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Staphylococcus aureus is spread worldwide and can resuit in food poisoning outbreaks. Among samples collected
from soil, water, protected houses, packing houses, employees, strawberries, and leaves, and analyzed for S.
anreus contamination, 16% samples ‘showed S. aureus contamination, particularly on employees’ hands, scissors,
and strawberries. Examination of enterotoxins A, B, and C genes of S. aureus by PCR revealed sea and seb in
92 and 38% of total strains, respectively, whereas sec was not detected. In conclusion, implementation of Good
Agricultural Practice is necessary for preventing food-borne diseases of staphylococcal origin, thereby ensuring
the safety of farm-to-table products.
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Table 1. The kinds and number of samples collected from 3
farms for microbial assessment

The nurmber of

Sources
samples

Type of sample

Soil

Mixed medium

Medium

Irrigation water
Pre-hydroponic solution
Pre-hydroponic solution tank
Hydroponic solution
Hydroponic solution tank

—

Soil & Water

Water curtain
Mulching vinyl
Sprinkler

Scissors

Collection container

Protected house

Packing table
Polyethylene bowl
Polyethylene case
Wrap

Hands (Protected house)
Gloves (Protected house)
Clothes (Protected house)
Hands (Packing house)
Gloves (Packing house)

Packing house

Employees

Strawberry (Protected house)
Leave (Protected house)
Strawberry (Packing house)

Strawberry &
Leave

W W W W W W W W W W W W W w W w Wiww W Wwwhh

Total
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(SEB), Staphylococcus aureus ATCC 19095(SEC)lt}, 3 &
] WZ2ERE Eschericha coli O15T:HT ATCC 43894, Listeria
monocytogenes ATCC 15313, Salmonella enteritidis KCTC
12400, Bacillus cereus KCCM 117145 AH-8l59em o5 7
T AFoNETAY o n Y Bl & A7l AN
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S, aureus®] SHIFES A3) 10% NaClel 3718 wypticase
Soy Broth(TSB, Difco, Detroit, MI, USA)YE AMg-313ion] M
B]A 2 Mannitol Salt Agar(Difco, Detroit, MI, USA)$} Barid-
Parker Agar(Oxoid, England)S AM&-3Iit). 3 A3)ets 3
<€ $18l9 DNase agar(Difco, USA), IN-HCIl, Sheep blood
agar(BioMerieux, France), H,0,, Rabbit plasma(BBL, Detroit,
MI, USA), API Staph(BioMerieux, France)7} AHE-52it}. Hald
Staphylococcus aureus?} enterotoxing AT o+ U gened
7HRlE7bl gk 185 PCRELE AM3Hon PCRO A
$8 Aok U} 2tk WA DNA #29= Brain Hear
Infusion(Difco, USA} Broth, 2% Tiiton X-100, lysostaphin
(Sigma, USA), Proteinase K(Sigma, USA), phenol/chloroform/
isoamylalcohol(25 : 24 : 1), 0.3M sodium acetate, Isopropanol,
70% cold ethanol 2] TE buffer(10mM Tris, 1mM
EDTA, pH 8.0y ARE3lth 3 PCR #4ldl= 10x PCR
buffer(Takara, Japan), 25mM deoxynucleotide triphosphate
(Takara, Japan) 25mM MgCl(Takara, Japan) primers(Bioneer,
Korea) Z2]3. AmpliTaq DNA polymerase(Takara, Japan)S A}
&5t er PCR HAE HAS #3 #7195l agarose
gel(SeaKem agarose, FMC Bioproducts, USA)YS AH&-&} Tk

