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Abstract This study was performed to assess the microbiological quality and potential health risk of fresh-cut produce
and organic vegetables sampled from supermarkets and department stores in Korea. A total of 96 samples comprised three
types of fresh-cut produce (sprouts, mixed-vegetables, fruit) and three types of organic vegetables (lettuce, perilla leaf,
green pepper). The samples were analyzed for total viable cell counts, coliforms, Enterobacteriaceae, Escherichia coli,
Salmonella spp., Listeria monocytogenes, Vibrio parahaemolyticus, Bacillus cereus, and Staphylococcus aureus. The
microbiological counts of fruit were very low. Sprouts were highly contaminated by total viable cell counts (8.3+0.57 log
CFU/g), Enterobacteriaceae (7.1+0.76 log CFU/g), and coliforms (4.9+0.40 log MPN/g), and showed a high incidence level
of B. cereus (2.9+0.48 log CFU/g). Of the fresh-cut produce analyzed, six (13.6%) mixed-vegetable salads were E. coli
positive. S. aureus was detected in only one sprout sample and one mixed-vegetable salad, and its contamination levels
were under 2 log CFU/g, which is appropriate for Korean standards (<3 log CFU/g) of fresh-cut produce. Of the organic
vegetables, lettuces were highly contaminated by total viable cell counts (6.4+0.74 log CFU/g), Enterobacteriaceae
(5.7£0.98 log CFU/g), and coliforms (3.7+1.72 log MPN/g). Two (13.6%) organic lettuce and one (7.1%) perillar leaf
sample were E. coli positive, and S. aureus was detected in one lettuce and two perilla leaf samples. Salmonella spp.,
Vibrio parahaemolyticus, and Listeria monocytogenes were not detected in any of the fresh-cut produce or organic

vegetables analyzed.
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ekl Aej=g A26lM Sabmonella spp.,
Echerichia coil O157:H7, L. monocytogenes, Shigella sonnei &
o A& ¥ 255 § ARIE BISATHS-11). "lFaAE A
1097 BAS AR FhbEo] AE A FALLTL AA 9
26%E AT AERE Zofl AFE HA2Y Fo tF AFe] H
3 ATH12). =2l A Kim 5(13)°] BHE=NM E coli, Sal-
monella spp., Staphylococcus aureus 52 &S XS v} o)
g 20077 = AA deeg 22 AT AEe @
T SEE Rk, Hre vile F4 71Ee] flilen, 2008
ol S5, HXF Fof e dej= AFo] x3E
WA, WAF(E coli), 2D e Salmonella spp.), FAH| 28] 2o
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2009 1€95E 129704 A= oAl e DAvigt st
Holld AnfH L Qe AdHe] A= AF 765 AL 16
T, TR A AR 4T, Hd A= 16%), F71F AnF
RFCFF 145, A 145, FIF 145)2 TAS] & A
o3Itk g AE= e 79Ik WA o]Bate] Ha)

of 2= Este] AHst] AR

UHIN|Z=(total viable cell count)e] X 2
Ukl AFFA 4w AE 25 gl BaE A &
Z A 225mLE 7Fske] 2 7](BagMixer® 400, Interscience,
Saint-Nom la Bretéche Arpents, France)S ©]-&3lo] 287+ #23}
A AIEY 1 mLE FHAS & dad A8 9mLo
A ST dAF P le KH,PO,(Sigma Chemical Co., St.
Louis, MO, USA) 34 g& SRl &3lA7]1a, IN FASE
FO& pH 722 4% oS F/FTE /I8t 1,000 mLE A&
ste] detste] Wagare] EAsdrh A48 A Ead A g%
A 1 mLE BFSHFST 800 mLol| 713t ik Moz
Alste] ARgBIATE ZF @A S]A 1 mLE W3] E5513L plate
count agar(Merck, Darmstadt, Germany)S °F 15mL% o] 312
A EFT F 37°CoNA 2448417 vFsle] RS HgeE =

