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ABSTRACT - Red pepper is widely used as a spicy flavor ingredient in the food industry and many households.
The objective of this study was to assess the total aerobic bacteria count, coliforms count and incidence of Escherichi-
acoli, Salmonella spp., Escherichiacoli O157:H7, Listeria monocytogenes, and Bacillus cereus in red pepper and red
pepper cultivated soil. The total aerobic bacteria number in red pepper and soil were in the range of 2.97 to 8.13 and
5.91 to 7.65 log CFU/g, respectively. The coliforms in red pepper and soil were in the range of 1.87 to 6.71 and 0.67
to 6.16 log CFU/g, respectively. E. coli was detected in 3 of 54 soil samples. In 3 out 63 red pepper and 53 of 54 soil
samples, B. cereus was detected, while Salmonella spp., E.coli O157:H7, and L.monocytogenes were not detected.
The results from this study provide an important basic information associated with the microbiological safety of fresh
vegetables. Continuous caution is needed to prevent the contamination of pathogenic microorganisms during its farming.
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Salmonella spp., E. coli O157T:H7, L. monocytogenes,

O
e

N

>,

&
Q‘L

e
SO

S|
=] [e] ey i
BHS AET

w+<7(Total aerobic
AN AA 25g& FHAdHA
buffered peptone water (BPW, Difco, Sparks, MD, USA)
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Salmonella spp.2] F4H BM

Salmonella spp.2] 87874 A& AFTH el o)
AAHATGY. AA| 25 g& 3] buffered peptone water
(BPW, Difco, Sparks, MD, USA) 225 mL7} @742 24
% stomacher bagell ¥ % 7] (BagMixer® 400, Inter-
science)Z ©]-&-3le] 287 #A3} 3 o} 37°ColA 244
7 et mgEan. S7E 4 1mLE Rappaport-
Vassiliadis broth (Difco, Sparks, MD, USA) 9 mLol| ¥
42°CoA 24717F &<t 22k St Wikt 23k S+t Hl
e A2 Xylose lysine desoxycholate agar (XLD, Difco,
Sparks, MD, USA)ol| SXA=2gt & 37°Col|A 2447 &
QF viFtTE vl § ©]Al= = colony= TSAO 7lth
Hj %3t ) latex agglutination test (MicrogenBioproducts,
Camberley, UK)Z 313}, 42 28] PowerCheck™
Salmonella spp. Detection Kit (Power check PCR kit,
Kogen, Korea)E ©]&3}a PCR (Biorad, Hercules, CA,
USA)Z 2133 th. PCR WH3-olA] DNA 5 uL primers
10 pM =2 2% H71etal 33 Ed S/FT= HE vt
84S 20 uL=E A3} Th E3F PCR thermal cycler
o] ukg ZAL 95°CollA 1087} predenaturations A
&l % 95°Col| 4] 30%7} denaturation, 60°CollA 3037+
primer annealing, 72°Col|4] 30%7%} extension®] 27102
35 cycle 3313, final extensionS 72°CollA] 107}
BT PCROY o8 SFAHES 2.0% agarose gel
7195l of=f glstint
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E. coli O157:H72] J’d= M

E. coli O15T:H79] 4737 #4& AFFH Wil 9
af AAEATHY. FA 25 g5 F 3+ modified tryptone
soya broth (mTSB, OXOID, Basingstroke, Hampshire,
UK) #lA] 225 mL7F E190= B+E stomacher bagel] ¥
o] 72 7](BagMixer® 400, Interscience)E ©|-&3l] 287+
FAG 5 37NN 24417 Sk gk, FRE e
Sorbitol MacConkey agar (SMAC, OXOID, Basingstroke,
Hampshire, UK)oll €4 =231%157, 37°CollA] 24A17F &<t
v ¥t vl & 24 == colony= TSA® ZAlthul <
Sk & latex agglutination test (MicrogenBioproducts, UK)
2 Fgosiz, FHE 9s PowerCheck™ E. coli
0157:H7 Detection Kit (Power check PCR kit, Kogen,
Korea)2 ©]&3} PCR (Biorad, USA)E 213}ttt PCR
w304l DNA 5 puL primeres 10 pM %2 2% 718}
a3z Hit SRTE AT TEEAS 20 uLE 2
. T3 PCR thermal cycler®] WEE 272 95°ColA] 10
95°Col A 30%7F
denaturation, 60°ColA] 3027} primer annealing, 72°COllA]
30%7F extension®] 7S Z 35 cycleS 33}, final
extension 72°CollA 1027+ AAIEF3ATE PCRe 23 5
ZAAEL 2.0% agarose gel H7]gFol 23] Flslint

