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Analysis of Antioxidative Effects and Antimicrobial Activity of
Omija (Schizandra chinensis B.) Extracts

Jung-Hyo Kim and Kun-Og Kang'r

Dept. of Nutrition and Culinary Science, Hankyong National University

ABSTRACT

The purposes of this study were to analyze the antioxidative effects and antimicrobial activity of Omija. Total phenol contents
of Omija extracted with ethanol and water were 53.4+2.2 tannic acid equivalent/mg, and 47.9+2.1 tannic acid equivalent/mg,
respectively. Total flavonoid contents of Omija extracted with ethanol and water were 16.3+1.1 naringin equivalent/mg, and
13.1+1.4 naringin equivalent/mg, respectively. Electron donating ability of ethanol extract (1,000 pg/mL) of Omija was 5.1+
0.4%. This result was lower than the antioxidant vitamin (ascorbic acid: 96.4+0.6%) and artificial antioxidant BHT (70.0+
0.5%). Nitrite-scavenging abilities of Omija were lower than ascorbic acid and BHT. SOD-like activities of Omija extracts,
natural antioxidant, and artificial antioxidant at 5 mg/mL were in the other of ascorbic acid (99.0+0.5%) > BHT (72.6+0.5%)
> ethanol extract (16.3+0.4%) > water extract (14.4+0.3%). The order of OH radical scavenging activities of Omija extracts
and natural antioxidant at 5 mg/mL was ascorbic acid (98.9+0.6%) > tocopherol (85.4+0.6%) > water extract (59.1+0.5%) >
ethanol extract (33.1+0.3%). The results show that the antimicrobial effects of Omija could not be detected at both concentra-

tions and extraction methods.
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(Almeida IF et al 2008). ©]&{3F HA
2 fel4 T moEE HEAZAS 7]
24g Fa gon, QAo Folgn FA0 ARAS

2 Aol 7HHA]LS iAo &o] 7]EA £
QW2 Schizandra chinensis Baillon)= HH ol &3h=
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& Wt Alglo] AsiH, ehdS gy . Qujzte] oF
22802 dA5(Guo LY et al 2008), 7+ BT (Nomura M
et al 1995) 5o g3 o, MAEAHZ 42 anthocyanin
o] 74 gtalsol e Aew dEx|ar YTHKim EY et
al 2004). =gk ewn|xte] Aeld] e 2E M Al
ﬂiﬂ(Kim JS & Choi SY 2008; Cho YJ et al 2007)7} 31

= 2] OLE'%Z% o, FAFol= Staphylococcus &l T
& A ‘/‘rEML g0l UL SHATHKIm MS er
al 2000, Lee SH et al 2003).

a8 euAke] AeEga] 9 s]-/\}_g]r IS HY
e A A SR 2 Bl The Al ®
b, o] & 2zgdow (Lee SH et al 2003), v &+ (Lee
JY et al 2001), %%(Jeon YH et al 2008), =3} WEHS, 9
g, dEolAgo|E, 22X E2] /7] 8(Jung GT et al
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Aol AHE LU FARE ) SAEFD-
8515, Ilsin, Korea)d+ 3 E]7]1(M20, IKA, Germany)3 A&
3}l 20~30 mesh A7) 2 ZEH 5}, —40Co] YER TS}
HA Alg ' ARSI T

=
< B3] AFsto] 10u] &
2 95% k& A7 Arhe 7, @R gae B
gk2=o] Y1, 85T water bathol A 5A1F B9k F5319)
FZEL o]3}x|(Whatman No. 2)& oj¥}et & 73| d =
712 40£1 CollM T53 F HA] SIS SHA=
AT FEFES AR A Ui 58 F
FE o] WEn 2 sigleh Alxd eva FEEES
FA(—40T)ell HashuA Ao AR8-sisict.

