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Distribution of foodborne pathogens in red pepper and environment
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Abstract This study was performed to investigate the extent of microbial contamination, the presence of enterotoxin
genes, and the antibiotic susceptibility of Bacillus cereus in 58 red pepper plants and 43 environmental samples (soil,
irrigation water, and gloves) associated with the plant cultivation. The detected counts of total aerobic bacteria, coliform
bacteria, Escherichia coli, Bacillus cereus, and Staphylococcus aureus were lower in these samples, as compared to the
regulations of standards for foods; moreover, pathogens, such as E. coli, E. coli O157:H7, Listeria monocytogenes, and
Salmonella spp., were not detected. Genes encoding hemolysin BL enterotoxins (hbl4, hbIC, and hbID) as well as non-
hemolytic enterotoxins (nhed, nheB, and nheC) were detected in 23 B. cereus specimens that were isolated from the test
samples and had B-hemolytic activity. Interestingly, B. cereus is resistant to fB-lactam and susceptible to non-B-lactam
antibiotics. However, in this case, the isolated B. cereus specimens exhibited a shift from resistant to intermediate in
response to cefotaxime and from susceptible to intermediate in case of rifampin, trimethoprim-sulfamethoxazole,
vancomycin, clindamycin, and erythromycin. Therefore, the levels of B. cereus should be monitored to detect changes in

L%k

antibiotic susceptibility and guarantee their safety.
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AtoIA ol = AR, EEtRolE AR, #HEit
ATHYi 5, 2019). 5= T2 FAFRT}
, 4-89 Atolell ATt Aul7|7t FF 7120
7F Zrol mAEoly Tl AHE ThsAdol =oH,
o] F AEe= st fall v S4 7ol =
gk, A Al oA Aol mel wxked e ThsAd
E=T}(Jeong 5, 2018; Park®} Kwon, 2015). 3 215, I
T VM FHEe e VRS ARA geEE B
Woll EAske= vd=Ee] a2 A2 < s Adl 3l
(Jung 5, 2012).
20161 ml=rollA] HAISAE A 3159 Salmonella 292
Qg 25 Apzle] WAE o™, 20082t 20101 Salmonella
sppoll QHE AM IF=E Qe 255 Alzlo] FDA| <J3] X
2= A THMinistry of Food and Drug Safety, 2017). Centers for
Disease Control and Prevention (2021) X370l 2jshd 7 A
=, Ak, g AR L, 2UA AFNA Samonella
Typhimurium, Escherichia coli O157:H7, Salmonella Newport, E.
coli 0103°] LFEeH o2 s 255 Alart LA Th
3 RIS 20143 Clostridium perfringens®] 71545 Z3}
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(Ministry of Food and Drug Safety, 2014). J.3=ollA] thd3}
Bacillus cereus’t &% 2™ (Jeong 5, 2018), A9} FZollA
B. cereus®t E. col7} AZEATIL BAE(THKIm 5, 2017). 2
37 AFE 7 2 4] s AlXH|AFY] A
Salmonella®} FEE] S EFE0|oloF 31, B. cereus 10°
CFUlg, S. aureus 10 CFUlg, C. perfiingens 10> CFU/geZ
Al=]o] Atk Ministry of Food and Drug Safety, 2021).

SEvehs @A sk dig vAE HEr)Ee] gle A%
old, AmEANA FAHES] WG rAE SFUHE ZAS)
A FHES RS Wrkete dl o] ulg- Fasitta
& Aol o]o] & AE xS g Wdd Al o
AANE RISt S 2 FoA Bol HEHE B cereus®
Aol FAA el sl ATste] FAkEe dig AFE
o] A HPAS Hrtetal FAREC tig s #E7)
=9 712 A7 FRE 98t FAsA

o rir

>

ol dHid
= 2 9HH

o WFE FRSHAO, 3FG EF, A4 daud 5
2= ul
o

2F3Ae] vAEA G A mAE AES FAEHA
THMinistry of Food and Drug Safety, 2021). 39} B2 9|4
AE AT, g7, dd)e] A4 248 980
ZA 25gS BPW (Buffered peptone water, Difco, Sparks, MD,
USA) 225mLe} &etar 287 #dsleid). 7t sMsx i

FHE AE 1 mLE AZZE9MA(3M Petrifilm aerobic count
plate, 3M Petrifilm E. coli/Coliform count plate, 3M, St. Paul,
MN, USA) 53k 35£2°CollA] 24417 aF3taact. el &
AZZEA fol 4" F24 JeE At Akl
£ ZA4sislen, 7|25 71 F24 g 524 J=E A
stod gt dt s 3930t 43 SR BAH 2
< S8 B 7 A2 gt 25 ¢S BPW 225mLe) 2%
b #AsEIAYE AZEWAE o]&ate] ARt UnbAlFret
A gF S SHATE LT WA W
Colilert 18 kit (IDEXX Laboratories, Westbrook, ME, USA)E
o]g-3te] AlatSl

R

B. cereuse| ¥ A FYH 24

ZAA 25gS& BPW (Difco) 225 mLell Wo] 287 #d318 &
MYP (Mannitol Egg Yolk Polymyxin Agar, Oxoid Ltd.,
Basingstroke, Hants, UK) Hj#]ol #Z NS =23} 28°Col|A]
24AZE MR F EEE B 2 BEA P Asiih
BANEE Al Hgetr] sl AlFet wAlA oA #F
£ TSA (Tryptic Soy Agar, Difco)ol Altst & PowerChek™
Bacillus cereus Detection Kit (KogeneBiotech, Seoul, Korea)<
o]-83t] B. cereus #F 91 H WAHF AFE RIEATh
PCRol| 93t 2 AAES 2.0% agarose gel 7G5 <3l
EREEES

