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Abstract: In this study, Jining Grey goats were selected as experimental animals. On the basis of basal diet, fer-

mented feed was supplemented to investigate the effects of

I fm B . 2025-11-19
E£WMAB AR BHE A B0 45 H [ €X(23)3081]; 11L78
FARAR M 7=l 47 AR AR R AR B I JATS(2023)389] 5 L 7R

compound  probiotic-fermented  feed on  growth

performance, muscle nutritional components, as well as

T UFF R (202112GC010) ruminal and ileal microbiota in male Jining Grey goats,
VEBE N FEE(1999-) , 4, INAKEA, B+ scd:, FEME with the control group (CK) fed only the basal diet. The
HYE TS B . (E-mail ) 574013361@ qq.com results showed that Jining Grey goats fed fermented feed

BIRAEE X Bl 2k, (E-mail) 346249610@ qq. com; i F 4E, (E-mail ) exhibited significantly higher average daily gain ( ADG)
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mengchunhua@ jaas.ac.cn and lower feed-to-gain ratio compared with the control
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group (P<0.05). The contents of acetic acid and propionic acid in rumen fluid were markedly decreased in the fermented

feed group (P<0.05). In the ileum, the relative abundance of Candidatus_Saccharimonas was significantly higher in the

fermented feed group (P<0.05). Correlation analysis revealed that the relative abundance of Candidatus_Saccharimonas

was positively correlated with average daily gain of Jining Grey goats (P<0.05). In conclusion, dietary supplementation

with compound probiotic-fermented feed can improve growth performance of male Jining Grey goats, and the underlying

mechanism may be related to regulating gastrointestinal microecological balance and promoting nutrient digestion and ab-

sorption.
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BHP A 2 SR =10° CFU/g, S 7K 42.35%, i ih
HEE B, &8 <20.0 pe/ke, pH 1l 4. 45, B F K4
FRWE PR, R HRETINE 2 PR, E
Ay BN 3 FiR

FEAl FOR AN & B ARDR R T  a e R (R
BEHK M BIINE Y (GB/T 6435-2014) BEATIN5E ; KL
FEHTES OB E B e PR e A2
(GB/T 6432-2018) #4722 5 HLAR i % &2 B (1)
LI I 52 ) (GB/T 6433-2006 ) #4710 5
FHR 53 i 4% BRC kL fORL K 43 9 DU 7€ ) (GB/T
6438-2007 ) #EAT I % 5 5 7 2 S B CIRRL 8 1 )
SE) (GB/T 6436-2018) #4752 5 i 7 2 2 B (1
B RBERIE 6t (GB/T 6437-2010)
PEAFINAE s PR IR A i RRR ML DR P e 5 e S %
Soest &1 B A TINE
F1 EBANERRS (UFYHET)

Table 1 Nutrient composition of fermented feed ( dry matter basis)

% (%)
AN 16.86
TR 8.66
HLRE 7 5.71
LA 4k 12.75
R UE TR AT 4 39.07
FRPE VR IR £F 4 19.17
SR 3.39
K 43 9.62
5 0.51
W 0.41

1.2 RIezhRFER

RIS LTI A B2 B sh e 2 3 &
A FHEAE (VLA RO B 2E B s 63 45 ) . FEILAR
BT B A BRA R R R 64T, BE
Boe4 HEEREG & I EANE, FHIKREN
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25.27 kg, Hi R 210 d, F9 0l e F A e ] 2 4k
FR(FF) AT RE (CK) , Forfox BB 77 77 1L 3 1] M O
Bili FAR, PR A B A 350 77 9 L2 MR Ll HORR +
100 g B IERE, BRALBE 32 2 20 4 AR 3%, 45
Rl 8 H, H iRt AL R A B T, X
e B HOERAC S0 2 RS MRS & N
FET-IE L, IR A KRR AR L R 5L 55 OE T
WM 77 d ISR SR T LA,

F2 EfAREF (TR
Table 2 Formula of basal diet ( dry matter basis)

% (%)
LR 22.83
IZEEY: S 6.23
ok 29.05
e E K 2.49
HIFRFEFF 26.98
ISRd 8 3.11
£33 0.83
B 0.83
P 2.49
5873 4.15
N 0.25
INIRET 0.25
TRk 0.52

