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1 #MR5FZE
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F 3~5 cm £, $% BRTC I EC 9] o 6 FR B AT 4 %
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O ZE AT (WS E8=5.0x10" CFU/g) , BNt
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FE VR £F 4E (NDF) 1R 14 16 ¥ 41 4k ( ADF)
3 M Van Soest %Y TN E | HLR S
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Table 1 Nutrient contents of buckwheat straw and alfalfa hay before and after treatment ( DM basis) %
TiH Ty HEAR 4 W rPYEVERLSYE RRMEVEIR L 4E
Items DM CP Ca P NDF ADF
KA B FEEFEFF Untreated buckwheat straw 91.82 5.66 0.38 0.01 58.58 40.64
IR 5 FRZFEFT Treated buckwheat straw 27.76 6.36 0.40 0.01 29.09 20.42
FALBEHE TS T 5 Untreated alfalfa hay 90.71  12.81 0.84 0.01 53.74 42.50
WS E 75 T 5 Treated alfalfa hay 28.87  15.38 0.88 0.01 31.59 15.54

1.2 fEFK%

FRE T 2019 4F 7 H & 2019 429 AET
AR 2 LA L A IR R AT, k8
PR (31.99+2.10) kg ] AT | filt R 00 K4 Wt
WIEH 3 A MEFE(AF)20 H LN 2 4
(XTHRZH AR AL ) B 10 H X B AR DR
AP FEEREAME S T 5 (& s
20 :80) 1 A KL AR RL , K 56 2 7 R L Rl BT YR Ak PR

FEATEFTRIE 76 T 50 ( 3 Wil 20:80) 1 g #l
Tk, 2 g ARDRORS AR [R] RS R EE 348 30:70, 156
T2 A AT AR HE NY/T 816—2004( A -
FRBRUE ) FIAE 7= S B ], 2H AR R SR K OF I
#2,

SR 78 i 56w AT 0K R R By % B
HFHATIHRE SR, B 15 d, FiX] 60 d, B
H 435116 (0630 1 18.00) 55402 1 koK,
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Table 2 Composition and nutrient levels of experimental diets (DM basis) %

I H Items

X} HEZH Control group

RS2 Trial group

JEkl Ingredients
BT 5 Alfalfa hay
F+ZEFT Buckwheat straw
K Corn

=M1 Soybean meal

%k {7 Wheat bran

HHRRYE Jute cake

frh NaCl

R K Premix"

&1 Total

#FEKF Nutrient levels®
R fE ME/(MJ/kg)
KL H BT CP

5 Ca

WP

HPEPR IR LT 4k NDF
TRV VE U 2T 4t ADF

1

56
14
15
10

1
00

9.39
11.81
0.92
0.24
29.49
13.89

56
14
15
10
1
2

1
100

9.83
12.02
0.97
0.24
21.76
11.64

1) BT 7 R B &4 Contained the following per kg of premix: VA 200 000 ~ 400 000 IU, VE 500 ~2 000 1U, VD,
30 000~80 000 TU, Cu 400~ 600 mg,Mn 800~ 1 600 mg,Zn 1 200~2 400 mg,1 6~80 mg,Co 5~40 mg,Se 10~25 mg, Ca

20~300 g,P 20~150 g,

2) AR RE T EAE , Hofb ¥4 52 0{E . ME was a calculated value, while the others were measured values.
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Table 3 Effects of buckwheat straw and alfalfa hay treated by enzyme and bacteria on growth performance of Tan sheep

Wi H Items Xt 4H Control group I LH Trial group P {H P-value
WIH AT Initial body weight/kg 33.34+1.85 32.12+1.65 0.352
45T Final body weight/kg 39.49+2.58 40.75+1.36 0.437
FIEE Total gain/kg 6.15+1.23° 8.63+1.43% 0.004
FHHIE ADG/(g/d) 102.50+0.02° 143.83+0.03% 0.002
TR DML/ (g/d) 815.06+0.93 818.32+0.02 0.543
HEL F/G 7.95+3.50" 5.69+1.89° 0.006

IR SR A I 5 2 TG 5 B 22 SR 35 ( P>0.05) AR I/ING 3% 22 5 .2 ( P<0.05) | IR 5 3%

TRESW B E (P<0.01), FTER,

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 difference ( P<0.05), and with different capital letter superscripts mean signifi-

cant difference (P<0.01). The same as below.

