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WK R E R EM N 39 T, HE A MR 3 d FRE 1 IR,
40 mL/min{i & A S, 5) B AIEEN 12 MBBE (P1~P12) 54
)RR E I A R B EE N ERE, — MRS (- L),

®1 ARARREFRKTE(THUREM)

Table 1 Composition and nutrient levels of diets ( DM basis) %
s 2[5 Groups
Items 1 i m \%
JEB} Ingredients
F >k Corn 17.15 17.25 14.55 15.60
ZEIRE B K Steam-flaked corn 19.30 16.70 16.50 13.75
FIFEH Cottonseed meal 10.70 8.60 6.70 5.60
4k FF Whole cottonseed 5.00 10.00 15.00
=H1 Soybean meal 1.47 1.47 1.47 1.57
KT K W% Corn DDGS 2.00 2.00 2.00
/NI5F] NaHCO, 0.83 0.83 0.83 0.83
WIR Kl Premix" 3.15 3.15 3.15 3.15
4¥k KT Whole corn silage 35.00 35.00 35.00 35.00
B Millet straw 10.40 10.00 9.80 9.50
411 Total 100.00 100.00 100.00 100.00
327K Nutrient levels?
ZEAVERE NE, / (MI/kg) 6.32 6.32 6.32 6.32
HEH T CP 12.54 12.53 12.57 12.56
FRPE PR AT 4E NDF 33.16 34.61 36.05 37.33
TRVE LRI 4748 ADF 17.95 19.30 20.70 22.07
45 Ca 0.74 0.74 0.74 0.75
W P 0.41 0.42 0.42 0.42

YRR A T 55 4 R T 4 B 42 it The premix provided the following per kg dry matter of diets: VA 3 400 TU, VD,
1270 TU, VE 40 1U,D-4#) 2 D-biotin 3 mg, MHBLI% nicotinamide 600 mg, B—# % & B-carotene 30 mg,Mg 1 100 mg,Cu
10 mg,Mn 40 mg,Zn 30 mg,Co 0.2 mg,I 0.5 mg,Se 0.3 mg,

DR AV RERR YR TR N AR SR AR VE ) (NY/T 815—2004) 4545 H |, HoAy ML {H . NE,_, was calculated according to
the Chinese Feeding Standard of Beef Cattle (NY/T 815—2004) , while the other nutrient levels were measured values.
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1.5.2  SF, BiEE R FIAXH SF, H A (mg) —SF, BB A H A (mg/d) x
PFETE A SF, B2 1 L K R O A8 E 1Y BEEBIIRE(d) .

SF, B#A, — Bk Ui, B EE T SE, AR R WRYEXS SF, BB LR HLE , B 12 5

REAET 170 mg IF BCE AR A AR E,, W8 MH) SF, BBE &, B4 SE, BEE B BHE R

S5 A R AR AR R R BT R OTE T PJRT 3.0 mg/d, K 2 HmALL T 12 4 SE, &

IR A R AR SF HE (mg) = BEE RN EEREE, LML 3,

x2 FIEER SF, B EEMEXEE

Table 2 Related data of selected SF, permeation tubes g
BIBEE SBIBEE A SF, FEER AN SF, EE B R4 SF, &
Permeation tube Empty permeation Tube weight after Loaded SF, SF, weight remaining at
number tube weight loading SF, weight the time of delivery
P1 46.564 0 47.972 1 1.407 2 1.189 3
P2 46.823 9 48.058 8 1.234 9 0.931 4
P3 47.233 4 48.514 7 1.281 3 1.043 0
P4 47.009 6 48.146 2 1.136 6 0.844 1
P5 46.804 9 47.905 5 1.100 6 0.8351
P6 47.061 4 48.203 6 1.142 2 0.870 7
P7 47.18 15 48.384 2 1.202 7 0.916 3
P8 47.560 9 48.808 2 1.247 3 0.975 3
P9 46.864 5 47.964 5 1.100 0 0.846 3
P10 46.846 0 48.051 5 1.205 5 0.928 8
P11 47.022 6 48.110 1 1.087 5 0.850 3
P12 45.453 5 46.484 9 1.031 4 0.782 4
K3 SF, 2EESEREEE
Table 3 Penetration rate model of SF, permeation tubes
BiEES , " BiEHER
Permeation tube PR OIRE IR Penetration
Regression equation R’
number rate/(mg/d)
P1 y=-0.003 4x+47.998 0.999 9 3.5
P2 y=-0.004 2x+48.053 0.999 8 4.1
P3 y=-0.003 3x+48.512 0.999 9 3.3
P4 y=-0.004 0x+48.140 0.999 8 4.0
P5 y=-0.003 7x+47.901 0.999 9 3.7
P6 y=-0.003 8x+48.200 0.999 7 3.7
P7 y=-0.004 0x+48.382 0.999 9 4.0
P8 y=-0.003 8x+48.802 0.999 9 3.7
P9 y=-0.003 6x+47.963 0.999 8 3.5
P10 y=-0.003 8x+48.046 0.999 9 3.8
P11 y=-0.003 3x+48.108 0.999 9 3.3

P12 y=-0.003 5x+46.483 0.999 9 3.5
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1.5.3 A4 FOoR A A HIAE

