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ABSTRACT - This study assessed microbial contamination of leeks and leek-cultivated soil. Leeks and leek-cul-
tivated soil were collected in A and B regions and accounted for 39 and 33 samples, respectively. All of the samples were
analyzed for the presence of sanitary indicator bacteria (total aerobic bacteria, coliforms and Escherichia coli), Salmo-
nella spp., E. coli O157:H7, Listeria monocytogenes, and Bacillus cereus. In A and B region, the total acrobic bacteria
was in the range of 5.87-8.78 log CFU/g for leeks and 5.94-8.45 log CFU/g for leek-cultivated soil. The coliform in leeks
and leek-cultivated soil was in the range of 1.20-7.36 log CFU/g and 2.45-5.87 log CFU/g, respectively. B. cereus was
detected from some of the samples while other pathogens were not detected. This study provides important background
information on the microbiological safety of fresh vegetable cultivation environments.

Key words : Leek, Leek cultivated Soil, Microbial contamination, Salmonella spp., Escherichia coli O157:H77, Listeria

monocytogenes, Bacillus cereus
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Materials and Methods
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BAS Q8iA AHA 25 g& F5ke] Buffered Peptone Water
(BPW, Difco, Sparks, MD, USA) 225 mL$} &§5}3L 2%

7F #4483}t stk 7t SMEE HE FHE AR ImLE
dubdF Az Ew ] (Aerobic count plate 3M petrifilm,
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S Y8 NAA/NGdE AZEEWAE. colil
Coliform Count Plate 3M Petrigilm, 3M, St. Paul, MN,
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oz FEE 1 BeAs 7)2E R FEA P2
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B. cereus®] A Oxoid®FA 3 A2 5 By
Atk AA 25 g5 FHakel BPW 225 mLeF E§8t #7
3} 3k t}2 Mannitol Egg Yolk Polymyxin agar (MYP,
Oxoid, Basingstroke, Hampshire, UK)ol =&} 30°Coll
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E. coliO157:H7, Salmonella spp., L. monocyfogenes

SECER

E. coli O15TH7E &&]3l7] f13te] A 25 g& Modified
Tryptone Soy broth (mTSB, Oxoid, Basingstroke, Hampshire,
UK) 225 mLel| o] &g 5 37°CollA] 24417+ &<t
&t o] & wlYgN S Sorbitol MacConkey agar
(SMAC, Oxoid, Basingstroke, Hampshire, UK)ll &="23}]
37°CollA 2441 7F vl FskTh. vl ¥ sorbitolS 23l 314
e FA Jehs Mdste] TSACl Ak $ PCRS X
RS

Salmonella spp.& &2l3t7] 9138, AA 25 g& BPW
225 mLell ¥ol #283} g vy 37°ColA] 24A17F wl<et
Gk vk 1mLS Rappaport-Vassiliadis broth (RV,
Difco, Sparks, MD, USA) 9 mLoll o] 42°Cof|A 244]7F
Bt 22k wikEATh 23k wl YA S Xylose Lysine
Desoxycholate agar (XLD, Difco, Sparks, MD, USA)9 =
g 5 37°Col A 24A17F wiFsidTh. vl & e
Hers AEste] TSA Atigh § PCRES Xe¥st3irt.

L. monocytogeness -2lst7] {8, HA| 25¢g& UVM
(University of Vermont Medium)-Modified Listeria (Difco,
Sparks, MD, USA) 225 mLol| ¥o] #&3} 3 th2 37°C
oA 2417+ vt vl 1 mLE Fraser Listeria
broth (FB, Difco, Sparks, MD, USA) 9mLe] ¥ &
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37°CollA 2477F 52t 22 vkt 22t w2 Oxford
agar base (OAB, Difco, Sparks, MD, USA)°ll =23}
37°ColA 24A7F 9F vistdch. miF & 24 3o
2 ZEMRl AAe] HEs At TSAC Aldist &
PCRE 83ttt

2E YA v ES PCRE Jeong 5'V2 WS o}
2} AA] &1l PCROY| 9§t SFH A ES 2.0% agarose
gel A7]g-5l 3] FlstAdrt.

