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ABSTRACT -

This study aimed to examine the delivery conditions and microbial contamination of fresh-cut and ready-

to-eat foods purchased from online markets between February and November 2023. Upon arrival, the average surface tempera-
ture of the products was 11.3°C. In the fresh-cut foods, the average number of total aerobic bacteria and coliforms was 4.5 log
colony-forming units (CFU)/g and 1.2 log CFU/g, respectively, whereas in the ready-to-eat foods, these values were 10.6 log
CFU/g and 1.2 log CFU/g, respectively. Pathogens, such as Staphylococcus aureus, Salmonella spp., Clostridium perfringens,
Listeria monocytogenes, and pathogenic Escherichia coli were absent from all samples. Bacillus cereus was found in 2.7% of
the fresh-cut foods and 0.9% of the ready-to-eat foods, with contamination levels averaging 0.05 log CFU/g and 0.01 log CFU/
g, respectively. In the four samples in which B. cereus was detected, genetic testing of the six toxin genes produced by B. cereus
revealed the presence of at least one enterotoxin gene, excluding the emetic toxin. L. monocytogenes was absent from ready-to-
eat foods but was detected in 0.9% of fresh-cut foods. Analysis of the isolated L. monocytogenes confirmed the presence of six
pathogenicity—related genes, including iap, indicating the potential risk of foodborne diseases.
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Materials and Methods

2T A2
B A7) AgE AAE LTkl fEHE A4
JHES SHEANES Fohstel Aol AHgatelct.

OPIE A8

HAE AJHE A FoFEIA 9] AFFHA nAE Al
AW g A F|FEHA Y A FE AJZRAL AFHY
= Farste] JAgsiieh rdE Al S AR
Q1 &<t (Escherichia coli), 7&*(coliform), & WA
“(total aerobic bacteria)?} 2FHd 02 FAIL LT+
(Staphylococcus aureus), 52 (Salmonella spp.), VI
F A $-22(Bacillus cereus), EZ2-EZ| U5 HZUA X
(Clostridium perfringens), 2]Z=H|2]o} HEIzAlo] EA Y] 2
(Listeria monocytogenes), *8-73 t"gd+t(Pathogenic E. coli)
of tjall AUt F71=2 B. cereus®t B. thuringiensisS
TE37] S8 A FFERAA ] L HAEHA el
AlFHINE FFarste] dAnA o g glsiait.

-

Bacillus cereus S X} Z4A}

B9 B cereusd] =4 FHAF F2L DNA AE53E
7] (Nextractor NX-48, Genolution, Seoul, Korea)Z DNA
FZ& 3 B cereus7} AAEE A=A FAR 5F(hbIC,

Table 1. PCR conditions for the detection of the 6-toxin of B. cereus

N Temp. (°C) Time Cycle
2023 2€5E 119704 A2 1102 443 o5 o 1
, min
HF 1157, F 2502 FAs] AASAT AR 59 o “
= - sec
I A AFe A FH2EE 254 (IR-302, Custom 6 0 i
Corp., Sotokanda, Japan)& AF&-3ll S35, 27 ZAH) see
5o ARE /159U, RE AW £ F 247 o 72 30 sec
lHoﬂ %E.—S]‘g}]\q 72 10 min 1
Table 2. Primer sequences and PCR conditions for the detection of virulence genes
zzzgeest Primer sequences (5'—3") Prod(ltl)(r:)t)sme References PCR cyclic conditions
95°C 2 min,
fA (F)CTG TTG GAG CTC TTC TTG GTG AAG CAA TCG 1060 Notermans etal'”?,  [95°C 15 sec, 60°C 30 sec,
p (R)AGC AAC CTC GGT ACC ATA TAC TAA CTC 1991 72°C 90 sec]-30 cycles,
72°C 10 min
95°C 5 min,
1l (F)GAC CTT CCA GAT TTT TCG GC 719 MFDS?, [94°C 1 min, 56°C 1 min,
Y (R)CAC AAG TGG TAA GTT CCG 2022 72°C 1 min]-35 cycles,
72°C 10 min
inld (F)ACG AGT AAC GGG ACA AAT GC 300
(R)CCC GAC AGT GGT GCT AGA TT 94°C 2 min,
iniC (F)AAT TCC CAC AGG ACA CAA CC 517 Liu et al'?, [94°C 30 sec, 55°C 30 sec,
(R)CGG GAA TGC AAT TTT TCA CTA 2007 72°C 1 min]-30 cycles,
- (F)TGT AAC CCC GCT TAC ACA GTT )38 72°C 10 min
(R)AGC GGC TTG GCA GTC TAA TA
95°C 2 min,
. (F)ACA AGC TGC ACC TGT TGC AG 131 Furrer et al'¥, [95°C 15 sec, 60°C 30 sec,
P (R)TGA CAG CGT GTG TAG TAG CA 1991 72°C 90 sec]-30 cycles,