A0 FEUE SRR N (PPR) B R 4 4
PRI, 28 AR, A0 ML 22 46 O il A T
A0 )V b 5 % R R S R R (B -
14DKM4-S4-A) #7248 I, & Jm Rl HOR /B &
fo, RAEE EZ MR R M (PTFE) M4
(PFR-T4-047-100) . R 4 #fi & ( SS-QC4 -B -
400) Heddi 4 3k (SS—-QC4-S—-200) | VU 8 & 4
( PTFE) 4145 ( PER-T2-030-100) . %3k (B—200-
6-1) BHMAFEWE [ £H Vici A#],FME1/16 in
(1in=2.54 cm) , N4% 1/200 in] DA Fead JE 2% ( B—
2F—15) MU 2 42 1l ), il 1 P SR A< 2k T
FNIANFRIER (LR ERAS L LAk RE
EE T AR AR M) b DL EEE A
BN G 3k oy A S 5 2 AR A S 4 W T 36
Swagelok A A
1.6 HFmRESLIE
1.6.1 J88 B RAE S Ab

FEIRI L5 AT 1 8, Ak 5 k4, 75 R 1A
2.0 h J5 B H A B — s i A B0 2R 09 B b AT
T8 W RAE Bk A4 A9 150.0 mL, IS
4 JZTCHE AT U8 S5 WAR IR, 7334 T 10 mL (1)
BLAE T B I R R D 45 R AR, 146 pH,
AR (NH,-N) AEYE A (MCP) 34 & M8 i
R (VFA) W BE XA IX & . 8 B W) pH #L51
RIRH R B v e, I 0 B AR X R R TR
—-80 CHRA7, HMR B W E T-20 CHRA(ERT
7€ NH,-N ¥ B2 i B P A 0.1 mL 6 mol/L
MERFR AT IE D) .
1.6.2 SRR E S H

Gk H SF, 7 B SR 635 2 2 2 s
e TR 45 Rt 20 K, FE4 ki 3
KAERKEE IET AR A R0 £ 31 A 4
PO B B RN SF, 358 Bt 4 e B
o TR IR AE AT 3 REAT MR AE  id SR IR K
SKRE TR T 8 B5F 5] 01 45 o B ] B 28 0 A Y 1R 4 2
ST, PR SRR Sl B e 4E 24 b LU Bt
AR, RIS BRI 1A A A e R,
FHTREE e SF, S
1.6.3  JFWER RS Ab 2

FEIR I L5 R, A3 2 BEHR 4 Sk | R IS AR
WEIBORE 2 (GO R 7 A p4 A BRA B) 7™ ) SR 4R
JHFRIEAE & o o 307 2E2 2R 08 A B0 505 2~ 3 il

[i] , JE ST B 45719 v [E) 07 B 1 2R 58 ) -
T VR T HUE BRORE 2% R BURF 4L 280k IR 42 4 ¢ /2
A B e Az R K bk T i B I JE T BT )
2 By, — B BT 0.5 mL B4 A RNA
TRAF, o5 — &85y 8 TE 4N 48 J5 40 %6 T EArid
U1 20 A A8 v I ST 20 W R R A, B S TR
—80 C MR VKH IR AT .
1.7 NERIERRFE
1.7.1  EFES& e

SARORE VR oK B T B Rl 0 4%
W8 % 5 i GB/T 6433—2006*") | GB/T 6436—
20021 GB/T 6437—2002"" v J7 1 k47 I 5E
Hh P VR T T 24 IR M O U4 T A 5 0 ) 4 R R K
FrifE GB/T 20806—2006"" F14 AT VAR MENY/T
1459—2007 " th oy ik {4 [ 3h £F 4 1% ( ANK-
OM-A20001i, 3 [5 ) #F47 W 5 ; ML 2 BT & & 4% R
[ Z AR GB/T 6432—1994% vy i fli 4 A
FYLIEE AL (FOSS=8400, P} ) #-ATIE .
1.7.2 W EEBESEI E

Jo W pH F UB—7 BUKS 2 (S0 22 5 >R FH e 93
W B AR OV R AR VR NH,,-N OB R 22 5
B0 AL s AR I a2 IR VR MCP e R
F Agilent 7890A SAH 835 A5 M4, SR F A5 43 B
TR0 5 96 R VEA YR B
1.7.3 9 B X R E

A3 % 4T 16S VA XA B AY 18S V4 Xt
A7 E Y, A et v R BOR B A R A R 58
o XTI A5 30 04 G BCHE E AT PR AT Uk ) R
A S (clean data) |, 2R J5 XA RCE P R AT 43
YE4» 25 390 (OTU) A MY Fh 43 24301, X
OTU #HATF M o ZFEVESE T, B BEE S N
T =5 B RN ¥ 50 AR B AN [RVRR & 540 2 [ 1) 3
[ F4 A OTU 15 545

1) OTU 43 #7: | F Uparse ¥ {4 ( Uparse v7.
0.1001) X FF A #£ & 19 42 3 Effective Tags i 17
-5

2) K I AE S BT (o Z 4818 < B Qiime
At (Version 1.7.0) 1158 o ZHEPEFREL

3) ZHREA LB BT (B ZHE1E) : H Qiime #(
4 ( Version 1.7.0) 715 Unifrac 555, f#F R #k {4
( Version 2.15.3) il = A6 45730 H7 (PCoA ) K,
1.7.4  SURFER Y 20 B

