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Effects of soybean straw co—fermented with a bacterium—enzyme mixture on the
growth performance, serum indexes, and rumen microorganisms of Hu sheep
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Abstract: We investigated the effects of soybean (Glycine max) straw co-fermented with a bacterium-enzyme
mixture on the growth performance, serum indexes, and rumen microorganisms of Hu sheep. Forty-eight healthy
male Hu lambs [ (27.00+2.00) kg] aged 4 months were randomly assigned into four groups, with three replicates
in each group and four lambs per replicate (stall). Lambs in the control group were fed with a basal diet (Group C),
and those in the trial groups were fed with the basal diet with 33% (Group 1), 66% (Group 2), and 100% (Group

3) of the original soybean straw substituted with fermented soybean straw. The experimental period included 7 days
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of pre-experiment and 60 days of formal experiment. The main results were as follows: Compared with Group C,
Group 2 showed a significantly decreased average daily matter intake and feed-to-gain ratio during days 1—30 and 1—
60 (P<C0.05). The serum contents of albumin, glutamic pyruvic transaminase, high density lipoprotein, and total
cholesterol were significantly higher in Group 3 than in the control (P<C0.05). The globulin contents were
significantly higher in Groups 2 and 3 (P<C0.05) , and the total protein content and glutamic oxaloacetic
transaminase activity were significantly higher in all trial groups (P<C0.05) than in the control. The activity of
superoxide dismutase in serum was increased significantly in Group 3 (P<C0.05) , and catalase and glutathione
peroxidase activities in serum were increased significantly in all trial groups (P<C0.05) compared with the control.
The serum immunoglobulin (Ig) A content was increased significantly in all trial groups (P<C0.05), and the serum
IgG and IgM contents were increased significantly in Groups 2 and 3 (P<C0.05) , compared with the control.
Compared with the control, Group 2 significantly increased apparent digestibility of crude protein, acid detergent
fiber and neutral detergent fiber (P<C0.05) ; significantly increased rumen isobutyric acid and ammonia nitrogen
(NH.-N) contents (P<Z0. 05) ; and significantly decreased valeric acid content (P<C0.05). In terms of the bacterial
community in the rumen, at the phylum level, the abundance of rumen Bacteroidota was increased (P<C0.05) ,
while that of Firmicutes was decreased (P<C0.05) in Group 2 compared with the control. At the genus level, the
abundance of Prevotellaceae_ UCG-001 was significantly higher in Group 2 than in the control (P<C0.05). In
conclusion, the addition of bacterium-enzyme co-fermented soybean straw to the diet can improve the antioxidant and
immune capacity, nutrient apparent digestibility, the rumen environment, and the rumen microbial community
structure of Hu sheep. These results provide a scientific basis for the application of fermented soybean straw in the
production of Hu sheep.

Key words: Hu sheep; growth performance; fermented soybean straw; bacterium-enzyme synergy; rumen

microorganisms
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1.2 XEA# F1 EfMAREARREFKE(RFYREAM)

TR UE A R 2 RS O A BR S TR Table 1 Basic ration composition and nutrient levels (air—dry
B R T 0 AT R B 2% 107 CFUg ) o)

i H R SRS AR L) Fermented

Fh 17 T A R A B ) R ROR F BR Home oybean straw eplacement o
(WG AL 210" CFU-g ") B IE R 25 B9 T 0 33%  66% 100%
FEAT B A m) B AL, 7= o 1B 22 T B (3% B 4 2 < 10" Tk Corn (%) 25.3 253 25.3 25.3
CFU-g ") RN YL A YR G BR A 74, #k % Bran (%) 13.3  13.3  13.3 13.3
4F 2 % W (3% ¥ 10000 U-g ") A B 8% B (75 T K1 Soybean meal (%) 14.5 145 145 14.5
30000 U-g ) ¥ th 5 51 5 1% 52l 42 DA B 2 ] 42 TP KA Silage corn stalks (%) 4.3 43 43 43

- . o o e 7% Soybean straw (%) 18.6 12.4 6.2 0
o WRTEEMERN ROAR: RITRE ¥ 5% Fermented soybean straw (%) 0 6.2 12.4 18.6
PR =2: 101 R =107 CFU-mL A K Tapioca starch (%) 19 19 19 19
TR A G 1 R I R RS I Bk e R R SR L 2 R Premix (%) 3 3 3 3
Ja A KT JE B &K o 70%0 IR A AT TR INFRAT NaHCO, (%) L4 1.4 1.4 1.4
BB RNI0Y , A4 EZ0HEMEN0.01% , KB b £ NaCl (%) 0.6 0.6 0.6 0.6
BRI 0. 03% , M B2 20 d. REEHTG Ofs At Total (%) 100 100 100 100

H %K - Nutrient levels

B AR 1 & B4 (8.55+0.15) % Fi(12. 39+

I DY P uey N 1L HE Digestible energy (DE, MJ-kg ") 11.69 11.80 11.90 12.10
0.41)% , W U & 47 4 & a4 5 8 (74.96E

