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Antimicrobial Activities of Herb

extracts

Mi-Young Yoo

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

In order to evaluate the antimicrobial function of natural herb
extracts as antimicrobial agents for the preservation of foods, water
and methanol extracts of herb were prepared and their antimicrobial
activities were determined.

About 5g of dried herbs was extracted with water and 99.85%
methnol for 72hrs using a shaker. The extract was concentrated by

vaccum concentration system.



It was showed that a lavender made herbal extracts had a narrow
spectrum for commercial ones

Optimal pH of a commercial rosemary extracts was pH 3 for Can
albicans ATCC 10231, pH 7 for Bac subtilis ATCC 6633, and pH 5
for E. coli ATCC 25922. Optimal pH of a commercial lavender
extracts was pH 5 for three strains.

Both of two commercial herbal extracts were stable between 40 and
121°C but were unstable for acidic or alkaline areas.

It was affected in repression of microbial growth by 50u/ of a
commercial herbal extracts in 20mi liquid medium.

The head space votalie compounds of the commercial herbal
extracts were isolated, separated and identified by GC-MS.

The most abundat compounds were lerpenes, alcohols, esters. And

the fewer compounds were ketones, oxidized compounds acids.
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1. 4384 =

w Aol E HEAHQA AFFRo|, olzulgulvleln Ya oLy
T FE F5Q 9@ 7l (greek oregano), 2F¥lt](lavender) aga &
A (patchouli),  ==vhel(rosemary), 2+l % 2 (eucalyptus), €+
(thyme) 59 BFAES L Wapgol A 20019 490] £95lo] W
HastH ] Agol) Algatedn)

2. AFE#F 2 wjx

2 W gL A Eo wuy %"éﬂ} A= EHQ

. , WFE YA AW 1S A}
Bt o (Table 1), & A5 WA 24 A7 nutrient brothShnutri-
ent agar(Difco, US.A), 2%+ YM broth® YM agar(Difco, US.A)Z
Z}2} Abg-3Fl ok



Table 1. Microbial strains used in this study

Charactrices Strains

Gram positive  Bacillus subtilis  ATCC 25922

Gram negative Escherichia coli ATCC 6633

Yeast Candida albicans ATCC 10231




AR

a4 Aue ARAEE FE7] Aste] AR 558 50ml ERw A}

7—f ’\1394 AFAAES #2387 dste] A8 509 50ml eSS A}
85ko] shaker oA 24A17F¥ 33 Wb @k FE3t9] o] 32 (whatt-

man No2)® o2gt & g a7 (Spinvac, Hanil, Korea)&
H

BlE FEE FdA P AlLs FEE Al Aol wid 2+ o
T 1MFolE H3lol Escherichia coli ATCC 209229} Bacillus subtilis
ATCC 6633+= 20ml nutrient broth Wj=|o] 4233 Candida albicans
ATCC 10231+= 20ml YM broth Hj= o HFstel 7 AL xo
AlE wjekstel Abgsldnl. A AHe FHujA o] xAl= zHzhe)
AFMAZ dvtd 7158 A S petri disho] 15ml% 5%3}0] S a1
713, 58 WAE 242} 25mIN S A g T ekl 9

T ANATAE 01% A7bsle] B z3ha T, 18w Yo e
HAARS Rxg 3 SuAA o)Fo #HE Huux RtEo] AMR-g)
AT Alge] i PAe gkl 2] A (disk plate method)o. .z =
g3k, &= zhz)o Al 22N (10mg/1000)S Hi#5 filter paper disc
(@ 8mm, Toyo co. Japan)ol] 20u% 8 &= ANz 5 FE8uE 94



ol AT AAE BRI 9ol ok AN T 2 KL oA
Bacillus subtilis ATCC 66339} Escherichia coli ATCC 25922%= 24X4]
Y, ZL¥ 3 Candida albicans ATCC 10231= 48A13F wjoks t}e disk

TR clear zone A< =A s}

33. Al 3B o] AA 3 5 % (Minimum inhibitory concentration, MIC)

A B g Ha AsrE 24 gAux sl ¥ (agar
diffusion method)2. 5 =3 3}9] =14 Her el filter paper disc( @
8mm, Toyo co. Japan)dl rosemary(France)$} lavender(USA)E 2, 5,
10, 15, 20ulE FA17 9o 2zt BN Bacillus subtilis ATCC
66339} Escherichia coli ATCC 25922 2447}, 1] i Candida albicans
ATCC 102315 48A17F Mg 18 disk 99 clear zone®] A7 &

