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Abstract: [ Objective | Fermented microbial feed can improve the palatability and digestibility of feed and
promote the balance of intestinal microecology of animals.Based on the microbial fermented straw diet system,
the fattening performance and intestinal microbial community structure of weaned Hu sheep were analyzed to
provide a scientific basis for revealing the mechanism of microbial fermented feed promoting intestinal micro-
ecological balance of Hu sheep and further promoting the utilization of straw.[ Method ] The feed was ferment-
ed by biological fermentation method.36 Hu sheep of the same age and similar body weight were randomly di-
vided into 3 groups with 12 in each group.The sheep in group A were fed with concentrate supplement and pea-
nut straw, group B were fed with fermented concentrate supplement and peanut straw, and group C were fed
with concentrate supplement and fermented peanut straw for 54 days.At the end of the experiment, the average
daily feed intake, average daily gain, feed to meat ratio and other growth performance indexes of sheep in each
group during the experiment were statistically calculated.Six sheep in each group were randomly selected to
collect fecal samples, and the intestinal microbial structure and abundance of sheep in each group were deter-
mined by high—throughput sequencing method.[ Result ] The results showed that feeding fermented concentrate
supplement tended to improve the growth performance of mutton sheep, and fermented peanut straw could im-
prove palatability, feed intake, growth performance and feed conversion rate of mutton sheep.Compared with
group A, the relative abundance of flora in group C decreased significantly (P<0.05) , the relative abundance of
Firmicutes and Synergistetes decreased significantly (P<0.05) , while the relative abundance of Parcubacteria
increased significantly (P<0.05) at the gate level, and the relative abundance of , Clostridium 1V and Flavoni-
fractor decreased significantly (P<0.05) at the genus level. [ Conclusion ] Feeding fermented peanut straw can
effectively increase the feed intake of sheep and improve the growth performance of mutton sheep to a certain
extent.The crude fibers in the fermented peanut straw were decomposed into small molecules, which could be
absorbed by the body without Firmicutes decomposition, leading to a decrease in the relative abundance of Fir-
micutes.A large number of lactic acid bacteria in fermented peanut stalks inhibited the growth of harmful bacte-
ria such as Flavonifractor and promoted the health of intestinal microecological environment, which enabled
Clostridium XLVa to perform its functions normally.
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Tab.1 Groups of experimental fattening sheep

434 Group it/ Number ALFE Treatment

A4 Group A 12 FaRRD SR+ A RS

B#l Group B 12 KRN FERE AN 1.29% A=W 550 + 465 RS FF
C#l Group C 12 RN ST+ A T AL A RS FT

1.3 RXIEAR
1.3.1 Atab A A R B KPR sERER T AN 7S S AR AT R A R AE P M B IR EBL AR, &
P AL B« HERA PR IBOR BERD STORE , S I 1.2% A2 ) 181 590 (R U5 T 7 B i TR R T BB B A PR | A2 ™, E 2L
O3 HEZE AURT TR (A 0TS B =>1.0x10°) , ZE 7 BR 1 (22.0x107) , BRI B2 (>1.0x10°) , HE# FLAT B (22.0%
107) , IR51 )5 B K 18 30 min J5 277 1RIIEE
132 FARATREE WA ERFT300 kg, PRI (7] 1.3.1)6 kg, 2P 3R : e HL 100 g 464 b A6 I H:
Pk (2 E B K& 9.9%) , PR A ¥ A1 /K I =X (G G 100 FH ik 8 8, (K or S5 e AE RS FHIR A
43 AR AERE A S K B 2 50%~60% , i T, I K £ 287.5 kg FRUCKAE A FEFTF BIShIR 5, 14
BB, SRR AT . TR 30 em 20, 73 2 WO N, 43 2 BR S, fiefo o Wi, DO RS9 B, IR
AR 14 dJ5 TG RO T RAEIE K
1.3.3 B#RERRS  RAEHRIFEERNS R,
*2 HBAR
Tab.2 Daily feeding of test

i H KRN SERH % FELERE % K BEACERERT 1%
[tem Concentrate supplement Peanut straw Fermented peanut straw