Results and Discussion

B0t B 1] EY F2 dviw 2 H%

Fol B3 Al EF AE= ASAMAI] AR 3
S7H, 10, IDellA 2018 493 59, 28] 102 A
AR, A BAY 357k, 11, H)olAE 2018
d 790l MAEATE FFo] dvdTE AR A%
Table 13+ Zth AR [, 11, 7} H39] dvkAdre
Z¥z} 7.77+0.93 log CFU/g, 8.12+0.39 log CFU/g, 7.91+0.51
log CFU/ge.Z HZHom, B 57 57}, s
7} B E 737071 log CFU/g, 7.37+0.47 log CFU/g,
6.49+0.29 log CFU/g2 = HZE At Seol 'Y FA1d

o 3ETKL 1, M)e] BE3Au] BN AukldsE 2zt
Z} 7.0140.69 log CFU/g, 6.66+0.48 log CFU/g, 6.99+0.39
log CFU/g 522 Yegon, BRI 157t 115 7F
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Table 1. Total aerobic bacteria in leek and soil samples
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FFol EFAEE Al TEAA 495 59, 28]
%7121 1089 AP A EE EY DAY E 51X
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(Unit: log CFU/g)

n"

No. of positive

Total aerobic bacteria

Sample Region Farm (%) Average Max. Min.
I 11 11(100) 7.77+£0.93 8.76 5.87

A II 8 8(100) 8.12+0.39 8.59 7.48

Leek I 11 11(100) 7.91+0.51 8.60 6.93
I 3 3(100) 7.37+0.71 7.80 6.55

B I 3 3(100) 7.37+£0.47 7.90 7.02

11 3 3(100) 6.49+0.29 6.82 6.30

I 9 9(100) 7.01£0.69 8.45 6.52

A II 6 6(100) 6.66+0.48 7.08 5.94

Soil I 9 9(100) 6.99+0.39 7.48 6.58
I 3 3(100) 6.37+0.17 6.47 6.17

B I 3 3(100) 6.54+0.14 6.63 6.38

11 3 3(100) 6.80+0.53 7.40 6.39

DTotal number of samples.
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= AEEAT & AFoA A EYA R A EH
A1 10em ZolollA (FH T AR EYFEH EHS] kA
T4(7.5-9.0 log CFU/g)R.t} W=7} vhorom FZo] out
AgrEt =9t 38 Park 598 R AujdAl ] 2
AA}e] &=, 2, A7to|A] AWkA|F47T 2.4-5.4 log CFU/hand,
1.9-2.5 log CFU/100 cm?, 2.6-3.3 log CFU/100 cm® A& = Atk
3 BISIHT B AT A EFHETE FFoA ARk
#57t A4 AEE e 73 ZHHHJM 2 TG A
Adzpe] A3k, A, AJE=F Foll o ESF o]9]9] A
HjgAol WAl o gE Aow A, T nAYEo)

20 A de]] SAFAS wW Bl T2 S @E o,
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MF e 497 Bk B39 ol A JAEA R o
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29} ok AR 3E7Fe] FEolA ti TS FE7FlA
4.63+2.43 log CFU/ge.2 A= QM_D% 57 ol M &
5.57+0.38 log CFU/g, IIIE7ollA = 5.61+0.55 log CFU/gS
2 AEFHA BAY I, 11, E7Fe] 3ol tigade
6.54+0.71 log CFU/g, 5.34+0.36 log CFU/g, 5.66+0.05 log

CFU/ge 2 HAZHAT F57F A= e B o

Table 2. Coliform bacteria in leek and soil samples

gt g, W SHE A A3K(Table 2), AR S
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g #do] ATt Park 90 A7 Ao MEWH EF