S. aureus®| BE A M =Y

S. awreuses BHFHR B3 AAE AT A% 24 ES
AA 25¢& 225mL BPW (Difco)dl] 2L 287 #2389
2 NS BPA (Baird-Parker Agar, Difco) Aol =3l 37°C
oflA 24x17F wlFet & EEHe 3zl A2 JS2E Asst
Aok A B A9 AR 25g8 10% NaCl *3Hd TSB 225
mLel] go] #dset & 37°ColA] 24A17 vkt & oilEE F
2UE TSAd ATt 7 81 B A5 HAdEF AT
E gelsl7] {3l PowerChek™ Staphylococcus aureus Detection
Kit (KogeneBiotechyS ©]&3}31 2™ PCRe| ot T% Y=
2.0% agarose gel 2171950l o3 FRlstdct.
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HelM E coliel MMA EAM

WA E colid] LHEE Rl fldl HA 258 BPW
(Difco) 225 mLoll ¥ol &8st F 35£2°ColA] 3A17F vk &
9mL EC broth (Oxoid Ltd)o]l SFWYNE ImL 53 F
44°CollA 18-24A17F vttt 7k B S dele EMB
(Eosin methylene blue agar, Levine, Oxoid Ltd.) wj#]o| A=
SEaL 3742°CollA] 24X17F v & o4 HEs Adste] TSA
AT 25 HadEt A5 ZRIsH] 918 PowerChek™
Diartheal E. coli 4-plex Detection Kit 13} II (KogeneBiotech)=
0|3t o™ PCRO & 5% AFEL 2.0% agarose gel 7]
ol o FRlstict.

HelM E coli O157:H79] MME BN

E. coli O157:H78] LEEE &<lst7] 98] A 25 g9+ mEC
(EC medium modified, Difco) 225 mLE #23}5+ T 35£2°Co) 4
2477+ B FstTh ol % FHElSd S SMA (MacConkey
Sorbitol agar, Difco)el] EAE=TLEI] 37°Co|A 24117 vt &
o Fegg st TSAC Attt 2% HAdd+ o
F5 Fsl7] 3l PowerChek™ E. coli 0157 Detection Kit
(KogeneBiotechyS ©]-&3151.0™ PCRY| 23 SE AAEL 2.0%
agarose gel A7]F50l <J3l] SISt

L. monocytogenese| MME 2N

L. monocytogeness w25t7] 18]l A 25gS LEB (Listeria
enrichment broth, Difco) 225 mL} 338t & 35+2°CollA] 24117+
W Fsdh 12 g 1mLE 9mL FB (Fraser broth base,
Difco)dll HF-3F] 35+2°CollA] 24A17F vl FsldTt. 23} vl S
OA (Oxford medium bas, Difco) HJA|o] A=l 37°Col|A
1A WE o4 HEs Adste] TSA Adsth A5
AT IHE ZRI817] 918 PowerChek™ Listeria monocytogenes
Detection Kit (KogeneBiotechy2 ©]-83}2 ™ PCRY| 2|3 &=
A EL 2.0% agarose gel {7195 23] E1sIAT]

Salmonella spp.2| HMX 2M

Salmonella spp.= 237] 8 AA 25g& BPW (Difco)
225 mL&F T3 - 3542°CollA] 24A17F wigstdet. 12F vk
ImLE RV (Rappaport-Vassiliadis broth, Difco) 9mLel] 2]
42°ColA 24X17F ERF 22F et 23 vl S St
XLD (Xylose lysine desoxycholate agar, Difco)S 37°ColA] 244]
ZF St wjeket & o4 FJEge Aete] TSAC] Attt 2
5 HOdd AHRE 1] 8] PowerChek™ Salmonella
spp. Detection Kit (KogeneBiotech)yS ©]-83}912™ PCRe] 2]gh
3 AAES 2.0% agarose gel A7]G5l <3l 15T
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Table 1. Primers used to detect the enterotoxin genes of B. cereus isolated from red pepper and environment

Target toxin Gene Primer Oligonucleotide (5' to 3") Amplicon (bp)
hbIA hblA-F GTG CAG ATG TTG ATG CCG AT 319
hblA-R ATG CCA CTG CGT GGA CAT AT
. hbIC-F AAT GGT CAT CGG AAC TCT AT
Hemolysin BL hbiC hblC-R CTC GCT GTT CTG CTG TTA AT 749
wbiD hbID-F AAT CAA GAG CTG TCA CGA AT 29
hbID-R CAC CAA TTG ACC ATG CTA AT
e nheA-F TAC GCT AAG GAG GGG CA 499
hie: nheA-R GTT TTT ATT GCT TCA TCG GCT
Nonhemolytic wheB nheB-F CTA TCA GCA CTT ATG GCA G 769
enterotoxin nheB-R ACT CCT AGC CGG TGT TCC
heC nheC-F CGG TAG TGA TTG CTG GG s81
nne nheC-R CAG CAT TCG TAC TTG CCA A
Emetic toxin ces-F GGT GAC ACA TTA TCA TAT AAG GTG 71
1 toxt ces ces-R GTA AGC GAA CCT GTC TGT AAC AAC A
B. cereuse| MAlY WU FEFH =4 [EA 2N EAIXz]

