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W E. & Clostridium butyricum Z-10 9 £ K B BRHA T EA, A REALAKRBE A 36 C, &%
BAKBESMNHA L Chdd CRELBERKRPHMEA 7.2, RKPRERBEKR pHMAS A
464 10.6; BB HEBRERERAEA 4 g/dL, RBENE BB A —21 mV; THREKELKFY
SNEEFARAKBE,LEZRMAESHATEPLHR. A3 A KB F RENAEBRARL, FHELAS
BERALKBAF REOBFALRARTOKR. AR LA XL FEEIBRETABRAETRE
H22g/LANEBREREA L0 g/L, 2B FHEABRREIREH 0.5 g/L &, & B KA Tik 5
3.6X 1084~ /mL.
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Stuies on the Growth Characteristics and Culture Medium
Optimization of Clostridium butyricum Z-10

ZHAUO O Jian-xin, TIAN Feng-wei, CHEN Wei, ZHANG Hao, TANG Jian
(School of Food Science and Technology, Southern Yangtze University, Wuxi 214036, China)

Abstract: The growth characteristics of Clostridium butyricum Z-10 was studied. It showed that
the optimal, lowest, and highest temperature for the growth of C. butyricum was 36 C, 16C
and 44°C, respectively. With regard to the pH value for the cell growth, the optimal value was
7.2, and the upper and lower limitation were 10.4 and 4.6, respectively. The Clostridium
butyricum Z-10 strain could grow well in the media containing up to 4 g/dL of cholate, but no
growth was found if the initial Eh exceed 21 mV. Clostridium butyricum Z-10 was not sensitive
to penicillin while its main metabolites were butyric acid and acetic acid. Through the study of
growth factors and nitrogen source for Clostridium butyricum , it was found that, yeast extract
and tryptone were the better growth factor and nitrogen source, respectively. Total cells could
reach 3. 6 X 108 CFU/mL on the optimized medium containing tryptone 22 g/L, glucose 10 g/L
and HCL-cysteine 0. 5 g/L.
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Clostridium butyricum , P X THEBRRER
FE BBEARORFRATE, XEEARY (EHFE
KR EMBREAREIEE F %D — 2k Clostridium
butyricum Z-10,3 2 R FHHE, RIS 3 G W REAE A B
¥, B R A, Clostridium butyricum £ A
KHENEANERE, FEEXBME DALY
BLERBAESHATZNATEMERSI RN G
HEBRA. ABEEE MBS GE A EM
Stk A (5 B BRI 75 M B 3T B AE R BT,
P BEC. BT EHA P FRM R, 7T ER .
it AR LA R, MAREE. TREE
AR MRS, Y ENERHYRER
W AFNENRESTE, RSN LK,
HEE K. AR, (2 U3 xR BT AR
W EEATY &Y. 1EE X g
Clostridium butyricum Z-10 SR K BFEHH#HTT
PR, A TMBRFRITEN S — S0 AREER
R E.

1 MHE5F%

1.1 XBHH

1.1.1 #H#&F %R Clostridium butyricum Z-10,
TR RBEREREYHAZRHFEHF
ﬁﬁ[ﬂ.

1L.1.2 #5454 REHEFEGAES /AL . HER
B2, 4ARE 1L, BEE 0.6, &4, B4 1
# (K, HPO, 0. 2,KH, PO, 0. 1,MgSO, 0. 04,CaCl,
0.02,FeS0,0. 01, AR} ML & AR 0. 05). pH{H 7. 2,
121 CZ 8 15 min.

AFE pHEMRBREERE- BREEFEA
NaOH @ Z R R i pH {8, 5 H33 IR E BF A

EKETFHREEFRE S ¢/dL) . BEB K
2, 8% 0.4, 846 1 (K. HPO, 0. 2,KH, PO,
0.1,MgSO, 0. 04, CaCl, 0.02,FeSO,0.01, $L 8 ¥
Pe&(E2 0.05). pH{H 7. 2,121 CAH 15 min.

R FERE WS ¢/dL) B F 1.0,
HE 0.4, 544 1 (K, HPO, 0. 2,KH,PO,0. 1,
MgSO0, 0. 04,CaCl, 0. 02, FeSO,0. 01, £ & 2 Bt &%
£ 0.05). pH{E 7. 2,121 CHAH 15 min.

1.2 KBHE

1.2.1 ZEAKBAEGMNE BXBEKLUER
¥ 5 M BIRE IR TE 28~38 CHERESR
12 h, U A R HEFEESIL, T 660 nm WE
3 3R R BE AR, K9 Ot B BE A0 RN RE BOE A
KEE.