ML 11 Crude protein (CP, %) 14.85 15.10 15.34 15.59
0.36) Y0 A1 (65. 69-£2. 26) Y0 , Wk U Ui 2 4 3 4t 4y R I 4T 2 Neutral detergent fiber 49.61 48.94 48.28 47.61
SR (50. 8540.45) Y Fil(46.834+2.20) % (NDF, %)
1.3 Rkt E5RirdE P PE Ve B 47 4k Acid detergent fiber 39.76 38.27 36.77 35.26
e . ot e e o\ (ADF, %)
T 6 il R AR 5 PR 8 R T A ) T
5 Ca (%) 0.55 0.55 0.55 0.55
S AR T WA 1,
WP (%) 0.69 0.69 0.69 0.69

SRR N A4 BA SRS, BAE TE: BUR RN B kgt RHE 4L 2% 70 mg, 4 10 mg, 4 50 mg, % 50 mg, AR
BOR)A A, X IEA ) LAl H R L i34 1.2.3 90 mg. ¥ % 100 mg, 42 2 A 7000 TU, 44 2 D 1000 TU, 4k 4 % E 100
R RILL33% 66% .100% H 4 (1 % i T S B 4 4R R TU. T AGRE 5 R O 7506 11 b D B4R 2 44 R 1 U % 2F 4
R R BB FU T 4 ER 60 d BB L | _

Note: Premix for feed per kg: iron 70 mg, copper 10 mg, manganese 50
1] %%EL 8:00 F1 K 4 3: 00 f7] MEE P ¥ s H H %ﬁ mg, zinc 50 mg, niacin acid 90 mg, pantothenic acid 100 mg, vitamin A
FkoK . 7000 TU, vitamin D 1000 IU, vitamin E 100 IU. Digestible energy (DE) ,

" o o . Ca and P are calculated values, while crude protein, neutral detergent fiber
L4 H&eRELHAFNE

1.4.1 AERKMERENE T 50 3 g I SR ) R

T ] WL T WS R R R B E T HE T R

KA it (dry matter intake, DMD) ;3050 IF 4 (1 d) 8 (31 d) RIE5 5 (61 d) B 43 5 FR E i s 3 48 3 14 5 &t (body
weight, BW) , 71573 H 34 5 (average daily gain, ADG) -3 H R & f# (average daily matter intake, ADMT) 1 £}
1 [t (feed to gain ratio,F/G) .

FHHE(ADG, g)=CKRE — ¥ ) /{5 KA
- H R E R (ADMI, g)=(fp ¥ B it — FPR-T 9 B it ) /a6 K 5L
BEL(F/G)="F¥HRX &/ FHHEE

L4.2 MigfEeaiE KA 61 d, fE R R A MR FTR I 10 mL, 3000 remin ' #.0> 15 min 73 B L7 , — 20 CI&
7o N 4 A 3 AR 23 B A (AU680, S 1) I 32 & & 11 (total protein, TP) 14 [ (albumin, ALB) ER& 1
(globulin, GLB) . %j ## (glucose, GLU) . & % & ig #& A (high density lipoprotein, HDL) ik % & ig & A (low

and acid detergent fiber are measured values.
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density lipoprotein, LDL) . & JIH [& [ (total cholesterol, TCHOL) 1l H i =B (triglyceride, TG) & & DA L & N %
Z i (glutamic pyruvic transaminase, GPT) .4 B 5% 2 [ifi ( glutamic oxaloacetic transaminase, GO'T ) Fl A 14 i % i
(alkaline phosphatase, ALP) i ¥4 ; b H1 9t 4 Ak 48 b1 150 & (YH1202 . YH1208 . YH1267, 1 &% B85 A= ¥ BoR A R
8] ) 43 ) I A A ) B AL I (superoxide dismutase, SOD) (i % fk Z M (catalase, CAT) FI4F Bt H AR & Ak )
fity (glutathione peroxidase, GSH-PX) {if £ 5 N H % 9% 95 5 i # & (ANG-E41039S ., ANG-E337381S . ANG-
E41044S, 7 50 B85 A= W) BOR A BRZS 5] I 5E 598 3k 4 11 (immunoglobulin, Ig) A (G 1M & £ .
1.4.3  F0RMIH AR E A 150 109 45 20 N A o (ARG 1 DG E e )RR B 1R A | H 38 & IR vl
i, 0 R 2 4O R A R, P R0 2 4 S X R A Pk R T R E A 3 R E TR E T &
KW 50 g ZEfE fin A 10 mL 10 % R iR , [A) B SR A2 fm kb el A2 3 . Akt 528 T 65 CT 24 h, )5 T
2 118 24 h, PR AT 0. 63 mm i A B CARGRAZ R I o AR A ZERE P T 4 I (dry matter, DM) FHL A
(crude protein, CP) % ft 2 BEGK FH 9& " A 5 36 I 52 , o % Pk ¥4 £F 4 (neutral detergent fiber, NDF ) Fl g 1 ¥k 14 £F 4
(acid detergent fiber, ADF ) £l & 2 B Van Soest %' 1) )7 1% .

