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EHEFRNE, R s A K R A R Y
FE LRI A8 T 034 Sy TR 5 3R 50 0y DR 1)
H R, 38 4 i T R A A BRAS RN B TS TR R
i, BT, AR RAFGEZBSE S 54
PR R4 o LR T | T B D R A R 2F A0 AT 1A
S5 ) TR A AL B 7 B b DX LI 2 FoloREL A ) A R
B TR, S5 R T i a5 5L 8
TR KL L%l 30:70, I R 5 1 15 T 55 LU
60 A0ZL A VE A RLRRL , T 53 il 11 R & Ak B e 2
T R R 2 X A K M R T A ke
9 AN £ e B KEGG 18 B% 1Y 52 1, LA o L
TRk YR A T 2 R AR e 2 A 7 S 8 b () 2
FHER A ELR AR 4

1 #MRlER*E
1.1 BHEESLEBENEETENH&

25 3  1Y  R A T R B ALK R
E3~5cm &, SRICH[10] 8 € 4 4 £ 15
526 g A TR S A 42 BRUC ) L £97) o R AR AT
AR W[ TEPE=10000 U/g; N H0.1% ] &

G AW FERS B E (E R =1.0x
10® CFU/g) \FLIRT (1B % =1.0x107 CFU/g) Fl
B AT (T E £ =5.0x10" CFU/g) , IR
R 2 kg/t] FZEEk (e BEAR AL B R 1% FRER)
Jei, IAGE 2 197K, F8 4 Bt 1R G 19 59 I 2R HOms
PR J7 2 S G R0 R KR S R Ak PR A
BAEMRG IR KB E 70% £ 4, s Fl H
TN E T TR fS | % B R AF 30 d,
SR A T 5 A ST S 43 00 I L R ) I
i, Hoh TS S IRCRDRE K 2 1 D S i)
(GB/T 6435—2006) il & , # 1 i (CP) & S
FE DL PR 0 %E 5 75 ) (GB/T 6435—2006)
W5, o PE vk I £F 48 (NDF) AR T vk % & 4
( ADF) & & 2 M8 Van Soest %" 1y J5 1k ¥E 47 )
FE Ry O i S B Rk rfoRHL R 3 I R T k)
(GB/T 6435—2006) I 7 , 55 ( Ca) 7 & K H = 5
P B 3 D 7, B (P) % iR FHAH B LE 7k (UV -
1780 543 O, B, HA) e, Ak PEHT
JEREEAE R TRE R IR 1,

x1 LENEBENEETEERRS E( TUREM)

Table 1 Nutrient contents of straw and alfalfa hay before and after treatment ( DM basis) %
i H ToE HEAR 5 {3 YRR IRAT g ERTEER A 4
Items DM Ca P NDF ADF
RALFEAGHE Untreated straw 95.31 2.38 0.12 0.01 73.51 40.37
QPR S AE B Treated straw 79.72 3.93 0.97 0.01 20.93 23.69
RAFLETE T 5 Untreated alfalfa hay 93.38 12.24 0.83 0.01 52.88 41.98
AbBS H S T 5 Treated alfalfa hay 79.90 15.35 0.87 0.01 32.02 17.23
1.2 Rz 5iREiEIT FRZA IR R B 5 A T B R A B 3K 5 4 1)

R T 2019 4E 7—9 AT HEARTF
KA BR AT AN A AT, ERIRE (31.03+
1.00) kg ] FHIE fgERRAR AL R 4719 3 H Wi 7 &
PEE(AF)20 H BNy 2 21 (6 B4 A 56
2, BEAH 10 H X B 2 W DR 28 Ak B Y R
IV 7 T 5 A R R 1 3 6 A 6 201 ) 2 A
it T Y 5 AL B ) R R I A T R SRy R e 1 X
ki
1.3 REERESAFEE

TR IR S BRI AT M o € PR =) SR A 1 )
(NY/T 816—2004 ) FllA: ;= 5 B G # , HL 241 pl f2
FRAK- L 2 X0 A AR KL EE Dy 30:70 , KL 4
AR S5 E T T R% I 60:40 1Y H @I BEFT B R, XF

WRPRERESERE TRAMERS LM, SiXFE
TR IO HE AT B H A R B 2, BN B 4R 2E AT
FHEH, FHKM 15 d, FiR 60 d, & H B i
(06:30 F118.00) 43 2 WAFRLAAIME | [ H1AROK .

