KOREAN J. FOOD SCI. TECHNOL. Vol. 43, No. 2, pp. 161~168 (2011)

FARER

KOREANJOURNAL OF
IR A SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

10| X227/

2ol 2= ZAl

el

L 847)7 - ol4dedx
AN} AFEEAT T,
Y ol g Bt

Microbial and Pathogenic Contamination of
Ready-to-eat Fresh Vegetables in Korea

Young-Min Bae, Yu-Jin Hong, Dong-Hyun Kang', Sunggi Heu?, and Sun-Young Lee*
School of Food Science and Technology, Chung-Ang University
'Department of Food and Animal Biotechnology, Seoul National University
*Microbial Safety Division, Department of Agro-food Safety, National Academy of Agricultural Science,
Rural Development Administration

Abstract The purpose of this study was to evaluate microbiological contamination of fresh vegetables in Korea. Twenty
types of vegetables were tested for total aerobic bacteria, coliforms, Escherichia coli, yeast and mold, and pathogenic
bacteria such as Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus, Salmonella, E. coli O157:H7, Cronobacter
sakazakii, Shigella, and Campylobacter. Levels of total aerobic bacteria and coliform on 20 vegetables were between 3.74
and 8.04 log CFU/g, and 0.16 and 5.02 log CFU/g, respectively. The highest contamination levels of total aerobic bacteria
were observed on water dropwort, sprouts, mungbean sprout, and ballflower root. There was no significant difference
(»p>0.05) in microbial contamination levels of total aerobic count, coliform, E. coli, yeast and mold between organic and
nonorganic vegetables. When isolation methods using selective agars were applied, L. monocytogenes, B. cereus,
Salmonella and Campylobacter were isolated from some fresh vegetable samples. Results of API kit tests showed that L.
monocytogenes was identified on Chinese cabbage, cucumber, soybean sprouts, and iceberg lettuce while Salmonella was
identified on Korean leek. Furthermore, Campylobacter jejuni was also identified in more than 50 of the 100 samples.
However, when positive samples from API kit were tested for real-time PCR or 16S rRNA sequencing method, only B.
cereus from perilla leaf, carrot, water dropwort, and sprouts showed positive results. These results indicate that selective
agar and API kit detection methods might result in false positive results for some pathogens. Therefore, studies need to
improve isolation or confirmation methods for such pathogens.
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o] Agstz Qs 5d dun 55 2 AT 3.8 S
AL, F2F FE 20% S7FIeH, 20093 228702 B
o AT=o] BRUFITKE). 22|aL A7l thd dae] St
2 AYE F Ay THRY AELE A8k o] BoRHA A
g FEE T A ALl BEE AEE Al H2 4
5 A BAlA AR 2 S AR = ATHE6,9,10).
2008 FAIOl olshH, ApAA B 37, Mol del EAske
Bacillus cereus® &3+ 255 A7 AR 29, HF 19
a2 O ToE st Frkek Jlem(1l), 2 ¢ tE Hd
g Mgt olgt AERE 2 FARK] &olu 7]
s A AMa FAHOE WA ool dojubA WAsta
Ao WeAh(12). B9 mid=e AL A =
ANM= AAFA ot AFHAL HAHe AoE dTiA
ow(©9), thF FF] WA HAEC] AFEE oPIFE F
t} o= Shigella spp., Salmonella, Escherichia coli O157:H7,
spp., Listeria monocytogenes,  Staphylococcus

aureus, Yersinia enterocolitica, B. cereus, Clostridium botulinum,
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viruses 5°] FLI Aot Z2 A FAEFI AHst AF
5 AL g FR1] A7 EAlol ZA ol e A=
B EAtK(13). CDC A F "l=olA] 2005-2007d Ate] A4l
FAE DAY HES A 09 AEORE T, PR, A}
3, v, S, B0, A1BA, 92, @), S e, o
ol veiston], 1 Sl of2) At AUe EIAT AL
= ZHR7F Y2 Aoz FIFEATH14). 7P Eo] L¥9E ¥
YA AlFo2E Salmonella spp., E. coli O157:HTZ UERoH,
ollo|l = EAE FAsk= 2l B cereus, Clostridium spp.2t =
EAl Campylobacter jejuni, Shigella sonnei7t U] 42 E2l5]
ATH(14).

