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ABSTRACT
Utilizing essential oils (EOs) as natural antifungal agents and alternatives for chemical fungicides has increased
attention. In this study, chemical components and antifungal activity of Cinnamomum zeylanicum (CEQO), Zataria
multiflora (ZEO), and Satureja khuzestanica (SEO) plant essential oils (EOs) were identified to assess their effect
in terms of concentration and exposure time on controlling Penicillium expansum. Also, modeling and optimizing
antifungal properties of these EOs via response surface methodology (RSM). The main components of three EOs
detected by GC-MS analysis were Cinnamaldehyde (80.82%) for CEO, Thymol (32.68%), Carvacrol (30.57%), p-
Cymene (8.94), and y-Terpinene (5.96%) for ZEO and Carvacrol (38.43%), y-Terpinene (21.89%), p-Cymene
(16.55%), and a-Terpinene (5.76%) for SEO. Antifungal index (Al) in all EOs increased against the increment of
concentration, but the effect of time was vice versa and over time, the Al decreased in all EOs. Moreover, based
on the optimization results, it was determined that CEO and SEO had the highest and lowest inhibitory effects on
growth of Penicillium expansum at the concentrations of 288.633 and 590.841 pL.L™ and time of 108.607 and
238.549 h, respectively, Furthermore, results of this study showed that the response surface method can be applied
to modeling and optimizing the antifungal activity of these EOs as a suitable and accurate method.
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Table 1. Chemical composition of Essential Qils

Components CEO (%) ZEQO (%) SEO (%) Retention index
a-Thujene 1.53 3.63 2.32 933
a-pinene - 0.43 2.64 938

Benzaldehyde 0.37 - - 944
Camphene - 0.15 - 946

3-Octanone - 0.14 - 966
S-pinene - 0.39 1.83 973

S-Myrcene - 0.71 247 981

a-Phellandrene - 0.13 - 990
3-Carene 0.65 - - 998

a-Terpinene - 0.52 5.76 1008
p-Cymene 154 8.94 16.55 1009
Limonene - 0.56 1.45 1018

p-Phellandrene 0.37 - - 1024
Eucalyptol 1.15 0.43 - 1034

y-Terpinene 0.08 5.96 21.89 1048

Linalool - 1.13 - 1098
p-Terpineol, cis- - 0.1 - 1135
a-Terpineol 0.08 154 - 1189
Thymol methyl ether - 0.67 - 1216
Carvacrol methyl ether - 0.98 - 1225
Carvone - 121 1243
Linalool acetate 2.65 - - 1248
Cinnamaldehyde 80.82 - - 1263
Thymol - 32.68 1.94 1281
Carvacrol - 30.57 38.43 1294
Thymol acetate - 1.45 - 1332
Carvacrol acetate - 1.78 - 1348
Caryophyllene, (2)- - 2.38 - 1404
Aromadendrene - 1.21 - 1441
Caryophyllene 3.57 - - 1456
(2)-Cinnamic acid 0.12 - - 1471
y-Bisabolene, (E)- - 0.8 2.32 1523
Spathulenol - 0.83 - 1563
2H-1- Benzopyran-2-one 0.1 - - 1581
Cinnamyl acetate 0.14 - - 1635
Caryophyllene oxide 0.03 0.78 - 1961
Total 97.66 98.46 98.81
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Figure 1. Effect of time and concentration (right side) and correlation between predicted and actual values
of antifungal property (left side) for CEO (a), ZEO (b), and SEO (c) on inhibition of P. expansum growth
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Table 2. Best estimated model of the effects of ZEO, CEOQ, and SEO concentrations and time for response
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Table 3. Optimization result of the mycelial growth inhibitory effect of essential oils on mycelial growth
of P. expansum

EOs Response Time (h) Concentration (uL.L?) Desirability
CEO IC=50 302.215 117.104 100
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1C=100 238.549 590.841 100
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