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Validation of Sanitation Management Standards for Vegetable Preparation
with No—Cook Step Based on Microbiological Analysis

Won-Kyeong Kim - Kyung Rqur
Dept. of Food & Nutrition, College of Human Ecology, Yeungnam University, Gyeongsan 38541, Korea

ABSTRACT

This study evaluated the sanitation management standards for vegetable preparation processes without a
cooking stage. The aerobic plate counts (APC), coliform counts, and Escherichia coli of the samples at each
production step were analyzed, and microbial growth of the samples stored at different temperatures was
measured. The validation was judged in accordance with the microbial criteria stipulated by the British PHLS.
After washing and disinfection, the APCs of the two samples decreased to 3~4 log CFU/g in both seasons.
Compared to the purchasing stage, the decrease in coliform counts was approximately 0~3 log CFU/g in
both seasons; E. coli was not detected. The initial APC and coliform levels of two vegetable samples were 4~
5 log CFU/g in both seasons, with an increase of 1 log CFU/g taking more than 6 h at 25°C and 2 h at
35°C. More than 10 h at 25°C and 6 h at 35°C were required to increase the E. coli O157:H7 count by 1~2
log CFU/g for two seasoned samples. In conclusion, washing and disinfection effects and changes in micro-
bial growth during room temperature storage were similar in the two vegetables. Despite the low sanitizing
effect of the two vegetables, when cut vegetables were stored under the critical limit within 2 h at two dif-
ferent room temperatures, seasoned lettuce and chicory were at the °‘satisfactory’ or ‘acceptable’ levels of
PHLS regardless of the storage temperatures. The validation of sanitation management standards applied to
vegetable preparation with the no-cook step was approved.
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B9} 1&(Irlbeck S 2014)0] ¢Jaf, 20119 SHolA
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THGil S 2015). T]= Food Codeo|M: Hx|g]®
AT 48, EOlE 5= AF e fol 2%
ARZE B7) H Qs A& time/temperature for safety food,
TCS)o.2 73}HTHUS Food and Drug Administration
2017). E5] HARE] Aupix] BE FgolN nl4E
of AF =EEe JAMF= 5°C ofst We A%
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o Aafe BHE e xe F 242 o B
Hsle 32°C o/dollM= 1ARE oUle] & g ARE
7152& ABITHUS Centers for Disease Control and
Prevention 2020).
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£ AEZ A (Ministry of Food and Drug Safety 2020b)
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of Food and Drug Safety 2020b)Z} Hong 5(2012)&

1) Aol FH|

AlF 25 g& 215 FHdl 0.1% peptone water(PW;
Difco, Becton Dickinson Co., Sparks, MD, USA) 225
mLE Yil F&0=2 137t #AsISItHBag Mixer
400, Interscience, Auvergne, France). #&H 1 mLo]
0.1% PW 9 mLE 7l A7 FAsich Als xF
9 AlY IPgol] AFSE BE Tl Eohoi(HV-50,

Hirayama, Saitama, Japan) AR&-5}33c}.
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H O] gES YukA|F(aerobic plate counts, APC),
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351°Cof|A] 48+2A17F viHIB-600M, Jeio Tech, Seoul,
Korea) & 30~30071¢] At Aottt i+t
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22 ASSiith Wt AR 349 0.1 mL
£ eosine methylene blue agar(EMB, Difco)o]| spreadd}
of 35:1°ColA] 242412 Ve T =4 24 B
o] ol X2-& API 20E kit(BioMérieux, Craponne,

Franco) 2 SRINET T ALSIGIC,
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Ingredient | | Preparation

| | Holding | | Cooking

Disinfecting

Lettuce, chicory — Washing & rinsing

12 2

Cutting — Holding . Mixing
23 1 2

Seasoning

Chili powder
Chopped garlic
Sugar

Sesame

APC, Coliforms, E. coli: 2~12 h
E. coli O157:H7: 2~48 h

Soy sauce
Vinegar

Fish sauce
Sesame oil

1. Time-temperature measurement points
2. Microbiological sampling points
3. E. coli O157:H7 inoculation points

Figure 1. Production flow and microbiological sampling points of lettuce muchim and chicory muchim (lettuce, chicory

mixed with seasoning).
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BE 50| z}o|E paired ttesto] oJaf EAISIGICE A
ARPE HgE 5 Rols U9 wjx] 2R