T A0 R IR AR 75 01 DA R R ANV IR oA R N IR PE AR R ) o 3R 0 IR B A =i F

FF R FE(%)=(A/C—B/D)/(A/C)X 100

2 A FIBARER AR RERT 2 v W] — b5 IR BT, C R D AR SR AR RN 3 th 45 7R 51
1.4.4 JH REESHIE TERE A MU £ By i i e 2 20 55 00 RRZH  f L BEATL I 4 S B S T RR S0 B
Z 4 20 A i U8 I SE ED R pH A (HANNA-HI2223, 8 K FD I E pH, B J5 50238 F 5 mL &0 8, & F F ik 47
FEa I SC 8 2, — 80 “CLRAF , H T B R BES BURM B AE W il i o Horp, S0 UMk 3 5 IR o 2655 Bl alk 1 HE £
e, B & MR 7 2 (total volatile fatty acid, TVFA ) ¥ B (190 %€ 2 FAZE Bk 0 7 ko
1.4.5 S MY ZFEENE Jo 5 E W) 16S rRNA I 7 H b 5 i R B0 W 58 i, R A CTAB 42 B
o H AR A SE D ZH DNA, 735 X 8808 16S rDNA JE 5 1) V3~V4 X, 51 ¥ %f &y 338F (5'-ACTCCTACGGGA
GGCAGCA-3" ) fil 806R (5'-GGACTACHVGGGTWTCTAAT-3" ), ¥ # i B K & 4 480 bp. {fi F§ NEB
Next®Ultra™ [I FS DNA PCR-free Library Prep Kit il & (New England Biolabs ) i#f 17 3C 44 € , #4) 2 4F 1) SC
214 Qubit M q-PCR & &, SCE A5, il Hl NovaSeq 6000 #E 1T PE 250 EHLINF o J5 4R B4 20 45 a2 4 1 3 g i
TEAT B R AE R ARRAE )7 81, R QIIME 2 84 G2 3 604 W 1 9% 19 Alpha Fl Beta Z#E P . R JH Blast #4757 91 [
XF, FIH STLV A B4 2 XEHRFE 7 90 AT 1 R
1.5 #3555

K Excel 2016 % P00 B , 245 58 DV 34908 EAn il 22 2R o T SPSS 22. 0 F 4w 2 K 38 07 22 49 # (one-
way ANOVA) , b3 W5 20 850 85 3547 0 57 BE AR (K 565, 4 20 804 FH Duncan R 17 2 1 HEKE 58, P<<0. 05 M 22 57 12
% .P<0.01 A ZFHBE.

2 HBRESH

2.1 BB R AEB AN FAERKERNF A

5 A G, 5 S AR E M H S 225 (P>>0.05,% 2) 1450 220 1~30 d fl 1~60 d -3
H R & i i 3 B IK (P<T0. 05) 5 45 By Br il 56 2 41 1 ) 3 L 38 B & BRI (P<<0. 05) .
2.2 HEEYF KB 3 A T e A IS ARG ol

I 3418 ALB . HDL \ TCHOL & & fl GPT 1 ¥ ¥ 8 3 & T X 41 (P<<0. 05, 3% 3) 5 350 2 41 Fn il 56 3 41
B GLB & 23 8 % T/ (P<<0. 05) ;i B0 45 41 TP & & M GOT 36 PE 34 I 2 # /m (P<<0. 05) ;i 56 45 41 ALP 16 4k
GLU.LDL M TG & ZF2H(P>0.05),
2.3 B R KB 2 A AT e B ALIR AR 6 R

S B A L R 34 A SOD i 1 i 4R 55 (P<<0. 05,58 4) ik 1.2 F1 34119 CAT #1 GSH-PX i £ 2 2
FEHEE (P<<0.05), HFE#H H AR & B O RSB i Ll 4 = 2 i
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x2 FEWERXBERXMMFEREENZIT

Table 2 Effects of soybean straw by bacterium-enzyme co-fermentation on growth performance of Hu sheep

Iji H Ttems 5[] Time (d) X} A Group C 5 141 Group 1 12055 2 21 Group 2 5% 348 Group 3
& 1 27.66+1. 35 27.66+1. 32 28.33+1.31 28.06+1.28
BW (kg) 30 36,36 1. 44 36,08+ 1. 93 36.95+1.97 36.27+1.43

