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i ZE: [¥F)1 P TRALAGIEMET —REZOARMENE, LR HWRBILER 4
DM EHEEREALT. [B] 55 HLBER”TRAK, WAL EEFHEFRAZ RS,
HEGTFREANRAREA T RAE e, [FE] aPERLEAFR G FRE LK ERFF
FEEBE NS, &R AR H 3E A I (reinforced Clostridium medium, RCM)#1 76, B VA T B =&
AAFEE TR T TRARRFOAK, S EERSE, SA4504, AR EEFfE KB
BRI RS ATHA. [ER] HES] —HRG " TROBWK, 2LEZAMET HFAHKA
(Roseburia intestinalis), 4% # R. intestinalis F12-9. R. intestinalis F12-9 #FF & vA 3%#) &5 &4
A RCM 353, 3 7IR/Z 37 °C. #145 pH 6.8, 0-10 h A+ 44 K. R intestinalisF12-9 7 6.0% NaCl
I 44 A& 5 5 15(63.8843.16)%, FIARE 3.0 g/L B2 2 o 649 74 7% & 4 (200.82+11.19)%, £AEHL F & (pH 2.5,
pH 3.0)ABJRIR T 694575 F 55 A (110.11£9.44)%. (100.18+8.44)%A=(175.05£5.20)%. % iE XX
HACE , BAMRRAEIEARAM A BFF 5%, pH 7.0, 3 FATH 12 h, ODgoo A 1.913, R AMALATIR
#7T 13445, [4#] % FR R intestinalis F12-9 A —#r#7 64 = TEBRE K, L= TREHNR, L
i, A FE AT RRIK, AR, B RIFHFLANR.
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Screening, identification, and culture condition optimization of a
rumen-derived butyrate-producing Roseburia intestinalis strain

ZHANG Jixian', FAN Dingkun!, YANG Dong?, BI Yanliang!, CUI Kai!, ZHANG Naifeng"!

1 Key Laboratory of Feed Biotechnology of Ministry of Agriculture and Rural Affairs, Institute of Feed Research
of Chinese Academy of Agricultural Sciences, Beijing 100081, China
2 Bayannur Institute of Agriculture and Animal Husbandry, Bayannur 015000, Inner Mongolia, China

Abstract: [Background] Butyrate-producing bacteria are an important of functional
microorganisms in the host gastrointestinal tract, and their metabolites can promote the healthy
development of the gastrointestinal tract of ruminants. [Objective] This study aimed to isolate
and screen rumen-derived butyrate-producing strains, clarify their probiotic characteristics and
optimize culture conditions, thus providing strain resources and a theoretical basis for
subsequent development and application. [Methods] Fresh rumen contents were collected from
adult sheep at the Changping Base of Chinese Academy of Agricultural Sciences. The strains
with high butyrate production were obtained by primary screening with reinforced Clostridium
medium (RCM) and secondary screening with butyrate production as the standard. Growth and
probiotic characteristics of the strains were analyzed, and the optimal culture conditions were
determined by single factor and orthogonal tests. [Results] A strain with high butyrate
production was screened and identified as Roseburia intestinalis, named R. intestinalis F12-9.
The seed liquid of R. intestinalis F12-9 was inoculated into the RCM at an inoculation amount
of 3% and cultured at 37 °C and initial pH 6.8, under which the strain exhibited a logarithmic
growth phase within 0—10 h. The survival rate of R. intestinalis F12-9 exposed to 6.0% NaCl
and 3.0 g/L bile salt were (63.88+3.16)% and (200.82+11.19)%, respectively. The survival rates
in simulated gastric juice (pH 2.5, pH 3.0) and pancreatic juice were (110.11+9.44)%,
(100.18+8.44)%, and (175.05+£5.20)%, respectively. The optimized culture conditions of the
strain were as follows: inoculation amount of 5%, pH 7.0, and culture time of 12 h, resulted in
an ODecoo value of 1.913, which was 1.34 times higher than that before optimization.
[Conclusion] Rumen-derived R. intestinalis F12-9 is a new butyrate-producing strain, with a
strong ability to produce butyrate, no hemolysis, a low risk of antibiotic resistance, and strong
tolerance, demonstrating its broad development prospects.