(One-way Analysis of Variance)& ©]-85}5111, FH#X|

ﬁ
L

o
J

7t AFEAZL Duncan’s multiple range testE 0|83
o] P<0.05 $ZoA A5k



50 | MAF H7IE 22SHEO| el 7IE Rad

Zd
=

f

=

=
= H

}

tolr

1. =223¥ BAE 0f

0=

1) A5

A5 7HE AFFHY xeeA ©AE gt
At digdetael 24 dike Fig 29 2t AF
A o) AN A5 Bt F22 17.1°C, 84
SEE 321CT o & AT dvbAldSE
72140.02 log CFU/go|glth AA Sojl= 5.73+0.18 log
CFU/go. 2 148 log CFU/g Z+A8I9 (P <0.05), A
3 4.60£0.17 log CFU/g@2 1.13 log CFU/g 7443}
THP<0.05). A & ddes SR AFFA ok
5.56+0.05 log CFU/go.2 Z7F5ITHP <0.05). 9F:
o] YubAlFSE 5244009 log CFU/gO@ LFeERGTH
7ol Folg Ao H F22 11.0°C, 3F 2
T 21509} b 557:001 log CFU/goIE
Zo] AE & 4.70£0.02 log CFU/ge2 Z+ASIG o
LHP<0.05) 1 x}o]= 1 log CFU/g n]gto|Qitt A%
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Figure 2. Aerobic plate counts and coliforms of lettuce
muchim at each production process in summer
and fall. All data represent means and stand-
ard deviations (n=3). The different letters (a, b,
¢ and d) above bars show a significant difference
at P<0.05 by Duncan’s multiple range test.

S 346+0.04 log CFU/ge2 1.24 log CFU/g Z+A5}%
TP <0.05). FFFog B85t & 4.60+0.09 log CFU/g
o] o]ZFTHP <0.05).

RER0) w2 A3, E ojgd P
o] & 6.50+0.02 log CFU/go]El o] A & 5.28+0.05
log CFU/ge2 1.22 log CFU/g 74383 a1(P<0.05),
AE 3 361£008 log CFU/gOR uf AJY ofu] oF
3 log CFUlg ZHABIITHP <0.05). ORI &3t T 3.68:0.06
log CFUgo] AZEII Whdel tigadaat 7
E AL 1 log CFU/g mfRtolqiet. 7R g5 o
Ao T A 3.57+0.04 log CFU/gol M AIH
3 333£0.02 log CFU/g, &% & 3.19£0.01 log CFU/g
0@ 7H5I9loLiP<0.05) 11 ®lol= 22} 1 log CFUJg
uglolgle. A58 AEE o B 57150
337£0.04 log CFU/gol o]2#thP<0.05). 7F&d A
ERR0) dERss ol AV, AE 2% ol
£ 3 log CFUJg 40l mEsih 5 A 2% 4%

o
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Figure 3. Aerobic plate counts and coliforms of chicory
muchim at each production process in summer
and fall. All data represent means and stand-
ard deviations (n=3). The different letters (a, b,
¢ and d) above bars show a significant difference
at P<0.05 by Duncan’s multiple range test.
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o 9 7kA xARTAY xR 9AE o
WAl gt B4 ZHE Fig 3o AAlSkIch
2 T AR xARY He F22 175,
73 REE 321°CHt XA o & AubAld
L 7.00£0.02 log CFU/go|glal, AME 3 5.58+0.03
log CFU/gO2 142 log CFU/g ZFASISTHP <0.05).
A% T 470+0.02 log CFU/gOZ 1 log CFU/g mgt
Aasiich et £38 & F716] 5.06+0.17 log
CFU/gol| o]28] o1}(P<0.05), 71 x}o]= 1 log CFU/g 1]
holgict. 7R RARY Ae, Tl & Bt 2
2 113°C, 7]2& 215°Ck xA S T & o
vl F4E 5.7540.04 log CFU/go & UEeh} oE
of Hlal 1 log CFU/g ol Alol& E3iTh oy
FEL AF T 480+0.02 log CFU/g, A%
3.48+0.03 log CFU/go2 Z}7} Qolmoa 7tAas
TP <0.05). dRto] T3l & 4.43+0.02 log CFU/go]
HEE ATHP <0.05).

