabolic disorders (Nagaraja and Titgemeyer, 2007; Fernando et al., 2010; Zebeli
et al., 2015). Several strategies have been used to manipulate the rumen microbial environment to increase beef cattle performance
and to reduce acidosis risks: feeding management (Bevans et al., 2005); use of buffers (Crawford et al., 2008) and antibiotics such as
virginiamycin (VM) or ionopheres (Coe et al., 1999); administration of direct fed microbes such as Megasphera elsdenii or Sacchar-
aromyces cerevisiae (Meissner et al., 2010).

The antibiotics, such as VM, have been used at subtherapeutic levels in the feeding of several species of animals as a growth
promoter. The VM inhibits the growth of gram-positive lactate-producing bacteria by impairing protein synthesis (Cocito, 1979).
Rogers et al. (1995) have shown an increase in the average daily gain (4.6%) and gain to feed ratio (3.6%) of steers and heifers
receiving VM at 25mg/kg DM in a series of dose–response trials (19mg–27mg VM/kg DM). However, in recent years there has been
a growing concern about hazards of antibiotic utilization in animal feed. On January 2006, the EU banned the use of antibiotics,
including virginiamycin in animal feed. In 2017, the U.S Food and Drug Administration (FDA) published Veterinary Feed Directive
(VFD) regulations for medicated feeds, which restrict the use of antimicrobial drugs in feeds without veterinary prescription.

Thus, another strategy to prevent or attenuate excessive lactate production could be increasing the availability of substrate, such
as crude glycerol, to lactate-utilizing bacteria (e.g, Megasphaera elsdenii). Glycerol promotes the growth of Megasphaera elsdenii and
Selenomonas ruminantium in the rumen environment (Stewart et al., 1997). Glycerol and starch from corn grains present similar
attributes as glucose suppliers by increasing the proportions of propionate and butyrate at the expense of acetate (Remond et al.,
1993; Wang et al., 2009; Bajramaj et al., 2017). The small intestine digestion of starch in grain corn (30–55%) may release glucose to
be partially absorbed into the bloodstream (Remond et al., 2004). Glycerol can be absorbed at half percentage in the rumen wall and
enhance glucose circulation via gluconeogenesis in the liver (Remond et al., 1993). Crude glycerin can replace cereal grains with
levels up to 100 g/kg DM of feedlot diets of beef cattle without detrimental effects on performance (Parsons et al., 2009; Mach et al.,
2009; Lage et al., 2014) and it potentially enhance unsaturated fatty acid deposition on meat (Carvalho et al., 2014; Eiras et al., 2014;
Favaro et al., 2016)

We hypothesizes that CG (substrate promoter of lactate-utilizer bacteria) could replace VM (inhibitor of gram-positive lactate-
producing bacteria) without impairing rumen fermentation or that combining VM and CG would increment the positive effects on
fermentation and promote the growth of bacteria that metabolize lactate. The objective of this study was to evaluate the effect of
combining VM (0 or 25mg/kg DM) and CG (0 or 100 g/kg DM) on fermentation and microbial population of feedlot Nellore cattle. To
solve this issue we evaluated the intake and digestibility of dry matter and nutrients, pH, ammonia content, volatile fatty acids,
efficiency of microbial protein synthesis and evaluation of the ruminal microbiota.

2. Material and methods

2.1. Animals and feed management

This study was conducted in accordance with the Brazilian College of Animal Experimentation (COBEA – Colégio Brasileiro de
Experimentação Animal) and it was approved by the Ethics, Bioethics, and Animal Welfare Committee (CEBEA; protocol number
021119/11).

Eight rumen cannulated bulls (BW=600 ± 34 kg 26 ± 3 months) were used in a replicated 4× 4 Latin square design with
2× 2 factorial arrangement of treatments: diets without virginiamycin (VM−) or virginiamycin at 25mg/kg DM (VM+) combined
with diets without crude glycerin (CG−) or crude glycerin (80% glycerol) 100 g/kg DM (CG+). Crude glycerin was acquired from a
soybean oil based biodiesel production company ADM, Rondonópolis, Brazil (80.3% of glycerol; 1.59% of ether extract; 5.03% of ash
and 12.0% of water). Animals were submitted to 21 days of adaptation to experimental installations and diets. The experiment was
conducted for four periods and each lasted for 21 days. Each period contained 14 days for diet adaptation and 7 days of data and
sample collection. Animals were housed in individual stalls and fed twice daily at 07:00 and 16:00 h for 10% refusals. The ration
comprising sugarcane bagasse and concentrates in a 20:80 ratio on a DM basis (Table 1) were weighed individually and manually
mixed in the troughs of each animal.

