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Table 1. Chemicals composition of the essential oils of Lippia citriodora, M. pulegium, M. saulavens.
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Lippia citriodora M.. pulegium M. saulavens
RI Constituent Percent RI Constituent Percent Rl Constituent Percent
939 Alpha.-Pinene 0.51 937 Alpha.-Pinene 0.39 937 Alpha.-Pinene 0.52
976 Sabinene 131 977 Sabinene 0.4 977 Sabinene 0.38
978 1-OCTAN-3-OL 0.57 985 beta.-Pinene 0.69 985 beta.-Pinene 1.03
985 5-Hepten-2- 3.08 990 Myrcene 0.42 991 Myrcene 0.68
one,methyl-
993 3-Octanol 0.11 988 Octan-3-ol 0.63 993 Octan-3-ol 0.19
1031 Limonene 10.32 992 Limonene 0.35 1031 Limonene 1.28
1033 Eucalyptol 5.42 1036  cis.-beta.-Ocimene 0.53 1036 cis.-beta.-Ocimene 1.28
1050 trans-.beta.-Ocimene  0.75 1040  Eucalyptol 2.40 1044 Eucalyptol 0.29
1062 gamma.-Terpinene 0.05 1048  beta.-trans-Ocimene  0.11 1050 beta.-trans-Ocimene 0.28
1068 cis-Sabinenehydrata ~ 0.15 1106  Linalool 1.08 1110 1-Octen-3-yl-acetate 2.83
1100 Perillen 0.08 1174  Menthone 33.29 1160 Menthon 2.01
1098 Linalool 0.49 1179  Menthofuran 0.12 1164 Menthofuran 1.23
1125 Cyclocytral 0.23 1182  Isomenthone 1.82 1186 Isomenthom 0.47
1134 Cis-Limonene Oxide  0.12 1194  Neoisomenthol 2.22 1188 Neoisomenthol 13.54
1153 Citronellal 0.22 1213  alpha.-Terpineol 0.25 1192 P-Cymen-8-ol 0.64
1179 Carane,4,5-epoxy- 0.46 1217  Myrtenal 0.16 1235 cis-3-Hexenyl valatate ~ 0.28
1190 ,Yglapr;lsa -Terpinol 0.12 1260  Pulegone 44.67 1258 Pulegone 1.25
1228 Nerol 1.57 1263  Carvone 0.65 1265 carvone 0.85
1240 Neral 19.3 1273 3-cyclohexen-l-one-  0.53 1275 3-Cyclohexen-l-one2-  0.25
Isopropyl-5-methyl- Isopropyl-5-methyl-
152 Piperitone 021 1359  Piperitenone 0.82 1304 Menthy| acetate 2.30
1273 Isogeraniol 23.72 1380  Piperitenone Oxide 0.63 1365 Piperitenone Oxide 50.1
1306 Thymol 0.56 1431  Caryophyllene 2.62 1391 cis-Jasmone 0.98
1342 4-1sopropeny!l-I- 0.41 1453  (Z)-.beta.-Farnesene  0.40 1427 Caryophyllene 181
methyl-1,2-
cyclohexendio
1386 Geranyl acetate 243 1468  alpha.-Humulene 0.27 1446 (2)-.beta.-Farnesene 2.06
1385 Bourbonene 0.51 1493  Germacrene-D 291 1480 Germacrene_D 8.88
1404 Caryophyllene 2.57 1508  bicyclogermacrene 0.43 1495 bicyclogermacrene 0.26
1432 Beta.-Gurjunene 0.14 1562  Elemol 0.16 1574 Germacrene D-4-ol 0.25
1460 Humulene 0.23 1593  germacrene D-4-ol 0.16 1612 Viridiflorol 2.62
1458 trans.-beta.- 0.71 1576  Spathulenol 0.21
Farnesene
1479 Ar-Curcumene 3.78 1590  Caryophyllene oxide  0.37
1480 Germacrene-D 0.57
1494 bicyclogermacrene 0.74
1500 Himachalene 0.36
1513t gamma.-Cadinene 0.22
1562 Geraniol butyrate 0.09
1564 Nerolidol 1.68
1580 Germacrene D-4-ol 0.38
1576 Spathulenol 455
1594 Caryophyllene oxide  5.29
1615 Cedrenal 0.18
1615 Carotol 0.48
1653 alpha.-Cadinol 0.91
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Table 2. Chemicals composition of the essential oils of Mentha spicata, M. aquatica, M. piperita.