72°C 10 min
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beeT, entFM, nhed, CyiK) ¥ FESA FHA 15(CER)
ol thall PowerCheck™ Bacillus cereus 6-toxin Detection Kit
(Kogenebiotech, Seoul, Korea)S ©]-8-35Fe] | Aol A A|A]
g W o2 PCRS AAEFATHTable 1). PCR A= AHs
71985732 (QlAxcel Advenced, QIAgen, Germantown,
MD, USA)Z 2Hel&t3]c.

Listeria monocytogenes ¥9l’d GHX} 9l E¥E A}t

T 7TE Ao E WA AR dap, hly, inlA,
inlC, inlJ ¥ prfd 65 IRJAAALE X8ttt DNA A}
54 E DNA 7= ¥ A53719 54X = PCR 4
}= FlatAnt. 4l AFE-EF primer A€ H AAxA
< Table 29} 2ttt @3 E ERIANFLS 2l +9 0-FF
A 2 H-3ol thske] Listeria antisera set (Denka-Seiken,
Tokyo, Japan)E ©]-&-3to] A|ZA A AA|S vl e g 7]
AHE sttt

Results and Discussion
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RAom, Fit viE AZRS Hi 248702 AFe] 1
= HYE 1321.6CH o,

Hi 25+ 11.3°CATh E7EE AE FHSEE= 2, 3
B0 1, 452719 Hls] o =2, AE 7 BFEEAE

Table 3. Surface temperature of samples
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Temperature (°C)

Food type No. of samples
wP P Mean+SD Min. Max.
Fresh-cut foods 110 12.0+4.3 1.6 20.3
Ready-to-eat foods 115 10.6+4.6 1.3 21.6
Total 225 11.3£4.7 1.3 21.6
30.0
18.0
25.0
O 140 200
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® 150 Fresh-cut foods
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Fig. 1. Quarterly comparison of surface temperature of samples.
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Table 4. Microbial contamination levels of total aerobic bacteria in samples

Total aerobic bacteria (log CFU/g)

Food type N -
<5 >5-7< >7 Mean£SD Min. Max.
72 33 5
- +
Fresh-cut foods 110 (65.5%) (30.0%) (4.5%) 4.5+1.4 1.0 7.8
58 46 11
Ready-to-eat foods 115 (50.4%) (40.0%) (9.6%) 10.6+4.6 1.3 21.6

£ 4.5 log CFU/ge2 Yed=d], Song 5%, Kim &'
o] A= 4.47-4.48 log CFU/gE ¥ A3} B3
TFEOE BuHAT. SAHEHAEFY B dvdTE
10.6 log CFU/g2 1=t} Baek®2] AA7olA 4.52 log
CFU/g, Park 57V AFoM= EFA L= A5
6.48 log CFU/g, 217U 5,07 log CFU/gZ2 274
FHhs e FAR ERIFHAG. Fdde AXdH S
A F 2 El tist dtAlFe] 71ES A5k At
3 A= RO Solberg T SAHFHAFS] A=
] QFH7|ELE 5 log CFU/gE A7333L, Donnelly™
of F7F 7 log CFU/g ©) ST 2§, ¥
Aldtelgte o]zlo] glo] Hol thE &2
Zhg-olu} WA SR Al 2F5E B 7HsA ol
BT Song 5] ATelM e SAHF 2
+ 7 log CFU/g o]’ AZHA] ¥%aL, Al
A 3.1%Z RI3IY I, Chung?2]l AT-dA+=
o2 FF} 5244 F A FA 7 log CFU/g ©17d¢] ¢
F7F ZH2F 13.3%, 18.4%=2 ZAEJTH B Ao
A2 F3} SM4HFH 2 FNA 7 log CFU/g ©]
WA e 22 4.5%, 9.6%= A AT} vl
H| 23k o] AY Bl SRIE T
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, A, Ba7] 5 Ego] SEpk A2 =(68.8%)M A O

o
2 4ot o 1
> N
E*Fijggzrﬂmr
=1

2 o
=l

=
(U

A

= O > 1> oH X8 -
Yoox X T o> > oo ¥ iz oox rlo

to 1o rfr
2 e >

)
<}
agQ

A FAEe] dddT E g 9=
= Table 58+ 2t} AAHAEH SHHH A F] H+t
CFU/gZ Baek™¢] A5 A<l
1.62 log CFU/gs} H|523t 202 RISt Baek™<
AolA gt HA] U, Park 5209 o]

lo
o
il

Table 5. Microbial contamination levels of coliform in samples

Me EAadE = Het 1.38 log CFU/EZE 11.1%
o] AZEE HAHYOY B A7 dddS HES
A ¢kkth(data not shown).