olgd 7Y T T oPdHEESE 6.7240.15
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log CFU/ge 2 vJehdt} A& & 5034034 log CFU/g
(P<0.05)01glom, A% T 334+043 log CFU/g
(P<0.05)02 ol Al™of Hlaf 3.38 log CFU/g T4
BATHP <0.05). 7 x|FAR= o & 3.66+0.01 log
CFU/goIglaL, A&t A%E& A%l & 2% 3 log CFU/g
SZoz JeERKP<0.05) 7k k= 712 1 log CFU/g
njgto g 3x] ottt g £ = F AE BF
3 log CFU/g 502 AEEE AAL TS gt

e T AR 25 HE AR 1 log CFUg mIRtelgict:

i

2. § 28 042 4%

1) 553

A5 7 AFFRY A & w2
Aletel tidstatae] ¥gh= Table 12 2t} o
Alitaes o839 4e 4% 3 A2 AFE 9%
of B & 556+0.05 log CFU/golgd Zo] 2F 1 log
CFU/go 2 F7ksh=t] A5 25°ColAl 1241%E, 35°C
oME BAITIO] 2QERH o T A & 7

me,
e

o

1):]

-

¢

Table 1. Changes in aerobic plate counts and coliform counts on lettuce muchim according to different storage

temperatures. (log CFU/Q)
Micro- Temp. Time (h)
organism Season (°C) 0 2 6 8 10 12
APC Summer 25 5.56£0.05"  5.56x0.10° 5.5740.43° 5.6240.05° 5.63+0.02° 5.65:0.08°  6.28042°
35 555¢0.13" 5720110 5.90:043  628+0.54°  7.13:025°  7.64x0.10°
P-value - 0.945” 0332 0.105 0.001 0.006
Fall 25 4.60£0.09%7  4.68+0.02°  478+0.04"  5524059°  5.65£035°  5.73+030°  5.98+0.02°
35 477£0.02°  5.13:054°  5.89£0.01°  6.14:021°  652044%  6.88+0.02°
P-value - 0.006 0.387 0.108 0.061 <0.001
Coliforms ~ Summer 25 3.68+0.06" 369+0.05°  372£0.01°  3.79:00.01°  3.80£0.02°  4.08:0.65"  4.23:034°
35 376£0.01°  4.08+0.04  4.38+0.10° 52440310 5.85:042°  6.28+0.04"
P-value - 0.150” <0.001 0.001 0.017 0.008
Fall 25 3.3740.04° 339:0.03" 341004 347:0.02°  3.61£0.02°  3.70:0.02°  3.79:0.01°
35 3.43+0.02° 3524003 3.69:0.02°  3.93+028°  4.05:034™  433+032°
P-value - 0.175 <0.001 0.192 0211 0.100

" Data represent meansstandard deviation (n=3)

? Means with different in the same row are significantly different at P <0.05 by Duncan’s multiple range test
9 Paired t-test between two types of temperature values at same storage time
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Bl 10A17E 12A17H1A §9FQ1 Aol &

BHRTHP <0.01). 7HeA AFEFRY] detildsE &
7] 4.60£0.09 log CFU/golgloLt, 25°ColA RA; 6A
7k, 35°CollM &P 4AIzt] 1 log CFU/g 37H5 HolF
RCHP<0.05). A 25 YRl 247G 12
AlZbollA ol FQ1 AFolE LFERAKITHP <0.01).
tattael Haks AuEd, ogd AFRRY
X7 $5L 3.6840.06 log CFU/goIR o1t 1 log CFU/g
$Z Z7HP<0.05)0]] 25°ColA 10A17E, 35°CollA] 4A]

P

=

Zro] 2RET. A L5 %ﬁ- = 7S
Rl2Jg Az SolAel Aol BSTHP<0.05). 7}

S AFTHY &7 gt 3.37+0.04 log CFU/g
olgitk 25°Col M 12A171748] 3 log CFUlg £%&
SxEIE oLt 35°ColM= RAF 1041700 1 log CFU/g
&7 =718} 4.05:034 log CFU/gO2 LFERFTHP <0.05).
T A &5 7t ol 4AIZHP <0.05)T 6AI7HA
(P<0.001) UERFoU 11 x}o]&= 1 log CFU/g m]gto]
ek 23 7S AERE0 ks BE A
T 2xolx AE AR 1 log CFU/g mgto] et