M. spicata M. aquatica M. piperita
RI Constituent Percent  RI Constituent Percent RI Constituent Percent
956  Camphene 0.07 939 Alpha.-pipene 0.17 939  Alpha.-pipene 0.44
977 Sabinene 0.09 976 Sabinene 0.29 976 Sabinene 0.19
985 beta-Pinene 0.14 980 beta.-Pinene 0.61 980 beta.-Pinene 05
990 Myrcene 0.25 991 .beta.-Myrcene 0.62 991 .beta.-Myrcene 0.22
1002  Octan-3-ol 0.46 993 3-Octanol 0.04 993 3-Octanol 0.1
1035  Limonene 3.61 1031 I-Limonene 0.25 1031  I-Limonene 1.07
1040  Eucalyptol 0.88 1035 cis-Ocimene 0.50 1033  Cineole 0.24
1079  Linalool Oxid Ecis 0.07 1033 Cineole 9.44 1098  Linalool 0.12
1106  Linalool 0.23 1050 trans-.beta.-Ocimene 0.50 1176  p-Menthone 21.37
1107  Iso Amylisovalerate 0.20 1091 Terpinolene 0.12 1183  Menthofuran 18.24
1119  I-Octen-3-yl-acetate 0.11 1098 Linalool 40.9 1182  Isomenthone 2.26
1172  Menthone 1.71 1126 3-Octanol,acetate 0.10 1170  neo-Menthol 171
1182  Isomenthone 0.73 1176 p-Menthone 0.50 1188  Menthol 45.66
1185 Menthol 0.15 1183 Menthofuran 0.07 1197  Neoisomenthol 0.12
1195 Neoisomenthol 5.78 1182 Isomenthone 0.18 1235 cis-3-Hexenylvalerate 0.23
1217  cis-Dihydrocarvone 231 1188 Menthol 0.46 1244  Hexyl3-methylbutanoate 0.1
1224  trans-Dihydrocarvone 0.12 1190 |-Terpinen-4-ol 0.13 1256  Linalyacetate 0.04
1241  Hexenylisovalerate 0.12 1190 alpha.-Terpineol 4.88 1258  Pulegone 3.14
1257  Pulegone 5.77 1205 Dihydrocarvone 0.13 1257  (+)-Carvone 0.22
1272  Carvone 67.02 1229 Nerol 0.71 1269 Piperitone 0.64
1276  3-Cyclohexen-I-one- 0.10 1256 Linalyl acetate 24.4 1274 1S-NEOMENTHYL 0.08
Isopropyl-5-methyl- ACETATE
1295 Bornylacetate 0.87 1261 trans-Geraniol 1.87 1304  Menthylacetate 1.72
1360 Piperitenone 0.06 1271 Carvone 2.90 1369  Piperitenone Oxide 0.09
1367 cis-CarvylAcetate 0.07 1367 Nerylacetate 1.45 1427  Caryophyllene 0.42
1380  Piperitenone Oxide 0.40 1358 Geranylacetate 2.87 1459  (Z)-.beta.-Farnesene 0.14
1383 alpha.-Copaene 0.19 1400 cis-Jasmone 0.12 1490  Germacrene D 0.64
1410 cis-Jasmone 0.09 1409 alpha.-Gurjunene 0.16 1501 Bicyclogermacrene 0.1
1431  Caryophyllene 3.28 1427 Caryophyllene 1.44 1597  Viridiflorol 0.1
1452  (Z)-.beta.-Farnesene 0.68 1459 (2)-.beta.-Farnesene 0.31
1468  Alpha.-Humulene 0.13 1454 alpha.-Humulene 0.14
1493  Germacrene-D 2.55 1490 GermacreneD 0.67
1508 Bicyclogermacrene 0.28 1570 Elemol 1.53
1527  delta.-Cadinene 0.14 1595 GermacreneD-4-ol 0.12
1593  Germacrene D-4-ol 0.08 1613 2-(4a,8-Dimethyl- 0.08
2,3,4,4a,5,6,7,8-octahydro-2-
naphtalenyl-2-propanol
1596  Spathulenol 0.12 1654 gamma.-Eudesmol 0.16
1602  Caryophylleneoxide 0.35 1688 beta.-Eudesmol 0.31
1615 Viridiflorol 0.08
1661 .tau.-Cadinol 0.23
2033  Manoyloxide 0.08
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Table 3. The growth halo mean diameter of Xanthomonas citri subsp. citri, X. perforans and X. gardneri
(in millimeters) in the inhibition test of Mentha pulegium, M. aquatica, M. piperita, M. spicata, M.

saulavens and Lippia citriodora essential oils.

EO X. citri subsp. citri X. perforans X. gardneri
Mentha pulegium 24+2/08 a 20/66+3/48 bc 19/33+0/66 cde
Mentha aquatica 11+1/73 hi 17/33+1/45 def 10+0/57 i
Mentha piperita 8/66+0/33 i 16/66+1/66 def 14/66+0/33 fg
Mentha spicata 21+3/78 ab 18/33+3/33 cde 13/33+0/88 gh
Mentha soulavens 21/33+£3/17 ab 19/66+0/33 cd 5/66+0/66 |
Lippia citriodora 16/33+3/48 efg 17/69+1/45 cdef 19+1cde
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Table 4. MIC and MBC of essential oils of Mentha pulegium, M. aquatica, M. piperita, M. spicata, M.
saulavens and Lippia citriodora against X. gardneri, X. perforans and X. citri subsp. citri

Bacterial strains X. gardneri X. perforans X. citri subsp. citri
Eo MIC MBC MIC MBC MIC MBC
mg.ml*! mg.ml*! mg.ml? mgml?  mg.ml? mg.ml?