223 PCREAM O AMEE 7]7]2% PCREZ7](GeneAmp
PCR System 2400; Applied Biosystem, Norswalk, USA)2} A
7199 %A (BioRad, USA) 2&]3 UV-visible spectrophotometer
(SHIMADZU, Japan)7} AH&-5]2{ch.
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aureus TE1E sl TS, 44, ddle BEE A9 o
# AAE o}g3 AR 250 mlE ]FR|(Advantec MFS, Inc.
045 um)ell B A3k F egg-york tellurite emulsion®] FH5-%
Baird-Parker agarel HET & 37°C, 24474 Wil (22) 7
F 71719 717 R B0AM AFHE AEe £ AR AS 7t
Zt 1 mLE #3l 10% NaClel €-#€ TSB 10mLel HE3}
Aok B AE, &, viA, 27 2 UL Had A AES
o] &3t 10g2 Hatd 10% TSB 90mLy} &gty A3}
AZL & 37CA 2402 S WYY FaE e
Mannito! salt agar®] 37°C, 24A|7F 841 uleFst & mannitol ¥
dlse] Jde FNEFE AL Adsie oA 231 AH iR
24 Egg-yolk tellurite emulsionS: A7}t Baird-parker agare]
37°C, 24M7F M W YSR L, tellurite *a) o)) oja] H-e
A HFE FA8 DA 2 (proteolysis) ZHEe 2 FPF
ol ¥ hclear zone)yo] WER= T FEHS FHelo] A}
sk SQld el ARt AsletE g9 dgezE By
ke 9d A Gram positive®t X=AM] vjE S #e
TFit(coce)H S QUL Streprococcus spp. o] FELS 9]
&l catalase tests M3 2™ deoxyribonuclease 443% &2l
& $3te] DNase test, sheep blood agar’ollr B-£-8& gkl
siact 22y 89 A FF IEL Y8 coagulase testS

AABA T Coagulase APl A3 #PHE tube coagulase
tes(EFHHEA 37°C, 167175 BHI brotholl A wjbsh &
A4 500pLst FFS! rabbit plasma M2 E35F & 37°C, 16-18
AlZE kg A7l 3 HE BEEe] ANEe] e RE
FdoFE A olHE o 74 AstEA AdEg
awreus EFTTHT ATCC 1356591 H|w3le] Hlskgon] APl
staph kits AME-3l] A G HTH23).
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o #HY _

Genomic DNA®] 3:&: Enterotoxin gene 2412 $1¢ PCR
o A2 DNAT Johnson 5(24)] WPie 2 F=31¢c} BHA
of HA4d S awewsE 3 WF°] 3} BHIBrain Heart Infu-
sion) brothell FHES F 37°C, 16217} widstAch vl 1 mL
& #8l 10,000mpmo 2 1087 PRI T njogiogn
B e pellet® 190ul2] 2% Triton X-1000] #eAFHoh &
Elel 2 95°CollA] 1587 WFEAIA O qhgo] B F A
25 ug/ml. F=9] lysostaphin 10pLS T3 3 37°ClA] 30
2 MEESE AFHT 2 F 1 L] proteinase K(200 pg/mL)
E A7 65°CoA 15% < W3-8k & 100 ulel phenol
# F39] chloroformfisoamylalcohol(24 : 1YS H7lske] A8}
8 & F 4°C, 13,000 mpmeliA] 15EZ 94T 3ot A=
AL 2L wbeol] #7122, o] 2L F A ¢ jtEsd &
o] AAHEL DNAVE 78 789 F& A3 o] 8
4 2ol 0.3M sodium acetate(10%, 20 uL)9} 120 uL.2] isopro-
panolE 718 F 4°C, 14000rpmol A 2087 94 Relats
2, AEYE A A2 pelleed] F ol F3e 70% cold
ethanol&- 7}8ted A& F F7] FolM A Az Pellet
2 30uL®] TE buffer(10mM Trs, 1 mM EDTA, pH 8.0)°1
SAZEL olFA A& 2puLe] FEHL PCR BHL 93
temmplate DNAZ AMEE]STH

Primers= Tsen 5(23)(Staphylococcal enterotoxin A)# Becker
& (26)(Staphylococcal  enterotoxin B, Staphylococcal — entero-
toxin Cyoll oJ3] @R F7|ME S Faz sl Adsjsich
Al F5 enterotoxin®l tHet primers®] 5013 H71ME-E Table
200 vreRt vle} 2o w Zb2be] primers Bioneer*l (Chengwon,
Chungbuk, Korea)ollA] &3k},

PCR W% &2 10x PCR buffer SpL, 200uM2] deoxy-
nucleotide triphosphate, 1.5 mM MgCl,, 20pM primers, 2 ul.2]
DNA Z.2]3 AmpliTaq DNA polymerase(Takara) 1.2 unitsS 3
7REIAL 33 & $HTE AHEEl AT wEEdg souLs
35

T PCR thermal cycler®] ¥H§ FH& o4°Col|M sE7H
predenaturation2 AA|EE 3 94 CollA] 127} denaturation, sea
56°C, seb 55°C, sec 52°C|A 40Z%7+ Ztz} primer annealing,
72°CoIA 19E7F extension®] ZALE 30cyclesS 438517, final
extensions 72°Co|A 727 AAJEETh PCRO 23k S04
=2 1.8% agarose gel A7 19 5ol o8] &lakgTy
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Table 2. Sequences and location of primers for the amplification of each gene

