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Abstract The aim of this study was to investigate the prevalence and frequency of food-borne pathogens in unprocessed
products such -as grains, tubers, vegetables, and seaweeds. Three hundred and twenty seven samples were purchased from
the retail market and the supermarket in the Kyonggi-do and Seoul areas, and washed with running tap water for 4
minutes. The total aerobic bacteria count was approximately 2 to 6 log CFU/g and the highest counts were 6 log CFU/g
for lettuce and sesame leaf. The coliform count showed 1-5 log CFU/g and the highest counts were 4 log CFU/g for
lettuce and carrot. Escherichia coli was detected in seven samples of white rice, sweet potato, lettuce, sesame leaf, and
cabbage. Clostridium perfringens was detected in six samples of brown seaweed, laver, lettuce, and sweet potato. However,
Bacillus cereus contamination was found in more than 30% of brown rice, carrot, sweet potato, lettuce and sesame leaf
samples, and some of these showed contamination of more than 2.0 log CFU/g. Therefore, these results suggest that pre-
treatment with sanitizer to remove Bacillus cereus in such products is necessary.
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B. cereustt-& AAAN) de] B¥slq AzE FiE, ALF,
7 59 A3 gy 2= U5 AR FHE F oM x A
25 (L perfringenst-& EYCERE opFe w0l
dzlo] AFES opIAZITH@). WA A e Havkd
FAE B2 AHAAELANM B cereus, Cl perfringenstt<-
TES dod F U Aol AT olF HFe] A F
ER, 728, °BlR, sI2F5olxe 29 Sgxrt B4 =olo
g Zom HRITh

HF=q0 sl HEFAe de e EHASAAY
o ole] 7h, 7HEZREE X ¥ 2R HHske 7
Fo = EA wlkel Sabmonella spp., Staphylococcus aureus,
Vibrio parahaemolyticus, Cl. perfringens, Listeria monocyloge-
nes, Escherichia coli O157T:H7, Campylobacter jejuni, B. cereus,
Yersinia enterocolitica & %5-=-wo| AEFoMw ohjEal o
AlEo] Qluks). el ZEole BAFY THEAE g B
cereus, CL. perfringens 50| that G2 vAE 47150 4
A=lo] AlE ). o33 HE FFATIEH olE AE
AEZ ARREHE AAd] dig ndE F2 S FFEA £
o] @FHT

wEhd B e ghEele] gatdlA HaA vk dHER Fe
AEHE HAY ¢ Jde Tt HELAR F2 FEFR, T
o5, Aa2F, S2FEo dutdlE, dE, E coli, B. cereus,
Cl. perfringens, S. aureus 52| UIAYE QLAERE EA3LA; 315
ok ol&d olE AF4A Y HAE Fdd i FFHA 29
B A= v AE98) % 7Hmicrobial risk assessment)ol] &) Z9
g AEE F8F £ g Fes BAth

B 3oto

L



n)7

;g

FR A E

Table 1. Unprocessed agricultural and marine products used in
this study
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Table 2. Total aerobic bacteria in the unprocessed agricultural
and marine products

Sample classification Number
Cereal White rice 27
Brown rice 25
Carrot 44
Tuber Sweet potato 32
Lefttuce 37
Vegetable Sesame leaf 37
Cabbage 40
Laver 33
Seawced Sea tangle 25
Brown seaweed 27
Total 327
VELTET

S5 AZar) 23

2 499 A ARE A% 2 AN98 FHow
=g A2 I St 227 9%, 2
765, AT 114%, SR/ 85F T F 3275 (Table 1) 7ot
o AHgskt.

AE 2Xo] MAE| F MH

zZtzkel A E= 74 FA] sterile sampling bagell AFH M ice
boxoll @ol APHR fwkate] AFFHG) HAHA U= F
N4, dAaF, E coli, B. cereus, ClL perfrigens, S. aureus
o HIBES AEFTHY W, F2 o wigsty H’Ho}ﬁiq
AN EE &, A5 AEEHY ofEde AASY) et 9)
Arld e FEell 52 Bl 47t
A xS ARk

BE ZAE ART W) AMEEE &7 R 8709 43 Il
A olgEE MiA E 71 121°C, 171elA 7ieF ERSIaL,
BE ANEFE clean bencholld FaA o= A=Art A& 25¢g
- 225mLe] 0.85% Bt A NY4E F-d¥ stomacher bag®l
Yol stomacher(JUL, Barcelona, SpainyS ©)8354d 1207 432
slgk the AlY Aoz Abgaiict
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AN

