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Development and Validation of Predictive Model for Foodborne Pathogens
in Preprocessed Namuls and Wild Root Vegetables
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IDept, of Food[ and Nutrition, College of Human Ecology, Kyung-Hee University, Seoul 130-701, Korea
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ABSTRACT The objective of this study is to develop and validate predictive growth models for Bacillus cereus
(diarrhea type) vegetative cells, spores and Staphylococcus aureus in preprocessed Namul (bracken and Chwinamul)
and root vegetables (bellflower and burdock). For validation of model performance, growth data for S. aureus in
preprocessed vegetables were collected at independent temperatures (18 and 30°C) not used in the model development.
In addition, model performance of B. cereus (diarrhea type) in preprocessed vegetables was validated with an emetic
type of B. cereus strain. In primary models, the specific growth rate (SGR) of the B. cereus spores was faster than
that of the B. cereus vegetative cells, regardless of the kinds of vegetables at 24 and 35°C, while lag time (LT)
of the B. cereus spores was longer than that of the B. cereus vegetative cells, except for burdock. The growth of
B. cereus and S. aureus was not observed in bracken at temperatures lower than 13 and 8°C, respectively. The LT
models for B. cereus (diarrhea type) in this study were suitable in predicting the growth of B. cereus (emetic type)
on burdock and Chwinamul. On the other hand, SGR models for B. cereus (diarrhea type) were suitable for predicting
the growth of B. cereus (emetic type) on all preprocessed vegetables. The developed models can be used to predict
the risk of B. cereus and S. aureus in preprocessed Namul and root vegetables at the retail markets.
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g, =2bA], W9, 9, 27uE7], FAHY], A2, FHAUE,
oy 5 F 1174 A= ]}\1 A& o] 1.24~3.82 log CFU/
g9 2. AFFS UEMWA AL, Bacillus(B.) cereus= ET
o} HlEYENA Z+7F 4.72 log CFU/g, 2.02 log CFU/g
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(2). @A =ellA A sikEo] #3 42 Agle] H o
A5 AbaL7h Bangl vhe glov Aol A vt A4S
= A7 ke § E‘r(3) 3 A7l die Bl St
2 Aol e ole] FH] AAE el do] BolA
A A g R Tl Al Aok BE AT s AR
7 AT ATE B SACNA HA g2 FEE AA A

HAtH4,5). Kim 5(6)2 M=o\ E. coli, Salmonella
spp., S aureus &9 AeEd AES Bigh vl gk =3
2008 H-H 201297H4] 5d% wUle] B, cereus®t S.
aureusdl] 2] L} 255 Aol ASE 42 40713 6140
o, x4 986 2,150 0.2 B I E THT). what
A Mol T}z stal = AAHE YEFONA B cereus
D S aureus 2900 og 255w A3HSLE S A
T7F %38} Aot

Hel AEANRAT Bt g FRE S NZE
ZleR2A AT A A 2% U nBE] A AL
d 5o WskE e o R Vst W AR HE
JEE dS53stE e oS50 A& (Predictive Food Micro-
biology) #-oFe] A7} vfg- EtalA o] Fo] A L JTK®).
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dESu|AESe T2 SHAE Ui FAES AR o
Qe A we A7) —rsﬂﬂﬁi‘:}@—ll) e A= =414
A AEFo AEA 7FAAXNE 93 Ao =nd 7))
W AFEA AW B ocereus$t S. aureus®] A3 EA(12)
I59 B cereus ’37¢EA(13), A2 NA B cereus 8
9 54 AF14), HEllA B cereus 131G R 9130

i

vhe] A9H(15), Tt A F FA R WE S aureusst
B. cereus®] 73759 /MH(16), 5ol S, aureuse]
AASEE M ATA7) So] BaEA) EIF FH 2
= Ol AFANAM B cereus A& EE At AG(18),
A YEFAAA B cereus 47| Z2E(19), sl F 2
o AF=e FUES S aureus A7FAZSEEA A At
(20) ol BuHArk. dA7A =7 AFAA B cereus

o] AR dE AFTE Fo] o] Fojzl BhA, A A Eof A9
B. cereus 2 S, aureus /37 E430 thet A= vf§- F=

<t ’éxéol‘jr. upEhA] B Ao s A YEF 2 7
F 5 AAE UEF FEAANA gA G 7Y wel
wdEste AF PR EEA, 99 Ui UERGA,
HUE)E AR B cereus® OUﬂE A2 S aur-
eus 37 v A= A &x9 o
1, 22k S L& detar E%lo

At

1o,
2
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X,
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N
ol

ol

A 7 MY Y JH HE

ZAY A} Q) Bacillus cereus AAFE(ATCC 11778),
TEY(NCCP 14796) ¥ Staphylococcus aureus enter—
otoxin A type(ATCC 13565)& 3% 3 3] (Korean
Federation of Culture Collections, KFCC)ZF-E +¢3}
SlaL, —80°Ce] &%= WE Rt i dH A 10
mLe] nutrient broth(NB, Difco, Sparks, MD, USA) %
tryptic soy broth(TSB, Difco)E ©<& 4tz Ze8f~70) B,
cereus ¥ S. aureus 10 uyLE 247} HEslo] Aufd 39
oh FujeFst 72 24417 B3 242 30°C ¥ 36°C &%
140 rpmol A rotary shaker(VS-8480, Vision, Daejeon,
Korea)& ©]&3}¢] 8 log CFU/mL ©]/d9] sX7tA] vl Al
Zoh Aufdst -2 B 0.1% peptone water(Difco)E

o] g3kl 10 82jste] AFgatAtt.