7K4) Moisture 10.9 9.9 56.1

MIZE M Crude protein 14.4 7.26 7.92

HMEFHE Crude fiber 12.6

FRPEVRIRELTZE Neutral detergent fibre 46.02 47.19

FRMEVR AT HE Acid detergent fibre 36.93 34.62

5 Calcium 0.46

M Total phosphorus 0.43

HORRE SR 100 A S EL

Nutrient compositions of the diet are measured values.
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I ROK o LI AME] 10, T M 2 BN Y/T816 A F AR FR bl ” O RHaE - 25 41 P R RR R 3 — 2
RIS I IR R 2 630 g/d, Bl AT 31 d H M REFR 6 d 34 im 100 ¢/ 2, J5 23 d H IR DL 820 of HUE i)
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M 5 HEL TP IR A 2 AR I R B O P 9B, A SRS LU R P T 7 6: 4, R IR AE AR RS AT 25 7K i 5090~
60% , LA T4 5t by BG4 38 )0 30 A8 A Rl AT FE AR B M, 45 41 400 HAR TP BRI — 20 , KRy
PR A PR LR AT AR R
1.5 WERRRFE
151 ARMERMNTIHAARAS & BRWEE RO, IHGAC % 550G RUEFRFRIRH R,
WEORHHVE B 2% 2 IR AR EA T PR i, GE 4% 2 A T — H AR SORLIARE R, A0 ok 10 5 1R
31 K 54 KRB, &4 R FE2S M 12 Wit i AN FR i R A8 LAY HoR i B & BRI LA,
[Fi) f 8 53 X o A P a2 ) A LA BB T L o
152 i fg A4 165 RNAMZ  EESHUT , B RPLL R 6 HUF  RIBCHLISMEREA R 1 Bl A T
A28 FIEAT 168 xDNA e H il 5, AR B A5t B0 B080 , LU B 25 13 4 2 (8] B 3 U IR 1 22 57
1.6 BIESWTE

IR 5K Usearch \R  Krona 554 {4 #4742 (&1, {1 F STAMP 844647 22 5 P 53 #7 , R HH Fisher ex-
act test\Welch’s t—test \ T—test J7 TR 56, Fe Jo KA R 3045 21 19 PR FH FDR i Multiple test correction =
2 g 8, E5 R LA P<0.05 1 25 1 22 S i A

2 ZER545H

21 AREEZEBAMRIHEERKERNIEAR

3R 3] UL, £ RS R H R B R4S B B A — 0 MR H R B R/ AES I B DL C s I T+
YITRE RSB CHRM, &WRE, CA4UM N RER i e A 40/ B 443 5 7 T 65.13% Al
66.62% T4 T Y BT R B i L A 4R B 4143 9% 7.45% F1 7.25% ; 4 LHAE A B B E- 3 H B 25 B i 2%,
PILLA LA, P T DL B 414, H A 4115 5.93%(P>0.05) , i 8] Ko 430900 LA C 2l d5e 5, 20 591 e A 21 5
19.48% % 8.33%(P>0.05) , 73 &b, B 2 B, A 2 1 B 26 J 399 1 348 J B ARG A (., 0 C 2 309 I 438 o [ i )
XTHE /N 5 25 ZHRE A LUAE 25 B BE3A DL C AL I, A i e, C LR T I L5 0 M 4 J0DRE A LE 23 301 Lk A AR
11.93%.19.15% [ 14.61%.

