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Foodbome illness due to the consumption of contaminated raw strawberries is a continuing food safety
concem. This study investigated and evaluated contamination levels of bacteria on strawberries at farms stage
to evaluate potential hazards associated with fresh strawberries. A total of 315 samples, 105 samples from 5
sampling sites (A to E) of 21 farms and 210 samples from 1 sampling site of 6 farms, was collected every
month for four months and analyzed to enumerate aerobic bacterial counts, Coliforms/E. coli, Bacillus cereus and
Staphylococcus aureus. In addition, the prevalence study of five pathogens (S. aureus, E. coli, E. coli O157:H7,
Salmonella spp. and Listeria monocytogenes) was performed on each sample. Aerobic bacterial counts ranged
from 0.48 to 6.36 Log CFU/g, with the highest bacterial cell counts recorded for D and E sites. Coliforms were
detected in 71 samples (22.5%) with a minimum of 0.48 cfu/g and a maximum of more than 4 Log CFU/g. B.
cereus was detected in 98 samples (31.1%) among total samples analyzed. S. aureus was detected in 2 samples
with a minimum of 0.48 Log CFU/g and a maximum of 1.38 Log CFU/g. E. coli, E. coli O157:H7, Salmonella
spp. and L. monocytogenes were not isolated from any of the samples. The microbial contamination levels of
strawberries determined in this study may be used as the fundamental data for microbiological risk assessment.
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Contamination levels of indicator bacteria in strawberries with sampling months.

Percentage(%o) of Percentage(%) of Percentage(%) of

No. of No. of samples in the samples in the samples in the
_ sampling sample  indicated interval  Range Mean =+ S.D/indicated interval Range Mean+S.D, indicated interval Range Mean+S.D.

P hng fams  units : Total aerobic bacteria . Coliforms : B. cereus

e <* 23 34 45 >5 <1 1223 >3 <l 12 23 >3
Feb. 6 60 33 200 483 250 33 1.90-5.073.57+£0.759A95.033 1.6 0.0 ND-2.460.17+0475A 95.0 3.3 1.6 0.0 ND-246 0.17+0.607B
Mar. 6 60 150 21.6 383 183 66 148518326+0.994A71.65.0 16.66.6 ND-4.78 0.74+1.284B 71.6 5.0 16.6 6.6 ND4.78 0.74+0.468B
Apr. 6 30 100 266 433 133 66 1.95537331+£0.885A83.36.6 10.00.0 ND-2.49 0.34+0.787A 83.3 6.6 10.0 0.0 ND-249 0.34+0.448B
May 6 60 233 250 166 21.6 133 148582330+ 1.359A85.05.0 5.0 5.0 ND-3.28 0.36+0.850A 85.0 5.0 5.0 5.0 ND-3.28 0.36+0337A

“The unit of number is Log CFU/g.
®Standard deviation.
‘Not detected.
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Introduction
IS ALY 45 P W A% et wido] nx
A o] 2E|aby Qlo] AFfshe A SARES AR