ZXEd

B. cereus®] FEMEE 36°Col|A] 24413+ Anj gt
1 ppm Mn?" & #7}8t nutrient agar(NA, Difco)ell HF3}
o 30°CelA 139 &<t A § 2Ae] FAS dAvF o=
A TH100% EAF HA). Plateo] AE AT S
"+ ¥ Mc [ lvaine buffer(pH 7.0)el 2o} 914 E2](600
B A5 de A AFAL pelletS THA] Mc 1
£](2,500 rpm, 15%) 3t31oH

w-

rpm, 5%)3%k
lvaine bufferol] @o ¥4

uAAE g SEd s 1691

o] AL 2 WHEA A 39 TH21). Stock suspensiond
Mc I Ivaine buffer(pH 7.0)el] ¥o] 4°CollA #7slo] ¢
off AH-&-3t3d o

NE 4% 9 HRz
# Age] AR At AR R AR AN
Aol 7 wol WESE AN FER(ERA, 9%

a3 YEFGEALE, AUE)R AAsidnh AR e,
994, A, HYES AL fAe ntECA Zd Qi
B A FAES st e A Hele AT
AMe & AIE FE Y 999 =Ko 4AE AA &
o g Wl AFseth AlHE 47te] UEF 2 FEHFE
100°Coll A 283 71 e & Had JA 7199 & AFE-s)

o ot 7i.Lﬁﬁﬂ(clean bench) el F&& AAT &
petri disholl 10 g¥ #2072 AFste] WAaie] W s}

= E Y 2 AERFH
Zn O(}f?} B. cereus BFME, IA L S aureuss 247
A&z (EgbA], $-9, A, FvE)edl 100 g HE3
x7 1%37} 2.5~3.5 log CFU/ge] %2 &gt} 27
EE AYATFATH2)0l bt Eulga ol Zﬂd‘ﬂb A
UEF/AA B cereusst S. aureus®] L A5(1.24~
3.82 log CFU/g)& &Ag 4¥9& 7520}04 A sttt
B. cereus®| YFAE F EAE A8 Z ?
13 24, 35°CellA] vieFate] Azt stol] wE 12} gl
NS ATE T3 S aureusEs 7179 A5 HEe
8, 13, 24, 35°CellA] wiFste] 14} S 7hdsiglict
MED A Z7te] pHeE R 8 E(Aw) ] 2705 USA
Pathogen modeling program(PMP, USA 2009)el #-&3}
o Z} Ao we} AAAH o o =P o yE 2 P
FAEE AT obd 2E AED S 185k
B, cereus QUM E, B cereus ¥AF LS. aureus®] HEH

A ARSI

I~

_—

2 10 g& E¢4 0.1% peptone water 90 mL
2 A5 $ o] T 1 mLE AEYN o2 ARt 7F
3} @ AAZ 0.1% peptone waterdll THAIH 34 5lo] 3]
w4~ & 100 pLX Whitely automatic spiral plater(Don
Whitely Scientific Limited, West Yorkshire, UK)E ©]-&
3ty B. cereus BYME F E 2] A v %] Q] mannitol
egg yolk polymyxin agar(MYP, Difco)¢} S. aureus®] A
el v %] 9] baird parker agar(BPA, Acumedia, Lancing,
MI, USA)oll ¥F3A9 . B cereus GHAE 2 EA=
30°Coll A 24A%Y, S. aureus= 37°ColA 48417k vl ksl
colony counter(Scan 1200, Interscience, Saint Nom,
France)E AF&3}9] colony 5 log CFU/gC & FA|3HS
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1X HESEH JHE
7y oMo A& S 12 222 Modified Gompertz
TS o] &3 2 (22), GraphPad Prism V4.0(Graph—
Pad Software, San Diego, CA, USA) X & 135 A}1-&3}
A %=7](lag time, LT)¢ H 52 % %= (maximum spe-
cific growth rate, SGR)®} Hd7hA+ L= (maximum
population density, MPD)& AF&3sF3iTt.
Modified Gompertz equation
Y=No+ CXexp(-exp((2.718xXSGR/C)<
(Lag-X)+1)) (D
No: log initial number of cells
C: difference between initial and final cell numbers
Lag: delay before growth, same units as X
SGR: specific growth rate (log/h)
X: sampling time
Y: log cell number (CFU/mL)

2i|. Jk-lxr()ﬂiEl:-ll 7HHI-

Fe7ILDS HASAEE(ECR) B HopATEE e
(MPD)+= Davey model(23)3} Square-root model(24) 2
Polynomial second order model(25)& o]-&3}o] &1 WH
stol w& gl S 22k RdS ZHzp sEsqich

Davey model: Y=a+ (b/T)+ (c/T2) (2)
a, b, ¢! constant

T: temperature

Square-root model: Y={b (T-Tumn)}?2 3)
Y: specific growth rate

b: constant

T: temperature

Polynomial second order model:

Y=A+ (BXT)+ (CXT? (4)
A, B, C: constant

T: temperature

tors(Ap #& LT, SGR, MPD Z}ztel gjzl =dl 7 A3
of AHESHA ge SYH MElA doln HPgkoE
). ©). (7). ) F4& ol §sho] AsHRALH26,27)

Bf fOI' LT:1OZlog(predmted/observes)/n (5)
A[ for LT:IO(Zllog(predicted/observes)\/n) (6)
B[ for SGR, MPD:1OZlog(observes/predicted)/n (7)
A[ for SGR MPD:lo(Zllog(observes/predicted)|/n) (8)

9] Aol A ne APREFE Mol A 247} dojx
) EE ASRONTE JPRAA Aol ghel F5E

B &7
e B A gt o] oa 658 gt Ao]e
94 B S Az A9RH oZ8 o] £

e 2dle }sioh, 3 B AR
o] ARgsl7ldl ket R el 7 (fail-safe, BK1), -‘H?.ﬂ
(fail-dangerous, B>1) Rdel7}E Hrlsls H 27t o)
W AR AEE o] ArkrE A9E AesE =

L
St HER dx
1=l

WMol 5% Ay mde] AR S el S &
W (fail-safe)17bol ThE WS AAFHA FETHES).