SAste) AxAslrnn A,

w

A Gt BAY gy =

341 &xo g3
Al 3B F AHEAHS e E 249 844 -& rosemary (Fr-
ance)9t lavender(USA) 10u/Z 40, 60, 80, 100, 121 Cell A 2+2t 208
o AT F T 2ol FHUA FAHon AL AL =
gste] mlaakglot,

iics

3.4.2. pHe] 43
plie] <rAA e Ay &H = rosemary(France) 2} lavender(USA)Z
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pH 1, 3,5 7 11, 1302 248 § ALo|A 17+ w3 t}& . vhA
PH 5% FAA thz-reh go] dadufx Sapioz A8 A8 ss =
dsko] vl sk},

35 WIAEY AGAN A4 27
FEscherichia coli ATCC 259227 Bacillus subtilis ATCC 6633 50ml
nutrient broth A wjx o] Iml FE8 1, Candida albicans ATCC

10231 50ml YM broth ASuAel 1ml HeEs = Alg 3B &
rosemary (France) ¢} lavender(USA)& 7tz 0, 5 20, 50W/= 7} 5o
FstEA AN Ao w ANmE2 A Hs o 580nmol A EH L&

=2 55t}

36 GC % GC-MSE o8& A9 slue] g7] 54 w 5y
3.6.1 Solide phase microextraction

ARE B AZ 50T A 30571 7FEetH A, solid phase micr—
oextraction(SPME, Supelco 0-7300, USA) A Z o] L35} headspace
FE& 2 A 8o 9l Fjubg yro fiber(100 gm polydimethylsiloxane
coating of manual red holder)d FHAANATE. FHel B 3
GC(Hewlett Packard 5890, seriesII, USA)®] <] o] SPMES 4%
3L, fiberE WA 557 &) A w1, $Fs.

362 GC-MS B4

GCol FRIel #99 F w4y 48e GO-MSDY o) e - %
Aot3lal G (HP-5890 series M) MSD(QP-5050A)¢] 2% =7
2 Table 2, 33} 21},

_11..



Table 2. Gas chromatography conditions for analysis of volatile

compounds
Instrument HP 5890 series I (USA)
Fused silica capillary column
Columns (SUPELCO, USA)
(60m < 0.32mm X 1.00um)
Carrier N2, 0.5mi/min

Temp. program

Injection temp.

Detector temp.

Split ratio

Initial temp. : 50C

Rate : 3T /min
Final temp. : 200C
230TC

250TC

Splitless

_12_



Table 3. GC/MS conditions for analysis of volatile compounds

Instrument

Columns

Carrier

Mass range

Temp. program

Injection temp.
Detector temp.
Split ratio

Ionization V.

QP-5050A mass spectrometry

(SHUMATZ, JAPAN)
Fused silica capillary column

(SUPELCO, USA)
(60m X 0.32mm X 1.00um)

He, 0.5m//min

50~500 a.m.u

Initial temp. : 50C
Rate : 2T /min
Final temp. : 200C
230C

250TC

Splitless

T0eV

_13_



=
0l FdHE A7l 980 rosemary, lavender, thyme, greek
oregano®] methanol FEEH FHFSF FEHE o JFgHs
Escherichia coli ATCC 25922, Bacillus subtilis ATCC 6633 ~1a]
Candida albicans ATCC 102315 iAoz =A% A3 Table 43}
2T,
Rosemary, thyme, greek oregano®] methanol 2ZEL  Bacillus
subtilis ATCC 6633 & e& el 2™ lavender methanol 3%

¢ rEmEe BATE Ao vt gwde e it

.
ol THT FEAME I HES FEHx Y] YR oz A

1.2, Al sjHe] &g

Aol Al A 9l rosemary(USA),(France), lavender(USA),(UK),
patchouli(tUSA) “1¥] 31 encalyptus(USA)el et S aHNE Escheri-
chia coli ATCC 25922, Bacillus subtilis ATCC 6633 2 Candida
albicans ATCC 10231& ‘ﬂ’b o2 FA% 43F Table 53 2},
Rosemary w®|<Ata Z@dA~ab -12] 3 encalyptusi® Bacillus subtilis
ATCC 6633 &t2e] £om lavender U)FA S Escherichia coli
ATCC 259220 &at=lo] Egtom lavender HF=AL  Candida
albicans ATCC 10231l 33t 2 o) E9v}. patchouliss Bacillus subtilis