PCRZ &It B cereusE 7% sheep blood 37}t sheep
blood agar (Oxoid Ltd)oll Althsled 37°CelA] 24417F 52t vl
Sk & colony 1 clear zoneFAds= TS AE3ItH(Jung
%, 2020). B-Hemolysis 8438 2= B. cereusolX AAR E4
(hbIACD, nheABC)S} T-EY Six(ces) T7AE PCRE E21351%)
T} Park 5(2018)2] Aol Rt G714 €2l primerS Bioneer
Al(Daejeon, Korea)oll Al  FH/d 8t th(Table 1). PCR ®H-&-2&
AccuPower® PCR premix (Bioneer)s AME-31992™ DNA 10-30
ng, primer 10pM X2 3 H7lelal H+# S/HTE AME-s)
o FHF W8S 20 L= 2433k PCR cycler (C1000TM
Thermal Cycler, BIO-RAD, CA, USA)2] ®FS- 2718 94°Cell A
787¢ pre-denaturationdt T hbld FAAE 94°Col A 45%7F
denaturation, 58°CellX] 45% annealing, 72°Col4] 45% extension®]
ZZ0 7 35 cycleS FHIACH, hbiCS} hbID FRAARE 94°C
oA 30%7} denaturation, 54°ColA] 30% annealing, 72°CollA] 30
% extension?] FTALZ 35 cycleS F3SIATE. nhedS} nheB,
nheC, ces TAAE 94°CollA] 3027} denaturation, 55°CollA] 30%
7} annealing, 72°CollA] 30%7F extension?] FALSZ 35 cycle2
5283319t} Final extensionS 72°CollA 7327F AA 819 thPark 5,
2018). PCRY| 2J$t 3 A ES 2.0% agarose gel 7195l
oJe Blatet. P HEFOE B cereus ATCC 14579 45
£ A&

B. cereus®| &N ZFM AIH

GAA 7454 A1E-L Clinical and Laboratory Standards Institute
(CLSL, 2018) 7Fo| =219l F23I3lal & Aol A2 A
(Oxoid Ltd) TF+ a3 2tk penicillin (10 U), oxacillin (1 pg),
cefotaxime (30 pg), cefoxitin (30 pug), imipenem (10 pg), gentamicin
(10 pg), streptomycin (10 pg), rifampin (5 pg), trimethoprim-
sulfamethoxazole (25 pg), vancomycin (30 pg), clindamycin (2 pg),
erythromycin (15 pg), linezolid (30 pg), chloramphenicol (30 png),
tetracycline (30 pug), and ciprofloxacin (5 pg). B -7l &4
HE a9 Muller-Hinton agar (Oxoid Ltd.) ¥jA] ZAol] F5
T thy AdRedM FAANA 5715 AASA. daA vs
5 wiA] FHol| FEAIZ F 28°ColA 16-184]7F vl S o
Z2FO2E S aureus ATCC 29213 475 ARSI

BN RE Z3E0] teiAe SPSS SAIxE] =233 version
188 ARS-3te] BAEASHATE BAIEAS ANOVA 2139
Tukey’s test= p<0.058] FFANA SATH FodS HAF it
Zo o nE
5o MujErdel ABNE2t hEZE, HEE 2¥E

a5t AMEY, A&7, A3 AEE A AY 3 Fk
A 8gellx 109714 32k AFA A 37 F7ke] Al
24 AF}E Table 29 2th AFME 627, 5.79, 6.08 log
CFU/g, EXlM = 6.89, 7.08, 6.70 log CFU/g, A3l E 4.44,
3.36, 642 log CFU/goIt). Askr d71E & 9879 o
WA 2 E 3= (Ministry of Environment, 2021)7} A& =] Q)
A gorg TR diETE S48 FUTE Hung 5
(2018) Hiro| wEWH FIAF XA 159 ANFTE
527 log CFU/geIL, AR 2590 dtAlds LPFTES
447 log CFU/ge]$IT}. Jeong 5-(2018) Hilo| m=2W w39
WAl F9= 4.96-6.26 log CFU/geI o™, I3 Al ESe] Uyt
Al#E 626-7.16 log CFU/ge] %At Kim 5(2017) Ko w2
W 73] AMAEEE 49 log CFU/gRIATE. DutEr)A Ald
o] M 2F] f578e] ARZA ARFEIL Qlo] 2F A
QJoll uj¢- -f-8-3+ x| Folth(Forsythe, 2000). WHO (2007) A4 )
2ol 3] F 3714 Aldgd LYTEE 107 CFUge 2 AH 3
Rom, TFL AA ANk F U Ao L9T=E 44
3FA] U THCentre for Food Safety Food and Environmental
Hygiene Department, 2014; WHO, 2007). Kim 5(2011a)°] 23
gk A7 wEH HAS 5o diETE 4.18-5.53 log CFU/
g, B9 dwtHlFFE 6.55-7.30 log CFU/g, 2747te] dubA|
T 634 log CFUMand®]1 . Yang 5-(2019) H.oro] w=H
o] QWA dFE 649-8.12 log CFU/g, EFe] AukA|l g
6.37-7.01 log CFU/geIAt). £ AolA 3o dnubilae
5.79-6.27 log CFU/gS.2 WHO7} g8t 7|FHT} yigtom, oA
AellA Barghk XA e 25} AR 5 AdFe] UukA]
TR %Y 3o i@ vsEsiAY e X5
e 2 AFellA] 35 A ESS] dRAHTE 6.70-7.08
log CFU/ge 2 o|d HE AFolr FHE 1F 45 55

-
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Table 2. The mean of total aerobic bacteria, coliform, and E. coli in red pepper and environment log CFU/g
Farm NP Total aerobic bacteria Coliform E. coli
Red pepper 18 6.27£1.11° 4.55+0.74 ND?
| Soil 9 6.89+0.65" 5.14+0.50 ND
Irrigation water” NT? <1 <1
Gloves 2 4.44+0.03° ND ND
Red pepper 20 5.79+1.18 3.36+£1.40 ND
I Soil 9 7.08+0.48 4.76+1.13 ND
Irrigation water NT 247.05+164.17 <1
Gloves 3 3.36+0.69 ND ND
Red pepper 20 6.08+0.79 3.15+0.61™ 1.54+0.08
- Soil 9 6.70+0.60 4.25+0.80° 1.50+0.71
Irrigation water NT 17.67+4.30° <1
Gloves 2 6.42+0.15 2.16+0.28° ND

"No. of samples

JMPN/100 mL

Jnot tested

“not detected (limit of detection <1.00 log CFU/g)

*All values are expressed as the mean+SD of triplicate determinations.

