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Abstract

The use of medicinal plants’ essential oils, as an alternative to chemical fungicides, is limited due to their low solubility
in water, poor chemical stability, and their volatile nature. To solve this problem, encapsulation of essential oil on a
nanometer scale and combining it with coating polymers has been suggested recently. In this study, nanoemulsions of
Satureja khuzistanica (Khuzestani savory) essential oil (containing 87.4% carvacrol) and Mentha piperita (peppermint)
essential oil (containing 33.6% menthone and 35.3% menthol) were prepared with an average particle size of 295 and
186 nm, respectively. After confirming their effectiveness against the fungus Penicillium expansum, they mixed with
tragacanth coating polysaccharide (0.5% and 1%) to inhibit the penicillium decay of tomato fruit as well as improve
fruit physicochemical indicators during storage at 10°C. Fruit treatments by nanoemulsion of essential oil (NEO) of S.
khuzistanica 0.1% in combination with tragacanth 0.5% and 1% showed the greatest effect to inhibit the penicillium
decay. The fruits treated with the NEO of peppermint was placed in the next statically group. Furthermore, the effect of
the superior treatments on some physicochemical indicators of fruit showed a significant positive effect of them in
terms of the fruit firmness and its total soluble solids (TSS). In addition, the total phenolic content of the treated fruits
was significantly higher than non-treated healthy fruits. However, it seems that nanoencapsulation of antifungal and
antioxidant essential oils compounds and combining them with the tragacanth, caused to increases the shelf life of the
fruit during storage.
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Table 1. The major constituents of the essential oils of Satureja khuzistanica and Mentha piprtita aerial parts.

compound RI* S. khuzistanica M. piperita
alpha-pinene 926 0.1 -
beta-pinene 970 0.1 -
Myrcene 978 0.1 -
para-cymene 1015 3.7 24
1,8-cineol 1026 0.5 11.2
gama-terpinene 1055 4.9 -
Linalool 1087 0.2 0.7
menthone 1149 - 33.6
Borneol 1155 - 0.8
isoimenthone 1158 - 4.5
menthofuran 1163 - 2.8
4-terpineol 1168 0.1 -
Menthol 1189 - 35.3
carvacrol 1275 87.4 -
menthtyl acetate 1285 - 1.8
e-caryophyllene 1331 - 1.3
carvacryl acetate 1344 0.8 -
germacrene d 1357 - 2.7
Total 97.9 97.1

* RI (Retention indices), retention indices relative to C6 — C24 n-alkanes on the DB-1 column.
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Table 2. Mean diameter and distribution of particle size of essential oils nano-emulsions (nm) of Mentha piperita and

Satureja khuzistanica obtained by DLS.

Nano-emulsion

Mean diameter of particle size (nm)

Particle size distribution (nm)

186.25 +£12.97
295.93 +20.28

Mentha piperita
Satureja khuzistanica

42.79 + 18.06
127.51 + 39.82
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Table 3. The inhibitory activity (%) of emulsion and nanoemulsion of two plants essential oils against Penicillium
expansum by poisonous PDA medium method.

Essential oil concentration pl/L nanoemulsion Emulsion
62.5 3.5 4.8
125 27.49 28.59

Mentha piperita 250 59.1¢ 61.0%
500 85.5P 86.3"
1000 1008 1008
62.5 12.6" 14.5"
125 35.3f 39.2f

Satureja khuzistanica 250 66.8% 77.5¢
500 1002 1008
1000 1008 1008

PenICI|Ium C)lﬁ SS9y L_,’_lj)b OL.: 50 6L&bu~JL~J| us.‘.w.ls.n‘yl.v 9 uy.w.]}.n' (MFC) ‘5»53)[3 cdale JS‘»B EC50 o .f J’»\?
(i oy 5,500) PDA ciS lasme L bglsee 59, 4 XpAnsum

Table 4. ECso and Minimum Fungicidal Concentration (MFC) of emulsion and nanoemulsion of two plants essential
oils against Penicillium expansum. The experiments were carried out in vitro by Poisonous PDA Medium method.

Essential oil MFC (pl/L) *ECso (uI/L)

Nanoemulsion Emulsion nanoemulsion Emulsion
Mentha piperita 1000 >1000 212.632 209.728
Satureja khuzistanica 1000 1000 188.105 186.736

* ECso, effective concentration causing 50% inhibition of mycelial growth; MFC, Minimum Fungicidal Concentration.
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Table 5. Control of the penicillium decay of tomato fruit by nanoemolsion (NE) and emulsion (E) of Satureja
khuzistanica and Mentha piperita essential oils (1 per 1000) in combination with Tragacanth gel, after 10 and 20 days’

incubation in the darkness, at 10 ° C and RH 70%.

decay control (%)

Essential oil 10 days post inoculation 20 days post inoculation
Tragacanth (0.5%) Tragacanth (1%) Tragacanth (0.5%) Tragacanth (1%)
S. khuzistanica NE** 0.05% 75.0 9* 75.0¢ 3751 43.75°¢
S. khuzistanica E 0.05% 50.0f 50.0f 125¢ 125¢
S. khuzistanica NE 0.1% 100.02 100.02 100.0 2 100.02
S. khuzistanica E 0.1% 81.25¢ 93.75° 75.0° 75.0°
M. piperita NE 0.05% 375N 43.759 125¢ 125e
M. piperita E 0.05% 25.01 31.25 0.0f 00f
M. piperita NE 0.1% 75.0¢ 81.25°¢ 75.0° 75.0°¢
M. piperita E 0.1% 62.5¢ 62.5°¢ 37.5¢ 37541
Tiabendazole 0.1% 100.0® 100.0°

** Means in rows followed by the same letters are not significantly different at p< 0.05

*NE, Nanoemulsion; E, Emulsion.
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Table 6. Physicochemical characteristics of tomato fruits; pH, fruit firmness, titratable acidity (TA), total soluble solid

(TSS); after treatment by Tragacanth cover (1%) containing nanoemulsions of Satureja khuzistanica and Mentha
piperita essential oils (0.1%) and storage 10 and 20 days at 10 °C in darkness.

TSS (%) Firmness (kg/m?) TA (ppm) pH
Treatment
10 days 20 days 10days 20 days 10days 20 days 10days 20 days
M. piperita NE* 0.1% + Tragacanth 1% 4.20%% 4.8 14.32 14.22 2.3 2.12 3.8 4.12
S. khuzistanica NE 0.1% + Tragacanth 1% 4.2¢ 4.3¢ 1452 14.22 2.42 2.2% 3.8% 3.9%
Tiabendazole 4.2¢ 4.6 13.5P 13.0¢ 2.3 2.22 3.9% 4.12
Non- infected control 4.2¢ 4.6% 13.2b 12.7¢ 2.3 2.28 3.8% 4.28

*NE, Nanoemulsion

** Means in both columns (related to each character) followed by the same letters are not significantly different at p< 0.05.
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Figure 1. Total phenol content of tomato fruits after treatment by Tragacanth cover (1%) containing hanoemulsions of
Satureja khuzistanica and Mentha piperita essential oils (0.1%) and storage 10 and 20 days at 10 °C in darkness. NE,

Nanoemulsion; E, Emulsion, M.p, Mentha piperita; S.k, Satureja khuzistanica.
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