22 MERALAEFZRFNEETENMHE
BEtEr®m

HI 4 m] 1 G 4 5 0f IR 4 2 T) 4% 20 52
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Table 4 Effects of buckwheat straw and alfalfa hay treated by enzyme and bacteria on

slaughter performance of Tan sheep

Wi H Ttems X 40 Control groups I Trial group P {§ P-value
YHIHE Live weight/kg 35.98+2.29 36.10+1.33 0.739
Jii & B Carcass weight/kg 14.04£1.36 14.40£0.94 0.808
J& £ Dressing percentage/ % 39.02+2.44 39.89+1.89 0.242
A E Net meat weight/kg 8.38+0.23 8.65+0.59 0.473
‘BT Bones weight/kg 3.08+0.32 2.88+0.26 0.075
ARG Carcass fat weight/kg 1.13+0.13 1.03+0.23 0.969
FEF N85 & Tail fat weight/kg 0.75+0.23 0.93+0.36 0.384
GR 18 GR value/cm 0.83+0.21 0.76+0.18 0.472
MR LT Loin eye area/cm® 26.51+6.03 26.07+0.41 0.879
‘B A It Bone to meat ratio/ % 36.53+5.36 34.40+5.59 0.843
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2% 5 AT RG24 5 6 IR 4 N 4 AL pH
M TF 6.67~6.91 B 241 5 K By Y] g F iR 7K 45
P R BB FEAR T 7.25% . 1.79% F1 15.13%

(L™)ME 53 A L X B 4 5 T 5.64% .3.63%
5.12% 1 0.71% , (B3R 56 2H 5 %) B8 2H A Bb 45 300 1A s
FASR T B EZ 5 (P>0.05) . FiRgsE B30
il VRIS G Ak BHE A 3% 22 65 P R A T ) IR
FLAG A I S A € R T ) R

PR KA ELE (2" ) (HE (b ) Mg E
®5 MEEBEALEFERFMERETENRENRROLM

Table 5 Effects of buckwheat straw and alfalfa hay treated by enzyme and bacteria on meat quality of Tan sheep

i H Ttems X 40 Control group I Trial group P 1§ P-value
JE#B pH pH of shoulder 6.91£0.07 6.67+0.28 0.245
J¥&#B pH pH of thigh 6.67+0.19 6.70x0.16 0.561
%8 pH pH of back 6.74+0.18 6.72+0.13 0.459
47K #& Water loss rate/% 44.85+2.89 41.60+3.88 0.834
Y2 Cooked meat rate/ % 46.26+2.53 48.87+5.80 0.081
554) /7 Shear force/N 32.90+3.18 32.31+1.86 0.673
7k 2% Drip loss/% 1.19£0.52 1.01+0.16 0.238
21 a” 17.63+0.38 18.27+1.66 0.524
Wb 5.47+0.79 5.75£0.29 0.583
R L 36.41%1.51 36.67+2.55 0.356
KIEA AELIT43 Marbling score 2.00+0.00 2.00%0.00 0.201
H 2 6 mT A, 00 4 5 % B 3 IR 458 97 K MRZAAE R T 4.31% , bR 25 R Ui W1 FH 6 T TR A A

NERYITCEFELER(P>0.05) , B 16 40 15 15
I A FEAR T 9.25% , ML /& (A 5 & & bt

B o 3 TR R INE R i R G AU SR SN o R S
PR T 5 o B v P A 2 B i

X6 BARSLEFERTVNEETEMEAEFTMSSENN

Table 6 Effects of buckwheat straw and alfalfa hay treated by enzyme and bacteria on

nutrient contents of Tan mutton %
i H Ttems X} HE4H Control group BG40 Trial group P {§ P-value
7K43 Moisture 75.59+0.96 74.87+1.39 0.957
HR T EE 2.92+0.26 2.65+0.59 0.073
HEH T CP 19.27+1.40 20.10+0.26 0.796
MUK 4 Ash 2.33£0.47 3.86+0.84 0.238

24 BERSAEFEZHETNEETENME
EEHE SN
2.4.1 X e 4 A R AR 43 25 55T (OTU)
A=A

PR 3 A F AT B AR 3 R 48 reads
114 683 920, B8 40 3 N FATHEA IL RS reads
138 106 628 ~, 13 7 Al 1, X 41 550 41
i LY RT 0.98 , BB 8 i 1 S e ME =F R ' N A 48
B2 B 00 36 20 OTU % H b X R4 B A% T
3.76% (B2 S AW E (P>0.05), FREGIR U]

FHG TR R 5 Ab 38 1Y) 3 22 35 FF U A5 T 25 4] i v
X MESE A0 OTU B0 H s ma A Kk,
2.4.2  XTMESEIE H 4R Alpha Z2 R4 1Y 52