*“*Values with different letter of same category are significantly different at p<0.05 by a Turkey’s multiple range test.

5 ek e 2o dnE B Axte] HEow s Uut
Agds7t =& e
Wol Al AL
£ glomz Au)
3 WAL HEA] R :

A5 RAEE W] 8 AFS AMEY, w9, A3t
Nge Adw ade 29xs 24t a2
24 ZAF}E Table 29+ 2tk IFNME 4.55, 3.36, 3.15 log
CFU/g, EYOIME 5.14, 4.76, 425 log CFU/g, 5H-&FolM=
247.05, 17.67 MPN/100 mL, 37}ollA= 2.16 log CFU/geIATE. 1
E7te FHEFoAME dgETe] AEEA ddeH, 13 IIs
7te] AtellM = didFTol AEEA Gttt AdFTS 2
A, AFolAe] B 9 AEZ AMEEIL Ath(Forsythe,
2000). Hung 5(2018) Ko w2 =Azju) 32} Al A]u)
50 AT Q95 3.58, 291 log CFU/20Ie™, Jeong
S2018)0] AFe B o] wk=A FFoA 4.01-5.12 log CFU/g
o] tigetato] HEFIULH, EYolA] 3.29-4.85 log CFU/gS] U
Aol AEHIh Kim 5(2017) Baol] &aha u3olx 7
=¥ hATFE FE 23 log CFU/EOIUT 2 AT =43

o

M2
4
do
1
X
2
~
o2
i)
o)
LA
ol
e
ol
2
1o

IF AR AT QPFES 3.15-4.55 log CFU/gS2 oA
Hyg 339 gt LG5 HSETh 57 EYolA
Aol 7

ZH93, 571 B w3850 g
B, YL, Aol iAtate]l AEEATH
I&7F 230 ad L85 19} Nis7ke] 23 ddad

LATFFEY F2 U9EE BT gt EYOlA 304F
F AESH, odE B wHE&F od] FEo] odHTt
(Forsythe, 2000). 29 w3} F&5EHA] @2 HHl9 A8, 24
H AR REY w2 F S A2EE B FEe] 2¥9E
ChAlegbeleye 5, 2018). & AHo| A}, AFo|x thgdto]

o2 ) IFo) BY, w98, ke o 54 A%
E Table 29} 2t} 13 IFs7ollA 2F 3 ABolX e thddo)
HAEEA gt ls7ke] 2FoA= 1.54 log CFU/g, Bl
A= 1.50 log CFU/ge] AZHUTE 2 EGA 30 ©]
A BES S 9o, E coli O15THTE EQA 1309 S<t
A= = dtklung 5, 2017). TS Q7|7 Bkl =4
stEE A7 5 EG W iAol AEE 29N s
o] d71e HAG AAFe] 7t Hasit)

el fui BHo| B. cereus®t S. aureus LUT

B. cereuse BEFF &, S5, A&, ZARL] FRoll &3] vt
AxE nAER Ak Audre] F8 29UeR EY
o] R %] THEuropean Food Safety Authority, 2005; Park 5,
2018). WEkA 37 FtolA AFHAS FHET) B cereuss A
BAEA] ottt 3139t B, AR B cereusd] FH BAE
A= Table 33 T} 2Fo|A| 294, 1.35, 2.10 log CFU/g, E
ol A 6.78, 625, 631 log CFU/g, 3tollA 2.15, 195, 2.39
log CFU/geIATh. AEFHe] 2F8 7% % 4 Ministry of
Food and Drug Safety, 2021)°14 21XH | 2]&F2] 739 B. cereus
= 10° CFU/g ©|3t2 A5 o] lth. Health Protection Agency
(2009)0l] W= S 2ZFo|M B cereus @57+ 10° CFU/g w]%k
Az ojoF kA, 10° CFU/g ©)F A&E 2% 439 A
2 Y¥Ao] k. Buslgth Kim 5(2011a)°] wEw Ao
B. cereus ¥ 1.88-1.94 log CFU/g, EollA 3.46-3.58 log
CFU/gel o™, Kim 5(2017)9 W=H 59| B cereuse 1.0
log CFU/geIAtE. Yang 5(2019)2] Rro| wl2@ H3or B
cereus= 2.14-4.15 log CFU/g, F-3 AMESIA 5.83-728 log
CFU/gol Atk Kim 5(2011b) 7oA & d E4U9] B
cereus= 0.00-0.77 log CFU/g, =3 & EAYUQ] B cereust=
0.49-1.52 log CFU/g, ABIESFl|A 0.00-3.80 log CFU/g, 29}
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Table 3. The population of B. cereus and S. aureus in red pepper and environment log CFU/g
Farm NV B. cereus S. aureus
Red pepper 18 2.94+0.32° ND?

| Soil 9 6.78+0.34* NT
Irrigation water” 3 NT? ND
Gloves 2 2.15+0.64° ND

Red pepper 20 1.35+0.51 2.09+0.67
Soil 9 6.25+0.63 NT

1 Irrigation water 3 NT 1.63+0.21
Gloves 3 1.95+0.00 ND
Red pepper 20 2.10£1.22 ND
- Soil 9 6.31+0.40 NT
Irrigation water 3 NT ND
Gloves 2 2.39+0.18 ND

"No. of samples
Jlog CFU/100 mL
Jnot tested

“not detected (limit of detection <1.00 log CFU/g or log CFU/100 mL)
*All values are expressed as the mean+SD of triplicate determinations.

*“*Values with different letter of same category are significantly different at p<0.05 by a Turkey’s multiple range test.

