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Effect of emulsion and nano-emulsion 
of Salvia chorassanica essential oil coatings 
on strawberries quality

Auswirkung von Emulsionen und Nanoemulsionen mit ätherischem Öl 
von Salvia chorassanica auf die Qualität von Erdbeeren

Azam Mehraban1), Mohsen Vazifedoost2), Zohreh Didar2), Mohammad Hossein 
Haddad Khodaparast3), Masoumeh Mehraban Sang Atash4)

Summary  In this study, the effect of Salvia chorassanica essential oil emulsion and nano-emulsion 
coatings on the shelf-life of strawberries during cold storage were investigated. The 
nano-emulsion of S. chorassanica essential oil was prepared with ultrasound treatment 
and its characteristics were analyzed. The results of antifungal assay indicated that nano-
emulsion of S. chorassanica essential oil had lower minimum inhibition concentration 
(MIC) (6.25 μl/ml) than its emulsion (12.5 μl/ml) and thiabendazole fungicide (12.5 μl/
ml) against molds spoilage of strawberry (A. niger, R. stolonifer and B. cinere). Also, 
the evaluation of quality properties of strawberry samples revealed that S. chorassanica 
essential oil nano-emulsion coating remarkably delayed the loss in weight, firmness, 
TSS(%), mold decay, anthocyanin and ascorbic acid contents of strawberry during 12 
days. Consequently, the S. chorassanica essential oil nano-emulsion coating was recom-
mended as a suitable method to prolong the shelf-life of strawberry fruit.
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Introduction

Strawberries are one of the most popular fruits in many 
countries due to their desirable aroma and taste. Straw-
berries contain bio-active compounds such as various mi-
nerals and vitamins (vitamin C and E) that promote health 
(Velde et al., 2013). Strawberries have a very short shelf- 
life less than one week even under ideal conditions at 4°C 
because of the high rate of respiration and perishability. 
The quality factors of strawberries such as color, texture 
and appearance after harvest are changed by physical 
 damage and fungal rot (Botrytis cinerea, Rizopus stoloni-
fera and aspergilus niger) (Treviño-Garza et al, 2015).

Many studies have confirmed that the chemical fungici-
de compounds caused a potential risk for the environment 
and human health. Therefore, natural preservatives such 
as essential oils have received a lot of attention as a good 
alternative of synthetic fungicides to improve food quality 
and prolong the shelf life (Li et al, 2018). Essential oils are 
biodegradable and eco-friendly volatile natural plant pro-
ducts. They are secondary metabolites formed by different 
parts of aromatic plants with a strong odor. Typically, their 
complex volatile substances are included terpenes, terpe-
noids and phenols. In various studies, the same essential oil 
type was indicated variable chemical composition because 
of different geographic regions or using different extrac-
tion methods (Wan et al, 2019).

Despite the potential of essential oils as natural antimi-
crobial agents, their applications in food have been limited 
due to their low solubility in water and high volatility. Pro-
duction of nano-emulsions is a new strategy for improving 
the characterization of essential oils (Ryu et al, 2018).

Generally, nano-emulsions consist of two incompatible 
liquids that one of the liquids with nano-sized particles 
(20–200 nm) dispersed in another (Zhang et al, 2017). Ac-
cording to various researches, the result of the reduction in 
particle size and increase the total surface area of particles 
in nano-emulsions is an improvement in antioxidant, anti-
bacterial and antifungal activity of essential oil (Weiss et al, 
2009, Donsì et al., 2011; Wan et al., 2018). In general, high 
energy and low energy approaches are the main methods 
that have been developed to form nano-emulsions. The 
high-energy methods include; high-pressure homogeniza-
tion, micro fluidization, sonication, method in jet disperser, 
high-amplitude ultrasonic methods, while the low-energy 
methods include; solvent displacement method, phase in-
version methods, and spontaneous for producing nano-
emulsions (Hassan and Mujtaba, 2019).