B 1 kg TURBHML & 4E/EE A 10 000. 0 TU 4E2EF D41 500.0 U 4k
# E 125.0 TU JHER 250. 0 mg JZ R 75. 0 mg 4% 0.5 ¢ 8k 0.6 ¢ $£ 0.5
g 401 g 457.0g.820g,

x3 EMBARERES (UTFHERT)

Table 3 Nutrient composition of basal diet ( dry matter basis)

% (%)
HEH 11.18
HLRE 7 5.25
HIR 53 7.22
HL2T 4 11.57
R Y 33.50
R VEVE 2T 4E 16.74
45 2.30
W 0.60

1.3 FrilEEKiEEnE

TR Y KA 77 d M TH LTS E
FREE, 10 W) IR IR F AR AR &, IF 3B H 4
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14 EBERPELMERBISENE
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FWA A, BEG % 2 -80 C KA TR T4 H
Bl mLEERET 2 mL B.08 %, IMA 50 uwl
34% BRI TR AL, B2 pH {H<2, G HE 7
HIRTHS , F13 000 g B0 10 min, A 0.22 um
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D, R D7 % i 2 BRCE w0 il 2 ) (GB/T
50096-2010) HEFTINAE .
1.6 JEBIEFREY 16S rRNA EEF 5317

JEEW N A NAEY % EHIEE =B (R
PO AR R 04T 16S rRNA P 208 . R FH
Hlumina NovaSeq 6000 I J3> 4S04 XA B /1N B SC I
HEFTON T % S 46 77 8 HEA T PF 4z | BT 45 ) R ot g
oA i HbRp 50 Ja , % A7 R A ul e e e 4
1B, FIHHEIE% =7 G 58 SRR 2 (a5
Alpha ZFEF PCoA ZHEME) OCHEZE BRI S ,
AR B2 AR S o b S SRR T RE )
1.7 #it5a0Hh

K SPSS 27.0.1 X i 55 %5 4 E 47 Ak S AEAS ¢
K6, LIP<0. 05 HEF B E.

2 HERE

2.1 REARFTELFEFHERERM R

N 4 Fron  FF ARBGE 75 1= P44 H g
BFET CK (P<0.05)  BHE e  #F KT CK (P<
0.05),
R4 REBARNFTELUFESEENZIT
Table 4 Effects of fermented feed on production performance of

Jining Grey goats

EiEta CK FF
WA IR TE (kg) 25.08+2.82a 25.4723.77a
LR (kg) 29.89+2.37a 31.41%4.15a
FHIHEE (g) 68.75+6.88b 84.82+7.51a
TR ER(g) 665.00+21.72a 662.34+6.87a

B L 9.76+1.15a 7.86+0.72b

CK. RIMEIER B A ; FF AR MR B+ R AR, W — 178 5 A
[R/NG ARk IR 22 573 8.3 (P<0. 05) ,
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22 REEMNFTEUEBERPELERR
BEENI

n3k 5 PR FF AT TH ILFREE R LM
FINRR & 7 2 E LT CK (P<0.05) .
£5 EBRERXFTELEEE R EEHRS BOMN
Table 5 Effects of fermented feed on volatile fatty acid contents in

rumen fluid of Jining Grey goats

izt CK FF

ZFR P (mmol/L) 3.21+1.65a 0.39+0.07b
VIR & i (mmol /L) 0.83+0.33a 0.23+0.11b
5T (mmol/L) 0.05+0.01a 0.10+0.03a
TR (mmol/L) 0.40+0.20a 0.12+0.03a
SR it (mmol /L) 0.09+0.02a 0.15+0.05a
SR 75 2 (mmol /1) 0.02+0.02a 0.01+0a

SRR HNIR S i L 3.84+1.19a 1.95+0.80a

CK . [RIMEILRE H AR ; FF.ARIEIEAE H AR+ LB R, W —17 8085 AN
[Rl/NG R 22 5 B3 (P<0.05)

