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2. Hydrodistillation
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Table 1 Characteristics of investigated gram positive and negative bacteria

Bacteria name standard number Gram Standard type Place of delivery

Bacillus cereus 1154 Positive PT.C.C ISIRO*
Entrococcus faecium 10541 Positive ATC.C ISIRO

Entrococcus faecalis 29212 Positive ATC.C Tehran Darush Medical Co.

Staphylococcus aureus 25923 Positive ATC.C Tehran Darush Medical Co.

Listeria monocytogenes 11115 Positive ATC.C Tehran Darush Medical Co.
Salmonella typhi 1609 Negative P.T.C.C ISIRO
Escherichia coli 25922 Negative AT.CC ISIRO
Shigella dysenteria 1188 Negative PT.C.C ISIRO

* Tranian Scientific and Industrial Research Organization
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Table 2 Volatile compounds detected from thyme essential oil by GC/MS*
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Peak Compound RT (min) Kl %
1 alpha thujene 5.245 927 0.65
2 alpha pinene 5423 934 3.32
3 Camphene 5.734 947 0.25
4 beta pinene 6.367 972 0.66
5 beta myrcene 6.656 984 1.74
6 3- octanol 6.80 993 0.19
7 alpha phellandrene 7.0 997 0.24
8 delta 3 carne 7.145 1005 0.07
9 alpha terpinene 7311 1011 228
10 para-cymene 7.567 1019 7.34
11 Limonene 7.634 1022 0.83
12 1,8 cineole 7.767 1026 0.68
13 beta ocimene 8.078 1037 0.07
14 gamma terpinene 8.445 1050 6.66
15 (z) sabinene hydrate 8.689 1058 0.21
16 cis linalool oxide 8.845 1072 0.10
17 alpha terpinolene 9.156 1081 0.25
18 trans linalool oxide 9.267 1088 0.08
19 Linalool 9.578 1090 526

20 Hotrienol 9.825 1098 0.18
21 Borneol 11.333 1168 0.25
22 terpinene 4 ol 11.633 1176 1.13
23 alpha terpineol 12.289 1184 1.01
24 cis dihydrocarvone 12.555 1200 0.07
25 thymyl methyl ether 13.111 1224 1.27
26 carvacrol methyl ether 13.377 1227 1.88
27 Thymol 14.888 1279 30.61
28 Carvacrol 15.233 1300 22.18
29 thymol acetate 16.377 1324 1.23
30 carvacryl acetate 16.844 1380 1.13
31 caryophyllene 18.066 1420 2.56
32 beta Gurjenene 18.232 1432 0.07
33 aromadendrene 18.521 1449 1.17
34 alpha Humulene 18.777 1481 0.17
35 alloaromadendrene 19.054 1490 0.11
36 Ledene 19.888 1500 0.83
37 spathulenol 21.899 1570 1.03
38 caryophyllene oxide 22.054 1579 1.06
39 isospathulenol 23.243 1640 0.14
40 bisabolene epoxide 23.965 1699 0.14
Total 99.15
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RT: Retarding time, Kl.., Kovats index of test, %: amount of chemical composition based on the area under curve
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Table 3 Volatile compounds detected from pennyroyal essential oil by GC/MS*
Peak Compound RT (min) Kl %
1 alpha pinene 5398 934 0.09
2 sabinene 6.264 968 0.03
3 beta pinene 6.353 972 0.12
4 p cymene 7497 1019 0.12
5 limonene 7.597 1021 0.54
6 1,8 cineole 7.764 1025 437
7 gamma terpinene 8.364 1049 0.04
8 linalool 9475 1090 0.26
9 p mentha 2, 8 diene 1 ol 10.597 1120 0.10
10 camphor 10.986 1144 0.07
11 L-menthone 11.13 1154 3.75
12 Borneol 11.375 1168 4.77
13 terpinene 4 ol 11.641 1176 0.79
14 alpha terpineol 12.064 1184 6.40
15 beta citronellol 13.186 1218 0.34
16 pulegone 13.386 1231 2.83
17 Carvone 13.486 1242 0.98
18 piperitone 14.097 1256 32.16
19 bornyl acetate 14.608 1270 1.20
20 carvacrol 15.452 1300 0.12
21 piperitenone 16.407 1339 29.62
22 neryl acetate 16.63 1357 0.21
23 piperitenone oxide 16.83 1363 4.74
24 geranyl acetate 17.074 1381 0.25
25 beta bourbonene 17.163 1400 0.14
26 (E)caryophyllene 18.029 1420 0.20
27 alpha Humulene 18.463 1481 0.10
28 alpha amorphene 20.318 1516 0.03
29 caryophyllene oxide 22.051 1579 1.14
30 geranyl pentanoate 22.34 1592 0.20
31 alpha cadinol 23.284 1636 0.08
Total 95.79