®2 WBRARAMRERKE(THRERM)

Table 2 Composition and nutrient levels of

experimental diets (DM basis) %
Wi H X} HE 21 A
Items Control group Trial group
JEUB} Ingredients
B TH Alfalfa hay 28 28
FEEL Straw 42 42
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WiH X HREH G 2H
Items Control group Trial group
EK Corn 15 15
= H1 Soybean meal 10 10
# %k Wheat bran 1 1
HIRRYE Jute cake 2 2
4k NaCl 1 1
i #l Premix" 1 1
A 711 Total 100 100
# 37 /KF Nutrient levels”
R e ME/(MI/kg) 8.76 8.98
MR CP 10.08 11.63
5 Ca 0.56 0.79
P 0.17 0.17

1) H T miRE %7 Contained the following per kg
of premix: VA 200 000 ~400 000 IU, VE 500~2 000 IU, VD,
30 000~80 000 IU,Cu 400~600 mg,Mn 800~1 600 mg,Zn
1 200~2 400 mg,I 6~80 mg,Co 5~40 mg,Se 10~25 mg,
Ca 20~300 g,P 20~150 g,

2) AR RE S, AL R S, ME was a cal-

culated value, while the others were measured values.

1.4 #HRKESKERUE
1.4.1 ARV E

MIE AT i, B H 00 5% 3 H 0 45 ki
SRR IR TP UCR &R, o 7R T iR
MRARIEZE R Y R RS EARI 2 A S E0
R, A3 VE AR IR R B AR AR E B HE
f T SEH H BT (ADG) FLRFE L (F/G)
1.4.2 IR SRR 5 I A= AL 45 45 I 5

IR SR A 2 B FIE B A 5 1 R 58 30
KA 60 KZMEFTX 2 41538 F 4T 8 kSR I,
SR AR ) I FE A B0 4 Y ICE 40 min, 2205 FES O
HLT 3 800 r/min #.0> 10 min, 2.0 45 9 J5 W 5 i
H (ARSI mL I3 2 ), B F-20 THE
17, R 4E RS 3 BS—180 4 H shA: 1k 2>
BEA, R & (W F R Y130 3 A 9 B 7 W - i
AR W mES&EA(TP) . HEH
(ALB) \JR % (URE) | # % B (GLU) | & 5 [ i
(TC) \HM=Hs (TG) .BkHE H (GLB) & ik, it &
HEMH/IKEM(A/G),
1.4.3 B WM RES DNA HEEU 7 P

T SRR 0 25 oY R R A R B,
Hik#E 3 RSl RHAERES, 27 H W

H i EiE  RAZE B rh iR A8 H 4 100 mL,
R B WA 4 4 2 A R S WA AR
VIR B WORE % T M S A R A R A
HEAT V3+V4 XY 1 FF 34T Nlumina HiSeq F &5 I
¥ dE b 1 i R A U8 R 4R Tags, LA 97% L)
DT EE bR KA AL Tags 3 Bio 4 4E 43 2%
HiJE(OTU) , K MetaProdigal ( V2.6.3) Fililll %2
FEPIH B A i gmAS 3L ) CH-HIT (V4.6.5) gk
TOREE G PN L R AL >R S 40 [m] 51 48 R T
H DIAMOND ( V0. 8. 24) LI & BLASTX
(V2.2.31+) 58 R I BT E R P90 TR
1.5 BESEITSHH

