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Antimicrobial Activity of Fruit of Crataegus pinnatifida Bunge against Multidrug Resistant Pathogenic
Pseudomonas aeruginosa and Candida sp. Ryu, Hee-Young, Seon-Mi Ahn, Jong-Sik Kim!, In-Chang,
Jung, and Ho-Yong Sohn*. Dept. of Food and Nutrition, Andong National University, Andong 760-749, Korea,
"Dept. of Biological Science, School of Bioresource Science, Andong National University, Andong 760-749,
Korea - The fructus of Crataegus pinnatifida Bunge (CBF) has been used as medicinal and food source in
worldwide. In this study, antimicrobial activity of the methanol extract and its sequential organic solvent frac-
tions of CBF against different pathogenic bacteria and fungi, including multidrug resistant Pseudomonas
aeruginosa and Candida sp., were investigated. The methanol extract of CBF was active against various
gram-positive and gram-negative bacteria, and the ethylacetate and butanol fractions of CBF showed strong
antibacterial activity against Listeria monocytogenes, Staphylococcus epidermidis, Staphylococcus aureus,
Bacillus subtilis, Salmonella typhimurium, Proteus vulgaris, Escherichia coli and various multidrug resistant
Pseudomonas aeruginosa with minimal inhibitory concentration of 1.0~7.5 mg/mL. Also the fractions
showed anti-Candida activity against C. albicans, C. kruseis and C. geochares. The methanol extract of CBF
and its solvent fractions, except n-hexane fraction, did not show any hemolytic activity against human red
blood cell up to 500 pg/mL, respectively. The hemolysis in n-hexane fraction at 500 pug/mL was less than

9.9%. Our results suggest that the CBF could be developed as a potent antibacterial agent, especially for mul-
tidrug resistant Pseudomonas aeruginosa
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o] 922, AR methanol F2E 2 ol2) ot 23]
B& EAlsle] P I B 3SRl B
$A-E Hrksidem, 2 A3 AR 3259 ethylacetate
% butanol F&el|A S35 FR|WEA BA-E Felalgl,
E3] o] BFEEo] A WA HUA Pseudomonas
aeruginosa®l N3 723t g7 S YIS FAsg
o # A7EIE ARRLE o83 A Ui HYA P
aeruginosa '} Candida sp.2] A|o17FsAL AA)81aL 9lc).
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20074 & ghEellA FUg FUA ARG R
18% wiw)ys- ARSIt AR IR} methanol 289 ZAl=
A& 1keell methanol 108]E1E 7)5}] 2447t AR F23)
Hom 33 WhE &30 592 50004 bsEs)
of U2 AZIA AH- A7IA] AL AR Basiel). 2
3= AZ22 7% methanol FEEE B d<3t F p-
hexane, ethylacetate, butanols- ©]-83le] =222 233}
3 E ZFES 3431912, filter paper(Whatsman No.
2= AL F At AzEl] 203} sige). 4o Alge
dimethylsulfoxide(DMSO)l %<l F 33} F=2 343}
of st B4 7l AMgslaic)

ABTF

APAFAE methanol 58 9 o] B EE9] 37 FA4
7l AR At | AFES B0 EAIAIE (KCTC),
B4 A EEENE(KACC) 2 Y& Institute for
Fermentation, Osaka(IFO)ollA 2oF kol A4-8}¢]v}(Table
1). P aeruginosa CCARM 2010, 2020, 2030, 2200 =
2210 #5%= = FAANI TP (CCARMpPI A BoF
Wrol AL8-819] 0w o] E-& cefoperazone, gentamicin, nor-
gloxacin, piperacillin, amikacin, aztreoman, ceftazidime,
cefotaxime X imipenem®] YA Fol|A] Ho]E 2% o)A}
o] A Ha WS 7 el T, Algte s
58 Eeld F5olth 39 C. albicans CCARM 14020 Y
14021, C. kruseis CCARM 14017, C. gillermordi CCARM
14018, C. tropicalis CCARM 14019%= &= 3FAA| WA F
T3 (CCARM)ON| A Fopitol AMg-3l9 2w o] 52 am-
photericin B, itaconazole, flucytosine % fluconazoleel| =

3 A WA-E Vel FFolTHhttp://www.ccarm.orkr).

g &N =3

AT P T A Frl= 7)) B sk w (13, 26]
I FLIA o]-4-31%5 2, 242} Nutrient agar(Difco Co.,
USA) ¥ Sabouraud dextrose(Difco Co. USA) ljZ] Aol A
teFst Al 5 pLE P disc-paper(XE 6.5 mm)el| 7}3F

Table 1. The microorganisms used in this study.