1|

= o

Y MYEE= B cereus$t S. aureus®] A3 4
8 Yo =N 7pzte] HAE Y&
& JE3H7] Ao dejelr 54
3ttt pH 48 pH &4 7](1Q Scientific Instruments,
Carlsbad, CA, USA)E o] &3}o] ]E 5 gol 3 /T
10 mLE &gete] #4233 5 5%

AL A7 25 g% AF A —’F—EF%L T Z4%7](AqualLab
Lite, Decagon, WA, USA)E A&

S ER

BE AL 33 g2 o 2 AXsg o Ay A¥A
7= SAS(Statistical Analysis System) V 9.3(SAS Insti-
tute Inc., Cary, NC, USA) §A T2 S o] &-3lo] £
sttt 242t e "]E IFE 7He] Fo A Sl Aol t-testE
o]-g-3to] LA g - /X0.05 ol A Almge] oA Afol
£ YER AT

[ AL

2ot W o
Hxz| 2R ¥ #2729 pHe s28dx: &3

2 AFNA AR ER B TR pHE =2k 4
ol 5.66 o= 4714 A" FolA M Ekar, FHuE
(6.79), IAFE(7.16), $9(7.33) «2o 2 =4 YEET) &
Aol M BE UEF B 7] pHe S aureus®] 37
FHAHHLQA 6.0~7.5 = B cereus? A HHHLA
6.0~7.0°]1ATH29). FHFHE SHANE ZehA] 45
0.95 fto 2 7P wgkom mAlg], HAYUE, 992 0.99=
2 AToA AR EE UERF 9 FERY FEEEEE
B. cereus YEAIE, A D S aureus®] GEAIETY A3

7)o wj$ Ade Ao}

Hxz2| LEEFR ¥ 22F0M B. cereus SUMIE, ZX}
U S agureus®| 1XI MEO|SZE Jfwt

B. cereusi 12°C ©|3}2] H Ao A A7 o] #zhy
A gkorom = 13~35°C WA B. cereus GEME
22 ZpZbe gk 12k gl S BRES Al vk



S. aureus= 8~35°C B oA S. aureusdl| ot
oS ReS sfdste] Z7be] i Lo wE
o HF24E5 % (SGR) B A NATE =(MPD)E 4t
At} Modified Gompertz &2 S o] 83 25 Al A=A
oA 121219 A3 ERYE R¥(coefficient of deter—
mination)#te] 2+ 0.90~0.99 Alo]Z YERL} - oA tol] A
o] 12 Aol A3AAS gelskgltt. 18y AL 9
-5 13°Col M= B. cereus?t, 8°CAlX = S. aureus?}
2yzy et esked, o] 13°C B0l A ILALE] 9
M B. cereus o] S 8HA ¥drhE A& A4 A%
(19)¢} YAsk= 27

LHEg ¥ AZRUAM B, cereus SLME L ZXto| o
2 Ed Huw

ZEgtA oA B cereus B FMEE 13°Coll A 71.654]7F
o] F=7] o]F F7kelr] A&k 162.50A17F F<t vl 3}
AS o Hdl 7.51 log CFU/g7HA] 2373kl 24°Col A&
5.90A17F, 35°Coll A& 3.8117Fe] 7] o] % w7t 57}
al7] Al&fete] Zbzb 32A1%F, 20A17F FoF Wil iS o
A= 42 7.72, 7.96 log CFU/g7HA A4 3]-03‘:} HHTH of]
B. cereus XA 13, 24, 35°CollA] Z+2y 78.59, 6.49,
2.28A17Fe] 7] o] % F7helr] AlAbsle] Zh7 198, 32,
24A17F vkt & Ho 7.10, 8.38, 8.62 log CFU/g7}HA|
2b2t 237dastith(Table 1). A 52 E%=(SGR)#k2 13°C
Z& AN B cereus FHME L ¥+ 742 0.06, 0.04
log CFU/hour® $gko} 24°Col A Z+zF 0.28, 0.38 log
CFU/hour, 35°CelA = 2442 0.52, 0.79 log CFU/hour &
YeLtH(Table 1). =ekR oA 9 B, cereus %A E L
EAe] A HEs vasigls u A BE 2 ElA
LT, SGR 3 MPD7} SA1H 0.2 2] 4 Q1 2fe]7} §l= AL
2 e

Table 2+ 13~35°C =R AA $FlAY B cer-

vAE SR s 1693

eus BEAE L x2] A A4S HERA Roltt 13°

oAlA B cereus G FAET} 82. 7977 F127] o] F F2
7] A1 &g Wb 2R G AR B]E] 39.52A417F] &
Fr7] o] % FAske] zhzh 211A17F 2 198A1 71 v g3t
A 6.42, 4.92 log CFU/g7t A A3 A3 ). B, cereus?)
FAE S FR71E 7P AR A AT =
MPD B. cereus QYA EHRT} & Ao 2 el
gk 24°Col| A -Gl M2 B. cereus GUYAE 2 A= 5
A3k 32417 m ket 3 717k FH o) 8.29, 8.37 log CFU/g7}
A 737gstel FEMES} EApete] ZpolE YERAA 3ttt
35°CAM = B. cereus 99 FAI X+ 1.68A1%F, A= 2.94]
A7) ol % A sky] Alskgl o, 72t 225413 B
20417k <k wFstAS w Zk7t 7.92, 8.40 log CFU/g7h
A %*—]ﬁtoﬂ‘:}