AR R 0T A A T A B A T 2 A
SRR Excel 2007 90 5% - 1E faf s Ak # 5 | >R
SAS 8.2 ¥ F kAT I 22 47 Fr, 3>k M LSD & #47
ZEIIWH, LI P<0.05 Fl P<0.01 43 5I4E Ty 25 5 8
F IR B H bR o, % R ZH 24 Unigenes
i i+ DIAMOND # {4 ({8 E {H < le-5) kb X 3
KEGG %48 i , 48 & 2 I =F B 3R A% 1 50 R i
FEHF S R FE R, T RS F & r 4l
YR 22 S o AL 8K

2 H#RE55H

21 BEARAGAEBEMEETENMEELK
4 BE N £2 5 35 2% B 2 Tl

2,11 XFRESEAR KPR RE Y S

H % 3 nl A, i 56 415 % BE ALY 0 4G (R G
25 (P>0.05) , 1M iR 55 41 A9 2K 14 8 4 %) if
HA AN, B2 53 AR B3 (P>0.05) ;iRE 410 T
PIBTR B & L X B AR T 1.63% B 22 55 A i
F(P>0.05) IR I0AL ) S E P2 B 3G R
i TR IR (P<0.01) , BLHE i i 2 IR T X0 BR2H
(P<0.01), Ho i 6 4 i 48 & e IRl i T
44.36% ,F-¥) H 3 & b AR & T 44.37% , B
I R FEMR T 31.89%, FiREERFW,
it PRI B Ak UL R A T ) MR S AT DA 4
T M 3 FRAIURL R L
2.1.2  WFMESE 28 TS0 2E 5% )

H 2% 4 AT, 3R 50 4 55 0 R AT A H e Rk
AR ZE AN K, HIR K4 1 H R H P34 400 5]
3.39 70, e REAH B T 1.33 Ju, AR R
B, FHY TG AT T A R RS 0 R T A R R O B
i B2 2 e S R B I 2 DAL AR
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Table 3 Effects of straw and alfalfa hay treated by

enzyme and bacteria on growth performance of Tan sheep

WiH Xt IR 2 E e
Items Control group Trial group
WIHRTRE IBW/ kg 30.84+2.15 31.21%1.62
LR HE FBW/kg 36.25£3.32  39.02x1.39
M Total gain/kg 5.41+2.25°  7.81+1.12%
SEHH A E ADG/(g/d) 90.17+0.04° 130.17+0.02*
TH R R DML/ (g/d) 662.08 651.28
BE L F/G 7.34+1.56"  5.00%1.66"

AT 530 A AR [ 7 B B0 7 B 3R 28 57 A 3% (P>
0.05) , A [R/ING FRERIR 22 53 B35 (P<0.05) , A RRE F
BRI B A (P<0.01) . &I,

In the same row, values with no letter or the same letter
superscripts mean no significant difference ( P>0.05) , while
with different small letter superscripts mean significant differ-
ence (P<0.05), and with different capital letter superscripts

mean significant difference ( P<0.01). The same as below.

x4 BFUEIN

Table 4 Economic benefit analysis

s HE 4] W A

Wi XA R

Control Trial
Items

group group
FERHR . 0.62 0.65
Feed consumption/[ kg/( H - d) ]
KL RO A
bR 1.24 1.30
Feed cost/[ JG/( H -« d) ]
N LA . 0.30 0.30
Labor cost/[ JL/( H - d) ]
B A A
Compound probiotics cost/ — 0.20
[JB/(R-d)]
ST H A o
Cellulase cost/[ J&/( A - d) ] '
1
HAHCA . 3.60 5.20
Weight gain income/[ JG/( H - d) ]
4l A 77
LR 2.06 3.39

Net profit/[ 7T/ ( 2 - d) ]

WEE TG AN AS USRI T 76 40 Jo/kg T 245 4 4R
HAT M 100 JT/kg , 2T 4EZR BT 84 T0/kg

The live weight price of Tan sheep was calculated based

on the current market price of 40 RMB/kg, the price of com-
pound probiotics was 100 RMB/kg, and the price of cellulase
was 84 RMB/kg.