Mentha saulavens 4 5 4 5 2 3
Mentha aquatic 5 6 5 6 2 3
Mentha spicata 3 4 5 6 4 5
Mentha pulegium 2 3 2 3 1 2
Mentha piperita 3 4 1 2 4 5
Lippia citriodora 5 6 3 4 1 2
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Table 5. Differential inhibitory concentration (FIC) of essential oils of Mentha pulegium, M. aquatica, M.
piperita, M. spicata, M. saulavens and Lippia citriodora against X. gardneri, X. perforans and X. citri subsp. citri

X. gardneri X. perforans X. citri subsp. citri
Compound FIC Index Activity FIC Index Activity FIC Index Activity
Mentha piperita - 0/22 Synergistic  0/45 Synergistic  0/2 Synergistic
Lippia citriodora
Mentha spicata - 0/17 Synergistic  0/69 Additive 0/43 Synergistic
Mentha pulegium
Mentha soulavens-  3/66 Indifferent  1/5 Indifferent  1/54 Indifferent
Mentha pulegium
Mentha piperita- 0/20 Synergistic  0/7 Synergistic  1/9 Indifferent
Mentha aquatica
Mentha saulavens-  2/58 Indifferent  1/69 Indifferent  1/61 Indifferent
Mentha piperita
Mentha saulavens-  0/92 Additive 2127 Indifferent  0/92 Additive
Mentha aquatica
Mentha aquatica- 0/51 Additive 0/97 Additive 1/09 Indifferent
Lippia citriodora
Mentha aquatica- 0/7 Additive 0/16 Synergistic  0/4 Synergistic
Mentha pulegium
Mentha aquatica- 0/27 Synergistic  0/15 Synergistic  3/3 Indifferent
Mentha spicata
Mentha soulavens-  0/42 Synergistic  1/2 Indifferent  0/8 Additive
Lippia citriodora
Mentha soulavens-  1/62 Indifferent  2/1 Indifferent  2/4 Indifferent
Mentha spicata
Mentha pulegium- 0/25 Synergistic  0/21 Synergistic  1/3 Indifferent
Mentha piperita
Lippia citriodora- 0/11 Synergistic  0/76 Additive 0/5 Synergistic
Mentha pulegium
Lippia citriodora- 0/12 Synergistic  0/87 Additive 0/55 Additive
Mentha spicata
Mentha piperita- 1/83 Indifferent  0/19 Synergistic  2/8 Indifferent

Mentha spicata
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Figure 1. Transmission electron micrographs of X. gardneri exposed to MIC value of M. pulegium for 4 h.

(A), control with complete cell wall; (B-D) Bacterial cells exposed to M. pulegium Eo with apparent the
complete destruction of the cell, damage of cell wall, alteration in cytoplasm density, swelling and colored

1- Carvon
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Abstract
Background and Objectives
Citrus canker disease caused by Xanthomonas citri subsp. citri and bacterial leaf spots caused
by X. gardneri and X. perforans are critical bacterial diseases. The control of these pathogens
is a serious challenge due to the problems caused by the restrictions on the use of poisons and
antibiotics, and the issue of toxic resistance. Therefore, plant essential oils can be a suitable
alternative to control plant pathogens. In the present study, the effect of Lippia citriodora,
Mentha piperita, M. aquatica, M. saulavens, M. spicata and M. pulegium essential oils against
X. citri subsp. citri, X. gardneri and X. perforans have been evaluated.
Materials and Methods
After plant essential oils extraction by clevenger, their constituent compounds were identified
by GC-MS. Then, the antibacterial effect of essential oils was surveyed using the disk
diffusion method. Also, the Minimum Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC), the combined effect of plant essential oils, and the effect
of M. pulegium essential oil against X. gardneri were investigated using Transmission electron
microscopy.
Results
The results of GC-MS essential oils analysis showed that a total of 28, 28, 30, 36, 39, and 42
compounds were identified in M. saulavens, M. piperita, M. pulegium, M. aquatica, M.
spicata, and L. citriodora essential oil compounds, respectively. The highest and lowest
amount of inhibitory zone was related to oregano species on the bacteria X. citri subsp. citri
with an amount of 24 + 2.08 mm and apple mint essential oil on X. gardneri with an amount
of 5.66 £ 0.66 mm, respectively. MIC and MBC for the examined essential oils against the



pathogenic bacteria were between 1-5 and 2-6 pug/ml, respectively. Also, the synergistic effect
was observed between different essential oils such as M. piperita- L. citriodora, M. pulegium-
M. spicata, M. pulegium- M. aquatic, M. aquatic- M. piperita, M. aquatic- M. pulegium, M.
pulegium- M. saulavens on pathogenic bacteria. Transmission electron microscope photos
related to the effect of M. pulegium essential oil against X. gardneri bacteria showed complete
cell destruction, cell wall damage, swollen nuclear, area and changes in the cytoplasm density
of bacterial cells.

Discussion

Essential oils are regarded safe substances when considering the control limitations of
bacterial infections, bacterial resistance to toxins, and environmental issues associated with
the use of toxins. Also, due to the different compositions of essential oils and the observation
of synergistic properties between them in this study, the risk of developing resistance to them
decreases, and their antibacterial effect increases.
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