o] A& A Z715kaL ATt (Burnett and Beuchat, 2001;
Tian et al,, 2012), 1 Sof|A] T7]= FQ AlA AHF sAE
S S Ao 20124 7% 11,8889 20 e
b AA A YA (101,537 ) oF 11.7%5 A}A|Sk=
8% 571 5ot} (HEX1E, 2013). 20001 TH
= B7] kS et oF 208k E0.2 80dtol HIsfiA]
+ °F 2,99, 90tof| HIshAl= oF 1.4v] S7FskITt (BA
%, 2010). B7]= oA TR AA8-0 8 o] 8L gl
H, Y= A, ofolaady, 4 T VRAlE HERE 9
2537 T} (Lee et al., 2012), $HH, FLJof| A= Salmonella
spp., Listeria monocytogenes, Escherichia coli 01573} Z+
2 NZES deslt BU4 nEel 29E IR 4
o W A% A} 71, sl Sl watel g
2 <19 W AR A3l F1Aek (Coc, 2007, LHlAREo]
A ke Al iRk 215 Sk Q7] sith
SHReA S B2 Golo] B ARE Al by ARZE 1
8l v glovt, wSte] A9 colf OISTHT 53 22 <)
A WA el @@ M Ty HAl] ot AEE
Abar7b ®aisl v QI (The Marler Clark Network, 2013),
7 & QA B vEES AR OlA L9 B
WhE, o=, 5 Foll olsl miziE 4= qlaz, =,
Sesk A2, 71, T4 50| Ay oA w9
2 e, 1y Fol ofsl kool ol 4 Utk
(Koseki and Isobe, 2005), YHIA O &2 =Abof| A HEZ Al
Bh= Y, A7t QEASE A0 = AAXX| T (Ackers et al.,
1998; Beuchat, 1996; De Roever, 1998; Mead et al,, 1999),
AabAlel Q= A E QA B nlEe] 2 7t
=Ao| Qlt}, Salmonella spp., E coli O157:H7 5-2] 214
B nESC] sAkEe] @dE o] Folle TAE 2
A 9 o= e8] AASE7 |7} o2 2= (Beuchat
and Scouten, 2002), WA u|yEo| 2HE7| Ao AFA
oA o &2 hEjaflopyt gich, el gr)e] AE3HA $ial
o] et A Ao = A Do) AETH 9
384~ FA] (Shim et al,, 2013), AHuitA E7]2] 2} 5 ¢
sl 2 24 (Lee et al., 2012), f-8THA B7]2] BE35H]
ol a4 EA (Yu et al,, 2009), Aufalo] w2 wr] o]
AETHA] 8l ad BA (Yu et al., 2013) 50| 3=
L, B7] Alm A D EAA7I7E g A e ST
Al7|12 =gtE]o] Qlofa] =ujo] AREA Q] ABEsHA flela
545 Uetdi7]oll= eHAZE ict. whebA 2 At
T8 kA D7) RS o= B2719] 9
N

2 fFAudE e dEE 2ARIAL B9

E

8 APIER L H=o] o} o 2AE FE = A
A B@719] ARkl AEARE E freindE 2d

S48 st sl

Materials and Methods

FUXIQ] "I MR =8 Ad A 279 9%
7h, BE A 1A (4% 57h, AR 24 14 s
7h, g 24 129 (45 s7hog F 57 A (21%
7ho\A B7] (Fragaria ananassa Duch.) Al2E 433}
o, wle sl 251} R TS e &
912 AR, el HAS 18] AR Hojod 15
T 54, % 10599) Al 25, AlRE S
o BALPE AL 0T U WkE H4spl]
SJetol Wi BUL 2H8atol Belolea Ae] Bl

£ ooff L3R of off of

AZI8 27| Mz =8 S 24 Ul A9 Y 659
F7tolA 2, 8, 4, 59l ZF € 134 'Y AlmE 3o}
et flok 2 WReR NS AFste] F 2108& &
F- 24 skeiTt.

FMX[EMT QEE ZAF SRR BN LEEs]
AAET o e 2dEe Audos Bajs)
At @] A|ZE stomacher bago]l @il 1:3 (w/v)Q] H[&2
0.1% peptone waterS T3} Pulsifier PUL 100E (Microgen,
UK)Z 152 &t tdslsleity, dutar| At 548<
913l Pulsifier= w2313 314N 1 mLS Fsf| x4
(Aerobic Count Plant, 3M, Minn, USA)o]| 53t 3 30°C
Hfef7] 014 4841k B2t vjoFsto] LiERd: colony ] 45 A
FokAnt, =t/ 8wt (Coliforms/E, col)®] Wi =
e 99 81489 1 mLE F3) AZHA (Coliforms/Z
coli Count Plate, 3M, USA)o|| £33t & 37°C Hlj%7] o]l A|
24N 7 FQE st ot 9 e R SEE