Table 2. Changes in aerobic plate counts and coliform counts on chicory

2) AAZRH

AAZTFRY ogd 7R A 2k WE o
WhAlRE} oPdtte] A2 Table 29 Atk oiEH
UMl E= o] 2 & 5.06+0.17 log CFU/gO]
Il Zo] 25°CollA 1 log CFUlg 4% Z7151=l(P <0.05)
6AI7to] AQEITE WA 35°CollA= 2417l 1 log
CFU/g(P<0.05), 10A17Holl:= 2 log CFU/g(P<0.05) 4>
zo] 27 ST 7heel A%, 7] YidEs
£ 4.4340.02 log CFU/geliTh 1 log CFU/g & &
7hol 25°COME= 6A7F0] AQE WA, 35°ColA=
2AZWR] &7] 4 log CFU/g 5& {XI5ICl7} 4A17F
of 1 log CFU/g, 847kl 2 log CFU/g(P<0.05) 4=

o] 7} Z7Kick

AR dEas B4 AT, ogdels
Z7of| 3.69+0.01 log CFU/go2 ERGTE 1 log CFU/g
AN

FE BTl 25°ColA 10*17&, 35°Collxl= 2A17t0]
AQEQITIP<0.05). 712A0] AL X7] £FS 338003
log CFU/go.2 25°CoA= 1247}7)}7:] of £EE

[5}%1.0LH(P <0.05), 35°Col= 10A17H2E] 1 log CFU/g

muchim according to different storage

temperatures. (log CFU/g)
Micro- Temp. Time (h)
orgnism S 0) 0 2 4 6 8 10 12
APC Summer 25 5.06£0.17°  5.27+0.01° 582£034°  6.180.10° 6.13:0.09°  672£022°  6.970.03°
35 6.16£0.03° 643005 6.5540.02° 6.96:022%  7.58£0.18° 8434021
P-value <0.0017 0.083 0.004 0.004 0.007 <0.001
Fal 25 443200247 473£002° 4744005 5144055  5.79+0.01°  5.89:0.01°  6.03£0.01°
35 4745001°  5.12£059°  5.88+0.01° 6.11£030°  6.69+0.01°  7.02+0.52°
P-value 0372 0.387 0.146 0210 <0.001 0.080
Coliforms ~ Summer 25 3.69+0.01° 370£0.03°  3.89:0.07°  3.82:0.11°  3.90£0.05  484£022°  5.66:0.43
35 4.05£0.01° 444086 5.5340.24° 5.83+0.02° 6.76+0.02° 7.34+0.03
P-value <0.001” 0383 <0.001 <0.001 0.004 0.021
Fall 25 3.38+0.03" 3.40:£0.04" 3.5540.03 3.57+0.01° 3.68+0.02° 3.81+0.01° 3.90+0.03°
35 355£0.01°  3.630.01°  3.77:0.02° 3.830.02  4.08:032%  4.20+033
P-value 0.022 0.014 <0.001 0.001 0276 0242

" Data represent meansstandard deviation (n=3)

? Means with different in the same row are significantly different at P <0.05

by Duncan’s multiple range test

9 Paired t-test between two types of temperature values at same storage time



T 2% A9 1 log CFU/g m|2to|3ict.
3. M% 2EH E£. coli 0157:H7 8%

5 A2 A9 XA E. coli O15T:HTS
Aot 98-S BASH Al Table 3ol e
o} AFEFRE] 27] 52 3224001 log CFU/goISA
a1, 25°CollA] &7 10A17k 124171 4 log CFU/g
£Z(P<0.05), 2477kl 6 log CFUlg $F02 Zk7}
S7FSIATHP <0.05). ¥HH 35°CollA= 6A17H 4 log
CFU/g, 8AIZtel 5 log CFU/g &0l 212t HEES
thP<0.05). T A% % 7t E coli O15THT £
8AIZE, 12A17E, 24A17tollA ol RlolE UERQIcH
(P<0.05).

XA TR £7] 52 3.2740.02 log CFU/go]
et A &% 25°ColAE 1 log CFU/g Z713F 4 log
SZo|| ol2&d| 124]17F0] AQE|QTKP<0.05). 18
L} 35°Col| A= 6A17k] 5 log CFU/g & 02 2 log
CFU/g o4 Z7}819thP<0.05). & A% &% 7H E
coli OI5THT $F& 6A7F o] §9F xlol& HY

THP <0.05).
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i

3 A ditldeE o488
1527} 7 log CFUlg &0 2 7F2H 5 log CFU/g
z0] Wlal 2 log CFUJg £9ckFig. 2). A% 5 2
AFRS o2 9F 15 log CFU/g, 7}ol= 1 log CFU/g bt
o8 UERL, &% § gage T AR