23 RBAMMFTFEUFEERKNEFERSS
=10l

N3k 6 s FF LS T I E T &K NP+

F7 RBRAMNMFTELUEEENLFAREEYSHFENZN

Table 7 Effects of fermented feed on biodiversity of bacterial communities in rumen and ileum of Jining Grey goats

Yk RS RGN A S CK AT
RS (P>0.05),

F6 EABAMMNFTEUFsEERKIEFRAS SENTM
Table 6 Effects of fermented feed on nutrient contents in the lon-

gissimus dorsi muscle of Jining Grey goats

izt CK FF
THBE (%) 27.91+1.53a 26.52+1.48a
BT EE(%) 71.59+5.67a 77.49+4.61a
RGN & 5 (%) 20.18+6.21a 15.27+5.15a

CK A MEIERl HA s FFARDRILAE HOAR+ Z AR, R — 78R G A
/NG FREFRIR 22 5 .35 (P<0.05)
24 REAMAXNFTEUFBESNOEARSH
A

M 7 iR, CK 5 FF LB B & [0 i 40 B B
Ty 78 i B 34 5 T 99% , R W e B8 i 78 A2
REASTE 25 05 T L B i T KR A R,
Al LG R0 . FF ALI8 [0 7 20 B 7 7% Simp-
son 84X . Shannon 844 . Chaol F8%4A1 ACE 8% 5
CK FHEL I TC i #EPE 22 5 (P>0.05)

B I o E)7]
EisL7n
CK FF CK FF
HRE (%) 99.99+0.003a 99.99+0.001a 99.99+0.006a 100.00+0a
Simpson F8%L( %) 0.94+0.040a 0.92+0.020a 0.94+0.050a 0.97+0.010a
Shannon 54X (%) 8.32+0.890a 8.10+0.560a 5.87+0.920a 6.59+0.440a

682.00+58.340a
682.15+£66.450a

Chaol $8%1( %)
ACE #6858 ( %)

650.25+60.230a
650.30+30.120a

346.90+75.910a 428.33+41.100a

346.45+76.050a 428.49+41.110a

CK A M LR M 5 FF AR IREER R+ 2 BEARDRE R)— AT 85 ARl /NE R0k 28 5w B35 (P<0. 05)

QAL 1 s BT LR T A, KO
FF Qb 20 24 0 B Ik 4 SR 4 DX 0l
25 AREBAMMFTELFEEMEOBHAREE
46 R Y S 1

W3 8 Fon, Br T IR B of, CK A FF AREZ
[B)AEE IR B F B (uncultured _rumen_bacterium ) 4T |
RCO HEF I B ( Rikenellaceae_RCO_gut_group ) 41 3
FHIRICTA & ( Prevotella ) 4l # NK4A214_group ZHTA AR
S B IR (unclassified_Selenomonadaceae ) 4 |
unclassified_FO82 2 & . 4= K [ # & ( Quinella ) 20 I8
B EKEA & ( Ruminococcus ) AT M BER 5L B & ( Can-

didatus_Saccharimonas ) M ,unclassified_Bacteroidales_

RF16_group 4HFAAXF R TC I E 25 (P>0.05) .
W 9 Frow, Br T I E i, CK AT FF Ak
W2 AR L24EW K& (Aeriscardovia ) AR BIRTH
B NK3A20 #f ( Lachnospiraceae _NK3A20) 41 1 | J#%
H K H JB ( Ruminococcus ) 20 . W I ¥ H )&
( Bifidobacterium ) 4l TH 2R £ 12 # J& (Acetitomaculum )
M A FE S HE (uncultured_rumen_bacterium)
M | unclassified _ Clostridia_ UCG _014 ZH 7 . Rom-
boutsia 48 B . K 43 25 XL #T B B} (unclassified _
Bifidobacteriaceae ) B AHXT F BE 4 6 i 3 2 5 (P>
0.05) , FF 4b ¥ & 15 4% 508 1 )& ( Candidatus _ Sac-
charimonas ) 20 FEAHX £ B 25T CK (P<0.05) ,
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Fig.1 Effects of fermented feed on beta diversity of bacterial communities in rumen (A) and ileum (B) of Jining Grey goats
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Table 8 Effects of fermented feed on bacterial community composition in the rumen of Jining Grey goats

