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wEp ) e, ko U, wWEE, a=sb? o
(LITHE RN BB & W VT A AL 210014, 2 R0\ R K FH M E4E & B ALK E VL7 AL 2100145 3. 3840 T /)
RN R RA RA ] VLI I 2213005 4. LigGSERADRH ROARAF, LI 200157)

WE . ARSCEI MR (MR R ) YRR 765 O R S R Y X R ALK, AL 9 RER ( RPC) Ay
9 B AR (RPG ) 2 [ W Bl B 0rOP i ORI 3t 57 d, AR 30 d 2725 20 d, Fida I 7 d, 1B
80 HALYRIMI(120~130 d) #1F, BFEHLA A 4 21, X PR A AR S Rb AR , RPC 4145 R R AN 3 ¢ RPC,RPG AN 15
¢ RPG,RPC+RPG 4% 3 ¢ RPC 1 15 ¢ RPG, Z5H R, 1) RPG 41 BEEFE 7™ 76 X5 K il i ok B b 25 (% T % it 4
(P<0.05) ;2) RPC+RPG 416915 i 3% i T HAh 4L (P<0. 05) ;3) RPC Hl RPG (W3 I A 2028 1 1K -
IR L BE RS () PR T AN S R T 42000 B RE (AR T 2 3 &0 41 TR RE B 1) AN B BRI B UCG-010 X
FE¥ B EALT X IR 4L (P<0.05) , RPC+RPG A U B 1T AR 4 i % = F HAth 240 (P<0.05) , RPG 4 E IR F R
AC2044 BEAHXT 3 25 5 T X IR (P<0. 05) . HULAS B BB 2R A AR vh 78 in RPC R RPG 3575 By T4 = 55
A 4R R N R KA A ) FE T BT B ) B AR B B AR AT A 0 i TR TR RE B D AR X
RPG [ I A3 A3 HU R AT 15 1 6 MR R E AR X 3= AR 248 &, R AR e AR Tk B . 275 % J&, RPG 5l
TINBCR AL, RPC 1938 BRI &8 fRiE— 2B 5T
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Effects of rumen-protected choline and rumen-protected glucose supple-
mentation on negative energy balance of perinatal ewes

TU Yuan-lu'?, TANG Hai-jiang’, ZHANG Kai'?, JIA Xue-jing', BAI Yun-feng"?, HONG Wei'

( L. Institute of Animal Science, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Ministry of Agriculture and Rural Affairs, Key Labo-
ratory of Crop and Livestock Integrated Farming, Nanjing 210014, China; 3. Pizhou Xiaohe Science and Technology Development Co., Lid., Pizhou
221300, China; 4.Shanghai Menon Animal Nutrition Technology Co. ,Lid. , Shanghai 200157, China)

Abstract: In this article, the effects of rumen-protected choline (RPC) and rumen-protected glucose (RPG) on al-

leviating negative energy balance in periparturient ewes were evaluted by examining blood ketone concentration, lambing

performance and fecal microbial composition. The
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TEERA LB (1983-) 4 TTFGREE T By HRE 51, parturition to 20 days after parturition and included a sev-
REEF 54 BWSE, (Tel) 13851804073 ; ( E-mail ) en-day pre-feeding period. Eighty pregnant ( 120-130

experiment lasted for 57 days, from 30 days before

121663004@ qq.com days) Hu sheep were randomly divided into four groups,
BIFEE : 11, (Tel) 13951009162 ; (E-mail ) Blinkeye@ 126.com the control group fed with basic feed, the RPC group add-
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ed with 3 g/head RPC per day, the RPG group added with 15 g/head RPG per day, and the RPC+RPG group added with
3 g/head RPC per day plus 15 g/head RPG per day. The results showed that, on the day of lambing, blood ketone concen-
tration of the ewes in the RPG group was significantly lower than that in the control group (P<0.05). The birth weight of
lambs in the RPC+RPG group was significantly higher than other groups ( P<0.05). The dominant bacterial species at phy-
lum and genus levels in ewe feces did not change with the addition of RPC and RPG, but the relative abundance of core
bacterial groups was affected. The relative abundances of Firmicutes and Ruminococcaceae UCG-010 in all experimental
groups were significantly lower than that in the control group (P<0.05) , and the relative abundance of Bacteroidetes in the
RPC+RPG group was significantly higher than that in other groups ( P<0.05). The relative abundance of Lachnospiraceae
AC2044 group in RPG group was significantly higher than that in the control group (P<0.05). In conclusion, the birth
weight of lambs and the relative abundance of carbohydrate-utilizing bacterial group Bacteroidetes of the ewe intestines can
be increased by adding RPC or RPG into the feed of periparturient ewes, while the relative abundance of fiber-degrading
bacterial group Firmicutes can be reduced. Besides, the relative abundance of beneficial anti-inflammatory bacteria genus of
Lachnosiraceae in the ewe intestine can also be increased by adding RPG into the feed of periparturient ewes, while the