:5_‘_
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A3~ clean bench

¥ Mzel =zl2t &3

dubAlE: AHHE AY 1mLe 3K ImL 085% B A
g Ada g go] X sMg & plate count agar(PCA,
Oxoid Ltd, Hampshire, England)E& #F, 3-3LAIZ1 petri dishol
=@l 37°C, 24417k Wi ke & ks Alsidih

\r

A Ade] 242 AEFT4 F deoxycholate lactose
agardl] 2%t eyl whet APt A 1mLs Fete] "t
A Adao) AR 34T T deoxycholate lactose agar(Difco
Lab., Detroid, MI, USA)Oﬂ L:_UE‘-Q}O% zsﬂzﬂg ;Qs:lx%o] oLxJAu zl
2o} opisle Hetes vl 2%t B ARsiic

E. coli: X488 7Y 1mLE FH3dl 104 343k eosin
methylene blue agar(EMB, Difco Lab., Detroit, MI, USA)o| &
F o 3 37C, 2407 vtk EMB agaroll A HAle]

&4 FeS He FJeg MAste] chromogenic E. colifcoliform

Total aerobic bacteria (log,, CFU/g)

Sample

Mean Min Max
White tice 431126 2.00 746
Brown rice 541+136 3.36 7.58
Carrot 5.17%0.76 3.90 6.58
Sweet potato 5.07+£0.88 3.85 6.88
Lettuce 6.4310.72 5.14 8.23
Sesame leaf 6.10+£0.57 527 7.16
Cabbage 512£1.34 2.00 7.66
Laver 532+1.45 2.78 7.14
Sea tangle 3.53+2.03 1.30 6.79
Brown seaweed 1,98 +1.23 1.00 528

medium(Oxoid Ltd., Hampshire, England)oll =% % Hapd) Hgt
& A JEFe A8t IMVIC test(indole production,
methy! red, Voges-Proskaver, citrate utilization tes)= 1 8Fi{t}.

B. cereus: AATE A 1mLE F3td 107 34&te] MYP
agar(Oxoid Ltd., Hampshire, England)]l &% ¥ 37°C, 2447}
vjokstitt. MYP agarol Al Gram staining, nitrate reduction, PB-
hemolysis, eosin pink opaque haloS H& & e sl
hemolysin BL gene®] s133l= Abld gened targeto 2 &
primer HblA1(5-GCTAATGTAGITTCACCTGTAGCAAC-3Y), HbIA2
(5-AATCATGCCACTGCGTGGACATATAA-3VE  AH-3Fe]  diar-
rheal toxin F+¥A-& PCRE #R1IEIATHE,7).

S, aureus: A 1mLE F3o) 10% NaCle #7& myptic
soy broth 10mLol 718k & 37°C, 24A]7k it i ksto] uj kel
& Baird-Parker agar(Difco Lab.,, Detroit, MI, USAyl =&ks]
o} Opaque haloZ 717 A&l Hekg AH8IA S Gram pos-
itiveZ 18t B coagulase testS AABI] a7t dojubd o
Joz AAsich

CL perfringens: 1% 1 mLE 3} cooked meat medium®]
ol HEo| HEsle] 37°C, 24417t vty Fdol 2ad 7
2= vgo] H7}E reinforced clostridial medium(Difco Lab.,
Detroit, MI, USA)ll &4 wiokele HEsle] 37°C, 24117+ 7]
Hjrs A B2 Aol A4 2mm = oFF E7)E &
gao g Fjol TEhg WAgto] gle RH

RIS B 4

Gram positives
#9133 primer  al(5-TGCTAATGTTACTGCCGITGATAG-3)),
a2(5-ATAARCCCAATCATCCCAACTATG-3YE ARE-ste] PCRE
Cl perfringens®) o-toxin® AHTE FASAUTHR).

= Table 2" 3% 7EH:}, Qul AFrE TEBA "oyt 10°
CFU/g, F25olrE 90l 10° CFUlg oBifFoMe 57t
10° CFU/g 283 slafFolMe 710] 10° CFU/ge] szo 7}
A 99do] Ak Aoz e S} obgEE Aol A
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Table 3. Viable counts of coliform group in unprocessed agricultural and marine products

Coliforms (log,, CFU/g)
Sample Detection ratio (%)

Min Max
White rice 14/27 (51.9) 320£1.25 1.30 5.26
Brown rice 14/25 (56.0) 3.62+1.06 1.90 5.09
Carrot 27/44 (61.4) 3.83+0.83 1.60 - 5.10
Sweet potato 20/32 (62.5) 3.51+0.99 1.90 5.48
Lettuce 22/37 (62.2) 3.95+0.93 2.11 5.08
Sesame leaf 23/37 (62.2) 341£1.12 1.48 5.66
Cabbage 19/40 (47.5) 2.87+091 1.60 4.49
Laver 2/33 (6.1) 1.394+0.91 1.00 1.78
Sea tangle 0/25 ND ND
Brown seaweed 127 (3.7) 2.26+0.00 226 2.26

