HihEEE 2026,57(2) :825-838
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 02. 022 . Y s
: TS CARIRS )

#RiRED (OSID) :

EHEF MRS EERABSHMNMUED
X ZH LB oM

ii§1'2,$ }}]:_3,}3_] ﬁal'z,—%‘iﬁkﬁlj,i %l,z,g{/‘%ﬁl,z’i éil,zse
(1. v E R B TG O A S EFFE T, KU 41012552, i EBLF B K, db AT 100049;
3. TR F B R R R, BT 530003)

W OE: BN A A NS AR RSSO E M X RN ZE S IR R AT 3L 50 sh e
WA R G0 AL RCRUR T RE R AR R B 22 | () I s oy 5 R S 1 5 SR 0 o AR R A . SRR R AT
JAR A E 3 A (241, 3429, 1 kg) R PH 35 4 (206. 08, 4 kg) 4 12 kM Ay 10 X G, 1 A7 1K 560 3l 49y 4 ) ML 9 40 1)
Mo R OR AR I T R R WSRO R, R R FH 16S rRNA P43 M B o O BEVE 5 i T BE . SRR
B 1) PE B 4 1+ 4 B AL 2 (DMD) A AL AL ZE (OMD) | P Uk I £F 4 11 1L 2R (NDED ) 1R Pk 1 41 4k 7
b2 (ADFD) ¥ W 2 & T 7 B3 248 (P<C0. 001) o 2) Wi V4 2 48 1998 B pH .35 i T far B30 4= (P<C0. 001) ; il 74 %5 4
98 I R A (dH,) R R B BE (dCHL) FN28 38 20 (NH,-N) 6 B 355 i W7 48 2R (P<C0. 001) , T ¥ i &0 5 9 i
ot L AH (dH,/dCH,) W 2 5 T faf B30 4= (P<0. 001) ;98 B & W= Wy v, far W30 40 09 S R PERR TR ( TVF A Ve & 1
IR TR 5 TR IR AL I3 R JBE R L A9 T i 7 9AW DG 8 4 119 £ TR BB JR L AB AN TR B T 85 (P<20. 001) o 3)a 224
PESS AL BRGS0 A T A 2 A 0 B BUE R e AT R B R R W R T A AR R
(Agathobacter) ' T TR N B & (Butyrivibrio) fl B IR E & (Lachnospira) 55 PIBETE (P<C0. 05) , 1M il P B 4= 90 W A=
th 322 R R AR T A YEFF I 1] (Fibrobacteres) (Wi & 8 18 J& (Saccharofermentans) 1% A 800 J& (Lentimicrobium) f#
B8 I 1R W B (Succiniclasticum) B ¥ W & (Acetatifactor) %5 Y) fig 16 (P<<0.05) o 4) B K 4k & 9 10 i 8 %
(Carbohydrate metabolism ) A1 H Al 22 5 2 14 1€ 1 3 4% (Metabolism of other amino acids ) 7 faf #7 45 4= /b i 2 57 4 (P<<
0.05) , #% 1 W2 X i #% (Nucleotide metabolism ) FH: fiy 7k G A4 (19 4= 97 & A B (Biosynthesis of other secondary
metabolites ) 75l 74 B 245 1 58 35 & 4 (P<T0. 05) o FIRZE AR W], i b A= FI S 2 A4 B R IO AL R RIS
BRI B A X R AR B 0 25 s far T E 08 T O 1 A TR TR R TR ASE X, ke A T A A A 2 W RN AR 1 R 1 T Ak g
TG 5 I PG B A9 O I 2 TR TR K AR Xk £ A S B L e ) TR

SRR« faf T34 MV B A SR BUIE AL R R R RUE M T

HESES: S823 XEKFRERD: A XEHS: 0366-6964(2026)02-0825-14

Comparative Analysis of Rumen Fermentation Parameters and Microbial

Community of Holstein Steer and Xiangxi Cattle

WANG Wenxing'*, LI Qi*, ZHOU Xiang"?, LI Qiushuang"*, WANG Rong'?,
ZHANG Xiumin'*, WANG Min"**
(1. Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. College of Animal Science and Technology, Guangxi University, Nanning 530003, China)