2.2. Sampling and chemical analysis

Samples of diets (forage and concentrate) and orts from each animal were collected in 5-d sampling period (from days 15 to 19),
then composited every period to determine dry matter intake (DMI). Dry matter and nutrients intake were calculated as the difference
between amounts offered and refused based on chemical analysis of the composited sample within animals on each period. From days
15 to 19, feces were collected immediately after each spontaneous defecation, stored in 20-L plastic bags, and at the end of each 24-h
collection period the bags were changed and the feces were weighed, manually blended, and aliquots of 10% of the daily feces
excretion were collected. Each fecal sample obtained per day, animal, and period was pre dried in a forced-air oven at 60 °C for 72 to
96 h. Then, the pre-dried samples from each day were used to compose the final sample. Apparent total tract digestibility of nutrients
was calculated as follows: [Nutrient intake (kg/d)-fecal residue (kg/d)]/nutrient intake (kg/d) × 1000. The composite samples of
each material (concentrate, sugarcane bagasse, orts and feces were used to determine DM (method 934.01; Association of Official
Analytical Chemists, 1990), ether extract (Association of Official Analytical Chemists, 1990), N was determined by combustion (Leco
Instruments Inc., method 976.06) and multiplied by 6.25 to obtain CP, ash (method 924.05; Association of Official Analytical
Chemists, 1990) and neutral detergent fiber (NDF) analyses were performed without sodium sulfite and with alpha amylase, and the
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data were corrected for residual ash (Mertens, 2002).
Ruminal samples were taken immediately before feeding and at 3, 6, 12, 18 h post feeding on day 20 and day 21 of the sampling

week to determine the pH value (measured after the contents were filtered), and the concentrations of NH3-N (mg/dL) and VFA
(mM). Two 20-mL aliquots were stored at −10 °C and were later used to determine the NH3-N concentration as describing by Fenner
(1965), adapted for use in Kjeldahl distillation. The VFA concentrations were measured using a gas chromatograph (GC2014,
Shimadzu Corporation, Kyoto, Japan) with an HP-INNOWax capillary column (30m×0.32mm; 0.50 μm film thickness; Agilent
Technologies, CO, USA) at an initial temperature of 80 °C which was increased by 20 °C/min until a final temperature of 240 °C was
reached.

2.3. Microbiology

Ruminal samples used for the quantification of bacteria and protozoa were collected before feeding on day 21 of the sampling
week. Ciliate protozoa were identified using a Sedgewick-Rafter chamber as described by Dehority (1984), with the modifications
suggested by D’Agosto and Carneiro (1999). Total DNA was extracted using a FastDNA® Spin Kit for Soil (MP Biomedicals) according
to the manufacturer’s instructions.

The relative abundances of archaea (Denman et al., 2007), Megasphaera elsdenii (Ouwerkerk et al., 2002), Streptococcus bovis,
Selenomonas ruminantium and Lactobacillus sp. (Khafipour et al., 2009), and three cellulolytic bacterial species, namely, F. succinogenes
(Denman and McSweeney, 2006), R. albus (Mosoni et al., 2007), and R. flavefaciens (Denman and McSweeney, 2006), were de-
termined by qPCR using methods of primers standardization of Castagnino et al. (2015).

Data were normalized using the 16S rRNA gene amplified by the total bacterial primer as a ‘housekeeping gene’(Denman and
McSweeney, 2006) and qPCR was performed using an ABI Prism 7500 and SYBR Green (Applied Biosystems®) technology.