RT: Retarding time, Kl.., Kovats index of test, %: amount of chemical composition based on the area under curve
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Table 4 Volatile Compounds detected from mint essential oil byGC/MS *

Peak Compound RT (min) Kl %
1 alpha pinene 5409 934 1.63
2 sabinene 6.287 968 0.71
3 beta pinene 6375 972 1.73
4 beta myrcene 6.653 984 1.05
5 3- octanol 6.809 993 1.42
6 limonene 7.731 1022 21.12
7 1,8 cineole 7.831 1026 2.90
8 (z)-sabinene hydrate 8.675 1058 0.37
9 alpha terpinolene 9.153 1081 0.26
10 linalool 9.486 1090 0.20
11 L-menthone 10.997 1154 0.53
12 isomenthone 11.308 1164 0.52
13 L- menthol 11.508 1166 1.71
14 terpinene 4 ol 11.641 1176 1.03
15 cis dihydrocarvone 12.208 1191 323
16 trans dihydrocarvone 12.408 1200 0.48
17 carveol 13.086 1217 0.83
18 carvone 13.797 1242 51.03
19 piperitone 13.963 1256 0.45
20 dihydrocarvyl acetate 15.663 1305 0.22
21 piperitenone 16.108 1339 0.16
22 alpha copaene 16.885 1377 0.22
23 carvyl acetate 16.552 1380 0.28
24 beta bourbonene 17.152 1400 237
25 caryophyllene 18.029 1420 236
26 germacrene D 18.629 1479 0.46
27 caryophyllene oxide 22.029 1579 0.63
total 98.35

RT: Retarding time, KL.,,. Kovats index of test, %: amount of chemical composition based on the area under curve
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Table 5 The mean diameter of the inhibition zone (mm) obtained from the effect of Pennyroyal essential
oil on Gram-Negative bacteria compared to chloramphenicol and tetracycline antibiotics

Bacteria Antibiotics Essential oil amount (pl)
Chloramphenicol ~ Tetracycline 10 15 20
. 12.71+0.5aB
Salmonella typhi 12.27+045aB  21.06+1.05¢cB 13.05+1.22aA 16.15+2.04Bb
Escherichia coli 13.48+2.14bC  21.17+0.76¢cB 11.65+0.01aA 13.9+1.02bA  14.3+0.01Ba

Shigella dysenteria 11.75+0.2aA 16.9+£3.05dA  12.1+2.04bA  13.43+0.93cA  16.8+0.2Db

Different small and capital letters at each row and column show significant difference in 95% of confidence level,
respectively

Table 6 The mean diameter of the inhibition zone (mm) obtained from the effect of thyme essential oil on
Gram-Negative bacteria compared to chloramphenicol and tetracycline antibiotics
Antibiotics Essential oil amount (pl)
Chloramphenicol  Tetracycline 10 15 20

Salmonella typhi 17.42+£2.02aB 254443 44bB 22.46+1.45bA 23.89+3.44bA 46.01+1.01Ca
Escherichia coli 18.16+2.3aB 26.93+3.11bC  32.65+1.45¢cB  44.87+3.03dC  48.44+1.45Db
Shigella dysenteria 13.29+1.1aA 22.67+1.19bA  22.03+3.03bA 40.23+4.12cB  46.87+0.91Da

Different small and capital letters at each row and column show significant difference in 95% of confidence level,
respectively

Bacteria

Table 7 The mean diameter of the inhibition zone (mm) obtained from the effect of mint essential oil on
Gram-Negative bacteria compared to chloramphenicol and tetracycline antibiotics
Antibiotics Essential oil amount (pul)
Chloramphenicol  Tetracycline 10 15 20
Salmonella typhi 16.33+£0.56Bc  24.01+0.67dB  14.45+0.45Aa 19.02+1.71cB  20.43+0.98cA
Escherichia coli 14.98+0.89Ab  19.02+0.93bA 14.41+1.02Aa 15.12+1.34abA  18.76+1.54bA
Shigella dysenteria 11.98+.71Aa 22.62+1.03cB  14.01+0.88Ba  14.69+1.88bA  21.22+1.45cA
Different small and capital letters at each row and column show significant difference in 95% of confidence level,
respectively

Bacteria

Table 8. Mean diameter of the inhibition zone (mm) obtained from the effect of Pennyroyal essential oil
on Gram-Positive bacteria compared to chloramphenicol and tetracycline antibiotics

) Antibiotics Essential oil amount (pl)
Bacteria

Chloramphenicol ~ Tetracycline 10 10 20

Staphylococcus aureus 23.3540.09cC  20.67+0.22bC 18.1+0.43 aC  38.11+0.12dD 23.16+0.01 Ca