- 14 -



Table 4. Antimicrobial activities of water and methanol extracts of
herbs

Size of clear zone(mm)
Herbs Strains

, MeOH Water

Escherichia coli ATCC 25922 - -

Rosemary Bacillus subtilis ATCC 6633 11.35 -

Candida albicans ATCC 10231 - -

Escherichia coli ATCC 25922 10.6 -

Lavender Bacillus subtilis ATCC 6633 - -

Candida albicans ATCC 10231 - -

Escherichia coli ATCC 25922 - -

Thyme Bacillus subtilis ATCC 6633 12.8 -
Candida albicans ATCC 10231 -

Escherichia coli ATCC 25922 -
Greek oregano  Bacillus subtilis ATCC 6633 129 -
Candida albicans ATCC 10231 - -

_15_



Table 5. Antimicrobial activities of commercial herbs extracts

Size of clear

Herbs Strains
zone (mm)
Escherichia coli ATCC 25922 14.65
Rosemary(USA)  Bacillus subtilis ATCC 6633 20.6
Candida albicans ATCC 10231 15.3
Escherichia coli ATCC 25922 17.45
Rosemary(France) Bacillus subtilis ATCC 6633 25.1
Candida albicans ATCC 10231 14
Escherichia coli ATCC 25922 28.4
Lavender(USA) Baciilus subtilis ATCC 6633 194
Candida albicans ATCC 10231 23
Escherichia coli ATCC 25922 20.2
Lavender(UK) Bacillus subtilis ATCC 6633 20.3
Candida albicans ATCC 10231 2455
Escherichia coli ATCC 25922 -
Patchouli(USA) Bacillus subtilis ATCC 6633 15.25
Candida albicans ATCC 10231 -
Escherichia coli ATCC 25922 159
Encalyptus(USA) Bacillus subtilis ATCC 6633 20.6
Candida albicans ATCC 10231 13.66

...16-.



ATCC 66339 vt 48 o] vpefyio)

2. Al B9 H2A49 %5 (Minimum inhibitory concentration, MIC)
date Gl gt o] £ rosemary(France)oh lavender(USA)&
filter paper disc(Toyo, 8mm, Japan) 2, 5, 10, 15, 20ulE& F4A17)
Y& Bacillus subtilis®t Escherichia coli 283 Candida albicans-&
dos HrAd vrog =43 A= Table 6 18]35 Fig. 1, 2, 3
I 2,
Rosemary ¢} lavender®] Bacillus subtilis®t Escherichia coliol it
MICE Sul/mge s itele] o 48 Ao® e om rosemary
o] Candida albicans®)] ©3d MIC:= - 10ul/mg2. 2 lavender® 5Sul/mgx.
U o] e How yehyt
HEEF(1992)0] ojal¥l A EZRFEZ QA wel2A] ok g ee] A%
Bacillus - subtilisel Wg MICY= 1000ppmeolelm ¥ 313} % =g A 3t
rosemary$} lavender= ©] Xt} 100w AL Fado] 2o How
Bt 5@ Bacillus subtiliso]l Wa Hd R A MICS AES ®
|, A R85, 19960 70ul/mi, 7t o
1994)2 10,000ug/mio. 2 e} X =t rosemary®} lavender’} o]#] &t
AR FAAB = 15~1,0000 A% FFedo] ©2s How e ST
Escherichia coli®] 7% A% rosemary$} lavender®] MIC= Sul/mi=
UEs =, A 5(1999)-e ZYFEE Y3 MICE 1000ppme] 2} a1
B Bl 9lo], Ay rosemary ¢} lavender= ©] ®.u} 100W] v e
St S ety

ko
4
i
i
o
ol
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Table 6. Minimum inhibitory concentrations(MIC) of rosemary and

lavender extracts

MIC(ul/ml)
Strains
Rosemary Lavender

Bacillus subtilis

ATCC 6633 0 >
Escherichia coli 5 5

ATCC 25922
Candida albicans 10 5

ATCC 10231

_18_



Fig. 1. Antimicrobial activities of rosemary and lavender extracts
against E.coli ATCC 25922
A! rosemary B: lavender

1 2al 20 5ul 3: 10ul 4: 15ul 50 20ul
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Fig. 2. Antimicrobial activities of rosemary and lavender extracts
against Bac.subtilis ATCC 6633
A rosemary B: lavender

1 2ul 2 5ul 3: 10ul 4: 150l 5 20ul

_20_
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A& rosemary 9} lavender®] 719L%o)] sk oz AL HAHE Ay=
Fig. 4, 59} 223k}

Al rosemary 9} lavenders 40, 60, 80, 100, 121CeollA z+zh 2087+
AT Alse] A dAY AL YrTo FEdd s REia=
°f ZastA] e ARz mol & d YL Yy}

3.2. pHe 93

Al rosemary ¢t lavender®] pHell tigh QtgA4S =43 An= Fig.