Keywords: butyrate-producing bacteria; Roseburia intestinalis; probiotic characteristics;
orthogonal test

PETRRE R EBEMER —REENY) AR o AR Y (5 & R R ) R
RETCE DR, EATRE S R R KA B = WIE RS, dey s bR BT RE, i
ATR. mTREMNEMEZRAREE R AR B 0 E 580 F e v iﬁléi'é.
(Clostridium), %' 5% [C & (Roseburia) . AT sRALA B A S AR om il G )30, =
i J& (Eubacterium) . J8i H Bk )& (Ruminococcus) T R B R Sh e M A W RE AR — 10 25 AR 1R
DL M AT 1 & (Fusobacterium) &8 U1, 7= TR TR R IRHE, AEfEit e shyie E k&l sy piik
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HAT RN TS LRSS . Hai TR
FAE R 28 B ay R A LLT R 3 (Clostridium
butyricum)> 3 . ZEGAR FRES N C. butyricum fE
g B = far BT I A= e i AR MR RB U L el AR
PN B R, SRS R R R — 7,
C. butyricum RERETEIR H ™ A T RRIT4r I IH AL
figt e, T AERERE B NI RREA X —Tr
T, TR R M Ah 20 5 T R R RN A A
iy 3L RE U, FEGEAR AN C. butyricum T]
DA W7 4% 26 2 i 37 R 4R 6 0 15 AL T (superoxide
dismutase, SOD) fl 4% Bt H K i & 1k ¥ 1§
(glutathione peroxidase, GSH-Px)i% P % #2 5 ,
TR HLAR ST A b RE e, et Rt T
R TE A, UNJFEFCHR B (Clostridium beijerinckii) |
% X B M @ (Eubacterium hallii) . 3% 7 2
(Fusobacterium prausnitzi) A & i3l %' 4 7 it FC
i (Roseburia intestinalis)ZF!'3!, BARF E Wk
B, AH T I s B 5 A, BeE
TR AR P B R Dl . AR R4
YR E A B TR AR, IE X A7
PE . LTI, SR IE 2850 % TR AR Y
IR AT DA = R K, DU &
AT EREARGCIR , JF R T MR Ak ) I ] it
FREER e
1 MHEF%E
1.1

4 W {0, 7 %5 BR B (Staphylococcus  aureus)
ATCC 43300 HHrEfOME B Be R e 224
B SEMATH . 15 mL & H AP
A A E AL BFE B B R0 6 HAgRRRI K
WA . AOESE S se s 2 b AL R B
RIS B SL 86 sh e B DL 25 i, HEES R
IFR-CAAS-20240901, “F R 1l RH 2> 24 20%
HE T H 25% EKFEFF . 45% F K I 7.5% G4 .
IS I, IR B N TIRE
Ab P A RS R, 20 °CRAFIR Bl S8 28 57

1.2 EERFI A

g . JI KT M NaCl 25, bt R s FHY
AIRAE] A A SR PLE DNA il &
frw, iSRS YRHE A RAE #AHGI
Y, e TAY TREE B A RN vimzh
WA, bR RRHEA R A A .

PRARGIRE S T AR, , AR AT AR A PR A F
B TAES, A6 RIS R AR il A PR A )
ZIREREPRAL, LA RAF; W8, EARE
WA= A BR A A
1.3 EEE

AR T 0 5 B AR 5 Ak AR T B R A
(reinforced Clostridium medium, RCM)!'"), H2
W EEUS AR 8 R J) R (1 mg/L) o ¥ I il 3 (i
FHEFS LA I g 355 R JE ™
1.4 5%

TEDAE AR, BUEE NAEYIRER 2 g,
2T 10 mL JCIRE KR PBS H1, 3 000 r/min
TRTE 5 min, T IRHE 3 K. SRIFHL 100 uL 9%
N PIRE S EA TV BE AR RS R (1074-1077), T4~
WREAEEE 3 A P47, 1A T RCM [BIARE SR I
37 °CHIEREFE 48 h G HKUR R S FHIE 0 TRV
BT R alifh 2ot /0 2 Al ISR bk

PRBCA TR 7% FIRA RCM AR F: 36 F
37 °C TR BB % 48 h, ) FH 2 B B bk
DNA 2 FR (35 pL) : 247 30 uL, R 5 uLo
SRR ZR . 80 °C 20 min; 4 °CZ LV .
FH AT 8 15149 27F (5'-AGAGTTTGATCCTGGC
TCAG-3")F1 1492R (5-GGTTACCTTGTTACGA
CTT-3")%} bk 16S rRNA JE[H#EfT PCR 474 .
PCR S W fA £ (30 uL): PCR Master Mix 15 uL,
DNA #itl 6 puL, b, FHEZ[4(10 pmol/L)4%
1.2 uL,ddH;0 6.6 pL.PCR JZ i 451 :94 °C 5 min;
94°C30s, 56°C30s, 72°C45s, 35 PMEH;
72 °C 10 min.