2% 8 I, i 86 4H i Chao $5%UH1 ACE $5%k
W3 35 K T % B 2H ( P<0.01) , Shannon & %i Fl
Simpson 8 H WK FXF 4, B E R ARG EH (P>
0.05) . b4 B i B i o TR A A 38 1Y) 57 2 G
RN el S S o ST S N = It )
Chao #5401 ACE 5%, X198 5 40 & 1Y) Alpha Z ¢
PEA —E R,
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*7 BEHHE OTU #EH
Table 7 Number of OTU of rumen bacteria

i H Items X} HE4H Control group BG40 Trial group P {4 P-value
#HE Coverage 0.99+0.00" 0.99+0.00% 0.004
OTU %t H OTU number 1 722.00+86.42 1 657.33+146.00 0.367
& 8 16S rDNA &l Alpha & #EHE
Table 8 Alpha diversity detected by 16S rDNA
i H Items X 20 Control group K2l Trial group P {H P-value
Chao 5% Chao index 2 787.80+138.34% 2 457.44+188.74" 0.006
Ace T4 Ace index 2 898.43+94.54" 2 543.55+202.80" 0.002
Shannon 5% Shannon index 5.90+0.48 5.81+0.45 0.831
Simpson 5 %X Simpson index 0.93+0.02 0.92+0.02 0.859

2.4.3  XFMEFIE E A0 E Beta ZAEME AU
B 1k B AL A g5 1 A MR TR Y 32 AR AR )

Kiritimatiellaeota , F: &l 5 BLEE [ TAY 95% L) |,
rh g A R RE TR 1] Y R R B R TR R (P<

Br(PCoA) ., HIE 1 a4, FAAR K43 1 ( PCol ) Al
FAFR LT 2(PCo2) X A A [A] 4% S 1 BT ik B2 43 S
H 70.44% F1 14.45% , e % 75 43 fif 6 A A [] 1) A2
5t ;PCoA Wi, Al 2 P FEAS FE B 4530, 10 B (W] 4 9
Yifh Z AL 22 a6 R4 5 R 86 4 2 fa] AR AR
PR B | 1 W X BR 2 5 30 2 2 ) B Al R 2
FEMEA AT 225,

X HBZH Control group
R4 2H Trial group

0.10 4
0.05

=0.05 A
=0.10 4
=0.15 4

532 PCo2 (14.45%)
(=}

7

FAh

05 -04 03 -02 -01 0 01
FAFRK A1 PCol (70.44%)

E1 EBEHE OTU #HHE LIRS

Fig.1

OTU number of rumen bacteria

Principal coordinate analysis of

2.4.4  XFMEFEIR S A0 LS R SR YRR Y R
HIZE 9 I, 71K b, 6 B2 55156 4 /Y
DUH R T2 o T 1] R BE B T AU B ] A

0.05) , #UFF B 1A Kiritimatiellaeota [ 3 & % 2. &
T X IRAH (P<0.01) , 22 B 1] 0 42 8 5 00 FR 20
ZEFARE(P>0.05) . FARGIRULHI B # RS
Qb PR S 22 A FT R AE T 4R MRS RRAR 1A
Je8 5 40 TR P9 $ELFT BR 1] AT Kiritimatiellaeota [ 40 &,
P T REETE TR

H1 10 FTR0, 78 8@ K P b, x4 5 g 4
O3 T s o DA R B 1R J& ( Comamonas) % T
KRG & 1 ( Prevotella_1) A8 ¥TF 1 J& ( Acineto-
bacter) 51 % R 2 0¥ & J& ( Lysinibacillus) | JF ¥
FCB R (Kurthia) | 56 B3 B 7% B A R-7 B ( Chris-
tensenellaceae_R-7_group) . ¥ A i £l RCO i i& #f
( Rikenellaceae_RC9_gut_group) . & M /K 2F fF 14
J& ( Solibacillus ) F19% 5 Bk 1 Bl NK4A214 #f ( Ru-
minococcaceae_ NK4A214 _group) , H: i, {5 4H
Prevotella _ 1., Kurthia . Christensenellaceae _ R-7 _
group Fl Solibacillus 1)+ FE ) 35 15 T X B2 ( P<
0.01 ), Comamonas . Acinetobacter . Lysinibacillus
Rikenellaceae_ RC9_gut_group FIRuminococcaceae_
NK4A214_group 3= F 5 %F 4 22 55 A 1l 2 (P>
0.05) , 325 3R Ud B ity 7 TR - Ak ) 5% 22 A
FEATE A T R MR S 1 I H N Prevotel-
la _1 . Kurthia , Christensenellaceae _ R-7 _ group #1
Solibacillus WEUE: .
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Table 9 Abundances of dominant bacteria at phylum level in whole sample %

