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Microbiological Evaluation of Raw Vegetables
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ABSTRACT - The purpose of this study is to evaluate microbiclogical contamination of leafy vegetables. Total
aerobic bacteria and coliforms were monitored to get the contamination levels and Staphylococcus aureus, Bacillus
cereus, Clostridium perfringens, Escherichia coli, Escherichia coli O157:H7, Salmonella spp., Vibrio
parahaemolyticus, Listeria monocytogenes, Yersinia enterocolitica, Campylobacter jejuni to detect pathogens with
risk of foodpoisoning from fresh vegetables. The colony count of total aerobes and coliforms was also performed
to determine the efficacy of washing with tab water by common consumers. 124 samples which are divided into 8
kinds of vegetables - Sesame leaf, Dropwort, Chinese cabbage, Korean leek, Lettuce, Crown daisy, Pimpinella
brachycarpa, Chicory were sampled in 2 wholesale markets in Incheon. Mean counts of total aerobic bacteria for
individual vegetables ranged from 2.2x10° CFU/g to 6.0x10" CFU/g and total coliforms were from 4.1x10° CFU/
g to 9.8x10° CFU/g. Both show the peaks in summer on this study from March to September. Decrease rates after
washing with tab water averaged 81.0% and 82.5% in total aerobic bacteria and coliform counts respectively.
Staphylococcus aureus was isolated 8.1%, Bacillus cereus 14.5%, Clostridium perfringens 5.6%, Escherichia coli
18.5%. 11 samples showed overlapped bacterial conramination. For respective vegetables Staphylococcus aureus
isolated from 0.0% to 22.2%, Bacillus cereus from 0.0% to 29.4%, Clostridium perfringens from 0.0% to 23.1%,
Escherichia. coli from 0.0% to 35.0%. Escherichia coli O157:H7, Salmonella spp., Vibrio parahaemolyticus, Listeria
monocytogenes, Yersinia enterocolitica, Campylobacter jejuni were not isolated. This study is expected to be
available as the reference for the basal data of pathogens in fresh vegetables.
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S dstdth. SEM NS TCBSEHH M 2] (Oxoid,
England)ell &3t 35°CellA 18~241]7F vl s}t £
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A 25 g2 HuntlA(Oxoid, England) 100 mlell @
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OS2 24-48M7F vkt HiFS Campylobacter agar
with blood(Oxoid, England)ellA] 2447 vk 3 ojAlxe)
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O EFY, A7|E 337|470 tiEEEe Y&
A F34E7e T HdS Table 1.3
Zth, 25714359 B3 278 6.0x10" CFU/g> 1|
v - B3 16x107 CFU/g> %75 9.6x10° CFU/g > w5
8.8x10° CFU/g> 5 6.9x10° CFU/g> 748l 3.0x10° CFU/

Table 1. Counts of aerobic bacteria and coliforms in fresh
vegetables

Mean counts of Mean counts of

Vegetables total aerobic bacteria”  coliforms?

(CFU/g) (CFU/g)
Sesame leaf 3.0x10° 9.5x10°
Dropwort 1.6x107 3.7x10°
Chinese cabbage 8.8x10° 4.1x10°
Korean leek 1.6x107 9.8x10°
Lettuce 6.9x10° 1.2x10°
Crown daisy 9.6x10° 1.6x10°
Pimpinetla brachycarpa 2.2x10° 8.3x10°
Chicory 6.0x10 4.7x10°

total 124 samples, Ztotal 122 samples
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(2.6x10° CFU/g)E Uegth. Azt o 2 F357)4d30) glod
zF A AlAs 39, 49 EE o THY B 0Y9ES
Holi 64, 7€) 7P & 2ASES BYHFig 1)
W] 98 LPTES ANHE AuRgE o 7t
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i

—e— Sesame leaf

—— Dropwort

—a— Chinese cabbage
—%— Korean leek

—— Lettuce

—e— Crown daisy

—+— Pimpinella brachycarpa
—=— Chicory

Fig. 1. Monthly variations of total aerobic bacterial counts in individual fresh vegetables.
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Fig: 2. Monthly variations of coliform bacterial counts in individual fresh vegetables.
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gy 79(5.2x10" CFU/g), 43 32 (3.5x10° CFU/R) 6
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(1.6x10° CFU/g), JIIE2 39(3.5x10° CFU/)H 49
(16x10° CFU/g), X7Adle 9¥€(1.0x10° CFU/g) 74
(1.6x107 CFU/g)E Ueh} 3714355 ¥ vagds
o HA Ho FAE B AlV1e} ] dAAE &
ATHFig. 2).