TSk -JolAM B cereus FEFAE L EA] SGRAS
13°Coll A 22 0.05, 0.04 log CFU/hour, 24°Coll A Z}+2}
0.29, 0.36 log CFU/hour, 35°CelA 242 0.61, 0.71 log
CFU/hour® YEFtHTable 2). -Gl A B. cereus 4
Az 2 2Ape] g sES vlalgk A3 A A 24°C9)} 35°C
o= w9 FAME S Ho] SAF SR fo]AQl Aol
£ YA ket Wil 13°Col A 8] FUAE H 23
o] fr7]9t HFA oA Fo] ARl 2ol 7t U= AL
2 UER W 2R A EApe] o] AlghS W o R
YERSETHX0.05).

Table 32 13~35°C =Z=®9dA FHUE ]}‘19] B.
cereus BEAE D E20] 7 EA4E HHERA Flojtt #
-2 13°Col A B. cereus G FAIEE 34.86A17F LA+
27.72XN%r F=7] o|F F7Vel7] AlZeke] 2hzh 204.54 %,
159.5A1%F vl &kst & 77} 7.13, 6.63 log CFU/g7HA] 57}
ST} 24°CollA = B. cereus FEAE B EIx= 7+
4.36, 6.73A13F F=7] o] F T3] Al &ete] 32A11F HY
& & 747} 8.55, 8.32 log CFU/g7HA] A8 o, 35°C

(@]

40{. fo ot

Table 1. Observed values for lag time (LT), specific growth rate (SGR) and maximum population density (MPD) of B. cereus

vegetative cell and B. cereus spore and S. aureus in bellflower

Temp. B. cereus spore B. cereus VC” t-value"” S. aureus t-value®®
LT ND” ND - 51.78+10.63 -
8°C SGR? ND ND - 0.01+0.00 -
MPD? ND ND - 6.43+0.14 -
LT 78.59+5.928 71.6511.41 -0.76 22.5247.78 5.03"
13°C SGR 0.04+0.00 0.060.01 2.00 0.040.00 2.00
MPD 7.10£0.21 7.51+0.007 2.83 7.65+0.44 -0.47
LT 6.49+1.34 5.9042.09 -0.34 5.22+0.52 0.45
24°C SGR 0.38+0.078 0.28+0.13 -0.90 0.4240.04 -1.48
MPD 8.38+0.16 7.72+0.58 -1.54 9.20+0.06 -3.58
LT 2.28+0.36 3.80+0.99 2.06 2.96+0.62 1.03
35°C SGR 0.79+0.13 0.52+0.07 247 0.89+0.03 -6.87
MPD 8.62+0.21 7.96+0.28 -2.65 9.25+0.01 6.63

ULT: Lag time (hour). JSGR: Specific growth rate (log CFU/hour). YMPD: Maximum population density (log CFU/g).
4B cereus VC: B. cereus vegetative cell. Jt-value': between B. cereus Vegetatlve cell and B. cereus spore.
St-value’: between B. cereus vegetative cell and S. aureus. ND: not detected. ®Values are means (n=4). "P<0.05.



1604 AR ehebabEiiel . WA - 4714

Table 2. Observed values for lag time (LT), specific growth rate (SGR) and maximum population density (MPD) of B. cereus
vegetative cell and B. cereus spore and S. aureus in burdock

Temp. B. cereus spore B. cereus VC” t-value'” S. aureus t-value™®
LT ND” ND - 75.33£7.07 -
8°C SGR? ND ND - 0.0120.00 -
MPD? ND ND - 6.14+0.20 -
LT 39.52+7.65% 82.79+11.00 457 18.69+3.78 779"
13°C SGR 0.04+0.01 0.05+0.01 0.71 0.03+0.00 2.00
MPD 4.92+0.11 6.42+0.17 10.40 6.92+0.31 -1.94
LT 6.48+0.96 5.41+0.36 -0.91 4.64+1.52 0.53
24°C SGR 0.360.02 0.29+0.01 3.61 0.360.09 -0.99
MPD 8.37+0.13 8.29+0.24 -0.42 8.42+0.50 -0.32
LT 2.90:0.40 1.58+0.28 3.78 3.26+0.03 836
35°C SGR 0.710.02 0.61+0.07 -1.82 0.88+0.15 228
MPD 8.40+0.08 7.92+0.30 2.17 8.46+0.54 122

ULT: Lag time (hour). JSGR: Specific growth rate (log CFU/hour). MPD: Maximum population density (log CFU/g).
YB. cereus VC: B. cereus vegetative cell. “t-value': between B. cereus vegetative cell and B. cereus spore.
Yt-value™: between B. cereus vegetative cell and S. aureus. ND: not detected. ®Values are means (n=4). P<0.05.