gkl

FHHMIZ (Enterobacteriaceae)| HMaX £

FNAFFE 1SO 21528-2(17)00 Wt A8t RbylF4
o Y3 AR 1mLE FHst] B+ A4 &% 34 9mL
of &A g & Hpe] 1 mLAS EF3IAL crystal-violet neu-
tral-red bile glucose agar(Merck)E 15 mL A% o] Z &3lsto]
37°CoAlA 24A17F v Fsldnh. A37dst et Solla] B4, Wik
A BEAS ge ks Alesta, Aled Bl 23719 F
25 FHsle] tryptic soy agar(TSA, Merck)el A L=@sl 37°C
of| 4] 24A17F ¥Y5le] Vitek® 2 compact(BioMérieux, Marcy I’Etoile,
France)Z 43It AWM 5 Enterobacter sakazakii?t 214
He JAge AYulX R brilliance Enterobacter sakazakii agar
(Oxoid, Cambridge, UK)E ARg-3sled AFA0 EAS 2l &,
Vitek® 2 compact(BioMérieux)Z <2135} th.

CHE=2 (coliforms)2} CHEMR (Echerichia coli)e] MZHE 2A

g iAot Fde A8 10, 1, 0.1 mL & 570
£ FHAS 2L brilliant-green bile lactose broth(BGLB, Merck)
o HEste] 37°ColA] 48A17F wgate] 7h=e] Aol ERIEH,
endo agar(Merck)oll FA wijeFald). APAA o] R,
nutrient agar(Merck)®ll g4 wjgste], 4ds Fgo] 17 4,
Folard Zhto] ERIEW vt AR s, HI
£ wgt WgdETE STk g2 it A8 Al
7k27b A g BGLB(Merck) Aol 1 #lgo]S F &t
chromocult coliform agar(Merck)oll A Tste] 37°CollA 244

AN EASEA A 43 A A 15 Q011

v wjegsted(14), AFA] AT L He s A9 sty
TSAMerck)llX A wldksled Vitek® 2 compact(BioMérieux)= |
Z gl

Staphylococcus aureuse| HEX £

UAl gl LS AN 1 mLE FHeke] i At &5
gl omLo @A 8|4e 3 Baired-Parker agar(Merck)<}
Baired Parker-REF(BioMérieux) 2z} 37l & HEMo] 1 mL7} 5
A HE, LR 35°Co0A 454841 7F vl FaHATH(14). A e
e = FHe Wyt glon, Felo] e A2 2 =t
< AFstaL, Algg Faelx sl o] HMEFA Mg
3lo] TSAMerck)oll 841 =23k 30°ColA 2447k wjoFsh
Vitek® 2 compact(BioMérieux)Z % <13}

R
or 1% J

Salmonella spp.2] HMA F4

Salmonella spp.= 21F37(14)°] Wt AE 25 g0l 225 mLe]
peptone waters 7}t § 7] (BagMixer ®400, Interscience)Z 2
2F 723 A7) 35°CoA 18-20417F vl gsISAT. vk 0.1
mLE 10mL<2] Rappaport-Vassiliadis broth(Merck)oll %3}
42°Col|A] 2407F 22 S+t wFRdTh S+ widS thA] XLD
agar (Merck)®?} Rambach agar(Merck)ell &4 T=2sle] 35°Cof| A
24X 7F W gste] A== HEE TSAMerck)oll w74 vl aiar
Vitek®2 compact(BioMérieux)2 3% #<lstitt.

Vibrio parahaemolyticuse] MME £M

V. parahaemobticus= 21 &-57(14)9] w2t FHES HAIs)
Atk AR 25g2 Fsked 2% NaCle] H7He 225mLe] peptone
waterE 7}3t & & 7](Bagmixer “400, Interscience)Z 237+ o
A3}t A7) 35°CONA 1824417 i gsIiTh. St i FES 1
o] F3le] TCBS agar(Merck)oll 4 = & F 35°CoA 18-
24X 7 Btk A A4 2-4mmel FEAL AT H]
3l H=S TSAMerck)oll &4 Z=Walal 35°ColA 18-24A17F
Hi kS 3 Vitek® 2 compact(BioMérieux)® #F 13t Th