Escherichia coli KCTC 1682
Pseudomonas aeruginosa KACC 10186
Salmonella typhimurium KCTC 1926
Proteus vulgaris KCTC 2433
Pseudomonas aeruginosa KACC 10186
Pseudomonas aeruginosa KACC 10187
Pseudomonas aeruginosa KACC 10258
Pseudomonas aeruginosa KACC 10259
Pseudomonas aeruginosa KACC 10260
Pseudomonas aeruginosa CCARM 2010
Pseudomonas aeruginosa CCARM 2020
Pseudomonas aeruginosa CCARM 2030
Pseudomonas aeruginosa CCARM 2200
Pseudomonas aeruginosa CCARM 2210
Pseudomonas aeruginosa PAO-1

Gram negative
bacteria

Staphylococcus aureus KCTC 1916
Listeria monocytogenes KACC 10550
Staphylococcus epidermidis KCTC 1917
Bacillus subtilis KCTC 1914

Candida albicans KCTC 7270
Candida albicans KCTC 7965
Candida albicans KACC 30003
Candida albicans KACC 30004
Candida albicans ATCC 10231
Candida albicans CCARM 14020
Candida albicans CCARM 14021
Candida kruseis CCARM 14017
Candida gillermordi CCARM 14018
Candida tropicalis CCARM 14019
Candida geochares KACC 30061
Candida saitoana KCTC 41238
Saccharomyces cerevisiae IF0 0233

Gram positive
bacteria

Fungi

F Al 7F 24217F, AT 5 4827 wilF T, S
AN 2715 FH3 Bl 26]. ETEE A
TAIQl ampicillin®  streptomycin  sulfate$} 331 FA) Q1
miconazole ¥ amphotericin B(Sigma Co., USAYE 7}7} |
ug/disc FEZ ARE3lom, Sqko 2 A/ A| 3] X F
< mm D2 ST 33] o YU} F U A2
HeRA=13]. S Aol JAEE AR HAASYA|
5 %(MIC: minimal inhibitory concentration)s Z43}512 .
u, 0. 0.25, 0.5. 1.0, 1.5. 2.5, 5.0 & 7.5 mg/mL ¥ %=2]
ABEE M3l 24~48417F ksl F ASGAE 84
A3l AAsH

olzt MuT 88 ¥ |

AAAE F2E 9 FIEE0) A FU19) dBez o)
ZE AT (%)E o183l 48 B4S FrIT27]. PBS
£ 33] A 17 HE T 100 uLE 96-well microplateo]]
7VELE A28 100 uLE 7HEE BH 37614 3087 uks-
AZ. o, WS 1087 FAE=](1,500 rpm)sle] 4



94 100 uLE M2 microtiter plate® 271 & 23 o)
Uﬂw Hrdzn F2F ASZ 414 nmellM &3 }cﬁu}. A&

o] 80 T2 DMSO(2%), A3 HEZFZ= triton X-
100(0.1%)& AHE313i 0}, S8 842 o2 $4]8 o] 4-3)
o] AAkslAt

(%) hemolysis=[(Abs. S—Abs. C)/(Abs. T—Abs. C)] x100.

Abs. S: AR AH7)F F4XE, Abs. C: DMSO #H7)7¢)
F4X, Abs. T: triton X-100 H7}79 F34=

|E|. =|A'I

% flavonoid®] = =42 Davis W 2] W= [13]e] ot
2} 28l e FFAFOT L nyting AHEEad. &
polyphenol 32 Singleton 5] ¥Pg[25]e] we} 243}
gon] ZFAIYOTE tamnic acidS A3l mE A
I 33 WHE &2 F age® Jehigdg

