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Abstract

This study developed predictive growth models for V. parahaemolyticus in raw tuna as a function of
cold storage temperatures (T; 2, 5, 8, 11 and 15C). At these storage temperature, Baranyi model, a
primary model fit well to obtain lag time (LT) and specific growth rate (SGR) (R* 0.97). As the
temperature increased, the growth of V. parahaemolyticus tend to increase. At 2, 5 and 8°C, no significant
growth was observed for 7 days (168 hours). As a result of the primary model using the Baranyi model,
the LT values at 11°C and 15°C were 16.01 and 9.04 h, and the SGR values were 0.02 and 0.04 log
CFU/h, respectively (R% 0.98 for LT, 0.97 for SGR). The secondary model was determined to be;
LT=35.767 — 1.784xT+0.069xT> (R*=0.99), SGR=—0.002+0.002xT+0.000xT> (R?=0.99). The suitability of LT
and SGR was verified using MSE (<0.1: Internal, <0.01: External), B, (1.000-1.003: Internal, 0.884-0.987:
External) and A, (1.000~1.006: Internal, 1.047~1.124: External). Therefore, these predictive models could be
supported and useful for predicting the growth of V. parahaemolyticus in raw tuna at various temperature.
Ultimately, the developed models can contribute to reducing V. parahaemolyticus levels in the production,
distribution and storage of seafood.
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ME2Tol| wE MEX|S| (Thunnus Orientalis) 2 Vibrio Parahaemolyticus MKHS2E 7igt 4 A

ol gtom A 483t <! pathogen modeling
program (PMP)% tH#9] AT EYo] ZT7 7%

w3 broth AF HoJEE wWkdste] sutE ook
(Whiting and Golden. 2002; Koseki and Isobe.

2005). 1y @A L] oSmAE3E A= broth
= dolA AA Aol MG AldS AR A8
ot WA or whdsta gloh FAbAEe] A9
Ao|(Yang et al, 2009), =(Parveen et al, 2013),
A$-(Liao et al., 2014) 5 UF A= thst
Vibrio parahaemolyticus®] 1552 A7} 3y
Ho, AMAFE EFS FAHE AT A
Fo FoAFEATE WHoE e =
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FAHE wF Sgom A4 el
A A Q] e 0% F st At 9l
ThKang et al, 2000). 129y 7}a 9 7 xe
Qo) Aew AT ANse Ae wAL
AR A Ao & w2 59 2ol EPE
gt mAES] 2229 27} AUTK(Cho et al.,
2009). Cho et al.(2009)%] Aol |8k Zuh
A3 AWrA|HES7F 4.44~549 log CFU/g,
T 2.65~3.90 log CFU/g 4 Salmonella spp,
Staphylococcus aureus, Bacillus cereus”} 2 v}
otk W& Choi et al(2012)%= o] Fo] Az o7
TAse] AbgolAl AFme dod e W
A AT OS2 V. parahaemolyticus, V. vulnificus
9 V. choleraes AASHSITE

AAn] B8] @ =(Vibrio parahaemolyticus) b=
Ao = Al AF=e T8 Al
= sholn, AAAACR ko] &y A
oA AEHEE A AATOITHYu et al,
2014). T2 7]0] AFdteE ol5dd(79€) &
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o 8 AF5E WAT 5 Y AA J4
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AL e FA3e] 5EHS st
7] fsted d=wAEREAE (KCCM, Korean
Culture Center of Microorganisms)ollA] EoFake
V. parahaemolyticus o+ 3% (KCTC 2471, KCTC
2729, and ATCC 27969)< A-&3tHth Mo &
(stock) 30% glycerol®] X3 tryptic soy broth
(TSB; Difco Laboratories, Detroit, MI, USA) &<}
of REHJOH, —80° dEalel Hysith
A #5310 ¢L)y= 22t 5 mLe 2.5% NaClo]
e TSBol HET $ 35£1CollA 2447 54
i Fste HAE 23] wHESt] AAE L, vk
H FFEIYE 4695 xgolA 10837F AR
(SUPRA22K, Hanil Science Industrial Co., Daejeon,
Korea)dtith. o] #AE S8 Aozl zzhe]
48 pellets 0.85% B2 ES 10 mLoll A
Hetstel &3 (cocktail) &HS A xdH oM,
3~3.5 log colony-forming unit (CFU)/gd] F&E=
AT & o]E HFTTE AHESIAT
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V. parahaemolyticus
FE7] (lag time, LT) €
(specific growth rate, SGR)E 4+&3}
7] 913l Baranyi modelS AR&3sle] JRRtsATH
(Baranyi and Roberts., 1994). AM&3F T2 3o
DMFit version 3.5 o™, Axtel] AL &H F22
<Table 1> YERJATHComBase, Dresden, Germany,
https://www.combase.cc/index.php/en/).