I FFoA ool ZHzt 3.9-4.2 log CFU/g, 4.8-5.0

log CFU/ge.2 HEHN o ESET
AZEdy Bustgoh 3k o83l ol grE
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oM

B3 A 2 5 A A9 2 AdETe gEo

2 QIst wxedeR EYHY

FFo thgdtol =

A AEE Zoltal Husigitt & dde] A =3 A,
BA|Y BT EfEt

HA. o=

EF o]9o
N5 BB AN wF edw

= RE

FFoA diFdo] o =4 A&
A7) 7k Bk S8
Aoz It

o

U T

Sung 5°"2 Systematic analysis W< ©]-&3 U] G4
A7 s M=

@9l 7
5]’9)\‘—4'. Kim

=
SHEEE

ZARSE Aol A gl
A% 2.15-6.99 log CFU/ge & Yeld A4S 3
T AFAFe| ofstH FYTFet

o M

o,

of ot
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(Unit: log CFU/g)

Sample Region Farm n" No. of positive Coliform
(%) Average Max. Min.
I 11 11(100) 4.63+£2.43 6.98 1.20
A II 8 8(100) 5.57+0.38 6.07 4.90
I 11 11(100) 5.61+£0.55 6.86 5.15
Leek
1 3 3(100) 6.54+0.71 7.36 6.05
B 11 3 3(100) 5.34+0.36 5.69 4.97
11 3 3(100) 5.66+0.05 5.72 5.62
I 9 9(100) 3.27+0.94 541 245
A 1 6 6(100) 3.54+1.09 5.62 257
Soil 11 9 9(100) 3.70+0.54 4.78 3.15
1 3 3(100) 4.56+0.74 5.03 3.70
B 11 3 3(100) 4.79+0.32 5.15 4.56
1 3 3(100) 5.34+0.52 5.87 4.84

DTotal number of samples.
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o] TAY 7] sicka SluIgep, ek S,
& 5ol £ Bel felAEol SR Bol A

Bxol BX 14l EY F Bacillus cereus

B. cereuss= EF, WA ‘§°ﬂ XS

Asol Aol AR FE 5

ot} Bty AZF HEsH x].a._‘: a-s
ESFO] B cereus?] SATE AT BAIG
7 7k 3R A w5

_l
o

o]Ate] A=

1 2
$9ND 5 9oBE A2 Auss B Hi] 59
o]t Basitha W

221 colony

£ A¥3sle] PowerCheck™ Bacillus cereus Detection Kit

(Power check PCR kit, Kogen, Korea)Z ©|-&

3t PCR

(Biorad, USA)Z % ZRlaldth(Fig. 1). AXY 571
9] B. cereuse 4.15£1.32 log CFU/go. 2 HEE oW, 11
F71olA 3.34+1.17 log CFU/g, 74 2.1420.80 log

CFU/go2 A& At} BAY 357t &
7 B AEEHA FUTE AA

=)
g g

=X B. cereus
Al B9 B

cereuss ZAFSE A3} 1, 1, IIE7F AlS5olA H 5.83-

6.06 log CFU/g ¥

A= A=E

o} BAY 3E7telAE

Wit 6.72-7.28 log CFU/ge 2 HAZEHUTE BAY 357t

oA AR HFe=
9] o] HF)olaL,
Sk Au 7 o)At AU O 72 B cereust

B Q%R
25°Code] Aol

1(EA v & 35U

A&EHQT AR

FEGEIET}

0.92 PRt M= 5ol ATy, T3k AR = Ze

B S1 S2 S3 S4 S5 S6 L1

L4 LS L6 L7

Fig. 1. PCR profiles of isolates observed for B. cereus detection
M: 1kb size maker, +: groEL gene positive control (amplicon
size; 303bp), -: negative control, B: B. cereus B87, S1-S3: Soil
isolates from 3 farms of A region, S4-S7: Soil isolates from 3
farms of B region, L1-L3: Leek isolates from 3 farms of A
region, L4-L7: Leek isolates from 3 farms of B region.