Table 3. Observed values for lag time (LT), specific growth rate (SGR) and maximum population density (MPD) of B. cereus
vegetative cell and B. cereus spore and S. aureus in Chwinamul

Temp. B. cereus spore B. cereus VCV t-value"” S. aureus t-value™®
LT ND” ND - 35.33+£3.72 -
8°C SGR? ND ND - 0.0120.00 -
MPD? ND ND - 4.90+0.42 -
LT 27.724+3.17% 34.86+10.06 0.96 14.51+3.30 272"
13°C SGR 0.03+0.004 0.04+0.03 1.00 0.04+0.00 0.60
MPD 6.63+0.22 7.13+0.52 1.26 7.54+0.08 -1.11
LT 6.73+0.88 4.36+0.37 3.52 5.18+0.37 222
24°C SGR 0.41£0.001 0.34+0.05 -2.06 0.37+0.01 -0.96
MPD 8.32+0.39 8.55+0.21 0.71 7.96+0.74 1.00
LT 2.63+0.32 2.09+0.12 -0.65 2.67+1.12 -0.61
35°C SGR 0.72+0.12 0.67+0.04 -0.50 0.83+0.04 3.77
MPD 8.63+0.55 8.65+0.30 0.06 7.94+0.55 0.06

ULT: Lag time (hour). JSGR: Specific growth rate (log CFU/hour). MPD: Maximum population density (log CFU/g).
YB. cereus VC: B. cereus vegetative cell. Mt-value': between B. cereus vegetative cell and B. cereus spore.
Yt-value™: between B. cereus vegetative cell and S. aureus. ND: not detected. ¥Values are means (n=4). P<0.05.

oA A% 9 tHTable 4). 3+ 1AL B cereus 4
GAE R EA}O] SGREE-E ZH2} 17°Cel A 0.06, 0.11 log
CFU/hour, 24°Cell A4 0.25, 0.33 log CFU/hour, 35°Cell 4]
Z+7} 0.40, 0.34 log CFU/hour® YERY & kA 3o H]s}
of XA &I wWE Ao R VERETE AL ¢ A
B. cereus YA E L ¥22] MPDE U2 UEF ¢ 7+
ol vlsle] worom, 17°ColA 4.49, 4.94 log CFU/g,
24°Col A 6.92, 5.81 log CFU/g, 35°Cell A 6.45, 6.66 log

= B cereus UYAE L ¥ ZzF 22,5, 1743
Fek & FH o) 8.65, 8.63 log CFU/g7HA] 54
1= 22} 2.09, 2.63A17F0] Q). H & A B cereus 43
FAE B xR HAYFAEEE 13°CoA 242 0.03,
0.04 log CFU/hour, 24°CellA 0.34, 0.41 log CFU/hour,
35°Cel A 0.67, 0.72 log CFU/hour® YEFTH Table 3).
L AUEAAME B cereus GEAE E 2R LT, SGR
2 MPD #& Hlusk Ay} BE gho] f94 Q1 Apol= fle

AR fw

Aoz LEMS T

TAE ] A= 13°CollA B. cereus B YHME
7b AAsA ekgton, Hie AvMs LEE 17°CE U
Ebste). 17°Col A Aol A B, cereus A E D EA}
9] F=7]= 47 24.46, 55.09A17F, 24°Cell A 7.72, 12.35
A7, 35°Coll A 2,52, 5.37A17F o5 YEbRtom, LAl 9
A% B. cereus XA FE7|= FEAE n]sto] 2u]

CFU/g7tAl A48t th(Table 4). Aol A B. cereus
BEAE B A S vk ARE AERH, 17°C
9} 24°ColA Fr=7] &3 HoNATLEE ol A Fo 4l
ZFolE Belom, g 35°CoA &= F=rld AT f-22<]
ZFol7F e Aoz YERETHX0.05).

AAY dER(ETFUHE, s, =24, AlgA], At
2ol A B cereus 33 ASEAS L3 Jo 5(19)9 A
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Table 4. Observed values for lag time (LT), specific growth rate (SGR) and maximum population density (MPD) of B. cereus

vegetative cell and B. cereus spore and S. aureus in bracken

Temp. B. cereus spore B. cereus VC” t-value'” S. aureus t-value™®
LT ND” ND - 51.26£14.52 -
13°C SGR? ND ND - 0.03+0.00 -
MPD? ND ND - 5.78+0.52 -
LT 55.09+1.34° 24.46+1.03 25.57 ND -
17°C SGR 0.110.007 0.060.007 7.07 ND -
MPD 4.94+0.08 4.49+0.07 -5.89 ND -
LT 12.35+0.33 7.72+0.37 13217 5.6240.46 495"
24°C SGR 0.33+0.01 0.25+0.07 157 0.2120.02 0.86
MPD 5.81+0.19 6.9240.11 7.59 7.01£0.11 -0.87
LT 5.37+0.77 2.52+0.66 470 4.59+0.74 -2.93
35°C SGR 0.34+0.07 0.40+0.12 0.56 0.26£0.11 1.16
MPD 6.66+0.53 6.45+0.21 051 6.69+0.71 -0.45

])LT Lag time (hour). JSGR: Specific growth rate (log CFU/hour). MPD: Maximum population density (log CFU/g).

Jt-value':
between B. cereus vegetative cell and S. aureus.

