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Chemical composition and antimicrobial activity of several
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Abstract: [Objective] Essential oils are aromatic oily liquids obtained from some aromatic
plant materials by distillation and squeezing. In recent years, essential oils have attracted more
attention due to their antimicrobial activity. The objective of this study was to analyze the
chemical constituents and the antimicrobial activity of essential oils, and the correlation be-
tween them. [Methods] Six typical essential oils were selected as experimental target, includ-
ing cassia oil, litsea cubeba oil, clove oil, citronella oil, rosemary oil and garlic oil. Then the
chemical compositions of the above oils were analyzed by GC-MS. Moreover, the antifungal
activity against Aspergillus niger and Penicillium funiculosum, and the antibacterial activity
against Escherichia coli and Staphylococcus aureus were investigated with poisoned food
technique. [Results] GC-MS analyses showed that the chemical composition of cassia oil, lit-
sea cubeba oil, citronella oil, and rosemary oil were all mainly aldehydes and alcohols, the
main composition of clove oil was eugenol. Garlic oil was composed of a variety of thio
ethers; especially di-2-propenyl trisulfide (allicin) was the highest content in them. The poi-
soned food technique results revealed that different kinds of essential oil have diffident antim-
icrobial activities. The antifungal activity order of six essential oils was: cassia oil (highest ac-
tivity) >garlic oil>clove oil>litsea cubeba oil=citronella oil>rosemary oil, and the antibacterial
activity order was: cassia oil (highest activity) >litsea cubeba oil>clove oil>citronella
oil=rosemary oil>garlic oil. [Conclusion] The antimicrobial activity of essential oils was
closely related to their composition. The high efficient antimicrobial activity of cassia oil, lit-
sea cubeba oil, citronella oil and rosemary oil is possible due to the composition of aldehydes
and alcohols; antimicrobial activity of clove oil is result from the composition eugenol; and the
high antifungal activity of garlic oils should be related to the composition of thio ethers. The
different effective compositions in different essential oils suggest that different oils have dif-

ferent antifungal/antibacterial mechanism.

Keywords: Essential oil, Chemical constituents, Antifungal activity, Antibacterial activity
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EAESR, FORIEHLH &R, ANZREhn
FEME, S50 AR TERXFIEHT, Pk —255
RU KRR . ARFE P IER8 T 1 N AP T
MBI T I ARG T, DR AR 3 R ARAE ),
Ay AT 3G Tk, H a5z 2 E AN Ah
R W ORTE, AHYPRE TR I M S AL
PRI FE 0 % T — A~ P BR A 5% S

P9 A I SR & T B A G T, 2 2 U
YR A 05 A R LIRIR AR, BCH T B A )
e, L. ML B AR BEE L RS AR
PR, DAZRIRAN b Sy U3 ok 0 i
SEARIERR, PRSI EA ) 1% BB YT 1,
RERE IR AN B . B AR R0 L, YA
THRE S 52 W I AR ) & DB By AR s AR K A T
WIER, BRI AE R BRT R, SR
AR R BRI BRILZ AN, — 2t gE R,
YRS I BE S A LR B R A7 4k, 40 Sindhu
e [14E 7 T 28 (Curcuma longa L.)M-Jili g fig 41
il B h & A, JFmmE &SR A,
Rassoli Ml Owlia 438 T E B A J& (Thymus)f
T. eriocalyx 1 T. X-porlock /¥ Rk Jih . 6 % 417 1
wHMEEERN L. AXEFETEHEF
(Cymbopogon citrates)fiii . 1114 F-(Litsea cu-
beba)# il . A4 (Cinnamomum  zeylanicum) ¥
. T 7 (Syzygium aromaticum)A# i . Kk
(Rosmarinus officinalis)# il A1 /K wx (Allium  sati-
vumAE i SE 6 R ILELRE YA I, i id GC-MS )
Br T e b2z sy, 98 T e 322 G
P B9 K 7 #F 1 (Escherichia coli) F1 3 2% [& BH 44
f) 4 ¥ {4, % %9 3R 74 (Staphylococcus aureus) i
AP G, DLk B il & (Aspergillus niger) il
43 4K 75 % (Penicillium funiculosum) i 4 fil it 7%
() DT e o BT LT PR, R TR
b S PRI YR Z MR R o AR5
PEHL T LR LAY (A DA i, R Ak 2z 21 4
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PUA R AP TE L, LA o S HU
PEZ B IR R ITJE T8O RGBT TAE, %
I 50 S AR AT B AT 8 RO 1 P AR DR i
1 T B AR A ik e T B 0 A BF 5
HeAitlh o