Table 3. Incidence and population density of B. cereus in leek and soil samples

(Unit: log CFU/g)

Sample Region Farm n" no. of positive B cereus
(%) Average Max. Min.
I 11 2(18.1) 4.15£1.32 5.08 3.22
A 1T 8 4(50.0) 3.34+1.17 4.87 2.34
Leek I 11 5(45.4) 2.14+0.80 3.17 1.30
I 3 ND ND? ND ND
B 11 3 ND ND ND ND
1 3 ND ND ND ND
I 9 9(100) 5.90+0.33 6.34 543
A 11 6 6(100) 6.06+0.17 6.23 5.83
Soil I 9 6(66.6) 5.83+0.28 6.20 5.55
I 3 2(66.6) 6.72+0.00 6.72 6.72
B 1I 3 3(100) 6.96+0.08 7.04 6.87
1 3 1(33.3) 7.28+0.00 7.28 7.28

UNumber of samples tested.

IND: Not Detected (Detection limit: <1.00 log CFU/g).
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BAY 9] I T/l EY TH FH|E FH|g & HA
Ak F7FEolA. ol g oK, BXY 357t E
GA BN = B cereus’t AZEFJA T EFA|RAAM =
AT F Ad Aoz AT} weba] A5A el A
A wWE Zpo] B k= AR 7€) AfulE 3 H A A)
v f-iol] e gafoletal AdE Tt 55 DA A 9
gk 2R WAk Axet F5 Az A ujeA
Halol B39 B cereus S F{E WSt} AHAAE 71
& Fart ek Park 592 F5 ¥ A B4
B. cereus SHE XA A3 FF Au) ELQ] B
QAEE 2.50-4.60 log CFU/g &0y 3
7%-0.50 log CFU/g 522 AEHJT B

FFok o]l EGH HEst Agbe Al EG
v E QHAEE HIIe Shim 522 A-Az] 935}
S ol AbAl e Ede]l B. cereusS 1.90-2.90 log
CFU/g, 4.50-4.90 log CFU/g2] o2 SRIE AL 25
o} Qo] o] EFF A HEFA ¥aL Adte AEC
B. cereus= Nam 57| Aol ol AFoX= &4
Z How AFAH] EFNA B cereuss B7E0NA

o

=~

(B o ©ome p

)
=

L
f

o] 2.50 log CFU/g 22 YEdTE Kim 599 2
olafH] EolM = 28F0 vAE F Bacillus 4°] 7

ol W HATGL B EN O Shim V¢ Q0|9 i1
20 nAE 09T BEAAF wEH B cereuss 29|
of IFofA BAZE HALH Qo] I} ATt zh
7} 2.50 log CFU/g, 1.00 log CFU/g A&H Aty B s}
AT Shim 529 ZAlo] WE™ B. cereuss= EWAH T2
AFOo 2P B} HJEFHA Lo Aghs A5, Q0] 59
223 2] EGT AH JEFSt Ak <k 54 &

Table 4. Incidence of foodborne pathogens in leek and soil samples

oA HEHe ez yesth ol fAkeA 7 A
TAME FF2] B cereus®] SHE A A3} H 5.05
log CFU/gel && QAEE BT B cereus 2F5
5.00 log CFU/g ©o]/goll Al @ =m w=oFzte] -9 5.00
log CFU/gH T} Y2 QUZAAME AF=Ho
olo] W} FHZ 7} Fol|X = B. cereuse] FEE 7
UL W] A9 AdH AF F 7FD s
ah= A4 B 7HEAEE 3.00 log CFU/g(Ed A3
dyelsh, EF8E AF2 2.00 log CFU/g ol8tZ +A 5}

