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Optimfzation of Cultivation Condition of Shigella glexneri 2b by Interaction
Experiments among Temperature, pH and Sodium Chloride Concentration

ZHANG Ya-qiong, NING Xi-bin"
(College of Food Science, Shanghai QOcean University, Shanghai 200090 ,China)

Abstract; The aim of this study was to get the optimum culture condition of foodborne pathogenic
microorganism Shigella flexneri 2b, under the interaction of temperature, pH and sodium
chloride concentration . Based on the single factor experiments of Shigella flexneri 2b, Box-
Benhnken center-united principle was used to design interaction experiments among those three
factors. The response factors were temperature, pH, and sodium chloride concentration, the
OD;ss, was chosen as response value. The data were processed with the Response Surface
Methodology. At the range of the factors and levels, the results exhibited that the influence of
temperature, pH and the interaction between them were significant. The optimum cultivation
condition were temperature 35.9 ‘C, pH 7.7, sodium chloride concentration 0. 76 % which was
calculated by the quadratic equation in three unknown. Then the Verification showed that the
deviation between predicted value and measured value was 1. 1% which is approximately.
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T KB B (Shigella) B9 2 4 ¥R &K
BREEY B R ETRERAKEES S, L]
YIIB BB EYE, RT-EBE. EMNELERER
FLOERRKERREIENDH. FERTHEML B
BANEEBHEP2ESY BAMTRAKEN
BFRELHEH.BREFEHAXERERKRELZHE
REERAMERNERBRRED.

HTFIAEUGARER A EKERERZT
ERKANBREMIIERRD AHEUBRERK
BEATRM R R BP0 E B E . pH B REE
RHAEMATRERRECEE KM, i Box-
Behnken % 312 37 Wi 5 fff 4% 50, X B K B F2b
MERKGHETRL. EETHRERERKEEDR
B4 # 4 KR

1 #HH5F5%

L1 #R5E

LL1l #&# \mIKENKEFD, EEFELR
ERE,

1L.L2 #i4%k FXZKEAMFEHEER.INX
MiEEYRAARA AR GN HER.EFA
% EEABKE RS (TSB) : L i i % Hib 12
R,

1.1.3 /8 & pH HEN KN BE WTW
A UV2300 it LIBERENENBER
AT AL204 HF XY M 1R — 30 B (U8
EBARAE =R XW-80A IRIBIB A #F: LB P
T8 =& LRH-250CL B A {1 545 . L —
ERHEUERARAF =&,

1.2 RBHX

1.2.1 3#%K‘A#hAKE B TSB.GN.BHH
GRMEZRKFALEMBE RS 100 mL, 2514 % 12
R  KEE R BERSH 20 M B Fh R 8w, 37
CH% 12 h J§,FE ODsgo0

1.2.2 £HEXKB

D RERE RHEEM F2b B3 1. 2.1 ik
MREEFRES,37 CHEFELZhE.BEERSE
2V MR BT L 7E 7 N ARRIBEE (4. 25, 30, 33,
35, 37,40 C)F 5.8 1 h BUKE, BB BURE 12
&, ig3k ODsso fH .

) pHERRK .S mEMF F2b BB 1.2.1 8
BAEFEP,I7T CHFE L2, HRERSHK
QUMM BEMTARRFEMME pH 4 (4.0, 5.0,
6.0.6.5,7.0.7.5,8.0, 9.0 MK B th e 3L 57 &
(4331 1 mol/L # HCl #1 NaOH &% pH ).

37 CHis%, BRI 1 h BURE, BESEHURE 12 3K, LART
IR AT XL WE ODgs LB A F2b 4
K pH T,

3) R RE .t e 5% 3R P AP FE NaCl, 3 57
EEAHEXD 0.5, 1.0, 1.5, 2.0, 2.5, 4.0,
6.0 g/dL, ¥ 5% BUHE B E H 5 H pH HiR
5,
1.2.3 \mu&®kE @dXEm b AERKRNBEHE
ERTON REBFEANERGTES F2b KK
RE.p)HE BEFEHE BE=IEEH=ZAKF,
3k M} Box-Behnken 0> 41 & i 6 I 38 1% 1 32 H iR
BT 13 RT3 KEF AR, 4K 5 v b
ST BB = e, i m R A B RS B
R X FEMTRER S T LIRS R E X B
MEE.oH E. 28, ZERRKEDS AYE.R
BEBEIRTERERS.
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2.1 R2bEFBARLERE