Aol Hlsh oF 1 log CFU/g 242} 2442510 4 log
CFU/g, 3 log CFU/g sZolitt Adet BFE 4
o Bx & o8I} 71H WkHZ4E 5 log CFU,
4 log CFUg E08 Z1ZF YEPTth o83 j
AR 35 ditAltes U] ARATMaffei 5
2013; Park 5 2014)2] 6~7 log CFU/g =3t QAfs}
Rk 5HE71Y] =2 ndE £ES 6~89Y 7129
=1L B3 AF a9l ofsl wlA AHl sk
o ndE QoI Fedel SAel 7Rl Aew
HHETHUS Food and Drug Administration 2010). 4
=of oz 4 Fake Fuf o] Blg] oF 2.6l
log CFU/g, 7F& 2.11 log CFUJg ZHAslo] AFZolAd 0
~137 log CFU/g ZAsI9itk= ZAul(Prado-Silva S
2015)o] s 1 37 =k Aa ul nEe

or

2 AA

rol

¢

_?A
Fxe] #F& PHLSO| ‘Th&(satisfactory)’ &
6 log CFU/g m]gtol =3ts}oich

RERRS WRRe T AR A ol

Table 3. Growth of Escherichia coli 0157:H7 on lettuce and chicory stored at different temperatures. (log CFU/q)
Sample Teomp. Time
0 0 2 4 6 8 10 12 24 48
Lettuce 25 3.22:001%7 337:0.04°  3.41£0.02°  3.46£0.05" 3.53:0.09° 4.43:008" 471x0.02° 650:0.06'  6.83:0.06°
35 32740.04° 3244007 462017  583£021°  626+039"  6360.10°  7.67+0.03°
P-value - 0.022” 0.012 0.004 <0.001 0.012 <0.001 <0.001
Chicory ~ 25 32740.02°0  338+0.04° 342005  3.49+0.04°  3.58+0.04°  3.80£0.07°  4.62£0.07°  5.71%0.04°  6.88+0.02"
35 33240.04"  355+0.08°  540£037°  5.59+0.07  6.59+0.07°  6.77+0.18"  7.61£0.03°
P-value - 0.182" 0.074 <0.001 <0.001 <0.001 <0.001 <0.001

" Data represent meansstandard deviation (n=3)

? Means with different in the same row are significantly different at P <0.05 by Duncan’s multiple range test
9 Paired t-test between two types of temperature values at same storage time
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6 log CFU/g £Z2=2 7}2d 3 log CFU/g &0
s E3ithFig ). 4% Fol Ald Fol uls) olg
1.67 log CFU/g, 7} 1 log CFU/g n|qt 242y Z+Aast
o T A WE 3 log CFUE $802 ek 7
o A5E ol B A ARe 4Re
S A" B 3 lg CFU 458 SR8t o
2 o) A AR 4Ee FuE W7 2
log CFU/g(Cho & Park 2012)0] H]af Tha mgked),
B Q7o) AHeT 2nE sl et
s TEZF AuReR Bt frs 7Ito]l 2
vlggel gt F4je] 7l wed sl
2 A Kim & Yu 2010). 3F5E 45 A
Aol 52 PHLSO| ‘4~&(acceptable) 7
2~<4 log CFU/gol| F=Act

AAYFAHY zE3A 9AE s 74 A
(Fig. 3), 7ol & YwbAlds+= AF 7 log CFU/g, 7t
= 5 log CFUg® AFet fARE £E0I30H. o=

ot rlo

>~
(=}
L
[o 2 HJo G

pa)

G
ro

=
A% T Z}Z} 4 log CFU/g, 3 log CFU/g 50 & 7+
2510l S ARE A%0] SAS Uehigict of
23t e dad A5AE O FR] WHOR A
¢ o A ezt 22Ul glo] uAE o] Adg
A} FFo] ofg FoF FEo] gt A aE

7Idist7] oz Z(Lee 5 20113 Hed AL &
Ak 7HA T AR ZAR Y] dEbAlREeE A
DAl Y Aol 33F A7 5.62 log CFU/g
(Cho & Park 2012)2 fARE At dd Eo=
AR o3 7HA R RAY dutAlReE 242
5 log CFU/g, 4 log CFU/g &30 2 AFEAT GA
A UERtom, PHLSS ‘ThE(satisfactory)’ 7150
Rikcesba=g

AA] drgdwts Tl AR 93F 6 log CFU/,
7F 3 log CFUlg $FE02 3ot fAHItHFig.
3). o324 7P &% F 3 log CFUg 502
LR o Alo] H]el 3.38 log CFU/g #4313
Y, 71e8o= A &3} 1 log CFU/g mjgto g
=] Wth 82 A% T A4 a4 g&d

