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1. Clostridium sticklandii
2. Clostridium aminophilum
3. Bacteroides
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1. ELISA
2. Rumenocentesis



OV liasyp ez oot mns Jlo ools Sladgs Slisiss

(S 00le a0 )0 > ) (ioloj] (sloo > caims LSis sl -V Jgas
Table 1. Ingredients of experimental treatment diets (as DM (%))

Ingredients Treatments’
Ctrl 13SBM EXSBM 13CM EXCM FM

Alfalfa hay (chopped) 5.88 5.89 5.89 5.18 5.18 5.31
Wheat straw (chopped) 2.01 2.01 2.01 1.94 1.94 1.99
Corn silage 13.37 13.39 13.39 12.95 12.95 13.28
Ground corn 40.78 42.84 42.84 41.45 41.45 44.89
Ground wheat 5.35 5.35 5.35 5.18 5.18 5.31
Wheat bran 4.01 7.50 7.50 6.99 6.99 7.70
Sugar beet pulp 7.49 7.50 7.50 7.25 7.25 7.44
Soybean meal 13.77 8.03 0.00 0.00 0.00 0.00
Extruded soybean meal 0.00 0.00 8.03 0.00 0.00 0.00
Canola meal 0.00 0.00 0.00 11.79 0.00 0.00
Extruded canola meal 0.00 0.00 0.00 0.00 11.79 0.00
Fish meal 0.00 0.00 0.00 0.00 0.00 6.64
Calcium salts of fatty acids 3.07 3.21 3.21 3.11 3.11 3.19
Soya oil 0.67 0.67 0.67 0.65 0.65 0.66
CaCOs3 0.40 0.40 0.40 0.39 0.39 0.40
Mono-calcium phosphate 0.53 0.54 0.54 0.52 0.52 0.53
Common salt 0.67 0.67 0.67 0.65 0.65 0.66
NaHCO; 0.67 0.67 0.67 0.65 0.65 0.66
Vitamin-mineral premixes? 0.67 0.67 0.67 0.65 0.65 0.66
K>CO; 0.27 0.27 0.27 0.26 0.26 0.27
MgO 0.40 0.40 0.40 0.39 0.39 0.40

! Ctrl: Control (according to nutrient requirements of beef cattle) with supplementation of SBM as protein source (15SBM), 15%
reduction in level of CP compared to the control group including 13SBM: Supplementation with SBM, EXSBM:
Supplementation with extruded SBM (EXSBM), 13CM: Supplementation with CM, EXCM: Supplementation with extruded CM,
and FM: Supplementation with fish meal. > Supplied per kilogram of feed: vitamin A: 3100 IU, vitamin D3: 275 IU, vitamin E:
35 1U; Mn: 30 mg, Zn: 30 mg, Fe: 50 mg, Cu: 16.8 mg, I: 0.5 mg, Se: 0.3 mg, Co: 0.6 mg.

Al g Liges Al 3,8 09 28T BT 51 ol slaosls
sloazivlp 69) 0p> pl> Gufign mlaw Ghals g LIS
odd &I T Jgaz 50 5)lgn sledlluss (55 lrerdsn
“G o B g e il 45 8l i ol
el el gpldes gy b oeton e 3l LB
T OO | BN - Y O ARV
P OedgeslS cdale S (o (gaw 3 (P<+/+))
L opesdl clile ials i) ) G of e 055
09,5 & Comd 3¢ a5 Sl oS pld (259 haw GhalS
wszs ol b (P=-1\YY) COISFL) o5 ol aals
L sloo ez Sl osliiul amel )3 (95 pb Guiign il
Wall 09)F 4 Comd pls (g e VO hals
13 S ol az 1 (P<e 1) sl COIVEY) uals

9 4eSd mle b bl I cegiy DNA (olate (o
zly2cwl Guan et al. (2008) g, (wlol 5 coin Slge
Gl 5 Sl o osrse Sl Lol
o5 el olaisl g ond clbli> oud 4 cleelSyl
Mohammed et al., ) :yjsilie sloaisS ,o 16S rRNA
Attwood ef ) sb; Sligel adgs L slas xSL § 2011
5 (F Joaz) ad >yb olazsl sla S5l (al., 1998
Real-Time PCR oS L« iS5 018 (6 5lodinge 51 e
16S rRNA 5 IS slo oS olaw o 4 Sl
3bj Sligel oy b locg Sen 5 (3silie glacg S
A plodl

ool (s )lal Lol 5 25 (sl sloosls o 5 41520
SAS, ) SAS ,l3ile s GLM a5, 5 dolas SlS 7 b
Lo (1uKilio duslin (gl p puizmon .ol oolazul (2003
A eolitul woys i Jleil mlaw 40 5 (S5 g0l



g (F9> SBaziml B pop pls gy e Al 5 1S g bgw Al (0,5 99 5T ST s 9 s sole sl

- C S PAHESIP. W Y P FYSUCSIIN VPR S g B G PR

Table 2. Chemical composition of experimental diets on dry matter basis

Item Treatments!