FbEAMERMAHBERFHERKBERL
B 1, 7€ TSB f F2b 4 K # Bt R B BB 0E , 5
#5hjF ODs B ATF 1.2, MiGN.BEFRNFHME
RPEMEEERER 2 h 5HREE Lo, H
B F2bBESTE TSBHAK, U THEFEHIRA
TSB.
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Fig.1 Growth of F2b in different media

2.2 FRAZ#TEFRbPNERERR
2.2.1 BAsFbAKket%-4m MHE2TH,Fb
ERRBREEBRNEKERB K, F2bE 4~25 C
WENEKES. 4 CEAREK,25 CREHK
% 9h, 30.33 CREHASh,33 C{EEH11hE#
ABEN, 35~40 CHERFEHNER, ODsAE
BE.A10hEHABRER. 35.37 CREHN 3
h,40 ‘CRHEMEE R 1.5 h, {HE 40 CHEFH 10N
BEODEEABBETHE. F2bHARTTH., BER
FREBEHE RN 35~40 C,
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Fig.2 Effect of temperature on growth of F2b

2.2.2 pH{ist F2b A k&%~ KK pHEK
BFREEME,E37 CTEEEF 12 hE4RALHE
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HKZE®. & pH 6.5~8.0 B W& ODss 8
B PR A RGE S F2b MRS,

1.6 -n-gg

14 —=2.

12l —=6.0

: 6.5

J0F 7.0
D“O.S Fo—-7.5
006F —+8.0

04l —90

0.2

0.0

0200 1.53.04.0506.07.08.09.010 11 12

3R it (Bl/h

B3 pH{EXN F2b £KH¥MR
Fig.3 Effect of pH on growth of F2b
2.2.3 #EF2bAKe ¥ hE 4 WAL F2b
ERLEEEERE 6 ¢/dL BIARAEK BELENE
5,ODss HE LT, REHFEEBE N 0.5~
1.0 g/dL. %3¢ 4 h 5. # A HAEKH, ODgs, 3

KIRERK.
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Fig.4 Effect of salinity on growth of F2b

2.3 Box-Behnken 3 Hid 18 1€ i1 R g B2 & 43 #f

2.3.1 BEKEesHE HIE Box-Benhnken §
CHARRRITFEAD , R = HEMNERE
E.pHE . & MEER=1KE,U—1,0,1
G, REMNKMRRBRITEHTREGE, X 5T
AT Z KA A 18 S0 A8 A O 5 AR M K
TR, OWMEREMERN ALK, ZFE—
EHKFEBEARZEES. FERAZRE=

7K B W L T AT B 5 R R B 4 RER
B K R4 KPR R 1,

%1 3EE3IKE
Tab.1 3 factors and 3 levels
x ¥
H &R - R ]
—1 0 +1
HE/C A 35.0  37.5 40.0
pH & B 6.5 7.5 8.5

theE/(g/dL) c 0. 50 0.75 1.00

2.3.2 ABRIHAXBLER

D ®ERT: BRI RE2, b 1~12 £
%, 13~15 BP.0ERK, ARMIHRARIRE.
BHRXRBRHNFT,. REHHE. NR2ZALE
HAMEMEFEMEEZ MEEE RENT
10.6%, ZHAA KR ER K FRMELEE Y, BHA
A AR R B F2b E AR X E B A T A
K#a#.

%2 ARGHRARE

Tab.2 Experiment design of response surface method and the

measured value

R A B C i T mE/
W% pH{E H#E ®E OD oD %

1 —1 —1 0 0.73¢ 0.792 5.8
2 —1 1 0 1.126  1.081 4.0
3 1 -1 0 0.705 0.751 4.5
4 1 1 0 0.313  0.302 1.1
5 0 —1 -1 0.928 0.829 3.8
6 (| 1 0.981 0,877 10. 6
7 0 1 -1 0.964 1,068 10. 4
8 0 1 1 0.946 1.045 10.5
9 -1 0 -1 1.408 1,349 4.2
10 1 0 -1 0.960 1.014 5.6
11 —1 0 1 1.399 1.345 3.9
12 1 0 1 1.064 1.005 5.9
13 0 0 0 1,299 1.304 0.5
14 0 0 0 1.299 1.306 0.5
15 0 0 0 1.299 1.306 0.5

2) G5RMH: Lh ODsso N R {E, K 2 P
Box-Benhnken & i # i 1 45 &, Fl A Design-Ex-
pert 7. L 4G AR B4 47 R sl A 4 47, BA
TN,
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Y=1.3—0. 18A+0. 031B+0. 009C—
0. 2AB+0. 013AC—0. 018BC—0. 16 A% —
0. 4B*+0. 05C*
BIAFBK T EZ4H RT3 FLEH, ODs,
B E A 0>0.01 KF LB E;BE.ocHEMTF
ERMEHBE BE.oHEZEXZEAHAEE
(P<C0.05 Xy R3F). pH (A . EL 5 . i BT ne 17 8 BP
ODss, KM 1 P I K/DRTBL, P HB/NXT
KAEKKNEMEREE, AN, EMXRHR =
0.960 9,1} B ODss, F1 96. 09% B9 25 4L 15 F B 1
B AEABEGHE TURMKKAR F2b £RRE K
HTRHERSBTERBTUM2H. Sk, B A

