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ABSTRACT

Staphylococcus aureus is one of the important pathogenic agents, which are related to the hygienic condition. This
study performed for the detection of Staphylococcus aureus and screening staphylococcal enterotoxin a, b, ¢ genes in
strains isolated from the environment for production of non-pasteurized strawberry juice. A total of 44 samples were
collected from utensils, machinery, employees, raw materials, and strawberry juices in 3 strawberry juice shops in Jinju,
western Gyeongnam. The isolation rate of Staphylococcus aureus was 26%. Specially Staphylococcus aureus was fre-
quently isolated from employee's hands, strawberry and strawberry juices. The sea, seb, and sec genes were also inves-
tigated by polymerase chain reaction (PCR). One hundred and 55% of each isolate had found sea gene and seb gene,
respectively. However, sec gene was not detected anywhere. To prevent food-borne disease associated with juice, the
accomplishment of HACCP to be more efficient and systematic is necessary.
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Table 1. The kinds and number of samples collected for the
microbial assessment from three strawberry juice

% e rr

r

shops
Sources Type of The number of
samples samples

Knife 3

; Chopping board 3

Utensils Dish cloth ;

Juice container 3

Refrigerator 3

: Ice maker 3

Machinery ice grinder 3

Blender 3

Employee: Hands 3

mployees Clothes 3

‘Water 3

Raw materials Tce 3

& Juice Strawberry 4

Strawberry juice 4

Total 44
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D A A7

HYd ulAEe] B9t S aweus® enterotoxin
gene AR 2ol g dizFom A8d EF
WFT Staphylococcus aureus ATCC 13565 (SEA),
Staphylococcus aureus ATCC 14458 (SEB), Staphyl-
ococcus aureus ATCC 19095 (SEC)o|t}h. X3 24
HWZFC2E E coli 0157 H:7 ATCC 43894, Listeria
monocytogenes ATCC 15313, Salmonella typhimurium
ATCC 13311, Bacillus cereus KCCM 117148 A%
sRen olg 45 AFYdEkY o vy B
Hhol B ool Alg-sigiey,

2) 717] L Aok

S. aureus®] THHUS YE 10% NaClel ¥7H4
Trypticase Soy Broth(Difco, USAYE AHE-8iom A
o) 2] = Mannitol Salt Agar(Difco, USA)$} Barid-
Parker Agar(Oxoid, EnglandyS ARE-319T) =3 43}
4 FAHE 9Yde DNase agar(Difco, USA), IN-
HCl, Sheep blood agar(BioMerieux, France), H,O,,
Rabbit plasma(BBL, USA), API Staph(BioMericux,
Francey’t AM-EQITE. B9 Staphylococcus aureus
7t enterotoxin% AAE 4 e geneS MRAET
gk A5 PCRYOZ Za““ a3om PCRoY AHg-H
Al o2 L}'u“’]’ 2tk \A DNA FZE°l% Brain
Heart Infusion(Difco, USA) Broth, 2% Triton X-100,
lysostaphin(Sigma chemical Co., USA), Proteinase
K (Sigmachemical Co., USA), phenol/chloroform/
isoamylalcoho! (25:24:1), 03M sodium acetate,
Isopropanol, 70% cold ethanol Z2]3 TE buffer(10
mM Tris, 1 mM EDTA, pH 80} AHg-sjgu}. =3,

AY 7} F2 2dEol ) Staphylococcus aureus®) #-2)9} staphylococcal enterotoxin a, b, ¢ gene 74X 25

R #4ol+= 10x PCR buffer (Takara, Japan), 2.5
mM deoxynucleotide triphosphate (Takara,Ostu, Japan)
25mM MgCl,, (Takara, Japan) primers (Bioneer,
Korea) —22]3 AmpliTag DNA polymerase (Takara,
JapanyS AME-3131 9™ PCR A4E 1S 93 A7)
%5 agarose gel (SeaKem agarose, FMC Biopro-
ducts, Rockland, USA)S AM8-3159t).