Ctrl 13SBM EXSBM 13CM EXCM FM
Dry matter (%) 66.60 66.50 66.55 67.10 67.10 66.50
Forage (%) 21.20 21.30 21.30 20.10 20.10 20.70
Concentrate (%) 78.80 78.70 78.70 79.90 79.90 79.30
ME (Mcal/kg) 2.73 2.73 2.73 2.68 2.68 2.74
CP? (%) 14.79 12.78 12.78 12.78 12.78 12.81
RUP3 (%CP) 34.09 34.29 41.79 37.95 4523 42.24
RDP* (%CP) 65.91 65.71 58.21 62.05 54.77 57.76
RUP (%DM) 5.04 4.38 5.34 4.85 5.78 5.41
RDP (%DM) 9.75 8.40 7.44 7.93 7.00 7.40
NDF° (%) 21.06 21.97 22.31 23.02 23.02 21.40
NFC® (%) 50.28 51.46 51.26 50.23 50.23 51.33
EE (%) 6.30 6.44 6.44 6.55 6.55 7.11
Lysine (%) 6.72 6.74 6.72 6.61 6.61 6.76
Methionine (%) 221 2.28 2.26 2.34 2.34 243
Lys:Met ratio 3.04 2.95 2.97 2.82 2.82 2.78
Calcium (%) 0.89 0.88 0.88 0.90 0.90 1.11
Total Phosphorous (%) 0.56 0.57 0.59 0.64 0.64 0.64
Na (%) 0.44 0.44 0.44 0.43 0.43 0.46
K (%) 1.07 1.01 1.01 0.94 0.94 0.91
Cl (%) 0.51 0.51 0.51 0.49 0.49 0.54

! Ctrl: Control (according to nutrient requirements of beef cattle) with supplementation of SBM as protein source (15SBM), 15%
reduction in level of CP compared to the control group including 13SBM: Supplementation with SBM, EXSBM:
Supplementation with extruded SBM (EXSBM), 13CM: Supplementation with CM, EXCM: Supplementation with extruded CM,
and FM: Supplementation with fish meal. 2 CP: crude protein, * RUP: Rumen undegradable protein, * RDP: Rumen degradable
protein, > NDF: Neutral detergent fiber,  NFC: Non fiber carbohydrate.
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Table 3. Primers used to determine target rumen microbial populations of feedlot cattle

Primer Sequence (5'to 3") Target Population Reference
Metlf! CGATGCGGACTTGGTGTTG

Moet1r2 GTTTCAGTCTTGCGACCGTACTT Total Methanogens Mohammed et al. (2011)
Dif! GAGTTTGATCCTGGCTCAG 3 .

D12 AAGGAGGTGATCCAGCC HAB?® bacteria Attwood ef al. (1998)

I'f: Forward primer; 2r: Reverse primer; > HAB: Hyper ammonia producing bacteria
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Table 4. Effect of the extrusion of soybean and canola meals and reducing dietary crude protein on blood biochemical
parameters of feedlot cattle

Treatments! ,
Item Ctrl 133BM _ EXSBM __ 13CM __ EXCM FM SEM®  P-value
Albumin (g/dL) 3.54° 3.36° 3300 339 337° 334 0012  <0.001
Globulin (g/dL) 3.30 311 3.13 3.11 3.16 3.06 0.024  0.132
Total Protein (z/dL)  6.83° 6.47° 6.45 6.51° 6.53% 6.40 0029  <0.01
Alb/Glob?® 1.07 1.08 1.06 1.09 1.07 1.09 0.008 0.912
Creatinine (mg/dL) ~ 1.98° 1.67% 1.61¢ 1.72b 1.63¢ 1.514 0.008  <0.0001
BUN* (mg/dL) 18.74°  13.57* 13.57  13.99®  13.58b 13.14° 0062  <0.0001

! Ctrl: Control (according to nutrient requirements of beef cattle) with supplementation of SBM as protein source (15SBM), 15%
reduction in level of CP compared to the control group including 13SBM: Supplementation with SBM, EXSBM: Supplementation
with extruded SBM (EXSBM), 13CM: Supplementation with CM, EXCM: Supplementation with extruded CM, and FM:
Supplementation with fish meal. 2 SEM: Standard Error of Means, * Alb/Glob: Albumin to globulin ratio,  Blood urea Nitrogen.
adMeans within a row with no common superscript letters differ significantly (P<0.05).