blood ketone concentration can be reduced effectively. In conclusion, single addition of RPG shows the best effect, and the

appropriate addition amount of RPC needs further study.
Key words

Hu sheep

VT AR [ IS AL = 37 L B B S 0 R 5
MLAE 77 /i HE & IR YT ROR 22, FE T m, Bl
2 2R T R R — R R P
R E A PY R R B (HR L
XoF IR BT R A A AR SR, J0 R X A % b Y
R 2R B, W By K& A RE & B i (Negative
energy balance, NEB) M 1 5| & & & 1% i %
g2 EHT A OC T E AR AR Ok o
NEB M#F58 Z £ e W 4 11 W58 & S AE [l
FRE WA B OB S e U8 A 49 B ( Rumen-
protected glucose, RPG) W DAME #F J5 17 18 %) %5 b
18 08 W5, A A I B D1, A R i B BT IR
AU A Wt a5 A % W ke B IR B ( Rumen-
protected choline, RPC) 1] D fi¢ #F % 11k %% Ji£ fg &
1 ( Very low density lipoprotein, VLDL) & Al , il i
I = R 5z W FE S AT 4 8 % 4 1 ) R
REE SRR AT B ATAE S L
FAAR/D B4 76 75 0 W 2 ) ke bR i RPC,
RBLERIN 0. 4% RPC X i 0 1 5 A2 K Pk B A
FEW) I AL A BT I RO 0 i A B Y
S B 96 T USR] A T 2 0 - JEL R+ A TR +
FBR 2 R ) W 4 B B 3 3Ll o3 ™ S P RE A7 7R
AR

LI (LR P A ) i Bk 5 Bl 2 i 4K
IR TR AR BB R AN S A A RAE AR 5 B

rumen-protected choline; rumen-protected glucose; negative energy balance; fecal microorganism;

F IR E S S EFKE BEASE, FEH A
W5 R, S 2 SRR E IR Al %
YIRS R, AR 5T 3 o 2 5 ol R v B B
BREPERE MG, 223300 BE 2L AL il B 5 i
WAEMZE Ak, 256 P74 RPC F1 RPG X 22 i [H]
FEWIRE L RE SO MRS A ROR, DU HoAE 57 o
A N FHER AR I S B KR

I BPRS

1.1 iREgit

VeI 80 HAE YR (120~ 130 d) FEl ™ £ (W]
) BN 4 41,4 20 H . XFIBLH (CK) f e 3k
Ak, RPC 40 .RPG 41 f1 RPC+RPG 4 4F H 2435
A0 RPC 3 g/d .RPG 15 g/d .RPC 3 g/d il RPG 15
g/d., RPC HEa b Inmg % & =25% , i3 9% B % =80%,
INIARETI R = 90% , RPG H A % 8 % = 50% , i 97
HAR=80% , /NHFHR=90%, i FHmE 7 d, 1F
T3 50 d (2R 30 d #7205 20 d) |, BER A
TR 1 YR, TSGR R AR IO i S R AT R
BEERESE, RO H AR,
1.2 fARAMINEFRKE

TEFRATTAT I 0 PR e B, o ) K 22 B R A
AT TF AR AR B 3 A R B B A 77,
FRATE I, 1 E 1 H R BR KT R 24— L
LR URAT ARG O J5 1 0 34, PRt S B 1 L A g
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HACERHEAL T NRC(EEERZBH=M R E R %)
b, S5A A7 LR, AR S % NRC(2007) H1 50
kg A FEREEATIRIG (2 ) B 3R 7 BARIE IR
REACEIRAR (£ 1) .