5. 2%
273 dEw

oE==ol JHt

g2 1z 2digs Fa A4EE A
o WE V. parahaemolyticus®] LT E SGR
7|¥ko & 3}, SAS version 9.4 (Statistical
T2
H2AFH
(least squares analysis)= Ab83te 7/NA3HTE =
9 el AbEE oA oEd 2o
(Yang at el., 2016).

]-‘__
%2
Analysis Systems Institute, NC, USA)

oheA 2] (polynomial  equation)¥}

Y="by+b, T+b,T+e
= the predicted value (LT or SGR)
by, by, by = the regression coefficients
T = the storage temperature
¢ = the random error
6. SBHRSHX 7|0l ol Mg AS

12 9 2af REYs Sl st 2Eo 4
AR AFAY HIFE A4 AS  (coefficient of
determination, R?), A5 22} (mean square
error, MSE), bias factor (B) % accuracy factor
(A2 BAAEE Aol Hrtslith Re
Ao g S-S Vo R o Sgkel digh il
Al A AvEge dulsh 0~1 Abo]9] gow
YEFATH(Park et al. 2012).
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MZEX|S| (Thunnus Orientalis) & Vibrio Parahaemolyticus A

CERECERERE
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<Table 1> Primary growth model equation used for predictive modeling of V. parahaemolyticus in raw

tuna as a function of storage temperatures

Model Equation
y=y, +pAlt)— < 1+%
Baranyi =2\ Jmax 0

A(t):H%e (exp(put)+exp(— g\ — exp (— u(t+ )

y=cell number (log CFU/g), y0=log initial number of cells (log CFU/g), A=difference between initial and final
cell numbers (CFU/g), t=time, A=lag time, =maximum growth rate (log CFU/g).

R? = 1 — Xei® / Z(predicted values — average of
the predicted values)’

MSE:= mA8E9] HdFA & tieh A4k
I ASH9 Aol S o] &t JiEE SR
AREE Frbehe AREA e 22 3=
S8 A= A THGiffel and Zwietering,1999).

MSE = X Log (observed values — predicted

values)z/n ........................................... 3)

BE 4¥e Fi e 49dd mdde ¥

@ =g Aolel Atz A 2 A

ZTH(Khaled et al., 2009).
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= o5¥ gro] APk vk dXs=A A
55 Yehdls Axoln, AMEHE A thet
L tH(Khaled et al., 2009).
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r)*
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=

BB Y. FAIAE = SPSS software

(version 12.0; SPSS Inc., Chicago, IL, USA)S A}
St on, dgux] EAREA] (one-way analysis

dEHAEY  (multi-
range test)= MBSt fFOAHE 5% FelA A

S 3FATH(P<0.05).
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[Fig 1] Growth curves of Vibrio parahaemolyticus
in raw tuna at 2, 5, 8, 11 and 15°C. Error
bars indicate the standard deviations for
the mean of two replicates of three
samples at storage tamperature and time.

oz Frlekelon, 2A3H3Y) °olF FA5H
Adste BEee Bt A 168A17F Fol=
11CollA 720 log CFU/g X 15ColA 745 log
CFUgo 2 ZA ¥l om, o= 27] FLko] Hs|
74zt 41 B 42 log ©1’F S7He A sl
2R A" ZFX 30 V. parahaemolyticus
O AHAHYE Ao R o], 12} Rdg o wN
Baranyi model %23}l LT 4 SGR #& ©&
&}9ITH<Table 2>). 2°C, 5C 2 8C9 7

maximum population density (MPD)oll =E-3}4]

52 Ho

REIES RN

k7] wliEel LT 9 SGR #ko] =&FH A sk
11C % 15CoA LT a2 42 1601 % 321 h
Fom, SGR #& ZH7; 0.02 2 0.04 log CFUM
Ak A= SUFEel wE LT#S 238
Al Ak, SGR#E F7bske AdE Hoth
(P<0.05). R*ZES 11T 2 15ColA 242k 098 2
097= NLd 1xF oS5 del et 52 HAA
o] gel= 3},

Lim et al.(2019)2] AFAE= 4T 7CAA
Agst = V. parahaemolyticus®] 12} Rdly A
Fell A LTS SGR o]l R5F ArkeA] grop 2
A9} FAFSFATE Parveen et al.(2013)= & &
V. parahaemolyticus®] 375 ATFE YA
om, 5C W 10T AZAEAA LT gho] =&4
A ¢kSkal SGR #2 12F REE A 15T A
0.05 CFU/g= YEeht & A9} FAksklch 1t
AA S V. parahaemolyticus®] oS5 E D Ao
A= 15T B3 A LT 32 9.90 h¥l2™, SGR
#2014 CFUgh= %5 THChung et al,
2019). 3" AA-*(Chung et al., 2019)2] SGR> &
AT ATHEY =4 JelS =l V. parahaemolyticus7}
drxlow A4 54 7HAH (1~5%) P