FHRALRIF R R 3 B E 5 ODss MR R, FIX
FRWE F2b BRAER R AL,

3) W AT BB AR R AR E B S R
[a] U5 7 B2 45 4 38 B A pH {8 2 A 32 16 JH i i B
T A A E 4, 7E 35. 8~40. 0 CHIEM , ODsso B
EREME MG TR HRTHREEARRR. &
BE/NF 35.8 CBY, ODsso th i B F . pH 7.5~
8.5 WEMN, % pH KF 7.7 0t B pH EHIFH &,
ODygs, R 1%, fE R AR 9 W8 BE 8 /v s pH /N T 7.7 B,
ODgso R#E TR, b BEM pH EXTHEBR
ZERAERMKEBET, pH E# K, ODsso T &
B TR ERBEAR.

3 BABHHESN

Tab,3 Analysis of variance with regression model

g Bt = -2 R = BE
F
R F A A ¥ A #  PHE ¥
R 1,12 9 0.12 13.65 0.0051 B¥
A 0. 26 1 0.26 28, 38 0.003 1 8%
7.626X1072 1 7.626X107* 0. 84 0.4017
c 6.301X 1074 1 6.301X107* 0. 069 0.802 8
AB 0.14 1 0.14 14.98 0.0118 2%
AC 7.291X107* 1 7.290X107* 0.080  0.788 4
BC 1.26X1073 1 1.26X1073 0.14 0.724 9
A2 0.10 1 0.10 11.44  0.019 6 BE
B2 0.61 1 0.61 66.98  0.000 4 CBE
c2 0.011 1 0.011 1.25 0.314 5 —
REH 0. 045 5 9.089X1073 — — —
iR E 2.667X107¢ 2 1.333X 1078 — — —
BT WS 1.16 14 — — — —
L REREK RE=0.960 9
1.0 OD.
0.5 -
4
&
. 01
m
-0.5 -
1.0 4 *_\'_ 0.88175 4 |
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Fig.5 Effect of interaction of pH and salinity on growth of F2b
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%28 %

BT BRREBAERAENHNETIER
ﬁ(A:iﬁEvBtpH {E,CEE)E@ﬁEEJ@‘%Sﬂ%
(—0. 67, 0.19, 0.03), ODsso BB N 1. 390 B %t ]
F2b K & & 35.8 C,pH 7. 7, 4L BF 0. 76 g/dL.
2.3.3 BiEXER U223 2HWEMNKMEKEHE
# F2b $3% 12 h, W ODss, , B N EAT IR B H BUF
BE,ODs LM BES RO ANERE N
L1%,WAERE LXK,

%4 RIELER

Tab.4 Result of verification

B 5 & ODss0
B 35.8,pH 7.7,
iE i 1.
RiERR S 0.76 g/dL 405
— A=—0.67, B=0.19, L 390
C=0.03 ’
3 4 &

it F2b iR E N 4~40 C.pH AR 4.0~

5 % 3Lk (References) :

9.0, R 0.5~6.0 g/dL [l A B E NI HE
HEBEMEKFZGTEEY . BE 35~40 C,pH 6.5
~8.5, th|¥ 0.5~1.0 g/dL, ZEHRHEHE ST W E
ME.EaEREEMpH A BE=EEMNEHE
EROZWE.FHE=ZEEH=Z1KFE. BHE Box
Behnken 1.0 41 &% 3, 33T 15 MR EER
B A, ZCFR I B 0 A48 B T (8 2 18 i R /D T
10. 6%, UEBI R # Ak F e B4 2E, AT LAAR i s T
Fob ERRZEAFEFHTHERBE. RAwWNM
A B TR BRI RE K =4
HMHERBE, FEHEKEEEN,.BE. pHEX
FPbARKEWEE, REMpHEXELEARE. #l
BER KT ERBAME . BF] F2b MBI 5% &4
K 35.8 'C,pH i 7. 7,45 8 0.76 g/dL. B
RRBEBAER TR A RE ODyso T ODsso &
ZEMRZER 1. 1%, 365 868, S E B R E
SCHb I e 4% 7 2 B 3R 4 S PR W . TR % 64k F2b B
R R PR B
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