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Gamma irradiated and non-irradiated Agrimonia pilosa Ledebour were extracted by 70% ethanol. The combined effects of the
Agrimonia pilosa Ledebour extract and NaCl on survival of Escherichia coli O157:H7 in tryptic soy broth were investigated. £ coli

0Q157:H7 decreased ca 1 log cycle by the addition of 2%

sample extract, and the antbacterial activity was increased as the

concentration of sample extract was increased. The irradiation effect of the sample on antibacterial activity was not observed. On
the treatment of NaCl alone, £ coli O157:H7 was inactivated {ca 3~4 log cycle reduction within 48 hr) in more than 7% NaCl.
The higher inactivationica 5 log cycle reduction within 48 hr) occurred in the presence of 2% sample extract and 5% NaCl than in
the addition of each alone. The extracted antibacterial substance was stable in the pH range of 4.0 to 7.0, heat treatment at 12
1°C for 15 min, and freezing at -18°C and thawing at 37°C. Therefore, the sample extract would substantially increase the

food-safety in terms of £ coli O157:H7.
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SAEF A ugxH

Ago AL83 FFE Iowa State University(lowa Pork
Industry Center, USA)IM Bdure&  Escherichia  coli
OISTHT(ATCC 43804)% AM&sidltt. ¢ @gde FAFFE
tryptic soy agar(TSA, Difco laboratories, USA)2] Al u)x]
of 24Xzt 3 Adiui¥ § o] tryptic soy broth(TSB,
Difco) 100 mLel 1 WZo]E HEsd 37T oA 2447 Aet
MF150 rpm) & g o Al 10 mLE thA] M2 e A4
w2 100 mLel HESD 1647 JguFAlA AR
(stationary phase)? AE H=AL AQc) o AT HgAg
ATAA 1087 482 0000xg)dtd de FAHE AF9
Butterfields 0.1 M phosphate buffer(pH 7.1)& 23] AH, A
AAEGE o $Y buffer? 3 Msta 7 degtdoz Al43)
ek

Algel TR ZtopM AL

A& M&Ex(Agrimonia pilosa Ledebour)® A-&AEAR
o gkl A Fste] AlgstHen A9 TR HET
A (nylon 15 m/polyethylene 100 i, ¥4 % 4.7 g/m*/24 hr,
BHRFHE 225 co/m’/24 hnE olgdte o 500 g B @
Z1EAS F Aubd 2AL 9 vzAAEeE gt ¥AdE A"
o 7k ZRAFE A9 109 Ci Co-60 ZAMALS o] f3la] A
HF 300 Gy HEASZ 10 kGy(ZFAH oz Folsl AE9) o
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A& Hdahe & F3ALS A5 sldon F4M% 8
1& ceric cerous dosimeterel] &) ZAstFoh v ZAL 2 7

obd ZAME AlEe AR(3~30T, 5 50~HB%) A H3a
o A Agargnh

\,
<
o
o £
5 12
E X
o
S
-
m{)* mls
jitiis}
fx
Z o
oS
10 B
e
—g to
°ox 8 %
= 12
—)Lmlo
lob qot
2ol
o &
e
:Lj“
Mo
H
A
o

FESAT. A¥A BFEELS 50% methanol 10 mLel,
FZEL 998% methanol 10 mLol ZzF &8AA A}
aRes, #2589 FAL FEd ASF AEY AE

FEE0 g

Aok 2AL g BlRAMY HEtko] FEE MY dFEge
paper disc(20)3 AAFHENHOE FAEATE Paper disc
Pe o Aol #5429 100 cfu/mloZ ZFse TSA
BANA0.75% agar)ol BE, Lwstn #25¢ IFH disc
(8 mm, Toyo Seisakusho Co.)ell 50 L% &4, AZAHA
plate THYG E8l¥E & 08% AUF 75 uLE A
Atk 283 24417 dl%ES disc FHl A4E clear zoned)
AZ(mm)eZ 84S S dxrEHe AT A
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FEEY I8N AT FYaA 2Hsgen] AYHs 33
e AEges ®rEgch AMugHe 229 :nz
0.5~10.0%(interval:05)7F =1l TSB Hjxol Hrlstd FF&
HE(=10" cfwmL)@ th& 37Tl 24N7 BFS & 71 01
mLE TSA B@ujzle] =25t colony7t BAEA FAY 10
A olatl F=E #HAA 8% S(minimum inhibitory concent-
ration, MIC)E #A3}i}.