22 HMEARSAEBENMEE TENMEMLS
IR FRBI T

HI & 5 AT, 55 1 R, i g0 21 5 %k BR A4 AH
W, SIS A iR bR B 6 B 3 22 5+ (P>0.05)
55 30 KM U0 4 L PR R A i AR T IR A
(P<0.05) , HoAl 4% T 45 b5 T . 35 22 5+ (P>0.05) .
55 60 K, IR M BE N REN & RE
e TR B2 (P<0.05) , MLV PR 3R 7 i i i AR T
XFIRZH (P<0.01) . %S5 LT, MG R R 15 b 21
e B RV A 1 4 MR RT3 R o O I
B BREE S, B 2 BRI 1 JR R
i,

x5 BEEALEBEMEETEN

piE il b e R AL PN A
Table 5 Effects of straw and alfalfa hay treated by
enzyme and bacteria on serum biochemical

indexes of Tan sheep

TiH X B2 R
Items Control group Trial group
%1 K Day 1

B TP/(g/L) 55.42+7.06 52.22+10.73
HEH ALB/(g/L) 25.82+4.17 26.30+5.08
JR % URE/(mmol/L) 5.84+1.46  6.77+1.86
% B GLU/(mmol/L) 2.95+0.56  3.00%0.48
B E EE TC/ ( mmol/L) 1.21+0.31  1.33+0.27
Hil =8 TG/ (mmol/L) 0.24+0.08  0.25x0.09
BREMH GLB/(g/L) 24.32+7.81 25.92+5.73
H&EH/REN A/G 1.12+0.20  1.04%0.05
%5 30 K Day 30

MAEE TP/(g/L) 56.02+3.60 55.50+14.36
H&EH ALB/(g/L) 18.42+1.33  16.02+4.33
JRZ URE/(mmol/L) 8.92+1.16° 7.09+1.62°
%% GLU/ (mmol/L) 3.00£0.43  2.53+0.64
BB & B TC/ ( mmol/L) 1.32+0.14  1.47+0.44
Hh = TG/(mmol/L) 0.24+0.06  0.25+0.04
BREE M GLB/(g/L) 37.60+3.39  34.48+10.04
H&EA/BRER A/G 0.50+0.07  0.48+0.04

% 60 X Day 60

BEH TP/(g/L) 56.68+2.67" 64.40+2.27"

HEH ALB/(g/L) 20.04+0.73  20.94+0.96
JR % URE/(mmol/L) 7.41+1.48" 5.71+1.14°
WiZHE GLU/ ( mmol/L) 3.26+0.43  2.98+0.38
HJHEEE TC/( mmol/L) 1.42+0.24  1.58+0.26
Hih =M TG/ (mmol/L) 0.30+£0.08  0.41+0.10
BRI GLB/(g/L) 35.74+1.87° 39.36+1.99"
HEA/BREH A/G 0.50+0.00  0.48+0.04
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HE SRR
2.3.1  XFRESEIE E TR OTU Ui 1Y 5200

2R E 6 BRZH H 3R 45 reads 113 515 252 4>,
RIS 4H 75 reads 126 324 584 4>, HFE 6 7] A1,
X HRZH 553 5 4 7 7 55 B2 34K T 0,98, Ul B I
e FTIN  VR R B B 0% v A S e Y SR Y
S TR ZEL R O 5 1 4 1 OTU £t i 1 35 i T %
HRZH (P<0.01) , UL FH il B8 VR 5 Ak 21 e 5 0 i
TR RS B TR E A1 OTU £,

R6 RAEBMEE OTU #E

Table 6 Number of OTU of rumen bacteria in each group

Wi X AR 2H B 4H

Items Control group Trial group

B 5% Coverage 0.987+0.00 0.987+0.00

OTU % & B A
1 724.67£20.60° 1 959.33+84.51

OTU number

2.3.2  XTMESEIE H 4 TR Alpha Z2HE 4 19 52

HiZ 7 A1, 356 41 Chao 35 %L . ACE 35 %A
Simpson 5 5 X M4 22 5 AN W 3 (P>0.05),
Shannon #5850 .35 = T X R4 (P<0.01) , ik
25 5L B I B TR A AR PR S 0 RS HOR 1 A T
MEEMESE 45 T HOR 40 1Y Shannon 541,