3 ERKMEREER
Tab.3 Growth performance indexes

WR SRR MR H SRR TTETYR sy pmd, A H

Efi éiﬂ Daily concentrae Daily. roughage E ;‘Eﬁﬁ & A\./eragcf Feed conlversion

intake intake daily intake daily gain ratio

(31 d) A 836.96 484.41 1182.19 185.48+43.60 6.37
Early stage(31d) B4l 836.96 485.22 118291 196.48+42.56 6.02
c4l 836.96 710.48 1057.64 188.39+52.40 5.61

(23 d) A 820.00 532.61 1210.50 151.74+28.14 7.98
Late stage(23 d) B4 824.11 520.95 1203.66 164.82+43.15 7.30
(oF: | 820.00 1 000.00 1169.62 181.30+47.67 6.45

2(54 ) A4 829.74 504.94 1194.25 171.11+35.62 6.98
Full stage (54 d) B4l 831.49 500.43 1191.75 183.00+29.65 6.51
(oF| 829.74 833.80 1105.33 185.37+42.41 5.96

BHA TG TYI B H RS B R .

Feed to meat ratio is the ratio of daily dry matter intake to daily gain.
22 AE&REE BRI FE BB R 4 4 AR 20
221 FrpE A SRS ARG 16S rDNA i & 7 14558, X 34 4 I E U)o 24
PEREAT 0T, 13K 4 1715, Shannon H1 Simpson i K02 W], 3 4> 21 ) i 3 T i 2 AR R3S 0 R E PR 22 57
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Tab.4 Alpha diversity statistics chart

FEdh Shannon #& %k ACE $5%1 Chaol 5% Coverage $6 %1 Simpson 15 %%
Sample Shannon ACE Chaol Coverage Simpson
Al 5.60 8 145.51 5763.56 0.97 0.99
A2 5.24 6 958.67 5104.60 0.97 0.98
A3 5.44 6 868.42 5142.57 0.97 0.99
A4 5.30 7051.77 5165.61 0.97 0.98
A5 5.49 7559.03 5449.39 0.97 0.99
A6 5.74 8 135.40 5636.77 0.97 0.99
Bl 5.05 5077.88 3 530.00 0.97 0.98
B2 5.57 6311.47 4431.62 0.97 0.99
B3 5.14 7252.88 5163.77 0.97 0.98
B4 5.32 6503.17 4 625.01 0.98 0.98
B5 5.39 5617.09 4082.14 0.98 0.99
B6 5.17 7 268.76 5196.85 0.97 0.98
Cl 5.37 6614.72 4814.70 0.97 0.98
Cc2 5.40 6 478.65 4715.59 0.98 0.98
C3 5.06 6 732.40 5014.30 0.98 0.97
c4 4.94 2616.00 2 479.00 1.00 0.98
C5 4.99 6922.19 479231 0.97 0.96
C6 5.34 6 568.54 4642.52 0.97 0.99
PCoA1(22.0%) VS PCoA2(20.0%) PCoA1(34.0%) VS PCoA2(14.0%) PCoA1(32.0%) VS PCoA2(18.0%)
e
§ EZZ B o § 0.17 g § 7
% —010: : - %/ 0-01 i‘l’n:? %/ N o .
R B ¢ g ° % £ 0.0 I : % )
o0 ° -0.11 v o ° °
S02 —01 00 01 S02  -01 00 o1 —ol.z —Ol.l ol.o Ol.l 0.2
PCoA1(22.0%) PCoA1(34.0%) PCoA1(32.0%)
HC_P:AZH;HC_FP:B4l;FHC_P:C2H
HC_P:Group A; HC_FP: Group B; FHC_P: Group C
K1 RIE S B R ) B AR S A
Fig.1  Analysis of B diversity of gut microbes in different experimental groups
222 ATy EARF M AT ARIGIFPEUR  AEBEE YRR B2 T 20 B, T SE 2 60

GIHT T IR S AE T TR L RRER S5, JTH 3 20 A 05 2540 S BT RCTE — X L, JE T REVR S5 1 24 53
IHTEE S B, Firmicutes . Bacteroidetes | Verrucomicrobia . Proteobacteria \Actinobacteri &= - 17 18t A5 ) v
FERIUIEE , o Firmicutes Fll Bacteroidetes 2 L¥ P& J& , A =F Bt & T HAWGE & . iR oy 2545
A B 1) B 2 S, 4R L0 20 ) 2 AP A W 35 22 S g W P 40208, R T A ) B R = B 2 S A0 B R R B