PCR 7 #yik 2 A0 5t SR AE W BHE e A PR
s Al HEFT 16S rRNA LR 751 %50 o B A 41 16S
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rRNA L[ P45 S = NCBI 7£ GenBank
B e P EAT TR IR HE X A M, — R HE X &
AR >97% M [RI R, AL 95%—97% M [H) &,
R 25 e 245 SR 0 16 o TR0 g 7 TR T 9
MEGA 11.0 S ER G R BN . 558 kit
TPt [y e, Sl B B A .
1.5 £

PRI 5 HH 0 7 TR TR PR R VR AR R
RCM Wik FR 3, 37 CCHFE KRR 12 hiEN
FhF 15 77 7 (ODgoo=1.0) , BEFPFI LA 3% 1) $E 5
AR RCM ARG FR 3, 37 °CIHIRIKSA
Big® 72 h R EAURUE T AR A R A BR A F
PEATHE R BRI A o AR ™ R O i BE I — MR e fL
PR
1.6 THH4FME
1.6.1 HKHZ& R TERENNF %A E

FhFE5 35 1.5, BEFFR L 3% FEFh
AR RCM ARG, 37 °CIHIRIKSA
Wigi, 024 h & 2 h BUFE 1 IR, 24-36 h4: 6 h
BURE 17k, 36-48 h 4 12 h BURE 1 Wk, IE R
TG (ODgoo) 5 TR & i, T R & e
A 1.5,
1.6.2 M= Mitie

NaCl ffif 2P WAL 3% HeFp
A NaCl W EE 73 50 1.0% . 2.0%. 3.0%.
4.0%. 5.0%. 6.0%[ K5 RMC KR F= 3,
37 cCE IR ARG SR . 4051 T 0 h Al 12 h #47°F
W i, LR ER 3 YORHTRAIE R, 7
TG 2R (Yo )=1f5c 2 I A5 149 ¥ 11 550/ 400 py 0 A5 1) 3% T
Brx10020

PEER TR 37 P < A IR LA 3% A 2
FEANRE BT 43008 0.3, 0.5, 1.0, 1.5,
3.0 g/L R RCM AR KE IR 3, 37 °CHEIR
RAER:FE. 20 8F 0 h F1 10 h FEAT AR A 7% 1T
o HIEE 3 RIHITEAFER(%).

RV N A2 0 . L pH 2.5, pH 3.0
AL YRR pH 8.0 FOBLIUBETR , BFFh I LA
3% EBEAN THBMA TR, 37 °C

TR RSB #5433 F 0 h Al 5 h PEAT AR A V&
T4 SEIREE 3 W EAAE (%),
1.7 ZE=MEMN
1.7.1 jAmmitiE

W 215 b 1% BH M X BETR 4 B R A BR T S
H bR B 1) 5 T 74 78RR H W 1 B0 - b R 1 7
Ik, F 37 CHHEIRER I 48 h J5ME AR
TR T ] LA T IR
1.7.2 HHRE

KRR Y BOEWE W T HER. £
FWER B, UHER. HHR. A THE&ER. &k
ootk | SR 2 AL 7 PR R TR 245 W ) RO o
TERAEIREE T, BUE LG ODeoo 1.0 H9 HARE B
I 100 pL, ¥5%A FIRA RCM AR 57
Ferp o ¥ 250 G TR BT UG 28 [ A s R L R
[, T 37 cCHEEIRARGF 48 h J5, HKHHE N
0.02 mm AY¥ERR -~ RN & I S B B B2 .
PUA: I BTPE S BESE I R RN S 36 % AR AL B
23 (Clinical and Laboratory Standards Institute,
CLSI)2A i i 25 B0 4K f i b v 67 7 1 1217
1.8 IEBFRFHML
1.8.1 BREAZRAE

BRI HILL 1%, 3%, 5%. 7%. 9%
FRERP R 2 AR RCM WA R 373k, 37 °C
TEIR IR AL F7, T 24 h I & B W (ODegoo) o

B AP LL 3% A4 R 3 A R4 RCM
I, 37 CCIEIRIRAARE SR, 7E 024 h & 2 h
HUFE 1 IR, 24-36 h & 6 h BUFE 1 X, 36—48 h
B 12 h HUFE 10k, IE T O 2 (ODsoo)

LA 3% R 4 A pH (H 2 5110
2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 KA
RCM Wifksi ek, 37 cCHIBRER 7R, T
10 h 22 TR W S BE (ODsoo) o
1.8.2 IEXRIRE

DIESIE] . pH. #EME N EFHNE, DIHK
W 5% B (ODgoo) MR /R, R =R ZE =K IER
RIS TR A AL, DOH o H TR R 11 o
FERE SR 561
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1.9 Zitoh