Listeria monocytogenes?| HMME BAM

L. monocytogenes= 215 (14)0] wel AR A6
o} A& 25 goll 225 mLe] Listeria enrichment broth(Merck)S
7Fsle] 2 7](BagMixer ®400, Interscience)@ 2 #7F w23} A]
71§ 30°CollA] 24A17F wieFatitt. Sl FS Palcam agar
(Merck)oll B4 =@3lar, 30°Col|lA] 24-48A17F wioFsle], 2134
ol S TSAMerck)oll Al 2] vl F3te], Vitek® 2 compact
(BioMérieux)2 5 E<lstiTh

Bacillus cereus?| MEH £

B. cereus®] T4 AEFHA4) we} AAISIH AR 25
goll BE QA 9= A 225 mLE 7IEle] T 7] (BagMixer®
400, Interscience)= 27+ #Astelal Al@H 1mLE FHste] ©
78 AiekE A A 9mLe] @A 348t Mannitol-egg-
yolk-polymyxine agar(MEYP, Merck)ol] Z} ©A] 3|4 N-S 02 mL
A 5ol mEsle] F FEAe]l 1mL7t SA g F 30°CollA 24
Al v st st =t TRl lecithinases A3t €
g3k gho] e B34 ke AFSITh Al Hatela 57
olde] AFAR HEks st TSAMerck)oll g4 =2shar,
30°CoA] 24A17F vilFsE & Vitek® 2 compact(BioMérieux)Z. # %
gelstsirt.
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T ALF 35 IS S vRe A FaFe] Iyt
Al 7ol 7P Wi, g 7P =okeh 2]
AYe T AR A4 duk Mg 8.0-89 log CFU/E, &%
ALk AHEE 1584 log CFU/g, Y AH=+E 3.1-7.7 log
CFU/g M99 t). Abadias S(1)°] ZHolA F552 4l4#e]
A ERE B48 dFME, £ A4 AHTo dvkAla
= 5.4-85 log CFU/g, AU == 2.0-7.1 log CFU/g, A4
= 7.1:92 log CFU/g ¥l EAlste] & Ate] Afolr{e} 2+
o] AR ATF ThE A BT AlFol Hlste] YubAlre] +
Fol =AU StolA A A=) dWHFrE HE 7]
Fo 7 dAst AL AR E 2o, Solberg S(18)°] 214
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B e A AHE AEY gt o] JIESE 2%

Table 1. Distribution of total viable cell counts in fresh-cut
produce and organic vegetables

n”  MeantSD?  Range

Sprout 16 8.3+0.57% 8.0-8.9

Fresh-cut Mixed-vegetable 44 6.141.20% 15.84
produce salads

Fruit 16 5.4+1.42® 3.1-7.7

. Lettuce 14 6.4+0.74° 5.0-7.4

Organic — peiiy jeaf 14 55:080% 4373

vegetables
Green pepper 14 5.240.81* 4.2-6.1

YNumber of sample analyzed

Mean values plus and minus the standard deviation in log CFU/g of
positive samples

Mean values with different superscript are significantly different at
p>0.05.
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shth 53] Algka) e dutld4= 8.0+0.57 log CFU/gZ F+
Aoz mAETH 8ol 52 4

715 AAhFe dukadFE A5 5.0-74 log CFU/g, AY
43-73 log CFU/g, 3% 4.2-6.1 log CFU/g 8912 Aow ¥4
Ak FaF Al vlste] Aol dvklrrt =4 HE
=of, 43 A Fo Z1& AFHo] dasithal ALEEUT

ELHMIE (Enterobacteriaceae)2| MY &4

FME2 AFEE E A & Ak a9 o4 Al
02 AloA 7ES FEANZ 4 U= Citrobacter, Enterobacter,
Escherichia, Klebsiella, Salmonella, Yersinia 52 4°] EIrETH
(19). w2bA, Al AF A B 7 30 91 A%
Ao 2e go] M=y gk FHdAM = Ax fol, 3%
E4HE 24|, ofo|~ay, BUSF, WHEE 5 Ul F
ZolA] Enterobacteriaceae®] 7]13=0] A& o] ATH?20).
ol X ol g vRke] Ffolrt AT F =S A
Z, HulE= 2Fol M Enterobacter sakazakii ¥°) ZAZ
HolME kATt 4313l 913(14), THE 2]&olA] Enterobac-
teriaceae 7]=0] A H ] A= &t

