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lowered the total rumen bacterial population (log10 16S rRNA 
gene copies/g) from 11.63 in Con to approximately 10.50 
and linearly reduced (P < 0.001) the total archaeal population 
from 8.70 to 8.13. Different SW levels did not affect the over-
all bacterial and archaeal profiles or the microbial diversity 
indices, with substantial variation in these parameters among 
individual rams. Relative abundance of three bacteria phyla, 
five bacteria families, and seven species differed among SW 
levels. There were 14 enriched metabolic pathways in SW-fed 
rams, while only 3 pathways were suppressed by SW feeding. 
A VFA profile with a higher acetate molar portion (P < 0.001) 
and a lower propionate (P < 0.001) and butyrate (P < 0.001) 
molar portion was seen with SW supplement, and the lower 
butyrate can be associated with the enrichment of the “Buta-
nate metabolism’ pathway in the SW-fed rams. Total E. coli 
population within the rumen was linearly reduced (P < 0.001) 
by SW from 6.82 (log10 16S rRNA gene copies/g) in Con to 
6.27, 5.86, and 5.90 with the three SW levels. Including SW 
only completely eliminated O121 in the rumen and the feces, 
but O45, O103, and O111 were also eliminated in the feces, 
although they were detected in the rumen.
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The effects of humic substances (HS) on rumen fermentation 
and methane (CH4) production were investigated using an 
in vitro rumen batch culture technique. HS was included in 
cultures with a 60% barley silage: 40% concentrate diet (dry 
matter (DM) basis) at 0, 108, 216, 324, or 432 mg HS/g of 
substrate incubated. Rumen in vitro batch cultures were con-
ducted as a completely randomized design with three runs. 
Gas (GP) and CH4 production were measured after 3, 6, 9, 12, 
24, and 48 h of incubation. Total volatile fatty acid (TVFA), 
microbial nitrogen (MN), and ammonia nitrogen (NH3-N), as 
well as disappearances of true dry matter (TDMD), neutral 
detergent fiber (NDFD), starch (SD), and nitrogen (ND) were 
determined after 12 and 48 h. Total GP was linearly increased 
(P < 0.05) with increasing HS inclusion during the first 12 h of 
incubation, but it was not affected (P > 0.05) after 24 and 48 
h. Increasing HS linearly decreased (P < 0.05) CH4 production 
(expressed as ml/g DM) at all time points evaluated. After 48 
h of incubation, CH4 production was reduced by 12.83% at the 
highest HS dose compared to control. Increasing HS linearly 
decreased NH3-N concentration, and the molar proportion of 

acetate (P < 0.05) at 12 h of incubation, while MN, TDMD, 
and the molar proportion of butyrate linearly increased (P < 
0.05) and SD responded quadratically (P < 0.05). After 12 h, 
ND, NDFD, TVFA, the molar proportion of branched-chain 
VFA, and A:P ratio were not affected (P > 0.05) by increasing 
HS. After 48 h, HS linearly increased (P < 0.01) MN (35.15%), 
TDMD (7.31%), and the molar proportion of butyrate but did 
not affect (P > 0.05) ND, SD, the molar proportion of acetate, 
propionate and branched-chain VFA, A:P ratio, or NH3-N con-
centration. Increasing HS resulted in quadratic response (P < 
0.05) in NDFD after 48 h. Overall, inclusion of HS effectively 
reduced CH4 production and increased in vitro substrate dis-
appearance and the efficiency of microbial protein synthesis. 
Further studies are needed to evaluate the effects of HS on in 
vivo ruminal fermentation, CH4 production, the microbiome, 
and its consequent effect on growth performance.
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A metabolism study was conducted to evaluate the effects of 
synbiotics on ruminal fermentation in steers fed high grain 
diets. Three synbiotics (hydrolyzed yeast/live yeast (LYHY)), 
Celmanax (prebiotics)/live yeast (CLY), and Synerall (a com-
mercial pre- and probiotics product, SYN) were selected for 
a rumen fermentation study. Prior to this, seven different syn-
biotics were evaluated using the batch culture technique to 
measure in vitro gas production, DM disappearance, and VFA 
concentrations. There was no difference in asymptotic gas 
volume and VFA concentrations, but LYHY, SYN, and CLY 
had numerically higher DM disappearance values compared 
with the other treatments. For the ruminal fermentation study, 
treatments consisted of these three synbiotics and a control. 
Four rumen cannulated steers were randomly assigned to the 
following 4 dietary treatments: 1) Control – high grain fin-
ishing diet, 2) Control + CLY, 3) Control + LYHY, 4) Con-
trol + SYN. Cannulated steers had ad libitum access to the 
dietary treatments. Steers were housed individually and fed 
once daily in a 4 × 4 Latin square design with 4 periods of 21 
days. In each period, the steers were adapted to the diet for 14 
days, and ruminal fluid samples were collected from day 15 to 
21 to determine pH, lactic acid, and volatile fatty acid (VFA) 
concentrations. Addition of synbiotics had no effect (P > 0.05) 
on ruminal pH, although values for the synbiotics treatments 
were numerically higher compared with the control treatment. 
For beef cattle in the feedlot, higher pH is desirable to min-
imize incidences of acidosis. Typically, ruminal pH of 5.6 is 
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