HAA =]l HLdH Hh T A FAHEA LH=HAS
g B nAES AF A B 7] o#e Bl FE &
Fxlollem, R biofilme B3] AlF B Al A
P Adh(15-17). A2 A1 5250 LH9E B A=
HHo R astatr] gk AFvE FslaL e, ol
FAF oEE HAA AlEs aIHFOE s
19 /s flste gl sl e A 5HF
o MAE F4, 098 HAAY AFY /7 2 ¥ ¥ 9
ek 7122Q1 A7t FukEojop & Zlow Alggrt ol &
AFelMe ol fEEe A Aie vdE 4 % Hd
A Aol LEEE Ela] flet T 20%9] AMaFE 53l
A st 747 Aio] LHE T, A, W,
ER 9 F@olY FFES RARIAL, g A AldY ¥
=5 s feke] & 852 HYA Al(S. aureus, L. mono-
cytogenes, B. cereus, Salmonwella, E. coli O157:H7, Cronobacter
sakazakii, Shigella, Ccm’tpylobacz‘er)g o= 9 s &
siieh AL FFe] A f71EH H7lse] AFS AdAst
715 vR71Ee] dutk nAE BEE vy Pt
AT A¥e e F55U AR odE WG Mt
ZTRe MAETH P Tl tig 183 ARE ATt
HE AFe Ad7)E N AFE A% VxAEEN &8
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Yate] ARgIATE AFS T A% °1 alel HH’SF:‘ A 2l 2
=5 THOE 2052 53l AA F 100709] AFS A
ARSI O (TY 2059 AES 53] YY), T jr"ﬂ—‘i‘ Ry
A= $NFsle] F<(total aerobic bacteria), T3 <t-(coliform),
WAEE coli), EF Z FF0|(yeast & molds), S. aureus, L.
monocytogenes, B. cereus, Salmonella, E. coli O157:H7, C.
sakazakii, Shigella, Campylobacterf’/] A& 9 2 Ay o]8-sf
Atk A ol&H 2059 Mae v Zrh %
lettuce), -+71°& “d=+(organic romain lettuce) A (perilla leaf) 'rT
715 70 % (organic perilla leaf), ®}3=(Chinese cabbage),
(Korean leek), &+*(carrot), ®]L}2](water dropwort), %kHH—ir(cab—
bage), W& (iceberg lettuce), 2 l|(red cabbage), 2 °](cucumber),
3122 2] 7K (paprika), A& (sprouts), SIHonion), TF=
stalk), %’—H—%(soybean sprout), < Zlz‘r%(mung,bean sprout), =24
(bellflower root), Z25(red pepper). 2} A& WAL= R
SHHA 7Y 5 19 ool A3 4%5]91‘4.
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AlFe] At vAEe] FEHE FA2 AEFFA™U8)S v
2 FPFAY AFE 25gS G HI T buffered pepton water
(BPW, Difco Laboratories, Detroit, MI, USA) 225mLe] 71 H
7F stomacher bagel o] 10v] 328t & stomacher(BagMixer®
400, Interscience, Bretéche, France)E ©]83dle 287t w23} 3}
Aot 423t ® AlFE 9mLel buffered peptone water(Difco)S
olgstol 100 A% SNt Farrel S4E el z
o] 8|4%E A|E 1mLE petrifilm aerobic count plate(3M, Seoul,
Korea)?]oll #5310 30°CollA] 24-48417F vl sl om, v &
petrifilm$]el ¥ FA(colony)E AlF3+d  colony-forming
unit(CFUY/go 2 Yepfiich =& tiddw 2 uidde] %54
B8 QM= petrifilm E. coli/coliform count plate(3M)l $1ell
A FHIE AR I mLE 58k 37°CellA 24-48A17F vl a3l
ok Bl ¥ 71X /R S JAE dHEEeE, VIEE
717 F2A Aot 712E /1R oA #AE it
O 7 7Este] Alsidnh AR 9 F80lY] AR 24
Eﬂ*ﬂt petrifilm yeast/molds count plate(3M)ll ¢4l 4]