1.2.2 BAFEHEKEBEMNET KBRBEKEU
EEAIR S K ERBREBRAEERE, 55 TRE
MBRTHERER 7 L, MEAEEEK.

1.2.3 Z#EAkpHMEAE KBRABREKRUER
B SUEMBIAR pH BENREEFRE, EHRE
BRETHSF 12 h, LRAEMHE pH EHBR AT
EES K, TF 660 nm W E 35 WK T FEE KR
S5 B B9 K /INI B Bl AR K pH A

1.2.4 Z&FRGFE Kk pHAME RiRBEEK
PERASB s%EMBIAR pH EREEHFE, T
BiBEEERET L UEEREE.

1.2.5 #feitidl EREEREPENARE
fE AERR LR , R R AR B 5%, FROE pH EI &
EEETHRSE 12 h WEL KB

1.2.6 A RRAEREZGME WBREE
FEE=ZARTPHES L, ABLEIFRERKXE, 7
BIEAT AL 3 R M mi A Z BX iR 45 0, 50, 100,
150,200 mg, WM TR EHEERERBAE, ER
BEERHRE RSP EMERIE % HEFE 12 h,
WMEEE KA.

1.2.7 #EEEFAE KBHBIFREEKE~
400 TU/LYMEBEZEMARIRE I, M IEF 30 h,
MBERKLR.

1.2.8 Himey&iEsH RAZEE Finnigan
Mat 4610B B €5 B AR, 63 R AR K IAR
%8 1 mL/min, PEG-20M H:, B4 E B 60 C, 1%
1 min , FFBEE S5 C/min, BRLBEF 190 C, %}
# 30 min. A M B FREHED, B FHER 70
eV, 1T 22 % ST ¥ 0. 25 mA, L FAS B 38 JE 1 500
Vo,iEOBE 200 C. REAMME: 33~ 400
AMU/(s « |). &Y E BT EINR RN Sin
E X R E .

2 #RE5H#®

2.1 Clostridium butyricum 7Z-10 (I REEKBE

¥ Clostridium butyricum Z-10 LA & 52 43 ¥
SUBARBEERE, AP FAFEBRE TR 12 h,
7E 660 nm T WCHEE, 4R LE 1.

ME 1 7 LAFE B, Clostridium butyricum Z-10
MBEEREE N6 C, 5-MAFNBRELEK
B EEAH L
2.2 Clostridium butyricum Z-10 (i B {ENBE &
KRE

¥ Clostridium butyricum Z-10 LA & F2 43 ¥
SUBARBERRE, 4N TFARBETHER7 4,
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32 34 36 38
B’E/IC
1 Clostridium butyricum Z-10 {3 BB 4EKRE
Fig.1 Optimal temperature for Clostridium butyricum
Z-10 growth

MFE 1 7fAEH, Clostridium butyricum Z-10

REBRMAEKRENR 16 C,BEEAERKEBEN 4 C.

#£ 1 Clostridium butyricum Z-10 3 R{EMBHEKEBEE

Tab.1 The lowest and highest temperature for Clostridium
butyricum Z-10 growth

mE/C EREDR wpEE/ C AERER
10 - 40 ++
12 - 42 +
14 - 44 + -
16 + - 46 -
18 + 48 -

BT R R AR R R T
Bk,

2.3 Clostridium butyricum 7Z-10 ) RERB E K
pH{E

¥ Clostridium butyricumZ-10 AER I ¥ 5%
BEALR pH EHREHEFRE, T 36 CT 3 12
h,F 660 nm J ODge fH , %558 W E 2.

MHE 2 0 LIF 1, Clostridium butyricum Z-
10 MBREEKER pHER 7.2, 5—RAEAHM.

2 Clostridium butyricum 7Z-10 W BB B £ K
. pH{E
Fig. 2 The optimal initial pH for Clostridium

butyricum Z-10 growth

2.4 Clostridium butyricum Z-10 R {EMNBF L
WBEK pHE

¥ Clostridium butyricum Z-10 DL & 2 43
SUBEARR pH EMWHREHFE,36 CHER 7,
GRE 2.

MFE 2 AT AFE W, Clostridium butyricum Z-10
FREERERK pHENR 4.6, BRHEHR4E K pH
% 10. 6, —MEXT B FEH pH ERE.