1 MR5h%
1.1 EHk. EFEFREH

BRI TR, RN, TF
K. 2R IEARE RN R FRAE T B 3 T E AR
TR AT BRI, R4l RKARAE YIRS I

KIGAFHE ATCC 8739, 4 (0 ) %9 BK i
ATCC 6538 ¥l 7 26 [FE B A O 0, AR SE
B sr; BldE GIM 3.412, 48R 5 GIM
3.103 B0 B ) RAHAED A R G, AR
S E AR

MH (Mueller hinton)}55#3E . PDA (Potato
dextrose agar)}iFE 5L BT R AYLAE YR
FARAF . SR F A MH BB iR 55352
TE MH 5239 A 0.5%(1) Tween 20 F1 1.5%
(BB I e i K R L, PDA ARG 97 3 JE 7
PDA E53RFEHAIA 0.5%0) Tween 20 Ji5 4 i
KB
1.2 EWHZE
121 BHBFERMAES KA.
Ve 2R 2 2R T & B HEF E] PDA RS
FRh, B TEIREE IR T 28 °C KR 7 do
B SR 0 0 2 it B AN 2 R B R 43500 K T Y
0.1%HY Tween 80 VEIAL -, W4+ B W 534
BEIRS), FEH 0.1%A9 Tween 80 o ilfa B &
5x10° CFU/mL (BRI EAMTE0 & . KK
FFIE A4 v R AT BK T 3 N MHA RH | 4%
FPE] MH BE SR 56, B FHEIR I35 °CIRG i+
2-4 h BIEECAE R, 43 5O B4 K0 TR
1 mL, &.03F i, PBS 4184 1k, JFH PBS
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TR, R 5%10° CFU/mL (Il ODggo 1
TR )& .

1.2.2 #EMFBEHOSREBASF™: 6 fitl
) K% 90 18 33 55 [ Thermo Finnigan 2\ # [
Trace GC/DSQ i FAGHAT /b, I (i
#:4 DB-5ms (K 30 mx H A% 0.25 mmxIH 584+
HAZR 0.25 pm). 355K PRI 60 °C,
45 2 min, ZJ/5PA 10 °C/min B JFETHRZE
220 °C, f# ¥ 15 min, % < He, Wi #
1.0 mL/min, P27 FHR R (PTV) 3 i i,
A 1:50. JEFE CHEEE NPILR 70 °C FHE
%250 °C, HL B 5 2N BL B FIRIEE M 200 °C,
DU % KT 39485 35 Bl 30-450 m/z, 5 Lk IR
250 °C. B it 1 B &1 5 NIST Faiid e H A
FESEAT L X, XAk & 9 #F 47 3R 58 M 0 4 B
Y

123 HEYEHNMEEEEMRGGERY
K, Poisoned food technique)'>'"': ¥ PDA
iR ARG, WA ILEF . W,
T REFEMKGAEMEE 6 FEYIR it 537
TN %] PDA &M% 323, A Fp A Pk i 35
i i R e A EE (V/V): 0, 0.016%, 0.031%,
0.063%, 0.125%, 0.250%, 0.5%, 1%, B i 25
AR T T B (5% 10° CFU/mL)4% 100 pL,
SrAINEE L1 (B AASSF- L2 5%10° CFU), I
5], BAR AR AR A 3
SEAT, WAL ORI 2 B 1, R R
FEAAH 28 °C FHERIFE 28 d, WMEGIFIIR
g,

124 HEYBEHORARITERARTERY
FA)S: ¥ MH BB B R RIS, K
. WEF. W, TH. REFMKGHNE
M 6 R YRI5 A S MH Big & 1 ks
FREL T, [ B IR A R T X T T BN TR Ve A
FE(V/V): 0. 0.016%. 0.031%. 0.063%. 0.125%.

0.25%. 0.5%. 1% R RImHT i < o (A 4
BRUA R B (5% 10° CFU/ML)RE4MR AR, 4%
B 100 uL, 43 50 B 57 I _E (B 4 A4S 2y
5x10° CFU), W Ai¥5], 43ROk il 44 W JE 45
FIER A 3 P47, B P E IR FRAE T 35 °C K
I 7d, WERGIFLIREE R

ER5 50

2.1 6 MEVRHNSRIKALEFES

HRE TR F A3 BT 25 5, 6 R 0 RG b 1) T
REfb2Ad1Ar WL 1o R 1 AT LUE 1, R
IR E Sl 87%, BEEE w2 8%; 1
PRI R 71%, B RS 8 Y4%,;
TR MR LT RA 40%, BEEFEY
38%; MRIEAREIMBEI L & E LY 54%, BEIRA
TEAR 1%; THRMMNFEZEASHAS T
Fmy, 24904 T R0 85%. Karkim
A2 2 53 LSRR, AR T2 75 o Y ik 2%,
Horp TR =B CR AR 2 i, A
B AL 1 30%.
22 6 MEYMRHNMEREE

