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Introduction

Fruits and vegetables are perishable due to high humidity and biological activity after harvesting (breathing,
transpiration and biochemical activities). Covering fruits with antimicrobial compounds, while being edible and
safe for consumers, is an effective solution to prevent the spoilage of fruits and increase their shelf life. In
developing countries, packaging, storage and transportation technologies for these products have not been

developed yet. One of the cheap and high-performance methods to increase the shelf life of fruit and maintain its

quality during the storage period is to use a coating on the fruit. The purpose of coating application is to reduce

water loss, slow aging, polish and better marketing. In addition to improving quality, coating can protect the fruit
from pathogens and contamination. Edible coatings create a thin layer on the surface of the food that are
effective and eco-friendly alternatives and maintain the firmness of fresh fruits and vegetables. The main
components of edible coatings are natural polysaccharides, including starch, cellulose, pectin, alginates and
chitosan. These coatings apply by spraying, immersion or rubbing. The use of essential oils and other extracts of
medicinal plants has been evaluated in the development of edible coatings.

Adding Ziziphora tenuior L. essential oil to food has been considered as an antioxidant and antimicrobial

compound. Directly use of essential oils for fruits and vegetable shelf life has some limitations due to low

solubility in water, high vapor pressure and physical and chemical instability. One of the ways to reduce these
limitations is the nanoencapsulation of essential oil as. Applications of nano technology to the development of
edible coatings (included various nanosystems, including polymeric nanoparticles, nanoemulsions), efforts to
control the release of essential oils. Aloe vera gel, which is extracted from the inner parts of the leaves, is clear,
odorless, completely healthy and environmentally friendly and can replace the coverings used after harvesting
fruits. This is a polysaccharide gel, it dissolves easily in water and has advantages such as preserving the
aromatic substances inside the fruit, covering the wound and cuts and it is possible to add substances such as
vitamins and essential oils to this gel. Due to the antibacterial properties of aloe vera, adding aloe vera gel to

edible coatings can increase the antibacterial properties of this biodegradable coating. On the other hand, using
nano technology can increase the efficiency, consistency and better quality of food coatings.
Materials and Methods

The aim of the present study was to prepare and produce an oral coating of nanoecapsule containing
Ziziphora tenuior L. essential oil. The components of the nanocapsule of Aloe vera gel was water, toewin and
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Ziziphora tenuior L. essential oil. Fresh Aloe vera leaves were used to prepare gel. Zeta-average diameter,
particle size distribution, scattering index (PDI) and zeta potential (particle surface charge) were measured.
Transmission electron microscopy (TEM) imaging was used to evaluate the morphology of the nanocapsule. The

stability of produced nanocapsule was evaluated by measuring the particle size changes for 3 months .
Results and Discussion

21 compounds were identified in the essential oil of Ziziphora tenuior. The main and important constituents
of Ziziphora tenuior L. essential oil were Pulegone, Menthofuran and 1,8-Cineole. The results showed that the
particle size of nanocapsule containing essential oil was 84.46 nm and zeta potential was -16.02 mV. The results
of transmission electron microscope (TEM) photos showed that the size of the particles is less than 200
nanometers and the shape of the particles is almost spherical. The outer surface of the capsules is completely
smooth and uniform. Stability studies of particle size and zeta potential for 3 months showed that nanocapsule
containing essential oils had good stability. In this formulation, the zeta potential was about -16 mV, which is
due to the non-ionic parts of the surfactant on the surface of the nanocapsule, which contributes to the repulsion

force and caused the stability of the size of the nanocapsules. In order to determine the amount of essential oil in
the nanocapsule, spectrophotometric method was used. The percentage of essential oil in nanocapsule was

83.25% .

Conclusion
Nanoencapsulation of essential is one of the ways to reduce the limitations of essential oil aplication. In the
present study, a nancapsule with natural and biodegradable materials (Aloe vera gel) containing Ziziphora
tenuior L. essential oil was prepared and the results showed that Ziziphora tenuior L. essential oil was

successfully encapsulated in Aloe vera gel. In general, the results of the present study showed that the
nanocapsule of Aloe vera gel is a suitable carrier for Ziziphora tenuior L. essential oil and can be used as an oral

coating to preserve fruits and vegetables.
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Table 1- Chemical compositionofessential oil of Ziziphora tenuior L.

