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Antimicrobial Effect of Pulsatilla Koreana Extracts on Food-Borne Pathogens

Bae, Ji-Hyun'
Department of Food Science and Nutrition, Keimyung University, Daegu 705-701, Korea

ABSTRACT

This study was performed to investigate the antimicrobial effect of the Pulsatilla koreana extracts against food-borne
pathogens. First, the Pulsatilla koreana was extracted with methanol at room temperatures, and fractionation of the
methanol extracts from Pulsatilla koreana was carried out by using petroleum ether, chioroform, and ethyl acetate, and
methanol respectively. The antimicrobial activity of the Pulsatilla koreana extracts was determined using a paper disc
method against food-borne pathogens and food spoilage bacteria. The ethyl acetate extracts of Pulsatilla koreana showed
the highest antimicrobial activity against Staphylococcus aureus, Salmonella enteritidis and Shigella dysenteriae. The
Staphylococcus aureus and Shigella dysenteriae were inhibited by petroleum ether and chloroform extracts of Pulsatilla
koreana as well as ethyl acetate extracts of Pulsatilla koreana. The synergistic effect has been found in combined
extracts of Pulsatilla koreana and Portulaca oleracea as compared to each extracts alone. Finally, the growth inhibition
curve was determined using ethyl acetate extracts of Pulsatilla koreana against Staphylococcus aureus and Shigella
dysenteriae. The ethyl acetate extract of Pulsatilla koreana showed strong antimicrobial activity against Staphylococcus
aureus at the concentration of 2,000 ppm. The 2,000 ppm of ethyl acetate extract from Pulsatilla koreana retarded
the growth of S. aureus more than 12 hours and Shigella dysenteriae up to 9 hours. (Korean J Nutrition 37(8): 655 ~

661, 2004)
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Table 1. List of microorganisms used for antimicrobial activity test

Strains

Staphylococcus aureus ATCC 25923
Gram positive bacteria Bacillus cereus ATCC 27348
Escherichia coli ATCC 25922
Pseudomonas aeruginosa ATCC 27853
Salmonella typhimurium ATCC 14028
Gram negative bacteria Salmonella enteritidis ATCC 13076
Shigella sonnei ATCC 25931
Shigella dysenteriae ATCC 9199
Shigella flexneri ATCC 12022
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2 AYPollA ARgS 3t AIE o A8 853
Fgmako 2 diFA $7 SR okd F50lx 2003 10
g, 2% A & Fdsisinh. B2 AASK] A8l
7HEA 29 FAlste] AZAI F, wAEHA eksle &
Z4 AEE ARSI

2. Ng 3F W HjiR| |

BEE T2 A A3 FF = Gram (H)A)
1 257 Gram () Al 7502 F 9F& g=Hr|e

A7 A FNAT oI £F o} AL§BAT (Table L),

T+ AR 2 T8 #3o) tislo] Tryptic Soy Broth
(Difco, USA)E AME-3te] 377, incubatorolA] 18~24
AIZE vieksigict. et A3l AR 1AlElR|= Tryptic
Soy Agar (Difco, USA) it}

3 Py 239 FE

AZAIZ BFE- 500 gofl disl) BF3 FF] 2u)
Q] petroleum ether, chloroform, ethyl acetate, methanol
& ARR3le] A £ FEIh FE2Tel vRAIR)

MESS 97 112 methanols ¥ F AolA 6AI7F
WX 3 &, Whatman No.2 (Whatman international Ltd.,
England) ]l Q#310] E¢EE AASIGITE A7Hd 8L
7He27] (EYELA, N—N. Series. Japan) & ARg-&}lo]
45Tl 28t - B&F31990 F%3 methanol 252
petroleum ether, chloroform, ethyl acetate @ methanol
& 737t ARgsled &l Als 8 sieich o] @ methanol
FEEY 4F /718 E 247 91 581t &
oz EFo] TS & 1587 Ao WA F
galch WF§Y EFFEEL UISUE 53}
< Ftell 13 T/TE 93 100ColA 3083 #<
FTYE Yo oFiink ofHE gL IEET] B
YELA, N-N. Series. Japan) & AMH3to] 45ColA 72t
- EF3lon Ae T2 FAsle] Aol ARSI