6 AV ok it ok B it R RN IR R 0 SR AR
4 ¥k B (Minimum inhibitory concentration,
MIC) L 2, \FE 2 i LIFE H, WK MAHTE
G PR R, HUOR KR . A
TR AR SR, 23RS BT B RS
PER S . PEERE X R I & R SC AL EE 1 d
F, SEAhaEExr AW a2z, B &
0.016%— 1% A A WA TR S ; AbFE
2 dm, MEAE FHKETRAHRTF,
0.016%—0.031%A P E 2K T HEE2, H
FKEKAT, 0.063%—1%A40 FRL BEA B 0 AE Kb
G, AbFE 7 d OB, RSP I E K R T,
0.016%—0.03 1% Jih Ab i 2 R T B A 1 1,
0.063%— 1% A Bl & E K, A 28 d,
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Table 1 Chemical composition analysis of six typical essential oils

R lIE2N a2 B35
Essential oil types Compound name Percentage composition (%)
A PAAERE 85.48
Cassia oil 2- -3l -7 T 7.61

2-F AR 1.01
R 0.98
1-Efii 0.90
4-CRIE-HR 0.61
RO 0.49
LRI 0.46
1-FH A3 R OR 0.40
K22 0.34
e THRG 0.18
1R-o-JR M 0.12
WM 0.10
Hewsr 1.32
(I el FrEE 36.17
Litsea cubeba oil  Frigfis Sdb {4 32.08
FrEs 15.94
5 R 2.45
e 2.22
FH 5 P i 1.83
IR-o-JR M 1.35
o 1.34
4-F3E-1,4-58 s 1.12
ol Ak 1.05
1,5,9,11-Tridecatetraene, 12-Methyl-, (E,E)- 0.97
FATh A 0.82
7,10,13-F75 Bk —JhE 0.59
2,7-Dimethyl-2,7-octanediol 0.49
B-JR) 0.35
LA 0.32
LR 0.14
HE s 0.77
EE Rl o 37.51
Citronella oil T IH- i 22.57
o 15.12
LIRA M 4.48
2,6- —HI3E-2,6-F 4.06
Frgss 3.24
Cyclohexanemethnol,4-ethenyl-a,a,4-trimethyl-3-(1-methylethenyl)-, [1R-(13,34,44)]- 2.70
6,7-Dimethyl-1,2,3,5,8,8a-hexahydronaphthalene 232
B 2.11
1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1- 158
methylethyl)-, [s-(E,E)]-
(GiE))
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(3R)
i A T 0.7
1-Methylbicyclo[2.2.1]heptan-exo-2-ol 0.65
W b EE 0.59
HE s 2.37
THNEM T &M 84.76
Clove oil A7 9% 2.83
AT 2.70
4-(1B)-3-%53-1- N H 3k )-2- F A 3 1y 1.78
A-B T 1.42
5,10-Pentadecadiyn-1-ol 0.96
TR 0.93
HE s 4.62
Kk il TR B CRARR) 29.55
Garlic oil TR 23.06
AT S A 13.92
5L (B)-1- 19 s L At Pk 10.91
0 TN R i ek ) 4 S A R 7.79
s PRI R A 2.97
s R A FH R Tk 2.36
5-Thiatricyclo[4.1.0.0(2,4)]heptanes 1.49
A TR 3 D A 1.44
Wi-3,5- 2. KE-1,2,4- =i 22 3R ot 1.05
s PRI i R A Tk () 0 S A 4 0.94
I TR 32k PR = e b 0.89
i-3,5-— 2, %-1,2,4- =B Z2 30 I e [R] 4o S 44 0.83
3-Vinyl-1,2-dithiacyclohex-5-ene 0.74
R S A P[] 0 S A 4 0.55
— H 3 = ek 0.28
Hw wisr 1.23
LA i-d i 44.96
Rosemary oil P il 11.92
i 11.19
1R-0-JR 10.77
I 5.56
1,5,9,11-Tridecatetraene, 12-Methyl-, (E,E)- 3.44
IR 3.08
o~ YHT B 2.27
5% 1.42
i A T 1.32
i it P 1.04
I J5T-7,10,13-—F 7B = 45 1 0.68
A 0.46
o-A 1T 0.43
Naphthalene,decahydro-1,6-bis(methylene)-4-(1-Methylethyl)-,
(4a,4aa,8aa)- ol
Cyclohexane, 1-methyl-3-(1-methylethylidene)- 0.16
HE s 1.12
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0.063%— 1% A5 AL TR A Rt B, B
LM PR ARG Yol 0 o 2 ) SR (IR ) ok B Ab B 7 d
FIALFR 28 d IHEIH 0.063%. PR i 284k
FOSCIGAE TR 1 d mF, XPRRIK A G,
0.016%—1%Ab B H A 2R FHAERKIT L,
AhEE 2 d B, XPERALF IR K T E AT,
0.016%—0.031% 4t ¥ 4 £ T [ &4 d % ,
0.063%— 1%L AL WA Ak /2B K, AbFE 7 d
F, Xt REL KT 9, 0.016%—0.031%4bB]
AWK THOMT, 0.063% 1%Lk 2 B A 4
REFAEK; R 28 d B, 0.063%—1%4b
PR WA B A, B, REERS Il etk
TR AR e BEAL T 7 d AIALFR 28 d RIS
7 0.063%.