60 43.35+2.52 43.23+2.25 44.55+2.48 43.41+2.21
¥ 1~30 290.00441. 77 280. 56+ 83. 55 287.65491. 03 273.61447. 27
ADG (g-d™h) 31~60 233, 06470. 02 238.41+77. 80 253.33479. 56 238.06457. 10
1~60 261.53437. 51 259.48+77. 61 270.49481. 95 255.83444. 03
T H R R 1~30 1526. 00+ 24. 08ab 1469. 48+67. 32bc 1376.70+61. 60c 1525. 88+ 54. 32a
ADMI (g+d™h) 31~60 1614. 1729. 60 1582. 33284. 00 1578. 22484. 41 1610. 87+ 14. 81
1~60 1570. 09 20. 90ab 1525. 90 24. 43bc 1477. 46£70. 05¢ 1568. 38+ 24. 86a
R 1 1~30 5. 2640. 08b 5.2440. 24b 4.79+0. 21c 5.580. 20a
F/G 31~60 6.93+0. 13a 6.64-£0. 35ab 6.230. 33b 6.77+0. 06a
1~60 6. 00--0. 08ab 5.88-50. 09b 5.46--0. 26¢ 6.13+0. 10a

BW: Body weight; ADG: Average daily gain; ADMI: Average daily matter intake; F/G: Feed to gain ratio. [Al47 7R [F]/NG FHE R 2 5 3 (P<<

0.05), FlA. In the same row, different small letters mean significant difference (P<Z0.05). The same below.

x3 HEHEXBEREXFELEENEROZE

Table 3 Effects of soybean straw by bacterium-enzyme co-fermentation on serum biochemical indexes of Hu sheep

Jji H Ttems Xt HE2H Group C 5 140 Group 1 50 24 Group 2 B 341 Group 3
MEETP (g-L ) 71.40416. 33¢ 84.2610. 64b 86.64+9. 25h 95.31413.95a
FIEAALB (g LY 27.67+5.40b 32.0144. 17ab 32.0143. 05ab 33.6245. 28a
BREH GLB (g-Lh) 43.73411.33b 52.24747.47ab 54.634:7.92a 61.69%11.65a
BN EM GPT (U-L ™) 15.2446.99b 20. 80+4. 09ab 20.09+2. 82ab 23.28+8. 66a
BEEEEE GOT (U-L ) 119. 42+30. 62b 154. 57430. 30a 157.17+36. 58a 160. 3444 26a
BB AR A ALP (U-L 1) 323.13483.92 309. 94+65. 83 313.54+82. 41 375.11+137.68
I GLU (mmol-L™") 4.22+0.68 4.2540.75 4.3540.95 4.5140.89
% ¥ R 11 HDL (mmol-1L ") 0.7540. 20b 0.9240. 09ab 0.9040. 13ab 1.04+0. 25a
fiC# B E 4 11 LDL (mmol-1L ") 1.2040.27 1.19+0. 31 1.29+0.28 1.3240. 29
SAJHFEEE TCHOL (mmol-L 1) 1.5040. 45h 1.77+0. 21ab 1.850. 38ab 2.1040. 51a
Hl =® TG (mmol-L ") 0.70=0. 26 0.7020. 24 0.7440. 22 0.7240. 26

TP: Total protein; ALB: Albumin; GLB: Globulin; GPT: Glutamic pyruvic transaminase; GOT : Glutamic oxaloacetic transaminase; ALP: Alkaline

phosphatase; GLU: Glucose; HDL: High density lipoprotein; LDL: Low density lipoprotein; TCHOL: Total cholesterol; TG: Triglyceride.

x4 HBENELXBERMNBMFELEFRENERNZMW

Table 4 Effects of soybean straw by bacterium-enzyme co-fermentation on serum antioxidant indexes of Hu sheep (U mL™)

Tji © Ttems X RE 2 Group C X5 120 Group 1 5% 2 40 Group 2 X5 340 Group 3
ALY B AL EE SOD 21.44+1.29b 23.59+2. 15b 24.57+4.03b 28.24+4.77a
1 A LS CAT 2.17+0.17¢c 2.47+0.14b 3.1240. 14a 3.1470. 33a
A H R A Al GSH-PX 173. 74+36. 14d 202. 81+ 25. 34c¢ 234.11+24. 36b 264.61+6. 25a

SOD: Superoxide dismutase; CAT: Catalase; GSH-PX: Glutathione peroxidase.
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2.4 HBEEYF) KB A AT e T IR 5 AR 60 ok

5%k B2 AR HE LR 1.2 R0 3 4H (9 S BR 4 1 A (immunoglobulin A, TgA) & 1 8 42 5 (P<<0.05,% 5),
I 2 F 3 2H e Bk AR F1 G (immunoglobulin G, TgG ) Al 46 3% 5k 4 1 M (immunoglobulin M, IgM) & & ¥ i 2 4 5
(P<C0.05), HLFf H R A 1 o2 RS B 4 Lo i) iy 32 v 22 1 Tt a3

x5 HEHERXEBEREXMEFENLEREERNZNE

Table 5 Effects of soybean straw by bacterium-enzyme co-fermentation on serum immune indexes of Hu sheep (pg mL™)

Iji H Ttems X IE4] Group C 55 141 Group 1 55 2 41 Group 2 55 341 Group 3
GRERRE M A IgA 15.2540. 78d 17.2840. 55¢ 18.6340. 71b 19.6441.37a
GIERE A G 1gG 127.47410. 26¢ 131.9048. 99¢ 147.88=+6. 71b 162.80+8. 17a
G REEREE 1M IgM 5.87+0.62¢ 5.68+0. 62¢ 7.2070. 62b 8.31%1.10a

IgA: Immunoglobulin A5 IgG: Immunoglobulin G; IgM: Immunoglobulin M.