CH, e J3& fiff 1 35 B 2 5842 7890A S AH 1% 1Y
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RIS E AT I A, 5 MR} 2 B
HEREEN (R ZHEMR) (1 L S48 (R#E TR
Be) el A (99.99%) | i 20 A T (99.999%) |
I BEARE(36.9 mg/L) . 7 #4428 &
KBS T AL I 28 (FID) |, (6 3% 4 S 2 HE 18 GS-
GasPro A1, AL ML EE 200 T, AR 60 T, K &%
B 220 C, &4 A <R 77 68.95 kPa, & < it
30 mL/min, %5 X W # 400 mL/min, B W&
25 mL/min, 433 6 oh 2001, £ BB E] 1.33 min, T
B #EFE 1 mL,

SE, e B2 A 1] 26 [H 2 $E 48 7890 A S AH (435X
KU GUR AR HEAT I A . B s MRk 2 R
HEREER 1 L A4 R AR (99.99%) AR R
(99.999% ) SF, Fr#EL (100 mg/L) , 73 Hr 55 A%
e 2% A HE -9 AR A DU #% (ECD) |, 83 A Ry 22 5
& GS-GasPro #, <AL E IR E 200 C,HEl 25 C,
i 5 B 250 °C , = 2 AR T 34.475 kPa, 4
TR 2001, FBIR 25 mL/min, {4 B B} 6] 2.77 min,
FahdAE 1 mL,

x4

1.7.5 Ik e e A 1 A 56 35 R 28 35 9 ) o2

1) Al B RNA 932 B 58 3 Mk i, B
50~100 mg HFHERE 5, % B8 TRIzol i 5] & ( Ambi-
on, 3% [ ) Ui W -5 42 U ME 41 21 A9 . RNA, Bub
AL RNA 5 34 4 5715 4k £ %€ (EB) ( Thermo, 3£
FD) RS, 1.2% 350 5 WE G i oE 47l vk, o Uk 45

Jr R HTE A BRI WS ZR 8 (SIM, G ) N, L4 5%

AR S BN

2) e, AF A QuantiTect [ % Fik 7 &
( Qiagen, [ ) X} &L RNA #1755, A iy
cDNA JiLA—20 C vKA A7 R,

3) # ot & PCR, A5 iir H 51 9 24 4R 4
NCBI 12 4] 8 A9 28 3L K e 50 gk A7 35031, i b
WA TAYE ARG AR A B, W% 4, L
B-HL3h & M ( B-actin) /E M NS N, P =
PCR JZ B K & (20 pL) &1 F :iQ™ SYBR® Green
Supermix 10 pL, FE514) 2 pL, Ti#E5149 2 L,
cDNA 5 pL, TR G /K 1 pL, &N JF Hh.
95 CHWAEYE 3 min;95 CTAEPE 15 5;60 T,15 s i
k372 °C,20 s ZEAH 40 DMEH,

Table 4 Primer sequences

#N

Genes

HorT

Accession No.

5141 7% 51
ekl P IR
Primer sequences Amplification
(5'—3") product size/bp

F:GCCAACCTACAGATTTCGGTG

HENE-6-TER Y GoP NM_001076124 R, CAATGCCTGACAAGACTCCAG 140
_— . R F.ATGACAACTGCTGGTTGGCT
fIR ¥R Bl PEPCK NM_1747: 12
Tl TR A 2 2 P ) R 82 T il C 174737 R, GCTGACTGAGGCCGTTITIG 3
L . . F.GGGATTCCCAAAGTGGCTGA
HHILTN TR AL AE A A5 B MUT  NM_1739392 177

R:TCTTCGGGCAGCACATTCTT

1.8 HIESITHH

15 F SPSS 19.0 Gt # 1) ANOVA T2 ) i
T7 97225997, 2 5% 58 % W F Duncan % 3 47 401 )
1) 2 8 L, IR A T I E AR ME 25 510K

2 ZEREHMH
21 ARPEMIFLGANEFRTHRELFES

EESHN N
M2 5 FTLUE 454108 B W pH %A 1B 3% 2%
5 (P>0.05) TR IEH L ; IV B9 H WNH,-N

WeRELL T 4HILE T 31.34% (P<0.05) ; WAV 20 Y
MCP &R FE 55 ke 1 41325 T 45.45% ( P<0.05) Fl
40.00% (P<0.05) . [ifi % 1) KL v 4 A5 K L 5] 09 38
i, VEA Hh Z R RIS R 1 L B 2554 L T3, BV
HP RN IR L] 533 e T 43S T 2.26%
(P<0.05) 1 15.20% ( P<0.05) ; IV 20 T & Lt 461 [t
I HFEIE T 4.46% ( P<0.05) ; Z TR/ P4 2 It T A
SRR L) 10 38 T T S R R R (4% A1 fR] 22
NEZE(P>0.05)
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Table 5 Effects of dietary whole cottonseed ratio on rumen fermentation parameters of fattening Holstein bulls

WiH #H 5] Groups P
Items I il \Y SEM P-value
pH 6.73 6.83 6.67 6.80 0.19 0.428
A% NH,-N/(mg/dL) 9.35° 10.49®  10.50"  12.28° 1.26 0.023
WMAEYHE A MCP/(mg/mL) 0.55° 0.62° 0.80" 0.77* 0.08 0.024
SR PR ITER Total VFA/ (mmol/L) 96.65" 97.88"  104.03™  106.60"° 2.55 0.016
¥ 5% VLRGN R 4% 21 43 LE ) Percentage of individual VFA/ %