A2, B. cereus= EFANA A2t MdolH, xx¢
sk o AFel AF A 7HE x4
o AMEEXR] gore® Aujghgd] wet A4 x4
9] 297FsAe] &b Kwon 5398 3l7] A9 <o

Z=(1.4-2.4 CFU/g)= Al ESS] B. cereus L9=(4.2-
5.0 log CFU/g)®} &3l (0.5-0.8

SS9t T B. cereus 9=
log CFU/plate)el] 13t w299 71542 AA st} 2
EFol 2AEE wake gt

o'o=
=9 B. cereus LY== ¥
Fxo wel 37159 B. cereus

a2

o2 du o mu Kl
o

r R4

ohet AWl L

ZA o) AAEA
Goll A FEZ WAt
EAO A£G
3 et o

Bot B Xjjuf EY
ol 5 Al Bk B
stk Hed mAES 4
selective enrichment broth®} selective agarollA Hj
S & selective agar®llAl 2] F= colony= PCRZ &

(o)

n"

Foodborne pathogens(%)

Sample Region Farm
B. ceresu E. coli E. coli O157:H7  Salmonella spp. L. monocytogenes

Leek A I 11 2(18.1) ND ND? ND ND
I 8 3(37.5) ND ND ND ND

111 11 3(27.2) ND ND ND ND

B I 3 ND ND ND ND ND

I 3 ND ND ND ND ND

I 3 ND ND ND ND ND

soil A I 9 9(100) ND ND ND ND
I 6 6(100) ND ND ND ND

111 9 9(100) ND ND ND ND

B I 3 2(66.6) ND ND ND ND

I 3 3(100) ND ND ND ND

I 3 1(33.3) ND ND ND ND

"Number of samples analyzed.
IND: Not Detected.
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Attt B vAE 2H9%E #4143 Table 49 2t
AAS I'F7F T2 B. cereuse 1171 A& F 271(18.1%)
A gAA HAEZENI IE7HA 87l A& 5 371(37.5%)
ANBzA AEHASH HIE7HAA 117 AR F 370
(27.2%) A1 E8AA AEHAY. BAY 357k FFdA B
cereus7t BT HAEE A FUTH A S T3 Aul EFE] B,
cereus B2 A3} 1 10, IFE7F A& 2470 A1E = 2471(100%)
Ao B AEEAS BAY 37l 57 INE F 6
M(66.6%) AEANN AZEATE ARG} BRH o] FF
HF Qv EFA E coli, E. coli O157:H7, Salmonella
spp., L. monocytogenes®] Y8973 PAES HEFA &Y
Oh 57 EY¥ HE st Aghs oA A& wiF E
ol A Salmonella spp., L. monocytogenes?t °F 4.00 log
CFU/g AZ&F YT B3} Oliveiras 93} Liu 5°79]
Ao wh=2W L. inmocua, E. coli®] LQE Eo|A] ul
3t ZEo| A L. innocua, E. coli®] HAEF AT B3I
2 AFE TN = HEd PE 29 Yl AeE
EFEAIRE Bkl YAl = o] = WA nAEe] =2 o
209 E  Jorns Bk ek #ert dast w4
9] S R F = AAR] Atk Aueg
of thk A< A7t HQsiobar dhhE

