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Table 1 Composition and nutrient levels of the basal diet

(air-dry basis) %

1 H Items 47 Content
5k} Ingredients

H T 5 Hay 65. 00

F >k Corn 17.40

# %k Wheat bran 4.00
=41 Soybean meal 11.00
JRZ Urea 0.80
&3k NaCl 0.55
TRk Premix" 1.25
41t Total 100. 00

£ 27k SE Nutrient levels®

/L g DE/(MJ/kg) 10. 36
MEA R CP/(g/d) 121.63
45 Ca/(g/d) 3.47
W P/ (g/d) 2.61
£ NaCl(g/d) 7.76
rR PRI A 4 NDF 50. 06
TRV 4R 4 ADF 28.56

D IR Bk B T v A K 32 {2 Premix provides following
per kilogram of the diet: VA 14 400 IU, VD 2 8380 IU, VE
288 mg,Co 21 mg, Cu 40 mg, I 13 mg, Fe 668 mg, Mn
155 mg,Se 105 mg,Zn 382 mg,Ca 2.78 g,P 0.6 g,

2 HALRE R T SAE, A ILIME . DE is a calculated

value, and the other nutrients are measured values.

1.3 gt

R Lo (3Y) IEARIR S % 1T, 1% 3 A7 A B e K
F(0,0.6% \1.2% ) 5 3 4~ L — WHEAKF- (0,75,
150 mg/kg) , IEAQIRH BT LR 2, 9 HINFREHL
SrI3 2 A 3 A I SR IR 10 TC
B2 0 CHf, 43 FAALEE0.3.6.9 F112 h 5 /-1
1] SRR S VRO IR, T EL X 6 3 1] — P ORI
TV By . Horhils 1 xR, 15 2 ~ 9 ik
A, X RZE P R EERE PR, AN AT S ], Hefl A
IR 7 BRI BT AN IS [R] K (4 45 2 e A
L — P, 1) 7 d, 1B 2 d, i a] s 10 d.

x2 EXRWEIT

Table 2 Orthogonal experimental design
W A L - 5%
Experiment Glutamine/ % L-carnitine/ ( mg/kg)
1 0 0
2 0.6 0
3 1.2 0
4 0 75
5 0 150
6 0.6 75
7 0.6 150
8 1.2 75
9 1.2 150

1.4 IR

ik /NEAR 57 & ( TIANprep Mini Plasmid Kit)
W b st AR PR A, 2% ki & (SYBR®
Rremix EX Tag™ ) 4 [ K % 52 4= A= 9 /\ 7], Line-
Gene K 52055t PCR AL (LM H ) ,PCR X (P x
2 Thermal Cycler, Z£ [# ) , Gel Doc2000 %5 45 B 1,
% %48 (3£ Bio-Rad) ,

1.5 EERHEY S DNA BIIRE

Je8 15 T PR il R AR R 1 5 B T SR B
JoE H AN A 100 mL SR 5198 BN 25 42
4 RO EfE -20 CHRA7, UL L &35 o 4%
PR 5E R

Jed B A W) S DNA 2. 7 kA &

DNA fyt— P 4lid of L B4R IR DNA, F
R WEEE B DNA SR ) & % DNA i — 24l
b, SR J5 FH 56 A0 43 D O BE T e H ok B (E DL &
260 nm #1280 nmfy OD HAE(WTE1.9~2.0), Fr
afifk ) DNA H THlfEbR e £
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Table 3 Primer sequences of three cellulolytic bacteria

ET Yk )ik Al 1975 PR
Cellulolytic bacteria Primer sequences Product size/bp
1 {5058 1 BR A F.5-TGTTAACAGAGGGAAGCAAAGCA-3’ =g
Ruminococcus albus R:5-TGCAGCCTACAATCCGAACTAA-3’

s 1 R F:5-TGGCGGACGGGTGAGTAA-3' o
Ruminococcus flavefaciens R:5-TTACCATCCGTTTCCAGAAGCT-3’

7 BRIIR 2 IR IR F:5'-GTTCGGAATTACTGGGCGTAAA-3’ 21

Bacteroides succinogenes

R:5'-CGCCTGCCCCTGAACTATC-3'

1.7 BHWRBEMY S

7 B KA L 50 SRR A 3R R 22 4R
FFIA LAE 1 A DNA SR 47 PCR 43, 4351 LA
% BRSPS W4T PCR i, PCR AR FR A
50 wL, 20 % F:10 x 28 v (2. 5 mmol/L, &
Mg®*)5 pL,dNTP (2.5 mmol/L)4 pL, . T3]
¥ (10 wmol/L) 4% 1 pL, Ex Taq fif (5 U/uL)
0.25 wL, %% H 4 4= ¥ ¥ DNA Bz (10 ng/ul)
1 L, MR L B 57K 37. 75 wL, PCR K 4544
94 CHIARPE 5 min; 94 T84 30 5,60 C il k
30 5,72 CTHEAH 30 s, 40 MFEFF;72 C 5 min, F
J&i 4 T
1.8 EHIRERPR G &