&7 16S rDNA %l Alpha % 1%
Table 7 Alpha diversity detected by 16S rDNA

e
Trial group

WiH X} HRH
Items Control group

2 606.26+87.24 2 628.61+104.65
2 841.56+111.17 2 761.28+85.93

Chao 8% Chao index
Ace $8%40 Ace index

o .
annon J5 4 6.02£0.12°  6.71£0.34*
Shannon index
Si =9

impson 1 4 0.94£0.02 0.940.01

Simpson index

2.3.3  XMESEIE 1 TR Beta Z2AE 1 Y 52 )
13T E M OTU 1 3 48 bR 4 #r
(PCoA) ., HIE 1 Al A, FARAR 4> 1 (PCol ) Fil
AEFR BT 2 (PCo2 ) XA 1) 48 S 1) 51 Bk B2 4 1) Ry
33.43% F1 20.04% , RE W& 78 53 ik B A W] (1) 28 55
H PCoA 75, [ 41 N FEAS BE B 4550, U6 B [R) 41 Y
YIRh Z R 1k 22 S g/, W R AL 53006 4 =2 [a) R AR

PR R , UL R4 5 30 4 2 0] 20 o 2 AR A
TEZESE . AR, RG-S AL BES B RS R
i T RERINRME S | B2 TR B AR 2 AR

o X HE4H Control group
© iRIG4H Trial group

0.24

(20.04%)
@

0.14

-0.11
S —-0.24

‘l

FEAFRAR 72 PCo2

*0.40 *0.'35 *O.'30 *0.'25 *O.'20 *0.'15 *0'.10
FALFRK A1 PCol (33.43%)
AR SO IRALRY 3 ASPATREA B IR T
I 3 APATHEAR, B2 [,

Blue dots were the three parallel samples of control
group, and orange dots were the three parallel samples of trial
group.

B1 ETEBEHE OTU MELIRSH
Fig.1 Principal coordinate analysis of rumen

bacteria based on OTU

2.3.4  XPMEEIEE AT LIRS
SRR A

H % 8 A0, X BRZH SR 58 A i e B B 1138
HASTE ] JERE R AT B 1], =3 B s R
HITE 90% L I, Hod i 4l A5 B i 1) 9 = B
e B TR BRA ( P<0.01) |, $0UFF 1 177 00 2 B2 b
BEET XA (P<0.01) , JEBER ] Y =F B 5 xf
MR T 4.58% ,HE S A B (P>0.05), H
P2 g 4 5 o IR A A B E R
AR 25 2 B 1] | Patescibacteria | 30T & 1] . Kiriti-
matiellaeota . 7% 2% b [ ] 5 #e [ ] IBRBE AR T M H FR 16
7, Horpiae 2 A8 2 5 ] Patescibacteria [ H 4] i
FE T AR (P<0.05) , #UFF# ] Kiritimatiellae-
ota JEEFIE ] WEEET MEREMAT  H IR L
B EMT XA (P<0.05) kg SRl i FH i o
TR A A B R A T R RS R N
2RI 1238 84, T H H NI,
24 BERGAEBENEETENMERES
MHEKEGG i % HI 31

A I, % R LR AR B 5 121 024 4>,
RIS I ARIFFE 6 461 155 1, 5 KEGG $
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PEXT LG AT #5454 i KEGG TR (B 3) . IRl 3
AHLTE A JRGrh & A B8 R AR ( metabolism )
ERRY RN R R i 2 HOR L 15 B A PR (ge-
netic information processing ) . ¥ 4% {55 & Ab B (envi-
ronmental information processing) . 4l Jfd i 72 ( cellu-
lar processing) DA 2 A 28 %295 ( human disease ) J2
K, ZEERFWN, UBGHIE SO M E S T
R A AL R ] IR S O N R T RE G 2
Z: 50 R A 8 A% (5 B AL BRI PR BT AF B AL B,

