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Effect of Environmental Factors on Growth of Shewanella putrefaciens
Based on Different Counting Methods
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Abstract; The Shewanella separated from corruption large yellow croaker was used as research object.
The growth data of Shewanella puirefaciens under different pH values, NaCl concentrations and
temperatures was obtained by using viable count and optical density methods, and the Gompertz model
was built. Effect of environmental factors on growth kinetic parameters was compared and analyzed.
Results showed that Shewanella putrefaciens could not grow at pH value of 6. 0 and NaCl concentration of
3.5% during 3 ~8°C. The differences of maximum specific growth rate (w,,.) and generation time were
not significant (p >0. 05) , but the differences of lag phase (A) and the most probable density (M) were
significant (p <0.05). Environmental factors had significant effect on the growth kinetic parameters.
High temperature or low NaCl concentration resulted in short generation time. When temperature was 3 ~
25°C, high temperature resulted in large u,, . The increase rate of u,, was (0.0143 £0.0032) h~'/C.
When temperature was high, A would be short. The A was decreased at a rate of 1.5 h/°C by using
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viable count method, while during 8 ~15°C , it was decreased approximately at a speed of 2.5 h/°C by

ma:

ma:

Thus, both of the two counting methods could judge the growth/non-growth state of Shewanella, and the

estimation errors of A and M were increased by harsh environments when using optical density methods.

Key words: large yellow croaker; Shewanella puirefaciens ; viable count method ; optical density method;

environmental factors; growth kinetic parameters
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L3 REHE VM =a(T =T,,) (6)

L3.1  ERMT& G=a(T-T, ) +G,. (7)
WA T WA ILIRE T E SRR PG, &M R o— 28 T—HF.C

PARNE )5, BUE & PR IE A 2 4 mL LB 1K T — 8 IR AR KR, C

Hh, TG SCE 4T B A e = 10° CFU/mL, 4R 35 ) G.. — /MU, h

FHAEBRER KX ILHEAT 10 A5 R 50 B, BRI T ——G o IR, °C

10° CFU/mL, T F R [Rl 4145 (% pH A (6.0.7.0) Al
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Fig. 1 Growth curves of Shewanella putrefaciens under different conditions

KA A BRI (E . 25 R K] Gompertz J5 ®1 EEFMHIER

FREREES IR VC 31 OD ¥ F M 75 FL IR B A & Tab.1 Evaluation indexes of model

HhZk , R /3514 0. 964 +0. 458 F10.965 +0. 489 A Tk A By BT PR

B{\g,z j:T*E B%% . §£ % qz 7:7 %ﬂ %B Yﬂ? EI Tﬁ '§f 7@ @ VCE: 1.035£0.036  1.001 £0.004 0.577 £0.661  0.201 +0. 145

OD ¥ 1.086+0.062 0.996 +0.012  0.015+0.025  0.026 +0. 027

(£1),HEREH(p<0.05),
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2 Pt B T A [R) PR 45 PR3 60 I A BU B TR
HERBNTIZHZH(M G o M) BIFENE, WL 2 ~
5o F2 AL, B AEE il (15 ~25C) JEH N, 2
P RGE T M 225 35 (p <0.05) o &2 R,
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0 O
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Fig.2 Values of M based on OD and VC methods
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Fig.5 Values of A based on OD and VC methods
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Tab.2 Significant difference of fitting parameters based
on OD and VC methods

B/ C M G A Homax
3~25 p=0.000 p=0.098 p=0.000 p=0.107
8 ~25 p=0.006
15 ~25 p=0.002 p=0.284

2 FTBOE T G Z 18] B, Z ) TG 35 22 52
(p>0.05) ,{H3:TF OD £ G BAKNE KT VC 1k,
MHET OD B w,,, B ANE /N T VC 2, 3 ~25CHE
FIN,2 Mt Bk T e A ZRE 3 (p <0.05), 1
15 ~25CHEHEN Gt E R AR E (p >0.05),
K5 Al bk, 3 ~25°CYE N, 56T VO B A 24K
BOFFR, (HEETF OD iy A ZEARIR A AR b AR 3 K.
MBI, 2 R HEBOEISRIR A BN HE, Tk
BARIIET OD ¥ A I KT VC i, Bl 1 iR VC
PRI A BN G REOE AL o