Ynot detected.

qrE 10° CFU/g 522 U8 FERTE 2 nA4E
BEE B F3 e 55| A3 Agole F 37y &
AF °F 20%7F 107 CFU/g o)de] L9FES Bt o8t &
A FFF7E 10-10° CFURY 54U A A4S 93 A
A7 glo] H4FT A AFES dod 7154de) JuEYE &
7] w2l AN FAVE e AeE BITHO,10).

AZAAF AT 29T EAAH e ELR M
F4Z%, 2 ofF WA AEHN o tE AFENME 50-60%
SHEEE BHYrh 53] 2, A 2853 AYelA 60% ol de]
ANBoM AEE IS iy 7MY 22 RESFES
Hel A5 AS digdd B4A 7HE 22 2ol Ho A
on 1 8] BRAAME 22 £ o] AEHUTH Table
3). A&FolAE Aol 6.1%, 79 3.7% 23 HArllX = 4
E5A] Wl Y2 AEES vERA o 1 9] AlEeME A
Z5)A] FSht).

wEhA Ee|, B, A, AT FES U
E80 4270 FAS AFzlE 2 olF Adg A
12 $7F g3 A GRS Helsle] L9MTFS AU
A7l =go] a3t Aoz Held
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=AME MEMI E E colit S aureus?| 2YEM

SFNE AFEAA F E coie F R7EFTA 7Y AE
A AEHJIT A3 w7l A, AY 275 dilFds HE
=gk 3l Ado] b 6.3%(2/32), 54%Q2ANE B3RO

& 37%((127), A 3%(1/37) 2 FulSedlM s 2.5%(1/
37N AEEL FRIEIh Cho TN Yujde] mAELY
T AFATH E colic AEEA 230 Nascimento S(12y> %
2N E coli AZ2AF 107] AEF oA AZEHA ekskth
FHZEIA <10 cells). WebA 018 AFLANF E coli®] LI9EE
s oeksl EXE Ho|n AR wE Rt AT Qe
Ro=w AZtEH

S awreuse YuFRo g Auiat 2, mAES 2L vrlE F
AREH AENA TF AEHe ToE AS5E AUFE AR,
22 2 29 37 da] EEEL dE B 54y HF
= Folth13,14). olH 8 S awewsE F 327%Q) AFA Ao
A 1AGRT%el AEHNeH e AFaAdME HEHA &
B} S qureusd BA) F8 AFFgolt AFLAL HFA
o8t wate o] FH 2EAES Aoz Kol A F4atk
E4Ad] 29 Q9L B A0FE HolA| ¥gith

R
T X

White rice Brown rice Carrot

Sweet potato Lettuce

Sea tangle Brown
seaweed

Sesame leaf  Cabbage Laver

Fig. 1. Prevalance of B. cereus from unprocessed agricultural and marine products.
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Fig. 2. Frequency of B. cereus from unprocessed agricultural and marine products.

STME MEAX & B cereus?] 2YEN

B. cereuse TEY AAE fFUshe 255 Aao® A $
guiete] Eokol g 9= v vEER, oM F3HE
Hol| 81%2 QLUEE HolT o] AF kA glo] & ¥A|
HoZ AAXI Q). HZole Thkdt Bacillus 50| 2%
A HAET Qom T FME B ceeuss AEEL dod|=
Fo% vAER AYFT ATHI5,16).

B. cereust 317, oB oA o] AZEn 2Edue] lo]
A BE 10-10° CFUg HI7E fEdTa A8 Adek17). &
Tt AFEA F B cereus LVFA AFE Fig 1 E 29} 7k
FERNAE & 54(18.5%), Erl 134(52%)r] AEYEd A
mjella) 7 we) AEENe 293 EE AoA 10' CFU/g
el HElA #Anldl M e 10?2 CFU/g 752 B. cereus?} 37
(12%)°] EAHAUTE

g2FolA= 10 CFU/g vITke) B. cereus7t 7oA 471(12%),
ThAlEbol A 274(8%), 22T wielA 10" CFUg 5208 571
(185%)°] AEHUT. F2R/F F2olMe T 1580341%), I

247 bp—>

M 1 2 3 4 5 6 7

Fig. 3. Detection of o-toxin genes of CL pergringens isolates from
each agricultural and marine products by agarose gel
electrophoresis. M, 100 bp DNA ladder; Lane 1, CI perfringens
KCCM 12098; Lane 2, sweet potato-20; Lane 3, lettuce-4; Lane 4,
lettuce-27; Lane 5, laver-32; Lane 6, brown seaweed-22; Lane 7,
brown seaweed-26.