- 886 - RN AN I 3 43
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Fig.2  The relative abundance of each grouping sample at the gate level
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Tab.5 Strains with significant differences in different groups at the phylum level

o R 1% SR (P
il Abundance ratio Difference analysis (P value)
Bacteria
A B C AvsB AvsC BvsC
Firmicutes 54.903 45.277 47.445 0.043" 0.016" 0.496
Synergistetes 0.091 0.065 0.071 0.102 0.041" 0.594
Parcubacteria 0.004 0.001 0.003 0.550 0.003™ 0.004™
Atribacteria 0.002 0 0.003 0.526 0.199 0.049"

7 RN B (P<0.05) , " FRIR 22 B (P<0.01)

“*” means significant at P<0.05, “**” means significant at P<0.01.

223 AT B EAKFGHF A ISR TR Y 08 AT X S 2 AT 40, 2 i R ]
IRV, 5 TRV G5 A 20 53 o A 45 R i B, e AR G 2 BE DA v BIMIRHE S 1 6 J& 53 51 4 Bacteroides | Alistipes |
Clostridium XIVa Akkermansia . Oscillibacter . Paraprevotella . & 2H [0 & 7 =F B 22 S5 0 W a5 R & 1, 76 J@ 7K
V- E A Z RS B s () LR S B e e i 25 5, A 215 B 41 2 [A] Anaerofustis \Brevundimonas,
Terrimicrobium %5 7 J& B A AE B F k22 5, Horp A 25 TP AT F B35 1Y Clostridium IV 1 Parabacteroides [
MY B & T B4, A4S C4 28] Clostridium 1V  Aquabacterium . Bacillus %5 T8 J& 0] 47 75 & & P 2%
S, Horp A 32 B H 45488 =5 B9 Clostridium IV LA X Flavonifractor BYFRXT E B i & T CAH (F 3 I 6) .
B 45 C 4l Z 8] Brevundimonas . Atopobium .Aquabacterium %5 b J& [F] A7 AF {2 35 M 22 55, (5 DR ELAR X 32 5 3%
BAR(<0.5%) , AT IR
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Fig.3 Relative abundance of samples in each group at the genus level
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Tab.6 Strains with significant differences in different groups at the genus level
i IE /% 2 ST (PR
Al Abundance ratio abundance ratio Difference analysis (P value)
Bacteria
A B C AvsB AvsC BvsC
Anaerofustis 0.005 0.001 0.002 0.001™ 0.079 0.214
Brevundimonas 0.004 0 0.002 0.005™ 0.302 0.044"
Terrimicrobium 0.005 0.001 0.003 0.006™ 0.537 0.488
Clostridium IV 3.586 1.804 1.963 0.008"™ 0.027" 0.770
Butyricimonas 0.026 0.058 0.046 0.012° 0.087 0.306
Atopobium 0.003 0 0.006 0.016 0.214 0.026
Clostridium sensu stricto 0.486 0.367 0.325 0.016 0.062 0.567
Syntrophococcus 0.006 0.002 0.007 0.016 0.824 0.056
Streptococcus 0.032 0.021 0.023 0.017 0.181 0.689
Gp7 0.006 0.002 0.003 0.022° 0.137 0.530
Acetatifactor 0.021 0.009 0.015 0.025 0.286 0.224
Parabacteroides 0.933 0.525 0.610 0.030" 0.079 0.582
Dokdonella 0.045 0.032 0.032 0.031" 0.165 0.971
Roseburia 0.131 0.093 0.103 0.034" 0.316 0.741
Butyricicoccus 0.201 0.092 0.256 0.040" 0.545 0.091
Coprothermobacter 0.026 0.017 0.016 0.0417 0.066 0.685
Murimonas 0.009 0.002 0.006 0.041° 0.253 0.156
Aminivibrio 0.010 0.005 0.005 0.043" 0.083 0.854
Stomatobaculum 0.026 0.010 0.044 0.044 0.318 0.088
Insolitispirillum 0.001 0.003 0.005 0.044" 0.057 0.426
Aquabacterium 0.007 0.006 0.002 0.563 0.002” 0.028"
Parcubacteria_genera_incertae_sedis 0.004 0.003 0.001 0.550 0.003" 0.004™
Bacillus 0.003 0.001 0.013 0.125 0.005™ 0.002"
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4% Continued tab.