2.4. Statistical analysis

Data of feed intake, digestibility, and ruminal parameters were evaluated in a replicated 4×4 Latin square design, in a factorial
arrangement 2×2, Crude glycerin (CG) and virginiamycin (VM) using the MIXED procedure of SAS (version 9.2). Statistical model
included the fixed effect of VM (1° of freedom, DF), CG (1DF) and the VM×CG interaction (1DF). Random effects were period (3DF),
bulls nested within square (6DF), square (1DF) and residual error.

Data of ammonia, VFA concentrations and pH were analyzed in a replicated 4×4 Latin square design with repeated measure-
ments in time (T) using the MIXED procedure of SAS (version 9.2). Statistical model included the fixed effect of VM (1DF), CG (1DF),
T (4DF) and the interactions: VM×CG (1DF); VM×T (4DF); CG×T (4DF); and VM×CG×T (4DF). Random effects were period
(3DF), bulls nested within square (6DF), square (1DF) and residual error. First-order autoregressive was the covariate structure used
for analysis because it resulted in the lowest Bayesian information criterion. Data were subjected to analysis of variance using the
PROC MIXED procedure of SAS (2004). Significance was declared at P<0.05, and trends were noted at 0.05< P ≤ 0.10.

Table 1
Chemical composition of the treatments.

Treatmentsa

Proportion of ingredients, g/kg DM CG− CG+

VM− VM+ VM− VM+

Sugarcane bagasse 200 200 200 200
Ground corn 625 625 528 528
Soybean meal 136 136 131 131
Crude glycerin 0.00 0.00 100 100
Urea 9.00 9.00 11.0 11.0
Mineral premixb 30.0 30.0 30.0 30.0
Virginiamycin (mg/kg of DM) 0.00 25.0 0.00 25.0
Nutrients
DM, g/kg 852 852 828 828
Crude protein, g/kg DM 157 157 156 156
aNDFomc, g/kg DM 308 308 296 296
EE, g/kg DM 25.0 25.0 24.0 24.0
Ash, g/kg DM 74.0 74.0 76.0 76.0
Starch, g/kg DM 372 372 322 322
NFCd, g/kg DM 436 436 447 447

a Diet without crude glycerin (CG−) or CG at 100 g/kg DM (CG+); diet without VM (VM−) or VM at 25mg/kg DM (VM+).
b Composition (mg/kg of DM) = Calcium: 8000; Phosphoros:3300; sodium: 2700; magnesium: 1400; sulphur: 6300; zinc: 82; cupper: 21;

maganase: 52; cobalt: 1.3; iodine: 1.1: selenium: 0.35.
c NDF assayed with a heat stable amylase and expressed exclusive of residual ash.
d Non fiber carbohydrates= 1000 − (CP+EE+Ash+NDF).
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3. Results

No interactions were found between CG and VM on intake and total tract digestibility (P ≥ 0.10; Table 2). The intake of DM and
MO was greater for animal fed with CG+ than CG−, independent of VM inclusion (P< 0.05). The total tract digestibility, % DM,
OM, CP, starch, NFC remained relatively constant in all diets (P ≥ 0.10).

There is no interaction (P ≥ 0.10) for CG×VM, CG× time, VM× time and VM× CG× time on pH, VFA and NH3-N (P>0.01).
The VFA, mM concentration and pH was similar among treatments (P ≥ 0.10; Table 3). The Acetate and A:P ratio decreased in CG+
than CG− diets (P< 0.05). The propionate, butyrate and valerate proportion was greater in CG+ than CG− diets (P< 0.05). The
proportion of propionate increased 27.5% in CG+ diets, regardless of VM inclusion. The NH3-N (mg/dL) concentration remained
constant among treatments (P ≥ 0.10).

Table 2
Effect of crude glycerin (CG) and virginiamycin (VM) on intake and total tract apparent digestibility of Nellore bulls fed with finishing diets.