a2l PCR #49l AM&® 7]7]12% PCR $Z7]
(GeneAmp PCR System 2400; Applied Biosystem,
Norswalk, CT)9} 47195782 (BioRad, USA) 1]l
UV-visible spectrophotometer (SHIMADZU, Japan)”}
AREE A

3. Staphylococcus aureus®| £2|

EE AE= clean bencholld] FFF o2 Hzjslpe
W, S. aureus 2 E 9Ed e 939 9 o
#} ZAE o]g3led Al 250miE &)X (Advantec
MFS, Inc. 045umyell 2 =3t F egg-york tellurite
emulsion®] 3H+¥ Baird-Parker agaro] HEFT %
37°C 2477} WSSzl 7179}k 7)1 2 EAo
A AAE Mg & A8 A% 2 1 miE FHekod
10% NaCie] ¥ TSB 10 mloﬂ @iﬁ}%{t} L2
@719 Fie deE A AE T 10w HES
ol &3 10g &2 10mi& #3l 10% TSB 90 m/
Z EFe #As Al F 31°CAAM 24 T
BFSA T SaE F92 Mannitol salt agardll 37°C,
27 B4 et 3 mannitol Esllso] e 3HIE
T8 RS d9sie] tha] 23 AE wjR)2A Egp-
yolk tellurite emulsion® 7 7}3+ Baird-Parker agarel]
37°C, 2477 B4 it TRy tellurite A3 &3}l 2
3 e Mg F9ste vl 2l (proteolysis) A
goz A ¥ Sclear zone)o] UERF= ©
Y HeEe Fstol Asisks IAH AHSEI A
by E9) Ayege 2 wWed 9 HzlA
Gram positive®} Z=/39) WiQE 2= Tk (cocc)Y&
RIS Streptococcus sp.2e) RS 98] catalase

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 443-465 219
sea-2 GTA ATT AAC CGA AGG TTC TGT AGA 637-660

SEB seb-1 TCG CAT CAA ACT GAC AAA CG 634-653 477
seb-2 GCA GGT ACT CTA TAA GTG CCT 1088-1100

SEC sec-1 CTC AAG AAC TAG ACA TAA AAG CTA GG 6635-690 271
sec-2 TCA AAA TCG GAT TAA CAT TAT CC 913-935
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coagulase testS HAI3IAT}E. Coagulase Mol ARE-3
WS wbe coagulase test(BTHEIEA 37°C, 164]
ZFs<t BHI brothollA] BiFd 29 500wt -3<]
rabbit plasma& A2 &35 F 37°C, 16~18A7F wF
& A7 F FHF BEs SHgol Yehe As
FHoE et oy e o] six| Ay 4
E& S aureus XFFF ATCC 259233 vl A
FatHom API staph kitE AH3l] A& stATH™

4. PCR#& O| &3} staphylococcal enterotoxin a, b,
c geneS} 724

Enterotoxin gene H4& $J3+ PCRe} A2 DNA
< Johnson &9 ¥ e FZ3c}t. BHAY BY
A S aureusE T WFo] Fslo] BHI (Brain Heart
Infusion) brothol] BZ3 § 37°C, 16717} Wit
Y 1 miE #3] 10,000 pmoeE 1087 B4R
g F ufFH o ZRE] AL pellet 190 W] 2%
Triton X-1000] AT EHA-L 95°ColA] 1587
HEAIA S Hhgo] Yt & AEe 25 mgiml F&
9] lysostaphin 10 W& &3 F 37°ColA 3087
AELHE NAT 2T F 1w proteinase K(200
mg/mhE 718l 65°CAA 158 F¢ vhed &
100 Wel phenolst 5 #F<] chioroform/isoamylaicohol
(24:1)& Frtsty AEs} EFS F 4°C, 13,000 rpm
oA 1587 AAEE] ST AEAL AMEL wbe
of 713, o] 2AE F ¥ o wEsie ol
AASTL DNAZE 59 8 & H) o] ¢
g9 Zo 03M sodium acetate(10%, 20 w2}t 120wl
9] isopropanol® 7}t & 4°C, 14000rpmeliA] 20%
7F 94 BEERal, Ede AAse L4 pelletel

gL L]