The sage plant, Salvia belongs to the family of Lamiace-
ae, which also includes the mints, many species of it widely 
grow in different regions of Iran and Turkey. Salvia species 
are used in folk medicine and as additives in food products 
in these countries. Essential oils and extracts of different 
species of Salvia have revealed anti-tumor, anti-inflamma-
tory, cytotoxic, antioxidant and antimicrobial properties 
in previous researches (Firuzi et al, 2013; Mehraban et al, 
2016; Yilar et al,2018). Salvia chorassanica is a native spe-
cie in Khorasan province, Iran. As far as we know, there is 
no information about the composition of S. chorassanica 
essential oil and its properties. Therefore, the aim of this 
study was the investigation of S. chorassanica essential oil 
compounds and the preparation of its essential oil nano-
emulsion. Also, the antifungal activity of Salvia choras-
sanica essential oil emulsion and nano-emulsion against 
spoilage molds of strawberry were analyzed and their ap-
plications as a coating in maintaining the quality properties 
of strawberry fruit during cold storage were evaluated.

Material and methods

Sample collection
Aerial parts of S. chorasanica after the flowering stage 
were collected from eastern Khorasan Province in the 
east of Iran (36.31 N, 59.16 E) and identified in the her-
bal systematic laboratory and Research Center for Plant 
Sciences in Ferdowsi University of Mashhad. The aerial 
parts of plants were washed with distilled water and dried 
in darkness and dust-free condition for 2 weeks.

Extraction of Salvia chorassanica essential oil
First of all, 200 g of dried sample was introduced to the 
Clevenger-type apparatus in order to hydro-distillation 
for 5h at 60°C. N-Hexane was used as an extracting sol-
vent for the concentration of all of the aroma constituents. 
After evaporation of the N-Hexane under Inert gas (N2), 
the essential oil was dried over anhydrous sodium sulfate, 
and stored in sealed vials in dark at 4 ºC for further ex-
periments. The following equation was used for oil yield 
calculation.

 essential oil (%) = Weight of essential oil (g) / 
Weight of dried sample (g) × 100 (1)

Essential oil components analysis
The identification of constituents of the essential oil was 
performed by Gas-Liquid Chromatography coupled to 
Mass Spectrometry (GC-MS) (Model 5977A, Agilent 
Technologies, USA). The gas chromatograph was equip-
ped with an HP-5MS capillary column (phenylmethyl sil-
oxane, 30 m × 0.25 mm ID 0.25um, Agilent technologies). 
Helium (99.999 % purity) at a constant flow of 1 ml/min 
was selected as the carrier gas and Other GC conditions 
were the same as described above. Also, the mass spectro-
meter was set in EI mode at 70 eV. The interface tempera-
ture was adjusted to 280 °C and mass range between m/z 
35–500 amu. The 1μl of essential oil was injected into the 
instrument and after crossing the GC-MS equipment, the 
spectrums were obtained. Finally, the spectrums of peaks 
compounds were compared with the database of the spec-
trum of known compounds stored in the GC-MS NIST 08 
library and different components were identified.

Emulsion and Nano-emulsion preparation 
S. chorassanica essential oil loaded nano-emulsion was 
manufactured using the ultrasonication. According to Lee 
et al (2019), S. chorassanica essential oil (10 wt.%), tween 
80 as a surfactant (10 wt.%), and distilled water (80 wt.%) 
were mixed by a magnetic stirrer (5000 rpm) (Labtron, 
Germany) for 5 minutes at room temperature. Then Ultra-
thorax homogenizer (Heidolph, Germany) was used at a 
rate of 10,000 rpm for 3 minutes to homogenize. In order 
to reduce the size of the resulting emulsion particles and 
nano-emulsion formation, it was subjected to ultrasound 
(Bandeline, Germany) for 5 minutes (nominal power of 
750 watts and frequency of 20 kHz).

Particle size analysis
The mean particle diameter of the nano-emulsion droplets 
was measured using a particle size analyzer (Cordouan 
Technologies, France). In order to determine the stability 
of nano-emulsion during storage time, the average particle 
size of its droplets was measured on days 0, 3, 6, 9, 12 and 
15. The Span (distribution width) was determined using 
the following equation (2).
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Span = (d90−d10) / d50 (2)

 where d10, d50 and d90 are particle sizes corresponding to 
10, 50 and 90% intensity on a relative cumulative par-
ticle size distribution curve.