MFR 2 ATLIE H, R v B i 5 1 o
MRIHI A EEFEAL B 7 d FALFR 28 d BN
0.063%F 0.125%, KFahe Xt 2atR 7 25 1 i 1%
TN BEEAEALBE 7 d F1 28 d BFIRA351 4 0.063%
1 0.125%; T & AE T 2 il 2 Fn2a ik 75 25 10 i
AN M BEAEALFE 7 d FIALFE 28 d BFH R
0.125%; 1115 K5 Tl X 2 ph 2 174 S5 ARG 000 i e 8
TEALFE 7 d FEEEE 28 d BF4RHIR 0.125%F1
0.25%, L1 K5 I Xk 4 1R 75 8 0 e (0 10 71 ok
JEAEALBE 7 d FIALBE 28 d B AR R 0.125%7F1
0.25%; 7 204 T 0T 26 it B 1) o I A 1 v B AR
AT 7 d FNALBE 28 d B 4351 R 0.125%F0 0.25%,

B 200G 0T 450 0K T 85 1 S5 A9 ) vk A A PR
7 d FAEIE 28 d B TR R 0.125%F1 0.25%; ik
30 R T X B 2 R e R R 1) e AP vk
TEALTE 7 A B Y4°H 1%, AbFE 28 d B} 0.016%—1%
Ak $HZH 127 R 58 4 4 ) R il A AN A R w1
rK,
23 6 FEMFEHE MM E A

6 At A K5 T T TR A 40 TR 1 e A AT S e
gEILNLEE 3, R 3 ATLIA S, WEIEMABTH
PR P R ok, LR I RS R T A RS T,
A 5 AR 26 A B0 0 20 RS PR s, T R ol i
TE 0.016%— 1% kb PRV B2 N WA R H T 40
TEPE S 6 P PIRG T ) SE e, KA HT I RN 4
A R X BAAEAR IR 1 d B, RIGFFAE
A 4 00 3 2 R A 20 ) A W L PRV itk
KT TR A B AR il e FE 7R AR 38 1 d A4k 3 7 d
433014 0.016%F1 0.03 1%, PR il % 4 5 (5,
A 2 2K TR ) B AT i ok BE AR AR 3R 1 d A3 7 d
R334 0.016%F11 0.031%; 1L RS i xf K
Jo AT T R 4 0 26 3K AT 198 A AL A o e e Ak
1 dAAREE 7 RS R 0.125%; T FAE XK
J AT TR N 4 V0 ) 2 R AT 1 e AT A o vl J3E 7 Ak
1 d AR 7 d BT 0.25%; B FRE TR
Jo AT T R 4 € i 2 3K TR 198 B AL A T e R Ak
1 d AT 7 d BEESR 1%; R FHRG Tl xT K
Jo T TR R 4 0 7 2 K AT 194 A AL o e e Ak

&2 6 MEEEYIFEHNEEMRIKMEIRE

Table 2 MIC of six typical essential oils against fungi (V/V, %)

T PN I Kokt T AR 4 TR FHE RN
ﬁ Cassia oil Garlic oil Clove oil Litsea cubeba oil ~ Citronella oil ~ Rosemary oil
Funci
el 7d 284 7d 284 28d  7d 284 7d 284 7d 28d
HRhE
i i 0.063 0.063 0.063 0.125 0.125  0.125 025 0.125 0.25 1 N
Aspergillus niger
Ji i
AREE 0.063 0.063 0.063 0.125 0.125  0.125 025 0.125 0.25 1 N