TR

APAERRS] methanol FE-E3) o|9] £3bd f7] 40 23]
=5 FAIBKAT. AREAES] methanol 2882 40.4+1.1%
°]gl.em, F=2Ell vh3k n-hexane, ethylacetate, butanol %
= A2 23 g8 A7 1.0, 5.1, 209 2 722%=
AR} F2Ee] O 22 butanol B8 W B AFER °]
AEe}. AR 25 9 B359] & polyphenol kS
methanol %% 3 n-hexane, ethylacetate, butanol ‘3—! %

el 22t 7. 17, 1.33, 2299, 14.62 ¥ 0.78 mg/g2
Lefitethylacetate 3 butanol £ o] ®J3-5-2] polyphenol
52 sk 9Jgdvtk. =31 £ flavonoid ke 228
9 FHEo)A A7 8.02, 15.97, 52.43, 20.61 2 4.03 mg/

g E3H5}o] ethylacetate 3, butanol -3, n-hexane -
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g £22 flavonoidi5S ETL AU+S & 4 Aok
Clopal A2 ul %w H]ﬂ-—‘-—‘—-o]] A P 9L
Hrha7] 9la) Zu)E AR xw2 He)s)
g, 1 A3} /‘P\}Z]- rnethanol F2=Z2p aeruginosail- E.
coliz A 2|8t BE ol =) ﬁql-zq_i T8 BAYS
gk Table 2). 53] L=iRAL 25549 P vulgaris 9l
QM= SRR Z2717F 17 mmz w)-$- 7323 g+
A8 Jehligleh. £8E A BelAE ethylacetate H3] %
o] Age] o] &-x M Bl 3 s AL el
Lo, P vulgaris, S. typhimurium 2 L. monocytogenes |
A& 22 205, 16.0 D 150 mme] w4 2 YA 3E
ehlgde}. g butanol £82 P aeruginosas A2k A
TS A o] Yehghom, Ak 02 ethylacetate
FEERGE g B4 HehAlE n-hexane ¥-3E}
5 AFEL AR A F AL JE)
HE&2F=E AME ampicillin(1 pg/discy AR T EFollA
10.5-35.0 mm] AFARE ehlel ohs 4 7
S 7HE HoAFe k] 5l tiE) ethylacetate
4 butanol F-Eel] 3t AP EAHEEZMICE A3
A= Table 3o YJelsie}. Ethylacetate 252 7% L.
monocytogenes, S. epidermidis, S. aureus’® P. vulgaris
o HaME 1.0~1.5 mg/mL FENA AFo] gbd3] A
H9lem, S nphimurium| A= 2.5 mg/mL S A, P
aeruginosa, E. coli®t B. subtilis o 9|4 5.0 mg/mL
Fxol A A8o] VPR skt Wb butanol #3273
¥ S. epidermidis®} P vulgaris¥ 1.0~1.5 mg/mL, L.
monocytogenes<} S. aureus= 2.5 mg/mL, S. typhimurium,
E. coli ¥ B. subtilisx= 5.0 mg/mL, P aeruginosa®l| o 3}
ME 7.5 mgmL FENA Sl veltA] ¢ho} ethy-
lacetate B3)o] putanol E- R} Hubg ez e MIC 3t
< Yehigdel g ARARAEY] 70% methanol F+E-E9] S

Table 2. Antibacterial activity of the methanol extract of Crataegus pinnatifida Bunge and its organic solvent fractions against patho-

genic bacteria,

Growth inhibition zone (mm)

fl;: ;(g?:;js Gram positive Gram negative

L.m? S.e S.a B.s S.t P.a Pv E.c
Ampicillin 25.0 21.5 24.0 13.0 22.0 10.5 35.0 10.5
Methanol ex!. 9.5 8.0 75 10.0 8.0 A 17.0 -
n-Hexane fr%. 10.0 11.0 8.5 12.0 - - 9.0 -
Ethylacetate fr. 15.0 11.0 10.0 11.5 16.0 7.5 20.5 7.5
Butanol fr. 15.0 9.5 8.0 9.5 8.0 - 19.5 8.0
Water fr. 8.0 - - - 7.5 - 15.0 -

1

ex: extract, 2fr: fraction, *L. m: Listeria monocytogenes, S. e: Staphylococcus epidermidis, S. a: Staphylococcus aureus, B. s: Bacillus subtilis,

S. t: Salmonella typhimurium, P. a: Pseudomonas aeruginosa, P. v: Proteus vulgaris, E. c: Escherichia coli, 4.1 No activity
The concentrations of the methanol extract, its organic solvent fractions, and ampicillin used were 500 pg/disc, 500 ug/disc, and 1 ug/disc,
respectively. The growth inhibition zone expressed was included a size of disc-paper (6.5 mm of diameter). The data represent a

representative result of three independent determinations.
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Table 3. The minimal inhibitory concentration (MIC) values of
ethylacetate and butanol fractions against different pathogenic
bacteria.