2 AFoA BAE AMHEe de=e) frls Aie] BE A
FoA AuAlte]l AEHAC™ 2 049 53 2= Table 2
9} ), FIAH =] QHEES 7P @2 3.8£1.43 log CFU/g
O, 71E S AL LHTES =T 53] Al
A Q28] ANAFFE 7.1£0.76 log CFU/E, 3+ 7l A2 A
st BE AlFoNA AW A7t 7 log CFU/g o’ EA151
o} EH4 A=A ZWAEST} 3 log CFU/g ©138F §1 A
£ 6.9% B3 AL, 50% olde] 5 log CFU/g ©]’d| ATt

715 AMLFAMe 45 FHAl#S7E 5.7£0.98 log CFU/
g= 7P =kom, 459 78.6%lA 5 log CFU/g o9 =&
AjMlo]l EAlske ERI=EIT 715 AL 28.6%, F71%F
FiLFo 71%% FHAES7E 5 log CFU/g o1’ EA8II T

2 TS Assky ez FAS A 125 o
o] AYAle] AEEATKTable 3). AT LGl e #%
9] ztol= FRISHA] Rtk EEl® WA F Pantoea,
Enterobacter 522 F4E F7}F 50% o1/ AA| 8o,
Pseudomonas, Klebsiella 5% 1=t} Aslsty 54 Az
AR A A oA E2E JUAlTF 252 Enterobacter saka-
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Table 2. Distribution of Enterobacteriaceae in fresh-cut produce and organic vegetables

N MeansSD? R Number of samples
n ean ange
¢ <10* ¥ 10°<10°  10%-10’ >107

Sprout 16 7.1£0.76°% 3953 0 1 0 15

Fresh-cut . cd
roduce Mixed-vegetable salads 44 4.9+1.40 0.3-52 3 19 19 3
p Fruit 16 3.841.43% 0.2-5.1 8 4 4 0
) Lettuce 14 5.7+0.98¢ 0.7-5.4 0 3 11 0
Organic Perilla leaf 14 4.7+1.04% 0.4-53 0 10 4 0

vegetables b
Green pepper 14 3.9+1.16" 1.0-5.0 4 9 1 0

UNumber of samples analyzed

YMean values plus and minus the standard deviation in log CFU/g of positive samples

9Counts are given in terms of CFU/g of positive sample.

YMean values with different superscript are significantly different at p>0.05.
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Table 3. Identification of Enterobacteriaceae isolates in fresh-cut produces and organic vegetables

Sprout  Mixed-vegetable salads Fresh-cut fruits Lettuce Perillaleaf  Green pepper ~ Total
Acinetobacter spp. 2b 1 2 - 1 1 5
Enterobacter spp. 5 6 3 5 2 4 25
Enterobacter sakazakii 2 - - - - - 2
Ewingella spp. - 1 - - - - 1
Hafnia spp. - - - 2 - - 2
Klebsiella spp. 3 1 - 1 - 3 8
Kluyvera spp. - 2 - - - - 2
Pantoea spp. 4 13 5 5 6 5 38
Pseudomonas spp. - 9 - 3 3 2 17
Rahnella spp. - 2 5 - 2 - 9
Raoultella spp. 1 1 1 - 1 - 4
Serratia spp. - 6 - - - - 6
Total 17 42 14 16 15 15 119
UNumber of same genus isolate.
YNot determined.
Table 4. Incidence of coliforms in fresh-cut produce and organic vegetables
n" Number of positive samples (%) Mean+SD? Range
Sprout 16 16 (100) 4.9+0.40°% 3.9-53
F rf(fgui‘;t Mixed-vegetable salads 44 43 (97.7) 344146 03-5.2
P Fruit 16 15 (93.8) 2.4+1.67 0.2-5.1
) Lettuce 14 13(92.9) 3.7£1.72¢ 0.7-5.4
Organic Perilla leaf 14 11 (78.6) 2.9+1.58% 0.4-5.3
vegetables b i
Green pepper 14 13 (92.9) 2.6+1.34 1.0-5.0