colony®] =& A48T,

FOlO|YE 2F: ZAF 43 D7] Algol| tel Bacillus
cereus®} Staphylococcus aureus®] L TEE AFxroz H
ATt B cereus L A% AN fol AT 34§
oS- 0,25 mLA 47]€] Mannitol Egg Yolk Polymyxin Agar
(MYP, OXOID, UK)°l| 27} 25310 & sigiet, 30°C Hijef
71014 24A7F FRE Wit ¥ B cereus® A== colony
of & AlSich, ot geet AltEde sl Al=d 570
9] 2J4E]l+= colonyE MYPO|| Al et ¥ Nutrient Agar
(NA, BD, USA) HiR|E o]&38f =] siict, wee +F
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= B cereus Detection Kit (JS—BC050, Jinsung Uni—tech,
Korea)& 83t grofl, ces, ayl 434 {55 884 B
cereus L= AAsITH 747&?”’”*»"— Z} 4522 chromosomal
DNAE boiling HH o2 FZ3}0] template DNAS A3
t} Micro—tube®] master mixture (B> 14,875, buffer
2.5, dANTP 0,5, cryl forward primer 1, cryl reverse primer
1, groEL forward primer 1, groEL reverse primer 1, ces
forward primer 1, ces reverse primer 1, 7aq polymerase
0.125 ul) 24 uL9} template DNA 1 uLS 53t & =3t
iOﬁJﬂHP—‘D— 2] (C1000™ Thermal Cycler, Biorad, USA)
ol-g3te] 50| F7IMES SE3t (Kim et al., 2012).,
‘?_}%Zﬁfj 1, 95°Col|lA] 28, 2. 95°Cof|A] 20%, 3. 61°Co|
A 20%, 4. 72°Col|A] 20%, 5, 72°Cof|A] 280 & 519
HollA 4 3L 30 cycle® DAL} Hhg- & SZEAL
=9] A7]%952 B5}] target gene?l cryl (138bp), groEL
(250bp), ces (405bp)2] band 55 st HEd
& 220 2458 #4 colony®] 4| o
Aol 2F Alatrs AT S aureus LHE 2ARE
Q5] FAsket 348982 0,25 mLA] 47l Baird—Parker
(BP, OXOID, UK)o| Ztz} BZslo] =3l & 37°C9] Hjok
7104 4847 BLF vl S aureus® SVAER= colonyS
Nutrient Agaro] 2:4=5.2]3F & VITEK® 2 (BIOMERIEUX,
France)& ©]83) B4-54sto S aweus AYPE THs}
Ak,

S, aureus, Listeria monocytogenes, Escherichia coli,
KHscherichia coli O157:H17, Salmonella spp. 2] LPY=E A
dHoR FAsH) 7t Alate] e FtulA]Ql Baird—
Parker (BP, OXOID, UK), Fraser Listeria (OXOID, UK),
E. coli (EC, OXOID, UK), modified E, coli (mEC, OXOID,
UK), Rappaport—Vassiliadis R—10 (RV, OXOID, UK)& A}
23519t ©7] A|EE stomacher bagoll €3l 1:3 (w/v) H]
2 40| St89e Hal 37°C uiT]olAl 2443t F
¢t Sl Fsoltt, SH8de 2 Alte] AEufz|Ql BP,

ﬂ.l

B cereus 5

Oxford agar, Eosin—Methylene Blue agar (EMB, OXOID,
UK), Sorbitol Macconkey agar (SMA, OXOID, UK), Xylose
lysine deoxycholate agar (XLD, OXOID, UK)o| Ht% ¥
Fol2 AFgalo] Helujersigon 7t Ale] ARo] A
iy 1594 ujok7 o A wjeFalaict, wjokst 3 ZF Aeuyz]
HAH o7 AR 455 Soto g A¥Hsial 94
E— colonyS NA®|R|o]| &<pBa|siqict Ealsh #3=
et 542 ¢dl VITEK® 2 (BIOMERIEUX, France)&
ol 93] HE =Xt
SAH M 97| A9, AZE A A ©
frofudE ede 2ALRRE A2 Arkgiel s ddH)
A BAFEA] (one—way ANOVA)H O 2 A]7]d 10‘35 2}o
S el BAH Aab) ot 2 A9 (b <
0.05), ISDHO2 CHEAHS AAGHICE 9le] Bae sas
9.2 A Eo] (SAS Institute Inc., USA)E o|-85lo] AlA]
skl