E ImL& Hzo}oq 37°ColIA] 24-48A17F W BT WS &
A AAE &R P FFolo FPo=R hste] Agetadth
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7tk MY vAES F 85 (S aweus, L. monocytogenes,
B. cereus, Salmorella, E. coli O157:H7, C. sakazakii, Shigella,
Campylobacter)?ll T8le] ZAIE Y oH, A F2EZA HUA
PAES BEste WS E coli O15THT °] 7% AF3H
(18y& ©l-&3tA3L, YA &2 FDA BAMEH(19)S ©]-8-3o
ZARBIAT BAL zzte] AumiAe] gAY 2A e A
o] API kit(BioMérieux, Marcy I’Etoile, France)S Al8-sld &7
3I3ATE. Table 12> Zh7he] WAd Alste] #e 9 578 o]&%
WA B kitE HolFal vk Zbzre] WA Alste] deniRl=
3714 AN RN, Campylobacterd] 73-%- &7] i<
471 (Difco)} 712~ (CampyGen™, Oxoid, Ogdensburg, NY, USA)
S o83t m3A EelA wigsisitt
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Real-time PCR £4

API kite] oA BT eZ $48F #F+ Chromod™
Real-time PCR system(Bio-RAD, Richmond, CA, USA)Z &<Is}
At TemplateS A7) fJ3lA Eel€ HAGHAFS tryptic soy
agar(TSA, Difco)ol]l 37°CollA 24A17F wjst H widE a#A=
300 uL«] HaEFr7 @1 vlola= RHE 2l #HlE |
HE 108 B9 %%ﬂ F12,000xge] 2Ho R 5E7 AAEY S
o 459l DNA 559L 47319t} Realtime PCRE 913
real-time PCR kit(Kogenbiotech Co., Seoul, Korea)E A1l 3}o]
A3 S H(Table 1), 22t kit] primer 4 uL, probe mixture
10uL, 283 8" Z42] template 6 uLS 96-wellol] ol =
20 pL7F HA FHIE $ A4E St realtime PCR 45 st
Stk £4 F Opticon Moniter2™ Software(Bio-RAD, Richmond,
CA, USA)E o]&3at Flakitt.

16S rRNA Sequencing 24

Real-time PCR #2el|A] &38| ERIIA] 22 Campylobacter
dHow Y& 7K #FE 16S rRNA sequencingS ©]-8-5}o]
2HE A9, 16S rRNA sequencing= Macrogen Inc.
(Seoul, Korea)ell 2]g]ate] #4184t
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w2 P2 A= SASEAZET (version 9.1, SAS Institute,
Cary, NC, USA)2] ANOVA procedures ©|-&3le] 2159}, 7t
zke] A o] FAAR foxE vehliE 73-9-¢l(p<0.05) 217t
o] sukE AFo) o3t HFZHS Duncan’s multiple range testS

o3l &S

Table 2. Averages and ranges (Log,, CFU/g)" of bacterial count isolated from 20 different fresh vegetables in Korea

log CFU/g= i%%

ZnY D
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Product Total aerobic bacteria Coliform E. coli Yeast/Molds
Romain et Average 6.954+0.35 " 3.2841.79% 1.06£1.46° 0.3440.76"
omarn fettuce Range 632-7.17 0.30-5.14 0-2.84 0-1.70
Oreai et Average 6.8440.63" 2.7741.990! 0.00+0.00" 0.00+0.00"
reanic romain fettuce Range 6.05-7.70 0.60-4.99 0 0
perill eaf Average 6.2120.57°0 15741750t 0.00+0.00" 0.00+0.00"
eniiafea Range 5.60-7.11 0-3.50 0 0
Oreanic serila leat Average 6.311.29¢0deet 29540 2 ]¢bde 0.62+1.00™ 0.00+0.00"
reanic perifia fea Range 5-7.81 0.69-6.03 0-2.30 0
hi o Average 6,770,784 0974123 0.00+0.00" 0142031
inese cabbage Range 5.53-7.54 0-2.90 0 0-0.69
Korean look Average 6.35+1.500 et 2.1542. 130! 0.00+0.00" 0.54+1.21°
orean fee Range 4.15-791 0-5.63 0 0-2.68
Carmot Average 5.00+0.72"" 134415250 0.00+0.00" 0.00+0.00°
arro Range 4.13-5.75 0-3.43 0 0
Water dromwort Average 7.34+0.82" 3.9541.08" 0.5240.71% 0.96+0.88™
ater dropwo Range 6.39-8.32 3.07-5.77 0-1.30 0-2.04
Cath Average 4.82+1.99:hef 1.78+1.66f 0.40+0.89" 0.00+0.00"
abbage Range 2.84-7.25 0-3.46 0-2 0
leebera letty Average 5,691,328 0.66+1.170 0.00+0.00" 0.00+0.00"
cebetg fettuice Range 42730 0-2.60 0 0-1.85
Red cabp Average 5.05+1 350 1.16£1.09°0 0.00+0.00" 0.00+0.00"
ed cabbage Range 4.02-727 0-2.30 0 0
Cucumb Average 5.14£0.75%%f 0.94+1.64%0 0.00+0.00" 0.00+0.00"
veumber Range 3.99-5.81 0-3.78 0 0
panrik Average 4.8142.20 12241230 0.00+0.00" 0.37+0.83
aprika Range 3.04-8.48 0-2.60 0 0-1.85
Sorout Average 7.78+1.00" 3.8042.20" 0.00+0.00" 1.77+1.01°
prouts Range 6.17-8.67 1.87-6.19 0 0-2.37
oni Average 3.7441.52" 0.16£0.35 0.00+0.00" 0.00+0.00"
non Range 1.68-5.46 0-0.77 0 0
Garlic flower stalk Average 6.070.75eer 0.59+0.68°" 0.00+0.00" 0.00+0.00"
arhe towers Range 5.34-7.30 0-1.41 0 0
Sov ) Average 6.6122.06 2,872,693 0.00+0.00" 0.10£021°
oybean sprou Range 3.04-8.13 0-5.38 0 0-0.477
Muneb ! Average 7.97£0.35° 5.0242.8° 0.00+0.00" 17441 47°
ungbean sprou Range 7.61-8.43 0-6.35 0 0-3.38
Bl ) Average 8.04+0.33° 2.96+2.1 3 0.00+0.00" 0.95+1.35"
clfiowerroo Range 7.67-841 0-5.64 0 0-2.90
Red Average 4.93+0.29"" 0.42+2.03¢ 0.00+0.00" 0.00+0.00°
©¢ peppet Range 450-5.27 0-2.10 0 0