9] =0l 0.00-0.57 log CFU/hand AlSEIATE. o1 Atollr
B B39 B cereuse 1.48-3.49 log CFU/g, ElA 4.89-
5.55 log CFU/ge] L¥= Tty K3 thung 5, 2020). &
Aol 23] B cereus SUYEE 1.35-2.94 log CFU/gC & Al
AR F 71E F FAED 2 dxgon, ofdd Rig
7 W WEQRAT, 358} A, EAYETE

FFo] odnR
=& 29T E Yellth B cereuss EY AFE FARE] 4

[e=]
A=

L A=K Granum?}t Lund, 1997). & Aol o) Axrct
& UEY B cereus 57 AFH RS EGo| SAlsk= B
cereus7t AL A 2Go] Ho] AEA o] AEH
ZAow AddE) webr, EYolr] ZHEE wapoPo] WAL A
U= A AR 7E QT

39 B, FHEF, A S aurens®] HH B4 A3
£ Table 33 Zth 13 MFs7te] 3259} 5985, AtolA S
aureus’t HEEA] gttt Is7F] 234 2.09 log CFU/g, &
44 1.63 log CFU/100 mLol o™, Aol e HEHA &
ek 37N w7t AT B S awreus T S5 &
Sk AEFFHe AFH 71F 9 4 Ministry of Food and
Drug Safety, 2021141 AlXALJ 2 F2] S S aweus= 107
CFU/g o]3t2 A= o] 2T} Health Protection Agency (2009)
wmE2H SA2FNAM S aureus @57 20 CFU/g PIREI 739 ¢
AFelm, 10' CFU/g o142 % A3 Al sttt #4835k
ok IFs7Ee] AFolA] AHoAE 7R %2 2.09 log CFU/
g0l AZHU. S aweus= F71, &, AR Y3l HES 2
HAZITH(Yeni &, 2016). Wb EF Ul S aureus®] 784
H=E I BUTh S awreuse AR TE, ¥V, WA, 3
T, T9ET T TS Aol SAITH(Yeni T 2016). LHE
FHEFY AR Qe wxpedoew IF XHIAM S aureus

to

DS TRl BN DME oY
3 o 985, A B AR oPEg 24}

SAth HYE AES AEE] 8 SR AeajA] o
A HgE SHHETFE PCRE Tl FRlsiich. 1 57k e
E coli, E coli O15TH7, B. cereus, S. aureus, L. monocytogenes,
Salmonella spp~S =733+ A= Table 49 72tk 37 F71olA]
AHAT ZEgE ABAA WAL E coli E coli O157:H7, L.
monocytogenes, Salmonella spp.©] ZHETA] LAXATE, B cereus}
S aureuse 15, B, $QE&F, A AZEJT E7F 2
F9] B cereus 187 AE F 1(222%) AlENA HAEEHIUL,
EF ol A= F 571(55.6%) ARAAN AEEASH, A3t 24
% 270(100.0%) AEolA AE= AT 57F 2532 B. cereus
2000 NE F H(20.0%) ABANN HEEHJL, EF 9 A8
T IHB33%) AlEIM AEEAeH, &3 3 A8 T K
(33.3%) AFNA AEHAT MIs7F 25 B cereuss 2071
A& F Y120.0%) AEANM ASEHNL, EF vl AlE 5 37
(33.3%) AlRAAX HEENSH, A 270 AR F UH(50.0%) Al
BN ASHUT 57t 239 S aweusS 18] A8 = 1)
61.1%) NE, EYF 9l AlE F 21222%) A&, 3 21 A5
T H(50.0%) AEIAM HAEEAoH, 157 3253 2000 Al F
N (45.0%) ANE, EF 91 AR F TH(55.6%) AN T
T 3N AR F 20(66.7%) A&, FE 30 AR F 171(33.3%)
AN EA AZHAQL, Ns7F 325 200 A& F 77H(35.0%) A
2, EF ol NE F oM66.7%) ANFE, A3 20 AE F N
(50.0%) AENA S aweus’t AEEHJTE 1 UE7F 5HEF
M S aureus7t AZEA Skt AFFH AFE 71E 2
T+4 (Ministry of Food and Drug Safety, 2021)014] 41413 2] 2%
o] 7% Salmonella spp2t E. coli O157:H70] A& olME ¢kdl
Tl A Eo] Slk & AAFels g} Aol B. cereus
o} S awreuss AL WYX E coli®t E. coli O157:H7,
monocytogenes, Salmonella spp. 5 B9 PIAE 2HL fl=
02 YEIRAY, EGH 598, Azt digk "
AR FAEE AT HFE AnE ol & Zelh,

(HAPST
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Table 4. Incidence of foodborne pathogens in red pepper and environment

Farm Pathogenic E. coli E. coli O157:H7 B. cereus S. aureus L. monocytogenes Salmonella spp.

Red pepper ND" ND 4/18 (22.2%)  11/18 (61.1%) ND ND

. Soil ND ND 5/9 (55.6%) 2/9 (22.2%) ND ND
Irrigation water ND ND NT? 0/3 (0.0%) ND ND

Gloves ND ND 2/2 (100.0%) 1/2 (50.0%) ND ND

Red pepper ND ND 4/20 (20.0%) 9/20 (45.0%) ND ND

I Soil ND ND 3/9 (33.3%) 5/9 (55.6%) ND ND
Irrigation water ND ND NT 2/3 (66.7%) ND ND

Gloves ND ND 1/3 (33.3%) 1/3 (33.3%) ND ND

Red pepper ND ND 4/20 (20.0%) 7/20 (35.0%) ND ND

- Soil ND ND 3/9 (33.3%) 6/9 (66.7%) ND ND
Irrigation water ND ND NT 0/3 (0.0%) ND ND