Antifungal activity 
Determination of Minimum Inhibitory Concentration
Minimum Inhibitory Concentration (MIC) of the emulsion 
and nano-emulsion of S. chorassanica essential oil against 
Botrytis cinerea, Rizopus stolonifera, and Aspergilus niger 
as the decay factors of strawberry fruits were investigated 
the microdilution method. All tested fungi were cultivated 
for a week on PDA medium at 25°C. The spore suspension 
was prepared in sterile distilled water containing 0.05% of 
Tween 80 and the spore concentration was adjusted by a he-
mocytometer (105spore/ml). The emulsion and nano-emul-
sion of S. chorassanica essential oil were serially diluted in 
a 96 well microtiter plate containing potato dextrose broth 
medium (PDB) (Merck, Germany) to produce a concentra-
tion range of 1.56–50 μl/ml. Then 20 μl of spore suspension 
of each fungus was inoculated in per well and incubated for 
3 days at 25 °C. In this assay, the wells containing emulsion 
or nano-emulsion of S. chorassanica essential oil without 
inoculum served as a negative control. Thus the lowest con-
centration of emulsion and nano-emulsion of S. chorassa-
nica essential oil with no macroscopic growth of fungi was 
considered as the MIC and lack of growth on PDA (Merck, 
Germany) medium after 3 days was confirmed the MFC 
(Minimum fungicidal concentration).

Coating application
The strawberries were bought from the local market of 
Mashhad, Iran. All the fruits were selected based on co-
lor, uniform size, as well as the absence of physical damage 
and fungal infection. Two treatments were used for straw-
berries coating including emulsion and nano-emulsion of 
S. chorassanica essential oil. The fruits were immersed 
in 0.1% hypochlorite sodium for 30 s to remove surface 
contamination. Then, strawberries were completely was-
hed with distilled water and dipped for the 60s in spore 
suspensions of Botrytis cinerea, Rizopus stolonifera and 
Aspergillus niger (104 spore/ml). The emulsion or nano-
emulsion of S. chorassanica essential oil at MIC and MFC 
concentration that determined in the previous section 
sprayed on strawberries surface and dried for 4 h at room 
temperature. Another strawberry samples were sprayed 
with distilled water as a control treatment. Afterward, 50 
strawberries of each treatment were distributed in 5 poly-
ethylene trays and stored at refrigerated for 12 days (Na-
serzadeh et al, 2019).

Mold decay
The mold decay of strawberries samples was evaluated by 
mold count during the cold storage. 10 g from each treat-
ment group was added to 90 ml of sterile physiological sa-
line solution (8.5 g/1000 ml distilled water) and homogeni-
zed using a homogenizer (Heidolph, Germany). The serial 
dilutions of the homogenates were prepared and inocula-
ted (100 μl) on the surface of PDA plates and incubated 
at 25°C for 5 days. The results of counting were expressed 
as log CFU/g after incubation time (Robledo et al, 2018).

Weight loss
Weight loss of different strawberry groups was evaluated 
by monitoring their mass changing during cold storage 

compared to their initial weight and expressed as a per-
centage (Chu et al, 2020).

Weight loss (%) = W1 – W2 / W1 × 100 (3)

pH and titrable acidity 
The strawberries cut into small pieces were homogenized 
for 1 min at high speed using a blender (Parskhazar, Iran). 
The pH of strawberry puree was measured with a calibra-
ted pH meter (Metrohm, Swiss). Acidity was examined ac-
cording to the AOAC 942.15 method (AOAC, 1995), and 
was expressed as g of citric acid per 100 g of fruit.

Total soluble solids (TSS)
The digital hand refractometer (Atago, Japan) was used to 
determine the soluble solids content in the juice of blen-
ded strawberries at 20 °C and expressed as a percentage. 
All measurements were performed in triplicate (Velickova 
et al, 2013).

Surface color
The surface color changes of control and treated strawber-
ries during cold storage (0, 3, 6, 9 and 12 day) was measured 
by using a colorimeter (Loviband Tintometer, England) to 
obtain L*(lightness), a*(redness) and b*(yellowness) value 
as the mean of 10 readings. The total color difference DE, 
as well as the chroma value and hue angle were calculated 
using the following equations:

E = √(L*2 + a*2 + b*2) (4)
Chroma = √(a*2 + b*2) (5)
hue angle = tan−1 (b*/a*) (6)

Firmness
The firmness of the control and coated strawberries was 
evaluated using a texture analyzer (TAXT Plus Stable 
Micro System, England) with 5 kg load cell according to 
Velickova et al method (2013). Briefly, each strawberry di-
vided in two-part was placed on a flat platform and a probe 
(5 mm diameter) with a speed of 1 mm /s penetrated into 
the strawberry tissue and the penetration depth was adjus-
ted on 3 mm. Finally, the firmness of strawberry samples 
was expressed in Newton.