% 2 Clostridium butyricum Z-10 ) BEMBERB £ K
pH &
Tab.2 The lowest and highest initial pH for Clostridium bu-
tyricum Z-10 growth

E¥ipHME  AKEL | BHeHE ARHR
4.2 - 10.0 + +
4.4 - 10.2 +
4.6 + - 10. 4 +
4.8 + + 10. 6 + -
5.0 + + 10. 8 -

E:u_}_nga_&’u_nxgﬁ’“_f_ +”§Et€aﬁ}'“+ _”mg
WEK.

2.5 Clostridium butyricum Z-10 B B8 i+i% 38

FERBESH R, RARBLRETE MG,
FEERERRZREHN pHEN—EHBEKREN
HB 3. Clostridium butyricum BEHE WL, M F#
— IR B A RBNER S, EE PERNN
R EE, AL E R ERNE I RERER
W.BENGPEEHREERKES, B EHK
HAT AT HER LR, ERLE 3.

W3 3B W, Clostridium butyricum Z-10
BARTE 4 g/dL BFHEREE P A K, 08 Clos-
tridium butyricum 7-10 3} FE W E R E
L o BT A Do A 2 4 0 R A

% 3 Clostridium butyricum Z-10 f) i JB i+i%.0&
Tab.3 Bile-tolerant tests of Clostridium butyricum Z-10

H R £ H & b
Ml Ml
0.5 + + 2.5 + +
1.0 + + 3.0 + +
1.5 + + 3.5 +
2.0 + +- 4.0 +

B R R TR R R
MEK.
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2.6 Clostridium butyricum 7-10 fJBIE E KM E
HEFRBAMER

Clostridium butyricum JB=H R EE™ , b
SELEE ANFEMEREEEER, —BRE
IR EEF HERYBAMAA— 0.1 V(pH 7.0
B0 38 i 7E 3 3% 2 R AR B B OE TR ——H
R BB, FEAK 35 37 2 B0 B AR TR 4, T %E
P B T A 0R A 9 LR R R B A (RHD.

MFE 4T UBY, Clostridium butyricum Z-10

BEEERMECEFERMMKTF—21 mV.
% 4 Clostridium butyricum 7-10 BB E KN EULTESB

HRIER
Tab. 4 Initial Eh for Clostridium butyricum Z-10 growth
minE/ E-RiALY EK
mg B/ mV T#o
0 +120 -
50 +12 —
100 —21 +—
150 —110 + +
200 —241 + +

EAHTERCARERH FPERRE T
BAEK.
2.7 Clostridium butyricum 7-10 )T 5 BERE
AR — AR M A KA HE R
¥, B EEWHE K E MIC(Minimal Inhibitory Con-
centration) i, £ %¢ B § s PR B & Z BB 4E
R EAFTBERENSENR, A HNEEFEFM
ARF BBV EERM S 30 hEREEK
B ERAKS.
% 5 Clostridium butyricum 7-10 i % BE AR
Tab.5  Penicillin-tolerant tests of Clostridium butyricum

Z-10
g/ (au/L) ERHER
0 + +
100 + +
200 +
300 + -
400 -

HLTERCURER T ERREECE —TR
MK

£ F 40 R IR B 25 ) B RO R — , TRl —

i 40 A TR T R U)ot S [R] B T 25 0 ) BORR

BAAEZER. RE 4 E X R R S 2 9 5 SR

HBBAR T AR 40 E BT R A B RFIE. AR S AT

E W ,Clostridium butyricum Z-10 B2 8E7E 300 IU
B H B & P 4K (MIC=300), it i& & F i} 2 45 4
18 TU, ¥i B Clostridium butyricum Z-10 RETH 3% 8
BUYRBENHFEER, FrtWES Clostridium butyri-
cum Z-10 (JLAMFEBERERTHESER. H A&
S IR
2.8 Clostridium butyricum 7-10 FJR B =¥ (H
B )W agaw

B 3REFRBAINROAEFHRE . RRERA
W, Clostridium butyricum Z-10 BB Y R
THMZER,X 5 CRI13]1RE .

8
6

4

FE X IR

0
400 1200 2000 2 800 3600
4% B B9 [&)/min

B3 BERANBREETHE
Fig.3 Total ions of organic acids in liquid culture
2.9 Clostridium butyricum Z-10 % H FHiE %
Clostridium butyricum W HE KB F I EY
R EYEERRERERNPSH 542,
APERABESE . EREK FRAZFTFNE
H0.1g/dL), #fTEKEFHRERR, SR L

& 4.