Ueda 52 249, 6%, 99 371 d<s dikaaaol &
W3l Qo o', B ATXE 39, 49, 5¢, 690=

& BAT 9%l o F43) otk 3, &, 9F,

7R, ASERE 2 FF9 Aozl A= FAT AL
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= °
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H| &

Aol 23t MR 7H28-0 Table 20 AA3lsith =2
© FEE 33 MH ¥ F371487 2AES AH
92.6%, 5% 872%, %7t 823%, AL 79.0%, I IE
77.5%, W3 77.3%, 5% 76.6%, tlUg] 71.7%E eht
ZHag 9] Aole thd BHolARk HE& o] TAgo] &8
Aolzhe Aztahe HHE ofd 54 djio 2 HolA|
Skon, Wit 81.0% AAHIAG. ol A5, T 203
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Table 2. Reduction in microbial counts after 5 times washing
fresh vegetables with tab water

Reduction in total Reduction in
Vegetables aerobic bacterial coliform bacterial
counts (%) counts (%)
sesame leaf 79.0 823
Dropwort na 79.2
Chinese cabbage 77.3 923
Korean leek 76.6 66.4
Lettuce 87.2 85.0
Crown daisy 823 88.4
Pimpinella brachycarpa 77.5 63.8
Chicory 92.6 91.8
mean 81.0 82.5

ol AAY & UL LEFAT-

e A7 230 AlF6) 229 6 FE 71800E 2

58 ¢ Bl 24 T Ut AHE RAFT Al{ke]
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AES] LEEE UIFE AAY & 2

gFe AAsS wlFE 923%, XFAZ 91.8%, %
88.4%, 45 85.0%, AU 82.3%, uiviy] 792%, F
66.4%, FHE 63.8%F YER} A ofaE 5A4E A
9] Aol HolX] ggton Ha Fag-e FI/NF
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AL BERYE, A8 ASEH HEE

2 AFAeE F 124719 AAE AFStA HAE 9
BF93L, Staphylococcus aureus= A7 222%, WF
17.6%, 35 12.0%, A%Y 10.0%= AEHAL &7, vy
7, 5, FuzdMe AEHA ddkem HA ofajolA
8.1%9 HA&E&g HIrh ole 807y HA F
Staphylococcus spp7t 2719k MAolIA 22.4%, 15.0%3 7
ZE Ao\ Staphylococcus aureuss 471 OIS, FE,
], dill, P EQECI TR Norway =89
A Vehe Jolstdey. 2, A, v, AYs, A%
Aol A Bl A ARde] A RN FgEA o
2 Aae oA, ob =Rl 1201% 4710] &
8 ol gty

Bacillus cereus= X A8 222%, 27t 29.4%, ©UE
20.0%, §5 15.4%, 45 16.0%, A 10.0% AZIAL
HjE, FUE M= AEER] a9ker AR okflolM 14.5%
o] HEES HAT ole AMioA 36%E EIJve
Ueda'V2] AspRoh=s wout ol AN AF e ol <
3t Aow Alsdn). 3 ulFolA Bacillus cereus?t 7
£35S AAF =7 AU

Clostridium perfringense 2] 13.3%, FF 23.1%,
A5 80%E AEHIL XA, wiF, £7t, s, A
Al AEEA wsker A oAl 5.6%S] HEES B
th ole vt f7lF AL T 100%, GAF T
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Table 3. Bacterial species isolated from fresh vegetables

255

No. of Isolates(%o)

Vegetables
Staphylococcus aureus Bacillus cereus Clostridium perfringens Escherichia coli
Chicory 22.2 222 0.0 11.1
Chinese cabbage 17.6 0.0 0.0 5.9
Crown daisy 0.0 294 0.0 17.6
Dropwort 0.0 20.0 133 133
Korean leek 0.0 15.4 23.1 7.7
Lettuce 12.0 16.0 8.0 32.0
Pimpinella brachycarpa 0.0 0.0 0.0 0.0
sesame leaf 10.0 10.0 0.0 35.0
Total 8.1 14.5 5.6 18.5
10.0%, A 8.0%, ¥l5= 8.0%, Plue] 28.0%zH= 7 2 Escherichia colie X FATO2A A8 Whie] xjol= <l
39 Brhe Uk, 7 ol g Ulue A% AREe £ 8 AR Rego] Aot 9 & gor, A v