W75 B3 :2025-01-16

E£TH:HKA KRB H4 (U22A20512)

EEE: E3CA A EENFE R 43 PE S 58, E-mail: wangwenxing1998@163. com
*BEEE T 6 FEAFR Y AR BT, E-mail: mwang@isa. ac. cn



826 BFoWmom OE % 57 %

Abstract: This study aims to study the differences in rumen fermentation parameters and microbial
communities between Holstein steer and Xiangxi cattle. It provided a reference for exploring the
composition and functional characteristics of rumen microbial ecosystems in animals with different
genetic backgrounds, and offered a scientific basis for the formulation of breed-specific feeding
strategies. Twelve adult Holstein steer (241.3+9. 1 kg) and twelve adult Xiangxi cattle (206. 0%
8.4 kg) with good body condition were selected as experimental subjects and all animals were fed
their respective standard diets. The experimental procedure involved the collection of ruminal fluid for
the determination of ruminal fermentation parameters. Additionally, 16S rRNA sequencing was
applied to analyze the structure and function of the ruminal microbial community. The results showed
that: 1) The dry matter digestibility (DMD) , organic matter digestibility (OMD) , neutral detergent
fiber digestibility (NDFD) , and acid detergent fiber digestibility (ADFD) in Xiangxi cattle were
significantly higher than those in Holstein steer (P<C0.001). 2) The ruminal pH in Xiangxi cattle was
significantly higher than that in Holstein steer (P<C0.001). The concentrations of dissolved hydrogen
(dH,) , dissolved methane (dCH,) , and ammonia nitrogen (NH;-N) in Xiangxi cattle were
significantly lower than those in Holstein steer (P<C0.001) , while the dissolved hydrogen to
dissolved methane ratio (dH,/dCH,) was significantly higher in Xiangxi cattle than Holstein steer
(P<<0.001). In rumen fermentation products, the total volatile fatty acid (TVFA) concentration and
molar ratios of propionate, butyrate, iso-butyrate, valerate, and iso-valerate were higher in Holstein
steer, while the molar ratios of acetate and acetate to propionate ratio were higher in Xiangxi cattle
(P<C0.001). 3) The results of a-diversity showed that Xiangxi cattle possessed richer and more
diverse rumen microbial communities. In comparison, it was found that Holstein steer were primarily
differentially enriched functional bacteria such as Agathobacter, Butyrivibrio and Lachnospira while
functional bacteria differentially enriched in Xiangxi cattle included Fibrobacteres, Saccharofermentans,
Lentimicrobium, Succiniclasticum and Acetatifactor (P<<0.05). 4) The pathways of carbohydrate
metabolism and metabolism of other amino acids were significantly enriched in Holstein steer, and the
nucleotide metabolism and biosynthesis of other secondary metabolites pathways were significantly
enriched in Xiangxi cattle (P<C0.05). These results showed that there were significant differences in
nutrient digestibility, rumen fermentation parameters and microbial communities between Holstein
steer and Xiangxi cattle. Specifically, the rumen of Holstein steer was inclined to propionate-type
fermentation mode and was more capable of digesting non-fiber plant polysaccharides and proteins,
while the rumen of Xiangxi cattle was inclined to acetate-type fermentation mode and was more
capable of digesting fiber.

Keywords: Holstein steer; Xiangxi cattle; nutrient digestibility; fermentation pattern; microbial
community
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) EESR U B 1 (8 2 R A7 B A ARl
AR ZSEIE AT S B2 D1 b HE(ISA-W -202202) .
AU T R A PG A R o 30 R H IR 8
A 5 G0NV B A DR D 3 O W 5K AR, 43 3 BE L
e BOCIR A K4 7R 51 4 30 9 BT o7 i 4H 4 (241, 3+
9.1 kg) FIH 76 2F (206. 048, 4 kg) 4% 12 3 AF Wik
5%t 4 o 3R 56 0 R X T 2 0K 56 3h 4 1 AT AR XA