TE B 290, FEHEA T 25 BYiE LR 9, MR
O nJ 1, J 56 2H 1EE A ALt ( purine metabolism) | XL ZH
7 A4 ( two-component system ) A1 ABC #% iz &
( ABC transporters ) 2¢ 22 £% 1 % 1) Jt K 80 & 5 X%
MRZH T i 35 22 5 (P>0.05) , 1M1 W% g 4% 35 ( pyrimi-
dine metabolism ) , % F& B¥ 1 4% 1 B2 %18 8 ( amino
sugar and nucleotide sugar metabolism) . — ¥& iR fX.
i} ( glyoxylate and dicarboxylate metabolism ) iX 3 4%
3 % B 2 DR B A S 3 R T R (P<0.01)

x8 EARBEIEE

Table 8 Abundances of dominant bacteria at phylum level in whole sample %
i H Ttems X B 40 Control group I 4H Trial group
ASJE A 1] Proteobacteria 32.18£2.11* 2.34+0.11°
JEEEWE ] Firmicutes 51.09+2.59 53.43+6.82
PUFFIA ] Bacteroidetes 14.17£0.41° 38.87+7.04"

W xf B4 Control group
iK% 4H Trial group
Proteobacteria

Bacteriodetes
Kiritimatiellaeota
Planctomycetes
Cyanobactria
Spirochaetes
Patescibacteria

Synergistetes

0 20 40
il Proportion

95% B {5 X 8] 95% confidence interval
—-— j £0.000 84
: —a—t0.025 74

£0.002 77
10.014 32

P P-value

£0.002 61

r0.034 23
L0.021 86

0.001 21
-40 20 20 40
Lhfi 2= 7 Difference in proportion/%

ol e-w-e-g-¢

Proteobacteria ; 28 JE # ] ; Bacteriodetes ; {4 1% | ] ; Planctomycetes ; ¥ % [# | ] ; Cyanobactria; i % ] ; Spirochaetes ; 12 Jig A&

I"]; Synergistetes : H.F:1# [] o

2 1K Welch’ s ¢ 56 2 R4 Hh
Fig.2 Difference species in Welch’ s 7 test at phylum level

RIS i 4
3 BERSAERBEMEETENMELEK
4 BE 7N 22 5 2 3% B 2 1

W A KRR E BRI A R B
o O HMGE RLE I, AR EH N 1
HME AT DA A AR 4R R T AR T AR
PERREA S ETE TR L 60:40 B4 & 18 S HLiR
Bl ESCRE A, TR R EE & Fmit
T TP i — 2 2 A 225 R0 ki o 2R A
N CED R A DL R A E AR KRR A

AR R AN R A B, IR A AR &
P s 4 ML ) 2 S H B R 36 %, BLE L
R#A% 28.68% . F -4 s £ 0, 78 & AR 45 o ik
TGRS N £F 2 R i, H 338 8 0] 425 43.98%
B 0 SR S TN e s bl O R | LD
R ERE, R MRS R BN,
e LR AR TP AR N 2.09% &2 A TR Wl 0 T LU
WA KRR, ARE 2 AR RME A i
A IR A AL B SR E A A DL S A
T WEME S B R R TS A R RO H R
IR TR B, BB A By S TR
KRR
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KEGGi# #7ER KEGG pathway annotation

Metabolism

Carbohydrate metabolism 176 307

Amino acid metabolism 122 458
Nucleotide metabolism 94 663
Metabolism of cofactors and vitamins 86 283
Energy metabolism 50 781

Lipid metabolism 41 561
Glycan biosynthesis and metabolism 40 141
Metabolism of other amino acids 36 380
Biosynthesis of other secondary metabolites 21 670
Metabolism of terpenoids and polyketides 20 105

Xenobiotics biodegradation and metabolism |© 5 453
Genetic Information Processing
Replication and repair | —m 75 537
Translation | N 72 965
Folding, sorting and degradation | 36 208
Transcription M 7 733