HERQ benzoate(l, 5 g/L)9 sorbate(5, 10 g/L)E At&3}o]

&8 o5 9 NaClalel W2 s

8% ethanol %53 NaClg 9% o Hfslo =5y
Ad7hel 100 mL9) TSB wiAle]l # dgd 10 mL(=10° cfu)E
HEske 37Tl 0~4823 289H(150 rpm)st & 7+ ujok
/1082 wde) 10 mLE REHo2 HHse 478 buffer
A A4l #4a thg TSA wWA7L S0l U= petri dishol
0.1 mLY HE8Y spreader? EW3Hil 37°Co|A w3t Lo
A S AFste zA1EkA oln HWobE= LojaAe
FaE4g Al Yt RE APE g2 A A
Al&ksd et

2

F&E0 ot™M

F&d 3784 249 pH GANES 322 10 mLE pH
4,7 2 1022 248 % cap tube( 10X 120 mm)ol] ¥&
& 2olM 6AZE WAF AL ARE AMgsigon gFEa
& paper disc 22 FAst] 27| FEA(pH 555)9 7
A% vEsgt d AL FEEL 10T FE24 10,

20, 30 2 60%, Z18]2 autoclavedl A 1217C, 158 £oF dxg)
& og pH AT FYF wHoew A zen A

A AU 471706 Be waE B

4 g uF

Ok

FEE9 gy

. coli OI5THT @& gd b ZAF 2wzl 438
29 & 4 ethanol %8 3 784S paper disci o
ZAM8E A3(Table 1), 7ZHobA B 2AFE ethanol 2224
14 mme Aajgto] veh} Ao Faigout ¥ 23
BollAE gadidol gden = #Avobd 2AHI0 kGy)d &
22 FEEHL vZAZH AY Aozt Ytk dERITE
0.5% benzoate(5 g/L)IAM T 9 mme A& ey

v I8 o] et $H, REREA benzoate® 7+
ol 06 g/kg, sorbatet AFolu} o] 8AEd 20 gkg ]2
AHE7IEC] AHA A AF(3) B AFM Jeld dzz
Bl s & w M3% ethanol $EEL E coli O15TH7 &3
o el 7]& AHEF<Q) benzoatet} sorbate RUME dHFEAlo]
2 eSS 4 5 A2 Ak 2AYE 2289 gug
Aole AgE vXA Zalgrh Tsaist Chou(22)E wjtel(pH
7009 0.2% potassium sorbateE H7lste] E coli O157:H7
TFY FAAAE A A, a9 A9 gigdgn Bas
ok 3E, Zebd 2AL 2 BEAME ethanol 2EE
MIC(%) 2 F24d%Y FE8S 2AS A3E Table 29 2
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ch. zhabd 2AF 2 o8| ZAME ethanol &89 MIC ¢ 77
752 et $AARFEES YoM EARROl 217%, ¥Z
Abgol 202%2 ztzt vepgon zubd EAREO] Bl EAbT
o8l FZgo] ozt FuEUth oy A Fobd 2A}
azAFe 848 A A% 5, TRF AR A48T
HFAE HEANA FHEAREY FE& WAL O FFE
FAND = ks BuE3) A wep JEA
240 10 kGy W9 #utd zAkE 0|89 FE&E FUA
2+ A E\LB‘D ohuzt FEAIL GFaRst s A%
2 #F F oGR71A gl g FALE AL 5 9
o R ’—‘l %’4’%‘“ A BAANEE getepFAele] A
SRANE S8d oz AZEn
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Table 1. Antibacterial activities of non- and irradiated Agr-
imonia pilosa Ledebour extracts.