Anthocyanin contain
Total anthocyanins of strawberry samples were estimated 
by a pH-differential method during storage time. Two di-
lutions of strawberries juices in potassium chloride buffer 
(pH 1) and sodium acetate buffer (pH 4.5) were prepared. 
Afterward, the absorbance of each sample was measured 
at 510 and 700 nm. The total anthocyanins content was 
represented in mg of cyaniding-3-o-glucoside equivalents 
per l of fruit juice by using the following equations: (Jako-
bek et al, 2007)

A = [(A510–A700)pH1 – (A510–A700)pH4.5] (7)
 Anthocyanin Pigment (mg/L) = 
(A × MW × DF × 1000) / ( × 1) (8)

 Molar extinction coefficient () of cyanidin-3-O-gluco-
side = 26900 L/mol cm, molar weight (MW)= 449 g/mol.

Ascorbic acid contain
Ascorbic acid content was detected by using 2,6-dichlo-
rophenol indophenols titration method as described by 
AOAC (2000).
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Sensory analysis
The effect of coating with essential oil and nano-emulsion 
of S. chorassanica on sensory characteristics of strawber-
ry fruit, including flavor, color, aroma, texture, general 
 acceptance was investigated. The sensory parameters 
were evaluated by 10 trained panelists. The 5-point hedo-
nic method was used to analyze the results.

Statistical analysis
In this study, each experiment was repeated three times 
and the results were reported as means±SD. Differences 
among the average of treatments were analyzed by Dun-
can‘s test using SPSS (Version 23, SPSS Inc., Chicago, IL) 
software. Significant differences between treatments were 
concluded when p was <0.05.

Results and discussion

Extraction and identification of the S. chorassanica 
essential oil constituents
Extraction of S. chorassanica essential oil after the flowe-
ring stage was performed with hydrodistillation Clevenger 
type of apparatus. The yield of essential oil was 0.35 % 
(w/w) by using 200 g of dried leaves of S. chorassanica. 
The chemical compositions of the S. chorassanica essen-
tial oil and the retention time are depicted in Table 1. The 
GC–MS analysis of S. chorassanica essential oil indicated 
the presence of twenty compounds representing 97.56% 
of the total oil. The main compounds of S. chorassanica 
essential oil were such as Caryophyllene (37.6 %), Germa-
crene D (15.63 %), Bicyclogermacrene (11.81 %), Caryo-
phyllene oxide (7.88 %), Spathulenol (7.57 %) and Terpi-
nolene (3.49 %). Similarly, the major composition contents 
of salvia xanthocheila essential oil which was collected 
from Damavand region of Iran were reported by Salehi et 
al., (2005) included Germacrene D (44 %) and a-copaene 
(11.9 %) and ß-caryophyllene (6.7 %). In contrast, the main 
compounds of other species of salvia that were reported 
in some researches were different from the current study 
(Delamare et al., 2007; Yousefzadi et al., 2007; Khedher 
et al., 2017). Generally, the chemical compositions of the 
plant‘s essential oils depend on geographical and climate 
conditions, the method of essential oil extraction and also 
the plant growth phase (Shahbazi et al., 2016).

Characterization of the nano-emulsion
Droplet size analysis
The small particle size of the nano-emulsion is an import-
ant factor in the stability of its colloidal system and impro-
ving its efficiency by increasing the area to volume ratio. 
The final particle size of the nano-emulsion is affected 
by droplet cleavage and recoalescence when the system is 
exposed to high shear during ultrasonication. The emulsi-
fier also stabilizes the nano-emulsion while preventing the 
breakup of droplets (Oh et al., 2011). The droplet size and 
distribution of the nano-emulsi-
ons were determined during the 
storage using a DLS particle size 
analyzer (Table 2). The mean 
particle size of the nano-emul-
sion produced in this study on 
the first day was 91.83 ± 8.31 nm. 
The results showed that the sto-
rage time was effective in the sta-
bility of the nano-emulsion. The 

particle size of nano-emulsion of S. chorassanica essential 
oil increased with increasing storage time in the refrigera-
tor. The average particle size of nano-emulsion increased 
to 191.61 ± 6.51 nm after two weeks. Similarly, increasing 
the mean of droplet size was observed in previous studies 
during the storage time (Sundararajan et al., 2018; Gah-
ruie et al., 2017).

