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In the present study, the chemical compositions and antimicrobial and antioxidant activities of com-
mercially available essential oils in Korea were investigated. The essential oils were analyzed by gas
chromatography-mass spectrometry (GC-MS). The results demonstrated that they exhibit a broad spec-
trum of antimicrobial activities against gram positive, gram negative, and multidrug resistant (MDR)
strains. The antimicrobial activity of five of the essential oils against 40 organisms was assessed using
the minimum inhibitory concentration (MIC). The MIC values were in the ranges of 0.0625-0.5% (v/w)
for lemongrass and manuka, 0.03125-1.0% (v/w) for tea tree, 0.0625-1.0% (v/w) for thyme, and 1-4%
(v/w) for ravensara, depending on the pathogens studied. This study revealed that, among the essen-
tial oils tested, lemongrass and thyme oil showed broad antimicrobial activity against infectious
bacteria. The antioxidant activities and the reducing power of the essential oils were determined with
a 1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay. Thyme oil exhibited the strongest antioxidant activity
comparing with ascorbic acid. This is the first report on the chemical compositions and antimicrobial
activities of commercially available essential oils against infectious bacteria and MDR strains acquired

from Korean hospitals.
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Table 1. Composition of essential oils

Compound (lemongrass) Relg/otlve Compound (ravensara) Relg/otlve
1 hexanal 0.01% 8  a-terpinolen 1.15%
2 3-hexen-1-ol 0.03% 9  [B-linalool 3.46%
3 1,6-dimethylhepta-1,3,5-triene 0.02% 10  4-methyl-1-(1-methylethyl)-3-cyclohexene- 5.90%
4 1,7,7-trimethyl-tricyclo[2.2.1.0(2,6)[heptane 0.47% 1-ol
5 2,6,6-trimethyl-bicyclo[3.1.1]hept-2-ene 0.38% 11 4-allyl anisole 5.18%
6 1s-a-pinene 0.32% 12 a-terpinene 0.56%
7  camphene 4.84% 13 eugenol 0.25%
8  4-methylene-1-(1-methylethyl)-bicylco[3.1.0] 0.06% 14  (+)-a-copaene 1.00%
hexane 15 methyleugenol 3.73%
9  6-methyl-5-hepten-2-one 4.26% 16  B-caryophyllene 2.58%
10 1-methyl-4-(1-methylethyl)-cyclohexene 1.11% 17  [s-(e,e)]-1-methyl-5-methylene-8-(1- 3.05%
11 (e)-3,7-dimethyl-1,3,7-octatriene 0.48% methylethyl)-1,6-cyclodecadiene
12 (e)-3,7-dimethyl-1,3,6-octatriene 0.33% 18  a-caryophyllene 1.24%
13 (2)-3,7-dimethyl-1,3,6-octatriene 0.45% Compound(tea tree)
14  4-nonanone 2.89% 1 a-phellandrene 0.98%
15 3,7-dimethyl-1,6-octadien-3-ol 1.83% 2 Ir-a-pinene 5.87%
16  4,4,6,6-tetramethyl-bicyclo[3.1.0[hex-2-ene 0.73% 3 B-l-pinene 3.48%
17 cis-citral 40.97% 4  a-terpinene 11.25%
18  2-methoxy-4-vinylphenol 0.09% 5  y-terpinene 11.79%
19  2-methylenebornane 0.05% 6  a-terpinolen 3.99%
20  2,6-dimethyl-2,6-octadiene 0.08% 7 2,6-dimethyl-2,4,6-octatriene 0.41%
21 geraniol acetate 4.99% 8  l-terpinen-4-ol 21.38%
22 vanillin 0.05% 9  (2)-geraniol 0.10%
23 caryophyllene 1.68% 10  bicycloelemene 0.36%
Compound (manuka) 11 1,3-dimethyl 8-(1-methylethyl)-tricyclo 1.81%
1 3-hexen-1-ol 0.03% [4.4.0.0 (2,7)]dec- 3-ene
2 a-phellandrene 0.51% 12 (-)-alloaromadendrene 5.06%
3 2,6,6-trimethyl-bicyclo[3.1.1]hept-2-ene 1.52% 13 epiglobulol 0.47%
4  1r-a-pinene 1.23% 14  viridiflorol 1.58%
5  6,6-dimethyl-2-methylene-bicyclo[3.1.1] 1.02% Compound (thyme)
heptane 1 1s-a-pinene 0.01%
6  7-methyl-3-methylene-1,6-octadiene 0.87% 2 y-terpinene 3.21%
7 2-methyl-5-(1-methylethyl)-1,3-cyclohexdiene ~ 0.35% 3 (+)-(4r) limonene 0.30%
8  1-phellandrene 0.12% 4  (+)-sabinene 3.87%
9  a-terpenene 5.26% 5  (+)-3-caren 3.64%
10  y-terpenene 4.70% 6  (+)-linonene 10.79%
11 1-methyl-4-(1-methylethylidene)-cyclohexene ~ 1.89% 7 4-thujanol 0.09%
12 3,7-dimethyl-1,6-octadien-3-ol 0.07% 8  4-allyanisole 7.03%
13 2,6-dimethyl-2,4,6-octatriene 0.40% 9  (e)-carveol 0.42%
14 1-methyl-4-(1-methylethyl)-3-cyclohexen-1-ol  0.09% 10  geraniol 4.30%
15 4-methyl-1-(1-methylethyl)-3-cyclohexen-1-ol ~ 9.48% 11 cis trans-citral 1.04%
16  (-)-(1s,2r4r)-B-fenchol 1.36% 12 eugenol 20.57%
17 a-copaene 413% 13 1,34-eugenol 1.47%
18 a-gurjunene 7.40% 14 (+)-longifolene 5.18%
Compound (ravensara) 15  caryophyllene 3.69%
1 1r-a-pinene 14.33% 16  (-)-germacrene 0.12%
2 4(10)-thujene 5.24% 17 (+)-B-selinene 0.13%
3 B-pinene 7.21% 18 a-selinene 0.28%
4 (+)-3-caren 221% 19  (+,-)-B-bisabolene 0.26%
5  eucalyptol 19.68% 20  (+)-o-cadinene 0.80%
6  y-terpinene 2.51% 21 1,34-eugenol acetate 0.54%
7  cis-B-terpineol 0.13% 22 a-bisabolene 0.07%
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Table 2. MIC (minimum inhibitory concentration) of essential oils against various bacterial strains