(

Ak

2) & b= ¥ EetErolE B2 £
Quzle] & HE $EF2 Folin-Denis H(Folin O & Denis
W 1912)°2.2 =743} t} Folin-Denis A2k sodium tung-
state 10 g, phosphomolybdic acid 2 g, phosphoric acid 5 mL
£ 100 mL &% Eg4230 Y1 SRFE 83 & 4
Fehaae] &4 2413 B B 245k ARgsith A
o2 RFH %%? 7mL, A8 1 mL¥ Y& &
Folin-Dennis A|%F 0.5 mLE #7}38lo], 5] 33 | so-
dium carbonate anhydrous 323}-8< | mL, 75 0.5 mLE
Y 725 nmell] EREE Zgslglon, gRgdoas g
‘d4Htannic acid, Sigma Co., St. Louis, USA)< Al-&-3} )
ZelH ol 32 Kang YH et al(1996)2] ¥l &3}
of & 2 oee FE5 ZF | mLe} diethylene glycol 10 mL
o 1 N-NaOH& 1 mLE 7}ste] 2 Estar, 37CA 1
AIZEREEAIZ] F 420 nmell ] FHEE SHsIT) ol &
%74
3

A a2 YA R (naringin, Sigma Co., St. Louis, USA)2
}8-3le] 23kt

>~

3) DPPH Radical &7 &4
onjrle] A AFodF(electron donating ability, EDA)

FD‘I

X sotAloh Rtk iE i

Blois " (Blois MS 1958)& $-8-51<] 7} A]£.2] DPPH (1,1-
diphenyl-2-picrylhydrazyl) radical 2755 S35t} Al
ol 0.0035% DPPH €< 3 mLe Al& 0.15 mLE ¥ &
=3het & A2odlA 307 WA g v 516 nmol| A &%

E 233590, blank AES dlo] T FAES
< Z300A SHsIslTh ol& S S the Aol tiddst
DPPH radical &2A3IE AArstsith

ﬁmﬁ m

SA

1
CA)X 00

EDA (%) = (

SA: Sample absorbance
CA: Control absorbance

4) OfZ&pt s 5
njzke] obd Ak A 282 Gray9} Dugan®] WH(Gray
JI & Dugan LR 1975)°l] ¢Jated 743181tk =, 1 mM NaNO,
LN 1 mLol] €3FE] A5 1 mLE }“33’_ 0.1 N HCI=Z
-84 e] pHE 128 243 tha T2 10 mLE 33
o} o] §S 37TelA 1ARE REGAIZ 3‘% ZF ik 1 mL
A Zsko] 2% ZAFEA 5 mL9} Griess A 2H(30% acetic acid
2 ZA|3 1% sulfanilic acid®} 1% naphthylamineS 1:1 H] &
2 T3 A, AR 2A4) 0.4 mLE 7heto] 2 Edtst
Atk o] EFAE Aol 1587 W3 3 UV/Vis spectro-
photometer(TU-1800, USA)E ©]8-3to] 520 nmollA F3=
£ 3%, A&k okEAkES Fokith Blank Al Griess
Al oAl S57F 04 mLE 7hste] 3719k S skl sk
O‘jﬂ ./1\‘7’1 1}8_2. }\] 22

o, o B4 59 Wk o
& Agel olarke Waaw Yeg,
N(%) = (1— Agc )>< 100

N : Nitrite scavenging ability

A : Absorbance of 1 mM NaNO, added sample after stan-
ding for 1 hour

B : Absorbance of 1 mM NaNO,

C : Absorbance of control

5) SOD(Supeoxide Dismutase) FAIEA =7

SOD FAFEA] & Kim SM et al(2001)°] 2lte] &%l
th & 7 9% %] A2 02 mLol| pH 8.5% ¥ A3} tris-HCl
buffer(50 mM tris + 10 mM EDTA) 3 mL$} 7.2 mM pyro-
gallol 0.2 mLE 78l 4204 1083F WX]g & 1 N HCl
1 mLE Z7lsto] W3- AAA1Z] vhE 420 nmellA 3%
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£ Z43ISith SOD fARA &

x 100

© 2 yepllom, t7-2X4]= ascorbic acid®t BHT 1 mg/mL
Q.3 ]

g olg3te] asgc.

6) Hydroxyl Radical(HO - ) &7H&M &%

Hydroxyl radical 224 &23-2 Chung SK et al(1997)2] W
o] w}zg} EDTA7} E3HE Fenton ¥HS-7|(Fe’*+ H,0, — HO -
+ HO )9l EA3195 ) 10 mM FeSO, - 7TH,0 £, 10 mM
EDTA - 2Na £, 10 mM 2-deoxyribose &2 2+2} 0.2 mL
&313} Fenton ‘ﬂ'—o— 38 1,2 2 5 mgmLe] A 5EY
0.2 mL, 0.1 M phosphate buffer %ﬁ(pH 7.4) 1.2 mLE ¥o]
Z 89 1.8 mLZ ZA33tE o7 10 mM H,0,&<8 200