LR Acetate (A) 65.54° 67.38"  66.49" 67.80° 3.89 0.029
A& Propionate (P) 20.46" 20.79" 21.91° 35.66" 1.64 0.012
T2 Butyrate 11.98° 10.03® 9.79® 7.52° 1.02 0.014
ZR/TNIR A/P 3.32 3.26 3.08 2.98 0.23 0.429

[l T80 B AR AN [l K5 R ROR 22 F ik 3 (P<0.01) , ANVING R RoR 26 5 13 (P<0.05) |, JE - BE 5 [ 2 1 3%

IRERARTE(P>0.05), F#E,

In the same row, values with different capital letter superscripts mean extremely significant difference ( P<0.01), and with

different small letter superscripts mean significant difference ( P<0.05) , while with the same or no letter superscripts mean no sig-

nificant difference ( P>0.05). The same as below.

MWEAX FEFEE ST
2.2.1 R AR ARDRF HE X 7 I Ay S 4E 2%
240 TR AR GF 2 B B4 52 TR

H1 6 RN, DA J 7K B RH X 2 BE 20 B, 3
IR ICTH B 7R B i R e X e, VAR R Ik
[CHJE -1 BB E A -2 AR X F Bl 2 s T

22 ARPERIFLEGNEREHELASLES
4 E

‘J 2]

HAbZH (P<0.01) ; IV 4119 35 31 R 9K i BF UCG-002
FAEXTE RS T AT 4 3 2% 745 (P<0.05) ; #Lbf
FARF RCO Wi B 3% 5 IK KB A UCG003 I8 8 FT
HR AR NK4A214 BE S 4EFF# R AR IR A
F14) P 2 A DU B i %) P T = 5 45 A ] ) 22 57 48
AR ZE(P>0.05)

X6 EEAFRERBKTEHBETERE

Table 6 Relative abundances of rumen bacteria at genus level %
mi g 2 5 Groups SEM P i
Items I I it I\ P-value
Y EIRKREBE-1 Prevotella_1 38.48+4.20% 38.79+1.89%° 43.26+3.77%° 50.44£2.54%  2.64 0.006
BE FIR A N N

.48+0.98° .25%1.20° .38+0.35" 621, 0.88 0.034
UCG-002 Succinivibrionaceae_UCG-002 - 18+0:987  8.25£1.207  9.38£0.357 10.62x1.47
HHF R RCO mE
ii FFE Wit it 2.10+0.17 2.55+0.22 3.06+0.92 2.02+0.80 0.51 0.131
Rikenellaceae_RC9_gut_group
IR R R
H H
1.96+0.12 2.14+0.04 2.25+0.31 2.38+0.41 0.21 0.142
UCG-003 Prevotellaceae_ UCG-003
o8 BT Ruminobacter 1.88+0.03 1.96+0.12 2.04£0.16 2.04+0.27 0.14 0.054
PE R NK4A214
ﬁEM.@ﬂ i 1.83+0.07 2.02+0.23 2.07+0.29 1.78+0.13 0.16 0.070
Ruminococcaceae_ NK4A214_group
SFYeFFE B Fibrobacter 1.42+0.55 1.53+0.28 1.50+0.29 1.49+0.13 0.28 0.061
BRIERER )R -2 Treponema_2 1.11+0.29%  1.16x0.20%° 1.16+0.15%" 2.27+0.68**  0.32 0.001
PRI 4

*1.’ ’”’“?ﬁ. ek 0.63+0.14 0.54+0.18 0.48+0.02 0.44+0.13 0.11 0.061
Unidentified_Chloroplast
U #J® Bacteroides 0.04+0.01 0.03+0.00 0.03+0.01 0.02+0.01 0.01 0.403
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2.2.2 AR R A ARRT L B G X R A T A A
Jed ' U TR T 22 FE P Y R )
2.2.2.1 JEEMHE 16S rRNA £H o ZF:1E

o H AN 16S rRNA LR o £ FEME 48 5
7, MY EE R ACE 5% Chaol 5%
LK S Wl Fh 22 #E PR B9 Shannon 8 80 4% 4H 7] 2 &

PR K B W ZE K (P>0.05) , 4 DHME &R
(Good’ s_coverage ) ¥ K F 98% , % B H & 1) I
P A B, AT DL A b S W TS U T A T R
RS AN G5 1 2 A Ve W FhOUL I B Y Y L 2
1827.40~2011.40, #H R 1 A>T H>MA>V
H VHRZEDT T M AMIH(P<0.05),

*7 EEHEEE o SHMEEY

Table 7 Alpha diversity indexes of bacterial community in rumen

B 215 Groups P
Iier?s I I m I\ SEM P—vz{:ie
ACE 4541 ACE index 2 446.53+174.87 2 443.73£182.53 2 312.83+141.47 2 235.04x163.23 105.15  0.162
Chaol 4541 Chaol index 2 422.57£133.01 2 408.65£142.06 2 332.02+210.91 2 199.77£168.58 10525  0.173
zgzzgzz fffx 7.91+0.20 7.93+0.16 8.14+0.29 8.20+0.18 014  0.575
E%K 98.99+0.16 98.89+0.54 99.07+0.15 99.09+0.14 0.01  0.719
Good’ s_coverage/ %
?btti‘ﬂ"{iecies 2 011.40£136.29° 1 976.20+104.01* 1 934.80£86.77" 1 827.40£115.95° 70.97  0.020
2.2.2.2 W H 40 16S rRNA FH B 2R o 14 Group 1

