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Abstract

This study was conducted to develop a predictive model for the growth of Escherichia coli strain RC-4-D isolated
from red kohlrabi sprout seeds. We collected E. coli kinetic growth data during red kohlrabi seed sprouting under
isothermal conditions (10, 15, 20, 25, and 30°C). Baranyi model was used as a primary order model for growth
data. The maximum growth rate (zznax) and lag-phase duration (LPD) for each temperature (except for 10C LPD)
were determined. Three kinds of secondary models (suboptimal Ratkowsky square-root, Huang model, and
Arrhenius-type model) were compared to elucidate the influence of temperature on E. coli growth rate. The model
performance measures for three secondary models showed that the suboptimal Huang square-root model was more
suitable in the accuracy (1.223) and the suboptimal Ratkowsky square-root model was less in the bias (0.999),
respectively. Among three secondary order model used in this study, the suboptimal Ratkowsky square-root model
showed best fit for the secondary model for describing the effect of temperature. This model can be utilized to
predict E. coli behavior in red kohlrabi sprout production and to conduct microbial risk assessments.
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Fig. 1. Growth of Escherichia coli strain RC4-D, which was inoculated on red kohlrabi seeds during seed sprouting at selected temperatures

fitted to the Baranyi model.
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Baranyi model & o|-8¢ 7k 28 AZeple) B coli A @& 10TE AR, 15TAA 25T 227} 71
strain RC4-D2] AU fitting 27 vleto 2 HjA3 52 F27|7) FoAlE AL FRlEh E colis LRt
E(max), f-=71(@LPD), 7] Al B=(X), Hth Al 2= Ho 2 10T 49T7HA] W Ml YF2=s /A
(Ymax) S =23t tHTable 1). WA ZES 10T = (24), 7.5C o]8ke] 20| W QWA o] Ao o] Zo|=]A|
0.01, 30CANA = 0872 257} SV 2 A7V E coli = AoR dHA ATRs5). 3k, 30Tl = 20T 2
strain RC-4-D2| AFE<| S7Fete s vehdoh ol 5T vlal F+=717F oAl = AL &218+ th(Table 1).

2L e Ryl e A% G} ATt o] AL 307} 20T} 25°Cell vl E colie] A7l Kk
o] A% AT 7NAFE HZe] F E coli strain el et 2zolA| v A e o] Wold= B3 &%)V
RC4-D 324 &57h wapvte 21 9w g wj ol A= 913 FE27 17 v AojA= A= Azt

Fr%=7](Lag-phase duration)®] 7-%-, 27| gko] E&5 th o] & SRt 4= 9= A2 24 Tokumasu 5(26)

Table 1. The mean values of three subsamples at each temperature after fitting the Escherichia coli strain RC-4-D growth data on red
kohlrabi sprout to the Baranyi model

Kinetic growth parameters

Temperatures - - — - - - - -

(°0) Maximum growth rate Lag-phase duration Initial bacterial population Maximum bacterial population
(log CFU/h) [ (0 (¥u)

10 0.01 - 4.08 -

15 0.29 7.38 440 6.88

20 0.28 1.32 452 7.66

25 0.55 1.22 430 7.80

30 0.87 220 425 8.02

Fig. 2. Influence of temperature on the growth of Escherichia coli strain RC-4-D during red kohlrabi seed sprouting at selected temperatures
A, suboptimal Ratkowsky square-root model; B, suboptimal Huang square-root model; C, suboptimal Arthenius-type model.

Table 2. Estimated values and performance of the secondary models for the maximum growth rate of Escherichia coli strain RC4-D
during red kohlrabi seed sprouting

Model Parameter ~ Estimate Standard-error t-value Pvalue RMSE" 4 B
a 0.04 0.006 627 8.206x10°
Suboptimal Ratkowsky square-root model ) 0.100 1.255 0.999
Toin CO) 9.90 1.968 5.03 1.514x10°
) A 0.08 0.009 8.58 3.334x10°
Suboptimal Huang square-toot model . 0.123 1.223 1.075
T °C) 9.99 0.487 20.52 2.532x10°
A 0.05 0.496 0.11 9255%10"
Suboptimal Arrhenius-type model alpha 8.32 22.550 0.37 7476%10" 0.102 1.760 1.454
Ea 2865.61 2111.448 1.36 3.076x10"