YB. cereus VC: B. cereus vegetative cell.
Ot-value’:

T Ao M= 13°Coll A 9] F%=7]5 34.83~71.654|1%F,
524 % gHe 0.03~0.08 log CFU/hour, Fth7iA w2
% k& 6.945~7.95 log CFU/g9] & YeERAT) 24°C
MM FE7]= 4.77~11.2941%), HASA &% 32 0.26
~0.52 log CFU/hour, H /AT EE 7k 6.21~8.84 log
CFU/g& et & A5 23 FAFsE T, =3k diz] Al
FANA B, cereus 3745 EE A5 (18)014 9] {7
w2 15, 25, 35°Cell A Z+7+ 4.06, 3.97, 1.77A17to2 2
AT fFEr|RY #goew, HdFA X3S 0.18,
0.50, 1.07 log CFU/hour® £ A4z wc} whic),
2 AT YEA = At et AYE 2 2R =2t
, QoA B cereus GUYAFE L Ex}2] A o] FA G
E T"r«l A%l Zfol 7} e A Ve e A T
Zato] i —Er/] ’\]J‘i LA B cer-
B. cereus 3 A3

o=

3l

sﬂ

N
>

>

52 o] A
o= 2 }7]'

Bt} MCElory 1é(SO)«]
ol B, cereus < %A FE 2 7°r
HAE 2 AT 4=
LA A E R

>

—
(o))

[
O

F127]

B R T

tlo 1o e k

BE A

J_E}XIOHH S. aureusv (8~35°C)ell A 3
Aakglon 8°Ce 13°ColA ZH2} 5178413k Bl 22,5231
FE7] o] F SA& AlAate] 359, 215413 w5 Hof
6.43, 7.65 log CFU/g7HA] “d7dsk3leh. B9k 24°Ce} 35°C

oA Z}zt 5.22413F 9 2.96A1%F FrE7] o] F SAS AlF

G

between B. cereus Vegetatlve cell and B. cereus spore.
”ND: not detected.

YValues are means (n=4). "P<0.05.

shed 32, 20A1%F o] % FH ) 9.20, 9.25 log CFU/g7HA] 47
aF3th. SGREL 13°Cell A 0.04 log CFU/hour, 24°Ce}
35°Col A Z+7z+ 0.42, 0.89 log CFU/hour® UEY

(Table 1). =2 A S, aureus? 37 548 B. cereus
G EA 29} vlask A3}, 13°Coll A& B. cereus FFHE
o] FE7)1(71.65A1Z0)7}F S. aureus F+E71(22.52A] 71)9|
H3le] 3u)) o] fo] A 0 &2 (/X0.05) AFH A= e}
U =& XM 9] S aureus 7} B. cereus®l| W3]
¢ W Aoz el 35°CAAME S, aureuse] SGR
(0.89 log CFU/hour)2 B, cereus %A ¥ SGR(0.52 log
CFU/hour)ell ®lsle] folA oz mzA =713t o,
MPD#2 S. aureus’t B. cereus QUYMERT =2 3 &

A A4

S /| 4=

Hol 5 g ko] )7 pol& HTHIX0.05). o =
X S aureus T°) B. cereus wHTF AHE&L7) w=

A
I U e For F2AE ougth
& 8°Ce} 13°Coll A S, aureust= 242}t 75.33A17F 2
18.69A17F - 57] o] F FA3te] 2H7te] -Qcoﬂ/ﬂ 359A| 7+
3} 21541t o] % A1) 6.14 log CFU/g 2 6.92 log CFU/7}
2 etk 24°Cs} 35°Cel A= 7H2t 32417F 2 204]7F
Fre7] ol % 2”0}04 717} 32413k, 20417 vk - o)
8.42 log CFU/g ¥ 8.46 log CFU/g7}A] A3kt 13°C
ol ] SGR#2 0.03 log CFU/hour, 24°C%} 35°Coll A Z+2+
0.36 log CFU/hour ¥ 0.88 log CFU/hour® YE}S T
(Table 2). &3k 13, 24, 35°C R0 A YFAA B
cereus BFAES} S aureus w2 S W Ay
13°C¢} 35°CAl A S. aureus®] +=717F 247 18.69A13F,

3.26A Yo% B cereusdl B|8te] folHom wEA AH
e ApolE B9 o H(X0.05), SGRIF MPD#E-S &)<l
2bel & HolA] gt

Table 32 FHUES 8°Ce} 13°Coll A &ste] S aureus
o] F2AE& ATE Adoln, 747} 35.33417F W 14,514



b =] o] F o] F21317] Al&Eke] ZHzt 359417 2
191A17F veFslk 3 ) 4.9 log CFU/g ¥ 7.54 log CFU/g
A QAT 13°CollA S, aureus®] F%7] #(14.51
NZB& B. cereus GHAEL FE7] FH(34.86A]17H)l 1]
ste] 942l AFel & HATH(X0.05). gHH 24°Ce} 35°C
M= &L FE71(HZ 5.18 & 2.67A17D o|F F24&
Alztale] 28A17F B O19A1%E vl kel & A 7.96 log
CFU/g % 7.94 log CFU/g7tA A3t

ket vk 13°Coll A 51.26A17F f+27] o] &
215417 vlkgk & Hd) 5.78 log CFU/g7kA] 4433kt
B3 24°C9F 35°Cell A= 242 5.62A17F B 4.59A17F
7] o] & FAIEke] 32412k, 23A1%F e & 247} 7.01 log
CFU/g ¥ 6.69 log CFU/g7tA A3t tH(Table 4). 24
°C¢} 35°Coll A aALElANA L] B cereus FFEAES S
aureus w9 /37 vl BHS w) 24°CAlA S aureus
o] F77F AaE e F9Z QA 2ol 7t YERg 2 L(7X0.05),
SGR¥} MPD#t2 #9242l Afo]E& Hol#] grokrh.
AAE UEF 2 FEFAA S aureus®] AN E
AHEH 227t 4 et 27 A%k SGRE
< S7Fhe FYd AEgE BE Y[ 2 FERAA UE

o= -1
ge A ATEE %

N

o 5 qlgiet. ool e 2

FUEdAM S aureus 374559 response surface
modeldl] #€3 AT E SGRE 2%=7} HolAFE 7]
s A o® FU1ekAlal, fevE SRt BoldSE 7
AateE ATt A3t A8 TH20). Park(31)9] &3¢
g FA AT AFAUYEY S aureus BEFZ S4B 7}
L Ao SR2d A Ay 2 A|F XA S, aureus
= 15°C A5 482124 A9l ARG FFEo 2 Aol &
A Ht}7F 724174 4.0 log CFU/g7tA Z21819 01, 25
Coll A= 12A1PAFEH A A8 F4& Al&3ske] 5.0~6.0
log CFU/g g=&°] = lem, 35°Coll Al &= 3A17F o] 5§
F243] F718+] 7.0 log CFU/g #5202 FAHE Aow
e