*1 EMARARRESRKE(THREM)

Table 1 Composition and nutrient levels of basal diets ( dry matter

basis )

JEokt H AR AL
ERFE(%) 53.30
TMERFEFT (%) 6.70
TEAEM(%) 6.70
S (%) 6.70
EAX(%) 6.90
M%) 2.10
BB (%) 4.00
FARIRZHI(%) 10.70
K (%) 0.20
BERR 45 (%) 0.50
AL (%) 0.10
INIRET (%) 0.50
JEALIRER (%) 0.30
FUREH (%) 1.30
Bt (%) 100.00
TR IR
fRIHRE (M) /kg) 7.49
TR (%) 56.42
HLEE BT (%) 12.55
HLIEWT (%) 3.13
LKA (%) 12.17
APPSR A (%) 49.87
PR BE IR T 4E (%) 30.91
B5(%) 0.34
(%) 0.21

FURAE M 1 kg fRERAE . 4525 2 A 28 000 1U, 4842 D3 4 000 1U, 4
2 E 30.00 mg, MM 62.50 mg, 4 8.75 mg, &k 30.00 mg, 4
37.50 mg, #¥ 37. 50 mg, fifi 0. 25 mg, %k 0. 05 mg, il 0. 30 mg, #H 3%,
IKAT 10% , ARIRE AT, HoAth ol SEIE

1.3 #H#@EEERNERIER

1.3.1 @ FEIRETFA IS 15 d FdE HBkE ™
MR EPEIEHE 10 d.20 d 205 bR I, 45 A %
TNN- T1 76 7% 24 il 00 e A S0 5 = 1 98 v i 4k 8-
2RI T2 (BHBA ) #e B,

1.3.2 F AW B RN D SR SR BRI 75
(596 SO I AR TR /NT 2 kg HIEIE ASR
WL BE LAY 26 3F ), THER S S A A TR R R 5 G
R IO G TERAE T, W AR R A (s ik
RHC MR A BT R SRR AR 45 d
W 0 S W7 5 A7 16 26 E B, TH O 05 SR W TR R
WHEAXWT .

AEEE AR BT R = ARG G B G Ex 100%

55 768 = 59 680 B Ex 100%

SETE T BT 2 = W A7 SR AR SR B
100%
1.3.3 #EepmAs RG34, BARELT
510 HBEE SRAEBEETCTS e384 EaplE
-80 CHEAF# I, XTAHEA 16S rRNA JEH ) V3~ V4
X 4T PCR ¥4, 519 )5 51 A 343F (5'- TACG-
GRAGGCAGCAG -3') 1 798R (5'- AGGGTATCTA-
ATCCT-3") , ¥ ¥ar=Wyh LGRS Y = 4R
BRZN F) A Hlumina MiSeq - & $EA7 0, 3 F)
QIIME %14 (1.8.0 Ji) #E A7 AE M B 2E 5T .
1.4 HESFITE5HH

RIGHE G2 1 H 40 M R FH SPSS 21, 5O %
PRI KB Fisher 50 HER %, TH i £ R A 5
RZFE 225001 ( 2 B L Duncan’ s J53%) , P<0. 05
FREFRE,

2 HERE

2.1 BFZEHEIR AR E

2 2 A UL RPC Ml RPG MY INAE IR 5625 15
d 205 10 d FI72 5 20 d B 6HREE I ) BHBA
e BE S0 25 4R WL (P>0.05) , S5 %F IRZHAH [
RPG M7 N dub 25 B AR 1 BF 35 76 77 26 2 Kl iy
BHBA ¥ (P<0.05) (H5H A 2 MK 22 5 A
BF(P>0.05),

H P 1 AL, DAREREE 15 d 37724 24K BHBA
WEE ETE, RPG ZH 3G R e/ s = 26 29 K37 )5 10
d,BHBA ¥ J¥ i3 T F&, RPC 2H B I 5 /s N7 I
10 d #/=)5 20 d,RPG 411 PRC 41 H B/ Mg LT,
B4 FHEREARF (KT 2.0 mmol/L)

22 FEBER

BEFE P RGBSR 3 iR, 45 4 % 26 5
AR BT B8 559 215 258 R S BT % T R A S e ANt
F(P>0.05),
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% 2 RPC F RPG iR BE 0% B-FE T ERIR BRI

Table 2 Effect of RPC and RPG supplementation on 8-hydroxybutyrate concentration in ewes blood