Enterococcus faecalis 12.65+0.075bA  11.85+0.02bA  6.52+0.21A 15.15+0.01cA  25.16+0.01Db
Enterococcus faecium 19.165+0.49¢cB  17.34+0.76 bB  14.23+1.01 aB  29.01+1.0 2¢C  23.334+0.76 Da
Listeria monocytogenes ~ 27.35+0.47bD  26.11+0.94bD  22.5+0.04aD  38.65+0.29dD  33.66+0.29Cd

Bacillus cereus 22.17+0.13 dC 19.54047¢cC  17.65+0.08bC  23.33+0.56 dB  28.83+0.01 Ec
Different small and capital letters at each row and column show significant difference in 95% of confidence level,
respectively
£oY
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Table 9. The mean diameter of the inhibition zone (mm) obtained from the effect of thyme essential oil
on Gram-Positive bacteria compared to chloramphenicol and tetracycline antibiotics

Bacteria Antibiotics Essential oil amount (pul)
Chloramphenicol ~ Tetracycline 10 10 20
Staphylococcus aureus 38.76+0.66 bD  23.44+035aA 69.34+133dC 62.11£1.16dC 48.12+0.67Cc
Enterococcus faecalis 15.33+0.15aA  25.33+098 bB 46.83+0.67¢cA 40.01+0.44 dA  28.5+0.32Ca
Enterococcus faecium 28.02+0.92bC  24.03+£1.04aA  74.5+0.67eD  59.12+0.27dC  51.31+1.01cD

38.12+0.32Bd ~ 33.77#047aD  70.35+0.15¢C 61.21£1.26 dC 54.01+0.78 cD
Bacillus cereus 2293+1.11 Bb  28.01+£0.15c¢C 57.5+0.17fB 4544+0.07e¢B 35.30+0.23 dB

Listeria monocytogenes

Different small and capital letters at each row and column show significant difference in 95% of confidence level,
respectively

Table 10. The mean diameter of the inhibition zone (mm) obtained from the effect of mint essential oil on
Gram-Positive bacteria compared to chloramphenicol and tetracycline antibiotics

Bacteria Antibiotics Essential oil amount (ul)
Chloramphenicol Tetracycline 10 10 20
Staphylococcus aureus 14.89+1.14Ca 10.23+1.54bA 6.76+0.54aA  38.23+1.54eD  23.25+0.34Da
Enterococcus faecalis 18.65+0.87Cb 1476£098 bB  10.11£123 aB  14.94+0.85 bA 24.87+1.03 dB
Enterococcus faecium 20.89+0.94Cc 13.67+1.28bB 9.13£0.16aB  28.34+1.12 fC  23.45+1.23Da

Listeria monocytogenes 20.25+1.36Cc
Bacillus cereus 25.05+1.32Cd

17.81£1.12 bC
23.25+1.66 cD

12.65+1.78aC
18.23+£1.07aD

38.22+1.22eD
22.94+1.46bB

33.76+0.43Dd
29.03+0.56Dc

Different small and capital letters at each row and column show significant difference in 95% of confidence level,

respectively
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Nowadays, considering the undesirable effects of chemical antimicrobials on human health and the
growing willingness of consumers to consume natural ingredients, efforts to replace synthetic
preservatives with naturally occurring forms are increasing. Because one of the best sources of
antimicrobial compounds is the plant compounds, in the present study, the three essential oils of
pennyroyal, mint and thyme were identified as an effective antimicrobial compound. GC / MS was used
for the analysis and identification of essential oils of pennyroyal, mint and thyme. The antibacterial
properties of these essential oils were investigated on some Gram-Negative and Gram-Positive bacteria
compared with the common antibiotics. Such as chloramphenicol and tetracycline using disc diffusion
method. In this study, 40 compounds were identified in thyme essential oil which thymol (30.61%),
carvacrol (22.18%), p-cymene (37.34%), gama-terpinene (66.6%), and linalool (5.26%) were the major
components. 31 chemical compounds were identified in pennyroyal essential oil that piperitone (32.16%),
piperitenone (29.62%) and alpha-terpineol (6.40%) were the main constitutes. In addition, 27 compounds
were identified in the mint essential oil that carvon (51.03%) and limonene (21.12%) were the major oil
compounds. The results of this study showed that Gram-Positive bacteria were more susceptible to the
essential oils than Gram-Negative bacteria. In addition, thyme essential oil has a more inhibitory effect
compared to pennyroyal and mint oil, which is probably due to the presence of more thymol and carvacrol
in leaves of this plant. The results of this study revealed that thyme essential oil could be used as natural
preservative in foods.
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