F% BRI T 8:00 1 16: 00 #E4T 2 U A M, A 3
55 3 4 ¥ ) WEL LR BRI, L F SR B RROK o 1A
W9 d, bR 7 d B B WORE 2 d.
1.2 HARBEHRE

PSS o 1~7 d I 34T 78 3570 02 A8 3 Ak 5
E R mORE O OT e T AR . BT AL
AR g0 2o 22 7 d, H il i 9 2 d k5 B ik
N SR I R FER B R g . KB 5 d, %
S5 dAE I SRRk AR A R B i WO DA L T
T H 8:00 F1 1600 3 1f B 7 R FE J7 2 8k 200 ¢
(18 T i 2 A, P 100 g 254 0 1096 Bt iR [ 4L
IR G 5] 55 100 g ZEFERMMOER N, B 45 73 3 ml
30y, BT 65 CHE 2= 1d &, M ik i 40 B i 5 08
PRAF TGRS it R 205 A ol (9 6 B0 785 7 i i
FE o MR SRS R AR AKX

T M % 4 MW AL 2 (06 ) =100 X [1— (4]
PR AN K 3 & B /A RN IR 4 % i) X
GERER RS SR/ AR IRy &5 1.
1.3 HEBERRE

TE S I g 8~9 d i, R4 i (0 h) i FiE H
B MR A U W2 400 mL, Sy BE A R TS G
FE KW 100 mL g B W, 408 B T pH A
MR VFA L Z 7 % (ammonia nitrogen, NH;-N)
o B A R . BC— 198 B W (20 mL)
FH T B pH 2 5 UM 3 FF A (35 mL) , T i
A E ;B AR (10 mL) L4 CER AT
12 000X g #5.0> 10 min J5 B 1. 5 mL _F- 35 W % 7% 21
150 pl 25% (w/v) i 8 R (19 2 mL VR A7 45
—20 CH_RAE, T VFA DI ZE ; BL 2 {3 #F 5 (10 mL)
ST BT P AR, BT NHL-N U B oY X &
R 2
1.4 REEHFEUNE
LA 1 K8 35 K 7 ¥ GB/T6435—
2006 J5 32 M 52 ¥ J& (dry matter, DM) 7 & , fK 9%
GB/T6432—2018 M % #l & M it (crude protein,
CP) & # , K 4t GB/T6433—2006 il & H# g 5
(crude fat, EE) & & , 4l GB/T6438—2007 Il 5 #H
X 43 (crude ash, Ash) %% & I 11 5 F AL ¥ (organic
matter, OM) % & , # ¥ GB/T20806—2022 ] 5
P vk % £F 4 (neutral detergent fiber, NDF) & & , 4K
i NY/T1459—2022 M & MR M Bk % £F 4 (acid
detergent fiber, ADF) % & , K #5 1SO 9831:1998 il
FE B fiE (gross energy, GE) .
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1.4.2 JHH LS HN & WEBERZ)E,
B2 20 mL vy B 8 4% = pH 3 (3 ZE (U A8 A
PR F], i) il & pH; #2437 29 35 mLJE B i & T
50 mLFESF A%, IR IS A 10 mL4E N, 9 20 mL i
b HE RS HA AU 18 5E £ 88 IR L, BL 200 remin !
() R 52 %% 5 min & O B W S AU =AM
e, B ASORE €8 % A0 & £ FH Wang S8 5 R 1T
% fit A (dissolved hydrogen, dH,) Ml % fi# H ke
(dissolved methane ,dCH,) ¥ B ;4% “ 1. 37 H il A f#
17 098 B W 4 °Cf# % , 2 8 Shahinian fl Reinhold""”
I8 0 J7 I NH-NWRBE o B 1. 37T m 1 i
WL (AR & = IR T AT R, 2 IR Zhang %Y O
2, R A AN 2 VEAHKREE .
1.4.3 98 B WY X R E AR i 3 7 10
% FH U, i F PowerSoil DNA 43 8 7 £ % 5
TP R U A W B T 4H DNA 1% B3 A 56 Jis rL 3k
(5 V/em, 20 min) ¥z 1l DNA % 5¢ # 4 , NanoDrop
2000 UV -vis 73566 B340 I DNA 19 20 5 R % .
fiff F ABI GeneAmp®9700 % 4 B 5% =X [ b #4456 2R
0K 2 IO DNA KE 5 b 40 B8 16S rRNA e [R5 72
X V3-VA AT P 3 i X P 351k« 341F
(5-CCTAYGGGRBGCASCAG-3'") F1 806R (5'-
GGACTACNNGGGTATCTAAT-3") . 16S rRNA
FEP Y 3 42 LUR 2P B AT - 95 “CHUAZ £ 3 min; B /5
AT 27 DAE B9 Y 1S A8 PR 4G - 95 CAE P
30 s,55°CiR k 30 s, 72 “CHEfifi 45 s; 05 35 45 5 ) T
72 “CHEAR 10 min, 4 CHH . ¥ 34 FZ 04 4 pL
5X TransStart FastPfu Buffer, 2 pLL 2.5 mmol-L™*
dNTPs, 0.8 pL iE [8] 51 % (5 pmol- L"), 0.8 pL J2
M 51 4% (5 pmol-1.7") , 0.4 pl. TransStart FastPfu
DNA %4 i, 10 ng 4% DNA, 5 J5 fit A 20 pL iy
ddH,O. M 2% B5tfg W B e mh 4R Iy 34 7= s, A
AxyPrep DNA Gel $& ) & 4lifk . i1 Quantus™
BECASOT B A Tt =X S 0L 7= ) i A7 5 1 A
AEAL Y1 7 W A BE R TR S, 8 THlumina MiSeq
F 4 (Illumina, http: //www. illumina. com/) | % #5
#E 7 2 AT B I Y o A Trimmomatic % i 45 9
16S rRNA & P Fy i3 ot 47 s, 6 FLASH
B AT PR A )R . UPARSE (Version7. 1,
http://drive5. com/uparse/) Xt EL7H 97 % FH AL 4 14
B AE 43 25 8.8 (Operational Taxonomic Units, OTU)
HEAT IR IR S5 5 RS B it & 7 41