4. WS FESQ YL M

A EAE s Y8 & AEelM = paper disc
g ARSI Tryptic Soy Broth (TSB) ] ul
k3l M|lv-& spectrophotometer (Nontron instruments.
Italy) 620 nmelX] OD.3k 04% EFES I pour—
plate method®l] W2} Tryptic Soy Agar (TSA)uix]7} &
T g HieFgAlel Al A& & oA 23t o] Hl
2} $1ell B paper discE Al Frol] WA S8l YA
71 & w229 petroleum ether, chloroform, ethyl acetate,
methanol, @5FFE5 5% 2} 100 ppm, 250 ppm, 500
ppm 2 1,000 ppm O 2 3Xsle] 20 ul® HHS] TpA]
Zitk ControlZ 95§ F2&-80] 5o A & 70% etha-
nol& AEFH U3 WHoz ¥ i) Fujd &
£ platet™ 37CollA 244]7F vjokst & disc FH A4
¥ clear zone (mm)9 715 &4sl z+ BHAES
T 84 AEE SAsich

dob L Mz
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WES FEES UE TN A8 FEEF EFAE A
g o] A ARE st HulE FEEHYS %
& AE3IGITE & AEY o] dFeja o] gleol
AFH HH]E9 ethyl acetate FEFEI W52 ethyl
acetate FE 28 72z} 250 ppm® 411, WFE-9] ethyl
acetate FZE 500 ppm ¥ W] E9] ethyl acetate 5%
£ 500 ppm¥ S viwagitt. i} #FE Stap-
hylococcus aureus$} Shigella dysenteriaes AME3T
FO2 70% ethanols Z+ Alg9) TUFE %4 20 pl 4

E5ak] A5k
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W82 ethyl acetate 352 membrane filter (0.2
£m, pore size. Toyoroshi kaisha.Ltd.Japan) & Al4A|
7|31, AAAY 2} 2282 1,000 ppm, 2,000 ppm %
4,000 ppm F=EE H7sHT o71e] OD.#k& 043
o Al NS HEFFE) 107%) 97 £7Aes H
F3slo] 37°CollA 72417 vieksta, 124170} Al wiok
Ao Z=AHTZ 620 nm , spectrophotometerdir] &4
o=

= o 0y

1. YSE FEE 78

HE-2-9] methanol F&E-& petroleum ether, chloro-
form, ethyl acetate @ methanols 2tz} a3 43}, zt
R E) & 8L Table 29 o] Yehyith #F-£9
petroleum ether, chloroform, ethyl acetate, methanol
TEE 9@ 522 44 0.8%, 1.2%, 1.7%, 2.9%
2 5.3%% YERY}, petroleum ether? F&o] 7% w3t
I EFFEEY 78] 7P =3t

2. T EY JTY HM

Paper disc ¥ o5 w530 25 {740 22E ¢
BFFEES 4T AF T € 4557 A4AMA 7
@+ S AR & v o 22 ARE 4E A

Table 2. Yield of organic solvents and water exfracts from Pul-
satilla koreana

Fraction Dried weight (g) Yield (%)
Petroleum ether extract 412 0.82
Chloroform extract 6.156 1.23
Ethyl acetate extract 8.23 1.65
Methanol extract 14.53 2.9
Aqueous extract 26.28 5.26
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o} Gram el gt 9532 petroleum ether, chlo-
roform, ethyl acetate, methanol &% 2 d4%%E9
84 Table 37 o] Ul discoll B8t WlF7-g-
o] 7 F2EY w5t $1ErS g 4o A U
Bttt & 57 /M g 2498 YERIE inhi-
bition zone?] 717} 57}&lo] petroleum ether FEE
9] 7% Staphylococcus aureus®l ™3 1,000 ppm F=ol
A 26 mmE 7Y & BAEE JERIY (Fig. 1. 95
+ FEEY FEe wet 7 #FE] o3 g2