DALGAARD 2 F| Bl Gompertz. Logistic
Exponential I Richards #RIK 3T OD i u 5
JH Logistic BALR HAHET VC B0 w X HE & BE, 25
T VC LS OD il p LEfE AN 1.3 £0.7 2.9 =
2.23.2+2. 2 Ff11. 1 0.3, 34 H Gompertz 3R H} [
FWNIE R 1.6 £0. 4, T Logistic fll Exponential #£i
AL, Mg 25 T Richards BERL, A SCRRRHEET OD 3%
) w BEAK T VC 35,10 A & T VC 3%, 5 AUGUSTIN
SEUBESE R OD 3k TR I 3 12 E B 8 — ik L
VC TSR RS EUE A A 22 57 , 7T RE 2 Hi A Y

2.3 FEREERFIEKNNFSENZME
2.3.1  JRBEEF NaCl XA 1 5 e

WA BB, W o L h 22y, th T8
FRBLI S RN PRI AT AN TR)  [] — ol B X O A £
I AN AR TR] , 325 ) PR 2R Ay TR AR A 28 A RS 5% T
S, 33 TR EE X AR R ) A W] A
VC ¥ T, 75 20°C 245, /N G {H %15 0.2 h; 0D
B T, 16 21°C 247, G, 2k K. VC 36 R
PIE A 0.952 £0.031,0D g, R*H{H 4 0. 928 =+
0.060, LA 15 21 114 A5 70 24 B 5 - AR R 285 [ 1 O
AT VO REREBARML S HOR LT OD 3, HAET
oD A G, BA —ERAFErE. 256K 3,
A& T XA S AR K, A 3C F) 25°C, 6 K%
REAC+JUAE, 40 VC kb, pH {H 6. 0 I NaCl 57443
$0.5% 540 F,3°CHT G Ky 8.977 h,25°C i G &A%
70.756 h,

MK 3 AIE i NaCl XF G WA 8 K52 ,25C |
NaCl JiT 4340 0. 5% %) 3. 5% B}, G 24385 1.3 ~
1.6 %, infe VC F1 OD g, pH {f 7. 0 NaCl Jii &
3810, 5% B, G 43547 0. 610 h F10. 993 h,NaCl Jifi
3. 5% B, G 43534 0.991 h Fl 1. 420 h;8°C
FIISCHF, G 29355 1.8 ~2.3 4%, 46 VC F1 OD 3
Hi pH {f 6.0, NaCl Jfi & 4341 0. 5% B, G 4> 5K
4.462 h f16.271 h,NaCl JFi 4351 3. 5% B}, G 43 5]
7 8.078 h #17.001 h,

*3 BENEMERLRKERHEID
Tab.3 Effect of temperature on G of Shewanella putrefaciens
ol NaCl Jfiig 5050/ VC i oD ¥
% /5" R? ANk R?
0.5 G=0.05(T-19.996)% +0. 154 0. 907 G=0.015(T-23.665)> +1. 153 0. 942
7.0 2.0 G=0.027(T-19.847)2 +0. 147 0.953 G =0.047(T-19.667)2 +0. 093 0. 888
3.5 G=0.023(T-19.636)% +0. 081 0. 944 G =0.709(T-18.047)2 -26. 882 0. 847
0.5 G=0.024(T-21.567)2 +0. 548 0. 990 G =0.033(T-23.280)2 +0. 850 0. 999
6.0 2.0 G =0.032(T-20.307)% +0.238 0.967 G=0.028(T-23.304)% -1.129 0. 962
2.3.2 R ARSI S 0.991 £0.009, FRIARCRISTEAT 2 {5 FIN

F 4 RS 435108 2 i EOE FIRES w,., M
REES A MR AT, 7E 3 ~25CHu N, VC LM
OD 3 NS . Z AR B RAFEME R R
H)2A0.958 £0.016 F10.897 +£0.010, JEES5HT
VC LI A Z I RIS R R HIME A 0. 874 +
0. 091 , Z= k% B 5% i 7 Gompertz 77 F2 (1 i 2%
TE AL E R A W AR, A SIS 45 R
PUARUTE O , RS ASREFH Belehradek A2 E1 T4 75 T
FESET OD 3AM A Z AR A I A, R N

T BE S S A W A K ) R 22—, A ]
A P Tl FE R S A [, e Ay BU IR B A
JEFEN 1~ 40°C )i {5 B M0 1 7 76 4 ~ 43°C 2
K e A KT A A ) B ) B SR ERBE R ik
AR B BRI AN ], K 8 7 0 ~ 25°C
PRI B B e, 5 0 ) BT R ARER O 0. 017 12 T
fE TSB i g2 He v 0 ~ 10C W) H & AR K
0.2166'%) 3t 3 ~25C N EHLRHE K 0.019 4 =
0.0023, 13 ~25C, i JE BT, ., 8K, 83 Ny