- A X HRAL B-FR T FR Mk B RPC 4 B-32 5L T R FE RPG 4 B-HITIRHSE  RPC+RPG 4 B-F2 4L T BRWR
S ML A ]
('mmol/L) ('mmol/L) (mmol/L) (mmol/L)
R 15 d 1.93+1.38a 1.52+1.36a 1.25+0.74a 1.08+1.32a
PN 2.95+1.57b 2.45+1.71ab 1.53+0.80a 2.12+1.31ab
510 d 1.79+1.25a 1.00+0.75a 1.20+0.46a 1.32+1.14a
5 20 d 1.08+1.03a 1.40+1.09a 1.69+0.89a 1.18+0.92a

RPC ;i3 J8 B HA; RPG . 1 B A 404 . XA ZH (CK) . G PR IERE H AR, RPC 41 \RPG 411 RPC+RPG 4 # R Ak H 243 BIER I RPC 3 ¢/d,RPG 15
g/d,RPC 3 g/dfll RPG 15 g/d, [l—478E /5 AR/ NG F-REFRIR 25 573 1.3 (P<0. 05) MHR/NE F R R/R 22 7 A 3 (P>0.05) .

3.0

2.5

2.0

1.5

1.0

B-FRIE T HRIRE (mmol/L)

0.5
wnsE15d

PN P10 d F#JE20 d
SRAERT[A]

—A— %[ EZH; 4 RPCZH; 4 RPG4; -~ RPC+RPGZH

XL RPC 41 \RPG 41 RPC+RPG 4 L3 2 7,
B1 BFEAERANGDB-EETHRKENTHESR
Fig.1 Variation trend of B-hydroxybutyrate concentration of

ewe blood in different periods

%3 RPC # RPG RN & F 7= 2055 M0
Table 3 Effect of RPC and RPG supplementation on lambing per-

formance of ewes

| XWE4 RPC4L  RPG 4 Plgg@gﬁ
SRR (%) 77.50a 83.72a 95.24a  86.05a
FER(%) 22.50a 20.93a 16.67a 9.30a
SR U (%) 58.06a 75.00a 85.00a  78.38a

Sf B84 RPC 20 RPG 41M RPC+RPG 4 W3 2 ¥, [ —1T5R)5 bR
A ING S REF R 2 53 3 (P<0. 05)
2.3 EFVERENERIER

5% 4 Al L, RPC 1 RPG b 7R et 26 F- 400 4k
IR IR AN 2 (P>0.05) , 440 RPC il
%5 RPC A RPG 703t 5 3 36 [ 4 M B S REME IS S0 B4

RPG i 36 3F 400 A ot i W 3 0 T Hfh 41 (P<0.05) 5
MAERIEHR K F , RPC+RPG 2H (4 & | i [ 45 Bl
W3y i m T X B4 (P<0.05) , RPC 41 i 5 i &
T XFHEZH (P<0.05) , RPG 4 %45 45 5 % R4 G
B #E 25 (P>0.05)

24 BFEEMEMRRAK

2.4.1 HAMBEE SHBESH Chaol FEEUT LG
BEEE &, Shannon $5%UF1 Simpson $5 K5 fz e &
ZFEME, N3 5 Ui, RPC+RPG 40 Chaol #5408 3
=T RPC 4 (P<0.05) , {H 5 HAth 20 [a] (1) 22 55 IF A
3 (P>0.05) ; £ A A 18AE ) Z 4P Shannon $§
ORI Simpson 88022 F A B3 (P>0.05) .

% 4 RPC # RPG iF I3 EFN4EREME RSP

Table 4 Effects of RPC and RPG supplementation on birth weight

and body size of lambs

SIE| ot BB 41 RPC 41 RPG 41 RF;IZ,C%
WA T (kg)  2.16£0.60a  2.25+0.50a  2.41+046a  2.75+0.54b
PR (em) 34.13£2.36a  33.95%2.38a  34.08+2.15a 36.00£1.73b
WHHE (em)  2540£1.96ab  24.24%2.77a  25.58+2.08ab 27.06+3.03b
JH Rl (em) 32274274 3324%28la  32.63+2.14a 35.24x2.17b
M (cm) 557+0.62a  5.71£046ab  5.44+0.56a  5.94+0.43b
JER (em) 2093+1.53ab  20.10+1.97a  19.67+2.48a 21.65+1.90b
58 (em) 8.93+0.88b  7.71x1.90a  8.750.85b  8.82+0.39b