2.5 WK K A A R ALK AL R 60 Y
5t B A H 3056 2 4189 CP ONDF Fl ADF W07 16 3 44 3% 3 (P<<0. 05,4 6) .

x6 HENWELABERMNBERSRUWBEAZENZM

Table 6 Effects of soybean straw by bacterium-enzyme co-fermentation on nutrient apparent digestibility of Hu sheep ( %)

I H Items Xt R Z Group C R 241 Group 2 P{H P-value
HLEE 1 R AL % ADCP 54.00+0. 17b 62.52-40. 76a 0.039
rh Y R AF 4 M AL % ADNDF 59.06+1. 66b 64.94+0. 10a 0.020
iR M Uk i 2F 4 3R WL 1 % ADADF 51.34+4.00b 61.02+1.07a 0.049

ADCP: Apparent digestibility of crude protein; ADNDF: Apparent digestibility of neutral detergent fiber; ADADF: Apparent digestibility of acid

detergent fiber.

2.6 HEWR AT ER T RBEARKN YA

XM, R 2HN R TRMEASASTEREF ETH(P<0.05,3£7), KR & & 8% TR (P<<0.05),24
R IR A TVEA & 20 B4 88 17 7.01% .18.33% .5. 98 % , H 2 R A W3 (P>0.05) ., P4l pH [a] JC i 3 2% 5
(P>0.05),

R7T HBHRABRERNBFEEABESHNMZN

Table 7 Effects of soybean straw by bacterium-enzyme co-fermentation on rumen fermentation parameters of Hu sheep

T H Ttems X} B 2H Group C 55 2 41 Group 2 P{H P-value
4B Acetic acid (mmol-1L ") 210.74+94.51 225.51+39.32 0.151
& Propionic acid (mmol-L ") 67.12+33.36 79.42+16.44 0.287
5 T W2 Isobutyric acid (mg-mL ") 12.5846.50b 12.8241.46a 0.008
T I Butyric acid (mmol-L ") 32.37415.05 27.43+5.46 0.251
%% Valeric acid (mmol-L~") 4.97+2.41a 4.48+0.72b 0.008
BARRVERRWIR (TVFA, mmol-L 1) 348.11+156. 16 368.91462. 40 0.177
pH 6.21+0.12 6.32+0.05 0.895
BAARENH,-N (mg-dL ") 10. 55+0. 64b 14.31+1. 12a 0.041

TVFA: Total volatile fatty acids; NH,-N: Ammonia nitrogen.
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2.7 HEHMR AT HEREHRENG Y G

2.7.1  BARGEPE K EE GRS X SRR A W 2 R
B 5 M T B AR G 2 ZH M B AR W kR

B, W ZH BB 2 L Y #E AE 4> 28 BT (operational
taxonomic units, OTU)fF7E 25 5 W 41 4L 7= 4 4965 4
OTUs, H 110254 A A OTUs, XF 20 A 2029 4
MA OTUs, ik K 24445 1911 a4 OTUs(E 1) .
Alpha 2 F¢ 143 1 45 5 2 B . P41 19 Observed _otus 48
#( . Shannon , Simpson , Chaol fil Goods_coverage $& %
W) W E %R (P>0.05, % 8) o F A b5 4 M7

AHRZH Group C - ikI8:24H Group 2

1911

1 HFEHEBEMEY Venn &

Fig. 1 Venn diagram of rumen microorganisms in Hu sheep

(principal co-ordinates analysis, PCoA) %k 75 £ 41 B A B UF 19 4= ¥ % 8 &, PCoA 1 BE fi# F% 21. 6906 1 22 5 1
PCoA2 REMFRE 17. 3000 (22 51k, W 2 N REAS B3Rk 4 vy, 150 10T 4L P 3 A 00 e 205 ) 180 R 2 A/ D 5 1 A TRD A AR

P R, T A 2 T 2 2 S AN R (B 2) .