Size of inhibitory zone

Origin of . Amount of on plate( ¢ mm)
food additives extracts
Control 10 kGy treated

Agrimonia ptlosa 70% ethanol 14.0 135
Ledebour Water -t -
Benzoate 0.1% w

enzo 05% 90

0.5% h

Sorbate 1.0% W

*No and °weak inhibitory zone was formed during 24 hr
cultivation.

Table 2. Minimum inhibitory concentrations(MIC)* and yield of
non- and irradiated Agrimonia pilosa Ledebour extracts.

Water 70% ethanol
Treatment
MIC(%) Yield(%)> MIC(%) Yield(%)
Control >10° 19.8 75 20.2
10 kGy >10 212 75 217

*MIC means minimum inhibition level of each extracts on
microbial growth during incubation.

®(Extract solid weight/freeze dried sample weight)x 100
‘Means that the tested strain was not inhibited with those
concentration.

52 o= 2 NaCleel W82l &3
duixoz RERO TR AR FTHY AEe 4
goll wet Apol7t gyl WFel driA RERE HEEAU
BEZJ} ohd & B2S ety A5EFHE YT F 3l
th24). o]gt 2 wAAA FaBAdo] A 839 ethanol
2223 NaCl® #8357 $air 94 FE89 =8 4
A Eact e 20%74A BEHsiste] FFLHE YA
g AN 43E Figure 1, 28t 2ok Zvbd A 24|
z2AE 2EEE 2%9 FRAMT ~10' cfu/ml =Y FF
7} AaiEo] 7o) FEadsl den AFE AF HiAl
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Figure 1. Antibacterial effect of different concentrations of
the non-irradiated Agrimonia pilosa Ledebour ethanol extract
on Escherichia coli O157HT7.
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Figure 2. Antibacterial effect of different concentrations of
the irradiated Agrimonia pilosa Ledebour ethanol extract on
Escherichia coli O157:H7.
00 0% a-4 01% H-E 056 O-0 10% A-A 20%.
2528 239 £ o d0REE Y 7 UE FoE AR
A (9L 04~07%9 XEx ethanol FEFEE V.
parahaemolyticus, C. perfringenes, B. subtilis R S. aureus
o #F5 BEAFEY D, Zhao 5(25)2 apple cider(sugar
conc. 10~12%)2 25ColA Wi 3~64Tal E. coli 0157:H7
2 HAgAZY. 398, NaCld $EE 0~10%% st
GEAes daFig. 3), 1% 3%Y s=odAe oF9 44
b gdlen 5% FEoME w% 124Ad ~10°
cfu/mL AE2 #F7t gaHged wgrizie] Aol uhe
294 37t dolA wiok QA= A FHIS} Ea
7} vlzatgeh. zeid 7%9 10%9 NaCl d7HAe vl 484
WA AAEH} ALH FEel W FEh ~10°

=
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Figure 3. Effect of NaCl on inactivation of Escherichia coli
O157:H7.

0-0 0% A-a, 1% H-R 3% O-0O, 5% A-A, 7%
J-0, 10%.

cfwmL BEZF AAH Glass §(26)0] 85% ol4¢] NaClg
g=3drtete E coli O15THT #55 A8 219 A8
o} olde] B A3ZM E coli OI5TH7 #F9 #olA NaCl
GEANRZAE 7% ol 5/ Bade ¢ £ et o
Y3 TR 7]:52“91 EAE HA AF H8ar] ojeg B
0 92 Frd #FE AT 5 e whde] "asit) o
E coli O157:H7 ;f‘z~ Ao Ay AAsA 2% Metxz
FE2H 3% 9 5% NaClg H837lele] o 4458308 4y &
Aie Fg 49 2t 3% NaClzt 9&A42AE A o)
ol ZH NaCl F37kol vlal #47F =10'~10° cfw/mL &
b ZAEY F2E dEXYA 1 log cycle REY T4t

11
10 F
_ 97
E
g
S0y
=
5_
1 F

[ %]

Cultivation time (hr)

Figure 4. Combined effect of Agrimonia pilosa Ledebour(APL)
ethanol extract and NaCl on inactivation of Escherichia colt
O157:H7.