2 ul

BT =

4& vER 79 SR gt 7] O g o
e, M5-8-9] petroleum ether F&E-2 Staphylococcus
aureus® i3l 72 S 89S YR, 784 chlo-
roform F&5-2 Shigella flexneriold 7V & 848 1}
ERNSICE W5E2-9) ethyl acetate FF82 Bacillus cereus
& ALs BE #Fol o3 dH@A4E YeERS 53]
Salmonella enteritidis®| W8] 2 Fo&d-& B} 3t

Fig. 1. Antfimicrobial activities of various extract of Pulsatilia ko-
reana against Staphylococcus aureus at the concentration of
1,000 ppm. C: control (70% ethanol), I: petroleum ether extract,
Il chloroform extract, lll: ethyl acetate extract, tV: methanol
extract, V. Aqueous extract.

Table 3. Antimicrobial activities of each solvent fraction from Pulsafilla koreana against Gram positive bacteria

Clear zone on plate (mm)"

Strains
Fraction conc. (ppm) PE C EA M w
100 - - - - -
Staphvi 250 217 13 20 13 -
'‘aphylococcus aureus 500 o 15 21 14 _
1.000 25 15 22 15 -
100 - - - - -
Bacillus cereus 250 - - B B B
500 - 7 - - -
1,000 - 9 - - 7

1) Diameter, 2) No inhibitory zone was formed

PE: Petroleumn ether extract, C: Chloroform extract, EA: Ethyl acetate extract, M: Methanol extract, W: Water extract
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Table 4. Antimicrobial activities of each solvent fraction from Pulsatilla koreana against Gram negative bacteria

Clear zone on plate (mm)"”

Strains

Fraction conc. {(ppm) PE C EA M vy,
100 _ _ _ - -
2 _ _ B

Escherichia coli 250 9
500 - - 10 - 3
1.000 - - 1 ~ 8
100 - - - — _
. 250 - - - — _

Pseudomonas aeruginosa
500 - - 0 o 5
1000 - 12 11 8 7
100 Z Z Z _ -
Salmonella typhimurium 250 - 9 10 - -
500 - 11 12 - _
1,000 - 12 16 - 6
100 — - - — -
Salmonella enteritidis 250 ~ - 8 _ _
500 - 10 12 11 -
1,000 10 11 22 15 8
100 - - i ~ ~
Shigelia sonnei 250 6 - 7 - -
500 8 n 10 6 5
1,000 9 13 20 8 6
100 _ Z _ ~ —
Shigelia dysenteriae 250 15 10 12 12 -
500 15 13 18 14 3
1,000 18 14 21 15 5
100 _ _ _ — —
250 7 8 12 — _
Shigella flexneri
9 500 8 12 13 -

1,000 9 16 13 8 8

1) Diameter, 2) No inhibitory zone was formed. PE: Petroleum ether extract, C: Chloroform extract, EA: Ethyl acetate extract M:

Methanol extract, W: Water extract
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ethyl acetate FE&- Staphylococcus aureus®l| TH3|A
P E2 g@Aol slSol Hug v glu? 2 A
oA ARE-3E WS89 A9 ethyl acetate FEE] Sal-
monella enteritidis®l W3] 718 33 S EHE YERAS
ol 2 A3l ARE-g WFg FEES Gram o3¢l o
§t 32 Table 49} o] e, #578-9] petroleum
ether %52 Shigella dysenteriae® W&l 7}4 2 3
A%E Jeld 1, chloroform FZE-2 Shigella flexneriol
o3l 7H & e EE Bk 989 ethyl acetate F
EE- Bacillus cereuss A3 BE w0 tis) FH 4
3t S-S YeRldedl, o] 5 Salmonella enteritidis7}
7V 7skA kg3 W82 ethyl acetate FEE 1,000
ppmolA 22 mm< clear zoned WERIQITE o)x8 W
T8 ethyl acetate FEE-2 Gram ¥Fd72 Gram &
Al He FHS TS AUL 5 & Asle
g A% 9] methanol FE2E9 7-$ Gram AT H}
Gram S92 E. coli®ll ¥ 973HA wE3-gitky B3