Gene Primers Oligonucleotides (5' to 3') Location Products (bp)
SEA sea-1 AAG TGC CGA TCA ATT TAT GGC TA 443-465 19
sea-2 GTA ATT AAC CGA AGG TTC TGT AGA 637-660
SER seb-1 TCG CAT CAA ACT GAC AAACG 634-653 477
seb-2 GCA GGT ACT CTA TAA GIG CCT 1088-1100
SEC sec-1 CTC AAG AACTAG ACA TAA AAGCTA GG 665-690 11
sec-2 TCA AAA TCG GAT TAA CAT TAT CC 913-935
Table 3. Detection of Staphylococcus aureus in 3 farms
ItemsFarms Soil & water Protected house Packing room Employee Strawberry & Leave
. . Leave
A Medium Scissors - - Strawberry (Packing house)
B - - - Hands (Protected house) Leave
Hands (Packing house}
S Hands (Protected house}
cissors . .
C . . Packing table Hands (Packing house)
Collect tai
oliection contamner Clothes {Packing house)

o e 2 A edow olojn Aow AL B
719 AL 7= E7(stolom)E Ho] 3o Bt wiz]ele)
H&o] A Bef S qurensD B1FE-3F HAUA vAEC] B

F &o EAT Al 215 LEANE THsAe] T A
U Fdrel = g2y dA Mpuchane 5(27)% Kaneko(28)
o] AFoME AlFel] REHL Sle AAMFold B4 v
AEo] ¥iustA HEHol =ewen 2 ¢9%S Mpuchanest
Kaneko 52 WE3 Be IAEL EYE 7L U E
G s Belsks Ao] tids] Fa51H27-28).

ol Auje] A= ESAuee gdel ASS AR o
on} AU FHE FYsta ok webA FYApue] Sl
olME @79 AALAPE sk HEE s A3t 4
3 F7he grsled R o Nty s|dlsk: nAdEd o
Hg vt JAzet BHag fAHoR ke Ao] Hasle
2 Akt

HMEF, A, dodH 2L FEANME S, awens’t BHE
HAo FHol 2oz 7HE §49] LHe #HEE AH B
AFE &4 5 Ude AR e ¢ Aok HEEI ek
538, o] AFd2 Norman(29)9] A7-oA 2FH L5 AL

< e FAECAM HY4 Rl 2EE S7HIIT
= AE lean dFHdnt utA £3E daA B
&7 feiM e FEGE o] M4 nidEel o8l 9

AL oot v] FDAYNAE RIEHeH ol ¢
e el T80 AYske Ag L FATA 3
AAZ Aggozn Rl $goE Zejgojes AL T
Asfof & Holch E3t WA nAEe] EA7t 4E de
HEEA] SRR 7)) 92|81 S aurensT VRS M4 1
AE FAAE dAlsfiol & Aom HdkEct

XAl

AN EAA S aureusS AT A A, C T3] 7181,
C 5732 58 &719M S awreus’t AEEATHTable 3). ol
FDAAHO o5l edd F3871¢ 71552 47 HEA
MAES S22z w2l o9Az F ok Husts gon

(30) & d74 dAlM= 7k £8E717F S aureusol
dxo] Lol Fse] HE AT 719 =7l A7
AES WALF 7R ARSI Stk B3 £ A4S
gl AEE AFslE g B BE TE8TIY VTS
ofu} olE™d egH UN2H 4F FIIFES HAS
A Fo] vhdso] LA gkt wetM §71¢ 715 9
& =719 WAL HS oEl7] M e HA 4F 7179t 7
718 Bag F Sle 309 Fug AA, 25 F F e
Alde] MX7F Fashd, 3 57175 ARE Folle WA
M4, 25338 7AFF T Aoz Az

Yo 0 D |o

EFAY

S. aureus®& XA ANA AN A3t C wAe] AWM
aureus7} AEF 0| FZDAAY BG4 dT=2 AF €7
WAt Po| Seift. v] FDA #Ed w2H IFAL, ¥
71710l WA mgEe] d@solgtere SHE 44
2] glole A 2 717)ge] HE) A% wate e of
g 5 glve BIsETE0). webd ZAAEe] AAe 2
719] kA #rel Qlo} dlg- Fo% aie WAHEHEDE ¥
FrAe FAe FAE7] HalMe 4 A9 A T 23
g ARe] Hastz 25 IAAE SF2RE 71 94
v FEushael QFEA 97 s Ladke Ao ofF
ojzjef gt z]al v Aol Bt Fele EFH e 3
A3 st Fol HYL Uol wategs Pl HXE
e FHA A desigy 2o