YRoot mean square error.
Accuracy factor.
IBias factor.
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Baranyi model< ©] &8t 12} Ao SR =ZH
2= HUAFES 7S ©]-&3l Ratkowsky square-root,
Huang square-root, Arrhenius-type models & 3%/F<] 22}
A SR F 713 Ajet 2l A A =8kt 7t
a2} Ao SRdo] 342 Hg 29F o] YERG S
| 7} 2eo] uj7|4 gk Table 29} o] A5 )
RdoA =Ed It o] AZeM] F E coli strain
RC4-D2] Y Z2]9] o] 229l A &%+ suboptimal
Ratkowsky square-root model°l| 4] = 9.899C 2 suboptimal
Huang square-root model®| A= 9.997C=E o A Th
(Table 2). ©o]& 10CoME ZHZeHH] 3 E coli strain
RC4-DO| frolgh M= FA4jo] o] FolA|A] 242 12} 7]
S5d A% 238 AR dlSE = A= YEhdtt

3TRY 22 A SED FolM 227t A 2] F
E. coli strain RC-4-D] A7l n|A|= 93k 7 & A
she REAE H7kelr] fl8iA ZF =l o] RMSE(root
mean square error), A(accuracy factor), B(bias factor) #k=
43l th. RMSE®| 2% #Z53k3 of| S3ke] Apo] 24
0cl 7t A Rd=E HriHa =),
RMSEZ#}©] suboptimal Ratkowsky square-root, suboptimal
Huang square-root, suboptimal Arrhenius-type =2 |4 Zt
7} 0.100, 0.123, 0.1022 UYElSTE RMSE#elA &
suboptimal Ratkowsky square-root ®&lo] #=gk3} o =gk
ol 7 Zx e AS=E UEWTHTable 2). 4% 2%,
suboptimal Ratkowsky square-root, suboptimal Huang
square-root, suboptimal Arrhenius-type =@l o|A] Z}2} 1.255,
1223, 176022 YEFT) o] A2 Al 71 2do] o Sk
o #Zgkell Blal 247t 255%, 222%, 760% TFETHE 22
oJulgitt. 4 kel A= suboptimal Huang square-root 52 <]
S FE=7F 7Y =3 1 v 2 & suboptimal
Ratkowsky square-root Edlo] ¥ Hoz Uelhgn
suboptimal Arrhenius-type =9 & =7} 71 W& B o
2 YEPITHTable 2). B suboptimal Ratkowsky square-root,
suboptimal Huang square-root, suboptimal Arrhenius-type =
ol 242} 0999, 1.075, 14542 o SE ATk B= 09904]
1.05 Atol9] g2 A3 A o' HrlstuE21) & ATl
213 suboptimal Ratkowsky square-root dlo] ] gHel 71 o
2 Hridy. FEHoz B Ao AFE-E suboptimal

Ratkowsky square-root, suboptimal Huang square-root,
suboptimal Arrhenius-type®] 3714 =49l 3 RMSE~} 0.100,
A7} 1.255, B7} 0.999¢] suboptimal Ratkowsky square-root
model©] 2 Ze}H] F E. coli strain RC4-D2] &S o=
S olE b A% =mdel Ao Poihck

A7 T = F2 7HAF AFE vidE 4%
d&rdo] HTE AT Aol Z8E o] $hrh27,28). &
A= =l AL A& ARl E2E E coli strain
RC-4-Del| gt el S 7)ol g Ao A A2
Aol A F E colif] B WSS FFH R oS
st YA S FAE T U VIRARE &8E FloR
detenh B3k ol A EH 07 FAkEo AfuiAl R
Y fE, SHYAZA] s 9eE 58 e
71 Jhe o] Zlegste] g ik B 7kAEe]
A5t FHEH e E8siof & Aow AYzhdrn

2 o

2 AFE Al FEE L de AL Aug A
] ZApol| A £2] 8 E. coli strain RC-4-D2] A7l &
= MEebr] S8l s A 7 2223110, 15, 20, 25,
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ZAL5l91 a1 Baranyi modelS 17} A SRR 0] 8319
a2 e AW Emy T 10CE A7 727
(LPD) #t& =Z31th. E coli strain RC4-D2] HNAAE
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Rdo] 2o S Ardste 7P A9 22 S
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