YFHAZH RPC 40 .RPG 41 H1 RPC+RPG ZH W55 2 Vi, F—1180d8 )5 br
AR/ NG FR RN R B3 (P<0.05)

Table 5 Effect of RPC and RPG supplementation on microbial community diversity index of ewe fece

H XF R ZH RPC 41 RPG 41 RPC+RPG 41
Chaol #5 %k 8 357.49+332.43ab 8 246.95+390.93a 8 471.19+362.89ab 8 647.56+228.10b
Shannon 54X 10.30+0.08a 10.27+0.23a 10.30+0.13a 10.4120.15a
Simpson F5 %X 1.00+0a 1.00+0a 1.00+0a 1.00+0a

XTHEZH RPC 4 RPG 4l RPC+RPG 4 L3k 2 v, F—4T8URERA AR/NG FRERIR 22 7 W3 (P<0.05)

2.4.2
FE

B BRI A M A BT KT B 6 ah AR e x
BRSSO T BREE T 1K L B RR AR X

FBZ (Topl5) 4nlEl 2 Pz FEl 1K b BESE A FE0E R

AR LSS T A R AU A SR SR BE R [
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w2, FLUCHURTRI

100

80

60

AR L (%)

40

20

RPG RPC+RPG

CK RPC

415

m JZEER ] (Firmicutes); ™ 7% AR ERTE 1 ] (Lentisphaerae);
= U FF 1A ] (Bacteroidetes); m F2#T % | ] (Acidobacteria);
A5 14 | ] (Proteobacteria);  Kirtimatiellaeotaf# | ](Kirtimatiellaeota);
m B2 iE A J(Spirochaetes);  ZF HL A E | ](Gemmatimonadetes);
m K7 1] (Epsilonbacteracota); ™ #24T 1 | ] (Fusobacteria);
m {EETR | ](Tenericutes); ™ [l &FF 1 | ] (Deferribacteres);
m 2 4EFF T ] (Fibrobacteres); M F_3:1# | ](Synergistetes);
22 ] (Actinobacteria); = HiAf1(Others)

X4 RPC 4 .PRG 411 PRC+PRG #0032 14,
B2 BFXFEEREYVEHENTKFLNDHENEE
(Top15)

Fig.2 Relative species abundance of microbial flora in ewe fece

at phylum level ( Top 15)

BE— XTI K EAXT 32 B8 KT 1.00% i

BESEATGEH 00T, 36 6 T UL, S0 AL A HE, 3 4
TR0 1 JEERE TR TR X S 4 d I ) R (P<
0.05) ; RPC+RPG 4 AT T TAEXS B i 5 T
HAth 2 (P<0.05) , HAax & 41 22 7 A W% (P>
0.05) ; RPC ZH (% 82 € K T AR 0T 3= B 1 2 v T %) R
41 (P<0.05) ; Z A E AR TE R T TR AE BT 1A
XE R T 22 R (P>0.05) .
2.4.3 HF EARBA N E B R KT L6 A AR
*FE - HE 3 AL, TEE K I 4 AR T
P JE R AR R Y, H R E KRR UCG-010 #x%
o, Hok R BRE R UCG-005 FTFH A 1 &L _RC9
Jo B R T ok v BT G T R-7 FIEAT IR RE, &
MG T G 24 R TR 2 43% L) |

6 /N RPG 1 RPC MW B EMEFEREMFHBFEITKTE L
GRS ESEA: 0kl
Table 6 Effect of PRG and RPC supplementation on the relative a-

bundance of microbial flora in ewe fece at phylum level

WiH XHE4  RPC4l RPG 41 RPC+RPG 4]
JERER ] 67.03+  62.62+ 64.25% 61.66+
( Firmicutes) 1.95¢ 2.86ab 2.69h 2.27a
FUFFER ] 2524+  26.06x  25.86= 28.36+
( Bacteroidetes ) 2.26a 2.65a 2.18a 1.59b
ICHT] 2.88+ 3.69% 3.79= 4.01+
( Proteobacteria) 0.75a 0.71a 0.41a 2.18a
WRTEAR] 1.57+ 2.36+ 2.18+ 2.22+
( Spirochaetes ) 0.38a 0.74b 0.87ab 0.76ab
KIGHFEET] 112+ 2.13+ 1.93+ 1.82+
( Epsilonbacteraeota ) 0.66a 1.43a 1.62a 1.09a

%HEZH RPC 2H RPG ZHF1 RPC+RPG H I3 2 v, Wl — 4740 5 br
BARF/ NG FHFRR 227 BE (P<0.05)

1001
80I l I
60r !