MIC (mg/mL)

Gram positive

Fractions Gram negative

L.m’>S.e S.a B.s S.t Pa Pv Ec

Ethylacetate fr!. 1.0 15 15 50 25 50 15 50
Butanol fr. 25 15 25 50 50 75 10 50

Ur: fraction, L. m: Listeria monocytogenes, S. e: Staphylococcus
epidermidis, S. a: Staphylococcus aureus, B. s: Bacillus subtilis S. t:
Salmonella typhimurium, P. a: Pseudomonas aeruginosa KACC
10186, P. v: Proteus vulgaris. E. c: Escherichia coli.

aureus?l A3 9.1 mg/mLe] MICE 7= H.37[20]¢} 1)
WP, ARIRLE] ethylacetate 32 70% methanol 25
o 03 S Ve AR F3Hd. o=E 4
Ihe AR 328 dokdt 3EAS ek glen,
ethylacetate ¥ butanol -2 Tl A55 2 wA A
T2 Aol o4 7Fshg AAISkL 9l

S ARARALS] ethylacetate %32 P geruginosa®)| o3l
7.5 mm®| u]eFst 7 AL bS] 29 (Table 2), 5.0
mg/mL2] MICE YRS eH(Table 3). ©)& P aeruginosa
o da] YJFEAS eplE AhEC] AY glth= 11E B
a1y, 2212 & v 2ju)ql: AFE =) ulel Ak}
A ABES 2R R} P geruginosa T 3 8
THS 7RI WA H2T2 AR ampicillin®] 73-$-
P. aeruginosa KACC 10186 a4 10.5 mme] 84
e st Fugt st o] Jeltou 9 10
%2 P aeruginosa Tl X E A FFFAo| o}
l}A] kel(Table 4), 552 P aeruginosa TFE°)
ampicillin®] WAL 7HAZ dHE Ao =3

streptomycin sulfate*] 2] AJo| = P geruginosa CCARM
2020, CCARM 2030, CCARM 2200, CCARM 2210 QP
aeruginosa PAO-1= A3 AEA 87} vehiA] oo}, A3
9| P aeruginosa TFE°] streptomycin sulfate A A
eldet. 22u}, ARRERE methanol 252 A4 WA P
aeruginosa CCARM 2010, CCARM 2020, CCARM 2030
Y KACC 101870 &}l 8.0~8.5 mm A =2 A-SIA|2A
< Y b 53 g 842 ethylacetate I
butanol ¥-Fel|A ErlEglon, o] FHEEL A oA
WA WA P aeruginosa T B A& 953 44
< Vs 22t BEEEL] FHAASHAsE 7 2
3}, P aeruginosa CCARM 20105 #| 2|3t 3H4A] WATS
2} PAO-1 T MICRke] 2.5~5.0 mg/mL $E2 Q1]
o, 71ek®] P aeruginosa 552 MICH®] 5.0~7.5 mg/
mL X2 Yelge(Table 5). ©]& AbAFRLS) ethylacetate
2 butanol +IE2 7|1E WA YA HE 7R R
P aeruginosa®y5-& A3, BREAL] AA|7T o] Foi%
b AR Pogeruginosa S AAA R N 75
B gl

g8, ARRERL methanol 28 9 o] F& 2ol A &
T A4S 718 A= Table 60 VERISIE d2F2
AH-4-% miconazole(1 ug/discy> C. albicans KACC 30003
39} 4R WAFFY C albicans CCARM 14020,
CCARM 14021, C. kruseis CCARM 14017 ¥ C. ropicalis
CCARM 14019 A&l 72& JepiA] £31512, am-
photericin B(1 pg/discyd-$= C. kruseis CCARM 14017<
A 2)at Tl HHalA] 11.0~28.0 mme] A& A) 8L e}
vjie}. wlebA miconazoleol] W3t Candida sp.oll W3t 4
AA8-& 40%Z A3)81™, amphotericin Bell H3iA= 10%
ol3le] WAdE&-& el AR FEHSE. AR A&
5 Gt SRS Jehlgle™, £3] ethylacetate 3

Table 4. Antibacterial activity of the methanol extract of Crataegus pinnatifida Bunge and its organic solvent fractions against multi-

drug-resistant Pseudomonas aeruginosa

Growth inhibition zone (mm)

