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1. Staphylococcus aureus subsp. aureus
2. Escherichia coli

3. Salmonella typhi

4. Bacillus cereus

5. Agar disk diffusion assay
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Table 1 The main components of the essential oil of Artemisia absinthium

NO. Compounds RI*  GCarea(%)° NO. Compounds RI® GC area (%)"
1 Sabinene 973.5 1.64+0.05 27 NI 1402.5 Tr
2 B-Myrcene 990.0 1.19+0.10 28 trans-Caryophyllene 1423.8 0.44+0.11
3 P-Cymene 1024.2 0.06+0.00 29 Neryl propanoate 1455.3 0.04+0.02
4 E-B-Ocimene 1028.8 0.11+0.02 30 Germacrene D 1485.2 0.10+0.06
5 Z-B-Ocimene 1035.6 0.54+0.03 31 Neryl isobutanoate 1491.4 0.16+0.05
6 y-Terpinene 1058.4 0.03%0.00 32 Lavandulyl isovalorate 1511.2 0.24+0.01
7 Epoxymyrcene<6,7-> 1092.7 0.50+0.02 33 Gerayl isobutanoate 1515.0 0.09+0.03
8 Myrtanal 1098.2 0.16+0.06 34 Nerolidol<E-> 1566.5 0.07+0.02
9 Linalool 1102.0 0.15+0.05 35 NI 1579.0 0.52+0.11
10 trans-Thujone 1115.6 0.29+0.01 36 Neryl isovalerate 1585.8 0.30+0.04
11 (2)-B-Ocimene oxide 1137.3 76.53+2.36 37 Gerayl -2-methylbutanoate 1604.5 0.35%0.01
12 (E)-B-Ocimene oxide 1143.9 2.72+0.06 38 Geranyl isovalerate 1610.3 0.28+0.01
13 Hexyl isobutyrate 1148.4 0.20£0.03 39 isoelemicin 1648.9 0.25+0.09
14 Lavandulol 1170.5 0.09+0.03 40 Intermedeol 1665.9 0.39+0.03
15 Rosefuran epoxide 1177.0 0.88+0.08 41 Chamazulene 1737.6 0.45%0.07
16 4-Terpineol 1181.1 0.16+0.06 42 n-Nonadecane 1898.5 0.07+0.04
17 NI 1189.3 0.78+0.04 43 NI 1956.7 0.39+0.12
18 Hexyl 3-methylbutyrate 1233.1 0.24+0.01 44 NI 1958.8 0.71+0.03
19 Hexyl 2-methylbutyrate ~ 1237.3  0.13+0.09 45 Bergamom'<(f)'a'pha'trans' 19773 0.09+0.01
20 Perilla aldehyde 1277.3 0.21+0.06 46 n-Eicosane 1999.5 0.21+0.10
21 NI 1303.6 2.72+0.56 47 NI 2007.3 Tr
22 Carvacrol 1307.1 0.83+0.03 48 NI 2010.6 2.79+0.10
23 NI 1319.0 0.15+0.07 49 NI 2015.6 0.39+0.03
24 Neryl acetate 1365.5 0.02+0.00 50 NI 2017.9 0.76+0.03
25 Benzyl 2-methylbutyrate  1389.3 0.16+0.06 51 Geranyl linalool(E,E) 2038.0 0.16+0.02
26 Elemene<beta-> 1394.8 0.02+0.01 Total 99.76

2RI, retention indices relative to Cg-C,, n-alkanes.
® Relative proportions as percent of the total peak area, and results are presented as mean: standard deviation from
the experiments in triplicate.
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Fig1 Antibacterial activity (zones of inhibiio of Artemisia absinthium essential oil
Concentrated essential oil (A); Diluted Essential Oil (B: 10 ppm, C’: 100 ppm, E: 1000 ppm); Tetracyclines (TE);
Vancomycin (V); Chloramphenicol (C); Penicillin (P); Amoxicillin (Am)

Table 2 Antimicrobial activity (Inhibition zone diameter, MIC and MBC values) of the essential oil and
antibiotic discs against the tested bacteria

Microorganism Essential oil (ul/ml) Inhibition zone diameter * (mm)
©
% 53 58 =2 §2
o S5 38 £% ZT E£%
Essential oil (PPM) g = E' > £ 2 22 § =
- pad [
MIC  MBC 28 <3 58 «3 g8
=
O
o 8 . A
S S & EOwithoutdilution
—
Staphylococcus aureus  16+£0.32  32+0.75 - 8 9+0.57 20 24 18 19
Bacillus cereus 32+0.26 324045 - 7 7 8+0.43 29 15 15 16
Salmonella typhi 64+0.54 64+0.52 - - 8 9+0.55 23 9
Escherichia coli 64+0.55 64+0.42 - -7 9+0.45 10
® Results are presented as mean +standard deviation from the experiments in triplicate. The diameter of the disc was
6 mm.
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Fig 2 Effect of Artemisia absinthium oil concentrations ant time on the reduction of Bacillus cereus, Staphylococcus
aureus, Escherichia coli, Salmonella typhi at 3 h, 24 h, and 72 h after the treatment. Error bars represent standard
error of the mean. Columns having common letters are not significantly different (p>0.05).
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Today, because of the side effects of chemical preservatives, it is suggested to use natural antimicrobial
compounds such as essential oils. The antimicrobial activities of essential oils are well recognized for
many years. In this study, after preparation of Artemisia absinthium essential oil, its components were
identified by Gas chromatography—mass spectrometry (GC-MS). Then antibacterial activity of the
essential oil was evaluated against Staphylococcus aureus, Escherichia coli, Salmonella typhi and Bacillus
cereus by agar disk-diffusion, MIC and MBC methods. Based on MIC results, essential oil concentrations
of 16, 32 and 64 (ul/ml) were selected to evaluate its efficacy in inactivating the growth of pathogenic
bacteria on fresh lettuce. Lettuce was inoculated with Staphylococcus aureus, Escherichia coli,
Salmonella typhi and Bacillus cereus and the bacterial count were enumerated at time intervals (0, 3, 24,
and 72 h). The concentration of (Z)-p-Ocimene oxide as the major component of the essential oil was
76.53+2.36%. The results of MIC, MBC values and agar disk-diffusion showed that the most sensitive and
the most resistant bacteria were Staphylococcus aureus and Escherichia, respectively. Compared to
control (water), lettuce treated with 64 pl/ml essential oil at 72 h after treatment showed an up to 3.36,
2.27, 3.23 and 3.47 log CFU/g reductions in Staphylococcus aureus, Escherichia coli, Salmonella typhi
and Bacillus cereus, respectively. This research showed that Artemisia absinthium essential oil may be an
effective antimicrobial agent to the control of pathogenic bacteria growth on fresh lettuce.
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