Moreover, the homogeneity of tested nano-emulsion 
was evaluated by the distribution width (span) index which 
is the major parameter for the determination of nano-emul-
sion stability. The composition of the oil phase or type of 
essential oil effect on nano-emulsion droplet size and size 
distribution (Surh et al., 2017). A higher span describes a 
non-uniformity and a wide range of droplet size dispersion 
(Tang et al., 2012). The distribution width (span) index of 
S. chorassanica essential oil nano-emulsion varied between 

TABLE 1:   The chemical composition of S. chorassanica 
essential oil identified by GC-MS.

TABLE 2:   Droplet size and distribution width (Span) of S. chorassanica essential oil nano-
emulsions.
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1.08 ± 0.43 and 2.28 ± 0.36 during storage. Accordingly, the 
lower homogeneity of droplet size was observed on the 
15th day of storage.

In vitro antifungal activity of S. chorassanica 
 essential oil emulsion and nano-emulsion
The results of the antifungal activity of emulsion and 
 nano-emulsion of S. chorassanica essential oil were shown 
in Table 3. According to the microdilution test, antifungal 
properties against the three spoilage molds of strawberry 
increased by reducing the particle size of S. chorassanica 
essential oil in nano-emulsion. The minimum inhibition 
concentration (MIC) and minimum fungicidal concen-
tration (MFC) of essential oil nano-emulsion were  reduced 
by half compared to the essential oil emulsion. On the ot-
her hand, the MIC of thiabendazole fungicide was higher 

than S. chorassanica essential 
oil nano-emulsion. The MIC of 
emulsion and nano- emulsion of 
S. chorassanica essential oil were 
achieved 12.5 and 6.25 μl/ml, 
respectively. There was no diffe-
rence between the sensitivity of 
three molds to  essential oils. The 
highest MFC of nano-emulsion 
was observed for A. niger.

As far as we know, no infor-
mation has been published about the antifungal activity 
of S. chorassanica essential oil. The different antimicrobi-
al activity of some Salvia species essential oils was exhi-
bited in Yousefzadi., et al (2007) research, due to various 
components of them. It has been accepted that phenolic 
components in essential oils are responsible for their an-
tifungal and antibacterial activities (Burt, 2004; Farzaneh 
et al., 2015). The hydrophobic properties of essential oils 
have an important role in the penetration into fungus cell 
membranes, disruption of cellular structure and increasing 
cellular permeability. These events cause leakage of cell 
contents, resulting in the fungal cell death (dos Santos et 
al., 2012). Moreover, disturbance in ATP synthesis in the 
mitochondria and the accumulation of ROS in the presen-
ce of essential oils are other inhibiting mechanisms against 
fungi strains (Kubo et al., 2003).

TABLE 3:   The minimum inhibition concentration(MIC) and minimum fungicidal concen-
tration (MFC) of S. chorassanica emulsion and nano-emulsion essential oil and 
thiabendazole fungicide against strawberry spoilage molds.

Data are presented as mean (SD) of three repetitions.

TABLE 4:   The fungal growth (log CFU/g) in coated and uncoated strawberries during cold storage.
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Mold decay of strawberry
Strawberry is a perishable fruit due to high moisture 
content and nutrients richness that provide an excellent 
growth medium for fungal development. Essential oils are 
suitable food preservatives with antimicrobial properties 
that are known as GRAS (Generally Regarded As Safe) 
by FDA (Food and Drug Administration) and can consu-
me in relatively high concentrations without side effects 
(Burt, 2004). The in-vivo evaluation of the antifungal acti-
vity of emulsion and nano-emulsion of S. chorassanica es-
sential oil was illustrated in Table 4. Generally, an increase 
in the concentration of the emulsion and nano-emulsion 
of S. chorassanica essential oil led to increased inhibition 
of spore germination. The highest antifungal activity was 
achieved at the concentration of 25 μl/ml for nano-emul-
sion. Nano-emulsion was more effective in preventing 
mold decay of strawberry during storage than emulsion 
essential oil and the thiabendazole fungicide. The A. ni-
ger showed the least sensitivity to nano-emulsion and the 
first signs of its growth on the strawberry surface appeared 
on day 9. The use of S. chorassanica essential oil nano-
emulsion and thiabendazole fungicide coating at the con-
centration of 25 μl/ml on the strawberry surface was able 
to delay the growth of all molds for more than 12 days. 
These results were agreement with another study that has 
reported greater antifungal activity of nano-emulsion in 
comparison to emulsion essential oil and thiabendazole 
fungicide in controlling mold decay of strawberry (Na-
serzadeh et al., 2019). The application of different coating 
containing emulsion and nano-emulsion essential oil on 
strawberry surface significantly decreased 
the fungal infection compared to the control 
sample (Asghari et al., 2009; Nabigol et al., 
2011; Oliveira et al., 2019; Chu et al., 2020).