0
BEBE  EXE SHRE EFH

B 9K BE/(X 10*M/mL)
5

B4 AFFEEREFX Clostridium butyricum Z-10 %
Ke¥m
Fig. 4 The effect of different growth factors on the

growth of Clostridium butyricum Z-10
ME4TTUE S, 4 MERKETHRRESE
L EBEENERKBEFEKKENR, TRER
BERET —WHHE LB GG N Clostridium
butyricum Z-10 K HE SR R A& B B
BENEKETFERNET LERNBR EHE
AT HY.
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2.10 FHHERAIEE

BRABEEAK BESE.FAF . AE2HE
AVE A RS 5RE  FR RR AT BT, B
B 1g/dL,ZRWE 5 WLUEH . RAKRE B K
ALEBR R N EAKRE, BT 2.2X10°4/mL,
BUR R B MR RO A

3.0

|

B 44 W /(X 10*4/mL)
- = NN
o w < W

o
w

[~

E87

ABEAK:B.EEE . C.4HE;D: REAHNEMNER
=]
5 T E@ER Clostridium butyricum Z-10 %K)
£ |
Fig. 5§ Effect of different nitrogen sources on the growth
of Clostridium butyricum Z-10
2.11 EFEHEZREREIE
BRUE A B S i A 4 R AR 38 0 HE R, NI = )
MERSMBIARERD , MESHETHRE NT
S8 00 B BB 4 B AR R A K B W B R
AR R ERIE N EER, HW 3 TKF,
LS BB VISR, #1T L GO ERRE, MEDHT

2R LHA 6.

3 30r

E

< oast

S

L a0

5

z 15

0
8 10 12 10 12 14 0.5 0.7 0.9
&R BRE A B HRFERAR

REWE/(g/L)

e MFBEETARERBRESIWT

Fig. 6 Optimization analysis of orthogonal results

RIBERSTERBE 3 MHERXRERKA:
BEAB>HEE>ERERER BEAR IR
KA K. BEWSHRREA B IR ER/DEME
T, AR T B R % 4 R AT E AT,
R 6.

ZRBAMEYRBIEERROER, W TES
PSR ERE, NBEKF a=0.25,Foz
(2,2) =3.0 A UFEH,A,B,C3THREE. N

FESFTHAE, FEEMERTUERKRERE
HEE— S0 BRAN EXRENERET R
. AT KB R T E A R TS N, ik A
B — 5 WiE. %R R E & KK BRE B KT
F5, HI%IE 10 /L, SR PEEMR 0.5 g/L, KR %K
BAZE, R LA 7.

*6 ELRRERFEDH
Tab. 6 Variance analysis of orthogonal results
wE FHF AE Y F
b3S il ;-3 EH
A 0. 080 2 0. 040 0.19
B 0. 860 2 0. 430 2.08
C 0. 007 2 0. 004 0.02
RE 0.413 2 0. 207
f=¥i 1. 36 8 Sx;=19.8 2xl=44.92
4.0r1
)
E 351
f_
S 30}
5
B 25|
B
¥ 20
m 1 1 1 J
I'51.0 1.5 2.0 2.5 3.0
BE EBR R B WR B/ (g/L)

H7 BREABERBERENSHHEGER

Fig. 7 The effect of tryptone level on the total cell

number
M 7 BTLATE Y, 2k B B R B iR R E (3.6 X
104 /mL) Bt , R E R B 22 g/L . i4L)E
RSEFREE RN B G 22 ¢/L, B 10 g/L,
AR MR BR 0.5 g/L.

3 £ #®

BB Xt Clostridium butyricum Z-10 4 K
T TS . B W Clostridium butyricum Z-10
HEEEKEBEEN C, REMEHEKEE S
BiA 16 CM44 C.REBKREK P HERT. 2, K
B EEHEK pH E4 5K 4.6 F1 10. 6. & &
TARBR th R BN 4 g/dL. B AERB AL
—21 mV . Clostridium butyricum Z-10 i EBERX A
8, MIC = 300,GC-MS # W H FERBM =Y N
TBERMZE.

Wi EKBEF EBROEEETRR, BEH S
FIRFABBEBHAIERBEF . BEAKREIRESR
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BIFHRE RAESKRBRACEFEENAR, 7 WA 10 g/L, b ER KPR BL 0.5 g/L B, B R
EZNWMERINMAEHNAEE. NEWHBERERE K BRI AL E) 3. 6X1034~/mL.
HWEEEREABRSETHE,.BHBEEARK 22 g/L,
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