K Excel 2022 XFSLga ¥ it 1 1, 4L
iR SPSS 27 th e[ &R i 2200, 45 R LI
ifastrifE 3o, Hph P>0.05 BRnERAR
¥, P<0.05 F#/nzER B R Origin 2022 if
17 I

2 ERE54M

21 FETHRENSEFESER
211 FTBREAESHHMELESER
MEES B AR 9 RROETRT B IR B
(Lachnospiraceae) ) A [m] J& UL K BAT TR & AR TR
JERITR PR, 9 MRIATEIRSE RCM [ I3 B A
KAPES SRR QYL @45 R I 1 A 1, 22
FG Y o B A0 40 LT 25 285 2R S8 R B B AT 1
Hop# L IRBAPER(GY) 8 ¥k, 5B MBI RE R7 .
C2. XR8, Bl, Rl, R2, B2, FI2-9; # %[
FHPERR(G) 14K, AE#E S12. il MEGA 11.0
ARz 9 MRIAMRM R B E MUK 2 PR, %)
W HiBk R7 125K C. beijerinckii; itk C2 I
2 WV T 2k BT I (Eubacterium cellulosolvens) ;
itk XR8 IH24 C. butyricum; Eitk Bl. B2
12 g 5 i IH 5 14 (Bilifractor porci). #ikk R1.
R2 HZ0 9% BB T R 9N i (Pseudobutyrivibrio
ruminis); Rk F12-9 14258 R intestinalis;
¥k S12 V925 0 k28 H 5 3R 1 (Syntrophococcus
sucromutans).

F= 1 NHKFETERERBERFSHEE
Table 1

212 FTREARE

20 9 MR T RRBERE - IRES I, 9 B
TR R R 2208k . e o . N
MR, TR, TR, SRR, IR & &, Hrh
R . 5 TR . SR A SR L & s R s AN
FIMARTER 2 H /R, WPk XR8., HPk F12-9 /)
BT R 1M (1.99+0.33) g/L . (1.86+0.08) /L,
W E T HA 7 M7 T BRI R (P<0.05). FEHE
F12-9 By TR it 3 s THAh 8 Bky™ TR
FE(P<0.05), TR/ & 4 (3.29+0.38) g/L. % I,
o BT AR — KR T BRI TR PR F12-9,
2.2 ERBEE N
221 EK#ZER TR DFHBEANE
ER

WE 3 Frn, WAk F12-9 76K 4 RCM ik
BrgRdrp 37 cCEIR IR E B F20F, 0-10 h R B
PR F12-9 A=K X5, ODeoo B i 4 1.48, H
-G BB, RHBUE K b TS FE TSR I
ODgoo NI, Hkk F12-9 YEATET M. A4 Kh
2R 7 ODgoo=0.186+1.442xexp(0.07-t/57.711)x
(erf((2.46xt-1.643)/sqrt(2))+1)/2, R=0.992, *
THREAE 0-10 h [FIFEEXTHOE K, 25 HFE
eI
2.2.2 EHRRIT S

Wi 4 Fron, Bk F12-9 76 1.0% NaCl i
HIAETE 2B A(1 201.45+16.60)%, £ 6.0% NaCl
P AT B 5 14 (63.88+3.16) %, HRENT 3.0 g/L

Morphological characteristics of nine butyrate-producing bacterial strains

Strain Gram stain The distinctive features of microbial colony

R7 G* Irregular round, protuberance, edge integrity, translucent, shiny
C2 G* Round, edge complete, colorless translucent, glossy

XR8 G* Irregular round, convex, white, viscous

Bl G* Round, edge complete, flat, colorless translucent, shiny

S12 G- Round, edge complete, flat, translucent, shiny

R1 G* Round, complete margin, raised, white, glossy

R2 G* Round, edge integrity, protrusions, translucent white, shiny

B2 G* Round, edge complete, flat, colorless translucent, shiny

F12-9 G* Round, neat edges, smooth surface, raised, milky white, sticky
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R
E1 A%FTEREKRNEEESHNE=ZREACERGECELALABTOANAEEZELTSE)
B: WPk C2; C: WPk XRS8; D: Wik Bl; E: Wk S12; F: BFERL; G: HEiKR2; H: Bk B2; 1.

kR F12-9,

Figure 1
upper left corner window is the colony morphology map. A: Strain R7; B: Strain C2; C: Strain XRS8; D:
Strain B1; E: Strain S12; F: Strain R1; G: Strain R2; H: Strain B2; I: Strain F12-9.