9 ) QIch'” 8 Shin $'P& ¥7)9 ethyl acetate 3
5 & I B0 Y-S B, Lee T
Aol 2] ethyl acetate FEEE 2% 3t 235 /I
ool 3. X Staphylococcus aureus$}; Shigella dysen-
terige= W29 ethyl acetateollA] 5t olu)@} petro-
leum ether ¥ chloroform F&E|% 91731A) 3=
o BEEe] dr3Ege] A¢ B A AMgs BE #
Fol| gl A IHEH S HolR U%W, WFE FEE
9] F%7} 100 ppmo|diQ] B-FolE 89S YehlA]
ATt A E-29] ethyl acetate FEFoE AW AE, &
7V, ', 2, e 2 T AR ERIE FE &
EHE Z0® 4EiA e, & AP M 22
g K9l WFR-9 ethyl acetate FEE% )9} FAKSH
R0l R AUE ez AlEdck {952 butanol
#2529 B Gram JHQ S. aureus, S. faecalis L
Bacillus sp.ol Y5t 594 §35 Holw, Gram 24
2 E. coli & X%} Candida albicans©l] ThalA+= )
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Table 5. Antimicrobial activity of combinded extracts from Pulsatilla koreana and Portulaca oleracea

Clear zone on plate (mm)”

Strains
Control  Pulsatifia koreana (500 ppm)  Portulaca oleracea (500 ppm)  Both® (each 250 ppm)
Staphylococcus aureus =2 15 18 26
Shigella dysenteriae - 16 14 22

1) Diameter, 2} No inhibitory zone was formed, 3) Pulsatilla koreana and Portulaca oleracea

04
0.35
a—a—

~ 03
g 025 /_
° S

0.05 a ‘/

':T!M‘l/y 1 L 1 i L

3 6 9 12 24 36 48 60 72
Time (hour)

[ 4C = 1000ppm -—2000ppm _— 4000 ppm

Fig. 3. Effect of ethyl acetate extracts of Pulsatilla koreana aga-
inst the growth of Staphylococcus aureus. .

05
Fig. 2. Anfimicrobial activities of ethyl acetate extract of Pulsa- 2 04
filla koreana, ethyl acetate exiract of Portulaca oleracea and S o3 / -
both extracts against Shigella dysenteriae. C : control (70% S 7 / B |
ethanob), I: Pulsatilia koreana (800 ppm), li: Portulaca oleracea a 02 o9
(500 ppm), ll: Pulsatilla koreana (250 ppm) and Portulaca % 01 /
oleraceqa (250 ppm). : %/

O 1 1 i 1 1 1
3 6 9 2 24 3 48 O 72

Z37} gtk ®ag vk QJOou B Ado] ALgdt Wl Time (houn
F82 A% Gram F4F SA FF 3tell EolAQl Alo] —e—C —8—1000ppm —A—2000ppm —e— 4000 ppm

g RolAt Qi : ,
Fig. 4. Effect of ethyl acetate extracts of Pulsatilla koreana aga-

3 'ﬂ!'q:- '8' -’.‘-%.:—Eﬂt AHE _,‘s_?é\._ggl ,‘\),_6_\ E_Ill' inst the growth of Shigella dysenteriae.

HI%2.9) othyl acetate FEE3} 4JH] 59 ethyl acetate
FEEE AUE B Y vehks @ a#= Table 59 7
o] vepsith £ AFeA 7P kst dranE 1ld
Staphylococcus aureus®l| W3 T+ A& FEF°] FA4¥L
BEg FE2EH A FEES EERE B5 © aA
Ueht, w589 ethyl acetate FEEUE G502 500
ppm & 7% (15 mm) Bt} WMEL9] ethyl acetate 32
£ 250 ppmel 4H]E9 ethyl acetate 3ZE 250 ppm
& Ao & A7t d 2 FEHE 2 (26 mm). Shi-
gella dysenteriaedo) A% F F2ES 242 250 ppm
2 o] Fodt 397} WE-2] ethyl acetate FEE 500
ppme DEOE F AeEr 2 Es 83t} (Fig. 2).