= AHetz v AT Yol AR Aol A3

7 HEel Ao® BolTh.
Escherichia coliv AT 11.1%, ¥lF 59%, £zt

17.6%, "IYE] 133%, ¥5 7.7%, 45 32.0%, A
35.0%% HEHUZ FUENAE HEHA Fken AA
okflollA 18.5%2] HAEeS BT el Aldel vlws)
E 0 2292194 MacConkey broth MPNH 3} Teague
Levine agar(BBL)E A 129 86.1%2] #2]&'%% <lxo
A AAA AF e A E MacConkey broth MPNHOZ
65.6%2] HE&g Bl Z'0ur} vt gy d9FE 5
o olaha SEve} F71% Aol 232%% B Q7oA R
o} A EEAA, 2AF g Aol Eeleol
=& A8 AekEor & Aot Selviele] oiguigzl A
A&l A 3M Petrifilm E. coli count® AP T Az
30% oldolont ol FE5TAL] Ajolel AeE AL ¢l
©] blue colonyE W¥goz Zgiviedr L o] {F-E 2%
& S Fo|u}h E3h RN 1ol 1% 2elg'he ]
gHoz Ul | YzlllAe] AzH*%%) ulgicid

Fela FAolc,

=2
©

Table 4. Sample Numbers of overlapped isolation in fresh vegetables

2ol wat oA LGl Apolrt Utk Bare}h 7o) 4|
2 97 Flo], §5449 ©A 32 AAEe) mEA
£8°] & T Urky AEHTh

23 999 Bacillus cereus + Escherichia colZt 771,
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lococcus aureus + Escherichia coli7} 17, Staphylococcus
aureus + Bacillus cereus7t 17102 & [140]o0, ofaf
HEE BRAA5/EATnE Bt W A7
66.7%, BIF 0.0%, %7t 33.3%, "luke] 40%, F5= 20.0%,
A5 133%, AN 222%F 0.0% ~ 66.7%2 ThES vig
< BN opaffrEle] AFF0]l ASA & TR o] ¢
A7 #dE & Jopz Azhe)

B dAFNM= Staphylococcus aureus, Bacillus cereus,
Clostridium perfringens, Escherichia coli®] 47}A] <ol
sl & 1428449 4752 Bt 28 AEES =
< AU EAFAATIE 68l 8/158 53.3%, 5El

49 821F 38.1%, 7€ 6/18%
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vegetables B. cereus + E. coli

C. perfringens + B.cereus

S. aureus + E. coli  S. aureus + B. cereus  Total

[\o}

sesame leaf

Dropwort

Chinese cabbage
Korean leek
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Pimpinella brachycarpa
Chicory
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Table 5. Isolation rates of Staphylococcus aureus, Bacillus
cereus, Clostridium perfringens, Escherichia coli monthly

Month No. of isolates ~ Total No. of isolates(%0)
3 0 7 0.0
4 8 21 38.1
5 23 48 479
6 8 15 53.3
7 6 18 333
9 2 15 133
Total 47 124 379

& Hololq FI/14E R AT 9
, 7120] & A1l 1EBol oD 7lee] RolAE
AP el e FA Aoz BT

Al

Escherichia coli O157:H7, Salmonella spp., Vibrio
parahaemolyticus, Listeria monocytogenes, Yersinia
enterocolitica, Campylobacter jejuni £2| % SH
Escherichia coli O157:H7 & v|=re] 74¢- B2 Feu A
HES obflold £2jE o7t ARAT =2 eolelx 870
e FAES ddeR 3 Atelre AEHA kY
FHYU f71EALE WdeR 3 ddME EelEA &
gkom? B dApere 7AEEA] wgich

Salmonella spp= 2=#%] k|
Ao AEE Aol ') FFAME {F71 AdolA
3.0%] AEES B AFAEA AT B dFelME
7ng;q 0ko} O o]‘— 01E._4 1:11—74}E LEC{“Q]_/] !::/\}E
ofl A €] @%@4“ ‘4&} Fdsict.