HE 2 il LA, 5T Weighted Unifrac [ 5 :Illlé% 8?335 11111
SFAEAT PCoA 155 — T W4 (PC) I 57 k5 g 0gg, R Crow Y
61.65% , %5 — F 4 (PC2) I STHK R Ky 14.92%, 0.06 o
FE it ) R 5 S e 1 A P 2 B 5 ) )RR AL B R 003 -
Vi) P 8 30, 156 T 40 e i %) AR L R R R =2 ' . 9
DUV o ) % 2 S B, #R 81 2 AT ] — 2 v g 0 1
) it [ 1) 40 i e 7 4 R AE AL BEAR v, 45 4R 3"*003
20 TR AL S AR BT LT S -0.06
2.3 ARBPERIFLGNEFRETHIEAGES 0,09
FREHEENEEMEESHFENEZIN o
2.3.1 TR A AR RE LG 0 BN ey ST 2 S A9
P g5 o B AR X S 0 R S S Y

i ¢ 8 AT, MA@ ZK 1 i AR X =F B2 B, IV 40
FBE ST B T | FE e 22 R TR T 1) R R 3 1 O B
15, 4331 78.99% 1 0.03% , @ KT 1 A1 1 41
( P<0.05) ; Absconditabacteria_unidentified_SR1
AR RE LA 4H de i, 4 0.05%, W3 & T 1 4
(P<0.05) ; HBEERIE i m  H Be ik 127 | e 12
TR AR 5 B 4% A (A I R R B B2 25 = (P>
0.05) .

PCI (61.65%)

2 E T Weighted Unifrac 2555 # PCoA
Fig.2 PCoA based on Weight Unifrac distance

2.3.2 AR AR LU X B IE A i 3E S AR
Hh = G T TR T 2 R PR R 5

H 2% 9 TI 11, ACE 8 %% . Wy Fh YL i % . Shannon
FRE 4 HZ M WA 3 22 % (P>0.05)  (HE &
T AR A AR EG 1 Y 3SR R R A, T
IVALAY Chaol #8484 T 4HIEAR T 7.34% F18.76% ,
25 3 (P<0.05) , Ul W bl 5 1) #4221 ORF L 451
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B3, e B e P kel B ORE TR R R R IR, RS TR A AR
BT R A A 3 R KR T99% , 3k B T

*8 BEHFRRLBEERKELHNENEE
Table 8 Relative abundances of methanogens in rumen at genus level %
i 2H %] Groups P

7l H SEM fit
Items I I m I\ P-value
W25 FT 3 )& Methanobrevibacter 03.32+0.58"  89.98+3.00" 83.61+9.80" 78.99+2.11°  4.29 0.042
P ERIE % )8 Methanosphaera 0.10+0.02 0.09+0.02  0.07+0.01 0.07+0.01 0.01 0.217
HE BRI R Methanimicrococcus 0.08+0.01 0.07+0.01 0.06x0.01 0.07+0.00 0.01 0.358
HBE 22 R )8 Methanosaeta 0.05+0.01*  0.05£0.01*  0.04+0.00®  0.03x0.00°  0.01 0.038
Absconditabacteria_unidentified_SR1 0.04+0.01°  0.04+0.01®  0.05+0.00" 0.04+0.01"  0.00 0.030
e 2 B Methanospirillum 0.03+0.01 0.03+0.00  0.03+0.00 0.03+0.01 0.00 0.721

9 EEHFREGREEE o ZHFEEH
Table 9 Alpha diversity indexes of methanogens community in rumen
THi 2H %] Groups

i H SEM P
Items I 1 m \Y P-value
ACE #8%#( ACE index 461.81+123.90 383.74+61.35 382.39+57.54 315.79+24.77 61.97 0.189
YR LI %L Observed_species 496.33+11.37  494.33+18.01 475.67£17.50 461.33+23.01  14.66 0.128
Shannon $§%% Shannon index 4.09+0.26 4.01+0.29 3.88+0.12 3.70+0.10 0.17 0.383
Chaol #§%% Chaol index 507.08+17.23" 488.05+6.43" 469.86+19.24° 462.67+17.67° 13.04 0.037
B35 % Good’ s_coverage/ % 99.80£0.10 99.90£0.00 99.87+0.06 99.90:£0.00 0.05 0.065

24 AMBPERFILOINETRTHELAF R
HE i E R R AT
HIZ 10 A LA Y, Bl E S Ak L1 69 38

FH e HE R B R, T I AN IV 41488 T 40 43 ) B
7T 8.76% (P>0.05).19.48% ( P <0.05) Fl
22.68% ( P<0.05) ,

F 10 (AP LML G F IR HTIE A 4 Bk HE R E R
Table 10 Effects of dietary whole cottonseed ratio on methane emission of fattening Holstein bulls L/d
17 2H %) Groups
i H SEM P
Item I I m Y P-value
F e flF it Methane emission 237.56+11.79" 216.74+7.81° 191.28+14.77" 183.69+16.18" 10.65 0.036