Penicillium funiculosum

FED N SERURE T B RE oS e i A e v 1 2 K

Note: N: The mould growth was not completely restrained under the experimental concentration.
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Table 3 MIC of six typical essential oils against bacteria (V/V, %)

s R 114 A5 T T ARG TG HAEFRG KR T
2l El. Cassia oil Litsea cubeba oil Clove oil Citronella oil Rosemary oil  Garlic oil
Bacteria 1d 74 1d 7d 1d 74 1d 7d 14 7d 1d 17d
ﬁ%ﬁ%, . 0.016 0.031 0.125 0.125 0.25 0.25 1 1 1 1 N N
Escherichia coli
AN AR S
I ORI 0.016 0.031 0.125 0.125 0.25 0.25 1 1 1 1 N N

Staphylococcus aureus

TE: N: SRR BT BERESE 2 b 0 40 o 19 A

Note: N: The bacteria growth was not completely restrained under the experimental concentration.

BEO1 d FIALER 7 d BFEIOR 1%; Kok mAE
0.016%—1%AL PR 2T, B R 4= KA AT &
& w ORI AE K.
3

HE B A K T B TR 3 1 S A 25 2R, 6 P
PN I AT L DA T 1 R R B SO AR
>R AE > T FHE > 1 & TR = A
>R R AAG T, PO TR IS PR R E 55RO
PRUEE NG > 1 5 7 0> T B A > 2Pk =
PRI I > R T

it ) DU M, AR RS il 6 30 5L T R 4 TR
TE Ve R, LA 0T ARG T A P TR R A TR
T PEAR &, KGR T 258 PR R 04 T A 0 2L
PG PEAR 5, (BT AH RS PR RS, 0 H KRR
THTE SE B0V B2 T AN BB 58 4 4 i 4 e i 2R G A
LRGN DU A A IS PR 5 o A AR
MBI . AHRIE PEAETE2E S, HPT T .
TR 15 P 55 5 AL 2R 4 S AR G, R,
YR I B AE TR RO NHE P Q0T B
28 (15 e dme 15 ) > PR A T > P SIS > T 2R = 28 > i 2>
WA, RS, WEE. 1T,
T REFR A S A K R i,
LR AL T TR T R AT R g N Y T T R A
K, THERGMM EZALEA 02 T Fihl, H

BEMPIER . M iE i e E IR T T &
By, Hesh, X 5 FkT A —Le floR i
A BEXT BRI E AR B T IO PE T RERAE I
(4 3 AL 2 O LA RRs 3 O 2 0 B O,
Ko R HAT S B BT LA TS I, (E DA T
PEACS, AlRERC AP S ARG B T R AP E R
YRR, durlREJE JLAN & Bl K 4% T P R pT 5
YERT.

MSLH A5 G A Y, AR i Y BT R
W VE RGN Ve Z MAFE R 225, K
A T A BT L TR R T AR S 2R SR AR
PR G PEAR o, AT R RS 32 51 5 —,
T HTA BTV S0 22 A SR Tl 0 B0 TR
AT AR B 6 M 22 S KR, PO RIS PR,
OO S PRSI FRE I AT AR il A 47
FLRR TG PR R W 0 T HP A B s ks R I
0 0 BT 1 Wt I T PR BRI o 0 SOk
A, ARARE i AT L TR P AT A TR T SR,
LA 2% PRI B PE A 2 R B MR s R A
SRR B g T T AR AR
FLRTE TR T OO s vk, SO RS Il il oh,
HASLTARRAR ., IhET ., TH, &5,
2 A A AR T X <6 B €0 2 K T MR AT
WIS TR B 25 % . L, SO
7 BRTA KT i A B2 TR s i A 2 LU R I
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PRI 5 /D — 2 ELIEOR I X Rl 24 R ) e AR A
W B DR 255, IR A SEIG A REAT H 4
22 R PR G AL I S SRR 2598 . ASTR
BT ARG DT TR S R S PO RS 2
[ AFAE 22 57, R A BN 2R il 2 A4 R 75 5 b
AN TR BT BT TR P 2 A A 22 5, LR R BN
R AT BT A0 < 0 7] 70 R AT 7 R A [] 20 R PR
WG PEZ BIAFAE 22 5 . Hik, SEERgh SRR WA
Pk I AR n] BB HAT AN [R] 470 5L 1 AT 4 T A AL
i, A AR PN I BT TR R 2 R B A
BT S b AN, RomoRs iR A S
R BT EC RS VEAR =, TP RS TN,
-2 78 2 BT i e AT VS AE B DL AL, E

P00l 240 R I P Y LTRSS

2 % XM
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