®8 HEBWMREAXEBREREXMEREEMEY Alpha ZH TN

Table 8 Effects of soybean straw by bacterium-enzyme co-fermentation on rumen microbial alpha diversity of Hu sheep

i H Ttems X} HE2H Group C 55 2 4 Group 2 P1{H P-value
Observed _otus 5 %% Observed _otus index 1098. 75+107. 19 1040. 25+177. 25 0.486
Shannon #§ 4% Shannon index 8.40+0. 22 7.93+0.67 0.343
Simpson § ${ Simpson index 0.991340. 0021 0.975040. 0278 0.486
Chaol #§ 4% Chaol index 1132.78+133.81 1090. 50+£231. 75 0.686
Goods_coverage £ %1 Goods _coverage index 0.9980+0.0014 0.9970+£0. 0022 0. 686

2.7.2 G P ) A R SR XTI R OR S G W 2 A
T4 1) 5 1R PIZAAE KPS B A ) o A 4
FF 5 '] (Bacteroidota) | J& BE R '] (Firmicutes) | # JiE {4
I'] (Spirochaetota) . J i i '] (Euryarchaeota) . %5 il #T
i [ (Campylobacterota) | & ## W '] (Verrucomicro-
biota) A8 & B '] ( Proteobacteria) £ 4E #1 5# [] (Fibro-
bacterota) Fl # % B [ ] (Cyanobacteria) &5 , H 1 J& BE [
FTRIAUAT R T AR 1] o 5 X0 BRAH A T, 1l 2 20
Jod W AUAT B )RR X 2 W T R BE B ) Y A X
F TR (P<<0.05,%9).

PIZHAE R K 0 3 S W A 7R IR IR
J& (Prevotella) . FREWF i BF RCO I Bt (Rikenellaceae_RC
9_gut_group) W Bt G AT 1 J& (Methanobrevibacter) | fi
% I MR J8 (Succiniclasticum) | B W B UCG-002
(Ruminococcaceae_UCG-002) | 7= Z TR # K& B @
(Saccharofermentans) . w B Hr B #x & B} R-7 #f
(Christensenellaceae_R-7_group) . T R I W J&

302

7
Principal co-ordinates analysis 2 (17.30%)

-0.25
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-0.50

-0.75

0 X #8 2 Group C
O 5624 Group 2

-1.00

-1.25 ! I '
-0.50 0 0.50
EARFR BT

Principal co-ordinates analysis 1 (21.69%)
2 EFAENA Unifrac 25 5 Y = LR 7

Fig. 2 Principal co-ordinates analysis based on unweighted

Unifrac distance
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(Butyrivibrio) . B W B} NK4A214 # (Ruminococcaceae_NK4A214_group) 1 & & K L W # UCG-001
(Prevotellaceae_UCG-001) . 5%F BAAH L , 50 2 4138 5 IR R A UCG-001 By ARXT 4= B 1 2 4 5 (P<<0. 05, 3%
10), HAx s P 21 =2 i 22 53 A B 3 (P=>0.05) 6

®9 HBHRABRERNHEEEMEWETKE LT

Table 9 Effects of soybean straw by bacterium-enzyme co-fermentation on rumen microorganisms in Hu sheep at phylum level

I H Items Xt HE2H Group C 5 2 41 Group 2 P{ P-value
U ] Bacteroidota 0.4551+0. 1948b 0.6279+0. 0470a 0.047
JEBEF 1 Firmicutes 0.400640. 1553a 0.261020. 0158b 0.029
B2 K ] Spirochaetota 0.00392-0. 0028 0.0041%0. 0009 1. 000
" # i 17 Euryarchaeota 0.06020. 0401 0.04344-0. 0232 0.686
25 il 41 % 7] Campylobacterota 0.00012=0. 0001 0.0001%0. 0001 1. 000
PER B ] Verrucomicrobiota 0.0050+0. 0051 0.00360. 0022 1.000
K i) Proteobacteria 0.0008+0. 0003 0.0002+0. 0002 0.057
ZF4EAT 1] Fibrobacterota 0.00404-0. 0043 0.00304-0. 0009 0. 886
W W 1] Cyanobacteria 0. 0004=0. 0005 0.00124-0. 0011 0. 200
HoAth Others 0.04724-0. 0067 0.03654-0. 0115 0.343
R H1H Unidentified _bacteria 0.0228+0.0156 0.0190+0. 0227 0. 686

x10 FHEMRELZBERMHFEERENERKTE LHRM

Table 10 Effects of soybean straw by bacterium-enzyme co-fermentation on rumen microorganisms of Hu sheep at genus level

T H Items X} B& 4 Group C 5 2 4 Group 2 P {# P-value
W E IR R Prevotella 0.1706-+0. 1320 0.20014-0. 0846 1.000
PR BF RCO W Rikenellaceae_RC9_gut_group 0.1036+0. 0391 0.1760=40. 1062 0. 200
W1 458 45 T 1 J& Methanobrevibacter 0.0598-+0. 0395 0.0431-+0. 0230 0. 686
fit BEFAIR B Succiniclasticum 0.0464+0.0129 0.0541+0. 0269 1.000
I8 W R UCG-002 Ruminococcaceae_UCG-002 0.0384-+0.0413 0.0090-+0. 0015 1.000
7 LR K W B Saccharofermentans 0.025040. 0238 0.009040. 0029 0. 200
T LI B AR A RE R-7 Christensenellaceae_R-7_group 0.0169-+0. 0209 0.0070-£0. 0022 1.000
TR INE B Butyrivibrio 0.014540. 0220 0.00134-0. 0005 0.114
Jo R NK4A 214 Ruminococcaceae_ NK4A214_group 0.0147£0. 0203 0.0036=+0. 0007 0.486
P TE R [CHE AL UCG-001 Prevotellaceae_UCG-001 0.011740. 0070b 0.029440. 0080a 0.029
HoAh Others 0.4985-+0. 0303 0.4674-0. 0829 0.343
3 itie