Fi IR EE A DNA B [m] Wi 4 1 3 70) 4 10
BIXF PCR =¥ it A7 44k . [nl i, #% M8 pMD 18 - T
Vector {55 & 1 i B 45K+ 4l fk. PCR =4 5 pMD
18 — THR % 42, AR R 10 L, [ 4 B
pMD 18 — T Vector 1 uL.4lifk PCR 7=¥) 3 uwL . %%
fitf 5 WL K AGEEE F/K L pL, T 16 TRV 1 h
JEMAZE] 200 pL B&Z S (E. coli) v, #li i
RIS A1 mL 37 THiAR) LB KRG FE3,37 C
180 r/min $z3% 1 h, %MK DNA #2050 & 1Y
PR ORI BUTUR: DNA, LLUEA PCR 5| 9%t i ki
DNA #1747 3G ARAE Y 8 5 5 45 1 K/ NS e
T AT I0 FE E , DUF ER VTR A R R A PR
I8\ SERL, AR I 45 R AE GenBank |- ] ] BLAST
AT H B R A 34T
1.9 #irEMZENTH &

PRI 5 by BH P 1 41 ok DNA, F 36t
THI e R B A5 o, P o i 10 A5 A6 B2

R B 107 ~ 107, FAERSSH 7E S I 2l 2 2 PCR Y
AT ST R BRI R S Cr E R R M E i
PR 4
1.10 LK EEZ PCR

) SYBR® Rremix EX Tag™ i 5| &7 25 plL
VK Z , 335 SYBR Green 1 ¢ )¢ U k) 1 1R 7
12.5 pL, BT #5114 (10 pmol/L) 0.5 pL,
JiRL DNA Fifle 2 pL AR £ & 77K 9.5 L,
2R A 95 C AP 10 s395 CTAEPE 5 5,60 C
R 40 5,72 CHEM 40 s FREFOLE S, I 40
ME . FEPOGE i PCR i B v, R SR aEA: o vh
H ) 3 PRRR X o 00 o i PR, B AR RE AR 2 A
B
L11 KBEHIt5HHAE

FA R I 25 FL 25 SPSS 13. 0 T4y W1 4 A TE
ZEFHT S5 B 5 AN R ] 22 5 B L P <
0.05 FR/RZEF D

2 ERE55H
2.1 BHFA RO

3 A B 4N PCR 14 345 19 1 A 1 B o
e TS B L P LI 1, P/ 5 i — 2
%919 121,71 .58 bp.,
2.2 BAEBBRANL-ARASEEALZEEN
ERlA=E oA

e 4 1T, S RZ B A BTG N
PG B BRI AT B B R B3 (P > 0. 05) 5
L — PR 5 R AR 0 BRI S &= (P <
0.05) , v S FE I ) AT K , 788 5 P9 11 €98 B R A
ot R e TR IR 4, e 150 mg/ke L -
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Table 4 Effects of glutamine and L-carnitine on relative content of Ruminococcus albus in rumen of sheep under low temperature

B [a] Time/h

24 5] Groups

0 3 6 9 12
1 8.35+0.14 9.07 £0.17 8.89 +£0.09 9.22+0.14 8.95+0.15
2 8.19 +£0.24 8.58 £0. 14 8.30 £0.16 7.58 £0.05 8.55 +0.11
3 8.21 +0.16 8.61 +0.05 7.47£0.20 9.12 +0.21 7.61 £0.07
4 8.13 £0.08" 7.46 £0.16" 8.52 +£0.16" 8.49 +0.05" 8.41 +0.14®
5 8.03 +£0.14" 8.31 +0.11° 8.42 £0.17° 7.44 £0.15° 8.37 +£0.22°
6 9.14 £0.21 8.30 £0.17 8.41 £0.12 8.44 0. 16 8.43 £0.10
7 8.68 +0.19 8.71 £0.09 8.20£0.05 8.10 £0.04 8.15+0.05
8 9.10 =0.24 8.92 =0. 14 8.57 +0.06 3.60 0. 12 9.06 0. 14
9 9.01 £0.15 9.07 £0.15 7.81 £0.01 8.44 0. 16 8.83 £0.07

[l 5 Kt B AR AN RN PR R 22 5 3 (P <0.05) MR B FRFR Z A BE (P >0.05) . P&,

In the same row, values with different small letter superscripts mean significant difference (P <0. 05) ,while with the same let-

ter or no letter superscripts mean no significant difference (P >0.05). The same as below.
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Table 5 Effects of glutamine and L-carnitine on relative content of Ruminococcus flavefaciens in rumen of
sheep under low temperature
o i [a] Time/h