Results and Discussion

L7112 HMXIEMT X Rol0|ME 2EE, MK
HEMT (YEts7 |*"A1|ﬂ', Coliforms) ARt 7]/ A5t
= 7H 9 el sl 9 A
o 5= %@Q T Ue AEE 85 AR S
o, AL (Coliforms)2 A1EQAA EH 2 &1 9] %]
FE AREEIL QUoh (FAE 5, 2004). 2 AFolA= U
D7]9] HHHAQl SR FAE LHES Totslr] flsl &
5419 QU F7hollA 37t AAA E7]9] d¥tsr]d
Al<t, Coliforms®] @ EG=E BEA3}3 T} (Table 1), thAF A
o W 7o) Wolel AkEIIAE Qe B 837
Log CFU/g, 0.48 ~ 6.36 Log CFU/g ® 9], tha=t9] 29
T = 4t 0.41 Log CFU/g, N.D, (Not detected) — 2.48
Log CFU/g ®I91Ql o= Yebgth Alasg A9d 27

Table 1. Contamination levels of indicator bacteria in strawberries with sampling sites.

Percentage(%) of samples in
No. of

sample

Sampling No. of the indicated interval :

sites  farms/site Total aerobic bacteria

Range Mean=+S.D.

Percentage(%) of

, samples in the indicated

i i +S.D.
interval : Coliforms Range Mean=+S.D

<" 23 34 45 56 >6 <1 1-2 >2
A 5 25 60 20 4 16 0 0 048482 19+132A 88 12 ND*1.95 031+0613A
B 4 20 55 20 10 15 0 O 0484.72209+134A 100 ND-0.48 0.02+0.107A
C 4 20 55 30 15 0 0 O 1.48-3.65209+07MA 100 ND-0.48 0.05+0.147A
D 4 20 5 5 35 50 5 0 1.95-5.00391+0.720B 85 10 ND-2.48 0.33+0.709A
E 4 20 5 35 10 15 30 5 1.48-636391+1363B 85 5 10 ND-2.38 031+0.717A

“The unit of number is Log CFU/g.
"Standard deviation.
“Not detected.
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o] YA FATF LHEE SARCRE DAY o3t A}o]
7F Qe ASE YER=T| (Table 1), o]23t 2fol= A&
FHAI719] Apolof whE mgE S48 S vAl=
A U1, % ) &), EFAN, +BAu 5 8l
A 9 w7 g7 AR o] Aol whE EFo =R

s oY F zto], A=) ASHA 2folo ke B
JombE 1Al o]AAY, BEH V]2, 5% 5), A
Hjghg o] AEsHY flaflas edE (BEY, W8S 5,
ALY AE 5 oe] 7HA] a¢lo] FekE wAl= Al
AU, § 5 (Yu et al,, 20092 g el
POl e B AlRelA sl W
74 W3t 5,25, 4.97 Log CFU/g, o) Wiert 2 B
3,98, 3.91 Log CFU/gZ YEIE Aoz Huslict 2 o
T A 71 PR FEAIES] Bt Y=} H| WL
e ) 0l B WER ehd Al o[RS 24
9] background microflora®] W x}o] 43+ 4l 43+ &
Al 1y F WA WY 22 {5 F ndE Uk
W3} ol oJgt Ao g F5Er) 4] F (Shim et al,, 2013)
< 5719 ey (B, &), 2AAF (& 31 2dE),
T (AP O] ARt Al Bttt EE
£ AL, o3t 2o EAfsh= nESo] B9
2k gl 3k 3 A2 B F o) 23] got wake gol
H 7Fs/d0] S AlAkekgiTh Auliebd ol EAste mlAg
=o] $AER ol Vs EAek, 53] edd o
Mg B folu e HEZ) o FAL o2 da
of oJ3f wr&&H} Tk (Tyrrel et al,, 2006; Mitra et al.,
2009; Steele and Odumeru, 2004), 121l SAME-L Afuj
WA T =EE SR ol A oA = AgAE, 4=
SHY 5 HEE o] fendEe wake o] dojd
7Fs/do] QlaL, =k o]Fo AjH, dek, A 59 o
Y GAE A= S Fen e A da FA]o] W
At 4= Q1= Ao F A Qlt} (Wachtel and Charkowski,
2002; Kroupitski et al., 2009; Ukuku and Sapers, 2007;
Gagliardi et al,, 2003). G 5 (Yu et al,, 2013)0] H 113}k
LA D719 Fold A HAIRE LHE Ao =
G7] Tl A duts 7] dAllto] 2.3 — 6.8 Log CFU/g,
Zgatto] 2.1 — 4.5 Log CFU/g W92 Veht i 119 o
S 7)1/ dAME Y] @ A Helet fARE Ao s vekgth o
gk tdette] Bt 9 U= el th 2ol 7t U=t
= 2719 A (07, B4) 2 AuEE (Yyt F
oF §71%) 8] Zpolof| wE A SR kT E Aol A
Aol vlsl = Al o= AR "7|oA A
718 ARt, Hdwtt, B cereus®] LAETE AR
7l Yebg=d] (data not shown), ©]+= AJAFA F£Q @
Al Bk IAg WAV e A= wE 914
A BIESte] B ndE 59 Ak dS o