Y IE £ R B R A A N A2 14 (200.82+11.19)% o
FARTEAL DL W (pH 2.5, pH 3.0)F1 IR H A A7
TR0 5 (110.11£9.44)% . (100.18+8.44)% Fl1
(175.05+5.20)%.
2.3 EHRNZREMEITEN
2.3.1 AMXIEER

WA 5 B, e (oA A K 7% TR R i R
W BB IR, A5 o BaYE; MRk F12-9
EA AR GE, FE T mE, 255850
R, FEHBRR F12-9 X} sl ik fd B 0 e & .

-

A F K R7;

Colonial morphology and Gram staining results of nine strains of butyrate-producing bacteria. The

232 HHPHKER

PR F12-9 1125 fobr vk B ki 28 2 43531 4n
3 MK 6 N, HEEURPIA RIS LK
KT HERER., ZFER B; WAREMIUA
F; B EER . ANV, Skims
i, EERRMEATE R KIKYE A3 E CLSI
il RE BIA e AnvE . W 6 2y MaRIR S, SRR,
Rk F12-9 X2 2= EERUS; X HAh & 25 ht
A A A B R BRI, B RR Fl12-9
Xt 7 FeE ST 2 AR B Btk
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64| Strain F12-9 (PP939792.1)
Roseburia intestinalis 1.1-82 (AJ312385.1)
Roseburia intestinalis strain DSM 14610 (AJ312385.1)
Roseburia hominis A2-183 (AJ270482.2)
Roseburia faecis strain M72/1 (AY305310.1)
Roseburia inulinivorans DSM 16841 strain A2-194 (AJ270473.3)
Eubacterium oxidoreducens strain G41 (FR733672.1)
Lachnobacterium bovis strain LRC 5382 (AF298663.1)
(Strain R2 (PP958292.1)
100' Strain R1 (PP958293.1)
Eubacterium eligens ATCC 27750 (CP001104.1)
Butyribacter intestini strain TFO1-11 (KT388745.1)
0 Blautia faecicola strain KGMBO01111 (MK424331.1)
Blautia glucerasea strain JCM 17039 (AB588023.1)
75 Strain C2 (PP958294.1)
FEubacterium cellulosolvens strain 6 (X71860.1)
100 98 Syntrophococcus sucromutans strain DSM 3224 (Y 18191.1)
100 Syntrophococcus sucromutans strain S195 (NR 036869.1)
84! Syntrophococcus sucromutans strain S195 (JQ346731.1)
Clostridium butyricum strain JCM 1391 ( AB595129.1)
Clostridium butyricum strain VPI3266 (AJ458420.1)
Strain XR8 (PP958288.1)
100\~ Clostridium saccharoperbutylacetonicum strain N1-4(HMT) (CP004121.1)
oo~ Clostridium chromiireducens strain GCAF-1 (AY228334.1)
771 Clostridium beijerinckii strain JCM 1390 (AB643462.1)
99'Clostridium diolis strain SH1 (AJ458418.2)
Strain R7 (PP958289.1)
100 Strain S12 (PP958290.1)
To0L__ Strain B2 (PP958291.1)
100'Strain B1 (PP958295.1)
Pseudobutyrivibrio ruminis strain DSM 9787 (X95893.1)

86

0.10

2 AKRFETEREERET 16S rRNA EEFIMBZNRGELER /X802 A JRE; e REHZ
AR HEACAC S 5 355 TP B BCT R BRI GenBank J7 41 5 .
Figure 2 Phylogenetic tree of nine butyrate-producing bacteria based on 16S rRNA gene sequences. Branch

numbers are self-expansion values; distance scale numbers are relative evolutionary lengths; The number in
parentheses is the GenBank sequence number of the strain.

®2 NHTTREREEBRER(FEELREIR, n=3)

Table 2 The acid-producing results of nine strains of butyrate-producing bacteria (mean+SE, n=3)

Strain Item Strain Item

Acetate (g/L) Butyrate (g/L) Acetate (g/L) Butyrate (g/L)
R7 1.57+0.09b 1.5240.10b R1 0.09+0.08d 0.06+0.05¢
C2 0.74+0.14c¢ 0.53+0.1d R2 0.08+0.07d 0.06+0.05¢
XR38 1.99+0.33a 1.00£0.16¢ B2 0.72+0.08¢ 0.50+0.07d
Bl 0.92+0.07¢ 0.52+0.02d F12-9 1.86+0.08a 3.29+0.38a
S12 0.85+0.04c¢ 0.34+0.02d