L5 ZitaH

JIF A7 18 56 U0 85 ) Excel 2010 304 HEAT#) 2 4
B, fdE ] SPSS 27.0 B #E AT B R J5 2 43
(one-way ANOVA) , i H Wilcoxon Fk Fl ki 55 43 #r
A W FE v 2 Bl o i DL P<<0. 05 0 22 = B 3
] WA 7
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HY 3 1] 1, a7 07 2E A 0 R AR LR 22 L Rk
J R SRR Ry L JF #UAN IS 0 TR R L 22 R AR 1 AN
INTRAT AN FEGE AR TR ) o R B R IR 4 IR LY
T PG B A A R R AR Dy R RR T R K far U3
A 1 R AR B FROK O BT B R Rl ) & A 0
3 B9 CP # EE , 3174 2 44 #9 MR AR 78 38 F7 K F B
(¥ Bk aly) W & A 5 = 79 DM ,OM \NDF | ADF
Fl Ash,

Hi 2% 2 AT 61, M PG AR 0 T 5O Ak R (dry
matter digestibility, DMD) .4 #L 4 %5 1£ % (organic
matter digestibility, OMD) . H ¥k ¥k 3% £F 4 I 1k %
(neutral detergent fiber digestibility, NDFD) F1 i 14
Tk ¥ £F 4E 34 1k % (acid detergent fiber digestibility,
ADFD) ¥ & % @& F fif 91 3 4 (P<<0. 001) , 1 KL 2
F1 % 7 4k %% (crude protein digestibility , CPD) i Ik
Tt i A= (P<<0. 001) .