o slsl g Sligel cbale gpH oz pl (1 p gelaw 2815 5 1515 5 Lgws slaallouS 35 59,281 310 Jour
6)‘9)-3. 6L‘°“JL~“9§“-¢-“S‘3)|)-§

Table 5. Effect of the extrusion of soybean and canola meals and reducing dietary crude protein on ruminal pH,
ammonia and volatile fatty acids (VFAs) of feedlot cattle

Treatments'

[tem Cl  135BM EXSBM _ 13CM_EXCM FM_ SEM? Pvalue
pH 583 5.68 5.68 5.70 5.68 555 0039 0518
Ammonia (NHs-N) 578 475" 463 474 465 453 0031 <0.0001
(mg/dL)

Acetate (mol/100 mol) 61.03°  54.84° 5405  5640° 5454 55120 0324 <0.001
Propionate (mol/100 mol) ~ 23.60°  27.02b  28.62%  27.77  28.89*  29.12*°  0.147  <0.0001
A/P3 259° 203 189 203> 188 189  0.021 <0.0001
Butyrate (mol/100 mol) 1155 1386 1319 1195 1266 1217 0339 0427

Total VFAs (mol/100 mol)  113.67°  129.94*  137.22*  125.41*® 133.03° 12645 1.229 <0.01

! Ctrl: Control (according to nutrient requirements of beef cattle) with supplementation of SBM as protein source (15SBM), 15%
reduction in level of CP compared to the control group including 13SBM: Supplementation with SBM, EXSBM: Supplementation
with extruded SBM (EXSBM), 13CM: Supplementation with CM, EXCM: Supplementation with extruded CM, and FM:
Supplementation with fish meal. 2 SEM: Standard Error of Means, * A/P: Acetate to Propionate Ratio.

&b Means within a row with no common superscript letters differ significantly (P<0.05).
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1. Metabolic stasis
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Fig. 1. Effect of the extrusion of soybean and canola meals and reducing of dietary crude protein on ruminal

population of HAB in feedlot calves (Ctrl: Control (according to nutrient requirements of beef cattle) with
supplementation of SBM as protein source (15SBM), 15% reduction in level of CP compared to the control group
including 13SBM: Supplementation with SBM, EXSBM: Supplementation with extruded SBM (EXSBM), 13CM:
Supplementation with CM, EXCM: Supplementation with extruded CM, and FM: Supplementation with fish meal)
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Fig. 2. Effect of extrusion of soybean and canola meals and reducing of dietary crude protein on ruminal population

of methanogenic archaea in feedlot calves (Ctrl: Control (according to nutrient requirements of beef cattle) with
supplementation of SBM as protein source (15SBM), 15% reduction in level of CP compared to the control group
including 13SBM: Supplementation with SBM, EXSBM: Supplementation with extruded SBM (EXSBM), 13CM:
Supplementation with CM, EXCM: Supplementation with extruded CM, and FM: Supplementation with fish meal)
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Abstract

This study aimed to investigate the effect of reducing the dietary level of crude protein (CP) and inclusion of
extruded soybean meal (SBM) and canola meal (CM) on blood and ruminal parameters, the population of
methanogens, and hyper-ammonia producing bacteria (HAB) of feedlot calves. To this purpose, 36 male calves were
used in a completely randomized experimental design with six treatments and six replicates. Experimental
treatments included: 1) Control (CP=15%, SBM (15SBM)), 2) SBM (CP=13%, 13SBM), 3) Extruded SBM
(CP=13%, EXSBM), 4) CM (CP=13%, 13CM), 5) Extruded CM (CP=13%, EXCM), and 6) Fish meal (CP=13%,
FM). Concentrations of albumin, total protein, creatinine, and blood urea nitrogen in experimental treatments
decreased compared to 15SBM (P>0.05). The highest values of ruminal ammonia and acetate and the lowest
amounts of propionate and volatile fatty acids (VFA) were observed in the 15SBM (P<0.05). The minimum ruminal
HAB population was observed in EXSBM and EXCM and then in 13SBM, 13CM and FM and was maximum in
15SBM (P<0.05). Also, treatments fed EXSBM and EXCM had a smaller methanogens population than the control
group (P<0.05). Based on the results obtained, decreasing dietary CP level and processing of extrusion for SBM and
CM decreased HAB population, rumen ammonium, and blood urea concentration. Furthermore, extrusion declined
methanogens bacteria population and acetate to propionate ratio and increased total VFA concentrations which can
be considered as an indication of the rumen improvement in fermentation efficiency index.
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