25 HRHIMESEREHEA A4S FHHIEEM
BEFERREREFENFEENEXEDH

M 11 a] LUE & AR A 37 28 2R i 1 3 &
55 H B HE R R 2 5 3 A G (P<0.05) , H BE
FEGEJE | ot 22 R 581 J& 19 AH X =F B 5 R e HE i
BB E M (P<0.05) , i 5% 3182 91 i B+ UCG-
002 [ AH X =F B 55 B Jo HE B 52 AR R 3 OE A O
(P<0.01),

2.6 {AAR 4R AT Lb 5 X 7 BB 77 HT 3B 2 4 BT B of
B E X EERIZMN I

M 12 A%, 5 T 4UM b, R R i 15%
f 4 AR OFF S TP T TR AR R A S 7 M
(MUT) %% —6—-BERR i ( GoP ) Tk IR M B =X
AR R 8 ( PEPCK ) ) mRNA Rk s 45 |
P, Horh MUT B9 mRNA 3k 50 0351 5
(P<0.01) ,PEPCK ) mRNA 2355 0 285 (P<
0.05) .
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11 HRHMESESEEGHEAFFEFHAEEMES T ERRERFHEN FEENBEXE
Table 11 Correlations between methane emission and ADG, relative abundance of major

rumen methane-producing bacteria of fattening Holstein bulls

FHXTFEEE Relative abundance

5 H 4 H S — — —
Hem DG e -1 e 2 DR T BESHRRA I} UCG-002
Methanobrevibacter Methanosaeta Succinivibrionaceae_UCG-002
H B HE X
-0.592 0.592 0.622 0.7517

Methane emission

# N B FH MK (P<0.05) 5 = FoRH L E A4 (P<0.01)

* represented significant correlation ( P<0.05) ; ** represented extremely significant correlation ( P<0.01).

F 12 BEEHTIE A4 R EEAXEERN mRNA RiXE

Table 12 mRNA expression levels of genes related to carbon metabolism in liver of fattening Holstein bulls

i H Items I 41 Group 1 IV#41 Group IV SEM P {H P-value
PN TR PR LA A AR MUT 1.00% 1.47+0.11% 0.074 0.001
B -6-WE IR G6P 1.00 1.12+0.11 0.087 0.244
Tl R s e = TN B B2 PR B PEPCK 1.00* 1.27+0.13° 0.095 0.034

RIS 1 S
3.1 ARFPEBIFLLONEREHEAFES
bAoA

pH X 5 PN ER 5 110 A8 Ak i ek, Hod v i
IRER 252 s B AE MR EH AR K, 24 pH 7E 6~
7 0,98 L T4 T E AT AR 5 ) 45 ALy
A9 B pH TE LS B 22 v, L, 3 4 AR AT R
S50 oy i 2ELON AR RO OE R R B, ESRDY
TE R 4GRS I 13% F1 25% B 4 K AF, 45 1 8
FRNHIER O pH TC 3 R, 5 AR I 45 R — B
E M AEY S EMAE DA 18% ~ 100% /2 H
NH,-N {5 19 7 i L8R 4 5 7 990 B T fh e B o
NH,-N ¥ 52 m 1R K. >4 NH,-N ¥ JE7E 5~
30 mg/dLE 8 H AW o] DAAR G- b AE 4 i iy B
HI AT T HIE R AR ARG 4418
A4-9% W NH,-N A7 9.35~12.28 mg/dL, J& T
TEH VIR, I bl 2 AR H 4 A RF L B8] A 25 i i 38
i, EEAT BE S T B 4R R R e 1R S X
B N L EIL e R T | el = e R
(A Bsf [) E K, — 38 o0 IR o0 R R R, AR
NH,-N 14 £ , 5 5 NH,-N % I 5, 3% 5 %)
AR AR — 5., MCP &2 48 &
BRI AL R, VR B K /INAT DR B A
FIH NH,-N (9 g 512, AR5 s i 10% #l

15% A K 21 1 95 B i MCP ¥k FiE S 25 1 T 4 et
4, Uk B I A AR A R MCP 9 AE AR

VFA 15 R ) K i ok A6 W) &k T B 410 7
Y, NI AR AT AR RE T R
IR AT FRIX 3 FhR 5 L VFA 19 95% ", A4k
B e UN I 15% 4 R AT 2H 00 A 307 2E2N 49 0
LR AN IR L) 4 2 = TR AR AL, i T b
AR Z LY, 248 0 ff T B B 2 3 2 ) A
LR T R H o] 5 10 o3 R b ) =2 9% DA 4R 5 7T
S T VS I A AT IS 14 0 T g 0T 2EL2 2 %) L g B
], PR E T VE A R L TN RIS £ T S
B AR L, T BRI B i Ak
B — R/ TR BB HE R 2.0~3.6"
ARG 1) 2R/ TR R 7% A6 [ 2 2.98 ~ 3,32, FF il
BRI, I HL, B2 G R A AR LB A 3
L/ N TR
32 FERPERFLEGNERGTHELAFER
HE B ELENEIE