ppm, 2,000 ppm % 4,000 ppm) TSBHjA|ell 7k},
Gram 32! Staphylococcus aureus$t Gram 471
Shigella dysenteriae®l ZYZ; JEAA 72X vlgstwiA
A A AR AT A AEE S48 £ v}, Fig.
3 9 Fig. 49 & 23S 45 5 AUtk Staphylo-
coccus aureus®] 735, BFE ethyl acetate FEES
A7¥ekA] & controld] A4 vl F 641K THE g5
& 79 F4& £ 5 AR, 2,000 ppm FEE H7FIA
& AS 72 F2Ho] ke o]Fo|A #2 Aol 124]
M AR S #EE F A}JT (Fig. 3). Kim™' 2 =
28] methanol #2892 72 v|AESY 43S dAAA
Tty B g vk 9lom Lee™ & thuFe =84 FE25
4. M8 Ethyl acetate FZE2°! gram &8 X gram § o] 7] FA& ANk 31tk Jeon T A7)

Ao ZAo| O|Al= Y 2] methanol F&E°] Staphylococcus aureus2) 373 4
529 ethyl acetate FEES FEEE (Oppm, 1,000  Agcty B st v} gle=d], B Adorx wlE2-9] athyl
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acetate FEE°| Staphylococcus aureusS) 219 oA &
I} BT} = Shin 92 AAYY ethanol FEE0]
S. typhimurium®) A AAZ 36 AR A&AZ00 0 B
2% v} Qlo], AAEolN e 24 A EAE A
o] 8831 A5 A4S g8 oE AT + &
Aoz Az}, ME-R9| ethyl acetateFEE0] Shigella
dysenteriae®] O3] VX A As)] AEE FLUsH o
2 72717 FRF A E vl Fig. 48 22 2498 &
Qi) WE2-2] ethyl acetate FEES ¥R %2 control
Bl ] el x] wjekle ’\] 6AIZE o] 3HE FAg FUHE HY
g Azt oS #EE = Il o}t WEZ-9 ethyl
acetate¥&%E 2,000 ppm< 715t WX M= 79 F
2lo] 9AIZEA] A A AT

ol

_|2
p 1=

LS

2 AFNXE= A frdAlatel igt etd/do]
A A %ﬁ% u’aﬁ}ﬂ A A=FE U g
WollA g o] &Eo] & FgS ZF 782 FE3
o AF= ARl dist 389 A Bkt o
%% methanol2 F&3%F $, petroleum ether, chloro-
form, ethly acetateS 01%3}01 Q—Q—C’ﬂ/ﬂ Z}z}; gurE R A
T 25, EFFEES €92 F 9% AFE AT

(Staphylococcus aureus, Bacillus cereus, Salmonella enteri-

% %

tidis, Shigella flexneri, Escherichia coli, Salmonella typhi-
murium, Shigella dysenteriae, Pseudomonas ariginosa, Shi-
gella sonnei) ©ll st} SEEANE ZARIGICH MF% 5
29 = T 24 HAolMe MFEY ethyl ace-
tate FEEC] 7P & It AFE B39 Staphylococcus
aureus®} Salmonella enteritidis 2 Shigella dysenteriae7}t
718 W3sA RESshe d5 AT Staphylococcus aureus
9} Shigella dysenteriae’= B5-82] ethyl acetate FE&
¥at o} petroleum ether @ chloroform F&E9|%
o] A=t ME29 ethyl acetate FE2E3 4]
H]E9) ethyl acetate F&52 E3tsl0] 3HFgS =73

2 A% F FEEE Ao 7S AU E5E AR
P& A 2o AsaEAE vERIGItE E£§ WFE9 ethyl
acetate FFEC] AFE FIAFS] 4l vXe &z
& 743V A&l Staphylococcus aureus L Shigella dy-
senteriae2] vjokMo]] M= 2.9] othyl acetate ==& 2+
Z} 2,000 ppm FEE A7VRE A, Staphylococcus aureus
o] A& 12217k old7kA] AQAA 7 AN, Shigella
dysenteriae2] 35T IAIZWHA] QAR 5= Q1) o)

o A3 WTS F2EL 4F AT fLAZe @
FHE AL 3lo] ALE AQ AEREA LS AT A

22 BEE 7 U THeEE RT3
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