U=E HQ = k= Vibrio parahaemolyticus®] 73-% A

A7E =20l AR, Al DAL &9 2
g 3 5 AFES 29 2% el oAzt ik
werElo] At Xoleiglont HEEA FUuTh
Listeria monocytogenev Yersinia enterocolitica®] “35+=
AeoME el L Fo2 Uizl Bo] AFHI 3l
o} =2go}e] -9 ”ZOJW 0.5% HE&S By A+
FI% QAT el §71%F a2 LRl
24% Qe 47AAYAY B AT A2EX
& BFE A9 HEHA &

2
X
rlr

&)

5

Ll mR
rJ,a _|>

Lﬁ?@l——l—, Yersinia enterocolltlca«]

AT
u|E7|gogA 7|EHoR FEe] WAoo FEoh
°V§%% 5o st o 7Hee] e #o& dEA Qd
= Campylobacter jejuniz= - 7 1\—‘:— HEH)A] Lt
A 29 8RICEE 71, oI E
o3 29" &, NI, sk, =] AT 7, ¢
o, FHEAbe) o§ 0¥ T B 84Eo] /YEe] $
A, =8, K5, 7, SH, X]°j-/] tﬁﬁ}‘:‘
7}*]7]E'115)°°d57} FEAE, 5 5
Erh.P @551 Aol LEE £o)7] s AL, 7, =l
o]g-9] BE Wg 7EEsE AAt sk Akt 7t
Ak ¢ "g S, AR S21Y FARES] - A
F o= A7|Ec” 2 DAl A
HeE= %‘Réﬁﬁ\—(/\}%‘%, —Xf—E 128, ’\317\}4 71349

Hn:
p
%

r
rzi
g
;g
ﬁ
2
& g
ol
o
‘%
i
i
r&
_‘%
lo
2
L
%

s a5 u} g
o

£ A7l Qaste 408l Fliast dyees
52 ADEE siepsle] NEHY od=g AFHA 5

flom, Ak foke) 435E B o¥e) FFsAe HeirE
el AEE AEssin. ol oz A% 455 o
3 AN s AFe) t AT AFEe 75

& RoIFE ARE FHs] 4352 PF ¢ el 7]

2 ARE B3] ol T4, o] G Fakel 2]
gl 71 A Y& 9 PEe FER ARvez
£ 99EE Bo) 3Y # 8-S NoFuA Hgrh ¥
gl FWt P 3L olsAs WA @9 ol A

ek F4o] Hul 4550l 91%0] UL AT, Fo)
AT s A4s A4 2ol Austhe 47

uGE 7 B Adele A4ES AsHos Al 2
Hajo] s HABE fEslol ¢ R BuHT,

HAlS|

£ dve JARASAAT e dakies

=LY

of a7l BHe YAkel BT ede Frlse

[e]3
=

Roley. AAE AzolN FIAE SAPEE Pokr) 93}

o ZN\4aFst NAETT D Staphylococcus aureus, Bacillus cereus, Clostridium perfringens, Escherichia

Journal of Food Hygisne and Safety, Vol 21, No. 4



Microbiological Evaluation of Raw Vegetables

coli, Escherichia coli O157:H7, Salmonella spp., Yersinia

enterocolitica, Campylobacter jejuni®t 73 AF5d-S AARBIATH £ 374w tdt4E gt Avzp
ol o3 PRl FFE= AlFol drit RHAQIAIE dotir] A8l AEHAFE AR A, Alvte, H
3, B, A, &7, FUE, A $FFY okl 124718 AH Tuf Aol 2F Skt ok zziel sl &
F71A79 Hae 22x10° CFU/g HH 6.0x107 CFU/gol L, ZTHAHETE 4.1x10° CFU/gHE 9.8x10° CFU/ge =
et T 25 39RE 999] 717 F Q8- AR E RATh FEER AR F Aase T3
T2 81.0%°]2 AFTL 825%CIATE AF=F-L Staphylococcus aureus 8.1%, Bacillus cereus 14.5%,
Clostridium perfringens 5.6%, Escherichia coli 18.5%% AE=t). o] FolA 17k AAlM = F71A dol 4
ZHAch. Zzte] opAllol talM= Staphylococcus aureus?’t I ASEH A AZEC] 0.0% oA 22.2%,
Bacillus cereus7t 0.0%N A 29.4%, Clostridium perfringens= 0.0%°1 A 23.1%, Escherichia coli= 0.0%%]A]
35.0%% HEHAY. Escherichia coli O157:H7, Salmonella spp., Vibrio parahaemolyticus, Listeria monocytogenes,