7} 3 log CFU/g o)A 74ASE Z(Karaca & Velioglu

20003 SABIICE Fd B F T AR BF 3 log
CFU/g &0 2 ZAZEE o], PHLSS] ‘4~8(acceptable)’
HJ0] 2~4 Jog CFU/go] Rt

NE] e WY F 4R 49 dwE
IHTable 1), LAl o382 5 log CFUg F
olglot A LxH= | log CFU/g 4F0| Z7}s}
£ 25°Ce] 7 12417, 35°ColAl= ARl AR
o}, B3] 35°CoAE 10A17RLE o) Al 5201 7
log CFUge= 71519 PHLSY| ‘BRHE %0 o]
23 ol A% F AE njgge] PG B4
of =& ul W7 SAsto] AFsIA] &2 Mg
Sh AR 0] ERIRE 97 AoiRagert 5
2007)E ARSIk 7 R £7] ik
#A4= oZ2HT} W 4 log CFU/g 42019, | log
CFUlg &% 3710l 25°CY] 2% 6A1ZE, 35°ColM =
AZro] zaEgieh AERAY RS T
AR 2% AF £7] 3 log CFU/g &0l oLt oF
I log CFUlg Z7l] o423 25°ColqE 10412}
3°ColME 4rI710] 217h 2RI 7HeEe] B
25°C FRF Al 12ARWIR] E90ah $Fo0|9la, 35°Ce]
7S OF 1 log CFUIg Z710] 10417k0] Ze] £ A
HolMe A 2k W 4 &% AolE Bt
(Beuchat & Brackett 1990).

AABERE £ o] AAYS w(Table 2) U
WAlFE | log CFUg & F710l o2 25°Co]
ME 6AIZE, 35°ColM= 2A1E 7HaA 25°ColM =

d

—_

it

o] #ES RSt Hael e 23 el
Stk AFERRe tERes 98T 718 v
&7 52 9F 3 log CFU/goIRE Zo] 1 log CFU/g
T T7ol A8AE 25°CollM = 10A17E 35°CollA=
ARkl AQEQITE 7R 25°ColM= 12AR7HR]
x7] #ES fAlBINeH, 1 log CFUg & 710
35°C2] A% 10A1210] 299l oleie AR &
= Lee S(2013)0] 15°Ce]| 4 log CFU/g 4:39] 4



EOE A Al gt 197 7] $EE 7R
5193 1 log CFU/g Z716h=d] 21¥€0] AQFQIch
L B3gk Zof vjsf wgked], o= AlE<] pHet A
F 2R mE A7 £x9 xOIE HAFE Aotk
(Valero 5 2003).

g A5t x|7el E. coli O1STHTE Est
o] g ES AT ZATable 3), FFFHoIA
1 log CFU/gi} 3 log CFU/g $& Z7}o] 25°ColalE=
10A]ZHI} 24A17E, 35°CollM= 6AIZEE 10AI7H0] 428
Hol & A7 2= T 2 xoIE E3idh AAHIRA
olME 1 log CFU/g} 3 log CFU/g 4&F Z7}0)
25°C 12417, 48A17k0] Zb2F A QEIQl, 35°CollAE
ARRNR] 7] s fRIsH7E 6417l ©F 2 log
CFU/g Z715i3itt 25°CY] 4 &5+ 59+< &
3k 9010 Z(Strawn & Danyluk 2010)2Th =11, X}
HE(Hoelzer 5 2012)0] Hlsl WA Uepst=d], o
AES] pH7F % &kl TS FH7] wEel
o=z AZtEtValero 5 2003). T=3F v71E MA
gAlZe A= & xR AL E coli 0157:H79]
o A2 wol © 47 BHEne Aol R
Axch Bx7] A7 BUsh WHe $es:
o o] ogdol} odE 2ol FAL i
Zlo|tKTakeuchi & Frank 2000).

oA HZtE A EEAEY AF 2=E 1
BE FEL /T oYY ARE 7IES £ A
PHLSS| Bk’ = ‘8 7]Eo] sigstng Azt
71ze] 9are A=t dei, E coli O15THT
< 10~1,000719] =2 d#Fow Z4E5 A9E +
Q3L o] M AEe|ae] Puol wet 540 4
AlFo] gElxicFarrokh £ 2013). 122 ARE
Al B FEEARE S R30I o] #9
@& HsfioF sk, 5°C olste] oA Hyksh=
o] HFEESICHUS Food and Drug Administration
2010).
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