5 v 239)9] 70% cold ethanol® 715t AH ¥ F
71 ZolAM Ad A2 Pellet2 30w TE
buffer(10 mM Tris, 1mM EDTA, pH 8.0)°] £3§4]
2R olFA AL 2wel 89S PCR 48 A%
template DNAZ. AME-SIATH

Primers= Tsen 5% (Staphylococcal enterotoxinA)h
Becker 5%(Staphylococcal enterotoxinB, Staphylococcal
enterotoxinC)ell &j3} B}3F GrIMEE F22 sl
A st Al £57 enterotoxin®l] ™HE primers®] &
ol8 A7IMEL Table 2] ViERD uie} zhom ztzie
primer= BioneerAH(Chengwon, Chungbuk, Korea)oll*]
st

PCR ¥+ £942 {0x PCR buffer 5Spl, 200 uM<]
deoxynucleotide triphosphate, 1.5mM MgCl,, 20pM
primers, 2 W2 DNA Z12]3 AmpliTag DNA poly-
merase (Takara) 12 units® A7 32 W 557
FE A3l HE LS S0 WE 2T

=3+ PCR thermal cycler®] W 7L 94°CoIA
587t predenaturationS AAIF F, 94°CHM 127
denaturation, sea S56°C, seb 55°C, sec 52°CWA] 40%&
2y Z}¥Z} primer annealing, 72°Col%) &7} extension
o] 2ALZ 30cycles® T3}, final extensions
72°Coll A T AASITE PCRA &3 32 ES
1.8% agarose gel A7|QFol <Ja] It

L 22 % O

1. Staphylococcus aureus2| 244

1) Az 7178 717

F2 Az Bad 7179} 7171914 S, aureuss] A
A Ast 3xA AHE J7e 771 128 FO1E
(8%)°] S. aures] LHHO] YALW 1 A= C
e ZolUthTuble 3). F2 AR Al 98 #Y

Table 3. Detection of Staphylococcus aureus in three strawberry juice shops

Farms ltems Utensils & Machinery Employee Raw-material & Juice Isolation rate
Strawberry
- 4
A Hands Strawberry juice 21% (Bof 14)
Strawberry”
B - Hands Strawberry juice® 25% (4 of 16)
Strawberry juice
c Knife Hands Strawberry 29% (4 of 14)
Strawberry juice

Isolation rate 8% (1 of 12)

50% (3 of 6)

50% (7 of 14) 25% (11 of 44)

"Frozen strawberry, “Strawberry juice made of frozen strawberry.
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F2A|ze) Pk AAAEY ANdE 2 S
aureus LEREE 1] 43 AN mE 3H
of FABRE AGAe] &M F ¢ 54 B S
aureusZ. FRNEATHTable 3). £& H|EF 2AYAY
AN S, aureus?] WIAE AEL Hatakka -5 ¥
23 Be IqREY d7dat dABIGEO? g,
Wei® & 20009 59 6 258tAA oRF F2
F AR A AFEANA 1019 S, aurensE ElSt
Hqom E3], olg & 2l FARIY] oA wie &
23t AL Zhe S awenst A4S FUI, )T
FALE ORo] S aurenst AE AA S FHEFEG
ofg} &g 7RISl AABKE Blge] Iths
A & Ut} B3 B AFoA Fqale] &9 §.
aureus®] S.FL& U2 o8 PoRe] AAHZE 714
TF USE AR, gEA 234 AN Y
Al717] e 94 271890 s e s YA
242 JflAe] Fadel thigh Ql4e) HBlo] o]F
ojxof & Eg 7] FAE AR JAY Azt
S ALK P At Br] g &2 FHAU
SEYeR HEE & o] AY A T &L M
A5k e gadolzl Algdrt. o8 $sid &
uiE & Ariel AT A 23 e ¥x
o} AFH 25E AT Al AR} £Yo] o|Fe]A
of g ZAoZ WAL}

