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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 P.T.C.C ISIRO*
Entrococcus faecium 10541 Positive AT.C.C ISIRO

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

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

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

Peak Compound RT (min) Kl %
1 alpha thujene 5.245 927 0.65
2 alpha pinene 5423 934 332
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 2.28
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 5.26

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 477
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, K1, 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 6.375 972 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, Klcyp: 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 (ul)
Chloramphenicol  Tetracycline 10 15 20
. 12.71+£0.5aB
Salmonella typhi 12.274045aB  21.06+1.05¢B 13.05+1.22aA  16.15+£2.04Bb
Escherichia coli  13.4842.140C  21.1740.76cB 1000188 13 6.1 pobA  14.320.01Ba

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 25444344bB 22.46+1.45bA 23.89+£3.44bA 46.01£1.01Ca
Escherichia coli 18.16+2.3aB 26.93+£3.11bC  32.65+1.45cB  44.8743.03dC  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 23.3540.09¢cC 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¢B  17.34+0.76 bB 14.23+£1.01 aB 29.01£1.02¢C  23.33+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 22.1740.13 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
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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 (pl)
Chloramphenicol ~ Tetracycline 10 10 20
Staphylococcus aureus 38.76+£0.66 bD  23.44+0.35aA 69.34+1.33dC 62.11£1.16 dC  48.124+0.67Cc
Enterococcus faecalis 1533+0.15aA 25334098 bB 46.83+0.67eA 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
Listeria monocytogenes 38.12+0.32Bd 33.774047aD  70.354£0.15¢C 61.21£1.26 dC 54.01+0.78 cD
Bacillus cereus 22.93+1.11 Bb  28.01+0.15¢C 57.5+0.17fB  4544+0.07eB 35.30+0.23 dB

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 (pl)
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 14762098 bB  10.11+1.23 aB  14.94£0.85bA 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

Bacillus cereus

20.25+1.36Cc
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

il e e 0,8 slas SL glis s SIS a4
Aol Lag SU sl acas ‘-ﬁ_\ﬁuw;u,:rs,;u 3 ele
pe adla b bl e (5l L S sls 0l mls 1]
Glaie o el gl baS 3l 15 e S S,
ol e U5 SIS 5 e aS S0l 51 A5 0] 55
o2l Ll DS 5 ol s 03 sl e S LS 5
e b L G pl il S s sl oL SLAS
e e oo p S gla (58U sl Ll 6
- rlal Gl SUAS ol ) s [IVIA 58] 50
Gt ol 5 e 5 e p S Slag 8L p b 5 4 gl

DA VE] Cdl s plo 55158 oS UG

Z £
IS S8t
Lt g0 0LS gla il olews OUS 5 5l s b
s oee S 0550 Glas SU LT A 5 s opiasl

)\Awbé)ﬂ@\)duugﬁfibwua)bdw6;

fot

bl 2 e e b S0le o5 e el il
Ot 5 ASL 3 D salle) i o5 slags Sk sl
Lo eslal 3590 55 5 eshs £V 350> 1)y Sa Yo clale 5o
U P RN ] WPV RPN W b WP PRUN{ WY P JUPRC OO W
e S slas S il Gl s pie ol
oS S5 IS S S esiosl e sS 5S Al
Voo bl s (st skl 5 P55 sl i p s
3 ke YV L il )50 55 5 staddes £0 50 2] 5 Sa
s a3 Sl g pamms 53 ol ek Y1 gy bl (51
23 e 5 Ste p S Gl SU il bl A e
sdiasOlis 48 ol i b 5 L gl ulal L aulis
S el 55 L anglis 5 uilad ol NG s S el
o 3 alllas 3,5 (gla il aes oS 3l 0L S s

Gl 03 e 2o ge e 5 e 0 8 Sla SL LS, ol
S S s o b ulad 36 Js ddls ola3l Sl Gaises

S gy o e 0 S Slag SU Sl pie Ste p S gle



\VQV X! No 692> L/\oﬁ)lm:l

L;LU‘-&’ GL«ﬁjr}b

and antibiotics against infectious diseases.
Phytomedicine, 15:639-652.

[8] Bagamboula C.F, Uyttendaele M, and
Debevere J. 2004. Inhibitory effect of thyme
and basil essential oils, carvacrol, thymol,
estrol, linalool and p-Cymene towards Shigella
sovvei and S. flexneri. Food Microbiology,
21:33-42.

[9] Aghel N, Moghimipour E, and Ameri A.
2007. Characterization of an antidermatophyte
cream from Zataria multiflora boiss. Iranian
Journal of Pharmaceutical Sciences, 3:77-84.

[10] Normanno G., La Salandra G., Dambrosio
A., Quaglia N.C., Corrente M., Parisi A.,
Santagada G., Firinu A., Crisetti E. and Celano
G.V., 2007. Occurrence, characterization and
antimicrobial resistance of enterotoxigenic
Staphylococcus aureus isolated from meat and
dairy products. International Journal of Food
Microbiology, 115(3): 290-296.

[11] Alzoreky, N.S. and Nakahara, K.
2003.Antibacterial activity of extracts from
some edible plants commonly consumed in
Asia. International  Journal of Food
Microbiology, 80:223-230.