2229

2 Age F59 kg AwE s A=l B3
Auyete A F ALSANA AR S 357K, 11, HD)2F o
EAA BRI 357k, I, S Agshe] F39F B3
7 A E AL Qe B nAlE SAEE AT
o T3 A Bl AR FA (D A2, o
o, )t LA v AE(B. cereus, E. coli O157:H7,
Salmonella spp., L. monocytogenes)y= ZAFSIATE 1 4
I, AR 3F7Fe] FFolA IEMHErE 5.87-8.76 log
CFU/go & AZHAoH ) A#72 1.20-6.98 log CFU/
g0 2 HAEFHAG BAY 357l A= dikAlF57} 6.30-
7.90 log CFU/gS 2 UEton thad-e 4.97-7.36 log
CFU/gel Tt B3t AR 3% 7o) 75 Al EgelA ¢
WA R 5.94-7.48 log CFU/gCE ZAEEoen i
FEE 245562 log CFUSE AZE AT BAY 3%
7t Me Wkl F7F 6.30-7.80 log CFU/gC 2 LFERSE
o hAETEL 6.17-7.40 log CFU/gCE AEHUTH A
A3} BRI o] 3, F3 A EFelA thdto] B
AZHA sttt 7 A9 FFof H3 An)] EFe] B
A vABE EA4 23 B cereuss AN HF AR
3070 3 870(26.6%) AlEAA ASEYOH L3 Au] B
F 240 A= F 2470(100%) A ENAM HAEEHJT =3
BAY 3E7l= BF HAS F71E FFoAM = B. cereus
7t AEEA Fskon B3 A EGolM o AlE F 6

7M(66.6%) AlEA AESEHATE WhH F Ao FF
o} B3 A} EXNA E. coli O157:H7, Salmonella spp.,
L. monocytogenes HEEA| YT FAHEONA B. cereus
o} 22 WA vAEY oF2 AuEAgNA EY T

= Qs 44 edd & At odE oL o7 9
ol A A A 429 2o 45 Hass] 9
s B WA L 2 FE 5 ANSAL B
= 7o) HAE 0dEE Foled AnAY Ao W9
A £ FAER A HEE ATE a9
N ANS 2UEHY A7eh A4H Belgste] o
B A%A A77F Ao Aol Az

Acknowledgement

2 AdTe 72N AdedATY w9HAEE o
TNEAR (A PI0126762019)9] A Lol ols] 3 =2
om, oo A=Yt

References

1. Kweon, S.H., Kim, Y.N., Jang, M.J., Kim, Y.J., Kim, K.R.,
Choi, S.H., Chun, C.M., Khang, Y.H., Oh, K.W., Data
resource profile the Korea national health and nutrition
examination survey (KNHANES). J. Epidemiol., 43, 69-77
(2014).

2. Ministry of Food and Drug Safety (MFDS)., (2019, Novem-
ber 11) Press release no. 1080 Enforcement of Summer Food
poisoning prevention plan. Retrieved from http://
www.mfds.go.kr

3. Painter, J.A., Hoekstra, R.M., Ayers, T., Tauxe, R.V., Braden,
C.R., Angulo, F.J., Griffin, PM., Attribution of foodborne
illnesses, hospitalizations, and deaths to food commodities
by using outbreak data, United States, 1998-2008. Emerg.
Infect. Dis., 19, 407-415 (2013).

4. Frank, C., Werber, D., Cramer, J.P., Askar, M., Faber, M., an
der Heiden, M., Wadl, M., Epidemic profile of Shiga-toxin—
producing Escherichia coli 0104: H4 outbreak in Germany.
N. Engl. J. Med., 365, 1771-1780 (2011).

5. Kim, S.H., Kim, J.S., Choi, J.P., Park, J.H., Prevalence and
frequency of food-borne pathogens on unprocessed agricul-
tural and marine products. Korean J. Food Sci. Technol., 38,
594-598 (2006).

6. Kim, M.H., Shin, W.S., Microbiological quality of raw and
cooked foods in middle and high school food service establish-
ments. J. Korean Soc. Food Sci. Nutr., 37, 1343-1356 (2008).

7. Kim, S.R., Lee, J.Y,, Lee, S.H., Kim, W.1,, Park, K.H., Yun, H.J.,
Ryu, K.Y., Evaluation of microbiological safety of lettuce and
cultivation area. J. Food Hyg. Saf., 26, 289-295 (2011).