Weight loss
The weight loss of strawberry fruit during 
storage is increased due to the evaporation 
of cell moisture due to respiration, which 
depends on the temperature and humidity 
of the storage place. The weight loss chan-
ges of three different groups of strawberry 
treatments were depicted in Figure 1. Ac-
cordingly, all strawberries indicated weight 
loss as storage time increased. The highest 
weight loss of the strawberry samples in-
cluded control (10.39%), emulsion (5.36%) 
and nano-emulsion coating (4.31%) were 
observed at the end of the 12th day. Gene-
rally, the application of the coating on the 
fruit surface could decrease the weight loss 
by reduction of fruit respiration and water 
loss. The lowest weight loss was obtained for 
the strawberry sample coated with S. cho-
rassanica essential oil nano-emulsion. This 
can be due to the hydrophobic nature of 
essential oil and reduction of the diameter 
of pores of the fruit surface after the use of 
essential oils nano-emulsion coating. 

In similar, the effect of using nano chi-
tosan coating on the strawberry surface by 
delaying the weight loss was reported by 
Eshghi et al. (2013). The weight loss of coa-
ted strawberries depended on essential oil 
type and their concentration during cold sto-
rage. The rate of weight loss of strawberries 

decreased with increasing the concentration of essential oil 
coating (Mohammadi, 2014).

The results of various studies revealed that the use of 
hydrophilic polysaccharide coatings such as pure chito-
san and alginate could not be effective in preventing the 
surface evaporation of fruit moisture and the addition of 
emulsion or nano-emulsions of essential oils could improve 
their efficiency to decrease the mass loss of fruit (Predons 
et al., 2012; Guerrero et al., 2015). The study of Chu et al. 
(2020) showed that the addition of cinnamon essential oil 
nano-emulsion to pullulan coating reduced the weight loss 
of coated strawberries (25%) compared to control (38%). 
The lowest rate of weight loss observed in the present study 
in comparison with other researches indicated the better 
performance of S. chorasanica nano-emulsion.

pH and Titratable Acidity
The titratable acidity in strawberry fruit decreases natural-
ly during storage at low temperatures due to increased cell 
metabolism and the use of organic acids in the respiratory 
process (Gol et al., 2013). As shown in Fig 2, the lowest ti-
tratable acidity was finding in uncoated strawberries at the 
end of storage time. The nano-emulsion and emulsion of 
essential oil coatings probably reduced the rate of respira-
tion and kept the titratable acidity constant. Also, a slight 
increase in titratable acidity was observed in the 12th days, 
which may be related to the fruit ripening process. This re-
sults was accordance with other previous studies included 
Dong and wang (2017) and Chu et al., (2020) that consi-
dered that adding essential oil or nano-emulsion in poly-

FIGURE 2:   Titratable acidity of coated and uncoated (control) strawberries du-
ring cold storage.

FIGURE 1:   Weight loss of coated and uncoated (control) strawberries during 
cold storage.
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saccharides coatings delayed the titratable 
acidity drop in fruit during the cold storage. 
In addition, the pH of all treatments slightly 
decreased at the end of 12 days (Fig 3) con-
sistent with Asghari et al. (2009) study. In 
this study, uncoated strawberry samples ex-
hibited the lowest acidity and the highest pH 
during storage time. It should be noted that 
during the fruit ripening process, organic 
acids increase to a constant range and then 
decrease due to the use of organic acids in 
the respiration process (Chu et al., 2020).