[12] Sadeghzadeh L., Whitening F. and Olia P.
2006.  Antimicrobial ~ composition  and
antimicrobial properties of essential oil of
Zataria multiflora. Pajouhesh and Sazandegi,
71:56-52.

[13]Sharififar, F., Moshafi, M.H., Mansouri,
S.H., Khodashenas, M. and Khoshnoodi, M.
2007. In vitro evaluation of antioxidant
activities of the oil and methanol extract of
endemic Zataria Boiss. Food Control, 18: 800-
805.

[14] Teixeira B., Marques A., Ramos C., Batista
I., Serrano C., Matos O., Neng N.R., Nogueira
JM., Saraiva J.A. and Nunes M.L.. 2012.
European pennyroyal (Mentha pulegium) from
Portugal: Chemical composition of essential
oil and antioxidant and antimicrobial
properties of extracts and  essential
oil. Industrial Crops and Products,36:(1): 81-
87.

[15] Silva N., Alves S., Gongalves A., Amaral
J.S. and Poeta P., 2013. Antimicrobial activity
of essential oils from Mediterranean aromatic
plants against several foodborne and spoilage
bacteria. Food  Science and  Technology
International, 19(6):503-510.

£00

‘d’“‘:‘.—""])li “JL,Sl))lJ cJ)_A.;AJJ‘JQLL_u Gl-l‘.u C,._éjf
il ol 3 35 go SLS 5 adae J I 5 i 5L
3550 DS 5 odas e ST 5 058 e 050 g 5 05
232550 SLS Sedas Paad 5 09LS sy il o
L:ew_}l_m\ Ao oS s Olis OB Q—l\ @l:.} A3 g L w_}Lﬂ\
-6 SL s kil Sslssl i aadlas 5540 slas SU
o Gt Sl e sle SL 4 e p S gl
S5k A Sl ol bl e ea sl OLES La il
ol ol as Gl lag SLdes Ll 5 g 4 S (§ R
~S 3 s SIS 5 Jpes i polie spms s 4 Yl
ol (G ol slaasl 4 a5 Ll e olS l la
S sl 53 b sl S S Ol 1S o L optasl

Sl oslely

@L\v‘ 0

[1] Jobling J. 2000. Essential oils: A new idea
for postharvest disease control. Good Fruit
and Vegetables Magazine, 11(3):50-54

[2] Benli M, Guney K, Bingol U, Geven F, and
Yigit N. 2007. Antimicrobial activity of some
endemic plant species from Turkey. African
Journal of Biotechnology, 6(15):1774-1778.

[3] Duarte M. T, Leme E.E, Declarmelina C,
Soares A.A, Figueira G.M, and Sartoratto A.
2007. Activity of essential oils from Brazilian
medicinal plants on Escherichia coli. Journal
of Ethnopharmacology, 111:197-201.

[4] Eloff JN. 1999. It is possible to use
herbarium  specimens to  screen  for
antibacterial components in some plants.
Journal of Ethnophaemacology, 67(3):355-
360.

[5]Hojjati M., and Barzegar H. 2017. Chemical
composition and biological activities of lemon
(Citrus limon) leaf essential oil. Nutrition and
Food Sciences Research, 4(4), 15-24.

[6] Hammer K.A, Carson C.F, and Riley T.V.
1999. Antimicrobial activity of essential oils
and other plant extracts. Journal of Applied
Microbiology, 86:985-990.

[7] Hemaiswarya S, Kruthiventi A.K, and Doble
M. 2008. Synergism between natural products



UL 55l 5,5 e I

[18] Sangclic O. 2003. Sensitivity of four
pathogenic bacteria to Turkish thyme and
oregano, LWT-Food Science and Technology,
36(5):467-473.

[19] Erhan M.K., Béliikbasi S.C. and Uriisan H.
2012. Biological activities of pennyroyal
(Mentha pulegium L.) in broilers. Livestock
Science, 146(2-3):189-192.

g0

[16] Azhdarzadeh F., and Hojjati M. 2016.
Chemical composition and antimicrobial
activity of leaf, ripe and unripe peel of bitter
orange (Citrus ~ aurantium) essential
oils. Nutrition and Food Sciences
Research, 3(1): 43-50.

[17] Dorman H., and Deans S.G. 2000.
Antimicrobial agents from plants: antibacterial
activity of plant volatile oils. Journal of
Applied Microbiology, 88:308-314.



JEST No. 85. Vol. 15. March 2019 ABSTRACT

Investigation of chemical compounds and antibacterial activity of
pennyroyal, mint and thyme essential oils

Azizi Tabrizzad, N. !, Seyedin Ardebili, S. M. **, Hojjati, M. *

1. MSc Graduated, Department of Food Science and Technology, Faculty of Agriculture, Islamic Azad University,
Science and Research Branch, Tehran, Iran
2. Associate Professor, Department of Food Science and Technology, Faculty of Agriculture, Islamic Azad
University, Science and Research Branch, Tehran, Iran
3. Associate Professor, Department of Food Science and Technology, Agricultural Sciences and Natural Resources
University of Khuzestan, Iran

(Received: 2018/01/31 Accepted:2018/09/04)

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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