6, 79 ko

Al rosemary 9F lavender% pH 1, 3, 5, 7, 11, 1308 %A% &
oAl IAIE WA G F pHEE £3HA1A FFES Awu A —FJ d

= TGN FAo] Eton MA ou grtalg oz o)A s o]

dH = dde Yehdd

ik

i
m&?i

fr

4 A= KA 4

FH AFeld FgEHoel =d A rosemary 2} lavender2)
Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922 1@
Candida albicans ATCC 10231°] @ Ago)Agads s os
o FA4% AFAS F4L Fig. 8, 9, 10, 11, 12, 139 2},

RAN A 20miel W) 50w HEAEE Hrbe B HAdTe WSS
AA Adlet= A9E Jeplr.

5. GC % GC-MSE ol &% A% 3B 2 9 wx
HH 2ol A SPMEE o] &3lo] B4l Aup= Fig. 149} Table 7,
8, 9°ll “HEFH AT

S HO] & F s we 3w AR (yolatile compound)®] 2] %] o]
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Growth inhibition diameter(mm)

—®— FE.coli
1 v ;) —-— Bac.subtilis
T —8&— Can.albicans T
0 L 2 J
40 60 80 100 121

Temperature( °C)
Fig 4. Effect of heat treatment on the growth inhibitory activity of

lavender extract for E.coli ATCC 29922, Bac. subtilis ATCC
6633 and Can. albicans ATCC 10231
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Growth inhibition diameter(mm)

—&— E.coli
@f —w— Bac.subtilis
1 —8&— Can.albicans T
0 ' 'S a2 'l )
40 60 80 100 121

Temperature( °C)

Fig 5. Effect of heat treatment on the growth inhibitory activity of
rosemary extract for E.coli ATCC 25922, Bac. subtilis ATCC
6633 and Can. albicans ATCC 10231
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30

—&— E.coli
—%— Bac.subtilis
A —&— Can.albicans

20

Growth inhibition diameter(mm)

pH

Fig 6. Effect of pH treatment on the growth inhibitory activity of
rosemary extract for FEcoli ATCC 25922, Bac. subtilis
ATCC 6633 and Can. albicans ATCC 10231
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30

—@— E.coli
’é‘ —%— Bac.subtilis
g 25F —&— Can.albicans
:
k]
8
5 20
=
]
=
= 15§
£
=
3
= 10 Y,
© 7 5(
o I e 2 '
1 3 5 7 11 13

pH

Fig 7. Effect of pH treatment on the growth inhibitory activity of
lavender extract for E.coli ATCC 25922, Bac subtilis ATCC
6633 and Can. albicans ATCC 10231
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—— S0ul
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_
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0 — A
0 4 8 14 24

Incubation time(hr)

Fig. 8. Growth curve in medium containing rosemary extracts

for E.coli ATCC 25922
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2
—— (ul
—O0— Sul
—p— 20ul
—pr— 50ul
E
_Q
o
0 i _ Y 7
0 4 8 14 24

Incubation time(hr)

Fig. 9. Growth curve in medium containing lavender extracts

for E.coli ATCC 25922
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—— (ul
—O0— Sul
—p— 20ul
—— S0ul

N
Y

0.D(580nm)

-

0 4 8 14 24
Incubation time(hr)

Fig. 10. Growth curve in medium containing rosemary extracts
for Bac. subtilis ATCC 6633
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—O0— Sul
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0 4 8 14 24 48
Incubation time(hr)

Fig. 11. Growth curve in medium containing lavender extracts

for Bac. subtilis ATCC 6633
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Incubation time(hr)

Fig. 12. Growth curve in medium containing rosemary extracts

for Can. albicans ATCC 10231
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0.D(580nm)

0 4 8 14 24 48
Incubation time(hr)