Environmental Information Processing

Membrane transport 67 744
Signal transduction 45 863
Cellular Processes
Cellular community-prokaryotes 39 894,

Human Diseases
Drug resistance |¥ 27938
T T T T T T

0 35262 70524 105 786 141 048 176 310
FEF & Number of genes

Metabolism ; #7 4% i} ; Carbohydrate metabolism : 85 7K £k & #1818 ; Amino acid metabolism ; 24 £ 2 18 it ; Nucleotide me-
tabolism : 7% 1 B2 1R 14 ; Metabolism of cofactors and vitamins ; % B Kl 7 1 4 4= (X ; Energy metabolism ; i i {X i} ; Lipid me-
tabolism ; B§ Fif{ i1 ; Glycan biosynthesis and metabolism : E 4% 4 9] & 5 1 ilif ; Metabolism of other amino acids ; F: Al & K iR 1T
1} ; Biosynthesis of other secondary metabolites : FHeAth ¥ £ AR 7= 4 1) 42 #) & i ; metabolism of terpenoids and polyketides ; i 2
Ab& 4 T ER i 1911t ; Xenobiotics biodegradation and metabolism ; AR A= My 1 A W R i 5 AR ; Genetic Information Process-
ing ; 1% {5 E AL FE ; Replication and repair ; & ffil #11& & ; Translation ; 1% ; Folding, sorting and degradation:#7& HE/F FflE 1L ;
Transcription ; 25 ; Environmental Information Processing : ¥/ 3% {75 & 4t # ; Membrane transport ; i iz % ; Signal transduction ; {5
553 ; Cellular Processes : 4 Jifd i # ; Cellular community-prokaryotes ; J& 22 3% 4= 4 i) 21 Jifd i i1 ; Human Diseases : A JS %% ;
Drug resistance ; 1251 ,

B3 £#HAKEGGEBRIRE(AER)
Fig.3 KEGG pathway annotation map of whole sample (level A)

®9 KEGC ERESFEEFEYE(BER)
Table 9 Number of genes in high abundance in KEGG pathway (level B)

i % Pathways Xt BE2H Control group iR H:2H Trial group

2% 4% 35 Purine metabolism

1 e AR5 Pyrimidine metabolism

WL 43 Z 45 Two-component system

ABC #3125 H ABC transporters

MR Ribosome

HEAJERSY. Quorum sensing

TEMT 5 FERECIS Starch and sucrose metabolism

FFEBEAAZ AT BB Amino sugar and nucleotide sugar metabolism
37 % X 20 Homodogous recombination

Z Bk (RNA 44 B Aminoacyl-tRNA biosynthesis

P EE R/ B b 5 A /E A Glycolysis/ gluconeogenesis

NEMR KL ZMRMA R Alanine, aspartate and glutamate metabolism

17 529.60+487.69
15 621.34+283.69"
13 135.88+317.71
14 072.51+1 017.94
12 867.43+387.26
11 520.68+734.74
10 533.06+161.89
10 132.05+162.33"
9 082.56+143.34
8 931.62+247.27
8 070.83+195.17
7 381.57+78.697

18 021.24+305.90
16 062.68+200.23"
13 713.52+198.68
14 366.62+379.99
13 475.87+261.75
11 685.50+341.79
10 622.43+84.22
10 499.95+103.77*
9 173.52+175.16
9 218.08+277.69
8 185.42+157.11
7 692.79+51.92
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i % Pathways

Xt HR4H Control group

I Trial group

FSBCIEE Mismatch repair

AL Galactose metabolism

DNA % il DNA replication

2 e &= FR A 3R &R 10t Cysteine and methionine metabolism
RRRBEIS A WA . Peptidoglycan biosynthesis

AEWBER G Pyruvate metabolism

HER 22 WA I 2B A Glycine, serine and threonine metabolism

JREAH Z B Fructose and mannose metabolism
A fe#IR fLEH Qxidative phosphorylation

ENAR KEARMOEREY G R
Phenylalanine, tyrosine and tryptophan biosynthesis

MR I & 12 Pentose phosphate pathway

TR Glyoxylate and dicarboxylate metabolism
e Methane metabolism

7 450.39+116.14
7 019.39+£166.40
6 983.21+81.21
6 900.86+188.46
6 553.50+219.81
5 992.15+238.94
5 784.30+82.58
5 405.37+21.14
5 262.32+44.57