o ZEEVE T Ml A W BEVE 9 2 REPETY
WL AR o ZFREME 0T, 7T LA T SRR A I Y
AR RIS B B 2R E BRI T B R
LIS R FRER O A m] A IR W R g
3, 3 WL B A B A O A S AR T R Y R L
ACE #8541, Chaol #5801 v AR AT S WAt i B 7%
PR B 3 &, Shannon 48 530G 25 4 JU) AT 2 A
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BEVE N TR A ) Z £ Shannon $85GHGS  FRERY £
FEMERE . AR I A5 R R, TN 15% 2 Ak 41
B B0 0L 0 5 IR T X IR 4 T RE SR 5 e R R
B R Y i 7 R X TR R R — Y AR T
AKX,

i 1 iy 9r 30 2 AR A 16S rRNA JE [
B Z ARSI 0 2 5 0 iR 2 B B R
KIMG , S4BT AW R EA —E 25, B
TSI AF X6 25 21 1 ) ol 45 ¥ 2 002 A 5% Tl 1Y
BRI T — 2L 0F 8, D& K i AR 4 =
ST, B IR R B -1 ML 2 E h
AW — A, A R B
Rl Es R, SEIRRE B A IR 4E R
O3V, 0 R AR 2T 4 220 R B T Y R R
FCRE AV 4R IR R -1
BEMRE -2 BAEXT FER R E S T 14, HHIRE
WA S FIRREE R4 FER4AYHEE
Filiz 18 h B B 22 W AR ), SR B BT K
TG W 0 B itk e T S Ik 218 W o 1) W Wi v & 4 40
VAN DR b - S N (S i R g Woig i) 3 (S|
I, #5306 2 98 B I P MCP ik 5 LU o R 2 R AT
fEE AR S HIRICEA K, M H, HHIRKE
) K T ) 2 Bt SR BRIRR AN IR , Horb 3R 3
FRETE 5 bl A W Bl A D A S TR R B IR
BEHERE" AR T B 2 R TR LG R AR X
FERYHE &, R B VFA ' £ R R TR R 1 L 1) Al 3
I, R TE AR e SR R A T TR, X 2SR A R A
SRR AETE SR B TR & A K i 4 4 3R Rk
KRG ., VARIEFRINE AN F R E & T
T2, i 3% 20 R I T J v A 975 R0 KS B 30 R 9K 1w
PIUEBEMIRS , R R G R 2=k R S 85 F1 R, vl
Pt R e ) AR R
3.3 ARPEBIFLGIX ERFTHIEAFES F
7= R B B R S MR R

%% W8 IR 18 )& ( Picrophilus) A1, O A998 B b T
YR Wkt ol i, SR8 Tl B 1] ( Buryarchae-
ota) , Hrp KA 43 Ay B F AU, FI 40 T A e A
) A A B AR A L B AR, AR R,
TEIRE W e T TR A H e T Oy e A B
AOTRE Y BRI E E T A sh e B ek
PO S BRI 1) S R R AT RE 9 AL ) R ek AR
TR G S T2 RN VR A pH AR i Bl
AT IR R TR R Y 22 R R B Y

Hristov

AUV R A L R R A AR R R R
ST BRI 70% 1M 2 R A RE
2 B R 1 BT, 98 5 90 v O R R ) B ] B 3k )
92% , MASIRIG 45 JE AT LATE ), FP b e AT 1 00 AR
F P A3k 93.32% Bl 5 Al AR v 4 B RE Y 38
T, B o AT T 14 R X 2 R 3 ARG, T R B TR IR
—JE W T AT AR R 5T, R T e
XiF i 17 ) AR VR AR TR R B T OE
T T AW WY L] 5 — 2 il o DR A A L
PR 8o, A Ll 398, %o A2 A B 9 T A
FH AT REA Ar$2 /5. Wang 25 BF 58 o, W ¢
SR BRT A AR X 3 B 55 R e R S I R G, TRk
FH e 2 T B %) R X = B R AIG, B o HE Tl 2 e 23 A
N SARIR 45 R — 3, AR I A5 Rk AT
V411 Chaol #5505 E KT 1 41, Ui B &4k o
PR RS T o T TR AT — RO T AR R IR T Y
Fu B, BT — 05T,
34 FERPERFLLGANEREGTHIEL S AL
2| yvd:bA

I 2 iy HE Y R o e T R R AR —,
it A A K, WD 44 sl g o HE i B i ik
A ERAR R A, R vl AR RE B A IR B IR
HE AR, B e A HE R £ 28 2
AR — S I AR A R DL B BRI H e T
(RS s B IR R I A SR K, B
HPR AT 2 B IR, 0F 1T 5 4 R e A BB R 1R
Jo S A AR, DT BRI e i A B

H i AN X RIS 2 sl e HE ) T
AR Z ) G 2k e 7% ) R 2 A L 3] | A A 4 B
R B I [ SR | N B R 1 S 3 B [
SRR P IR MR B A B R/
IR i 2 %A%, Grainger 2517 #F 58 2 W, 44 W 3L
443 HAMA) 2.61 kg 9 4 HiFF, 1R 27 31 12 J8 i H
B IR T 23% 3% 5 AR SR FH far 307 220
AR — 8, K E AT Re st &l T
SRR A R Y i 05 R L % AR N Y S AR
L ARIE T ISIR A A B, INTTREAR T H b A i,
3.5 (AR AR Lb 5134 & BB e HT 8 A 4 BT A o
fix A 151 48 o< B B 3R % B0 52 M