401

AR L (%)

CK RPC RPG RPC+RPG

2H 5
=% 15 2K 1A £HUCG-010(Ruminococcaceae_UCG-010);
=R B ERE FHUCG-005(Ruminococcaceae. UCG-005);
AR _RCYJ7iE #f (Rikenellaceac_ RCY_gut_group);
m o BT R _R_7(Christensenellaceae_R-7_group);
B FATEBE([Eubacterium)_coprostanoligenes _group);
m AT )& (Bacteroides); wm SWE e k)& 2(Treponema_2);
W H Bk FHUCG-014(Ruminococcacea UCG-014);
m ¥ H BRE RFUCG-013(Ruminococcacea UCG-013);
m I BEKEJE 1(Ruminococcus 1); — T H & (Alistipes);
R KB BHUCG-004(Prevotellaceae UCG-004);
B £ I2 1 R} AC2044 7 (Lachnospiraceac_ AC2044_group);
B Kl 5 AT 1 - 5 BY B @ (Escherichia-Shigella),
25 i 1 J& (Campylobacter); m HiAth(Others)

XFIAZH RPC 41 .RPG 41 F1 RPC+RPG 4103 2 i,
B3 BFXFEFEREVEHEBEAKFLNDFHENEE
( Topl5)

Fig.3 Relative species abundance of microbial flora in ewe fece

at genus level ( Top15)
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HE— 2553 HT 8 K- L R B RE ARG E bR ok
TR N R R T 1. 00% 1 E R A 14 4
(F 7). 3B MR HERFE R UCG-010 AHXT 3=
JE 14 B AR T % IR 4H (P<0. 05) ;98 B B3R # A UCG-
005, RPG 41 ) A X =F B b 2 & T X I 4l (P<
0.05) ,RPC+RPG 4 iy A Xt =F B i & (% T X FR 41
(P<0.05) ; AT #, RPG 4l FIRPC+RPG 4 AU A
X R Y AR T R IR 4L (P<0.05) 5 ST
RPC+RPG 41 My #H X 3£ B o 2 = T X 41 (P<

* 7 &I RPG 1 RPC W B ¥ EFEMEMERKE LHHFEITEE

0.05) ;98 B EREFF UCG-013, RPG 4 i AH X 42 2
FRTHABL (P<0.05) ; ZIEGEK 1 )8 _2, RPC 41
(AR 2 B (2 T IR 2 (P<0. 05) |, 5 HAth 4[]
ZF AT E(P>0.05) ;9% B ERE J& _1, RPC+RPG
ZH AR B 3% = T RPC 4 (P<0.05) ; % 7RIk
[CHRRE UCG-004, 32056 21 A AH X =F 3 35 B 38 I 1 X
HEZH (P<0.05) ; BIREFL AC2044 B, RPG 4191
X F i T B4 RPC 4 (P<0.05), 5
RPC+RPG 25 %A W3 (P>0.05)

Table 7 Effect of RPG and RPC supplementation on the relative abundance of fecal microorganism of ewes at genus level

i H Xif R RPC 4 RPG 4 RPC+RPG 41
I8 KL UCG-010( Ruminococcaceae_UCG-010) 16.52+2.03¢ 14.05+2.33b 12.45+1.92a 13.59+1.54ab
I8 BRI AL UCG-005 ( Ruminococcaceae_UCG-005) 10.150.80b 9.02:£0.98ab 11.39+1.68¢ 8.88+1.40a
FRECHRL_RCY 718 B ( Rikenellaceae_RC9_gut_group) 9.04+1.28a 9.53+2.97a 9.94+1.23a 10.35+1.36a
T2 B Bk [C T _R-7( Christensenellaceae_R-7_group) 6.70+1.00a 6.50+0.95a 6.88+0.90a 6.58+1.38a
B AT R ([ Eubacterium ] _coprostanoligenes_group ) 4.47+0.58b 4.07+0.51ab 3.68+0.62a 3.86+0.36a
HIFF & ( Bacteroides) 3.57£0.71a 3.69+0.19a 4.10+0.45ab 4.30+0.76b
I8 B ERE B UCG-014( Ruminococcaceae_UCG-014) 2.48+0.34a 2.52+0.46a 2.71+0.43a 2.43+0.54a
94 B BRE R UCG-013 ( Ruminococcaceae_UCG-013) 2.69+0.36b 2.55+0.43b 2.18+0.36a 2.56+0.32b
IR TER BB _2 ( Treponema_2) 1.46+0.39a 2.29+0.76b 2.09+0.85ab 2.05+0.74ab
98 B BRI 8 _1 (Ruminococcus_1) 1.83+0.35ab 1.70+0.34a 1.91+0.43ab 2.17+0.49b
AR (Alistipes) 1.62+0.25a 1.99+0.30a 1.89+0.52a 1.84+0.39a
Z i A& ( Campylobacter) 1.09+0.67a 1.76+1.09a 1.90+1.61a 1.79+1.16a
e FH K R} UCG-004( Prevotellaceae_UCG-004 | ) 1.65+0.73¢ 1.34+0.36ab 1.07+0.21a 1.39+0.25ab
BIRTHF} AC2044 ¥ ( Lachnospiraceae_AC2044_group ) 1.02+0.13a 1.20+0.37a 1.68+0.61b 1.32+0.23ab