2.2 HBBEEAEBSHUR

HY 2% 3]0, P4 B A (99 1 pH 0 3 T far
A (P<C0.001) , {5 5 Ff 498 1 pH ¥ 4k F 1E %
ALIE N (6. 0~7.5) s 3 74 51 4= 199 B dH,.dCH,
I NH,-N e 2 8 25 1% T i 7 4= (P<20. 001) , 35 fifk
S0 T R TP e L (B (dHL, to dCH, ratio, dHL/dCH,) &
F T A (P<<0.001) . T8 H R BE Y, fif
7 30 A 5 8 3% Kk M BE B R (total volatile fatty acid,
TVFA)MREE KNI T IR 5 T R IR A 5 13 g
IR FE B e (P<<0. 001) , T 1 P 25 44 ) £ IR BE /K L
10 £ FE B R (P<20. 001)

2.3 HEHREBHESHMLER

2.3.1  JH A A A o 2R AR T Ad
JIT A A it A [] — 0 Y TR B R AT FE B i, NS
ai R ATL A B 27 525 4N P S AT S 820 . R4
AR i 30 5 2 R0 PG 2R D A o Y B R R AR
WIHE 0. 99 LA b, w] DL o 5% Hb s iR ' 240 B A v 1 2
B ANZE R Z2RE P . TS B4 (1) Chaol $5 4 L ACE
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Table 1 Composition and nutrient levels of basal diet (DM basis) gkg ™!

mH il i Breed

Item faf {73 4= Holstein steer WPE 4+ Xiangxi cattle

J5EL Ingredients
FE & Straw - 800
I E K Silage corn — 200
K# Barley 500 —
F K Fz Corn bran 300 —
SRAFHH Rapeseed meal 150 —
Wik Premix” 40.0 —
£ BEFE H Slow-release protein 5. 00 —
/N5 $T Sodium bicarbonate 5.00 —
#il Total 1000 1000

HFEKSF Nutrient levels”
TH5 DM 820 986
ALY OM 736 864
HLEE 1 B CP 160 50.0
ik Uk % £F 4k NDF 336 684
R 1 Pk i £F 4 ADF 128 409
MUK 5 Ash 84.0 136
MR EE 64.0 37.0
HBE/(MJ-ke) GE 16. 6 16.4

VR N BT AR AR . 0. 25 g FeSO,+7H,0; 0. 2 g MnSO,H,0; 0. 15 g ZnSO,-H,0; 80 mg CuSO,*5H,0; 2 mg CoCl,-6H,0;
1 mg KI; 0.5 mg Na,SeOy; 5000 IU VA; 3000 1U VD,; 50 IU VE, *. F LY R 3 FSEAH , HoAax 3 o Sc il &

V. Premix provided the following per kg of diets: 0.25 g FeSO,*7H,0; 0.2 g MnSO,-H,0; 0. 15 g ZnSO,-H,0; 80 mg CuSO,*5H,0;
2 mg CoCl,*6H,0; 1 mg KI; 0.5 mg Na,SeO,; 5000 [U VA; 3 000 IU VD43 50 TU VE. . OM was a calculated value, while

the others were measured values

R2 WHEBFMBEARFNERYRRUELERLER

Table 2 Comparison of apparent digestibility of nutrients between Holstein steer and Xiangxi cattle %
it H fif 97 40 2= G B SEM P{E

Item Holstein steer Xiangxi cattle P-value
TH B L% DMD 60. 2 65.9 2.526 <20. 001
AHLYIH LA OMD 62.5 69. 6 2.636 <20. 001

HLE HHAER CPD 65. 4 51.7 3.017 <20. 001
HhPE T U 2T 4k A NDFD 42.6 67.6 2.772 <20. 001

TR PR VR U 2T 4R 1K AL % ADFD 32.7 67.3 2.956 <20. 001

& A Shannon 48 803 & 3% w5 T a7 7 30 4= (P<<
0.001) , ¥ 7Y % 48 1 far 17 35 4= 9 Simpson 48 £ 22 &
AN E(P>0.05),