7F predenaturations AAIF F

L. monocytogenes?] 7§/ H B

L. monocytogenes®] /37 A2 AFFH W 9
& AAF AT, AA| 25 g& FH 3] UVM (University of
Vermont Medium)-Modified Listeria (Difco, Sparks, MD,
USA) 225 mL7} E9]30+= Y% stomacher bagol] ¥
o3& 7](BagMixer® 400, Interscience)E ©]-&3lo 287+ «
A3} g vk 37°CollA 24A17F Sk vttt S
o) 1 mL<S Fraser Listeria broth (Difco, Sparks, MD,
USA) 9mLel]l Y& & 37°ColA 241 7F &9 22} =4
HjFat . 22 S® 2 antimicrobic supplement
(Bacto™ Oxford antimicrobic supplement, Difco, Sparks,
MD, USA)E #H7}gF Oxford agar base (OAB, Difco,
Sparks, MD, USA)ol| XA =3s}9 32, 37°Col A 244 7F
EF wjeFetdh wiF § oJ4lE= colonyE TSACN 7
gk &, PowerCheck™ Listeria monocytogenes Detection
Kit (Power check PCR kit, Kogen, Korea)E ©]& 3}
PCR (Biorad, USA)Z &<l&}3ith. PCR §H3-o4 DNA
5uL primere 10 pM =2 224 H7ISIA 33 €@ 5
FrE FHF 89S 20uLE -39 U S PCR
thermal cycler®] W3- 712 95°CollA] 1027} predenaturation
S AAIEE ¥, 95°CellA] 3027F denaturation, 60°Co4] 30
7} primer annealing, 72°ColA 30%7} extension®] =71
Z 35 cycleg 33}, final extensionS 72°ColA 10
7k AABEATE PCROY o8 SEAY =2 2.0% agarose

fE o b
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B. cereus?] Y= M

B. cereus®] /34 A AEFFA WPl o8 A
Ao, A 25 ¢& F3F buffered peptone water (BPW,
Difco, Sparks, MD, USA) 225mL7} £°J= Hd¥
stomacher bag?l] ¥o] 2 7](BagMixer® 400, Interscience)
£ o|&3dte] 287 #43}F § th3 Mannitol Egg Yolk
Polymyxin agar (MYP, OXOID, Basingstroke, Hampshire,
UK)ll =2a1aL, 37°Coll A 242417F &<t v Fstsint. ul
4 T 94H=H= colonys TSAC Althg &, PowerCheck™
Bacillus cereus Detection Kit (Power check PCR Kkit,
Kogen, Korea)S ©]&3}] PCR (Biorad, USA)Z <13}
Atk PCR HES-olA DNA 5 puL primers 10 pM &%
28 H7belal 3k Hit SRTE HF EHS 20 uL
2 Z™3I¥ Y. &3 PCR thermal cycler®] WHE- AL
95°Col A 10%7F predenaturationg 2 A] 3 % 95°Col|A]
30%7} denaturation, 60°ColA] 307} primer annealing,
72°Coll 4] 30%7}F extension®] 27O 2 35 cycles 33}
37, final extension2 72°ColA] 10&7+ AAJsith. PCR
of o3 FZAYAEL 2.0% agarose gel A7]19 50l <]l
gelatsint.
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FATA F9948S AFs

Results and Discussion

02} M| EY Fo] YuiE-2t tigTE, e 2

gz

TS 1F A EY A FEE 20179 794 1087+
AFA F7F F N sV AR AEE AFH )
ATk 23] AMAHTE 2AFSE A3 (Table 1), 157} 32
Zo] dukAlFSE Ht 5.60 log CFU/g, II'57}F 3= 3
- 4.96 log CFU/g, III'E7} 223= H4 5.19 log CFU/g, IV
57F 25 it 6.18 log CFU/g, V&7t I35 Hi 6.26
log CFU/geIAtE. VE7F 359 dutal#57t vh& 4719
F7Fs vjel] 27 B4} Park 502 315271#2] HACCP
A= AES A% M= flal A AelA aF
o] MAE A A3 At Al#4E= 6.0 x 10°log CFU/gS
2 HASHAL, 2 9 A mAES BT AEHA &
UTHAL BT Woo 509 Aol wEW 7R Al
GA ] mMAESH QdE HIleA IRkMFFTE B
337 log CFU/g AZHAT. 25 A2+ 7o GAP
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Table 1. Population of total aerobic bacteria in red pepper and
soil

Total aerobic bacteria (log CFU/g)

Sample ~ Farm n" -
Average Max. Min.