AAg YEF 2D F2FANAN B cereus BYAFES} S
aureus®] 737 Aol ARNPH o2 13°CollA BE UYEF

o
flr
o

o Kl

100+

=

o

o
J
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AR ehebabEiiel . WA - 4714

2 FEFAAM B ocereusd FE=717F S aureus] FE7]1H.
o 39 o) AFEE AoR YERWT B3 MPDE 7
W el AR Zol= AAARE S aureuse] MPD&=
B. cereus®l MPDHET o3 om 2 & How
(7X0.05), SGRgk2 7 ¥ Abolell #2] 4]l 2pol= IS0
dbH 24°Co A A A S aureus §X=71E B. cereus
o] 7B} aE] 7 o Alolel A1 ApolE e}
W e m (7X0.05), 35°Cell A= =ekA] 9] SGR, MPD, -
o] 7] oA F w3k F A1 Aol & WER (XK
0.05) Y&/ 2 79 thddel et g nAaES
A EAE Aol7t des & 5 AT 4 THEA
S. aureus®}t B. cereus A7 dZ2 9 )t A1(16) 2 3ol
A 13°ColA S aureus®] F+%71(15.43417H)7} B. cer-
eus® FTE71(44.99A12H) K.t} 3uf FAste] & A9
Abgt A& YERRTH

HHE| LIEF ¥ A2R0M B cereus UM,
8l S agureus®| 2xt MZEo|=mE JHet

Az g JEF 2D FEFoA B cereus QYA E, A}
2 S aureus? 12 AAd S 29 LT, SGR ¥ MPDel
et &%= Wsle| W B cereus QEME, IA L S aur-
eus® 2z A& dS Davey 249, Square-root &
3} Polynomial second order B9 o]-&3}o] Z+z+ 7jat
st tHFig. 1~4).

12+ el S 2] LT, SGR % MPDghe o] &34
Nkl 224 4GS Rl AdAdS e 24 A
RG-S B, cereus FAEL A$ 0.9 oo & veR}
Mg 22 Bdle] AAE YR B FERAA B cereus
BEANEE d5317] AFstiqnt. WL B cereus EA19]
27k el 5 mde] RP%glo] aabe] o] SGR RS A9 &
BE 2doA 0.9 ooz yehytl =3 S aureus?
22 Q%S mde] SGR RS A9 Felof ] R?
#ol 0.9 o] o= yeh A YEF 2 FEFolA W
94 72 B cereus B S. aureus 2] & =
dFal=d a&40r &8 F e o= A

X}

=y
——I—U T
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Fig. 1. Comparison of secondary models of foodborne pathogens in bellflower as a function of temperature. A, lag time (LT);
B, specific growth rate (SGR); C, maximum population density (MPD). m, B .cereus vegetative cell; -0-, B. cereus spore; ®, S.

aureus.
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9o FEFoANAM B cereus BUME, IA U S aureus Mxz2| LIE2E2 2 AZ2AM IHEE B cereus QUM
o] AL 2x7t TUVs wel §X7] kel A, o| 2%} *"’“O:II oolo| XMt ZHE
SGRE A% &= 593 43S 2o, v MPDE 3 AAE] Y27 2 274 e B cereus 9 FHE
g2 LA E 7MY =& Hugs Heloy 1 o% e (AR &% Jgd wgt M3k LT, SGR 2 MPD
MPD7} 45 A4S et Ao FEF 22k Aol RS A ARgekA] 22 25%(18, 30°C)
B. cereus 93 SFA e} X7} AV Y] B cereus G %A 2 A F o ALE-3HA] %L% tram(B cereus GHAE TE
¥} ¥AHY FS MPDE YEho] kXM= B A)S g8t nde] A3AAS HrF AFsh MdE
cereus ?Ea o] AAlgry & FA%S & 0}1‘3} Ao S Bdls F3 Oﬁ oA Sk AA A3l A Ao
(Fig. 1. 993 32}g]= 18°CollA FEZHQ B cereus A APEE o183t By Ay MRE #& 4bE3dte] Rd9]
4 °“ﬂ47]’ AAG o] FJEAEHEY & MPDE HSlon A4S H7 s tH(Table 5).
ER A= FAg AATF vERTHEIg. 2, 4). AT YEF Table 5 Aol oJatd AA ] U=/ D FZFeolA A
o] RUEH A AHQ)d mEA YEFoAXE B cereus A8 B cereus GEME 22 BE AS3E TEF
TEZo] 2 HEH = F o2 YEY YEFAA FEY B. cereus QAL Aoz AFS A, AHa o
B. cereus AF= w9 B 7t T3 Ao YEIHT S Aol E YElllE B 9 A9, 9 2 FAYUEolA
A B. C
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Fig. 2. Comparison of secondary models of foodborne pathogens in burdock as a function of temperature. A, lag time (LT); B,
specific growth rate (SGR); C, maximum population density (MPD). m, B. cereus vegetative cell; -O-, B. cereus spore; ®, S. aureus.
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Fig. 3. Comparison of secondary models of foodborne pathogens in Chwinamul as a function of temperature. A, lag time (LT);
B, specific growth rate (SGR); C, maximum population density (MPD). m, B. cereus vegetative cell -0-, B. cereus spore o, S.
aureus.
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Fig. 4. Comparison of secondary models of foodborne pathogens in bracken as a function of temperature. A, lag time (LT); B,
specific growth rate (SGR); C, maximum population density (MPD). m, B. cereus vegetative cell; -O-, B. cereus spore; ®, S. aureus.
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Table 5. Performance validation of secondary models for B. cereus vegetative cell and spore and S. aureus in preprocessed vegetables

