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ABSTRACT

The aim of this study was to evaluate the effect of concentrations (75, 150, 300, 600 and 1200uL.L™) of
Zataria multiflora (ZEO), Cinnamomum zeylanicum (CEO), and Satureja khuzestanica (SEQ) plants
essential oil (EO) and expose time (18, 23, 28h) the inhibition of mycelial growth of Rhizopus stolonifer
fungi in vitro condition and modeling and optimizing antifungal properties of these EOs via response surface
methodology (RSM). Also the chemical components of the EOs were identified. Based on the results, in all
EOs the antifungal index increased with increasing the concentration, but the effect of time was different;
with the time of expose, the antifungal index increased in ZEO, but decreased in the two other EOs.
Furthermore, due to the results of optimization, the CEO with 120.133uL.L™" and 301.152uL.L*
concentrations and 24.380 and 22.802h expose time and SEO with 224.697uL.L™" and 550.803uL.L™*
concentrations and 23h expose time, for 50 and 100% inhibit mycelial growth, respectively, have the most
and least effect on inhibiting mycelial growth of R. stolonifer. Also, the results of this study showed that the
response surface method can be considered as a suitable and accurate method for modeling and optimizing
the antifungal activity of these EOs.

Keywords: Essential oil, Mycelial growth inhibition, Response Surface Methodology, Rhizopus stolonifer.
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Table 1. Chemical composition of ZEO, CEO, and SEO

Components ZEO (%) CEO (%) SEO (%) Retention index
a-Thujene 3.63 1.53 2.32 933
a-pinene 0.43 - 2.64 938
Benzaldehyde - 0.37 - 944
Camphene 0.15 - - 946
3-Octanone 0.14 - - 966
B-pinene 0.39 - 1.83 973
B-Myrcene 0.71 - 2.47 981
a-Phellandrene 0.13 - - 990
3-Carene - 0.65 - 998
a-Terpinene 0.52 - 5.76 1008
p-Cymene 8.94 154 16.55 1009
Limonene 0.56 - 1.45 1018
B-Phellandrene - 0.37 - 1024
Eucalyptol 0.43 1.15 - 1034
y-Terpinene 5.96 0.08 21.89 1048
Linalool 1.13 - - 1098
B-Terpineol, cis- 0.1 - - 1135
a-Terpineol 154 0.08 - 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
Aromadendrene 1.21 - - 1441
Eugenol - 4.47 - 1376
Caryophyllene, (Z)- 2.38 - - 1404
Caryophyllene - 3.57 - 1456

Table 1. Continued...

Components ZEO (%) CEO (%) SEO (%) Retention index
(2)-Cinnamic acid - 0.12 - 1471
v-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 0.78 0.03 - 1961
Total 98.46 97.66 98.81
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Figure 1- Effect of time and Concentration of ZEO (a), CEO (b) and SEO (c) on the inhibition of mycelial
growth of Rhizopus stolonifer.
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Table 2-Results of the analysis of variance of data on mycelial growth inhibitory of essential oils against
Rhizopus stolonifer

EOs Source df Mean squares value F
ZEO Model 4 16903.37 309.16**
Time (A) 1 1031.45 18.86**
Concentration (B) 1 53043.27 970.14**
AxB 1 762.43 13.94**
B? 1 14908.39 272.67**
Residual 40 54.68
Pure Error 30 3.31
Cor Total 44
CEO Model 4 7048.63 286.50**
Time (A) 1 181.47 7.38**
Concentration (B) 1 22488.99 914.8**
AxB 1 257.13 10.45**
B? 1 8433.91 342.80%**
Residual 40 24.60
Pure Error 30 25.76
Cor Total 44
SEO Model 4 18499.64 505.94**
Time (A) 1 281.89 7.71%*
Concentration (B) 1 41395.44 1132.11**
B? 1 16913.42 462.56**
Residual 1 36.56
Pure Error 40 147
Cor Total 30

** Significance at 0.01 level
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Figure 2 - Correlation between predicted and actual values antifungal activity of ZEO (a), CEO (b) and SEO
(c) on mycelial growth of Rhizopus stolonifer
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Table 3- Best Estimated Model of Effect of ZEO, CEO and SEO Concentrations and Time for Response of
Antifungal Activity against Rhizopus stolonifer

EOs Model R? MAPE
ZEO Al = 116.26 + 6.05A + 33.94B — 9.08AB — 50B? 0.988 483
CEO Al = 105.16 — 2.86A + 32.96B + 4.27AB — 38.07B2 0.987 5.21
SEO Al = 107.63 — 3.07A + 41.78B — 50.07B? 0.987 5.63
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Table 4-Optimization result the mycelial growth inhibitory effect of Essential Oils on Mycelial growth of
Rhizopus stolonifer

Eos Response Time (h) Concentration (uL.L™Y) Desirability
ZEO IC=50 27.650 220.332 100
1C=100 25.090 603.076 100
CEO IC=50 24.380 120.133 100
1C=100 22.802 301.152 100
SEO IC=50 23 224.697 100
1C=100 23 550.803 100
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