Total soluble solids (TSS)
The TSS of coated and uncoated strawberries 
was shown in Fig 4. The changes of TSS in the 
nano-emulsion coating was almost constant 
from the initial to the end of cold storage. On 
the other hand, the highest drop in TSS was 
exhibited in the uncoated strawberry. The 
reason for TSS decreasing significantly was 
more respiration and sugars break up in con-
trol samples compared to other treatments. 
The TSS contain of fruit depend on several 
factors such as fruit sugar, acidity and soluble 
pectin in the fruit (Asghari et al., 2008). The 
results were agreement with previous studies. 
Chu et al. (2020) reported that pullulan-cin-
namon nano-emulsion coating was more 
effective in preventing the loss of strawber-
ry TSS during 6 days compared to pullulan 
coating and control samples. There were no 
difference among TSS of strawberries coated 
with seven types of essential oils in research 
of Mohammadi (2014). Moreover, Asghari 
et al. (2008) observed an increase in TSS of 
coated strawberry samples after increasing 
the concentration of basil essential oil from 60 to 1000 μl /L.

Color surface 
The surface color of strawberry fruit is an important fac-
tor in the evaluation of quality and marketability. Figure 
5 shows luminosity (L*), hue and chroma changes of dif-
ferent strawberry treatments during 12 days of storage at 
refrigerator temperature. The luminosity (L*) of straw-
berry surface decreased in all coated and control samples, 
which results in the loss of fruit moisture. Moreover, the 
control sample had a lower luminosity than coated sam-
ples at the end of the 12th day. In this regard, Perdones et 
al., (2012) stated that the addition of lemon essential oil to 
the chitosan coating increased the L* value of strawberry 
samples compared to control and chitosan-coated sam-
ples. The hue value of samples remained approximately 
constant throughout the storage time and slightly decrea-
sed on the 12th day. The highest hue was observed for the 
control sample at the end of storage. As shown in Fig 5, 
the chroma value first increased and then decreased. Also, 
the coated and uncoated samples showed no significance 
in chroma value. Briefly, no adverse effect was observed in 
the color of strawberries after coating with emulsion, and 
nano-emulsion of essential oil and coated samples looked 
redder and brighter. Generally, the color changes of straw-
berry samples in storage time probably related surface mo-
isture evaporation, chemical and enzymatic reactions and 
changes in the anthocyanins contents that depending on 
storage conditions (Koh and Melton, 2002).

Firmness
The fruit firmness is an appropriate parameter for the de-
termination of its quality and shelf life. The firmness of 
different treatments of strawberry fruit during cold sto-
rage was illustrated in Fig 6. The results showed that the 
firmness of all treatment was reduced during 12 days of 
storage in the refrigerator. The lowest and highest rate of 
softening at the end of storage occurred in nano-emulsion 
coated (16 %) and uncoated (control)(60 %) strawberries, 
respectively. However, there was no significant difference 
between the coated samples (p> 0.05). The major reason 
for firmness loss of fruit during the storage is related to 
respiration, degradation of fruit cell wall and damage of 
tissue structure due to mold decay (Fan et al., 2009). The 
emulsion and nano-emulsion of S. chorassanica essential 
oil significantly prevented fruit softening by reduction of 
respiration and fungi infection in comparison with the 
control sample. Chu et al., (2019) reported that adding 
cinnamon nano-emulsion in pullulan coating was able to 
improve the maintenance of strawberries tissue firmness. 
The investigation of various concentrations of basil essen-
tial oil on quality characteristics of strawberry during cold 
storage was demonstrated that increasing essential oil con-
centration to 500 μl/ ml could reduce firmness loss in fruit. 
However, a high concentration of essential oil (1000 μl /L) 
due to increased chemical interactions and damage to fruit 
surface cells led to a decrease in fruit firmness (Asghari et 
al., 2008).

FIGURE 3:   pH of coated and uncoated (control) strawberries during cold sto-
rage.