£ 7hete] E8ek F 37Tl A 4A3E WHEAIZ T THA] 2.8
% TCA(trichloroacetic acid) A]2F 1.0 mL2} 1% TBA(thiobar-
bituric acid) 1.0 mLE 7}sle] #E Sl 1083 vHg-A1Z]
o5 A2ollA s T 532 nmol A UV-Vis spectrometer
(TU-1800, USA)E ©] &3t §8=E 43kt olw hyd-
roxyl radical &A% ofefje] 2o zXE F3t)

A —A
Hydroxyl radical &75(%) = (1— AS— AO

A AE AT EBE
Ac: NE T AR §YE
Ay @ 37CAAS] Whgo] A Aok EFR FHE

7) Paper Disc #of 2[5t Srad FH

St & 3= paper disc H(Kim MS et al 2000)= ©]-&-35}o]
23319t} AFRE #FE Gram AT Gram 24T 2+
2574 ARSI AL, AR uiAle] 2442 Table 13} 24T,
Gram YT S 2= Bacillus cereus, Staphylococcus aureus=:,

Gram S 2. 2= Escherichia coli, Salmonella enteritidisS
GG 2t NITFE ST A 24417 AR

w3 9 e 1

s, BB A A2k Bz g
agarE petri dish®l] 20 mL Zr AlY
FUE 0.1 mLA bl BEE felEez WAl 1
2 A2 Buse] AgSdTh orlt FEEES 47
LT U3 paper disc(8 mm, Toyo Roshi Kaicha, Ltd.,
Tokyo, Japan)S HHu|A] 9ol SHA|A Ed4 30 lLE
A3 & 37ColA 24AI3F vl F3)aL, paper disc 2] inhibition
clear zone(8 mm: no inhibition, 8 ~9 mm: very slight inhibition,
9~10 mm: slight inhibition, 10~14 mm: moderate inhibition)
o] AR (mm)E St FEE] FHEH}E v, T8t
ek

8) Sl Azl

A& A3E= SAS package(release 8.01)8 o] &3fo] i+
FFUAR FAIBI AL, Bake] SAA o482 p<0.05 F
oA Duncan's multiple range testol] 2] 77331 ch

1. 20|xje] 2 U ofEte FE4E8

onmzte] B FE4EL 43.2402%0|U 1, oA EE FE4
£ 477405% 2 EET §7] 809 JEtLZ 23] 4

Aol o 2 TS JERNATKTable 2).

Kwon HJ & Park CS(2008)2 LVP|A} B F& 82 32.9%,
qehE FF FE 33.9%°| 2} 3t 3L, Nam SE er al(2014)
o] AFNME QRS 70% B 99% oeHe¥} B2 FE3)
= o f71&n FEEA FEo] i dto] & A}

22 23S e

. & Ef|Yl=nt E8tEo|E Bt

OUV]’«] % ﬁﬂl'; 9 FgholE S 4% A3t
2 5 FZE 47.9+2.1 tannic acid equi-
valent/mg, °l|&H< —ir% 53.

noH, et ol

equivalent/mg, €& &5 16.3+1.1 naringin equivalent/mg
o2 & FEFE v A FEEAAA F A YR

Fe & FEE 13.1+1.4 naringin

Table 1. List of strains and media used for antimicrobial experiments

Strain

Media

Bacillus cereus KCCM 40935

Gram positive bacteria

Nutrient agar (Difco)

Micrococcus luteus KCCM 11326

Escherichia coli KCCM 11234

Gram negative bacteria

Nutrient agar (Difco)

Salmonella enteritidis KCCM 12021
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Table 2. The extraction yields of Omija ethanol and water
extracts

kR

Classification Extraction yields (%)
Water extracts 43.240.2
Ethanol extracts 47.7+0.5

Table 3. Total phenol and flavonoid contents of the ex-
tracts of Omija

Total phenol (tannic  Flavonoid (naringin

Classification acid equivalent/mg) equivalent/mg)
Water extracts 47.9+2.1° 13.1£1.4°
Ethanol extracts 53.4+2.2% 16.3£1.1*

2® Means with the different letters in the same column are signi-
ficantly different by Duncan's multiple test (p<0.05).