ALY QT 3~5%C|EE V. parahaemolyticus
44 A% B70] YW WEoz wuw

o},

<Table 2> Result of growth parameters of Vibrio parahaemolyticus in raw tuna obtained from the Baranyi

model for the primary modeling

Temperature (C) LT (h) SGR (log CFU/h) R?
2 NG NG NA
5 NG NG NA
8 NG NG NA
11 16.01£0.12° 0.02+0.01° 0.98
15 9.04+0.11° 0.04+0.01° 0.97

LT, lag time; SGR, (maximum) specific growth rate; R?, correlation coefficient, a higher R? value indicates a
better fit to the data; NG, No Growth; NA, No Application. Values are meantstandard deviations of triplicate
determination. Different superscript in a column are significant differences by Duncan’s multiple range test with

5% probability.
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ARk o7 mdE Agad datel wel Ak
H+= 2492 modified Gompertz F2(Zwietering et
al., 1990; McMeekin et al., 1993), pathogen modeling
program (PMP) @ logistic X 2 (Peleg, 1997)°]™,
o= AA A&3tE EEe] JPEAleE A 8H 3l
ok 2 ol d REES QI7ke] wshAlA, <l
TeA & AFAA AP 9 SAY  (sigmoid
curve) 7ggFel] H3gtel H¥A mHojH(Jo et al,
2020; Huang, 2008), = "AE°] AFo5 &
das BHow 3 Tz gHo] ol g w|YE
37ke] wipzimigrsel AEE dlolElE A &35l
£ oJ# o] AtkBaranyi et al., 1993). o]t o]
2 Baranyi 5= "AEY &84 9 AEHH
543 B-dste] ke 2U(RE, F5, Aw ©)
= Uit AgE F e 7eRES et
S%UHBaranyi et al, 1993; Baranyi and Roberts
1994, 1995). Xiong et al.(1999) %! Pal et al.(2008)
<2 modified Gompertz %! logistic A8 25 F3h
3 o8] ®d Z Baranyi %29]| tailing phase 3
SAH AT e AR pE & ghevia
B3t vf vy 3 Baranyi ISR TS 2%,
pH, broth ¥ FEEHE T ThFS WSe] mE
Adells HA AL 5 Oom(Baranyi et al,
2004), Hl= o] EHo] modified Gompertz &
AT ASeS Aol ¥ RIRSHA Aol
Bu¥ 3 QthMcClure et al., 1997; Sutherland et
al., 1997). WA # Ao A= Baranyi 29 ¥

MEX|S| (Thunnus Orientalis) | Vibrio Parahaemolyticus MRS 7t & HS

H& AHgstel Yl BRYS S

ZF Kdo] gt

AR A 48 Hol Sy
Q1 EHA W HAE Wash, ol

483

LT; y = 35.767—1.784xT+0.000xT?> (R?=0.96) - (6)

SGR; y = —0.002+0.002xT+0.000xT* (R*=0.98) - (7)
(T; the storage temperature)

ol tEA o wNY A= V. parahaemolyticus
o 11 W 15CoIMY LT #%e 474 1615 Y
901 AlZKm)ollem, SGR #2 Z+7 0.02 U
0.03 log CFUMSITE. 22k 297 Ao w& LT
2 SGRY R® #2 7H7t 0.987 0.99=4 e
2do] gt AgHdol v Eas IRl
(<Table 3>). Yang et al.(2016) ¥ Park et al.(2019b)
o] e T B Aol FYUd SAS
programs ©| &35t 22} REHS £ o,
#2 2 o 5¥ SGR #] AFol= 0.05 log oW,
LT %9 ztol= 18 wwte R Hrigo] 2 &

age] e AP HAT v ok

<Table 3> Result of growth parameters of Vibrio parahaemolyticus in raw tuna obtained from the
polynomial equation for the secondary modeling

Temperature (C) LT (h) SGR (log CFU/h)
2 NG NG
5 NG NG
8 NG NG
11 16.15 0.02
15 9.01 0.03

LT, lag time; SGR, (maximum) specific growth rate; NG, No Growth
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27 REEs G o549 #e geds R
sb7] Qe A3 AR wE v
paraheamolyticus®] WH-AZS &gl on, o]
o tj3 A7E <Table 4> JERASITE. MSE:
ARA O 2 0~19 o= e, oo 7HkE
T htE 2o ARLrt 55 gudt
(Park et al., 2019). V. parahaemolyticus®] 73-%- LT
(0.075) = SGR (0.001)2] MSE7} E5F 0 (0.1 W
hel] 2P ors wdo] & sty Aow P
e i=N