Extract/Fractions

13 2 3 4 6 7 8 9 10 11
Ampicillin 10.5 - - - - - - - - -
Streptomycin sulfate 14.0 8.0 7.5 7.5 8.0 9.0 - - - - -
Methanol ex'. - 8.5 - - 8.0 8.0 8.0 - - -
n-Hexane fi2. - - - - - - - - - -
Ethylacetate fr. 75 11.0 9.0 8.5 11.0 9.0 9.0 8.5 9.0 10.0 9.0
Butanol fr. A 9.0 9.0 8.0 9.0 9.5 10.0 9.0 8.5 8.0 8.5
Water fr. - - 8.0 - - - - - - -

lex: extract, 2fr: fraction, >1: Pseudomonas aeruginosa KACC 10186, 2: P. aeruginosa KACC 10187, 3: P. aeruginosa KACC 10258, 4: P.
aeruginosa KACC 10259, 5: P. aeruginosa KACC 10260, 6: P. aeruginosa CCARM 2010, 7: P. aeruginosa CCARM 2020, 8: P. aeruginosa
CCARM 2030, 9: P. aeruginosa CCARM 2200, 10: P. aeruginosa CCARM 2210, 11: P, aeruginosa PAO-1, *-: No activity.

The concentrations of the methanol extract, its organic solvent fractions, and ampicillin used were 500 pg/disc, 500 ug/disc, and 1 pg/disc,
respectively. The growth inhibition zone expressed was included a size of disc-paper (6.5 mm of diameter). The data represent a

representative result of three independent determinations.



ANTIMICROBIAL ACTIVITY OF CRATAEGUS PINNATIFIDA BUNGE 81

Table 5. The minimal inhibitory concentration (MIC) values of ethylacetate and butanol fractions against pathogenic and multidrug
resistant Pseudomonas aeruginosa.

) MIC (mg/mL)
Extract/Fractions
1? 2 3 4 5 6 7 8 9 10 11
Ethylacetate fr.! 5.0 7.5 >7.5 >7.5 7.5 >7.5 5.0 5.0 2.5 2.5 2.5
Butanol fr. 7.5 5.0 5.0 5.0 25 7.5 2.5 2.5 2.5 2.5 5.0

- fraction, ?1: Pseudomonas aeruginosa KACC 10186, 2: P geruginosa KACC 10187, 3: P. aeruginosa KACC 10258, 4: P. geruginosa
KACC 10259, 5: P. aeruginosa KACC 10260, 6: P. aeruginosa CCARM 2010, 7: P. aeruginosa CCARM 2020, 8: P. aeruginosa CCARM
2030, 9: P, aeruginosa CCARM 2200, 10: P. aeruginosa CCARM 2210, 11: P, geruginosa PAO-1.

Table 6. Antifungal activity of the methanol extract of Crataegus pinnatifida Bunge and its organic solvent fractions against patho-
genic Candida sp.

Growth inhibition zone (mm)

i]‘;:;(g?(f:s Candida albicans (mm) Candida sp. (mm) S &
1 2 3 4 5 6 7 8 9 10 11 12

Miconazole 28.0 . 20.0 8.0 19.0 - - - 11.0 - 30.0 7.0 8.5
Amp B! 16.0 14.0 13.0 19.0 15.0 14.0 14.0 - 11.0 11.0 28.0 15.0 13.5
Methanol ex?. £ . - 7.5 7.0 - . 7.0 - 8.0 - - -
n-Hexane fr’. - - - - - - - - - - 8.0 8.0 -
Ethylacetate fr. - 7.5 8.0 8.0 8.0 - - - - - 10.0 - -
Butanol fr. - 7.5 - 7.5 9.5 - - 8.0 - - 7.5 7.0 7.5
Water fr. 7.0 - - 7.5 - - - - - 7.0 7.5 - 7.0

'Amp B: Amphotericin B, Zex: extract, *fr: fraction, *1: Candida albicans KCTC 7270, 2: C. albicans KCTC 7965, 3: C. albicans KACC
30003, 4: C. albicans KACC 30004, 5: C. albicans ATCC 10231, 6: C. glbicans CCARM 14020, 7: C. albicans CCARM 14021, 8: C. kruseis
CCARM 14017, 9: C. gillermordi CCARM 14018, 10: C. #ropicalis CCARM 14019, 11: C. geochares KACC 30061, 12: C. saitoana KCTC
41238,%8. ¢: Saccharomyces cerevisiae IF() 0233, %- : No activity.