"Data represent means+standard deviations of five measurements.

YMeans with the same letter within a column are not significant different (p>0.05).
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Romain lettuce Organic romain lettuce  Perilla leaf ~ Organic perilla leaf

Product

Fig. 1. Levels (Log,, CFU/g) of microbial contamination of non-
organic and organic romain lettuce and perilla leaves. There was
no significant difference on levels of total aerobic count, coliform, E.
coli, and yeast & mold between conventional product and organic
products (n=5, p>0.05).

%, TER9A 7 log CFU/g o)de] 0] AEEeH, =
Al ¢ 8.04 log CFUgZ 7HF &L #o] AEHAUL 45,
7% 35, A, #71% A, wiF, 25, veE, TUEY] J
$ 6 log CFU/g o142l o] HEEUh Skl 39 F 208
o A& F 7P AL U<l 374 log CFU/g7t AEEAT tha
TS 0.16-5.02 log CFU/g F=2.2 HAEHY oW, A5, F7]
EAF, s AL, B, v, Al FUE, S5, =2
oA 2 log CFU/g ©1’3¢] o] AZ=HAct. wu=]e] 739 395
log CFU/g, Ai%&- 380 log CFU/g7} AZHN oM, 439 74
502 log CFU/g®] =2 ol AEHUTh e 7% 0.40-1.06
log CFU/g F7<°] AZHALH, 45, §71% A, vive], 4l
FollA o]l AEHAL 58 2 FFol9] FH$ 0.00-2.68 log
CFUlg 7522 AZEom, a1 3 F3ols 5, wiF, #
F, mye, fzegh A, FuE, $5, SERdA AEEA
ok ABe] 734 1.77 log CFU/g, S35 1.74 log CFU/gS] 45
o2 HEH AL B2 FFo] AEHUT

A5, ALS 771 AFe 7% AYe] WL A= Fig
132 2tk dwt i §71% SR mAE el FEg
7} 6 log CFU/g <=0l tidwtte 1.57-3.28 log CFU/g <
S yehink o Aol 106 log CFU, f71% 74
14 0.62 log CFU/g7t HEESIOH, &8 9 F3go|= it
}5=ollA 034 log CFU/g7F AZEEATE AR A ] 7E4] =4
A dnt FAES F71F TR folH Abole e
ool Uit FAER fUlw FAEY dw mAEd £3
A Zol7t flerel YR THp>0.05).
ATE A FEHE A FAE Ui mAE &
ZARIAEE F 2059 A4 FAEe Fa4 2 UdFE
I Al B2 $£E0E UEoH, o= & HY
A7+Age} FAMSE BeFa Qith Choi 5219 A AAaF
o] 571/ Mol ZAL ATl S B+t 7.01-7.10 log CFU/
g, B9 6.04-8.01 log CFU/g2 = om, AU H 6.44-
6.69 log CFU/g, H$I= 4.86-7.79 log CFU/golal, Lol Het
527-537 log CFU/g, HYE 3.48-6.57 log CFU/gE E21H 9]t}
T3 Kim 5(22)2 A=) vE eHdRARIMNE 4 4