Treatmentsa

CG− CG+ P-valuec

VM− VM+ VM− VM+ SEMb CG VM

Intake, kg
DM 12.8 12.6 13.4 13.6 0.52 0.071 0.59
OM 11.5 11.2 12.0 12.3 0.31 0.012 0.98
CP 2.16 2.06 2.16 2.57 0.015 0.24 0.33
NDF 3.50 3.40 3.40 3.81 0.15 0.073 0.51
Starch 4.22 4.81 4.11 4.32 0.36 0.23 0.15
NFC 5.60 5.81 5.43 5.74 0.13 0.44 0.74
Total tract apparent digestibility, g/kg
DM 732 733 685 730 37.1 0.43 0.39
CP 817 753 768 820 36.9 0.81 0.79
aNDFomd 535 533 510 570 36.0 0.84 0.32
Starch 919 892 891 883 18.2 0.22 0.12
NFCe 907 909 871 884 23.5 0.66 0.12

a Diet without crude glycerin (CG−) or CG at 100 g/kg DM (CG+); diet without VM (VM−) or VM at 25mg/kg DM (VM+).
b Standard error of mean.
c There is no CG×VM interaction (P ≥ 0.10).
d NDF assayed with a heat stable amylase and expressed exclusive of residual ash.
e Non fibrous carbohydrates= 1000 − (CP+EE+Ash+NDF).

Table 3
Effect of crude glycerin (CG) and virginiamycin (VM) on VFA, pH and NH3-N of Nellore bulls fed with finishing diets.

Treatmentsa

CG− CG+ P-valuec

VM− VM+ VM− VM+ SEMb CG VM Time

Total VFA,
mM

130 117 123 124 15.5 0.98 0.67 0.01

Individual, mol/100 mol
Acetate 61.3 64.2 50.6 53.0 2.43 0.014 0.21 0.010
Propionate 20.0 17.7 25.7 26.3 2.31 0.048 0.68 0.010
Isobutyrate 0.95 1.11 0.99 0.98 0.18 0.56 0.35 0.011
Butyrate 12.7 12.0 16.7 14.1 1.32 0.026 0.25 0.054
Isovalerate 3.64 3.89 3.41 3.66 0.35 0.58 0.56 0.008
Valerate 1.47 1.23 2.55 1.98 0.16 0.007 0.012 0.061
Ratio A:P 3.34 3.82 2.13 2.12 0.36 0.010 0.42 0.014
pH 6.15 6.27 6.07 6.09 0.13 0.18 0.47 0.011
NH3-N,

mg/dL
28.1 27.5 23.7 26.7 4.89 0.46 0.72 0.010

a Diet without crude glycerin (CG−) or CG at 100 g/kg DM (CG+); diet without VM (VM−) or VM at 25mg/kg DM (VM+).
b Standard error of mean.
c There is no interaction (P ≥ 0.10) for CG×VM, CG× time, VM× time, and CG×VM× time.
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There is no interaction between CG and VM for the microbial population (P≥ 0.10; Table 4). The relative abundanceMegasphaera
elsdenii doubled in CG+ compared with CG− diets (P< 0.05). The inclusion of CG decreased Streptococcus bovis (P< 0.02). The
inclusion of VM or CG did not alter the relative abundance of fibrolityc bacteria (P ≥ 0.10).

There is no interaction for protozoa counts (P ≥ 0.10; Table 5). The species of Entodinium, Polyplastron, Isotricha and Eu-
diplodinium were unaffected by all diets (P ≥ 0.10). Total protozoa counts (P = 0.05) and Metadinium spp. (P = 0.058) had a
tendency to decrease in VM+ than VM− diets.

4. Discussion

The studies with CG inclusion in feedlot diets at 10% DM did not show interferences in the DMI (Mach et al., 2009; Lage et al.,
2014). In our experiment, the increase in the intake of DM and OM in CG+diets may be occurred due to the physical characteristics
of glycerol, such as viscosity, which could to maintain feed particles aggregated (i.e., sugarcane bagasse particles) and to reduce
ruminal fill. Furthermore, glycerol can be metabolized within 2 h in adapted animals (Kijora et al., 1998) by the following routes:
fermentation, epithelium absorption or flow to the duodenum (Remond et al., 1993).