AHXS =
TR R
CK FF

KB IR BUR (uncultured_rumen_bacterium) 0.09+0.05a 0.12+0.05a
RCY HHF A} ( Rikenellaceae_RCY_gut_group) 0.06+0.03a 0.08+0.02a
TR K G T & ( Prevotella) 0.07+0.04a 0.06+0.03a
NK4A214_group 0.06+0.02a 0.06+0.03a
RS20 B0 5 B (unclassified_Selenomonadaceae ) 0.05+0.04a 0.05+0.02a
unclassified_F082 0.05+0.02a 0.05+0.02a
45 N IR B & ( Quinella) 0.06+0.03a 0.04£0.02a
94 5 BR & ( Ruminococcus ) 0.05+0.02a 0.04+0.03a
fig e % PR 1R ( Candidatus_Saccharimonas ) 0.04+0.02a 0.05+0.02a
unclassified_Bacteroidales_RF16_group 0.03£0.01a 0.04£0.01a

CK . f] LR HA s FF . A MEIEA H A+ & DR, (6] — 478008 5 AN/ NG R 3R 7R 26 57 . 3 (P<0. 05)

*9 EEBARMNFTELUERRPAREEERNZMm

Table 9 Effects of fermented feed on bacterial community composition in the ileum of Jining Grey goats

AR B
IR
CK FF

K LYW K 1# B (Aeriscardovia ) 0.22+0.21a 0.05+0.02a
G B )8 ( Candidatus_Saccharimonas) 0.04£0.05b 0.17£0.06a
BIREERL NK3A20 B ( Lachnospiraceae_NK3A20) 0.10+0.05a 0.10+0.03a
I8 5 BR 1818 ( Ruminococeus ) 0.11+0.04a 0.08+0.03a
XU AT J& ( Bifidobacterium) 0.03+0.03a 0.11+0.09a
R LR B (Acetitomaculum) 0.07+0.05a 0.03+0.01a
K9 B B (uncultured_rumen_bacterium ) 0.03+0.02a 0.03+0.02a
unclassified_Clostridia_UCG_014 0.02+0.02a 0.04+0.01a
Romboutsia 0.05+0.09a 0.000 2+0.000 2a
FAEFUEFTH B (unclassified_Bifidobacteriaceae ) 0.02+0.02a 0.03+0.03a

CK G LR UM 5 FF G BREERH O+ BEGRDRL [R) — AT 85 A R)/NE 51 308 28 5+ B35 (P<0. 05)
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2.6 AELEFTEUFELEGPIREEER
WnlEl 2 frzi , CK 35755 LA 0l s s A iR
5 R KK 2 4 W IR W R (unclassified
Aeriscardovia) T . 2 45 W B J& (Aeriscardovia)
YU AR FRIE E B (uncultured_rumen_bacterium )
M A2 S BRI (unclassified Ruminococcus ) |
AL EEBR 4 H -85 IR H ( Peptostreptococcales _ Tis-

sierellales) 40 , FF AbPEFF 75 LU 2E 18] ig Ao b i
A BR L 5 A5 1 BE PR B R R ( Candidatus _ Sacchari-
monas) M B E 405 ] ( Patescibacteria ) 40 54 B
PRIt 1 2M ( Saccharimonadia ) 40 & W F I A H ( Sac-
charimonadales) 4| L HE B B ( Saccharimona-
daceae) M A E 3208 B W B (uncultured _rumen _
bacterium) ZMH5E

e B R B4 JB (Candidatus _ Saccharimonas)
HEH ZM | ) (Patescibacteria)

¥ PALIE T 29(Saccharimonadia)

H LA B H (Saccharimonadales)

B A B Rl (Saccharimonadaceae)

A¥E TR S B B (uncultured _rumen_bacterium)

o 4R A B (Hungateiclostridiaceae)

AR ZEMH R I B (unclassified_Saccharofermentans)
FF# 22l (Erysipelotrichaceae)

1722 H (Erysipelotrichales)

HeA ZAFEAE I AL [ (unclassified_Candidatus_Saccharimonas)
1 % I B (Saccharofermentans)