3.1 WHE R AR LA ELERERGY A

KR H BT OB L 3R RS YA G . Kim S5 R 9T & B A G P R K T 4 TR A H R T 4R R PR 4 oR
i A H S RS B, RN 1096 ~30%6 Y B BB [R] A I il 3% (Brassica napus) R FF & T 10 E SRR
AT H B 0T 20 %6 20 R E EE R AIG, AR T SRR S R BRI 526~ 1520 A Ak AR T R I RHE T PSR T
0 R U 0B A LS AN TR LA B4 Bl A A TR AT O R S /N R E S H O AR Y L AN R
Ok WA T O 0 3 5 W) ) 2 K B R 2 OB R 66 00 K IBE SRS A U0 4 T A SR B R R AIG, G TR T R R AR
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VAT H R AR (e i , BRI SR & T 2 0K 4y R TR] GBI & I8 R 5 304 TR A DR S K AN T 3 ) R4
FEAH S5 177 03 AR 55, R B0 2410k & T R EAR . BT R, S (O R B A S — B s A 2F 4 3 R i 0, e 8 1)
20 0 A1 53 Wb 22 Tl K ST T A 2R ok T 0 0 O KA R RS AT b R 2% 1 22 IRBE O N A TR R I BB SRR
Tty E 43 ik P £ 24 3% 1 [ BSF o AR 02 B 280 R P VR T TS A B i R SRR A R RO T i 11 R A o
A BRI SRR 2 sh ) BRI S 7= e R 22 e B o & B 1 R Uk IR, HL A0 B 5 A 1 H R SRR A
] SR TR SE Sl B A AR IR G TP 66 96 & I SRS 4% I B I k) B L 3 O R A, T BB Fh T T P I R e
LR B A T R RAR A TR RIS 2 0 Bl A W T A S R R T S L 4R
T2 3R 43 04T A AL RE T B AR R B AR AR
3.2 HEET R A B B AR A F ok 35 AF 00 %

I35 A= Al FE b T 52 B Sl AL AR SR R R W S R AR B R AE S RN 2 5 S SR AR, 3h
Wy PR B R A I o s R Zh BB A2 5 GOT A1 GPT /K233 '™ . 95 ibe A 2 BF 5T & B2 4 75 2B 1 & IR 4]
BHE TR SR M TP A ALB & &, J8 B BE 5T & B0 0 il P ) & 1 ik SR RS AT 4 & T I3 TP ALT Al TCHOL &
o ARE R B OGR4I TP .GLB ALB . TCHOL fM1 HDL & & Ml GOT .GPT 1% ¥4 & 5 DL L i 57 45 S 3%
AR — B, Uk B K T RS BB A A S R N i T AR KT B v R A RN S K-

PO A I T S e 3 4 X 3 A% 1 B R AR RO . SOD R it R AL ¥ 43 i R K I BB 4 M B 4, CAT
AT K 3 A AL SR 5K, GSH-PX RT3 s HC 3 J5T P 55 B 00 47 1 Fl ik 0 3 B RA 3 A A Tg SR AR TR e
72 A ST IR A S A AR R BOAAR S T A 32 B A T I 1 3 e v R 6 R R R
RERZMAE REEMTFREFE " @G RME TS EESMOEARZ —, EPURES R E G YIT R MK
I RS0 40 ke S5 TR AR T TgMLAE B 7 28 W30 7 AR 5 0 D A A T AT SRR TR e . SR Ine
SEVIRESY e PR A 25 2R T R R B T SR I SOD IgA Rl 1gG /K ¥, B 26 BIF 5% & BRI A W) & e s AT g
#7511 % SOD \CAT .GSH-PX . IgG 1 IgM 7K F-, J& 13 ¥ 5% & 30 1T il By [ & I 1 S A% P4 1 17 LD 2 i 35 SOD
GSH-PX FI CAT I 4 , A< 320 5 v A [6] LU 5] 19 & % 2 R AR & 1 3F 1% SOD . CAT \GSH-PX  IgA . 1gG i
IgM K-, 5 DL E AR5 45 R A — 2, BLRE AR B0 ) 0 4 e 2 0 Tk R 4, 00 B S o 2 % 2 it o 0 2 Bt 4Lk e
71,3 R BE SR TR R FH B M 22 T B RE A B DR T RR T S T A BT AR AL R G, 1 Y G I T
PRS0 TR B s A OB A BR B AT I BE O A R SROME R W BE R LA s E ML R A Y AL AR e