g2 FuAleel et B o] A= Shigella,
Salmonella 53} ¢ EA 71edS gnlste] ZA)
A 8485 el fI8A Bt FolA = WA
O 2 AAAFAHH N FNA NS FAISL A
A= ekont, g2 A2 E M= n=5, =1, m=10,
M=100, SA44F2F] 4F n=5, c=1, m=0, M=10°2.2
TAISFAL AT, Solberg 5770 WA FAGA =2
ool thga+2] 7152l 2 log CFU/g ©)3lE #-&-3h4,
2 A 2 F 0] A 16.4%, SAHAAFAEFS] FF 104%

7} 713S 238 Ao Z yEhdt) Baek?9] olA

2718 H¥xE= BY
B AgelM 2lE AR 2 2aE EdE

WAl F AT B =4 AE
TH(P<0.05). Park 5°V¢] AFoME =
Weiade] 271 dnbM a4 ool
3710 B =A e Park 5°9¢ A4
Ao vlg)] FE2E7F 22 A5 QU= =
Wbyl B ETT Lee?o] Aol mEW, AR
HAL w7t ol d5E vkl 57t S71ske 4 &l
o] &7l HlE) shE7lol 959 2VLAET =&
ofve}, Alx 9 &8k % 8 F dvAlFFIE ST
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Coliform (log CFU/g)

Food type N

<2 >2-3< Mean+SD Min. Max
92 18
- +
Fresh-cut foods 110 (93.6%) (16.4%) 1.2+0.8 0.7 2.7
Ready-to-eat foods 115 103 12 1.2+0.7 0.7 2.7

(89.6%)

(10.4%)
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Fig. 2. Quarterly comparison of hygiene indicator bacteria of samples.

AE Az 2 fededl AT et 2 A F

o7 g AdEeAFE 110039 SAHFHAF

115710 gk WA A5 SH9dH 4 A= o
< Table 63} 7t} & AFolM S aureus, Salmonella spp.,
C. perfringens, 8933 (EHEC, EPEC, ETEC, EIEC,
EAEC)S B E AFoNA HEFA &Uth(data not shown).
Song 509 AFAAM C perfringens= FAESEA FJS
™, Jeon 5] Aol At HAA, Ak 24 FollA
Salmonella spp., BUZNGFS AEHA Ut B
sty S aureus?] 739 Kim 579 AFo A= 1.5
log CFU/g AE= AL, Jo 579 Aftolr A4 A
2 =04 1.2 log CFU/g® HIL &3t} wpapa & A3
= AgATel e ATl HIS A W2 Zlo R gRlET)
B. cereus®] 735 AW E B SAHF A FANA 7
7t 37(2.7%), 17(0.9%) ASHAL, LH T2 243
o] 2] F oAl Hit 0.05 log CFU/g, 4143 41F<14 0.01

Table 6. Distribution of food-borne pathogens detected in samples

20
5 ° 194
="]
L=, 13 13
£ 10 T p 1.0
2 0.8
S 0.6 0.6
(o]
- 1 2 3 -
Quater
Freshcutfoods Ready-to-ea foods

log CFU/g= SA14 3 -T2 F72 B. cereus 74 (3 log
CFU/g)” ©|8}2 YElstth(Table 7). Park 5°00] B3 &
Toll =2 AIAHAEC] B cereus AEELS 5.0%°]
3 SHHFHAFY HEES 5.6%AU2H, Kim 509 B
T E AXHYAE 53.1%, SHHEFHAE B1%=2 &
AT A= APAFel vIS) B. cereus L 0]
AS HAT

B. cereus= AFAA ] EXsle 2HgAde] A
A2 enterotoxin®l] 2|3+ HALE 3} emetictoxindl] <] 3k
TEYo] th. A 2553} BHE enterotoxine HBL
(heamoltic enterotoxin: hblA, hbIC, hbID), NHE (non-
heamoltic enterotoxin: nhed, nheB, nheC), CytotoxinK
(CytK), enterotoxin FM (entF'M), Bacillus cereus toxin T
(beeT)7F oH, FEY 2]F%52 Cereulide (CER)®| <]
3 WA ST, A ZoA B E B cereusE USSR
AE2 FAR 55 (hbIC, beeT, entFM, nhed, CytK) 2
2 FA7 1F(CERYS AT 4719 A oA
A2 HAE A3 B cereus F42 G ol o
% 457} B EAKTable 8). 4F ¥ FEEA &