Noriog) o &

Xt

7] A FAske AHAE dE S aureusE AYsHe
A won AW A9 Table 33 Atk HE, 84 9 74F
A Zo) that S awreus®) LEE L enterotoxin AAES] BXE
5ol 93k dAve ol R e, Ao 25-50%7 ¥
MECATF BAAolH, o]5 F 15-20%% enterotoxin A§AF
2ol Aoz F)A Urkl6). 3 Hatakka 5(31-33)2 vlE

WO BAES) ATATNAE of o] F8 AN B
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Fig. 1. The profile of the sea gene of S. aureus isolated from the strawberry farms.

lane 1: Marker, lane 2: S. aureus (ATCC 13565), lane 3: A Medium, lane 4: A Scissors, lane 5: A Leave, lane 6: A Strawberry (Packing house),
lane 7: B Hands {Protected house), lane 8: B Hands (Packing house), lane 9: B Leave, lane 10: C Scissors, lane 11: C Collection container, lane
12: C Packing table, lane 13: C Hands (Protected house), lane 14: C Hands (Packing house), lane 15: Clothes (Packing house), lane 16: L.
monocytogenes, lane 17: B. cereus, lane 18: E. coli, lane 19: §. enteritidis, lane 20: Marker.
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Fig. 2. The profile of the seb gene of S. aureus isolated from the strawberry farms.

lane 1: Marker, lane 2: S. aureus (ATCC 14458), lane 3: A Medium, lane 4: A Scissors, lane 5: A Leave, lane 6: A Strawberry (Packing house),
lane 7: B Hands (Protected house), lane 8: B Hands (Packing house), lane 9: B Leave, lane 10: C Scissors, lane 11: C Collection container, lane
12: C Packing table, lane 13: C Hands (Protected house), lane 14: C Hands (Packing house), lane 15: Clothes (Packing house), lane 16: L.
monocytogenes, lane 17: B. cereus, lane 18: E. coli, lane 19: S. enteritidis, lane 20: Marker.
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Staphylococcal Enterotoxin a, b, ¢ Gene=| Z444
sea gene ZA: 27| 3 Al o zRE " S aureusl
¥} enterotoxin A AB’d(sea gene) o1H-Z PCRECE SZsld
gelstddct. = At Fig. 1914 Yephdnegl 2ol ¢ ZARE
Aejg eA] ZE AEYA sea geneo] ZEHIUY o= S
aureus®l ¥ A F50] FE AFolY DFo sl dodrh=
T—E"’ Yl AoE vepdti(11-12). BE® 759 of
Fio] seal AT T U= FFE vePRgl gl =27] AL
;ﬂ_-?gloi]/ﬂ S. aureus®] 2H-& oAgsl7] 913k o] £y o
of & ZAog weie}

seb gene FAM: B7| T B £E, AuiAA, ETAA
A, A9 9 g9 YoM -,—E]El S. aureus®l| I3t entero-
toxin B A4 (seb gene) o5 13 A3} Fig. 29} #th 2
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Fig. 3. The profile of the sec gene of S. aureus isolated from the strawberry farms

lane 1: Marker, lane 2: S. aureus (ATCC 19095), lane 3: A Medium, lane 4: A Scissors, lane 5: A Leave, lane 6: A Strawberry (Packing house),
lane 7: B Hands (Protected house), lane 8: B Hands (Packing house), lane 9: B Leave, lane 10: C Scissors, lane 11: C Collection container, lane
12: C Packing table, lane 13: C Hands (Protected house), lane 14: C Hands (Packing house), lane 15: Clothes (Packing house), lane 16: L.
monocytogenes, lane 17: B. cereus, lane 18: E. coli, lane 19: S. enteritidis, 1ane 20: Marker
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Table 4. Screening of Staphylococcal enterotoxin genes in 3
strawberry farms

Results
Wild strains
sea seb sec
A-Medium + - -
A-Scissors + + -
A-Leave + - -
A-Strawberry (Packing house) + - -
B-Hands (Protected house) + + -
B-Hands (Packing house) + + -
B-Leave + - -
C-Scissors + + -
C-Collection container + - -
C-Packing table - - -
C-Hands (Protected house) + - -
C-Hands (Packing house) + + -
C-Clothes (Packing house) + - -
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