i H Ttems X} HE4H Control group BG40 Trial group P {4 P-value

ZF I ] Proteobacteria 34.02+2.07 31.72+6.00 0.078
JEEEEG ] Firmicutes 35.87+4.01° 53.19+0.07* 0.043
HUFFH T Bacteroidetes 26.59+5.21* 12.99+5.18° 0.005
Kiritimatiellaeota 1.05£0.37% 0.42+0.26"° 0.007

R0 2FAEBEREEE
Table 10 Abundances of dominant bacteria at genus level in whole sample %

=] Xf HRZH 2 P1{H

Items Control group Trial group P-value
B JEHEE Comamonas 15.44+8.38 20.95+7.72 0.075

W HIRICEE 1 Prevotella_1 7.73£3.77° 19.65+3.81" 0.003
RENFTFHJE Acinetobacter 14.37£7.74 9.24+3.05 0.058

W R ZE AT B Lysinibacillus 12.39+1.71 7.24%3.75 0.067
JEFFIRHE Kurthia 12.63+3.64" 26.04+9.26" 0.002

TE T B AR AL R-7 B Christensenellaceae_R-7_group 2.47+0.29° 4.33+1.17% 0.005
PRHF I B} RCO BB Rikenellaceae_ RCY_gut_group 1.63+0.20 1.66+0.77 0.073
MR AN RS Solibacillus 1.18+0.44" 6.23x2.12% 0.003

J&d H BRI Rl NK4A214 #f Ruminococcaceae_ NK4A214_group 0.91+0.17 1.09£0.43 0.089

25 BEERSAEFEZHETNEETENME
BB MNCAZy HIE T

A B b, X IR 3 AN FAT AR AR L3R AR A
5569 9764, i 5 4 3 > F A7 AR LAk A5 E A
5921 3041, 5 CAZy $u¥ i XF Ho o] 15 45 ¢ &
CAZy HRKEI (K 2), mE 2 Al AL, A B9,
RIS 5 X 4] CAZy 1956 PR B = 2R HE T
OB K i B ( GH ) >HH LSS RS Bl ( GT) >h /K 1k
GYEEABY(CBM) > PSR it i (CE) > 2 Hi 2
fif Bt (PL) >4 B AL IR Bl ( AA) o IG5 R R,
PR RTR A AL FRFE 22 R FF RS 8 T 50 7E L1 R
TR DR S R N R A AT 4R R CAZy E
)& GH GT fl CBM, 7E B Z8H, FEHEAHEI 5
LR 11, W3R 11 al 0, i B 4 5 %) BB 4] CAZy
W R WEHE A reads B HHEZ — 3, H LB
FEF(P>0.05), #T DESeq2 % /40 Hr, 41l
FEHEEE(E )’ aafnEERE LE
M (P<0.05) , 2 (3% /8 3 52 1o 2 R I 1y 2L 1A
(P<0.05), KRN F TR ELERE (P>
0.05) . H1IE 3 AN, FH G 1R R & A0 31 1Y) 37 22 1
FEFVE A& T 50 W2, nT 5 | e = 08 i 3 oy S
=R B T, i 3R 12 Al A, 5 X i 41 46

W, e 8 By A CBM83 . CBM60 45 12 4
M (P<0.05), FE TFIHA AAL, GH126 F
AA12 3t 3 NEEH(P<0.05)

