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Table 1- Constituents of chemical composition of
Thymus danensis essential oil by GC-MS.

Compounds RI” Concentrations (%)

1  alpha-thujene 925 0.8
2  alpha-pinene 933 11
3 camphene 947 0.1
4 beta-pinene 974 0.7
5 myrcene 981 12
6 alpha-phelandrene 999 0.2
7  para-cymene 1014 7.9
8  cis-sabinene hydrate 1056 0.3
9 alpha-terpinene 1080 11.3
10 trans-sabinene hydrate 1055 0.1
11  4.5-epoxy-carane 1151 0.1
12 terpin-4-ol 1163 0.3
13 alpha-terpineol 1175 0.1
14 thymyl methyl ether 1225 0.1
15  thymol 1266 64.8
16 carvacrol 1282 0.9
17  4-terpinyl acetate 1296 0.2
18 carvacryl acetate 1345 2.8
19 beta-caryophyllene 1424 3.5
20 alpha-humulene 1427 0.1
21 beta-bisabolene 1501 1.2
22 spathulenol 1576 0.1

Total - 97.9

*RI, retention indices relative to Cs — Cp4 n-alkanes on the DB-1
column
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Table 3- Constituents of chemical composition of
Mentha piperita essential oil by GC-MS.
= Concentrations

Compounds RI

(%)
1,8-cineole 1028 10.9
linalool 1089 0.4
menthone 1152 33.8
morneol 1155 1.3
isomenthone 1158 4.0
menthofuran 1162 3.6
menthol 1180 36.5
pulegone 1226 0.1
lavandulyl acetate 1272 0.1
phellanderal 1267 0.2
menthtyl acetate 1282 1.7
beta-caryophyllene 1426 0.2
cis-caryophyllene 1427 2.6
germacrened 1447 25
Total 97.9

“RI, Retention Indices relative to Cs — Co4 n-alkanes on the DB-1
column
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Table 4- Mean diameter and distribution of particle size
of three essential oils nano-emulsions (nm) by DLS.

Nano-emulsion Mean diameter Particle size
of particle size distribution
(nm) (nm)

Satureja 396.66+15.71 121.75+40.11
khuzistanica
Mentha piperita

Thymus danensis

44.33+18.46
27.7+7.13

218.88+18.75
180.29+4.24
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Table 2- Constituents of chemical composition of
Satureja khuzistanica essential oil by GC-MS

. Concentration
Compounds RI (%)
alpha-thujene 925 1.2
alpha-pinene 933 1.6
camphene 947 0.1
beta-pinene 974 1.2
myrcene 981 1.7
alpha-phelandrene 999 0.2
para-cymene 1014 11.0
1,8-cineole 1023 0.7
gama-terpinene 1053 35
cis-sabinene hydrate 1056 0.2
linalool 1085 0.2
trans-sabinene hydrate 1055 0.2
trans-2-caren-4-ol 1145 0.1
terpin-4-ol 1163 0.5
alpha-terpineol 1175 0.2
thymol 1266 0.3
carvacrol 1282 724
carvacryl acetate 1345 2.1
beta-caryophyllene 1424 0.4
beta-bisabolene 1501 0.7
spathulenol 1576 0.1
caryophyllene oxide 1960 0.3
Total - 98.9

*RI, Retention Indices relative to C¢ — Cy4 n-alkanes on the DB-1
column
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Table 5- Percent of inhibition of strawberry fruit rot,
Rhizopus stolonifer by three concentrations of
nano-emulsion essential oils of three medicinal

plants, 5 days after incubation in dark condition at 25°C.

Concentrations

Treatments 11000 2:1000 4:1000
T. daenensis 0j 8.34h 17.5f
T. daenensis (Nano) 0j 6.7h 15fg

S. khuzistanica 26.66e 45¢ 100a
S. khuzistanica (Nano)  34.17d 50b 100a
M. piperita 0j 8.34h 15g

M. piperita (Nano) 1.70ij 8.34h 14.17g
Thiabendazole 3.34i 6.67h  14.17g

“Mean values followed by the same letter are not significantly
different using LSD range test (P < %05).
Codst | U3 LSD & ga 3T bl s 57 e o3 o (sl (sl S0 La
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Table 6- Control of Rhizopus fruit rot in strawberry
by nano-emulsions of three medicinal plants

essential oils (at different concentrations) after 10
days incubation in the dark condition at 25 ° C.

Inhibition of strawberry

Treatments fruit rot (%)
1:1000 2:1000
T. daenensis 0d 0d
Nano-emulsion of T. daenensis od 0d
S. khuzistanica od 8.33c
Nano-emulsion of S. khuzistanica od 8.33c
M. piperita 0d 0d
Nano-emulsion of M. piperita 0d 0d
Thiabendazole 0d 0d

Mean values followed by the same letter are not significantly
difference according to LSD test at 5% significance level.
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Abstract

Although some of the medicinal plants essential oils were known as fungicide, but they are hard to use and
have organoleptic effects to make smell and taste in crops. Nano-emulsion is a way to reduce these side effects
and enhance stability as well as antimicrobial activity by increasing cellular uptake. In this investigation, the
nano-emulsion of three essential oils; Mentha piperita (peppermint), Thymus daenensis (thyme) and Satureja
khuzistanica (savory) were prepared and their particles size were determined. The major compound of thyme oil
was thymol (68.8%) while carvacrol (72.4%) was identified as the major compound of savory. Menthol (36.5%)
and menthone (33.8%) were identified as main compounds of peppermint. Three essential oils and their nano-
emulsions as well as fungicide ‘tiabendazole’ were studied at various concentrations (1, 2 and 4 per1000) to
control of Rhizopus stolonifer fruit rot in strawberry. Generally, nano-emulsions of essential oils showed more
antifungal activity than essential oils. The nano-emulsion of savory oil could completely suppress the rot disease
of fruits at the concentration of 4:1000 and showed stronger antifungal activity than fungicides tiabendazole
(85.83%). There was no significant difference in decay control, between tiabendazole and nano-emulsions of
thyme and peppermint. The nano-emulsion of savory oil at concentration of 2:1000 showed a significant effect in
reducing fruit decay with 50% control. Finally, nano-emulsions of essential oils especially savory nano-emulsion
are suggested for natural fungicide production.
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