5 127.29+160.87

5 020.90£125.12
4 705.13+64.82"°
4 299.57+102.03

7 389.15£126.02
7 140.79+85.82
6 727.74x116.81
6 872.82+112.98
7 031.20£120.82
6 218.89+180.47
6 081.66+69.13
5 447.33+90.28
5 368.43+37.51

5 318.04+43.51

5176.13+69.83
4 854.40+43.49*
4 587.22+117.95
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Effects of Straw and Alfalfa Hay Treated by Enzyme and Bacteria on
Growth Performance, Serum Biochemical Indexes, Rumen Bacterial
Diversity and KEGG Pathway of Tan Sheep

JIANG Biwei'? ZHOU Yuxiang'® WANG Tian' LI Fei'
(1. College of Agriculture, Ningxia University, Yinchuan 750021, China; 2. Ningxia Vocational and
Technical College, Yinchuan 750021, China)

Abstract; This experiment was conducted to study the effects of straw and alfalfa hay treated by enzyme and
bacteria on growth performance, serum biochemical indexes, rumen bacterial diversity and KEGG pathway of
Tan sheep. Twenty 3-month-old Ningxia Tan sheep with similar weight and good health condition were random-
ly divided into 2 groups with 10 sheep in each group. The ratio of concentrate to roughage was 30:70, and the
roughage was consisted of straw and alfalfa hay with the ratio of straw to alfalfa was 60:40. The straw and al-
falfa hay in the control group was not treated, but those in the trial group was treated by compound probiotics
(main components were yeast, Bacillus subtilis and lactic acid bacteria ) and cellulase ( activity =
10 000 U/g). The pre feeding period was 15 days and the normal feeding period was 60 days. Blood samples
were collected from abdominal vein on days 1, 30 and 60 of the trial period for determination of serum bio-
chemical indexes. At the end of feeding experiment, rumen fluid was collected on an empty stomach and DNA
was extracted for rumen bacterial diversity and metagenome analysis. The results showed as follows: 1) the to-
tal gain and average daily gain of Tan sheep in the trial group were significantly higher than those in the control
group ( P<0.01), and the feed/gain was significantly lower than that in the control group ( P<0.01). 2) The
contents of serum total protein and globulin in the trial group were significantly higher than those in the control
group (P<0.05), and the serum urea content was significantly lower than that in the control group ( P<0.01).
3) The number of operational taxonomic unit (OTU) and Shannon index in the trial group were significantly
higher than those in the control group ( P<0.01) ; there were 8 different bacteria phyla between the trial group
and the control group, they were Proteobacteria, Patescibacteria, Bacteriodetes, Kiritimatiellaeota, Planctomy-
cetes, Cyanobactria, Spirochaetes and Synergistetes. 4) In KEGG pathway, the number of genes in pyrimidine
metabolism, amino sugar and nucleotide sugar metabolism and glyoxylate and dicarboxylate metabolism in the
trial group was significantly higher than that in the control group ( P<0.01). It is concluded that, the enzyme
and bacteria mixed treatment of straw and alfalfa hay can improve the weight gain and the economic benefits of
Tan sheep, at the same time, the treatment method improves the serum total protein and globulin contents, de-
creases the serum urea content, the changes the diversity of rumen bacteria and the number of some functional
genes of Tan sheep. Under this experiment condition, the feeding effect of Tan sheep with straw and alfalfa hay
after enzyme and bacteria mixed treatment is better, which is beneficial to the healthy breeding of Tan sheep
and can be popularized in production.[ Chinese Journal of Animal Nutrition, 2021, 33(3) :1482-1492 ]

Key words: cellulase; compound probiotics, straw; Tan sheep; growth performance; rumen bacteria; KEGG

pathway
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