ZRFL S A 2 K B A W TN R A
A AR EATAE , I LA 4 3 04 B R R IO A
RHFEE ., HEREN B A A E AN =
FRERAE P v (8] 1) A= ml PR R 19 S NE , 6T PN I i 1)
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SAEREMAEEEENE L, AR REN, H
WA HREY B E B T MUT mRNA Rk A
T P9 R G 8, AT B8R AP Y o £ HE I

PEPCK Fll GOP & I lIE 2 it P = ol 5 A= ik
i e AR R A A T s R R
R R 5 | RS AR S A g 1 A D DA T 5 5L K
ST RS X R A sk U, wT DUKE
AL YEE S A kB AR TR IR . T R,
HANRRZ WS A d e A i A pE > AR oF
TR, B S ARFE LA Y 38 i , FOWE S 2E S HE g
PEPCK il G6P f) mRNA 2 ik & 38 i, 156 B 7%
SRRF AT LA S S 2R AT B v R 1 R
A B 298 B N A, B R o] R R
D 5 8 e A R ARG

4 % it

FEATR Y 25 PR T, B R AR 0 15 % #) 4 FF
R AT AR R T R AR R R A X
A, 3 AU P b A ik DL B R e i A
ADCHE I i 3235
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Effects of Dietary Whole Cottonseed Ratio on Rumen Fermentation and
Microflora, Methane Emission and Expression of Genes Related to
Carbon Metabolism in Liver of Fattening Holstein Bulls

WANG Yongsheng' LI Yan® CAO Yufeng'® LI Qiufeng'”
BO Wenxi’® GAO Yanxia' LI Jianguo'
(1. College of Animal Science and Technology, Hebei Agricultural University, Baoding 071001, China; 2. College of
Animal Medicine, Hebei Agricultural University, Baoding 071001, China; 3. Fucheng
Wufeng Food Co., Ltd., Sanhe 065200, China)

Abstract.; This experiment was aimed to study the effects of dietary whole cottonseed ratio on rumen fermenta-
tion and microflora, methane emission and expression of genes related to carbon metabolism in liver of fatte-
ning Holstein bulls. Forty-four fattening healthy Holstein bulls with similar body weight were randomly divided
into 4 groups with 11 heads in each group. The difference of average body weight was not significant among
groups ( P>0.05). The bulls in groups [ (control), Il , I, and IV were fed diets contained 0, 5%, 10%,
and 15% whole cottonseed, respectively. The dietary energy and crude protein levels of each group were basi-
cally the same. The experimental period lasted for 90 d. The results showed as follows: 1) in the rumen fer-
mentation parameters, compared with group I , the concentrations of ammonia nitrogen, microbial protein,
and the percentages of acetic acid and propanoic acid in group IV were increased by 31.34% , 40.00% , 2.26%
and 15.20% , respectively ( P<0.05) , and the percentage of butyric acid was decreased by 4.46% ( P<0.05),
but the acetic acid/propanoic acid and pH had no significant changes ( P>0.05). 2) From the analysis of the

relative abundances of rumen bacteria at genus level, the relative abundances of Prevotella_1 and Treponema_2
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in group IV were extremely significantly higher than those in groups I , II and Il ( P<0.01) ; the relative a-
bundance of Succinivibrionaceae_ UCG-002 in group IV was significantly higher than that in group 1 (P<
0.05) ; there were no significant differences in the relative abundances of Rikenellaceae_RC9_gut_group, Pre-
votellaceae_UCG-003, Ruminobacter, Ruminococcaceae_ NK4A214_group, Fibrobacter, Unidentified_Chlo-
roplast and Bacteroides ( P>0.05). 3) From the analysis of the relative abundances of rumen methanogens at
genus level, the relative abundances of Methanobrevibacter and Methanosaeta in group IV were the lowest in 4
groups, and significantly lower than that in group I (P<0.05); group I had the highest relative abundance
of Absconditabacteria_unidentified_SR1, and significantly higher than that in group I (P<0.05) ; there were
no significant differences in the relative abundances of Methanosphaera, Methanimicrococcus and Methanospi-
rillum (P>0.05). 4) Dietary supplemented with different ratios of whole cottonseed all decreased the methane
emission of fattening Holstein bulls, and methane emission in group IV was decreased by 22.68% compared
with group I (P<0.05).5) Correlation analysis found that the average daily weight had significant negative
correlation with methane emission ( P<0.05), and the relative abundances of Methanobrevibacter, Methano-
saeta and Succinivibrionaceae_UCG-002 had significant or extremely significant positive correlation with meth-
ane emission ( P<0.05 or P<0.01). 6) After adding 15% of whole cottonseed into the diet, the mRNA ex-
pression levels of methylmalonyl coenzyme amutase ( MUT) , phosphoenolpyruvate carboxykinase ( PEPCK)
and glucose-6-phosphatase ( G6P) in liver had upward trend, and the MUT and PEPCK mRNA expression lev-
els were significantly or extremely significant higher than those in group I (P<0.05 or P<0.01). To sum up,
under the conditions of this experiment, adding 15% whole cottonseed into the diet can effectively regulate the
rumen fermentation and microflora of fattening Holstein bulls, significantly reduce the methane emission and
up-regulate the expression of carbon metabolism related genes in the liver.[ Chinese Journal of Animal Nutri-
tion, 2019, 31(6) :2701-2715]

Key words: rumen fermentation; microflora; methane emission; carbon metabolism related genes; whole cot-

tonseed; Holstein bulls
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