&)

hu B

==

o

(

o2 Hr rZ H1 oo

N

371 SlalAl @] A, 43, 43 7 Ae] 5o FAe
QlobA] AR, A1, 211 9 AET, Agixe] 914y
el Faslch

FolOlME TV Thso] dofete] =2t & A
HolAw AZzt 2o Wl Byl g, durE o 4
Aoz AFh=s A7t Bk =99 HSoll= S enterica,
E, coli O157:H72} -2 /g mjd=ol 9% 27] 43
of oJgt A== Alar7} B a1g v} Qlr} (Calder et al., 2003;
CDC, 2013). E3F o R Eof|x] AYabctA B7| }aollx] Salmonella
spp.i= 28%, E coliv= 12%°] HluA w2 RIE2 HEES]
thar B35 v 9t (Uyttendaele et al,, 2014), R|27FA]
SolA= 7] AdFel W Aes AL o] Koty
o] Glar, AATA 9 kA g7io) A fjet 22 {3l
sl AEE Al glch & AelAs =W ik
A @719 fudE LT ZARE =380, B cereus
£ At S aureus, E coli, E coli O157:H7, Salmonella
spp., L, monocytogenesS FAZEA] QRIT} (data not shown),
B cereus= % 1058 A& & 738 (69.5%) 2] A|RAA 7
SHL, AFH o= 137S AlQetales B 2 Log CFU/g
ote] H|u A B PSS LT} (data not shown).
B cereus®| 7-oll= 1EY = AAR 545 A5
Ao s dorl=tl, Aoz uj7jAlE ol 5 - 8
Log CFU/gl. 2 A4S o /o] Q= A o& defA
UTH (AFJoREA A, 2010), & A-AatolA= HUA
nEe] e YEof Qlof S-eEvket Al YehtA] 9ok
of, SHAIRE Wl mAES T L AA 27 tefekal, B
£ 712 5 kill-step©] §lo] A4 o= 97t thi=
ojmz AibcA A5 E ARG S B8l A
= FHEsfopt it}

Al71'E ©719] YEXIEMTF R Fi0|EE 2EE
A7IE G719 YA A H FelindE LHE HIlkE
ZARE] flate] AR =3 AI71E B7] Ao 8 43
7191 2¢of|A] 5Y7IR|= sFGlaL, BY] A 9 e
o] HAE Fo17] Y8l 471l 571 FUT BAolA AlRE
RS YR RAE T LREE TR -
1= 2, 3, 4, 590 2}2F1.90 — 5.07, 1,48 — 5.18, 1.95 —
.37, 1,48 — 5,82 Log CFU/g W92 Uel:tal, Hatgh2
¥z} 3.57, 3.26, 3.31, 3.30 Log CFU/g2H# A|7]o] w}&

IS 7] dAee] L d e o3t Mt Sl Ales U
EtTh (Table 2). thgtte] Z4-9ole 399 LHA=E A
QJstar Yz Al7]= o8t 2fol= glglon 3¢ tE
AlZlell vl vlad e dert =2 Zog Ueith B
cereus®| 75- 54o] T2 Al7]o]| Blg L H=7}F WA LhEt
ST, ol AHEo] st wet Bkt g@r] o) 1t

r

]

<

F

)

N U o
il

mO
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Table 2. Contamination levels of indicator bacteria in strawbenies with sampling months.

Percentage(%o) of Percentage(%) of Percentage(%) of
No. of . . .
No. of samples in the samples in the samples in the
S?m' S?m- sample  indicated interval Range Sp indicated interval Range Mean=S.D. indicated interval Range Mean+S.D.
p‘ g plung units : Total aerobic bacteria o . Coliforms . B. cereus
time farms _— _—
<" 23 34 45 >5 <1 12 23 >3 <1 12 23 >3

Feb.