20 5] Groups 0 p 5 B

1 8.25+0.08 7.77+0.15 7.92 £0.05 8.19 £0.05 8.34 +£0.16

2 8.42 £0.12* 8.07 £0.06™ 7.76 £0.14° 8.80 £0.21° 8.26 £0.10%

3 8.40 £0.21° 8.17 £0.16° 7.85+0.20" 8.13 £0.14* 8.36 £0.08"

4 8.11 £0.04 8.40 +0.21 8.08 +0.11 7.89 +0.08 7.72 +£0.15

5 8.09 £0.15 8.33 +£0.16 9.21 £0.28 7.98 £0.14 8.02 £0.21

6 9.00 +0.18" 7.97 +0.07" 7.87 +0.04" 8.15 +0.18" 8.10 £0. 05"

7 8.66 +0.17 8.67 +£0.15 8.31 £0.06 8.36 £0.16 8.69 £0.08

8 8.50 £0.21° 8.24 +£0.22° 8.83 £0.24" 9.17 +0.24™ 8.56 +0. 14"

9 8.98 +0. 25" 8.27 £0. 08" 8.52 +0.16™ 8.62+0.11° 8.62 £0.19%

F6 AEEMEML-WEIMNSLENFEE ~HEABRLRTHENSENZIT
Table 6 Effects of glutamine and L-carnitine on relative content of Bacteroides succinogenes in rumen of
sheep under low temperature
it E] Time/h

415! Groups 0 3 6 9 12

1 7.85+0.12 8.75+0.26 8.82 +0.24 9.14 £0.24 8.86 +0.11

2 7.65+0.21 7.88 £0.14 8.09 +0.10 8.86 £0.24 7.95+0.16

3 8.38 +£0.28 8.52 +0.27 8.53 £0.09 8.43 £0.14 8.52 +0.17

4 7.59 £0.08% 8.34 +£0.26" 8.21 +£0.24° 7.96 £0.04™ 8.19 +0. 14"

5 7.88 +£0.14 7.98 +£0.18 8.32+0.17 8.28 £0.07 8.24 £0.05

6 8.70 £0.27 8.32+0.07 8.64 +£0.11 8.86 £0.19 8.79 £0.21

7 9.47 +0.31 7.99 £0.15 8.28 +0.21 8.04 £0.24 9.14 £0. 14

8 9.34 +0.26 8.59+0.18 8.71 £0.14 8.64 £0.13 8.61 £0.24

9 9.43 £0.28 8.61 +0.26 8.43 +0.08 8.74 £0.07 9.27 £0.24
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Effects of Glutamine and L-carnitine on Ruminal Cellulolytic Bacteria of
Sheep under Low Temperatures

LI Shize GAO Fujiu YANG Yuying JIANG Ning ZHAO Ya’nan
LI Yuheng YANG Huanmin JI Hong
(College of Animal Science and Veterinary Medcine, Heilongjiang Bayi Agricultural University, Daging 163319, China)

Abstract; The study was conducted to explore the effects of dietary glutamine and L-carnitine supplementation on
the alleviation of cold stress and ruminal cellulolytic bacteria of sheep, and also to provide theoretical evidence
and useful reference for the application of anti-stress agent in practice. Nine healthy North East China Merino X
German Mutton Merino sheep were selected and L, (3") orthogonal design was adopted which included three glu-
tamine levels (0, 0.6% , 1.2% ) and three L-carnitine levels (0, 75, 150 mg/kg) in this experiment. The
sheep were bred under low ambient temperatures (from 10 C to 0 C), and fed different levels of glutamine and
L-carnitine supplemental diets. The results were showed as follows: glutamine had a trend to decrease the relative
content of Ruminococcus albus (RA) in rumen (P >0.05) , L-carnitine could significantly decrease the relative
content of RA in rumen (P <0.05) , but glutamine combined with L-carnitine had a trend to relieve the RA de-
creasing ; glutamine could significantly increase the relative content of Ruminococcus flavefaciens (RF) in rumen
(P <0.05), L-carnitine had a trend to increase the relative content of RF in rumen (P >0.05), but glutamine
combined with L-carnitine could further increase RF in rumen; glutamine and L-carnitine had a trend to decrease
the relative content of Bacteroides succinogenes (BS) in rumen (P >0.05), but glutamine combined with L-
carnitine had a trend to relieve the BS decreasing. The results suggest that glutamine combined with L-carnitine
can relieve the relative contents of RA and BS decreasing, and further increase RF in rumen of sheep under low
temperatures. It is known from the results that sheep can get effective changes of the rumen microflora and the a-
bility to resist cold stress when fed diets supplemented with 1.2% glutamine and 75 mg/kg L-carnitine. | Chinese
Journal of Animal Nutrition ,2011,23(3) :499-505 |

Key words: low temperatures; glutamine; L-carnitine; rumen cellulolytic bacteria
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