In our experiment total VFA content remained relatively constant in all diets. The lack of effect in CG+diets is in accord with
experiments with bulls receiving diets containing up to 12% crude glycerol (Mach et al., 2009) or diets of dairy cows with glycerol
replacing corn starch (DeFrain et al., 2004). Coe et al. (1999) did not show effects of VM on total VFA content of Holstein steers fed
during adaptation to a high concentrate diet. The authors attributed the moderating influence of VM on ruminal fermentation by a
lower Lactobacillus sp. and S. bovis counts compared with control treatments. Other factors, such as, the relationship between rumen
concentrations of VFA and flux of these from the rumen needs to be considered when interpreting rumen VFA proportions (Clayton
et al., 1999).

Table 4
Effect of crude glycerin (CG) and virginiamycin (VM) on relative abundance (n× 10−3) of rumen bacteria of Nellore bulls fed with finishing diets.

Treatmentsa

CG− CG+ P-valuec

VM− VM+ VM− VM+ SEMb CG VM

Lactobacilus spp. 4.30 4.12 0.01 0.17 0.21 0.79 0.59
Streptococcus

bovis
0.58 0.56 0.42 0.16 0.19 0.021 0.22

Megasphaera
elsdenii

0.14 0.05 0.17 0.20 0.10 0.033 0.73

Selenomonas ruminantium 30.3 51.1 17.6 14.0 2.41 0.15 0.61
Ruminococcus

albus
0.58 1.86 1.52 1.42 0.53 0.62 0.17

Fibrobacter
succinogenes

0.07 0.07 0.089 0.093 0.02 0.14 0.30

a Diet without crude glycerin (CG−) or CG at 100 g/kg DM (CG+); diet without VM (VM−) or VM at 25mg/kg DM (VM+).
b Standard error of mean.
c There is no CG×VM interaction (P ≥ 0.10).

Table 5
Effect of crude glycerin (CG) and virginiamycin (VM) on rumen protozoa counts of Nellore bulls fed with finishing diets.

Treatmentsa

CG− CG+ P-valuec

VM− VM+ VM− VM+ SEMb CG VM

Protozoa, n × 104/ mL
Entodinium 4.58 4.41 4.88 3.51 1.06 0.71 0.37
Isotricha 2.81 1.24 1.78 2.26 0.69 0.99 0.42
Metadinium spp. 2.39 1.18 2.37 0.66 0.73 0.74 0.058
Polyplastron 1.64 1.24 2.43 2.05 0.92 0.11 0.22
Eudiplodinium 1.23 1.82 2.15 1.14 0.81 0.79 0.70
Total protozoa 12.6 10.4 14.9 9.73 2.63 0.64 0.052

a Diet without crude glycerin (CG−) or CG at 100 g/kg DM (CG+); diet without VM (VM−) or VM at 25mg/kg DM (VM+).
b Standard error of mean.
c There is no CG×VM interaction (P ≥ 0.10).
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The inclusion of VM normally alters the fermentation by increasing propionate relative to other VFA (Nagaraja et al., 1995; Coe
et al., 1999; Ives et al., 2002). However, in our experiment VM+ diets only decreased the valerate proportion. On the other hand, the
CG+ diets increased propionate and butyrate proportion at expense of acetate in the rumen. Glycerol is a substrate that is more
reduced than the glucose and to maintain the oxidation–reduction balance, the metabolism is directed to formation of more reduced
end products, such as propionate (Castagnino et al., 2015). The increase in molar proportion of propionate and acetate: propionate
ratio reduction in CG+ diets are in agreement with the finds of others (Defrain et al., 2004; Trabue et al., 2007; Krueger et al., 2010;
Lage et al., 2017).

Glycerol can be metabolized by Megasphaera elsdenii and Selenomonas ruminantium (Stewart et al., 1997). The higher con-
centration of butyrate in CG+diets possibly occurred due to an increase in the Megasphaera elsdenii abundance as an active lactate
utilizer. The oxidation of lactate to pyruvate generates two hydrogen atoms, and formation of butyrate from acetate may act as an
electron sink providing some protection against acidosis due to H2 use (Coe et al., 1999). In our experiment, another factor that
facilitated the increase in the Megasphaera elsdenii abundance in CG+diets was the pH value higher than 6.0. According to Mackie
and Gilchrist (1979) a higher ruminal pH would allow a more active population of lactate-utilizing bacteria to ferment lactate to VFA.