LR T 6 NMEER, WIELER. WK, TR, 5 TR, SRR, R, WIREE . 5 TIREL . SR F R i T3
P AR A I A 2 T BAT R R B AN [R) T RE R AN [ Ak B )R (E 25 5 1 35 (P<0.05)
A total of six indicators were tested, including acetate, propionate, butyrate, isobutyrate, isovalerate, and valerate. However,
propionate, isobutyrate, isovalerate, and valerate were not presented in the table due to their low levels or undetectable
amounts. Different letters represent significant differences in different treatment at 0.05 level.
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2.4 BEHKIEFEEFHRK
24.1 BEZREKIFME

B TA R AS ] X B AR F12-9 4 KA 32
i) . ODgoo Bl T2 Al O BE NI BG 0, S EFh A
7%}, ODeoo 35 e K{H , ODeoo=1.42, Bl T
B . [ 7B AN [R5 2 i fa) 6 R Bk F12-9 A KAy
SR FE 2—10 h B, Bifi 45 3% 5% 55 0] A9 424, ODeoo
5 ETHE%, 2] 10 h B} ODeoo i 25 KAH 1.48.
10 h JE R BRIEAZET- ], ODeoo FUA & T4

, %] 48 h iif ODgoo M 0.95., & 7C M AIH pH
3 OE PO M KIMARTRANEE 0 ol o *’% 5 ﬁ 1 p
Figure 3 Growth curve and butyrate kinetic curve {EXS AR F12-9 A4 KR AYSZN o 24 pH fHH 2.0-5.0

of strain F12-9. Hﬂ‘, ODéoo?':E 0.3 EEO %/l pH 7.0 EH‘, ODﬁooijj
1300
a
1200F 1
E 1100
z =
%
i - a
E 200 b b bc bc b
St 0eans DAAAH i l
0 1.0 2.0 3.0 4.05.0 6.0 0305 1.0 1.5 3.0 2530 8.0

c(NaCl) (%) c(bile salt) (g/L) Simulated Simulated
gastric intestinal
fluid pH  fluid pH

4 Bk F12-9 £ A[E NaCliRE  BEEKRE . R B R pH FARMRR pH WEBRER  AF/D
B RE RN [A) b 3 ) Bl 2% 5 0 2 (P<0.05) .
Figure 4 Survivability of strain F12-9 at different NaCl concentrations, bile salt concentrations, and

simulated gastric fluid pH and simulated pancreatic juice pH. Different lowercase letters represent significant
differences in different treatment at 0.05 level.

5 bk F12-9 BUSMINIRLER A FHMEXBEERR(S aureus ATCC 43300); B: HFRERE F12-9.

Figure 5 Hemolysis test results of strain F12-9. A: Positive control bacteria (S aureus ATCC 43300); B:
Target bacteria (strain F12-9).
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Table 3 Drug content of drug sensitive tablets and
drug resistance judgment standard

Antibiotic Drug
content

Judgment standard of
inhibition zone diameter
(ng/slice)  (mm)

R I
Vancomycin 30 - - >17
Polymyxin B 30 <8 &-11 =12
Tetracycline 30 <11 12-14 =15
Penicillin 10 - - >25
Ampicillin 10 <13 14-16 =>17
Cefazolin 30 <14 15-17 =18
Chloramphenicol 30 <12 13-17 =18

R: iif2y; I WA S: UG — HIWTHITE Bl E AR AR
HEARAERLE

R: Resistant; I: Intermediative resistant; S: Susceptible; —:
This criterion for judging the diameter of the inhibition zone
was not specified.

6 Etk F12-9 W ERB ERRIMER
Figure 6 The diameter of inhibition zone and
resistance results of strain F12-9.

F KA 1.69, 4 pH>8.0 I}, itk F12-9 Ay4:
K Z 24|, ODesoo Ny 0.47,
242 EXRABER

T ERRRRAIEE R, e 7R %
1 IEAS TS R AR 3%, 5% T%; B

7 TEIERMEK F12-9 £ KW A:
M B: WE; C: pHs
Figure 7 Effects of different factors on the growth of

strain F12-9. A: Inoculation amount; B: Time; C:
pH.
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[ 8. 10, 12 h; pH/K¥k 6.0, 7.0. 8.0,
R 4 i, B0 HRE3INER.