Ij] ﬁEHS*S( .
3.3 HEmW R AR LESTHEBEREDG YA
T8 e R A sh YA MR AL R G0, H A 2R 0 A W 7 52 3 ) SR IR BT DRI A3 A SR OKCOF4E 2 R I R

B 52 ), F T A0 B 2 R B W BB 95 % Y. Alpha £ RE M A B AR W R RE SR R R RN Bl 22 R M 10 4R
PR Goods_coverage 78 BU48 fl /L W) B 55 %, AR IR K Goods _coverage $5 BT 25 85 F 99 %0, UE B A K i (19 4 F T
o7 LU AALG 0 5 45 S e S S Wi J A B R R R A 2 AR, BRI LR O R el AR R R 2

4 )98 B R WA T KT 0 PR S TR SR JUUAT BRI RIEE B BRT 1] DU BRI BE K S A A0 B R i T
T RUK G SR AR E W, & B R VBRI IR . JRERE TR ] 5 22l ml e ik 2 4 1) 40 T3 T 4% 1A R 25 A T 4570 AR
I TP PR B OB T X AT BT TR R RE B 1), R I RS AR B RIAT T E B L R R TR R R, X
55 Guo M Ak £ K (Zea mays) A T W35 55 47 980 B SUURT 18 17 2 B2, R AR BE A1 1) = B2 i 45 R — 8, 5 LU
P AR I Y B A A (Arachis hypogaea) T FF [ AR 2 A0 1L 2 i 18 S BE B 1] =F B O 45 AR — 8, B
BETRT [ = B2 3 AT P BB AR PRI oAy i T O Al & 4 5 o SR, EL 3 A W9 1k 2 4 i) il R 200 181 P B0 2T A 1) % i 0 A [ el
TAUFE R T TAR X = B B 30, (s 45 JE BE B 1A X T BE B AR . A IS I F IR B AR W O A T A 3 R IR TG TR R B
WFEE B RCO A HF o 5 8 TR [ 0 JE A6 A SROME Ve M AR I A 1 52 R0 O 58 %) 90 1 A5 0 9 ) 2 A 3% 6 i v R 4 o 2
PERI o ik 35 40f 2RI 53 36 W8 UK R BB UCG-001 7 Wb By 21 4k B A 8 [ fi £ 4 25 5 1 R B BROAE . 48
S I S BRI R BRI 2% (Caragana korshinskii) % ek ml 41 w77 50 208 1 3% 3 IR IR B UCG-001 E ],
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AR b % o SRS A R IR G B UCG-001 AH X = B4 v 5 He— 2. U6 e BEAS FF 1T U 0 AR &7 48 1) B A
O U YR RS

S N0 A A B R T A R ) R R e B R . S M E S S B ORE AR SRR
g, A Haﬁﬂié’]ac BB I RE o R NHL-N 2 8 (A v e = 4, R s
BB REARRY ", S TR E N 0. 35~29. 00 mg-dL "' 4% & 5 7 iR (volatile fatty acids, VFA) &% H
A W 53 it i T ) AR A 25 0 = R I RIE 9 A T T I A I SRS AT R T I A B NHL-NL TVFA
JKFLA S CP NDF #l ADF 00T 3%, 14 30 55 BIF 53 3% B 18 109 13 [9] 2 182 1 IR (Saccharum officinarum ) #5425
T 4R H NH,-N . TVFA KL S CP AT NDF B9 463, 208 €550 58 & S0 R rh s in B2 A6 /s AT 1 A= 0 % T
T ek AT 4 R i SE A 5 2R NHL-N YR B, 4 22 450 70 11 27 1R rp R I AS () Eb f81) 1) & T A ke 5 2R g B A9 4 W 2
JE TVFEA 5, ZRR AR & A — & K, Kyawt 5587 BF 58 & B, 1) A 9 & I A s B2 o8 1 4 SF 08 B
K E AT B NP i NDF M ADF LR, Guo & s L B4 L B ERICH B VRIS, &k E
KN B 7 0 8 T R R R R v B . AR IR b & T RS AUR B ONHL-N VR B L U B R () B sh T A
W, S TR R LT R R TR, SR N RN R R ENR DR AT — R M4 R, CP NDF M ADF & Wi
THA R B, 5 DL BF 9 25 R AR — B, U I VRN & T A I R R S P T A T R A A 0 R R I IR TR R
20 it B £ 2k 235 K I i RO B B 0 TR A, O TR R IR DA A R A UL T Ak R R

4 it

TEWIE FUAR AR L6600 10 T i P13 () A e s A QU FTU%Z*E T ARl A D 2 R B i 3R 0 ) M
TH A 1 5 ] F AL BT S AP BE AN G 8 ), W AR W) ) L, 32 T T i oo 3 B A i
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