Gram Organisms Lemongrass  Manuka  Ravensara Tea tree Thyme
- Alacligenes faecalis ATCC 1004 0.0625 0.5 4 0.5 0.25
- Enterococcus cloacea 0.25 >1 >4 0.5 0.5
- Salmonella typhimrium KCTC 1925 0.125 1 0.5 0.125
- Escherrichia coli KCTC 1923 0.125 1 4 0.5 0.5
- Pseudomonas aeruginosa KCTC 0.0625 0.0625 4 0.5 0.5
+ Enterococcus Faecalis ATCC 29212 0.125 0.0625 4 >1 0.25
+ Enterococcus faecium 0.25 >1 >4 0.5 0.5
+ Bacillus subtilis ATCC6633 0.031 0.125 2 0.125 0.0625
+ Micrococcus luteus ATCC 9341 0.031 0.0625 2 0.5 0.0625
+ Mycrobacterium smegmatis ATCC 9341 0.031 1 2 0.25 0.0625
+ Staphylococcus aureus KCTC 1928 0.0625 0.0625 4 0.5 0.125
+ Staphylococcus aureus subsp. aureus ATCC10537 05 0.0625 1 0.5 0.25
+ Staphylococcus aureus ATCC 6538p 05 0.125 1 05 0.25
+ MRSA 693E 0.125 0.0625 2 0.025 0.25
+ MRSA 4-5 0.125 0.0625 1 0.025 0.25
+ MRSA 5-3 0.125 0.0625 2 0.025 0.25
+ MRSA S1 0.25 0.0625 4 1 0.5
+ MRSA S3 0.25 0.0625 4 1 0.5
+ MRSA U4 0.25 0.0625 2 0.025 0.5
+ MRSA P8 0.25 0.0625 2 1 0.5
+ MRSA B15 0.25 0.0625 2 1 0.5
+ VRSA (MRSA2-32) 0.25 0.0625 2 1 0.25
+ VRE 82 0.25 0.0625 2 1 0.5
+ VRE 89 0.25 0.0625 2 1 0.5
+ VRE 98 0.25 0.0625 2 1 0.5
+ VRE 2 0.125 0.125 4 0.5 0.25
+ VRE 3 0.125 0.125 >4 0.5 0.5
+ VRE 4 0.125 0.125 >4 0.5 0.5
+ VRE 5 0.125 0.125 >4 0.5 0.5
+ VRE 6 0.25 0.125 >4 1 0.5

IMP 100 0.25 0.0625 2 0.0625 0.125
IMP 102 0.25 0.0625 2 0.0625 0.125
IMP 120 >1 >1 4 >1 0.125
IMP 123 >1 >1 4 1 0.5
IMP 129 0.125 0.5 4 0.5 0.25
ESBL LMH-B1 0.25 >1 >4 0.5 0.5
ESBL LMH-P3 0.25 >1 >4 0.5 0.5
ESBL LMH-S1 0.25 >1 >4 0.5 1

ESBL LMH-U4 0.25 >1 >4 0.5 0.5
ESBL LMH-W1 0.25 >1 >4 0.5 1
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Fig. 3. Antimicrobial activities of essential oils against IMP123.
Antimicrobial susceptibility was tested using paper disc
agar diffusion method. Paper discs (8 mm) were soaked
in essential oils at the rate of 40 ul per disc for anti-
microbial analysis. (A) tea tree, (B) thyme, (C) manuka,
(D) lemongrass, (E) ravensara.
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