8. Park, H.J., Min, K.J., Park, N.Y., Cho, J.I., Lee, S.H.,
Hwang, I.G., Yoon, K.S., Estimation on the consumption pat-
terns of potentially hazardous foods with high consumer risk
perception. Korean J. Food Sci. Technol., 45, 59-69 (2013).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Evaluation of Microbial Contamination in Leek and Leek Cultivated Soil in Korea 541

European Food Safety Authority., Opinion of the scientific
panel on biological hazards on Bacillus cereus and other
Bacillus spp. In foodstuffs, J. efsa., 175, 1-48 (2005).
Burnett, S.L., Beuchat, L.R., Human pathogens associated
with raw produce and unpasteurized juices, and difficulties
in decontamination. J. Industrial Microbiol. Biotechnol., 27,
104-110 (2001).

Soriano, J.M., Rico, H., Molto, J.C., Manes, J., Incidence of
microbial flora in lettuce, meat and Spanish potato omelette
from restaurants. Food Microbiol., 18, 159-163 (2001).
Ministry of Food and Drug Safety (MFDS)., (2019, Novem-
ber 10). Food Code (No. 2019-89). Retrieved from http://
www.mfds.go.kr

Jeong, B.R., Seo, S.M., Jeon, H.J., Roh, E.J., Kim, S.R., Lee,
T., Ryu, J.G, Ryu, K.Y., Jung, K.S., Evaluation on microbial
contamination in red pepper and red pepper cultivated soil in
korea. J. Food Hyg. Saf., 33, 347-353 (2018).

Seol, H.R., Park, H.S., Park, K.H., Park, AK., Ryu, K.,
Microbiological evaluation of foods and kitchen environ-
ments in childcare center and kindergarten foodservice oper-
ations. J. Korean Soc. Food Sci. Nutr., 38,252-260 (2009).
Bae, Y.M., Hong, Y.J., Kang, D.H., Heu, S.G, Lee, S.Y.,
Microbial and pathogenic contamination of ready-to-eat
fresh vegetables in Korea. Korean J. Food Sci. Technol., 43,
161-168 (2011).

Park, S.G., Choi, Y.D., Lee, C.W.,, Jeong, M. J., Kim, J.S.,
Chung, D.H., Shim, W.B., Investigation of Microbiological
Hazard from Korean Leeks and Cultivation Area to Establish
the GAP Model. J. Food Hyg. Saf., 30, 28-34 (2015).

Choi, Y.D., Lee, C.W., Kim, J.S., Chung, D.H., Shim, W.B.,
Investigation of hazards from onions and their cultivation
areas to establish a good agricultural practices (GAP) model.
Korean J. Food Sci. Technol., 45, 785-790 (2013).

Jung, S.H., Hur, M.J., Ju, J.H., Kim, K., Oh, S.S., Go, J.M.,
Im, J.S., Microbiological evaluation of raw vegetables. J.
Food Hyg. Saf., 21, 250-257 (2006).

International Commission on Microbiological Specifications
for Foods (ICMSF)., 2005. Vegetable and vegetable prod-
ucts: in Microorganisms in Foods, Kluwer Academic/ Ple-
num Publishers, New York, Chapter 5.

Beuchat, L.R., Listeria monocytogenes: incidence on vegeta-
bles. Food Control.,7,223-228 (1996).

Sung, S.M., Min, J.H., Kim, H.J., Yoon, K.S., Lee, J.K., Sys-
tematic Analysis of Microbial Contamination in Leaf and
Stem Products in Korea. J. Food Hyg Saf., 32, 306-313
(2017).

Kim, S.R., Kim, J.B., Lee, H.S., Lee, E.S., Kim, W.I., Ryu,
S.H., Ryu, J.G.,, Effects of Small Scale Post-Harvest Facility
and Hygiene Education on the Level of Microbial Safety in
Korean Leeks Production. J. Food Hyg. Saf., 30, 249-257
(2015).