o= o] o] A YERTE Cho YI et al(2007)9] 2]

i ATl F HlsdEe] & FF Al 435%, 9
ek 23 A] 6.35%% 2, Nam SE et al(2014)2] A=
nzt B FEE] F s Tl 92%E ey veE
FEEAAME U 7k A2 YEETh 223 Jeon YH
et al2008)= LP|A} oehE FEE9 T dE FEFS 9.53
mg/gl 2 3.97 mg/gQ] R wo|= TRt ¥ Bria s}
of B Aot fAaleknh 2l el e dssetE
2 IE, AL, Y 5 A EAe de ExH o glo] thekgt
T2 TS 7, FetE o] =9} QEEAopd o] F
‘daoltt. olelgt HEsRtES s AdEo HE
St S 3t 25 vt B35S e EAo)
olA&= AL R H3E 3l AtKChoi SR er al 2008).

H Lo

o [T

3. DPPH Radical &~7H&

DPPH(1,1-diphenyl-2-picryl-hydrazyl) = ¥l 2% g3t =}
FRHUZS A B4 2 WAl AAE Fosie] A F
o] Ak 28, AAlA 24 SES Alod 7]
ol AFstE AA| ok H =7t "t olelg e A%
&2 A A wstE WA= oA 54 9
= 37] el 7154 AEe] e m #ale]l HaEa 9l
ol &, DPPHO| =& o] &3t ailst &4 S HS vl
A Zrdsta AA| kst @A BEdo] EoB s
AAAZRE Jikst Edo] Ho =2 o] g+ Ut}
(Kang KO 2013).

DPPH radicalol] i3+ Q@m|zte] 47 Z3+= Table 49}
2ol B FZ52] 7% 100, 500 2 1,000 pg/mL =0l A Zh
7} 2.320.3, 4.1£0.3 & 5.4204%°]%] 2L, e FEE2] H

o% o of
(e}
4
i
o
d
i
o
oS

(]

HotAloh frtih el

$ 100, 500 2 1,000 pg/mL Fx=olA 212} 4.1+0.2, 5.9+0.3
2 74202%% oeHe FEEA ¢ 2 TS JeERIUT
ZJe)a vl 2 ksl HIER ascorbic acide}t 34 @4t
3}A] BHT(butylated hydroxytoluene)& ©]-8-3fc] HAA}Fo 5
< W&} &=, ascorbic acid®] 7% 100, 500 2 1,000 pg/
mL FEolA 54.1£0.5, 96.120.5 & 96.4+0.6%°] )31, BHTS]
7% 16.3+0.4, 55.3+0.5, 70.040.5%% ascorbic acid > BHT >
ethanol & > & FEF £o&Z zol& YeRUTH

o]# gt AFH= Kim EY er al(2004)9] om|A} G5 F&&
7} Lee SE et al(2003)2] 2M|A} WlghE FEEo|A9] gits)
g HOE w2 Zo|th 28]al Jeon YH et al(2008)2 5~
500 pg/mL F=AA At 7% 0.5~572%% T
7V VRS E AN E FoH R Ftste Ade B
o\, gAahatslA¢l BHTE T Yrla g v}l gioh

ofd 4kl -2 {2049l myoglobin 2! hemoglobin¥} 2}-8-3}
© 2 nitrosomyoglobin¥} nitrosohemoglobins Al sle] vt

M-S ZA| s}, Clostridium botulinum® 737 A5l 2

=
E 72171, A 9l nitrous anhydride(N,0s) 9 22 24
23} B4S AT Wolf 1A & Waserman AE 1972).

Quzte] &5 pH T oAt HaleS $Ae 2
IKTable 5), & F3% pH 1.2, 3.0 2 6.0914]2] o}a sk
A2 13.3+0.3, 5.30.1, 2.6+£0.02%°|N 1L, e FEHEL
13.7+0.2, 6.5%0.1, 2.7+0.03% %2 e} o €h-& 355 pH 1.2
oA oldAtd &AGol 78 =3tk Jung GT et al(2000)=
pH 1.2¢} pH 3.09] 2P[x} FEFEl| = ofdAtd &A%l
E01, pH 6.0914= A9 gl mj-%- Yrhar 81913, Kang
KO(2013)9] o} 25 Ao % pH7} &5 o}t
A walleol sithal ¢ Ad 22 A=A, o] Rice-
Evans CA et al(1996)2] Aol A9} Zo] v pHolA ¢+
gk Qu|z}e] anthocyanin Aol 23t J8kQl Aoz AlgH