Vibrio parahaemolyticus, Listeria monocytogenes,

257

Yersinia enterocolitica, Campylobacter jefuni= 7AZ A %At ©] DA AT opajolAe] WaAo) gk 71

ARE &g 7hsd Aol 7

228 10. Garcia-Villanova,R.B. and Galvez, V.R.: Contamination on
fresh vegetables during cultivation and marketing. Interna-
CHbEle AR 9 AZ, v E] | o)Es), AL, v|E F tional Journal of Food Microbiology, 4(4): 285-29 (1987).
2 oA P AlEE RUEY 9 Fo] A J Fd 11. Ueda, S. and Kuwabara, Y.: Bacteriological study on fresh
Hyg. Safety, 16(4): 280-294(2001), vegetables. Journal of Antibacterial and Antifungal Agents,

L DY, £38, M9, FElA, o0, ukEs), o)gn], 7] Japan, 26(12): 673-67 (1998),
A, oAG: F715 AiAM HFE ddde] eY9ExR 12. Adams,M.R., Hartley,A.D. and Cox,L.J.: Factors affecting the

AL, BEA A Fo O FEEA, 21(2002),
. FR, 1, |AE], o5, AYR, ol s, AR, o

efficacy of washing procedures used in the production of
prepared salads. Food Microbiology, 6(2): 69-67 (1989),

ot A2, sMdE: £F S A AaF vE 9 13 BAE—: obfe] Aot nIBE Alo], Aaiin AT, 23(2):
A= B}, J Fd Hyg Safety, 20(1): 43-47 (2005), 55-60 (2003).
AR A7 Al &4 HF ol =e] ngE 2 14. Johannessen,G.S., Loncarevic,S. and Kruse,H.: Bacteriological

N

GRAL FFAF AR, 19(2): 60-65 (2004).
AR, S, g, oS, Has, oldE, WSt A
Foll 553 ok demfel AF5Ew LFHHRA &
Zr2rol A, The Annual Report of KFDA, 7: 364~
365 (2003).

. TR ATEARIAY AFEIA, FUIEFEehRA
o4 Clostridium perfringens®] 2= ZAF 2 214 gtk
W, KFDA, 14 (2002).

. Brackett,R.E.: Incidence, contributing factors, and control of
bacterial pathogens in produce. Postharvest Biology and
Technology, 15(3): 305-31 (1999).

A FYFEAAY: AETA, AFAFFLAA,
(2005).

. Aycicek,H., Oguz,U. Karci,K.: Determination of total aerobic
and indicator bacteria on some raw ecaten vegetables from

78-115

wholesalers in Ankara, Turkey. International Journal of
Hygiene and Environmental Health, 209(2): 197-201 (2006).

15.

17.

18.

analysis of fresh produce in Norway. International Journal of
Food Microbiology, T7(3): 199-204 (2002).

Burnett,S.L. and Beuchat,L.R.: Human pathogens associated
with raw produce and unpasteurized juices and difficulties in
decontamination. Jowrnal of Industrial Microbiology &
Biotechnology, 25(6): 281-287 (2000).

. Kiran,P.A., Kamat,D.B.: Microbiological quality of fresh leafy

vegetables, salad components and ready-to-eat salads: an
evidence of inhibition of Listeria monocytogenes in tomatoes.
International Journal of Food Sciences and Nutrition, 52(1):
15-23 (2001).

Hammond, R.M., Bodager, D., Ward, K.V. and Rowan, A.:
Case studies in foodborne illness in Florida from fresh
produce. HortScience, 36(1): 22-25 (2001).

—BEF: ANEHE ok - e A Aol g
BHEB %, 31(1): 13-18 (2003).

Journal of Food Hygiene and Safety, Vol 21, No. 4