2.3.2 WMHMEHENPZHMEILK BT
Bray-Curtis } 25 19 £ Ak b5 20 H7 (PCoA , K 1) 25 3% .
N, EAERR 1(PCoAL) X 2 F 45 Wi B L& h

54.11% , F A48 2(PCoA2) XF 2 S 45 ik By L &
M 17,61 %, faf 37 HE A R VG o 2E A AN R R
3R ZETF R B I 4 85 (R*=0. 44, P=0.001) ,
e T2 E S B R s e Bl e Rl S R S g
FrEREESR.
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Table 3 Comparison of rumen fermentation parameters between Holstein steer and Xiangxi cattle

it H i 47 31 2 G B . Pi
Item Holstein steer Xiangxi cattle SEM P-value
pH 6.59 7.27 0.030 <20. 001
WSk Dissolved gas
#frE/ (pmol-L71) dH, 1.84 0.30 0.190 <20.001
WA %E/ (mmol- L") dCH, 0.35 0.03 0.010 <<0.001
Ve i S5 T AR T B LU dH, to dCH, ratio 5.26 10. 04 0.395 <20. 001
HAA/(mg-dL.™") NH,-N 9.98 5.73 0.421 <<0. 001
SRR AEPRIR /(mmol-1L7") TVFA 63.2 45.7 2.242 <20. 001
¥ M IR A IR B8 K L4/ (mol- 100 mol™") VFA molar percentage
4 T# Acetate 54.1 74.3 0. 500 0. 001
N2 Propionate 28.0 16. 4 0.361 <<0. 001
T2 Butyrate 11.1 7.20 0. 285 <20.001
5t TIR Iso-butyrate 2.77 0.44 0.089 <<0.001
%R Valerate 2.20 0. 80 0.273 0.021
52 Iso-valerate 1.83 0.86 0. 109 <<0.001
J N Lt Acetate to propionate ratio 1.93 4.53 0.054 <20.001
F4 FEHESTNHAEFNEEAEA TS HERER
Table 4 Comparison of alpha diversity of rumen bacteria between Holstein steer and Xiangxi cattle
it H i Hir 38 4 il SEM PA
Item Holstein steer Xiangxi cattle P-value
Chaol #§ % Chao 1 index 976.6 1518.2 69. 859 <20.001
ACE$5%t ACE index 1071.7 1776.9 81.984 0. 001
Shannon #§ #{ Shannon index 4.216 4.747 0.073 0.001
Simpson #§ % Simpson index 0. 065 0.038 0.005 0.057
74 5 H8 L Coverage index 0.998 0.996 0.002 0.723

2.4 BEMEMYMERLE

XoF A6 I P 3 ARRL R DR T A 97 Yo Rl S A [ £
OTUs, i &l 2 AT A1, #6248 A 3t 28 1 4 133 4>
OTUs, H o, far 87 30 4= F0f 78 #5 4- JL 52 1 248 4>
OTUs, fif {7 30 4= 7778 912 45 A B9 OTUs (5 fif B
WA B OTURM 42.22%) , MPE #4776 1 9734
FEA M OTUs(HMITI#E 4 5 OTU M 61.25%) ,
i — 25 1 B i 40 2H 2 R TG B AR 22 (R0 TR AN
V& W) Rl R B AE 3 22 57 o

Pl 3A IR T far it 35 2= I P4 2 2808 1 4l iR R
1K (Topl0) B AHXS B . L% 5 1 284>
17, Hask 28 AN 17134 2 A R b e 2 o iy 07 31 24 9
B UL 1] BB T (Firmicutes, fof 3738 4= vs.
VG4 .48, 3% vs. 40. 2%, FIA)) , VG & 49 5
P 1T ok AT B 1) (Bacteroidetes, 45. 8% ws.

52.1%) , HAHXE F B 22 5 ¥4 3% (P>0.05) . M
4% topl0 A 1 1] B Z8 JE 1 '] (Proteobacteria, 2. 1%
vs. 2.7%) £ #T % 1] (Actinobacteria, 2. 3% ws.
1.0%) . £F 4k #T B ] (Fibrobacteres, 0.4% wvs.
0.7%) B 45 Bk B 1] (Lentisphaerae, <<0. 1% wvs.
0.1%) . ¥ % Mk & '] (Planctomycetes, 0.5% wvs.
0.5%) . & %E ¥R i 3 ] (Kiritimatiellaeota, <<0. 1%
vs. 0.6%) . B Jig {& '] (Spirochaetes, 0.3% ws.
0.3%) #n L B W 1] (Candidatus Saccharibacteria,
0.2% wvs. 0.2%), H A&k #F B ] (Actinobacteria)
TE fif 7 38 4 v 2 3% 5 4 (P<<0.001) , i 22 B B 1]
(Proteobacteria) | £F 4k #1 1# '] (Fibrobacteres) | %k 45
Bk & B ] (Lentisphaerae) Al 3% #E ¥R ffE B [
(Kiritimatiellaeota) 7 #fl P4 #{ 2 b I 2% & £ (P<<
0.001),
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Adonis R>=0.44, P-value=0.001
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PCoA1l (54.11%)