Gloves ND ND 1/2 (50.0%) 1/2 (50.0%) ND ND

Total 0/101 0/101 27/92 45/101 0/101 0/101

Ynot detected
Pnot tested

xel xjuiElde| B. cereuse| S4 [EA Y4

B. cereust TE Tt AAFE do7E 543 255 Alde
Z A AFES 88k 54 hemolysin BL (HBL), non-
hemoltic enterotoxin (NHE), cytotoxin K, enterotoxin FM©®] ]2
H, TEY 55 fishs S40s emetic toxin®] UTHKim
5, 2011b). AA 255 % 54 F HBLY NHE {3127t
B. cereusol| o3l AYSE AALE AFEe] =8 Yoz dEA
A t+(Jeont Park, 2010)

I w7t AFet BEY, w98, ol ®e2lst B cereus o
F & AAE A55S oP14171= hemolysin BL (HBL) -2t
Z Bfets 4572 AEa] 48] p-hemolysis B3-S =4 3H
t}. B-Hemolysis €4S 2= o5 sheep blood agar Ul
MEE £YAA F2Y FHol clear zones F-JA1ZItH(Bottone,
2010). 259} B9, A&, A3tolA 223 B cereus 2705
ZF 23dFollA B-hemolysis E4-& AW Th 2254 B-hemolysis
4L zhe 100 @59 Bl el 25, 43 4 459
gk 884 FHAMIACD)S} Y883 F52(nhedBC) A
£ PCRZ I3t 239} B, Azte] §3843 v|434
F=425 A0S AAe Table 59 2oy 339 S§IX(hbl4,
hbIC, hbIDY=22E 2zt 545, 727, 90.9%H| &= EA59 2 ¥
88X (nhed, nheB, nheCY5a= 22t 100, 72.7, 90.9%H| &= &
ARk Bk £384 =4E 875, 750, 87.5%, B8N =
2E 100, 87.5, 87.5% H|&= A5 Aol =L E
75.0, 100, 100%, B84 =2 100, 100, 100% BH]&E =4
3Tt 2539 hbIACD E=4E 54.5%, nheABC S 72.7%C)
AL, EUL] hblACD EAE 75.0%, nheABC Z2E 75.0%°1%1
om, A7te] hhIACD Z4&E 75.0%, nheABC Z4E 100%2] B
£ 1Yo 259 B, Axe] vedyd =4 vEee 88
A AEART 20T ol Atollx] EAA hbld, hbIC, hbID
E4e 77 69.5% HI&R EANSIAIL, nhed, nheB, nheCe 100,
79, 75.8% HEE EAlste A2 WAEHJTHKIm 5, 2011b).
1373 A &FeF GAPIS A&aFolA E2s B cereusd] A5
geldt A}, nheds 97%, hbiC= 88.2%, HBL E4 ©hl
56.8% AZEAHCho 5, 2020). A5l 223k #2

Ne]

I

D) el
rlo

Table 5. Distribution of enterotoxin genes in B. cereus isolated
from red pepper and environment

Red pepper (n=11)"  Soil (n=8) Gloves (n=4)
hblA 6 (54.5%) 7 (87.5%) 3 (75.0%)
hbiC 8 (72.7%) 6 (75.0%) 4 (100.0%)
hblD 10 (90.9%) 7 (87.5%) 4 (100.0%)
hblACD 6 (54.5%) 6 (75.0%) 3 (75.0%)
nheA 11 (100.0%) 8 (100.0%) 4 (100.0%)
nheB 8 (72.7%) 7 (87.5%) 4 (100.0%)
nheC 10 (90.9%) 7 (87.5%) 4 (100.0%)
nheABC 8 (72.7%) 6 (75.0%) 4 (100.0%)
ces 0 (0%) 0 (0%) 0 (0%)

Yno. of samples

e 2tE= B cereus®] hbIACDE= 44.4% nheABC= 94.4% W&
2 AZHAYHPark 5, 2020). hbIACDE FFA 36.7%, 3
ol 95.2%, AU 256%, ZHICIAFAA 357% H&EE 7
Z50M, nheABCE 504 71.4%, I golA 100%, ALl
A 564%, 2H|AAFA 643% BHIEE AZEYTHPak 5
2018). B. cereus @5 W hbld, hbIC, hbID B ZA)3te] thil
< A3, nhedSt nheBH7AA Ol 2ldl] AgE e s
B. cereus7t HS5ES 9 & Jdgr HIFUYHKIm 5,
2011b). o1A AFAF} FAlSHA £ AFolx v&AY F40t
234 E4RT 52 UEE HEHJOH, DS} nhedo] =
2 g BN AEHAAT. Al L G F FAleAM
234 4R H885AU A4 U2 o) Z3Kim 5,
2011b)e} FAFSAl =gt At wedd a7t o A A
ZHUTh Kim 5(2011b)°] B7h Aol m=d sduct S
Ao &8N F vu§Y FEAvF =& HE&E HEEHAUT
AN 2 ApolMs old drAdels 2 IRy BEYF)
A7t A =2 &2 AE47F HEHAY B cereuss EY

X of

]
=
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Table 6. Antibiotic susceptibility of B. cereus isolated from red pepper

805

No. (%) of B. cereus isolates (n=11)

Antimicrobial agent

Resistance" Intermediate Susceptible
Penicillin 11 (100.0) 0(0.0) 0(0.0)
Oxacillin 11 (100.0) 0(0.0) 0(0.0)
B-Lactams Cefotaxime 7 (63.6) 4(36.4) 0(0.0)
Cefoxitin 11 (100.0) 0(0.0) 0(0.0)
Imipenem 0(0.0) 0(0.0) 11 (100.0)
Gentamicin 0(0.0) 0(0.0) 11 (100.0)
Streptomycin 0(0.0) 0(0.0) 11 (100.0)
Rifampin 0(0.0) 4(36.4) 7 (63.6)
Trimethoprim-sulfamethoxazole 0(0.0) 19.1) 10 (90.9)
Vancomycin 0(0.0) 1(9.1) 10 (90.9)
Non- B-lactams Clindamycin 0(0.0) 2(18.2) 9 (81.8)
Erythromycin 0(0.0) 19.1) 10(90.9)
Linezolid 0(0.0) 0(0.0) 11 (100.0)
Chloramphenicol 0(0.0) 0(0.0) 11 (100.0)
Tetracycline 0(0.0) 0(0.0) 11 (100.0)
Ciprofloxacin 0(0.0) 0(0.0) 11 (100.0)