Jung, K.S., Heu, S.G, Roh, E.J., Lee, D.H., Yun, J.C., Kim,
K.H., Prevalence of pathogenic bacteria in livestock manure
compost and organic fertilizer. Korean J. Soil Sci. Fert., 44,
824-829 (2011).

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Islam, M., Doyle, M.P,, Phatak, S.C., Millner, P,, Jiang, X., Sur-
vival of Escherichia coli O157: H7 in soil and on carrots and
onions grown in fields treated with contaminated manure com-
posts or irrigation water. Food microbiol., 22, 63-70 (2005).
Solomon, E.B., Yaron, S., Matthews, K.R., Transmission of
Escherichia coli O157: H7 from contaminated manure and
irrigation water to lettuce plant tissue and its subsequent inter-
nalization. Appl. Environ. microbiol., 68, 397-400 (2002).
Maule, A., Survival of verocytotoxigenic Escherichia coli
0157 in soil, water and on surfaces. J. Appl. Microbiol., 88,
71S-78S (2000).

Koo, M.S., Bacillus cereus: An ambusher of food safety.
Bull. Food Technol., 22, 587-600 (2009).

Shim, W.B., Kim, J.S., Chung, D.H., Microbiological hazard
analysis of ginseng farms at the cultivation stage to develop
a good agricultural practices (GAP) model. J. Food Hyg.
Saf., 28,312-318 (2013).

Nam, M.J., Heo, R.W., Lee, W.G,, Kim, K.Y., Chung, D.Y.,
Kim, J.S., Chung, D.H., Microbiological hazard analysis of
hot pepper farms for the application of good agricultural prac-
tices (GAP) system. J. Agri. Life Sci., 45, 163-173 (2011).
Kim, B.Y., Weon, H.Y., Park, 1.C., Lee, S.Y., Kim, W.G,
Song, J.K., Microbial diversity and community analysis in
lettuce or cucumber cultivated greenhouse soil in Korea.
Korean J. Soil Sci. Fert., 44, 1169-1175 (2011).

Shim, W.B., Lee, C.W., Jeong, M.J., Kim, J.S., Ryu, J.G,
Chung, D.H., An investigation of the hazards associated with
cucumber and hot pepper cultivation areas to establish a
good agricultural practices (GAP) model. Korean J. Food Sc.
Technol., 46, 108-114 (2014).

European Food Safety Authority., Risk for public health
related to the presence of Bacillus cereus and Bacillus spp.
Including Bacillus thuringiensis in foodstuffs. J. efsa 14,
4524 (2016).

Park, M.J., Hong, H.G,, Son, J.S., Kwon, Y.O., Lim, Y.S.,
Lee, H.H., Kim, GH., A Study on the Contamination of
Bacillus cereus in Baby Food on the Online Market. J. Food
Hyg. Saf., 29, 207-210 (2014).

Kwon, WH., Lee, W.G,, Song, J.E., Kim, K.Y., Shim WB.,
Yoon, Y.H., Kim, Y.S., Chung, D.H., Microbiological hazard
analysis on perilla leaf farms at the harvesting stage for the
application of the good agricultural practices(GAP). J. Food
Hyg. Saf’,27,295-300 (2012)

Oh, S.Y., Nam, K.W., Yoon, D.H., Analysis of Pathogenic
Microorganism's Contamination and Heavy Metals on Kim-
chi Cabbage by Cultivation Methods in Korea. J. Food Hyg.
Saf., 32, 500-506 (2017).

Oliveira, M., Usall, J., Vifias, 1., Solsona, C., Abadias, M.,
Transfer of Listeria innocua from contaminated compost and
irrigation water to lettuce leaves. Food microbiol., 28, 590-
596 (2011).

Liu, C., Hofstra, N., Franz, E., Impacts of climate change on
the microbial safety of pre-harvest leafy green vegetables as
indicated by Escherichia coli 0157 and Salmonella spp. Int.
J. Food Microbiol., 163, 119-128 (2013).