256 S 1 R A= 4

2016 4

(0.0143 £0.0032) h™'/C. 3 ~25C L[N, HE
T IRV R ST VC B A [5E 2 1.5 h/°C
8 ~1SCIEREIN, 3T OD Bl A KL 2.5 h/C,

MAE3CHT OD iLfy A SRS 2 120 h 247, A7
WIFFE R A [R] 9 T 22 V7 5 0 Flc A 0 a5 s ) 2 i 5
LTRSS SNG RSy 58 B 1 P NI R T

&4 A[FE pH{EFM NaCl RSB TERES 1, HIXER

Tab.4 Relationships between temperature and y,  under different pH values and NaCl concentrations

NaCl J5i 243 %/ VC % oD ¥
P % A e A S
0.5 Homax =0.022(7T+7.303) 0.993 Hoae =0. 016 (T +8.901) 0.951
7.0 2.0 Mmax =0. 021 (T +6.930) 0.997 onax =0.017( T +6.092) 0. 956
3.5 Max =0. 018 (T +4. 604 ) 0. 960 onax =0.017(T +0. 663 ) 0.928
0.5 Uy =0. 021 (T +5.179) 0.993 B =0. 018 (T +4. 124) 0.936
6.0 2.0 Ly =0. 021 (T +4.973) 0.999 Hna =0.019( T +3.066) 0.976
®5 AEpHEMNaCl REHHT A 5RENXE
Tab.5 Relationships between A and temperature under different pH values and NaCl concentrations
VC B oD i
pH {8 NaCl i 3%/ %
ARX R AX R
0.5 A= —-1.546T +33.55 0.961 A =0.4057% —15. 9967 +159. 57 0.978
7.0 2.0 A=-1.117T+27.82 0.931 A =0.3327% —13. 9817 +154. 62 0.991
3.5 A=-3.041T+71.22 0.928
0.5 A=-0.121T+3.19 0. 861 A =0.387T% —15.472T +156. 14 0. 998
6.0 2.0 A= -0.880T +21.65 0. 857 A =0.3507% —15.777T +186. 26 0. 995

2.3.3  NaCl Fi /3 80M pH (EXT A K 3 )22 28
1) 5% M)

6 AN[A] NaCl 255w, £ A BYZEAEIE L,
AL, VC LG 1Y A, (A FRIR 221H) 78 NaCl Jig
A% pH (E RN R, AR pH (R, NaCl T 43
BOBE , Aw,, /N, 10 3 ~25°C Py, pH {E 7. 0, NaCl
JE 538 0. 5% I, Aw, 9 0.450 h ™" NaCl Ji 434
3. 5%, A, 0.285 h ™', A [H] NaCl Ji & 43 5 ik,
pH {E 7. 0 B A, /DT pH {E 6. 0 B A, o H

of —pH{H7.0NaCl1 0.5%
A - - pH{7.0.NaCl12.0%
60F -, -- - pH{H7.0,NaCl 3.5%
sol —- pH{H6.0NaCl10.5%
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§40 i .. ----pH{E6.0,NaCl 3.5%
30F =
20
10}
0
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M, A, 7E 0.2 ~0.3 h ™' Z ] ,NaCl 1 pH {EHX} A
AR BEZW A pH {E T, NaCl J5 5 73 B8 57,
AX /N, 0 8 ~25°C TR N, pH i 7.0 F, NaCl J&
0. 5% I, AN g 36.725 h, NaCl Ji & 48 %4
2.0% I ,AX h 46.366 h, #H[F] NaCl Fiiz 5340 T,
pH {H 7. 0 15} AA /NF pH 6. 0.,

AT 3 A= 9 % NaCl () Tif 32 1 AS [F], LEROI

— pH{#7.0,NaCl 0.5%
100f. * — - pH&7.0,NaCl 2.0%
kel - - - pH{&7.0,NaCl 3.5%
SO T~ Tt —. pH{#6.0,NaCl 0.5%
et —.. pH&6.0,NaCl 2.0%
ﬁ 60 :_‘\EL \ ---- pH{E6.0,NaCl 3.5%
40| = )
20+
0 A N M ]
5 10 15 20 25
HErC
— pH{#7.0,NaCl 0.5%

0351 - - pH{E7.0.NaCl 2.0%
030} --- PH{E7.0.NaC13.5%

0a5 | = PHIEGONaC10.5%
T o - PH{E6.0,NaCl 2.0% :
¥ 020 . pH{E6.0,NaCl3.5% %
g z
£015 ?
0.10 e
0.05 N
0 5 10 15 20 25
HEErC
(b) OD

K6 AR NaCl Bt B F pe,,,, M1 A BZALTG L

Fig.6 Changes of u,,. and A under different NaCl concentrations
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