XFREZH RPC 41 RPG 41 RPC+RPG 41 ULK 2 ., F—418URIEA AR/NG 48R 25 57 .35 (P<0.05)

3 e

3.1 RPC 70 RPG 3 B 7= 1 8 F MR iR A
=AU

FEL 7= BB 2 LY P AR 1 i 3 i L i A
T HRIR S 1 BB G bR 22—, T A e B s 15 BH g
PR B T IR R B A R R i L
g, 24 o A SR Y 70% , HoHk B R AR AE AR K
FREE b ] DU WL TR AR AT 9 S, ASBIFSE
ML B e BE >k A, KSR 2 15 d 277 05 2K, BR
RPG 41, Hody 3 AR 2RIt e vl ]
=R B TR, R E AN R, fEE 77
i, HUARTT R SR N R 6 2%, B 105 45 LA fs 1) =
FRFEAGIAPLALER 7 S A g 10 2 , (L JE 6T g f 1R
MR RE 1 A R, S BOR SR R 7= £ RPG 4l

BHBA ¥ 3 MR /)N, 7 77 75 2 K H BHBA Wk JE
1. 53 mmol/L, X} B ZH W] /&5 3K 2. 95 mmol/L ( #5411
BHBA #¢ )& — % L 1.2 mmol/LAE 4 Iif F Al , #
3.0 mmol/ L U] 5 Sy ife R AL g4 ), 1 W 30 it
HEhn AN A EIBEAERN | TTLUE ROk FE e Db PRl
PRAE S, FARIALER , DA TTT2% /% NEB, Ypw 251" 5@ i
TR 2450 M A5 8 RPG 2 i sk 20 i i 30 i A e
EREE A A 45, AR IE T X — 5, AW,
RPC 211 RPC+RPG 41X 7 i 1 v B 1) ek 25
AT (0 RPC A B T BEAK ™ 5 A i B e B, ™=
J& 10 d i5f RPC 4118 BHBA HFEFRIE N 4 4 K
f, PNIEE AR IR T S AT Ol A A 9 RE 4 R
WIRE AR I & A 5 RPC X ™ 191 43 4 1
W rh BHBA V& B2 5% Wil 19 B 92 45 18 JF A — 2 Chung
S8) BRI 45 K W 25 ¢/d Y RPC ¥ IM%F BHBA
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W SE TG R W5 R = 5TV RN Elek S U & 3 10
g/dF1 50 g/dfY RPC U INBEAR T 11 BHBA YR,
S =R P N [ E IR L R B NYTARETE i< EA N N B R
H MHAREER R A K, A5 RPC B NAL
AR I — 7 o] BB RPC A A B ] AH
XPEE I, T BB TS I AR S AE W AU AN I
SN INKER It SRR ol B
3.2 RPC #1 RPG KM FFE =X FRMEFME
RIEMREIS MM