= XfRE4L Control group
= R3804 Trial group
3 500 000
3000 000

number

2 2500 000
[}
© 2000 000
g
1500 000 1
=/

1,000 000
|

500 000

0l

AA  GH GT PL CE CBM

AA i Bh S AL 38 JR i auxiliary oxidoreductase ; GH ; #f
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Table 11 Number of reads of CAZy high abundance family genes (level B)
AR B 2% X} IR 40 R P1H
Level A Level B Control group Trial group P-value
GHI13 234 522.33+38 501.27 298 726.33+44 494.17 0.859
WK GH43 206 457.00£33 966.33 205 827.67+30 207.29 0.673
GH GH35 213 555.67+37 592.17 160 965.67+26 533.15 0.752
GH3 158 770.33+22 828.70 200 406.00+29 957.74 0.838
GH2 168 750.67+26 648.80 185 595.00£27 565.72 0.431
GT2 2 161 276.00+2 500 701.36 1 056 991.33+160 265.16 0.289
WL B GT4 1 050 591.75+1 249 907.22 548 267.67+80 354.93 0.597
aT GT51 256 062.00+303 796.92 132 761.33+£19 784.53 0.383
GTO 167 363.00£194 928.96 83 135.33+12 818.98 0.268
GT68 150 532.00£177 063.56 76 488.67+10 768.53 0.569
CBM50 258 514.33+42 836.47 318 397.67+47 961.44 0.741
A 2 o M CBM13 99 698.00+16 243.93 117 958.00£17 240.03 0.623
CBM CBM32 81 680.33+13 184.67 107 784.00£17 255.26 0.808
CBMb6 75 331.33+11 870.31 92 017.00+14 040.68 0.724
CBM2 59 042.33+9 750.56 72 814.33x11 243.32 0.357
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Fig.3 DESeq2 difference analysis map of CAZy abundance

between control group and trial group
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Table 12 DESeq2 difference analysis table of CAZy abundance between control group and trial group

%4k, Change

IR vs. X} HEZH Trial group vs. control group

4 Up
T Down

CBM383 ,CBM60 ,PL15 GH52 \PL24 .GH152 ,CBM53 .GT95 ,CBM8 ,GT97 ,GH124 ,.GT72( P<0.05)
AA1 ,GH126 ,AA12( P<0.05)
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Effects of Buckwheat Straw and Alfalfa Hay Treated by Enzyme and
Bacteria on Growth Performance, Slaughter Performance, Rumen
Bacterial Diversity and Carbohydrate-Active Enzymes of Tan Sheep

JIANG Biwei'? WANG Tian' ZHOU Yuxiang'® 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 buckwheat straw and alfalfa hay treated by en-
zyme and bacteria on growth performance, slaughter performance, rumen bacterial diversity and carbohydrate-
active enzymes ( CAZy) of Tan sheep. Twenty 3-month-old Ningxia Tan sheep with similar body weight and
good health condition were randomly divided into 2 groups with 10 sheep in each group. Control group and trail
group had the same concentrate, and the ratio of concentrate to roughage was 30:70, but the control group
used untreated buckwheat straw and alfalfa hay (the ratio of straw to alfalfa was 20:80) as roughage, and the
trial group used buckwheat straw and alfalfa hay which 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. In the morning of the end of feeding experiment, ru-
men fluid was collected from fasting oral cavity and DNA was extracted for rumen bacterial diversity and met-
agenome analysis. After rumen fluid was collected, five sheep in each group with body weight closed to the av-
erage body weight were fasted for 24 h, and slaughtered after water deprivation for 2 h. Slaughtering perform-
ance and meat quality indexes were measured. The results showed as follows: 1) the total 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) There were no signifi-
cant differences in slaughter performance, meat quality indexes and mutton nutrient contents between the trial
group and the control group ( P>0.05). 3) The Chao index and ACE index in the trial group were significantly
lower than those in the control group ( P<0.01) ; at the phylum level, the abundance of Firmicum in the trial
group was significantly higher than that in the control group ( P<0.05) , and the abundances of Bacteroides and
Kiritimatiella were significantly lower than those in the control group ( P<0.01). At the genus level, the abun-
dances of Prevotella_1 and Kurthia in the trial group was significantly higher than that in the control group ( P<
0.01). 4) The result of CAZy annotation showed that, in level A, the main families of experimental group and
control group were glycoside hydrolase ( GH) , glycosyltransferase ( GT) and carbohydrate binding module
(CBM) ; in level B, the abundances of 12 genes were significantly up-regulated ( P<0.05), and the abun-
dances of 3 genes were down regulated ( P<0.05). It is concluded that feeding Tan sheep with buckwheat
straw and alfalfa hay treated by enzyme and bacteria can improve the growth performance, and tend to improve
the meat color and meat quality, at the same time, it is beneficial to the formation of fiber degrading bacteria in
the rumen, and affect the microbial diversity of rumen and the gene abundances of some CAZy of Tan sheep.
Under the condition of this experiment, the feeding effect of buckwheat straw and alfalfa hay treated by enzyme
and bacteria is better, which is beneficial to Tan sheep breeding, can popularize use.[ Chinese Journal of Ani-
mal Nutrition, 2021, 33(4) :2335-2346 ]

Key words: cellulose; compound probiotics; Tan sheep; growth performance; slaughter performance; meat

quality ; rumen bacteria
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