—L:Fim

Table 4. Electron donating abilities of the extracts of Omija

(Unit: %)

Classification 100 pg/mL 500 pg/mL 1,000 pg/mL
Water extracts 2.320.3¢ 4.120.3¢ 5.420.4°
Ethanol extracts 4.1£0.2° 5.9+0.3¢ 7.4+0.2°
BHT 16.3+0.5° 55.3+0.5° 70.0£0.5°
Ascorbic acid 54.1+£0.5% 96.1+£0.5% 96.4+0.6"

24 Means with the different letters in the same column are signi-
ficantly different by Duncan's multiple test (p<0.05).
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Table 5. Nitrite-scavenging abilities of the extracts of Omija

(Unit: %)
Classification pH 1.2 pH 3.0 pH 6.0
Water extracts 13.3+0.3¢ 6.3+0.1¢ 2.6+0.2
Ethanol extracts 13.740.2° 6.5+£0.1° 2.740.3¢
BHT 74.940.5° 44.3£0.4° 13.5+0.3°
Ascorbic acid 78.1+£0.5" 49.1+0.4° 17.2+0.3*

=4 Means with the different letters in the same column are signi-
ficantly different by Duncan's multiple test (p<0.05).

o4t iﬂ%—i— B FZToA 78.140.5, 49.140.4, 17.2
+0.3%0]J 3L, oleE FZEIAME 74.940.5, 443104 H 13.5
+0.3% = WEIAITE o] Aajol|A] oLt 27go] 7P 2
L2 L ascorbic acido]™, pH7} W& 7oA oldalyd A&

ool wve AL & 5 Sl

5. SOD(Superoxide Dismutase) FAIE M=

914 superoxide dismutase(SOD), glutathione peroxidase
(GPX) 9] &4tst aart o] 4atae] 2715 AlA
o mm Atsh-gtsl #d S fAlskaL, st B AR
FE QIAE Bty e, Zﬁr"@r o] o] 7 A1l 9=
Arete)Zd Sol &2 Al a2 JEFS nA]7] v,
SOD= Z#bsto] &2 4kaot JJr*FE}—’FiE v F o 2 A
=402 HE AEE Woldths A4S gtk Atk =Ey
= Al BE AlZA o]k SODe 2]t gHikshito] 714}
o] Fgstmg QA9 & *& 717171 9
axe F=TE kst A8k
3tKSeo CJ et al 2007).

emAL FEEC] SOD A T2 Fig. 13 2] & F
821,29 5 mgmL F=A 242t 23402, 3.7+0.2 2
14.4£0.3%0°]%0 21, et FZE-2 3.120.3, 10.6:0.4 2 16.3
+04%% & FEEHT dTE FEEAA 2] =0T
Ascorbic acid®} BHTE %3 22}, 1, 2 2 5 mg/mLoi|A]
SOD A2 7zt 86.120.5, 98.6£0.5 2 99.0+0.5%°] 3
o, BHTE 29.840.5, 53.540.5 2 72.6£0.5%%2A] A 3+
AHSHAI7E R @4kskAIQ] BHTE Y 2 01 o E2 s ¢
2= 9J9lt}. Kim JS & Choi SY(2008)E ©m|z} & &%
mg/mLe] SOD A& 52.4%%1 o1, L3t F=2] BHT
T 55.7%°] 245 Ve Z o R Haste] A gitsiA
249 7S AlALeES T

ru{n

—

=

6. Hydroxyl Radical &~7=

U ST 113

. 1 mg/mL aa
100 { 3 2mg/mL =
I 5mg/ml
a
80 4
£ b
)
=
‘g 60 - b
@
=
A 40
2 b
20 d Cc
c
dd I c
0 L >
2 @ o
& & \o“" ﬁ\)‘é
o 9
@ (‘P\e é_n‘
w® &° L

Fig. 1. SOD-liked activities of the extracts of Omija.
2~4 Means with the different letters in the same column are signi-
ficantly different (p<0.05) by Duncan's multiple test (p<0.05).