The pH values seem to be in accordance with nutrients digestibilities and total VFA content. The average value of pH (6.15) for all
diets in our experiment may occurred due to the adaption of the animals to concentrate over a number of weeks with the proportion
of forage in the diet decreasing over that period. According to Klieve et al. (2003) adaptation process would allow time for the
resident populations of lactic acid-utilizing and other starch-fermenting bacteria to keep up with the growth of S. bovis and prevent
acidosis. Although VM inclusion has been attributed functions of stabilize the ruminal pH (Godfrey et al., 1995), the lack of effect on
pH values in our experiment can be attributed to a fast rate of lactate metabolism in the rumen and the lower retention time with
increase in the absorption of VFA.

Diets with CG and VM did not affect fibrolytic bacteria abundance, which can explain the constant value of NDF digestible among
diets. Hales et al. (2013) reported no effect of glycerin at 10% of diet DM on steers DM digestibility. Others have reported a decrease
in NDF digestibility at 5% of pure glycerol in DM of dairy cows diets (Donkin et al., 2009). In vitro trial with pure culture of
cellulolytic microbes and glycerol addition at 0.1, 0.5, 1, 2 and 5%, inhibited the growth of Ruminococcus flavefasciens and Fibrobacter
succinogenes and impaired growth and cellulolytic activity of fungus Neocallimastix frontalis when included at 5% using cellobiose as
the sole energy source (Roger et al., 1992).

The N metabolism seems not be affected by VM+ diets as the NH3-N concentration and apparent digestibility of crude protein
remained constant compared with VM− diets. According to in vitro studies of Van Nevel et al. (1984) VM decreased deamination and
casein degradation. Ives et al. (2002) evaluating finishing diets for steers fed with or without corn gluten feed combined with VM or
monensin plus tylosin showed a higher content of α-amino nitrogen in the rumen for VM diets, which could potentiate an increase in
metabolizable protein supply to cattle. However an additional in vitro trial testing the same diets did not corroborate the hypothesis of
a protein-sparing effect. Therefore, more research is needed to clarify the effect of VM on ruminal proteolytic bacteria and intestinal
digestion of protein.

Although Megasphaera elsdenii has potential to degrade amino acids in the rumen and to produce branched chain volatile fatty
acids (Stewart et al., 1997), its greater abundance in CG+ than CG− diets did not increase the release of NH3-N in the rumen.
Megasphaera elsdenii is deficient in peptidase activity (Rychlik et al., 2002) which can help explain the lack of differences on NH3-N
content and branch chain volatile fatty acid proportions in diets with crude glycerin. Defrain et al. (2004) reported no effect on
ammonia concentration when crude glycerol replaced corn starch in diets of dairy cows.

Ruminal selenomonads are classified into 2 subspecies, ruminantium and lactilytica, strains that utilize lactate and glycerol are
placed in the subspecies lactilytica, and all other strains are grouped under the subspecies ruminantium (Ricke et al., 1996). Seleno-
monas ruminantium was not different across the all treatments in our experiment, which can be explained by substrate specificity as
demonstrated by previous authors or inefficacy of VM to inhibit Gram-negative bacteria.

Protozoa contributes to microbial N reaching the duodenum and it releases in the rumen significant amounts of H2 that is used by
methanogens for methane production. In our experiment total protozoa counts decreased in diets with VM. Protozoa counts have
generally decreased (Murray et al., 1992; Nagaraja et al., 1995) or not been affected by VM addition (Coe et al., 1999; Ives et al.,
2002) in previous studies. The decrease of protozoa counts should allow a reduction of NH3-N concentration due to a decrease of
protozoal proteolytic and deaminative enzymes (Hristov and Jouany, 2005). Notwithstanding, in our experiment the reduction of
protozoa counts did not compensate for a decrease in NH3-N concentration.

5. Conclusions

Crude glycerin had positive effects on rumen fermentation products and can replace virginiamycin with increment ofMegasphaera
elsdenii abundance. However, combining virginiamycin and glycerin does not affect positively rumen fermentation and the growth of
bacteria that metabolize lactate.
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