(=S Ve GIENTP O = e iy IS S
3 ) LI AY80% ~ 90% 2 75 U R J W HA K 1> B L
MRS K TR B IR 0 R BRI, B R84,
WK Z G RBUE BRI, 0GR 5 . IAIFSE
EE S I D W 4 £ <0 = S S R R S R = =Y T U
I N5 SR S N IR 25 AN B 2 XA R S AR K
I RREAC R/ VA DG, MR ERIAE BTk R, 500
FHEG, BB 20 ¥4 & T 26 F 0 4 &, (AU RPC+
RPG ik 3 WK 45 G iR REEbR k& , 14 i
YR FEEARIAEARRHS [ AN A8 3 . FMIE
WA A R BN 0 a9 R AL (R 2
R+ H IR ) B S s % P e & T
XTHEA . ABFFTEs R ULBH , RPC FI RPG TSI Bl
TR AL BT T TS R, N — e R 2%
fife T BRI R e i OIS
3.3 RPC 71 RPG R BFEFEREWAHRK
=21

RPC 1 RPG 1] LAk BE B A e fa i h &
FEVERIRRRRAS g , H g A xS B il Y v R
SRS, WiE AR S ERCRE E RN
PRI CRN RE B R ARG 5 2 i I R i
I A B 5 s A R bR AT R A2 31 R Ak
K AHFFE R 16S rRNA FERINF 7k, 434 RPC
1 RPG I JIGHEE B8 PR EES A A 52

MIA P BE 75 Z e BT 45 ROk, 45 41 1]
Shannon 8 £ Fll Simpson #8422 % A & % , {(HRPC+
RPG ZH1 Chaol #5500 3 5 T RPC 4, WA ZE SR N
RPC FEfilh b AN RPG A B T s b E i R E
WRERFEEE | RPC F1 RPG Ay B S vt 2 i i
DGR/t EZ 2SI E S AN

M BER L Z5FKF , RPC F RPG B4 B
AR SRR, TTKOF EAR 2
JEEER T 1 5 2, HOR AT B 1], J8 K7 0298

EREE UCG-010 2, iX 5T A A58 245 1 1) —
., RPC H1 RPG 5200 1 [1/KF- ARG T AEXF
FRE, X HRLA b, SR RE B DA T R AR,
PP T TRPC+RPG 4 AR X = 5 8 3 = T X B4,
X5 A T AT 4 RO AR — B, HR g R B
WL 3 A= T AR B R AR FE 350 ¢ B RPG, JERE
TR T8 Z2 M AF AT 108020, M B o 22 53—y i v
RESEF X RANIE] , 55— T ) AT -5 ) M g )
FEIREE RGN A 5252 R BE T 1 RUAT B T
oA BT AR, AT AR 1, ST BE R AOR,
FOR DT TR 1) B AR S Sh A oK A6 A P A
PRI, TS RERR | e U sh ¥ 1 i i A 0 43 1
AR MR ERE Y SXTIRAIA L, AT =
BEBR [T BB -5 FUFT 7T 11 A9 0, 3 0T RS2 TR A
RPG TE/N N 3w WS 4 R e i, & TR (L RE DAL
ASE RPG RN | T 0 2T 2k [ it 0 15 BR A
Bl UCG-010 1y 2 8 8 3 AR AAIE 73X — 45,
RPG ik B F i T BIRE B AC2044 B (1A X}
F B BIRERYE TA 25, SR
B RPG 78 IR B 00 ] 28 1 200 1 ) 43, ik />
BURRIE M KA, 5k /N 5 (R FE 45 SR — 30
RPC 1 9% Ji0 0 AT B 38 3k SO0 B8 11 0% 38 Jon 42 a2 R
B 7K A7 A R G R R 0 T e 28 i 1> %)
DR T A RS AR I L R
S BRI 55 0 17 R AR I A G 1 34238 H kR
i B S AT B ) = B 2 A G T B o v i )
S TE T T A G, 5 R RE B =F i 52 B A
5%, BLHA RPC FI RPG 1S Jin ] g 38 4o i 72 JE B T
I TRIBURT B 1T A4 L 491 XoF L7 2 A A Qa7
¥ BRI o FHLHEE A Rk — 2B 9T
4 #

BE2E =R 30 d FFER RN )5 20 d, G AR H s
3 ¢/diY RPC 5 15 g/dif) RPG ¥4 B T 5 25 F 4
A, B T REE A TE TR oK Ak S R B BT
B TR RE R R B | AR 2T 4k five 81 TR V52 BE 21 1] 14 A
XFEEE  RPG I INId (45 I8 §1 4 A 25 7 B IR A
B K AR = B A5 S B 5, [ B A R0 4 AR 1
WRE, L5575 18, RPG B S INACR & 44, RPC 1Y
W E IR A fF i — T
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