KOREAN J. FOOD SCI. TECHNOL. Vol. 37, No. 6, pp. 1012~1017 (2005)

KOREAN JOURNAL OF

SrFAZ DI

FOOD SCIENCE AND TECHNOLOGY

————
©The Korean Society of Food Science and Technology

51N YTWIIDWS 0|85 A RIjZe| M clSmuel

A - An) - 2194

(Zli)o].s;q B A

& AFAT, EedEta sl gk

Development of Predictive Growth Model of Imitation Crab
Sticks Putrefactive Bacteria Using Mathematical
Quantitative Assessment Model

Sung Yang Moon, Jang Mi Paek', and 11 Shik Shin'*

Ourhome Co., Ltd. Food Research Institute Analysis and Inspection
'Faculty of Marine Bioscience & Tecnology. Kangnung National University

Predictive growth model of putrefactive bacteria of surimi-based imitation crab in the modified surimi-based
imitation crab (MIC) broth was investigated. The growth curves of putrefactive bacteria were obtained by
measuring cell number in MIC broth under different conditions (Inmitial cell number, 1.0 X10% 1.0X10° and 1.0
X10* colony forming unit (CFU)/mL; temperature, 15°C, 20°C and 25°C) and applied them to Gompertz model.
The microbial growth indicators, maximum specific growth rate constant (k), lag time (LT) and generation time
(GT), were calculated from Gompertz model. Maximum specific growth rate (k) of putrefactive bacteria was
become fast with rising temperature and fastest at 25°C. LT and GT were become short with rising temperature
and shortest at 25°C. There were not significant differences in k, LT and GT by initial cell number (p > 0.05).
Polynomial model, &=-0.2160+ 0.0241T - 0.0199A,, and square root model, Jk = 0.02669 (T-3.5689), were
developed to express the combination effects of temperature and initial cell number. The relative coefficient of
experimental &k and predicted & of polynomial model was 0.87 from response surface model. The relative
coefficient of experimental k and predicted & of square root model was 0.88. From above results, we found that
the growth of putrefactive bacteria was mainly affected by temperature and the square root model was more
credible than the polynomial model for the prediction of the growth of putrefactive bacteria.
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Table 1. Characteristics of putrefactive bacteria isolated from
imitation crab sticks

H ks JepAATh 3 FY SR FoA Z7)drel
e FHUSAEEAT R 15°C) 1 z 1957} 1.0X10° CFU/

mLY o 0.09% 7P WA Yeptom, 20009} 25°CAM =
o]l zlo] 7}t gl THp > 0.05).

FaAlEe] R vAE 275t Bdese] o
S dotry] 218ty b tE 27)d 49 Mool R
A S B Y3ted, Gompertz model 258 F=7|(LT)S T35}

E‘r(Table 3). *E7F BoHESE fR7E #oked, 15°C
9 A, 271457 1.0X 10 CFU/mLO‘ o 7 7l senE
eSO, 200Ce} 25°CollM e 2135 e f- °E 1D
«1 wJX*Ol zpol= YERFA] RSk}, ol#fdt Aip= Mwre]

Z7IUDE EFEA FHRARE, pH, Aw, BEE )
%Fg Bom, 58] Lo W PPL W= Foz By(7-
2003 A= T"r*}fﬂ A%S vehlen, £x9) 8579
HAE AP FHzE vepd 243, Jm 259 BH%
HAE 7 UeES E 5 JAThFig D).

AUAIZHGDS A% R=71UDS vEVIRR 2271 &
STE AHAIZHGD S oA 37°ColAM 71 #e HlEHAPP
L]'Ehﬁ/v\——tq 727]&_/,:0]] 2 {2150l apole %
(Table 4). & FEZILD, ANAZHGT) 25 A& eir
(kyet 7o) &xo] dakg Wol ¥ 2oz yehdo

o ml

o

H

o Halo ME HISAKZAke| ML
Lop )t e Bajale] HAe AR o
7] $18F4 square root model¥} polynomial modets ©]&-a}
SESt 7o EFAR 9T 1| A=
2 (2)¢F 72+& polynomial models E3le] mdslslyd

;;swo

X2 A

d

Table 3. Effects of initial cell number and temperature on lag
time of putrefactive bacteria

strain A B. subtilis | strain B B. licheniformis
Gram stain + + + +
Form rod rod rod rod
Spore + + + +
Motility + + + +
rope - - + +
Catalase + + + +
ONPG + + + +
Indole - - - -
V-P + + + +
Arginine ’
. - - + +
dihydrolase
Gelatmz_nlse n + n n
production

Table 2. Effects of initial cell number and temperature on
maximum specific growth rate constant (k) of putrefactive
bacteria'

Initial cell number k(i)

(CFU/mL) 15°C 20°C 25°C
1.0X10° 0.12£0.01° 0194002  0.38£0.06
LOX10° 0.09£0.01° 0194002  0.330.06
1.0% 10’ 0.10£0.03° 0164003  031+0.04

'Values (mean*S.E. of 3 times replication) in same column not
sharing a common superscript are significantly different (p <0.05).

Initial cell number Lag time (hr)

(CFU/mL) 15°C 20°C 25°C
10X10° 60431694  1928+4.07 636+0.74
1OX10° 6912+ 11.07% 15424620 5384094
1.0X10°  7205£1146° 1243+393  6.03+1.83

Values (mean+S.E. of 3 times replication) in same column not
sharing a common superscript are significantly different (p < 0.05).
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Fig. 1. Effects of temperature and initial cell number on lag time
of putrefactive bacteria.



St ARl d S ol g AR Yol 47 AZudel A 1015

Table 4. Effects of initial cell number and temperature on
generation time of putrefactive bacteria

Initial cell number Generation time (hr)

(CFU/mL) 15°C 20°C 25°C
10X 10° 2534034 1.60+0.160  0.82+0.12
1.0X10° 3494043  1.60+0.18°  0.95£021
1.0X10* 3134079 196+032°  0.97+0.11

Values (meantS.E. of 3 times replication) in same column not
sharing a common superscript are significantly different (p <0.05).
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Fig. 2. Comparison of experimental & and predictive £k by the
response surface model of putrefactive bacteria at different
culture conditions.

@: cxperimental k, B predictive k.

o)8st Ai= Giffel?t Zwietering(24)°] square root model,
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parahaemolyticus®} Listeria monocytogenes] 43<1&Rd & B
A3 AR(11,12)9F 2L Aot

2% ZEIMRL Gompertz modeld] ol8t RmjMzZel ME olF
ME g8 &5, 27| 27AsIA polynomial model=}
square root model2 &g HUSAETAATRE Fo A
M-S FHskE Gompertz modeloll &-88t0 2] 7; 71004
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Table 5. Parameters of square root model and polynomial model for prediction of the maximum specific growth rate (k) of putrefactive

bacteria
Statistical analysis
Coefficient S.E. t-value P S. E. of Estimate R?
Square root T 3.5089 0.9502 3.6929 0.0006
model b 0.0267 0.0015 17.894 <0.0001 0.0409 0.881
) a -0.2160 0.0377 -5.7351 <0.0001
P Oggg‘;‘al 0.0241 0.0015 16236 <0.0001 0.0407 0.870
-0.0199 0.0074 -2.6712 0.0107

A, initial cell number (log CFU/mL).
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Fig. 3. Comparison of experimental ./k and predictive Jk by
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