DAfter the treatments with antibiotic agents of recommended concentration, if the diameter of inhibition zones against B. cereus was greater than
that of quality control ranges, the effect of antibiotic agents on B. cereus was defined as Susceptible; if the diameter of inhibition zones against
B. cereus was less than that of quality control ranges, the effect of antibiotic agents on B. cereus was defined as Resistance; and if the diameter
was between Resistance and Susceptible, the effect of antibiotic agents on B. cereus was defined as Intermediate.

A EyEE Hddold 7oA HBLE A3 B cereus’t
HAEdgy B IEAKSenesi?t Ghelardi, 2010). 1270 2=
Ho} 3AA 2 ¥ A5Avt HdEE o= ddd.
TEY AFES FEsleE ces FHAAE AT 23}, ZE AR
oM §HA7T AEEA R4t Park 5(2018)0] FFo} I,
A, oM FEEY 549 ces FAAE AEEHA &gty
Huslgint E A7oA] Park 5(2018)0] Hargh Aol fAlgH
AFAE YETE £ Ater] B4 ARG 359 EY, il
A hbIACD, nheABC7t 7 EAYSIRR AAY A5 dd
7Fs7de] A71el Aol 152 WAk HS dilok st
w AEH] BUHEE 53 ZFY B cereus L8 JEE &
2 Jarf ok

nFet XuiEAe| MK ZTd M

39} 13 AESY, FxlA EEd B cereuss IFOE
17 o] A S A A, Table 6-8914 Hi= npet
2t} B-Hemolysis €4S 2= 23359 Al 24A4S &<
S Th 2 =l B-lactamsAl YA 5% (penicillin, oxacillin,
cefotaxime, cefoxitin, imipenem)Z} ¥]B-lactamsAl A 115
(gentamicin, streptomycin, rifampin, trimethoprim-sulfamethoxazole,
vancomycin, clindamycin, erythromycin, linezolid, chloramphenicol,
tetracycline, ciprofloxacin)ye ARS-SFATE 259 A A5A-S
243 A= Table 63 2T} B-lactamsAl SAANE UWAEES B
AR cefotaximeF Al N3l 4dF(36.4%)7F 57+ WAS B
Rom imipenem3AAA ] el 1175(100%)7F 2<EAS YER)
o} H]B-lactams7] Al HelMe 8-S BIJAT, rifampin
(36.4%), trimethoprim-sulfamethoxazole (9.1%), vancomycin (9.1%),

clindamycin (18.2%), erythromycin (9.1%)°l14] L F+F7} F7¢
WS et ESY FAA 89S 4% A3= Table
73k 7t} BlactamsAl Ao = WS HAA T cefotaximedt
A el 433E(50.0%)7F 52 WS JERI2H, imipenem
A sl 87F(100%)7F 7+ et} ] p-lactams7]
A M= EES BAAT, ¥ F e #57t
rifampin (37.5%), erythromycin (12.5%)° sl 7+ WAS et
ek Azl ek A S B4 AdE Table 83 3
t}. B-lactamsAl YA N= WS AR cefotaxime A A o]
sl 277(50.0%)7 7 W3S YERI2H, imipenem3A3 A ol
el 42t57(100%)7F Z+<7"da WERTE. Bl p-lactamsA] @AY= o]l
eire B #5771 244E el AFeA 283 A2
WA B cereus®] tetracyclined] thall WA (11.1%)3 F7F WA
(16.7%) YERH oW, rifampinell thall Wd(22.2%)7 F7+ W43
(33.3%), clindamycinoll ™3l F7F WA (44.4%)yS JERATHPark
%, 2020). FolAM B2 B cereust tetracycline?} rifampin,
tetracyline+rifampin®] thall Z}z} 6.1, 224, 6.1% W3S 7HAH,
Aol A Bel$ B cereus= clindamycin} rifampinel] thsl 2.6,
487% WS HAom ZHQl Aolr E 3 B cereuse
rifampin®ll &l 40.5% WS YEFHTHPark 5, 2018). o1& 4
TFoll W2 B cereus B-lactamasesE A/ 317100 B-lactam 7l
g A A& WAS zEem, aminoglycosides, clindamycin,
vancomycin, chloramphenicol, erythromycin®ll WsliA= 422
Z+=tky B 759 oH(Drobniewski, 1993). Rifamping &2 ¢
Aol FAAZ a3 o)A g, A B, cereus rifampinel] tHa]
WAS zheta BuslthPark 5, 2020). Kim 5(2011b)°] =
ek AFolA rifampinlX] FE I EAYNA IR APAEE B

f
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Table 7. Antibiotic susceptibility of B. cereus isolated from soil

No. (%) of B. cereus isolates (n=8)

Antimicrobial agent

Resistance" Intermediate Susceptible
Penicillin 8 (100.0) 0(0.0) 0(0.0)
Oxacillin 8 (100.0) 0(0.0) 0(0.0)
B-Lactams Cefotaxime 4 (50.0) 4 (50.0) 0(0.0)
Cefoxitin 8 (100.0) 0(0.0) 0(0.0)
imipenem 0(0.0) 0(0.0) 8 (100.0)
Gentamicin 0(0.0) 0(0.0) 8(100.0)
Streptomycin 0(0.0) 0(0.0) 8(100.0)
Rifampin 0(0.0) 3(37.5) 5(62.5)
Trimethoprim-sulfamethoxazole 0(0.0) 0(0.0) 8 (100.0)
Vancomycin 0(0.0) 0(0.0) 8 (100.0)
Non- B-lactams Clindamycin 0(0.0) 0(0.0) 8 (100.0)
Erythromycin 0(0.0) 1(12.5) 7 (87.5)
Linezolid 0(0.0) 0(0.0) 8(100.0)
Chloramphenicol 0(0.0) 0(0.0) 8(100.0)
Tetracycline 0(0.0) 0(0.0) 8 (100.0)
Ciprofloxacin 0(0.0) 0(0.0) 8 (100.0)