Apr.

6 60 33 20.048325.03.3 190507 357+0.79A 95033 1.6 0.0 ND-2.46 0.17+0475A 950 33 1.6 0.0 ND-246 0.17+0607B
Mar. 6 60 15021.63831836.6 148518 32609MA 71.65.0 16.66.6 ND-4.78 0.74=1284B 71.6 5.0 16.6 6.6 ND4.78 0.74+0468B
6 30 100266433133 6.6 195537 331+0.885A 83.36.6 10.00.0 ND-2.49 034+0.787A 83.3 6.6 10.0 0.0 ND-2.49 0.34+0448B

May 6 60 23.325016.621.613.3 1.48-5.82 330+1359A 85.05.0 50 5.0 ND-3.28 036+0.850A 85.0 5.0 5.0 5.0 ND-328 036+0337A

The unit of number is Log CFU/g.
°Standard deviation.
“Not detected.

Zo| 5ol B cereus®] 8 L AU EFOEHE O w
A 7hs/dol Fol57] Wl A= wekEr:, 744
A AHE & A eyt 575 ER AN (195
F7h Alzet AAE 8% F7h AlRe] URtE 7| A+t
Wtt, B cereus®] LHEE Blus] HokE o, EUA
= 2 et 3.17, 0.29, 0.20 Log CFU/g, 7 Aul= 2t
Bt 2,47, 0.25, 0,15 Log CFU/g2X| 7 Aulo] H]sf &
A F7He] AlmollA LAETF Ao R A vERd
A& 2hle 4= 81Tt (data not shown), B 7N,
o, T2 B AR 5 of2] BRE 8l Hed nAdEel
245 4= okl AdEA ¢)o (Santamaria and Toranzos,
2003), S-AgE ZHE-9] Ald| 24 Baraki} Liang (Barak and
Liang, 2008) Salmonella enterica®} 72 AA|H A+
Eojoll 9O WA 1) 65 ol4t AlEo] 15l
o] o]Zlo] EntE AlEA|9] B, Ql, E7] 59 A=
L HE o] A7 AEo] Thssithe AS Basiich &
AqtolM= AR SRS W7)olA S aureus, B coll,
E coli O157:H7, Salmonella spp., L, monocytogenes W5+
2R e, e 7)0] b B Slal
L9l Wi oPIEE B9 58 BT o) Be
L HE WABIL S| B EHE ARESH HIYEE
[e]

Conclusion

2 dAqts AARA 2715 U 57 A 249 21%
F7lA F 10559 ARE siste] A AR 2 &
SugES] LPES AT E3E FAA] 17)] 229
635 =71= iAo R A7 (2, 3, 4, 5Y)E & 21079 A
Fof thslf YBAIFEAE H FeuES] LP=E A
ek ikt G719) PR FAIRE 5 AR
0.48 - 6,36 Log CFU/g "= YEREAL, Coliforms+= ND

- 4,78 Log CFU/g Y2 1058 A& = 537 (50.4%)°]
A AEESIH B cereus®] Zf-oll= 10689 Alm 5 73
7 (69.5%)°14 AEEAL 1S AQlshiles BF 2 Log
CFU/g olstdl Zle® Utk A7 2AIA = 399
Wt e] et o Al7]ol| Hs f-o)8HAl &8k, 54
O] B cereus7} thE Al7]0)| Hlsl| FoJelA W& A o= vEhkt
o} B ATLolA 4398t § aureus, K coli, E coli OI57:HY,
Salmonella spp., L, monocytogenes L QL ZA| A= o]
5 B EHEE et 2 At U LA 27
o] SR FA H FElndE LAEE RARE S A9
H Ee s7HHE A AR LF=7F Fol3E 2ol 7t Sl
= 2 s, A7 falndE =AM 5t
EGomRES] o|AAT} B cereus®] LH=0| AFHI0] A
e (AR ARBISIEt & Ak A sikE
A4 g 9 2 )] | SlslhE7} (Microbiologicel
Risk Assessment)?] 7|ZAlR2 =2 S-EE 4 QS Ao 7 7|

Stk

(R

£
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