UNumber of sample analyzed

Mean values plus and minus the standard deviation in log MPN/g of positive samples
9Mean values with different superscript are significantly different at p>0.05.
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§LAH41:N—;.&0] /\gz\]—-g],_‘: E_]j o]z‘y_} 5_1'%50 0107‘?1 _/‘I:. 9}1\
£ =9 6.07 log CFU/g °)4e] FF& oA, w2
2lo] dojud AFEEE FIANZ F Jong JPgelx A

A R AHOR 355 %7l o] Yesitkn AR

- Hm



REEERRECR R

95

Table 5. Incidence of food-borne pathogens in fresh-cut produce and organic vegetables

n" E. coli

Salmonella spp. V. parahaemolyticus L. monocytogenes

S. aureus
Sprout 16 ND? 1 (6.3%) ND ND ND
F;f(fg;gt Mixed-vegetable salads 44 6(13.6%)Y  1(23%) ND ND ND
Fruit 16 ND ND ND ND ND
. Lettuce 14 2(143%) 1(7.1%) ND ND ND
Vggriirl;‘lzs Perilla leaf 14 1(7.1%) 2 (14.3%) ND ND ND
Green pepper 14 ND ND ND ND ND

YNumber of samples analyzed
INot detected
Number and percent of positive samples

Table 6. Distribution of Bacillus cereus in fresh-cut produce and organic vegetables

Number of samples

n" Mean+SD ? Range
g 10°<Y >10°
Sprout 16 2.9+0.48°% 2.1-3.7 10 6
Fresh-cut Mixed-vegetable salads 44 2.1+0.78* 1.2-34 39 5
produce Fruit 16 ND - 16 0
Total 76 65 11
Lettuce 14 2.6+0.79® 1.5-3.9 8 6
Organic Perilla leaf 14 2.4+0.86™ 1.2-3.9 13 1
vegetables Green pepper 14 2.7+1.02%* 1.2-4.0 12 2
Total 42 42 42 33 9
YNumber of samples analyzed
YMean value plus and minus the standard deviation in CFU/g of positive samples.
9Counts are given in terms of log CFU/g of positive samples.
YMean values with different superscript are significantly different at p>0.05.
Listeria monocytogenes, Salmonella spp., Vibrio para- glom, oM T H2 72 AlFA]

=121

haemolyticus2|

L. monocytogenes= 3
= ol /K]Z_}-ﬁ}. thﬂo

T AT

¥%, W9 % Ad HAe

=70, Ta =
| 2l2eelol H5EE U

i freE= *]"W{Q] é}%'TEr@r Zﬂig— AR HFES o
ATHR9). 23U 2 AFA L monocytogenes= A1 H
9] A =gt §715 Aiolr RFoA HEHA FUTHTable
7). 2y SRR EANME A7 BERA] 497 denw,
YA 7FsSE w2 A Qb A ks Ao] rigAsita #
a2l=

XA Aol §-71%F Ncol thste] Salmonella spp.2F V.
parahaemobticusS BAAH0R BEAFINOY ZE AFANM A
Z A LUTHTable 5).

=
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Bacillus cereus®| @Y=
=

B. cereuse EFAITY] dFo T EFS H|ES WA, ¢

1P°ﬂ74]°ﬂ g Fxste], w2=S HEe it AF 4A

=] AF5S FINZE F de 548 AF5FITH30).
°] o] Aikshs A= WEAC] o, dt AFolA x24T
A=, 7HE 28] AR E TSI, $7e] wislel ujet
IR} o), o] At 5AF AFES 4o & AUrh23).
UQtH 02 B cereus AFEHS L9E d57} 5 log CFU/g ©1%
o] mojof HHSIA| Y, mofxlE el AP E EX e F
EoMx wsitty B EIoh31). Wk H2 Zexe o]

EUA
Fe7b 7 H ATk32). el Gfor
|2EL 2 log CFU/g ©181=Z, A4+, S84
3, Ao AFH H OW«I 7hE, 71E 2HE SR 9 2
2 3 log CFU/g(BdAEL 24)) o3}
2 /%S AAsa T‘fﬂle Stal 3ATh(14).

AlXH) e} §7]%F A 11839 il B cereus LEEE A
griog B Axl= Table 63 74} AAH] AH =] 14.5%
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