The concentrations of the methanol extract, and its organic solvent fractions used were 500 ug/disc, respectively. The concentrations of
miconazole and amphotericin B as positive controls used were 1 pg/disc, respectively. The growth inhibition zone expressed was included a
size of disc-paper (6.5 mm of diameter). The data represent a representative result of three independent determinations.

butanol EAENA &nigl= &} Candida sp. B73e) e} FEESL 250 pg/mL =4 €884 ) el dgte
ey 1, n-hexane #3822 ¢ 32%9] €8 o] VeltthFig.
vt ARARARS] methanol F5-8o] %9 FAAIUA  1b). o3t SHALE H B o|g) o, 500 pg/mL
Candida sp. % C. kruseis CCARM 14017 2 C. tropicalis ~ $EelME oF 0.9%9] £8& Jepisich(Fig. l¢). 22}
CCARM 14019 T A& k& vepd A= 28] n-hexane FIEE A28 A|89] 7%, 500 ug/mL Tl
ethylacetate ¥-2-> FAAANA Candida spol| Wl 48 M= S ] A3 eptA] ghom AR 589 n-
S vehdA] edskem, butanol #8-E C kruseis CCARM  hexnae 2-85-2] B38l§o] 1% $Fe]ng dubzq] Alfo
140174 el M5t FH L el gin). Ethylacetate @ QlolA AR AR BAL ¢S Ao ddEde 2 A7
butanol 3L A2 MICE H718F B3 ethylacetate A= ARAIAES] ethylacetate Y butanol 8] YA
¥8-L 5mymLe] MICE, butanol ¥-&-2 5.0~7.5mg/mL  WAFFES 238 et Ad 9 Candida spell +58
2] MICE “lepi o] (result not shown), AHALAF7} Candida 3 AL 7HE vehie, o] 524 A4 WATF
sp. Aefoll = o} 7153S & & Qlsieh of) Bigt Al P FsAE AAE sivt BA 71E )
AREAL methanol F5% 3 889 545710 4B A9} AMKEA ethylacetate B3] F-0] FAIA ol 2]aF 4
2 Q7 H¥t $HIAE Hrig Ao Fig o] vl Al AES Al 7F5AE AR Fell 3127, cthylacetate
Ao}, BN Z] sterodF7t Aol Azt w22 et 9 butanol FHEZHE] st 84519 AAV Has)
W= amphotericin B 7%, 6.25 ug/mL =AM 53%,
25 pg/mL FEAM 90% o] £ 8L vehfgl o 2 %
(Fig. 1a), triton X-1002 0.1% =4 100% 283 4}o)
vehdel. nhexane R8BS A3 AW 322 9 2 AR A AR o83 A AERs AER
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A F shdelct. £ A7l M= AR -8 A8 A
EE A% 479 dfe=, A methanol FEE H
©]¢] n-hexane, ethylacetate, butanol +-3E& 4 & AF-E-S
ZA) 53 5‘]-/‘]3 A A WA Pseudomonas aeruginosa Y
Candida sp 3 E33sPe vl WA W A55 vlA)E
U5l NS Frketae). ALAAR] methanol 2 E-S
I3 3 2 A9 Bekal Aol JE EAdE vEr
Wz, o]e] £EE 3 ecthylacetate ¥ butanol H& &2
Listeria monocytogenes, Staphylococcus epidermidis, Staphy-
lococcus aureus, Bacillus subtilis, Salmonella typhimurium,
Proteus vulgaris, Escherichia coli= &2 1052 3 A)
WA WHAA Pseudomonas aeruginosa® WA= -3
AT 84 & HePIRAHEFH AR AT E 1.0~7.5 mg/
mL). X3} ethylacetate ¥ butanol 2252 U5-2] Candida
spell e = ed8AdE vehliglet. 3P n-hexane -2
=< A9J& AL methanol FEE 2 FIEEL 500

pg/mL FE=7HA] QA E Tl digk £ RG-S HolA]| &
okom n-hexane 3 E-Z 500 pug/mL oA °F 9.9%
9] mju)gt S-S episiet. o3t A AL
oot A8 Al EE A WA Pseudomonas
aeruginosa Ao1E A3 BEARNE s 71 e¥E A48t
I 9o},
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