4) 488} w7\

S. aurues® F2 QE} T2 S auruesE A
g A3t Table 3004 B uiel o] 984 BT
o) A3 AENA S, aureus’} 50% AEHNOH HE:
H Alge BE A 9719 g3r) FA4r) mela
B ATolr AgriF2e 2 957} e U]
S. aureus®] AEL YEL] 2Fo| & AT @
doz ddcke R 71520 23 S aureusl]

o3 AF5E 7hs/dE AARIL it

w2} eHEst B7) L0 S AdiME 989
QAYFE GrEojof 3p o|9} tlEC] Br|e] A
g AjFe] avEd. A A7) F25 Az o
< oM AT AR FRENG FHE AlA
& ol&st vtz FRELS & 7o EEES
AARE TS T 5 UAAT 255 407 F9 v
AR JA8AE AASKe 852 7[Uslr] oFHe»
e AAlE o= AR O i%0) Sl Ao By
A} 8] AARA &g A9 AR AN E
Ag oPd & v & HAFY 2H &3S Y
T ALBZ 5 ol A8 T RS ARHA A
HAstar ok, #A vl= Centers for Disease Control
and Prevention(CDC)°]\t Environmental Protection
Agency(EPA)9] %= A {9 Mo 3glolA
50 ppm~200 ppm Fi AL AT AL dBHs)
3 glen 1 ez Ae] BA EHd At
2EA7F aREa Aot uebs] 2718 HEE A
Aot £5AE Y AMele 23E nAES 22
A F F& Ao AMg3le Feol vl s #
art.

2. Staphylococcal enterotoxin a, b, ¢ gene2| 44

1) sea gene A4

39 W] 2Rz R Feld S aurenso o
g enterotoxin A gene Ay/J(sea gene) 9F-F PCR
Hog ZZslo] FRIEAT. A Fg 1904 UeRd
ule} o] BEl® S qurews®] 100%7F BEEIFFS
ATCC 13565 242 920 219bpe] FRE 52 A
AEL R & 4 Utk ol S aurensol 97 4
FEo] 2 AZolt DI o8 dofdthe BIE
3 GRFUGP EelE BE 571 sea AA s
Aoz yebdel wel S aurens?) 28 F2o @
Fe AT F U= RHo] FYHool & A=
Alg "}

2) seb gene A4

7] F2AH028E BHE S aureusel] g
enterotoxin B gene (seb gene)S: AT A} Fig 2
oM He ule) o] BElE S awreus] 55%7F
enterotoxin BE A 4 U gened 7HAE Ho=
Uehgdon £2 HEE ANV} g7, 9] F£ 18
3 ZAFAE] Eoldet. wEbA A ve] & A7) Al
Az AsAlde] ujfo] AlFEY Tg <hH3 ¥R
o} FEFH F2 YHEY fAo] H HsiHolof &
Aolrt.
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Fig. 1

Fig. 2.

Fig. 3.
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. The profile of the sea gene of S. aureus isolated from three strawberry juice shops.

1; Marker, 2; S. aureus (ATCC13565), 3; A Hands, 4; A Strawberry, 5; A Strawbenry juice, 6; B Hands, 7; B Strawberry juice,
8B Strawberry (frozen), 9; B Strawberry juice (frozen) 10; C Knife, 11; C Hands, 12; C Strawberry, 13; Strawberry Juice,
14; L. monocytogenes, 15; B: ceréus,. 16; E. coli, 17; S. enteritidis, 18; Marker

2 345 67 8 910 11121314 15 16 17 18

477

Hoside S AR Wy

AR

The profile of the seb gene of S. aureus isolated from three strawberry juice shops.

1; Marker, 2; S. aureus (ATCC13565), 3; A Hands, 4; A Strawberry, 5; A Strawberry juice, 6; B Hands, 7; B Strawberry juice,8;
B Strawbetry (frozen), 9; B Strawberry juice (frozen) 10; C Knife, 11; C Hands, 12; C Strawberry, 13; Strawberry juice, 14; L.
monocytogenes, 15; B. cereus, 16; E. coli, 17; S. enteritidis, 18; Marker

1 2 3 4 5617 8 9 1011121314 15 16 17 18

271

The profile of the sec gene of S. aureus isolated from three strawberry juice shops.