P 25 43 AT 1 (3R S)RT A, 2 B bk F12-9
AR ER KR N [ >pH>HE AP i, R
MR F12-9 A KM FEREK, HEREK
56 45 1o R B (K 8)HfE , Wbk F12-9 Ay f
Mo 35 41 MR 5%, BFfE] 12 h, pH 7.0,
TENHEEREE 6)B R, pH FIRFAIA M i 55
M(P<0.01), $ZFhiEA 2500 (P<0.05),

2.43 WIEAIEER

M4 DLk 5 A BE 7 HEA T IR R s, ARt
W S ANEE, BAESE 3. HIE 9 A,
Witk F12-9 TEAL)E s S0 F B ik 2y

x4 EXREERERKF

Table 4 Factors and levels of orthogonal experiment

Level Factor
Inoculation Time (h) pH
amount (%)
1 3 8 6.0
2 5 10 7.0
3 7 12 8.0

x5 EXRELER

Table 5 Results of orthogonal experiment
ODe¢00i1 ODsooi2 ODeooi3

Group Inoculation Culture pH

amount time
1 1 1 1 0.623 0.680 0.734
2 1 2 2 1.356 1338 1.318
3 1 3 3 1.496 1.501 1.515
4 2 1 2 1.031 1.044 1.057
5 2 2 3 1.371 1342 1.404
6 2 3 1 1.285 1304 1.312
7 3 1 3 0.984 1.027 1.010
8 3 2 1 1.210 1.033 1.172
9 3 3 2 1.527 1496 1514
ki 1.173 0.910 1.039
k 1.239 1.283 1.298
ks 1.219 1.439 1.294
R 0.065 0.529 0.259

k: ZAKFHEZRIGEE R 2 FEME; R HREMWREME.
k: The mean value of the sum of the test results of the
factors at each level; R: The range value of factors.

E 8 EEREHEFXANAKLERE
iw; B: Bf[A]; C: pH.

Figure 8 The relationship between factors and
indicators. A: Inoculation amount; B: Time; C: pH.

A FEFh
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Table 6 Variance analysis of orthogonal experiment

Source of variance Square sum  Degree of freedom

Inoculation amount 0.020 2
Time 1.329 2
pH 0.396 2
Error 0.036 18

0.010
0.665
0.198
0.002

Average of variance F-value P-value  Significance level
5.033 0.018 *
329.559  0.000 *x
98.240  0.000 *x

*: P<0.05; **: P<0.01.

B9 EXRERMEFRFZHETER F12-9 B
B

Figure 9 The absorbance of strain F12-9 under the
optimal culture conditions was determined by
orthogonal test. **: P<0.01.

ODeoo N 1.913, BARMALHHETE T 1.34 1%, UEH
AL B85 77 25 A AT &
3 Wi

Roseburia £ —FEZM ™ TERW , 17
TET 450 8 Wil b e A9 B HAE X
F O (0.4+0.03)%> o B 7 iy [G I R £ 4
R. intestinalis. A% #irFF3; [ 74 (Roseburia hominis) |
£ 2 17 5 Fw G i (Roseburia inulinivorans) .
2558 % 17 3 i S (Roseburia faecis) . 5 4% W
FE %4 [C T (Roseburia cecicola)®, R. intestinalis /&
JELBE T ] (Firmicutes) Hp ) — fi 4 3 22 1 BH A
PR, BEth, FRR, It 240 WK i
#i £z sh?Y, R intestinalis /£~ Roseburia 1117

— AEHEEWR, BB A ATE AL KL A
YA R EERR IR, FEAE TR, TR
R. intestinalis 5 HLIAAH BAE R &8k R -2, H
A3 A TP 0 KT 1l R A AT T R R
S Rala o=y Gl 5 7B = R o D AN T Eok |
F AR L R R AT I e A3 KA AT
FW R intestinalis 7% 18 F #F -h H A HE A HY
LR SC, BERSVE B AE 0 25 A A .

AR R Z [ 7= T R R BRTE T R i
fETE 225 o AR L2 5 b 2 3 15 30 1
R intestinalis L1-952 ) T &/ &0 1.2 g/LB2,
M E M NAY h 15 2 r C. butyricum
ZJU-F1 f£ RCM WARKEFRIEH R TR ™ 5t
1.83 g/LB3, ARWF5E I 2 398 B FF i sl o
A3 B E TR RR F12-9, HAERSA RCM A E;
SR TR &k E] 3.29 /L, 7 TR &AL
F AW P 0 T IR . AW IE & BB B
F12-9 ByE R g JLT IG5 8, S H 804
KT, AKEBE TR, LT RN, Wi
HEAGET W XN i 5 B 3R IR 40 10 B
FELL R B AR A 5 7 A 1 K AR = A 5B,
1E 0-10 h, HHE F12-9 T Msh f1pihdk 54
Kb K agEMmE, SXHWE, x5
C. beijerinckii R8 [#AF 7% 25 ALY B bk
F12-9 fEE AT G, 7= T IR & T IR FF 8 - 2%
WK ERET, BARE IR, R
Wil %, RBET- RO R, (HAET A 40
LAE Vs i sl 24 )5 L 2B A P it T 2 R B
XS SR o AT R R A IR AR T R PO,