5.60+1.22"2  7.65 3.96

I 12

I 12 496+1.55  7.12 2.97

Redpepper 1l 12 519+1.14° 721 3.19
IV 16 6.18+087° 7.8 4.77

V11 626+094° 8.3 4.92

I 12 648+038"  7.46 6.03

I 12 626027  6.79 5.91

Soil m 9 632+035%  7.06 5.98

IV 12 7.16+029° 7.5 6.73

V9 677+£023 735 6.48

"Number of samples analyzed.
2 Average with the same letter within a column are not significantly
different at P > 0.05.

Table 2. Population of coliforms in red pepper and soil

Coliforms (log CFU/g)

Sample  Farm n"

Average Max. Min.

I 12 4.78+135" 637 2.10

I 12 4.01+1.24 5.36 1.87

Red pepper 111 12 4.05+0.98 5.69 2.23
v 16 5.12+1.23 6.71 2.38

\Y% 11 421+0.63 5.46 3.36

I 12 3.75+£1.57 6.16 0.67

I 12 391+142 5.58 1.00

Soil I 9 4.66+0.37 5.05 4.16
v 12 485+1.12 6.08 3.23

v 9 3.29+£0.94 5.35 2.30

"Number of samples analyzed.
Y Average is significantly different at P > 0.05.

2d e 9g flsia T2 3 Shim 59|
T&3 A ot 3 ol A ARk H# =
2.9~4.5 log CFU/ge. 2 HAZE UL, Nam 5299 Aol A]
B 25t a3oA dubdgo] 1.9-4.8 log CFU/gS 2
AZ=HA=H 2 AFolM= 2-3 log CFU/gXéE 52 F
T8 AZHAUT. EQFe] dvtMltrE A 27K (Table
1), I's7F EFO I+ H+t 6.48log CFU/g, IIE
7} ES W 6.26 log CFU/g, IIIE7F EXS Ht 6.32
log CFU/g, IVE7F B2 Ht 7.16 log CFU/g, V7T &
e H 6.77 log CFU/geIUT). 1VE7F B2 dut A
a7k 7P EJHE Shim 5298 20] Au) B 74
E oEE gRls Hal A, An) 2 FIEEAR 7

Table 3. Incidence and population of E. coli in red pepper and soil

E. coli (log CFU/g)

Total number

Sample

of samples Average Max.  Min.
Red 63 0 ) ) )
pepper
Soil 54 3 2.06+1.63 436 0.83

UNumber of samples detected.

sfo] 5 33]0 AA AdE 24S AATSIIAL, 7.1 log CFU/
g9l drbHleto] AEHJATH BT 797 E
F B WA 5 JHFshe Bt FHAC wE 2HF
£l 2o & APt AAZ Parsley, dille] tF2 x4 H]
af A7t Bes JERTE). S A A3
(Table 2), I'57F 23F2] W5 Ha 4.78 log CFU/
g, I'57} 2% H 4.01 log CFU/g, N7} A53E ¥
 4.05 log CFU/g, IVE 7} ZFE < 5.121og CFU/g, V
F7F AFE B 421 log CFU/gOIATE. ViE7tellA At
A7t 788 =4 AEE AW d3tels 92 IVerh
F7F t& e ke HlEl 23 & WAAHTTE
et 227 AxdAe] e ed= Bt
o thgt AFE 3 Woo 509 A3 Aol ofshd it
7 0.70 £ 1.14 log CFU/ge] 7AZ= 9tk Kwon 528 A]
0l A7FRS] QAEE FAE Aol ol
FANES UEPAT L BT Lee §7 ZLE7HE
e P A Ee Ag Aol thdto]l 2.8 x 10°CFU/g
o2 et 435 RIEkAY 157t EFe W2
£ Hit 3.75 log CFU/g, 157} E%S 4 3.91 log CFU/
g, N7} E%S BT 4.66 log CFU/g, IVE7} EXS &
I 4.85log CFU/g, V&7t B H 3.29 log CFU/go]
ATh IVE7E] AFoX Tt 7P = AEE
KA A} T VeI EYE tE ] e
o vl #& AT E UERA 2 AFE Hol B
Fe] MAE LHETt AES] edEdE FFS WA 7t
S0 Atk Azt digdde §3S Ealste] 7t
2 RS dAshE O 549 olxE WEXR ¥v 7
S Az 202 gigaae] HEHH Hddel A
= el A= g A 7FsAAE gt of
a5 24V A3 (Table 3), 570 &7 239t Aw) &
F NE F EY 37(6%)2] A BMTE Bt 2.06 log CFU/
g9l tigsto]l AE=HAL 71 57t liowb o ato]
A8 AEHA Gt 1 g+ 74%*1 = U AR