Tt A= 1770(53.1%)0] ERIFIeH I5 10° CFU/g 552
B. cereus7}t B3 AutolA Zk2k 17, 370 AEHUTE ©
g AiFAME B cereus7t AAFOlA 1171(29.7%), ALl 18
Ad8.6%)0l HEFUSLE 107 CFU/gel3le] AEERE AF55S
frareh 4 Qe Ve 3A &8 AR ARRECK18). 17
U} oo]F AYETe] AR AFME 10° CFUg 59 B. cereus
7Y AEH o)F Ay Aozt Bog Aoz AR v
Mo} ol dAE|et ¥ HHse TFAES Aol 4TE] A
e Aoz vegtou AxgHE T2 Havks dHEe
AMaFm5ed ASE B caeus’t FAT] E & U2 HoT B
o), web do), A AYSE Mg JERe dHA e
B4 olele B dAy Fevt o¥ Ade ¢ v A

At

STME MEAN E Cl perfringense] 22BN

Cl perfringense 714002 Widskyd F olXFAHI HE
o] 7}t enterotoxing AJAeh FE 2L J1EF, FEA B
HAF 7E A BEA] YT E & A @2 ARl
A ARG &) CL perfringense A%, 71T, Aok, A
8 5o 3 EAET20).

EFANE HELAZS CL perfringens?] PCRE E3 a-toxin

6 -

0 IR <:occ.cc.0: I S -2 W |

Sweet Lettuce(37) Laver(33) Brown
potato(32) seaweed(27)

Fig. 4. Prevalance of Cl perfringens from unprocessed
agricultural and marine products.

Ratio (%)
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o] Ajatel B Blol A Fig 33} 7Zon HEEL Fig 49 7
oh, FAA AFESAF 9, A, 45 2Fa 2repia F3EEA
om el 271(7.4%)p) AEE ] THE BUTh AFoliME 2
7(5.4%), A¥ IeplA e 2z 1710] =S Chang 5
Gy A29YE F dv], B, 55, E T F2 IFAA 10?
CFU/g ©|3t2] CL perfringenss BAstAh T3 Cho 5(10)2)
AFAG FalFolMe CL perfringenses AEHR] o] E A
TAFAS} Ao, =] F8 AES CL perfiingens?] T
g BUEY FA3, A offellA 4% AEHAUTL B
# vk dth(19). 2y B AEs AFEARASY CL perfringens
T SEAE ZA U LHAEIL 10 CFUg ©l8t= ol&
2ES AH AFAT Nddle A7 2 87 IXe 28 R
2 RO} olf &AE /et LAllEd fEAYE CL per
fringensell A& AlojdA)7t QT 7oz Helh

2 o

T A7 EY AZo) uE vrkd A HEF Haok A
Fo] aM7} ZUFEEA AEAA Y nAELFES AE AN
A7 E 4 Stk 2 ApoME $91o] Widolla we) 43
3L e FER, T2F, °KIF, SIRF SolM nAE 298
24316t A AYdA fEEHE FRAES 2, &
w257, B@4a7l), Z7eR320), @70, RLGTN), Sl
F@o7N), AEIN), AR, WG9eTEY 327 AES B
Ak N EE T 3EE BolX 487 AR uyE
29E 2439k AutHlFSE 2-6 log CFU/gE EEEHo] 3l
Rom Algo wE Wsrt AAgTh 53] Aot Aol oF 6.0
log CFU/g2 713 &9kor, nlge] oF 20 log CFUE 713 &
L 0dEE RAY. UFEE 15 log CFUgRE X3 AU
oo Ageitt Wz UQED, 459 w2e] 9k 40 log CFU/
g2 B QYRS el E colis & R2INES 77i0) AL
Tuh, AN, &, A3, PFl AEEJCH S awreusE A9
HEHA LUt L perfringenss & MNEZF vy, A, 4%, 1L
FabsolA 6do] HEHJTE 23U B, cereuss AV, B2, I
Tl A5, AN B 30% o) 28] ew Hu|, ura),
Az, A, dulFME 20 log CFU/g ol A28 ANEE 9
Aok wEpA] FEE] xR ol AFske AFaAC g
B. cereusE AAsE AAEt 2oge & £ AT

ZAle| 2

o] ATE 20059 AATSE oA Qo ojFo]
Ho® olo] AAEL AlelE EeTA T},
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