Dataset Parameter B. cereus vegetative cell B. cereus spore S. aureus
B/ A7 MRE” By Af MRE By Af MRE
LT" 1.48 1.48 0.00 1.14 1.31 0.00 1.10 1.24 0.00
Bellflower SGR? 1.01 1.15 0.09 0.97 1.28 0.10 1.38 1.42 -0.28
MPD” 0.93 1.07 -0.04 0.92 1.08 -0.08 1.02 1.02 0.00
LT 1.08 1.55 0.00 1.13 1.14 0.00 0.96 1.09 0.00
Burdock SGR 1.06 1.20 0.06 1.04 1.38 0.12 1.00 1.32 -0.03
MPD 0.98 1.02 0.00 0.99 1.06 0.00 1.02 1.03 0.01
LT 1.02 1.24 0.00 1.09 1.09 0.00 1.01 1.09 0.00
Chwinamul SGR 1.02 1.12 0.07 0.96 1.54 0.20 1.21 1.23 -0.12
MPD 1.02 1.02 0.00 1.01 1.02 0.00 1.03 1.06 0.04
LT 1.15 1.21 0.00 1.36 1.50 0.04 0.90 1.14 0.00
Bracken SGR 1.39 1.49 0.52 0.97 1.43 -0.19 1.03 1.48 -0.07
MPD 0.94 1.10 0.00 0.94 1.07 0.00 1.03 1.03 0.00

1)LT Lag time (hour) JSGR: Specific §r0wth rate (log CFU/hour). MPD: Maximum population density (log CFU/g).

Bf Bias factor. Af Accuracy factor.
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?Eﬁé B. cereus
Apgkel A5 =2bA] LT Bl A 1.48, -9 LT 2
1.55, 12Ak2] SGR E&ojl A 1.492 Jehd A8zt o=
#k Abole] ApolE H AT

MREE o5 Rdo] g94dS YERdY, 0o 7h&75
o & Relo] A3l H5-& o|vsh=tl(26,28) & AT
A& MREZ} -0.04~0.52 HH & BT} &3 7dg HA)
8 B cereus GU¥AHES] MPD 2SS FEYS MPDZ
A A7, By gkol BE YagRF 2 F2FolA 58 W
%3 gks vEblo] AAL ] B cereus G Y$AME MPD
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2xF dE= E”'o Nt HE

AAY v=F D F2FAA AEE dAE B cereus
= g whet ®islshE LT, SGR % MPDe] 23
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MRE: The median relative error.

MRE #-& AFEsiiar Re] A4 A4S Artakalvh
(Table 5).

MAVS B cereus EX}—E‘ TEZO B cereus EAZ H
T A7, A ] A5 LT Z2oA By gke] &8 ol
‘330%;«#1/} == ‘/} F 2 FEFolA LT9 SGR 22
Br a4t 3 &R 9ol Fasint ol& & AFelA 33t
Lo 2o ME FEY B cereus ¥AS LT 2 SGRE
ol M HdAME B cereus XA REAS &8F
g A AR dAdE B AFNAE Ar #tol EEA
LT mdoA 1.31, 4 LT =2l A 1.38, FUE SGR
Bdlo] A 1.54, 31A}2] LT ¥ SGR EEA Z+z}k 1.50,
1.43% A@gke] S5l 2ol & Ho ®ele] A3/l
s Ao yelygt) =3k gy HAE B cereus
F2ke] MPD 224 FEES MPDE #Z53 A3}, B, ghol
=244 0.92, 9 0.99, FUE 1.01, A 0.942 518
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UEF 9 F2FAA S8l H3givt epA] £ AT
ol AFEELA] S 2roAE =akA], 9, Hvk= 2 2
Al 9] LT9F -9, aAke] o] SGRE dl &3tz 7ee S
aureus®] A o= RAlS 83 = 9= Ao Ay
oh B3 2 Ao A= SGR ] A5 Ar gho] maebA el
A 1.42, §-GollA 1.32, ZAE A 1.48% A zglo] dF
Zr3te] xpol = YEhllal, MREE -0.28~0.04 Ato] &= o
ZE Ak MR S aureuse] MPD EA-S A3 ol ARE-3f
A @& £ MPDR ASE 23 By el =
4 0.99, A& 0.93, A1+ 1.082 3¢
%,l’o Yelo] S aureuse] MPD 22l& 751%8& o=z
LhEsE

o OF
L =

739 13°Cell
o 2 27T 8°C°ﬂ’\1 S. aureustT
AAetA etk - dEF 2 FEFAA B cereus
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olell 2l ol & Holx] gkt WhH 942 13°Cell
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ARG o Z FoH A Aol & YERNJTHIKO0.05). 24°C

9} 35°Ce] A2oMes RE YEF E FEFolA B cer-
eus A FE7|E FUAMEe FRVIHY A
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17°CollM & B. cereus FEHES} ZA}9] {2771 12
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cereus GEME, LA AFE dSeted A7 Ao
UERsTE ek WA dERF 2 FERNA 8~35°C Aol
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