FIGURE 4:   Total soluble solids (TSS) of coated and uncoated (control) straw-
berries during cold storage.
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The changes in anthocyanin contents in 
strawberry samples were shown in Figure 7. 
Accordingly, the anthocyanin contents in all 
strawberry treatments significantly decrea-
sed throughout 12 days (p < 0.05). The ap-
plication of coatings reduced the anthocya-
nin loss in strawberry samples. The highest 
amount of anthocyanin at the end of storage 
time respectively belonged to the treatment 
of nano-emulsion (32.29 mg / 100g), essential 
oil (18.32 mg /100g), and uncoated control 
sample (10.35 mg / 100g). In the same way, 
Vargas et al., (2006) observed a reduction of 
anthocyanin contents in chitosan-coated and 
uncoated strawberry samples. In contrast, 
the addition of thymol to gluten and soy 
protein coatings could increase anthocyanin 
contents in strawberry samples at the end of 
two weeks of storage at 4 °C (Amal et al., 
2010).

Ascorbic acid contents
The ascorbic acid contents of coated and 
uncoated strawberry samples during cold 
storage were exhibited in Figure 8. A signi-
ficant difference was observed among ascor-
bic acid contents of nano-emulsion coated 
strawberry and other samples at the end of 
storage time (p < 0.05). Similarly, some stu-
dies have indicated a decrease of ascorbic 
acid contents in strawberry fruit during sto-
rage. In addition, the use of various coatings 
on the surface of this fruit was considered 
effective in preventing the loss of vitamin 
C (Asghari et al., 2009; Amal et al., 2010; 
Mohammadi et al., 2014). The reduction of 
fruit vitamin C is occurred during storage 
time because of its oxidation by the enzy-
me ascorbate oxidase and reaction with air 
oxygen. The use of essential oils as fruit coa-
tings reduces the activity of this enzyme and 
maintains the ascorbic acid contents (Amal 
et al., 2010).

Sensory analysis
The results of the sensory analysis of coa-
ted and uncoated strawberries were plotted 
in Fig 9 (a and b). The coated samples with 
emulsion and nano-emulsion of S. choras-

Anthocyanin contents
Anthocyanins are water-soluble pigments 
that are involved in the red or blue color 
of fruits and vegetables. As the fruits ri-
pen, the amount of anthocyanins and the 
intensity of the color increase. The amount 
of anthocyanin content varies in different 
types of strawberries (Zhang et al., 2017). 
The acidity increases during fruit ripening, 
which leads to enhance polyphenol oxidase 
activity and the destruction of anthocyanin 
pigments. The changes in anthocyanin con-
tents are often considered a measure of fruit 
aging (Karaaslan and Yaman., 2017).

FIGURE 5:   Luminosity (a), hue (b) and chroma (c) 
of coated and uncoated strawberries du-
ring cold storage.

FIGURE 6:   Firmness of coated and uncoated (control) strawberries during cold storage.
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texture and general acceptance) in comparison with the 
control sample after 6 days. The greatest effect of coating 
was associated with preserving the color and texture of the 
strawberry fruit during cold storage.

Conclusion

The coating of strawberries with emulsion and nano-
emulsion of S. chorassanica essential oil promoted their 
shelf-life throughout cold storage. It seemed that coatings 
with decreasing the metabolic activities such as respira-

tion could prevent loss of fruit quality cha-
racteristics. The coated strawberry samples 
showed better color, texture and protection 
against fungal decay at the end of storage 
time. On the other hand, nano-emulsion 
coating with smaller particle sizes was more 
effective than emulsion essential oil on the 
delaying of mass loss, reduction of ascorbic 
acid and anthocyanin contents and fungal 
growth. According to these results, essential 
oil and can be a suitable alternative to che-
mical toxins to extend strawberry shelf-life.
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FIGURE 7:   Anthocyanin contents of coated and uncoated (control) strawberries 
during cold storage.

FIGURE 8:   Ascorbic acid contents of coated and uncoated (control) strawber-
ries during cold storage.

FIGURE 9:   Sensory profile of coated and uncoated strawberry at 0 (a) and 6th (b) day of cold storage.

sanica essential oil earned lower aroma and flavor scores 
in the initial day probably due to the intensity effect of es-
sential oil aroma compounds, while no difference obser-
ved among color and texture of samples. In the study of 
Perdones et al. (2012), chitosan- lemon essential oil coated 
strawberries were indicated lower preference than chito-
san-coated and control samples. Due to the appearance 
of signs of mold growth on the surface of control straw-
berries, the sensory evaluation test was performed until 
day 6. The changes in aroma and flavor of coated samples 
after one week altered the preference of panelists. The 
coated strawberry treatments were achieved the highest 
score for all their sensory properties (flavor, color, aroma, 
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