. FBE /% ZE ST (P
AT Abundance ratio abundance ratio Difference analysis (P value)
Bacteria
A B C Avs B Avs C BvsC
Desulfobulbus 0.009 0.005 0.003 0.079 0.006™ 0.310
Ottowia 0.007 0.009 0.002 0.359 0.011" 0.004™
Phenylobacterium 0.011 0.008 0.004 0.143 0.015 0.020"
Oligosphaera 0.002 0.001 0 0.355 0.019" 0.212
Pseudolabrys 0.003 0.003 0.001 0.600 0.020" 0.104
Macellibacteroides 0.004 0.012 0.011 0.165 0.020" 0.774
Flavonifractor 0.864 0.877 0.425 0.962 0.020" 0.134
Steroidobacter 0.002 0.001 0 0.161 0.028" 0.709
Algoriphagus 0.016 0.014 0.007 0.553 0.031° 0.084
Hyphomicrobium 0.006 0.004 0.003 0.189 0.032 0.318
Prosthecobacter 0 0.002 0.001 0.148 0.035 0.933
Tabrizicola 0.003 0.002 0 0.575 0.043" 0.134
Sedimentibacter 0.003 0.001 0.001 0.287 0.043" 0.387
Vampirovibrio 0.115 0.160 0.208 0.366 0.048" 0.326
Syntrophaceticus 0.003 0.002 0 0.667 0.048" 0.011"
Gallicola 0.036 0.005 0.004 0.058 0.050" 0.735
Anaerotruncus 0.247 0.194 0.050 0.474 0.025 0.003™
Olsenella 0.033 0.005 0.025 0.054 0.543 0.003™
Arcanobacterium 0.064 0.027 0.005 0.328 0.141 0.037°
Adlercreutzia 0.005 0.002 0.011 0.271 0.150 0.038"
Atribacteria_genera_incertae_sedis 0.002 0.003 0 0.526 0.199 0.049°

RN ZE S A (P<0.05) T RIRZE S 3K (P<0.01) , " 7R 22 57 i 3% (P<0.001)

“*"means significant at P<0.05, “**”means significant at P<0.01, “***”means significant at P<0.001.
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R, BAK M BCRE & LT YR E RS A A2, M3 H 3 E e 5 0 421055 )
P A 2H 155 5.93% .8.62% J 6.95% , {H22 5 AN b 35, 1 W 4] MR Az IR e b AT i w8 P = 1y A R PR E A
o CLMH R & CHADEL B0 & T A ZH A B 2H , B0 A eI A A RS A 0 PR as, T AR G 3 5 1A
FERG R AR, XSGR G RIS 45 R — 3, AT S TV RCR B & R L LUK C 4
i, HAF- 35 H 3G 5 DL C 2 fw i, U B R A6 A R AR X0 388 8 PR SR A K P RE R RDRH I e AL 32— 52
M), {EL55 BTN HY S0 SRR L AR PR BE R B T RCROF A 8.2, LR T g 5 H MR B0 oR HRb s8R S 4
AEFEFT 0 LA G, e LT A5 O T 5 36 B Bt A I A0 B 5 BRAE ) AR 7 o L 437 g 185 , 3K = 7y A= 7
PERE T % , Abdou A LA 20% AEAEFE AT 5 M i RHE & 4R R AT LUk 31 45 H 48 o, 3 B s A1
ARl 5 2 — > 1 8], A R R v T I A A PR fE
3.2 AEAEEBMRXTHEFEFIE M E AR