=
Q0|29 hydroxyl radical( - OH)2] 2752 =43 23
(Fig. 2), & =55 1,2 2 5 mg/mLollA 212} 18.5+0.5, 30.6+
0.3 B 59.1£0.5%°1 3, &S FZE-S 16.5+0.5, 29.6+0.3
% 33.1803% 2N, = FEE] dgs FEEET U £
AT S YERASITE Bl 221 ascorbic acid9} tocopherol 2]
A8 1,2 2 5 mgmL F=olA ascorbic acidE 54.6+0.7,
76.3£0.5 2 98.9£0.6%°]| %1 1L, tocopherol-= 64.1+0.7, 76.2+0.5
2 85.4+0.6% =M ascorbic acid’} 7F¥ 2 OH radical 4
A%S B3tk Kim JS & Choi SY(2008)2 Qu|A} & &
E-2] hydroxyl radical 227452 1 mg/mLolA] 33.6%% ascor-
bic acid 2.t} $r}ar 3191 2™, Kim SG & Kang KO(2012)=
QY9 § FEEHY HgE FEE9A hydroxyl radical 4
A o] ©] ZA 9t ascorbic acidRthe Ao skt <1zl
% Were FEE] FP9HLE 50~500 pg/mL =04 0.058
~0.627 W¥le] 3= %AL% Kol A5e] 37} skd &4
=9] tocopherol(0.129~1.096) 2.t}
2 v} 91tH(Jung MJ e al 2008).

7. Paper Disci#{of| 2
AAE Fole B /7Y o 7K A8y &
o] EAsk=d, o= wif- AL FoEE aIPIXE A
T U= A EA o] gk AF7} o] FoA] LA R
2517 &85 3 It} Conalbumin, avidin, lactoferrin®} 7+

Jo o X
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I 1mg/mL
I 2mg/mL
S 100 - DN Smg/mL
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o
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Fig. 2. OH radical scavenging activities of the extracts of
Omija.

24 Means with the different letters in the same column are signi-
ficantly different (p<0.05) by Duncan's multiple test (p<0.05).

Tl

o
T

W2 5 lysozyme, lactoperoxidase®} 22 G 4F, citric
acid, malic acid®} 22 f7142HF, SHAIEAE polyhydric
alcohol, 21&2] FHAAE, A& YR 52 s &

7 oAt o] &5 AMA|gh= JadA 71AS vElE

Aoz delx UthLee SH er al 2003).

=]
e
73

Table 6. Antimicrobial effects of Omija powder extracts

g -

Microorganisms Conc. Water Ethanol
tested (ng/disc) extracts extracts
5,000 - -
Bacillus cereus
+ +
KCCM 40935 10,000
20,000 + ++
5,000 - -
Staphylococcus aureus
+ +
KCCM 11335 10,000
20,000 + ++
5,000 - -
Escherichia coli
KCCM 11234 10,000 i i
20,000 + +
5,000 - -
Salmonella enteritidis
+ +
KCCM 12021 10,000
20,000 + ++

-: No inhibition (8 mm).

+: Very slight inhibition (8~9 mm).
+: Slight inhibition (9~10 mm).

++: Moderate inhibition (10~ 14 mm).

B2s

HotAloh frtih el

rH—

°ﬂ

2o

= =
teritidis= 5,000 pg/discoll A= A AslEho] S A sk
A7 10,000 pg/discoll A= slight inhibition(9~10 mm)©] L
20,000 pg/discollA1+= moderate inhibition(10~14 mm)Z &t
o] Z7VEUTE. Escherichia colie= 20,000 pg/discoll ATk
very slight inhibition(8 ~9 mm)Z & A& A&)|3h-S BT}
E FZEENM = Bacillus cereus, Staphylococcus aureus, Sal-
monella enteritidis= 10,000 pg/discoll 4] very slight inhibition
(8~9 mm)°] S, 20,000 pg/discoll A= slight inhibition (9~
10 mm)2] =S Yep ok

onz} &8 g4 AN Jung GT et al(2000)
B. subtilis7} 7V A& 2 erhal BirskiaL, Cho YI e
al(2007) Helicobacte pylorioll t&te] 2448 YeRS]
g B ow, Chung KH et al(2001)& 6572 Al
flel TR ehislen, 2359l Kk 437

Bacillus cereus, Slaphylococcus aureus, Salmonella en-

1% Lee SH et al(2003)-4 oﬂ;Longr go]
J"%@OM o] 714 9 AR AREC] £EHU
olg]gt Axjollr] HA FHAFo M $& 7}

.
o

43.240.2%0°] 3, o Ere %%?%9- 47.740.5%2 o e+-&
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