HO

2 T oM o
e T Ao )

1o o

HE EA W WA Alre] SGE 2Ah 165

F& A= AFAAM 60.8%2] thdtwto] AEEHUNSH, E coli
7V 1774, S, aureus7V 37, Salmonella spp.”} 171 HZEEATh
Kim3} Shin(23)9] Arelre HXg] Ai 8FelA diste] ug
70 LAEE AR A7, A5 A PlFolA 6.9 log CFU/
g, A2 AFolM 6.0 log CFU/E S A FZolA 6.6 log
CFU/g, oA A "2ollA 34 log CFU/g, AE A datollA 64
log CFU/g, ¥t &7] sHlollA 54 log CFU/g, A& 2 Q0]d
A1 6.1 log CFU/gZ Z7ZF tidtate] L9=e] e Aol el
Aok ¥FE Cho 5(24)9] F552 5] niE F528 &
A3 Aol e 2357 921 log CFU/, tA-20] 6.60 log
CFU/g 522 2XHY e AL IR b f71% A
29 TAE QYRS AR AFAFNME T, A, A,
Q0] 5o 7% AxolN F I/NATFE 4-6 log CFU/g &
=L H3on hATEE 82.1%9 AEES EATH24). Solberg
S0y FAPLNAN 2] MAER HAVEXE FHEF 50
log CFU/g ©|&}, a5 3.0 log CFU/g ©l8t2 AASIL o
o, 22 A4 Aiae B ES 29ske 2oZ Yelgth

FolME 2 BN ¥ SHEY

Table 32 % 2059 A F2FdA EE HAduAA =
th3k AMeluz] 2 API kit, real-time PCR, 16S rRNA sequenc-
ing e o83t 58 e BT Aok T 8T WY 7l
AES A2 F29-e w, L. monocytogenes= WIF, W
F, 20|, FUE T AEANA F 10005 /e AlFelA A
ZHAY. B, cereuse 35, A, I, v, AR 2 1
] Algolx] WA o] 5719 AlFeA LAEICH, Campy-
lobacter®] 7395 205 EFA g oY AEHANSH F 100
Mol AR 5 3871004 ERIE|o] MEiRE o] &gt EEjyoR
wEellS W M e HEES BTk Samonellas T 1
A goA gelEen, 2 9 S auweus, E coli O157:H7, C.
sakazakii, Shigella®] 7355 A 1007]2] A|EelA HEEA] ¢k
skth oA EelHE Hdg AldS 13 TAHLE APT kits ©|
L3l T3S W, S aureus®] A5 72 StaphylococcusE S
Bol AZHJo A0 =2 S aweust HEHA FULS
W, S. sciuri7t 90% ©)1de] =2 FEZE Bol Y =HUTE. Campy-
lobacter®] 735~ Campylobacter jejuni7t 60%°1742] &= Zo|
HEHJoH, B2 T/ A Ao B2 Campylobacter
7t C. jejuni, C. fetu, C. coli= A=A}, Listeria® 735 <
Aol =2 L monocytogenes’t & BEOIATE HjF, Qo] Tt
&, WA AEHNLH, Salmonella®l 73-%- Salmowella chol-
eraesuis ssp arizonae’} F-FolA AEE AT AHHOZ AP kit
£ o]gsted A AieA EEE HAdrNES 9% A3
Campylobacter, L. monocytogenes, B. cereus®] #°o] Y02 &
A= e, ojnf POz BIE F 4 AEE e
The real-ime PCRY-S &-8-3tef 22} 540 o]&sirh. 2 2
I A g, G2, A E2E B cereuse g At
el ew, WA L monocytogenes, Salmonella spp., Campylo-
bacter®] 73% C. jeunie] 3702 ABE A|Qstie BF 249
A7t e APL kits )83 SR ZxE e Aot
eSS & & 2A2th Realtime PCREA 243 A9
A7t BEFHAYG C jeguni®] 3712l A|ZE 16S rRNA sequenc-
ingd-< o|&3ale] gRlIg A3, Fn)gk o] AFE YEE
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