K FH Mumina MiSeq 5 H A, X056 3 1 1 18 B HEZEAT 7RG , 0 o 45 SR 3R 0 - I 3 N Fir-
micutes 1 Bacteroidetes & 17318 W WL FE BE , 12 45 R 5 Oikonomou 5" I 5 25 AR [A] o 38 1< % i 18 T8
RERY o ZREPEIEAT 20 BT, 0 IR0 MRS (] 1) 2 1 KR O V50T B I8 o807 g 10 T 1) 22 R (L) R A I3 ) A
AEREFT AT A S S R AT 2 TR 0 R T R, X b C 2 i PRTIRE = B Wl KT A AL, LR T B R AR R
RIS AR P AATERY R FLIR I 7 il WA T AR 2 T I N AP A, PR S 30T TR
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FRERY R TR A, B ARV ST B 25 R 3R W AR MR AN [ 1% 2 T H R 872 X0 i 10 1 A 1) i 5 4 7
A — 8 B

BT HEER T I ACE XA SR 25 R 47 00, B 4L A C 2 Firmicutes FOARXT FFE W E LT A 41, o
TERIWT SR B Firmicutes 202 18 32 B I8 U W) 00 i 21 4 3% 1 d 2 B, 150 rp DB 2 U
RWEST  Horb iHLET 4R S8 ) B e 78 L sh ) 53 T AR WL /N o1 J5 ) sk o i S ik 1 21 48 3R 5 i %
1, AT T W8 N Firmicutes BOFIXT £ T

FL T A M a0 JE KB SR G 25 S04 T 20 M, Bacteroides Alistipes . Clostridium XlVa R 78 N
SR JE , BT R W Bacteroides 75245 1 18 BT 8 J5 THIAT 20 F 2 MAE L 10 Alistipes W REAS £2 i AILIA
B e 70 U K PR AN S TR T R R AR T A R U A IR S R R A 4R Clostridium 1V 1Y
X FEERESTBAHMCH, A SCH AN, Clostridium IVAEITNEE_L AT LIER 98 4 Clostridium XIVa A~
SRR TSGR R B Clostridium X1Va ARG 1 LA KX GBS 2 5 7 18 A6 S0, (1 D RE 2, 5 2 1) i 3 fik
FREEVIA G, Ui BRI C 415 A AR e, 1055 2F K 0 I 1B AR XSRS , Clostridium X1Va REWS IE 5 & ¥E )
BE AT Z Clostridium IV ARARANNBER AL , (45 Clostridium IV (AEXT 42 B 1 2 R FE . WeAM, AL Fla-
vonifractor B AHXT 3= B i 3 5 T C 41, W AH DG SCHR I 2 B Flavonifractor BAT W FE AR S AE ™, i 45 SR ]
figse T KR AL A FEF T AEAE M K EFLRR I, M T Flavonifractor A , Ix 2R EL T Flavonifractor
R AR = B2 A

4 4 &

25 LTI T MR TR R AN SR $2 5 A S R A KPR RE R B, R Y A8 AR RS AT T DAk v
—EREE LAl DUBR i A AR PR RE AR A 5 A 3 5 R I ) A6 A 65 T HhoRLET A28 ) JSOw o ik 1l N1
Y, Tois 223 Firmicutes 53 ffA8 0] ALK, (45 Firmicutes WABXT =B R 6 s 1L Ab , Kk BEAG A RS FFrp
FAER R SRR, 0] T Flavonifractor 5547 T T ARG, 02 7 I 3 A2 A5 R I8 0 f B , i £t e ) i 1
PR Clostridium X1Va RERS IE W K AF HIIRE .
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