o ff

Ag )4 (EPEC) S E
455g God % AT %LHOM DEIT B B
g4 welE ARl Be HAN el BE Ave
ool XA WKTH. mehd TF DEFRe] 2G7be
ol e Ugel e FF AT} olFolAok T 2
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Table 4. Incidence of foodborne pathogens in red pepper and soil

Sample Farm n"

Foodborne pathogens

Salmonella spp.  E. coli O157:H7 L. monocytogenes B. cereus
I 12 N.D.? N.D. N.D. N.D.
I 12 N.D. N.D. N.D. IR
Red pepper I 12 N.D. N.D. N.D. 2
v 16 N.D. N.D. N.D. N.D.
v 11 N.D. N.D. N.D. N.D.
I 12 N.D. N.D. N.D. 12
I 12 N.D. N.D. N.D. 11
Soil I 9 N.D. N.D. N.D. 9
v 12 N.D. N.D. N.D. 12
\% 9 N.D. N.D. N.D. 9
"Number of samples analyzed.
IN.D. = Not Detection
Number of samples detected.
o BUAT F AF GF LIME UL PR IZMRY §F F ARE QWRE 2 A3, B
S =43 Song 9] A7 ZAdo] w2 A ] cereus?} 6.57 log CFU/go 2 74€ﬂ°i‘3}5’_ sttt ol ¢k
FHOE AT WS AFF 7S Adewt fAREH B A#XE B cereus’t L5 6331 F 37
EAe7] wfszel EHO R Qg o] Y 2 A3 (5%)°1X AZHJL Al EF 548 F 537 (98%)°) A
AL, AFEe B AxAlger el AHSEHMP Ege] & ASEUT & AdFAFM = Fsh An Bl B
A AET S AT, HES 909N 50l AOEE  cowsE AT WAY AT 09E HE Ao v

A g A7 s
Do} Xul EY F BLY WS QAT
HAA nAEL AZs7] Ysle] ZF AJEE selective
enrichment broth®} selective agarollA B]<FslaL, vl &
selective agarollA] 2]4 == colony= PCRZ <13 A3}
A9} BEoF 77 oA Salmonella spp., E. coli O157:H7,

L. monocytogeneso S A8 AEHA LRI, B cereusTt
T, BEY AlFoA AEEATH(Table 4). 2 52 Aol

40}% 4~7900 F71vF Ego R At A3 Salmonella
spp.2t L.monocytogenes7t ¥ 4.0 log CFU/go.2 HZEF|
oY, Song 5 AE71E AlFOlA EPECCEHE HYUA
EHEC(Z}_A— /H EH
ZF+t, enteroheamorrhagic E. coli)d, ETEC(HE S49A,
enterotoxigenic E.coli)d < 74ZE]7<] kot 50702 Al
g T 189X EAECCEH H24d tl7d<, enteroadherent
E. col)Bo] Aoz Fagdri sttt Islam 59
E. coli O15THTSE 2 HE Enol| ofsf WA i+
o] AF WMo R A4 F Arkal &1%l3L, Solomon 5
o E coli OI5THTO.2 Qg opyd= mal2 5] 9oz
9] olF 7FsAdel Atk stk wEbA, AEss BA
o] AR Apekg flal Egkel WA= = HAd v
Fo] ZEZ o]E3

Shim 5>¢] Ao .40}134 WA vAE F B cereus
7 730 1.0 log CFU/gC 2 AEHUL

7+, enteropathogenic E. coli)d

A=

BAT
SARE A Bl i AT A S Tkl wab
5

BE Q% AFE ALE oYelol drhn Az
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(6%)°1 4 0.83~4.36 log CFU/g =522 AZE Ut} 570
F7Fel &, Al B A JNAM Salmonella spp., E. coli

O157:H7, L. monocytogeness < & = A
cereuse 15 6371 T 371 (5%)NA HEHIZL

o)
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e E
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