Fig. 13. Growth curve in medium containing rosemary extracts

for Can. albicans ATCC 10231
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Fig. 14. Gas chromatogram of the lavender extracts
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Table 7. Identification of volatile compounds in lavender by solid

phase microextraction

Peak

Peak Compounds"’ R. T. Area”
NO. 6

(X 10°)

1 a -Pipene 20.8 2.7
2 Camphene 24.1 1.3
3 B -Pinene 27.3 2.4
4 Sabinene 28.1 0.9
5 trans-Ocimene 30.3 0.3
6 Myrcene 30.9 7.6
7 Linalyl acetate 32.0 0.3
8 3-Octanone 335 0.3
9 Limonene 344 126
10 1,8-Clneole 355 134
11 trans- B -Ocimene 36.5 4.0
12 Hexyl acetate 39.7 1.1
13 p—Cymene 40.2 4.7
14 cis-D-Dihydrocarveol 41.1 04
15 Hexyl butanoate 44.8 0.7
16 1-Octen-3-vIl acetate 475 0.6
17 2-Methylcyclohexanol h2a 06
18 cis~Linalool oxide 535 1.0
19 Lavandulol oxide 55.6 1.0
20 Plinol D 579 0.9
21 Batyl dimethyl ether 59.0 0.3
22 Linalool 59.9 194
23 B -Terpinyl acetate 61.0 194
24 d-Nerolidol 61.8 0.3
25 1-Terpinenol 63.8 04
26 Isopulegol 63.3 04
27 Gteranyl propionate 64.3 1.4
28 Dihydrocarveol 64.7 0.7
29 Terpinen-4-ol 65.2 3.1
30 trans—Caryophyllene 65.5 15
31 Butyl Dimethyl cther 66.7 0.4
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Peak

Peak Compounds”’ R. T. Area?
NO. (x 10%)
32 Chimil ether 69.8 05
33 B ~Terpineol 70.3 0.5
34 a ~Terpineol 7.3 154
35 Isoborneol 72.0 2.3
36 Lavandulyl acetate 72.5 3.0
37 Geranyl acetate 74.4 7.0
38 Octadecanoic acid, methyl ester 789 10.3
39 Octadecanoic acid, ethyl ester 80.3 0.7

_35_



Table 8. Identification of volatile compounds in rosemary by solid

phase microextraction

Peak
PeakNO. Compounds"’ R. T. Area”
(x10°)

1 2~Ethylhexanol 18.0 8.4
2 @ —Pipene 21.1 0.8
3 v ~Terpinene 219 1.0
4 Camphene 25.2 0.2
5 Sabinene 28.0 6.2
6 B -Pinene 28.8 0.7
7 Myrcene 30.7 1.0
8 a —Phellandrene 31.0 0.1
9 Linalyl acetate 315 0.1
10 Limonene 343 1.8
11 1,8-Cineole 35.4 29
12 trans- 8 -Ocimene 375 18.3
13 r —Terpinene 378 2.2
14 Hexyl acetate 39.7 0.6
15 cis—Decalindiol h1.7 05
16 cis-Linalool oxide 53.7 24
17 trans-Linalool oxide 55.2 04
18 Linalool 976 0.1
19 d-nerolidol 61.2 10.3
20 Methyl oleate 61.8 14.3
21 B -Terpinyl acetate 62.8 0.2
22 1-Terpinenol 64.0 0.1
23 Pinocarvone 64.3 0.5
24 B —Terpineol 69.5 04
20 @ ~Terpineol 70.7 1.3
26 Isoborneol 72.0 0.1
27 Batyl dimethyl] ether 74.2 0.2
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Table 9. Identification of volatile compounds in eucalyptus by solid

phase microextraction

Peak Compounds" g p Peak Area”
NO. e o ae®
1 2-Ethylhexanol 18.2 0.2
2 ¥ —Terpinene 209 16.1
3 Camphene 242 0.2
4 B -Pinene 274 5.7
5 Myrcene 31.0 3.0
6 a —Phellandrene 31.7 3.1
7 Terpinolene 33.0 0.3
8 Eucalyptol 3.7 186
9 1,8-Cineole 36.2 19.6
10 v —~Terpinene 38.1 11.0
11 p—Cymene 40.3 24.9
12 Terpinolene 41.1 24
13 I-Tetradecen-3yne 44.8 06
14 cis—D-Dihydrocarveol 454 0.1
15 Isopulegol 472 0.2
16 Cyclopropane, trirnethyl(Z—methyI—l—propenylidene) 477 0.3
17 cis-Dihydrocarvone 494 0.3
18 I-Methyl-2-Isopropenyldenzene K34 1.3
19 Linalool oxide trans 55.6 0.4
20 Methyl oleate 60.4 1.8
21 Trans—2,5—Dimethoxymethylcyclohexane 63.6 0.2
22 Terpinen-4-ol 65.2 3.3
23 9,12-Octadecadienoic acid 66.1 0.2
24 Isopinocarveol 69.2 2.0
25 cis-Linalool oxide 69.7 0.7
26 Decenoic acid 70.7 0.4
27 a —Terpineol 71.3 6.2
28 Chimil ether 735 0.4
29 Butyl dimethyl ether 77.9 05