25 2E OV AL R G R i 2 B8 R R 1 2%
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AVER M EEAEARET ARF R B, kR
F12-9 7 1.0%¥%) NaCl H {71 4535 1 201.45%.
AR EY], R intestinalis 41771 2 Fhif
SR %) D s TR AR, D R A PR A AE B I Ry X
FA M, BEUSHES Bh A R HhT SE L R M ER
BRI kA o A R AR 5 R, TR R F12-9
XF0.3-3.0 g/L RARER RIS R AT 52 . 5k
P, R intestinalis L1-82 KR4 7y
TE A RHER K A B L ER] L R R K At Bl 7 i 2 o
AR T EARPI IRV rh B OCE ), HL
REAEIE 1L K fF ISR | RETSOIS [ BEAZ M e 1) T2
PR/ A T R R e AL ALK TR R R PR F12-9 B4
B LA BB A TS R KT 100%, T
S ST 5L i g A MO BE 15 2 /9 C. butyricum
B-3. C. butyricum YX #4816 R KT
80%, {H/NF 100%. % T C. butyricum B-3
A1 C. butyricum YX, Btk F12-9 X415 R
TR S22 PR i . kPN R, intestinalis 54 XY
I #1 54 (Bifidobacterium longum) , P XSUSE AT TR
(Bifidobacterium bifidum) . 44 % F. #
(Lactiplantibacillus plantarum) . s} %) XUE; #1 B
(Bifidobacterium animalis) . % [C #, #F &
(Lactobacillus delbrueckii) . % [ #i 3% 1
(Faecalibacterium prausnitzii)tt 6 Fhas k@ PE T
BLRIZHXS o, 455REW], R intestinalis B A
W25 H B AAAAHCHIER, 4R 4i i pH
FaAS R BT 5 ATP B Na'/H' [z [0 6 38 {A 55

B0 TR A R AR R RE 8 43 A I 2R i 41
R S R, T LAV M 2 25 2E T A
P EEIEPR . 3o CE AR MR ) TR
ain S 7 R R S S L TR e R ) FE i,
tn A WA S 5IENA RBP4 = hoik 2k R %
BRI RN, R, ARSI T Wtk F12-9
XF 7 AT R URME . 2R R B B4
RSB DU R . AR R B W A
HEAE; Tih&ER. B8R . @ Nk, kL
T s b L DT 241 i BE 5 i), R R DO S R BN
R intestinalis J: K4 H A 2 AN PURE PR

{HAEABSE P PR F12-9 % PUFR 2Rk, 3% A]
REJE FH T DU PPk 258 R 3R ik K - sl 5 R 7
BRI A EE N A RE RS B KRB, R Ak
F12-9 Joia I, ik R 25 XE%, B Ek
F12-9 A LL&E 4 H o

65 4 B B AR AR A 1 2 B e A | IsEA]
pH S5 TR A RS2 IR, 16 B TR A 1 RE IS 0
R A AR A P TR PE AT R B R A
I e o < T 'l WL A 3 EA3 75 N 2
Do 28 o) g T 9 A, R W g Ak
PR IEACIRE . 1E AR H T 24 R X
R A s, [R] s/ i 7 28 R i e K
BT o R R R A E AR, K BRI
Ve 3 R E A, BFEIXERR F12-9 098 M
K, EEBEFEE SRR F12-9 705
B IR G A T R H R R v RERY, H
W, pH MIVEZCR AR T35 350 8], bk F12-9
HA —EMIHERAE 1, (H7E pH<5.0 MR A5
T REMS A AR L 32 PRV T R, He A X B
Pk F12-9 Wysgm /)N, HEfh s e R T7E & %
AR AR B, R KRB L
o HAE K . WAk F12-9 B piRs 77 &4
FEEFIE 5%, pH 7.0, BiFEEFE] 12 he FEEE
F12-9 TERAL)E M 55 3% 55 1 T 85 3% Fr ik 2 19
ODesoo A 1.913, SR EA R EZESR,
BRI TE T 1.34 4%, IEBCALIG 3% 5%
ST

4 Hi
ASHIFFE IR N2 70 B 0 1 ) — R i AL
P TR R intestinalis F12-9, HH A fiif NaCl,

TP ARER N TR R SR, B RIFH
AWt . IR IR S R A . R
5% B[E] 12 h, pH 7.0, %4 T, R intestinalis
F12-9 WG (ODeoo) A 1.913, HARMALHIAH
FLEETH T 1.34 15 AMtRIE—LFEE T TR
PITRIAR , I iz AR I R R B T i A= s
FIFRAE T BB FERE
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