©@-@, control; A-4A, 2% APL and 3% NaCl, H-B, 2%
APL and 5% NaCl.

17

Zag A3 was ok A5EIrt dehdd @9, 5%
NaCl#t HEA2AE ~10° cfw/ml AES #4571 2As o]
FEE dEAMYA ROE =4 log cycle, 10% NaCl ¢=d7}
Al B0E =1 log cycle A% #4571 242 o] ZAase] He
A &7t ulg Fooh olae Adw B o Motz 233
% NaCle] ¥E4A2e E coli O15THT 739 2343z =
gatA Ao BY B 493 AA AT AL o9
¥ E coli O157H7 43 & %83 o8 4 9L Aog A
ZrElth. Tsai9t Chou(22)& pH 4 2 500 mg/L potassium
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i 2 S@28)9 %Y ethanol FEEL
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Table 3. Effect of pH on the growth inhibition of Escherichia
coli O157H7 using Agrimonia pilosa Ledebour ethanol extract.

pH
4 7 10
Size of inhibitory zone 13 10 -
on plate( 4, mm)
Residual antibacterial (100)° (77 (0
activity

“No inhibitory zone was formed during 24 hr cultivation.
*Residual antibacterial activity: (Antibactenial activity of each
pH/Antibacterial activity of control(pH 5.5)) X 100.
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ohgt 54 2 4294 AFser dAsnz F g
7t A Eo ) FAHNE Fol BHERZ HUHY £ 9 o
AEEY EF BRAE ALoA BAstdx FHE Ao
Azrgo] At :,_a]J_ Ao sF8Ale] ZstA o
Bl e £3) WM E coli OI5THT #F9 294e] F2
Z71(AH¥ pH 55 LH94 0) e uHY W YF IFHAA o
$ Zt A& AoZ AlgdEnh

o 2

Table 4. Effect of heat treated Agrimonia pilosa Ledebour
ethanol extract on the growth inhibition of Escherichia coli
O157:H7.

Heating time (min)

Heating 10 5 30 60

temperature(C) Size of inhibitory zone on plate( 4, mm)
100 13(100°  125(96)  12(92) 12(92)
121 12.5(96)

“Residual antibacterial activity: (Antibacterial activity after
heating/Antibacterial activity of control) X 100

Table 5. Effect of storage temperature of Agrimonia pilosa
Ledebour ethanol extract on the growth inhibition of Esch-
erichia coli O157H7.

Storage time (days)

Storage o 7 5 P
temperature(C) —— —
Size of inhibitory zone on plate( 4, mm)
-18 13.0(100%* 13.0(100) 13.0(100)
4 13.0(100) 13.0100) 13.0(100)
37 12.5( 96) 12.5( 96) 12.0( 92)

(Antibacterial activity after
storage/Initial antibacterial activity) X100

*Residual antibacterial activity:

[e] ot
s =

2 A3 Escherichia coli O15TH7 #3& Aol3t7] $1s
7_}‘:}@ ZAL 9 u|zA g Mz 70% ethanol FEE ©
2 NaClzh He4gsld 21 a#48 240 2% %%
Z47tx 0l =1 log cycle AES #57F 2aFo] o7
8ol e, Avtd A} 2 nEAMY FE2E] &4
apol= A gtk NaCl @A E 7% ol H7MAo T
‘37"97}01} vlg) #57h ~3~ 4 log cycleo] #HAHAT 2% A
3tz Z2&E3 5% NaClatel ¥H432E NaCl F#7be vl
5 log cycle A% F4E 24aAA A4 dExEA Bt
-7*-4 Za94 gyt o 94 £§ 29 o B4

H 7 10} autoclavedl A 121T, 1587 gx2lals o33
E(-18T)v A&@E70)eA 30Uzt AAstdw &
71-4 Wbl gldich oled ARz A¥x F32
1 Fol 1*%/\] d% E coli O157H7 ¥#38
Z A7dd

r-'lJ 2 _121,

A _|)- r\r

a4 A

5 grdan 247 Agde) s o
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