No Components Quantity (%) RT (min)
Gy, (s y3) il <150 (woy8) jlado &5L olos
1 a -Pinen 1 6.51
2 Camphene 0.2 7.03
3 B-Phellandrene 0.6 7.73
4 R-Pinene 1.2 7.92
5 R-Myrcene 0.3 8.24
6 3-Octanol 0.3 8.54
7 0-Cymene 0.2 9.59
8 Limonene 1 9.73
9 1,8-Cineole 6.01 9.89
10 3-Cyclopentene-1-ethanol, 2,2,4-trimethyl- 3.3 14.78
11 I-Menthone 0.6 15.09
12 Menthofuran 12.72 15.37
13 I-Menthone 0.8 15.49
14 Isoborneol 0.3 15.75
15 cis-Dihydrocarvone 15 15.99
16 a-Terpineol 0.2 16.8
17 Pulegone 65.23 18.83
18 Thymol 0.8 21.36
19 3-Methyl-2-(2-methyl-2-butenyl)-furan 0.7 23.16
20 Caryophyllene 0.6 26.37
21 tetrahydro-5H-chromene 15 51.82
Total 99.06
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Table 2- Particle size and zeta potential of nanocapsule of Aloe vera gel containing Ziziphora tenuior L. essential oil
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335 e )8 PH &y 536 o g ol )5l G g s
o3l Y S 5 Y Jgis 4u 495 Ly (Nasseri et al., 2016)
Slacal gl el Casdy agil AF/FS 5uins ol )3 b JgunS 9l
Szgs ol ojliila jude ja e ol 5 2l gl
o> 4o o Cowd lyd o3l ialS b 5 sl g Wil 5
Aobien Rl JpunS 9l (ol Jolone Culash 5 () (g i
(V)
Loy ity Blo y il Jlal (oo Jlub LS 5 92
g ) glate (S Sl gla )l bl 4 oxie ESlSS )9 4
@ ) Coenl b oS 9l 65l )3 B Jeuily 29500 )
e Al (gl g gno 4y Al Ll U ity e
Moghimi) Cwsl O o & LS‘)’. LQQT ,:45 J.:Lw 9 Q\)S O
DiiSad p lde (gl padlis b sy cpicces (et al., 2016
0l A Qw\(}o)é)a b; Jw.uL.: ol L;.xzj}lfbl)') O ééb

sl yd o jlaal aaygi g 0 yludl

0300 5 se ¢SS U oS L L po (Shig (v 5eke ]
S ader 5l ilisee (sLom el ol o i g )
i lid )l ¢loj) bamo baylyd 5 adgs gy (g 90,8
rSilae gl el 138,55 3 0301 o9y 2 (l3nt0 ¢ JSms
¥ Jgiz 53 oad ab b gV 908 (U5 Jeuiliy 9 &) ol
LA

Josliwl gl @lyLad ojlusl Ly JounS 9l 4 sl
2l LYl )5k Jds 4 A g ol (5590 <3lSS 5
2 s o il plaie 4 al Cuew g gV e b S0
8y M g Cuawgd e O b odlaiwl oY 0,8 ol
242l lol JeS 6l S g sl o)l puilul 4 e
Ail g (22 g g Ol Sla Shs o Ol g Y90
o dgae 5 il g sl 5 (S e LSS50



VA L G bl (59l 153 B93T J5 JguamsS 93U Aol 3 4k sy g 001y

adly e slagys 09 jieS Uj Jousl oy 298 o o 08y Vb cage gl U5 Joudl (192 YU g0 g e =7
(Razavi et al., 2019) 045 0 zon o2 HUS y> ©lydg 03,5 ale S ool Gl doen )y g Soliwly il dsdly ggy0

Size dispersion by Intensity

0.8

0.7

0.6

Irtersity (ua)

G il J g 93 3 05151 @595 - S
Figure 2- Size distribution of nanocapsule particles of Ziziphora tenuior L. essential oil

b @UlE oyt JoaS 9l (392 69,5 ol 28165 5 Sl RS g8 g Saols Jgeuns 93U 558198, 90 (o

Dyl asl wlas! bl jl cdadlon g oad S (5lodlsl cas Sosss
5 N e el @l U SISl L & s 5 '
uﬁg‘_« 9—*%{)> “Ply &J 2 :lus c{»‘d‘w Gt cop S oS g Snn sl puSe j| ol gl

ool s (2508 g Gl 00 ogmo il C8 > L e IS5 5 039 yiagliY e+ 31 yiaS )3 ojlil a8l lis (TEM)

(Nasseri et al., 2016) 5,5 ol laxe b

oS L JgraS 25 s {1 JS5) ol 598 Loy 0l

FFE il g9l 19 g1 U5 Sy 93U TEM (g il g5 jSn Sis Y JSod

Figure 3- TEM electron microscope image of nanocapsule of Aloe vera gel containing Ziziphora tenuior L. essential oil



Yoo

VEY 5l ) o)lod FY wlr o((55,9LaS @ulus g pale) (SLtl pole 4 o5
a
160 -
a
jz 140 T b
9 c
R € 120 -
3 &
e 1007 q
25 80 -
) %
2N 60 -
3 0 1
20 A
0 T T T 1
Jsl 59 Jglole P93 ole pow olo
First day First month Second month  Third month
ol wae
Time
0.4 a
b
b
bc
0.3 c
i}
% = 02
%8
\‘3'3
0.1
0 T
NESTY Jol ol Py olo py olo
First day First month Second month Third month
oley W

Time




YOl oS sl g3l g il J5 St 936 lgi 5 408 oy 5 0311

25

20

(g (o) U3 Jumuiliy

ZetA potential (mV)

a
b
C
15 A g
10 |
5_
0 : :

First day

Jdsl Js Jslela

First month

oboy oo
time

e}.\n\.« e_}u:b\.A

Second month Third month

dw Ot 3 (FSI il 9l 1yg Gl J5 JomS 93U 13 (C) U Jummilly g (b) (SiSTy el (@) 13 8301 (1SSl (5 )l —€ JSUS
a3l o olo

Figure 4- Stability of mean particle size (a), dispersion index (b) and zeta potential (c) in the nanocapsule of Aloe vera gel
containing Ziziphora tenuior L. essential oil for three months after preparation (::Duncan Test, p<0.05)
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Figure 5- Standard curve of Ziziphora tenuior L. to determine the amount of essential oil trapped in the nanocapsule
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