1 EF Bray-Curtis 85 5 i PCoA
Fig.1 PCoA based on Bray-Curtis distance

T fipran 2
[ NilrEs

2 OTUZ% 7% Venn
Fig.2 Venn diagram of OTU distribution

Pl 3B J 7 T far i $H A= 0 I V5 2R 9 An TE B
7% 8 7K P-4 B (Top20) M AHXF £ B . Top20 ()&
A 154 0 AR X T B AR R 2R 22 R AR A B 2
S (P<<0.05) , H b A 13 A7 IR & )& (Agathobacter,

4.9% wvs. 0.3%) . T BRINE J& (Butyrivibrio, 3.4%
vs. 1.1%) W & ¥F 1 J& (Faecalibacterium, 2.2%
vs. 1.2%) 6 i K B & (Mitsuokella, 2.3% wvs.
0.1%) . F&Ek & (Coprococcus, 1.5% vs. 0.7%) .
B JE (Lachnospira, 1.8% wvs. 0. 1% ) 13 7% Nl
% KB g (Eisenbergiella, 1.1% vs. 0.7%) 78 faf B
Mok b O R (P<0.05) ; BE K B R
(Saccharofermentans, 1.4% wvs. 3.8%) & A= i &
J& (Lentimicrobium, 0.9% wvs. 3.9%) & &K [
W J& (Paraprevotella, 0.9% wvs. 3.4%) (EEAL BT
J& (Rikenella, 0.9% ws. 3.3%) . f# B% 34 MR W 8
(Succiniclasticum, 1.2% wvs. 2.6%) . & $AAT & &
(Parabacteroides, 0. 8% wvs. 2.4% ) 75 H 4 ik 7 G
B & (Christensenella, 0.6% wvs. 2.2% ) MBS AT & &
(Acetatifactor, 0.2% wvs. 2. 2% )W VG 15 4= B3
A (P<<0.05) ; K4 Top20 I I & 2 5 A 3%
(P>0.05) , 43 %l % & ik K W J& (Prevotella,
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B 4 Ji 7 19 LES e 43 8 45 SR A far i 30 25 i J& (Succinivibrio) T fi 7 ¥ 4= vh 3 5 £ (P<
VH AR P A B e L3R 25 AT B K P E  0.05, LDA3.5) , i 3 AT 1 J& (Alistipes) (JR &
mEMEZRE (LDA>S.5), Hd i 45 DI A R BB (Anaerocolumna) . 75 C W FF H &
MR H B (Agathobacter) 1 Wi 2¢ ¥ ®# /& (Caproiciproducens)ﬁﬂ%ﬂﬁ[ﬁ%@}%(()ollimella) X
(Faecalibacterium) FAFRM 745 i M 25 7 0 s LA H K @ JB8 (Duncaniella) . #& ¥t 0 & )8
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2.4t T T e RAEC2. AT AT s P BB FL Sk AT W IR (Papillibacter) | VE R R E R
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= A W J& (Emergencia) . W i R K W & Eﬁ%@(Tidjambacler)%ﬂﬁ’/ﬁ'%f}%(Vzcz‘wallzs)?’f
(Enterocloster)\Qi?ﬁ?ﬁ%%%ﬁﬁ(Marvinbryam‘ia)\ WA PG B AR i 2 42 (P<<0. 05, LDA™>3.5).
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Fig. 4 LEfSe analysis column diagram at genus level
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