LT ¥ SGRel Wist B, #2> ZH7F 1.003
1.000 ©]1 o™, LT 9 SGRe| that A, 3t 7t
1.0063}+ 1.0000] At}

—_

Nowa

B 3 % %z AEAE sk
Amolv], At B 2 ASR ANIES 1}

ERdithJo et al, 2012). YWHA 07 A, = B, = 1]
W ZElo] o] Aol (Lebert et al, 2000), B, 4
Ay gtel 0.9-1.054 = "A3% (good) ", 0.7-0.9
+ 1.06~1.15%= "3 €715 (acceptable)" B <0.7 &=

REIES RN

© >1.5% "8§HA] %S(unacceptable)" S F TH
B

-

=
Hog A o] 10 7MHE5E mdle] Jgry
g5 FAFs, At A,
#tol 0.9-1.1 oW EElo] 10% A i Fofof
5 81 ZoR fAdth ogd ¥AF A%
(MSE, B; Ay #h)° FAE2 17| Hof & ¥
glo o olHAy A

Il o] FHAo]

A

(7, 10, 14C)ellA HA¥E& Ty
dlo] B ASHS v FI= <Table
s>of vepdigich A3 A3 LT 49 10TlA
B2 AEFg Alolel foxirb vER oL
(P<0.05), ©l& Alelst thE A% 2 SGRel
Ae frogt abel7h gl thP>0.05). 1A 4
vtol tfet MSE, By 9 A, 32 LTO A% 7z}

<Table 4> Internal and external validation using statistical indices for growth parameters of Vibrio

parahaemolyticus in raw tuna

MSE B, Ay
LT (h) 0.075 1.003 1.006

Internal validation
SGR (log CFU/h) 0.001 1.000 1.000
o LT (h) 0.001 0.987 1.047

External validation
SGR (log CFU/h) 0.010 0.884 1.124

MSE, Mean square error; A;, Accuracy factor; B, Bias factor; LT, lag time; SGR, (maximum) specific growth

rate.

<Table 5> Comparison of the observed and predicted LT and SGT values of Vibrio parahaemolyticus in

raw tuna in external validation

5 LT (h) SGR (log CFU/h)
Temperature (C) X .
Observed Predicted Observed Predicted
7 NG NG -
10 21.55+0.09 18.93* 0.0240.01 0.02
14 11.06+0.08 11.18 0.03+0.02 0.02

LT, lag time; SGR, (maximum) specific growth rate; NG, No Growth; Values are meantstandard deviations of
triplicate determination. Asterisk (*) indicates a significant difference between observed and predicted value by

paired t-test
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M2z w2 MEXS| (Thunnus Orientalis) 2| Vibrio Parahaemolyticus MSHE2E 7iet L HS
(a 21
y = 0.8001x + 2.2843 .
19 R* = 0.9719 o
— 17
= - "
S5 as
=
2 13
-
N T -
e
7
7 10 13 16 19 22
Observed LT (h)
(b) o0.04
¥y = 0.7727x+ 0.005
= o0.035 R* = 0.9731 e
=
o
£ oo03 -
g 0025
D T
& o0.02 &
0.015
0.015 0.025 0.035 0.045
Observed SGR (log CFU/h)
[Fig 2] Comparative plots of internal and external validation of observed and predicted LT
(a), SGR (b) for Vibrio parahaemolyticus in raw tuna.
0.001, 0987 4 08845121, SGRS] A9 0010, 2 AL %, A0 2 A A A 52
0.884 4 1.124% YEFSTE st & Sl V. parahaemolyticus®] 3SR S
olyfst Ang wpEoR oRHFT ES UF-z ARSI FAEY FavbeEel digk S
S Aot AR AFde FRE ¢ Qe s Ay obF deAl I H I A
Ags mage sAsk LH%ﬂ— W oARAE ok A2 AFAZEY AL 3 broth ’5‘91
Avte] W LT ¥ SGR #he AWAQ MmE  |RATE FBsh] A4 AFe] AL A
A (scatter plots)E & @l ‘%E}‘H%U}([Flg. 2).  TEwe AA AEste Bdg Adete BEe
aze mAE it A 100% A 2 A3E 3 9lth(Juneja et al, 2019). TheFs &
G=o°l ML Zgstel AEHS dehhglom, = weddel 124 BuY 9 g A%
ool th# LTS SGRE| R* @& WF 0972 % AL Baf 2 AFolM A%a mad Agye
o AgEs uyth P58 AoR AF wuzor, A¢y A%
g %% A5 Ay w3k MSEZF 0.001~0.075, By

v. gz

B oATE AR Al7ke] SuelA 243

7} 0.884~1.003 2 A7} 1.000~1214% & 3}
TE H%‘jr t}eksk X—]‘B‘]—)ﬂ ;(]EE_% JlHLo 7
g 2 ARCASEEE AFAE 28 AF
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