L 1 1 1 1

RIS W B (uncultured _rumen_bacterium)
A4 298 ' BR# (unclassified Ruminococcus)
T AEBR I H -56 [ # H (Peptostreptococcales_Tissierellales)
R L4800 (K & (deriscardovia)
RO R LY K H JE (unclassified Aeriscardovia)
1 1 1 1 |

-5 -4 -3 ) -1

LA

1 2 3 4 5

T3 LATOA R AR

OCK; mFF

CK . f)MEIER HAR s FF . fl MRIER H R+ & W
B2 FELEFTEULFELGPIREEEE

Fig.2 Signature bacteria in the ileum of Jining Grey goats under different treatments

27 FrELFEOFREERES5ELXEER
g AT RE R KT

W 10 Frs, 35 T g T, R 248 G
W& (Aeriscardovia ) 41 B AR XS F 5 5 H G 5 2
FAH O (P<0.05) , fi L& 4% 5. 141 J& ( Candidatus _
Saccharimonas) 2N AHXT F B 55714 H t4 8 2 1IEAH
F(P<0.05),

3 e e

31 EBAMMFTILUFEERKERFNASR
B % M

KRR A 25 AR T RS A S R K TR SR
Yy Bebe s TR T4 S e R o A 3 ko
S ERE N L R I A W B L A T L
GRS NG e = i 3y AN e i NS K 2 S L 52 R ]
i PR 2 AR R AR RCR T A, K R

Hh g AR R LR AS A RE HS N TR R B 3 T R i
M, A BT 4RI RS AR Y AR,
FF ARBRGE T 77 L0 1P 2 HOEEE W28 & T CK (P<
0.05) ,BHE L W EF LT CK (P<0.05) ., RUEH
it A T A TR ) DDA T A A5 i LB P R
32 AEBARMMNFTEUEBMHEMEYNIIG
THACEA A X B E B R AR 22 5. MV ER B
TV ML DG EREER A7, v 3 i R AR T R BOR 58
LM AR 2ok b &9 ARBRT R B,
FF AEBREE T3 1 1017 P e e 0 S 5 ( Candida-
tus_Saccharimonas ) 41 (XS =F B 8 2 7 F CK (P<
0.05) , 1% J& 20 18 C # 4l 38 HAT 2% i 1 18 484 10 1k
FHPPY S ARSI SRR A e PR TR ( Can-
didatus_Saccharimonas ) ANE A X} £ 575 1L FFH H
1 E R EAR DG (P<0. 05) , H Al Al i e o 1 fek i
PEE TR, FEMIE S 777 LR~ H R s,
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Table 10 Correlations of ileal bacterial communities with volatile fatty acids and growth performance in Jining Grey goats
FHOE R
izt an

ZpEE WRERE IR R CPFHHEE BEX
R 24T K& (Aeriscardovia ) AN HIXTE BE 0.45 0.48 0.46 -0.62" -0.65
Romboutsia 4 & AH X =F 0.35 0.38 0.36 -0.58 -0.52
R IRHB (Acetitomaculum ) 4T AR} = BE 0.28 0.32 0.30 -0.55 -0.60
I8 B BRI & ( Ruminococcus ) #H T AR = BE 0.25 0.30 0.28 -0.50 -0.56
g LM 20 T )8 ( Candidatus_Saccharimonas ) 40 AT 4213 -0.62 -0.60 -0.63 0.58" 0.62
KM H UCG-014 #E(unclassified_Clostridiales_UCG_014) ZHRAHXT FE - -0.45 -0.48 -0.46 0.42 0.45
WU FF 18 & ( Bifidobacterium ) 40T M =F B -0.28 -0.32 -0.30 0.35 0.38
K AF AU HF B R (unclassified_Bifidobacteriaceae ) 4 B A% 2 -0.15 -0.18 -0.16 0.25 0.28
EIRHER} NK3A20 #f ( Lachnospiraceae_NK3A20) £ B AH X 3 )& -0.10 -0.12 -0.11 0.15 0.18

* FORA M B3 (P<0.05)
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