Y This stands for the compound identified tentatively by GC-MSD

? Unit is peak area count/10°
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A e vk 39719 compound’t B E4HT) o] = terpene

7t 10 &, alcohol®7} 13%, ester&7} 13, ketone®7} 1%, 1831
23k Wb-g-E(oxygen containic compound)e] 2% % = Hgr} 3B st
AEe F8 AEo HE  compound:= terpene 9. 2. alcohol

compound F-¢l X %= terpeneH-o] & 7}A 1= o 57 YERg T}
Esteriti= Thro xRk F2 terpenef o] Ad& 71x= A3so] =g
3t ol9)oli= wge] YEER P A Ejo & o s €9
F(green aroma)®] &3} HWEME g pinen, 8 ~pinene, limonene
o] ARl BAHX I glom o= o]F o] FH e S 5 3}
o 2t 559 lavandalulel %% Absk wlo g ol oxide®] ez &
Alslar gl A}

m=xutEle] g ge BA3E MED lentertived FHS A g
A3 27709 compoundE 7lAE= o= BT o5 terpened 7 10
50]”1 alcoholi 7} 9%, ester7} 5%, 4bs}ubg %o <, ketone¥7} 1

Tl FAEUL. 220te] 9 A terpeneftil vhE ¥ B9 FR

- "1\'7]" weol L E e terpeneclt} terpened ester®rl s weo
FFS 1A= Zioi =3~ e=

AU F2o A9 2980 WY YRo) Fa 54525 terpene
i 7F 9%, alCOhOlT]‘7]’ F, esterit 7t 6%, A Eo] 2% acidEr)
T, ketonei 7b 1€ EHATE. p- Cymened v ~terpene % 9]
terpene 7t Bty AaHA delton] §2Ys Ege] sFe A s
eucalyptol?t Z-& alcoholf % £& 38 Jehpu).

fe Al 7kA FH BAse oguwrme 2 F(green aroma)s
terpene®|t} terpene’d 9 alcohol$oll A vFebu) 31 o A3l uhe-Ioj
M= FY3A linalool® cis-, trans- ol 4bsl WhS-LS A3 99l
U} Alcohol®] 79 terpeneold] B2 =2 stk o) dlC()hOlTrC’ﬂ Al Ho]
™, 1,8-cineol AE S TEAHO T X731, pinene®ltt  cymene,
myrcene?t & terpeneR & YWkH o g8l glojA], FH =99
&l A 24 Ea38 S g
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4898 ¢

L Az sBAge] 49 F& 3 spectrume RS9 o) Al
S| BB el AL Escherichia colil ATCC 25922, Bacillus subtilis ATCC
6633, Candida albicans ATCC 10231 8] patchouliS A<} s} 1 3l
TS et

2. A% rosemary$} lavender®] MIC # 3} rosemary X s 10u/
= Uekal T 9= 5y 2 el

3. e Yel= HA 2L pHE AB rosemary®] 4-$  Candida
albicans ATCC 10231 ¢ A% pH 391X Bacillus subtili ATCC 6633
= pH 7oA vEsvh. Al lavender ¢ 9= Escherichia colil
ATCC 25922, Bacillus subtilis ATCC 6633, Candida albicans ATCC
10231 557 pH5ol A &4 24 pHE Jelu o

4. A& rosemary9}t lavender®] @otgA 213 AIF 40 oA 121TC B Y
AM FL& dAAMLS velugden pH oA A= FA04
DS JeEhRdT)

5. A FA A rosemary$} lavenders HA7bste] W@ T Y A
Al Ad ek Aak Bu)R] 20mlel] WEl 50w S BAEE AN A

AHES A A 4942 Jeagio.

6. GC-MS &4 23} ghalchs 39709 3192, s=vta= 2779 3
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