No. of detected samples(%)

Food type No. of Samples
B. cereus L. monocytogenes
Fresh-cut foods 110 3(2.7) 1(0.9)
Ready-to-eat foods 115 1(0.9) 0(0)
Total 225 4(1.8) 1(0.4)
Table 7. Prevalence of B. cereus in samples
>1-2< >2-3<
N (log ICI%[_J /a) (log ZCI*%I_J /a) Mean+SE Min. Max.

Fresh-cut foods 110 2 1 0.05+0.28 NDV 2.2
Ready-to-eat foods 115 1 0 0.01+0.11 ND 1.2
Total 225 3 1 0.03+0.22 ND 22

UND : not detected.
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Table 8. Profiles of emetic toxin gene and enterotoxin genes in B. cereus strains used in this study

Enterotoxin genes

Emetic toxin gene

No. (%) of B. cereus isolates from foods

Profile - _to-
CyiK  nhed  emtFM  beeT  hbIC CER Fres}‘(:i‘;)fo"ds Ready tfni(l);k foods (E (’:ti;
1 + 4 + + - 1 1(25)
2 - + + - - 1 1(25)
3 - + + - + - 1 1(25)
4 - + + - - - 1 1(25)

+: detected, -: not detected.

A= BASHA] )T Park 5°92] B M = B. cereus
7t AZEE 78719 HAA AAE HA A A 5
el MZ g Fa B FEE R F 11350 45
7b EElEo] AFE AE Aget £ A7 EAEHA
FUATE, & AFele AE A £ A9 Y
IR} B. cereus= AYNAE HeE5Hdo=E

54 fAzbe] g 7lEe] fle ARt 7 dAFE
3 2eR1oA Fufgh 2ld o] -SA4F

d T g
o] A W FEdAME
cereusS] EA9} EAhE E 2]
Ao E APEER] G APt &
2 7FsstR R, 71g-2E] glo] dFshkes AldH e S544
HAEFS Afolle f1gde] zkEste] n|AEA A7t
jé]—g_—é—]_qjojn'

L. monocytogenes®] 735 SAAFH A FANA = HEHA
Rk, AAH A ZF A 17(0.9%)°] HE=HUTE A
Sl A= A H ) 20X ] L. monocytogenes TN
7152 QA AE gt Oisk FEE 2 AL
o o9 7y, 7tExEE oA @5 IHE HFH 6t
7HEAE tidl] 4 (n=5, =0, m=0/25g)0. = A A]3}
AP, ole} A=A}, Kim 5392 A3 E Ay
1.9%, AHE 55%2 HEE] RIHULSH, Lomonaco
S o] dAFolM = HE AN A=A, A= A
2 Qg g&zH ol AFFo] Frletal vkl HIAEH
oh SlellM = 2018'd AE9] 3 ALE St A 2l sH 2
of e FEo] WA, Aele NEE AT AHEH
= FAA, A Tl BlZH ol AEAHEIE wid 2
Astal v, S zER]or 4S5 pifd, inld, inlB & 5
OlFHATE Y E Fidele U E dHA Yoo,
2ok Hare]| mEW jgpidAte SFAE A5y A4
g ek Agabel] dojsial, priafdate] A WLl
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o= WA AR 65 (iap, hly, inld, inlC, inlJ, prfA)
AT A3 ol BEFvE ERlEgen, dHE 4
A= 122822 et 22k Barol] mE QA
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s, Ax 8 fEuA
435 e 99 F17h WRT A0 R,

20231 29olA] 2023 119714 QIR Fujgt Al
AR FE 110703 SHHFAF 15708 Gz 9147
Ft (ARt gt B ot )2t 255t (Staphylococcus
aureus, Salmonella spp., Bacillus cereus, Clostridium perfringens,
Listeria monocytogenes, 893N d)e] LAEE FAls)H
RoH, FYE 475 e E HdA FAaA
At
g Felle BYAE AREE] uiE AT et 244

2aFo] ot G2 wiFHAN AF FHELE H
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AZE 4719 AAANA B cereus7t WA= 54 F
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RIANE A 4577F FYHNLL, FESLE ALg VN
oo =4 FARIY AT L monocytogenes®)
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