1; Marker, 2; S. aureus (ATCC 19095), 3; A Hands, 4; A Strawberry, 5; A Strawberry juice, 6; B Hands, 7; B Strawberry juice,
8; B Strawberry (frozen), 9; B Strawberry juice (frozen) 10; C Knife, 11; C Hands, 12; C Strawberry, 13; Strawberry Jjuice,
14; L. monocytogenes, 15; B. cereus, 16; E. coli, 17; S. enteritidis, 18; Marker

3) sec gene AN enterotoxin C 44 gened 7HAAl &= Rog )
@7 FRFFHeERE EYE S aweusol WSk BTt
enterotoxin C gene (sec geney® & A, Fig 3 Enterotoxin gene 734 A#E F¢s] X Table 4
ofl A el wiel Zo) BEE S awensts BT ¢} 207 enterotoxin AQ] A% F2 AFdolAM Reld
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Table 4. Screening staphylococcal enterotoxin a, b, ¢ genes in
strains isolated from three strawberry juice shops in

Jinju
. . Results
Wild strains
sea seb sec
A-Hands + - -
A-Strawberry + + -
A-Strawberry juice + - -
B-Hands + - -
B-Strawberry” + - -
B-Strawberry juice + + -
B-Strawberry juice® + - -
C-Knife + + -
C-Hands + + -
C-Strawberry + + -
C-Strawberry juice + + -

DFrozen strawberry, @Strawberry juice made of frozen strawberry.

S. aureus®) 100%7} seaS WAHET 4 AU gene 7}
A Ao vk} itk 24 A £82 S
aureus®} 55%7} enterotoxin B 4343 gened AU A
o2 Jepgon] Feld 5 25 enterotoxin C 48743
4 AT gene 7IXA B R0 YEr) &
oA Eeld 9ol Alsel tig PCR 44
7, seb(49.2%), MRSA(31.7%), ETA(41.2%), ETB
(82.5%), TSST-A(15.8%)% et TS| S. aurues
= 7R WA 449 WsAE T T e AeR
BIEGom 2 A AAME 55%2 B 75
7} 2l ool E4E A /e o= JERYL

o net
).

vad B

S. aureus= B730 st MqaHdol A 371, ES
o] AdAl] FasisiA Exskar ot =3 A7S
Al B89 9% Sole Ak ol 4Fel 4
Al LF=E7] Wil 2 fAY FasH dFoA
AE Adoltt. M B dpdie JAFAY 27
22 A 3E sl 2 AR)79) 71, A
2 gl flget BriF2 oA F 4o AES A
3 S qureusE HABIT HElE S aureusol] Tt
PCR "} 2E enterotoxin a, b, ¢ genex A3 Az}
= e At

1. =" 289 26%NA S. aqureus7t WA A
2009 F2 A% NE2E 4 AEY ARk
&3 7], B7|1FAQ

2. 22919 S aurews®) WK enterotoxin A A7}

BE B 250 sea geneo] AEHAULH, 55%2
H2FF7) seb gened ZHe Ao E JERGTH T2
sec genes Zhe e (AT

ool AAZ miFolE o YEA 545 AET T
P geneS 71 S, aurews®) WWIG HEZ ) F
2o 93t AFEo| ). wekA kG Wyl
AE A e X 9Re) o) G olof 5
o o]& 93l 7t B7] Akl GAPAIETE =9
sjojot 3ol GrFs Az $EE NHE) A
31X HACCP7 Z§lsofof & Aoz Algdd.
HACCPE AAJsl7100 A Aol A AZAxz7 &
= YAEZAE7)E(SS0PR| Agsojof & ol
olof gt A7, FAF E o] Ao} & Ao
ok E£3 A HE A <t AARERE opde) F71591
vAE AAE F8 28430 94 AHE ERlgjor
& oz Algdr}

HAle] 2

B Ay HARRAR BAeg7)E AEAKe AY
of &j3le o] Foix R (03-PI1-PGI-CH11-0003).
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