DAfter the treatments with antibiotic agents of recommended concentration, if the diameter of inhibition zones against B. cereus was greater than
that of quality control ranges, the effect of antibiotic agents on B. cereus was defined as Susceptible; if the diameter of inhibition zones against
B. cereus was less than that of quality control ranges, the effect of antibiotic agents on B. cereus was defined as Resistance; and if the diameter
was between Resistance and Susceptible, the effect of antibiotic agents on B. cereus was defined as Intermediate.

Table 8. Antibiotic susceptibility of B. cereus isolated from gloves

No. (%) of B. cereus isolates (n=4)

Antimicrobial agent

Resistance” Intermediate Susceptible
Penicillin 4(100.0) 0(0.0) 0(0.0)
Oxacillin 4 (100.0) 0(0.0) 0(0.0)
B-Lactams Cefotaxime 2(50.0) 2 (50.0) 0(0.0)
Cefoxitin 4 (100.0) 0(0.0) 0(0.0)
imipenem 0(0.0) 0(0.0) 4 (100.0)
Gentamicin 0(0.0) 0(0.0) 4 (100.0)
Streptomycin 0(0.0) 0(0.0) 4 (100.0)
Rifampin 0(0.0) 0(0.0) 4(100.0)
Trimethoprim-sulfamethoxazole 0(0.0) 0(0.0) 4 (100.0)
Vancomycin 0(0.0) 0(0.0) 4(100.0)
Non- B-lactams Clindamycin 0(0.0) 0(0.0) 4 (100.0)
Erythromycin 0(0.0) 0(0.0) 4 (100.0)
Linezolid 0(0.0) 0(0.0) 4(100.0)
Chloramphenicol 0(0.0) 0(0.0) 4 (100.0)
Tetracycline 0(0.0) 0(0.0) 4(100.0)
Ciprofloxacin 0(0.0) 0(0.0) 4 (100.0)

DAfter the treatments with antibiotic agents of recommended concentration, if the diameter of inhibition zones against B. cereus was greater than
that of quality control ranges, the effect of antibiotic agents on B. cereus was defined as Susceptible; if the diameter of inhibition zones against
B. cereus was less than that of quality control ranges, the effect of antibiotic agents on B. cereus was defined as Resistance; and if the diameter
was between Resistance and Susceptible, the effect of antibiotic agents on B. cereus was defined as Intermediate.
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Qltha Bysn) 344 2EH s A U 93 =
ol BRI EAtHPoole, 2012). 3737 22le ]3] B. cereus’t
rifampin, trimethoprim-sulfamethoxazole, vancomycin, clindamycin,
erythromycin®l] el L4 S8 Aol AT Aow FHuH
Aget A2ld tEixe Brf Adst o] Fasitt o) A
T tE2A Z2FF 3NA trimethoprim-sulfamethoxazole}
vancomycin, clindamycin, erythromycin|lA] F7F AL zhe=
F7F B EHJA =2 AN 22§ B cereusd T
o] A WAgdel tigk A77F AAH LR o]Fojxor T AL
2 AztEr

o oF
el =

2 ATtE A5 EY, 598, S ddeE 101789
AEE ANFs AR T LR, D, W)= B.
cereus, S. aureus?ll TSl 4= A=t HA AFHEYE E coli
E  coli O157:H7, B. cereus, S. aureus, L. monocytogenes,
Salmonella spp.)°ll thall A FA 8Tt 259 B, 43t Al
o] dubdlda= 3.36-7.08 log CFU/g, S 2.16-5.14 log
CFU/g, T2 1.50-1.54 log CFU/gOIT 585 A8 o
it 17.67-247.05 MPN/100 mL 522 ey}, 15
E 5985, A B cereuss 135-6.78 log CFU/g, S.
aureus= 1.63-2.09 log CFU/g 522 YENTh a3et B,
SHET, A AR WYY E colip E. coli O157HT, L.
monocytogenes, Salmonella spp. o< HEHA FUYT}. 13} 3
73 A ZoA E2I3 B cereus?] A=A FAARS) A A
S EXNEIATE IFeF B, Azl B8k B cereus®] hblACD
A= 27} 545, 75, 75% BI&OIA M, nhedBCHAARE 7}
7} 727, 75, 100% Hl&olAth 1539} Bk, ARtolA Reld B
cereus= B-lactamA] GAYA ol el A &S RAA T cefotaxime
o g dF #Fe T WS EYL BEE 45+ imipenem
of thall S UERTE B cereus= BlB-lactam?] Ao
el A4S UERAAIRE, rifampin, trimethoprim-sulfamethoxaole,
vancomycin, clindamycin, erythromycinol|] &l dF 5= 7
WS el & A9 A#E ste] AueA 2Fe]
AETH LEEE Fotd ¢ X, 315 2FE B cereusOl
oa] HAK 2FFo] WA 7S Bt o Ut ol Bt
= 5 AE 7IE AR Sl tig A ZAEA &8l 7t
S AR 7). g, 3ok Aol A A A3t
d B. cereus’t AEF O] FFELANA FAA WE#HF 2DS
Walke tide] agEh

>

[e]

2

&AL 2

2 ATe w2 AdedA sRHIEd Y
ARA (@FHA1:PI0126762019)0] A 9-S Wof S 0m, ofof ZHA}
=Y
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