
ABSTRACT: The current research was carried out to test the effects of edible coatings (EC) enriched with laurel essential oil (EC+LEO) 

on the storability of strawberry ‘Camarosa’ fruits. Freshly harvested strawberry fruits were randomly separated into three groups and each 

group was treated with a different treatment, including EC, EC+LEO and control. Fruits were stored at 4.0 ± 1.0 °C and a relative humidity of 

90–95% for 15 days. Results suggested that both EC and EC+LEO have positive effects of the quality parameters of strawberry fruits and 

help to improve the storage duration of the fruits. After 15 days of storage, the average weight loss of the control fruits reached to 12.44%, 

but was kept at 9.06% and 7.13% at the EC and EC+LEO treated fruits, respectively. Both the EC and EC+LEO treatments were found to 

have positive impact on the prevention of disease severity and chemical spoilage and lowering respiration rate of the fruits. The loss in the 

fruit firmness, soluble solids concentration, ascorbic acid content and titratable acidity of the fruits were also found to delay in the coated 

fruits. The EC+LEO treatment was found to have better performance than the EC treatment. Overall results recommended that the edible 

coatings enriched with laurel essential oil improve the storability of strawberry fruits and have possibility to be used in postharvest industry.
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INTRODUCTION

Strawberry (Fragaria × ananassa Duch.) fruits are highly preferred by consumers because of their unique flavors and their 
high phytochemical content. The phytochemicals and phenolic compounds in any fruits and also in strawberries provide 
antioxidant ability, anticarcinogenic and anti-inflammatory properties to the fruits which improves their attractiveness 
by the consumers (Oszmiański and Wojdyło 2009). Strawberry fruits are nonclimacteric and they have to be harvested 
at the full maturity (Cordenunsi et al. 2005; Kader 1991). However, full mature strawberry fruits are very sensitive to 
storage conditions due to their physical properties and high respiration rates, and their storage life is very short (2–5 days). 
Strawberry fruits are also susceptible to pathogen infections (mainly caused by gray mold: Botrytis cinerea) and mechanical 
injuries (Caleb et al. 2016).

Immediate cooling and storage at low temperatures (0–4 °C) are recommended for the storage of strawberry fruits (Watkins 
and Nock 2012). Low temperature is helpful for both reducing respiration rate and pathogen development. Another important 
treatment for the prevention of pathogen development is the use of agrochemicals. However, the acceptability of agrochemicals, 
has been decreasing in recent years with the increasing consumer awareness, and scientifically confirmed negative effects of 
misuse and excessive use of agrochemical on human health and ecosystem (Koch et al. 2017). There are several other ways 
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for reducing the respiration rate and increasing the storability of fruits. Some well-known methods are: modified atmosphere 
packaging, edible films and edible coatings (Khodaei et al. 2021; Pavinatto et al. 2020; Quintana et al. 2021; Ventura-Aguilar 
et al. 2018). However, the acceptability of plastic materials has been decreasing due to their high persistence in nature, while 
the public interest is increasing for the edible films and coatings (Ferreira et al. 2016). The most important advantage of these 
edible materials is their biodegradability and environmental-friendly characteristics (Nor and Ding 2020). Thus, scientific 
studies have begun to focus more on the testing of edible films and coatings derived mostly from proteins, polysaccharides, 
lipids and secondary metabolites (essential oils). Moreover, several studies recommended that those edible films and coatings 
have a very important role in fruit storage (Chen et al. 2019; Kahramanoğlu, 2020; Riva et al. 2020; Wan et al. 2021).

Edible film/coating and essential oil applications, separately, help to preserve the postharvest quality of fruits mostly by 
reducing respiration rate of fruits and delaying senescence (Kahramanoğlu 2019; Riva et al. 2020). Polysaccharides obtained 
from plant or animals are complex carbohydrates with glycosidic bonds (Thakur and Thakur 2015). Polysaccharide-based edible 
films/coatings provide a good barrier against oxygen and carbon dioxide, but their ability to control water vapor is low due to 
their hydrophilic properties (Rhim et al. 2013). Starch is one of the most used edible film materials among the vegetable-based 
polysaccharides. The efficacy of starch as edible coating is mostly improved by incorporating with plasticizers like glycerol and 
sorbitol, which has high hydrophilic properties and low flexibility (Müller et al. 2008; Ortega-Toro et al. 2015).

Essential oils not only have an impact on the reduction of respiration rate, but also to reduce postharvest spoilage 
caused by fungi. In such study, De Corato et al. (2010) reported that laurel (Laurus nobilis) essential oil has moderate to 
high antifungal activity, which inhibits the mycelial growth of Botrytis cinerea and Penicillium digitatum. However, there 
are very few studies (i.e., Hashemi et al. 2021; Praseptiangga et al. 2017) about the combined effects essential oils and edible 
coatings, while we reached no records for laurel essential oil. Therefore, incorporation of starch-based edible coatings with 
laurel essential oil may provide better performance in postharvest storage. In the present study, the effects of edible coating 
(made with corn starch and glycerol) and edible coatings enriched with laurel essential oil on the postharvest preservation 
quality of strawberry fruits were investigated.

MATERIALS AND METHODS

Materials

Strawberry ‘Camarosa’ fruits were used in this study. Strawberry fruits at eating maturity were hand collected on March 
12, 2021 from a commercial strawberry business located in the village of Yeşilırmak, northern part of Cyprus. Harvesting was 
done during the morning hours and the fruits were immediately transferred to the laboratory of the Research and Application 
Farm of the European University of Lefke, within 30 min. In this study, corn starch was purchased from regional markets 
and the glycerol (˜87% purity, belonging to the Merck Chemical Company, Germany) was obtained from a local pharmacy.

Plant material and extraction of essential oil

Fresh leaves of laurel (L. nobilis) plants were collected from the flora of Hatay. Fresh leaves were air-dried at 35 °C at the 
drying oven. Then, 25 g of dried laurel leaves were hydrodistilled with three replicates for three hours with glass Clevenger-
type apparatus. The essential oil ratio was calculated as v/w percentage and the essential oil yield was found as 2.5%. The 
obtained essential oils were stored at +4 °C until the analysis. Laurel essential oil produced from the same methods was 
then used in the postharvest studies.

Determination of essential oil compounds

Gas chromatography-mass spectrometry (GC-MS) method with Thermo Scientific ISQ Single Quadrupole device 
was used for analyzing the compounds of essential oils. The method described by Bahadırlı et al. (2020) was followed for 
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the determination of the compounds of essential oils. The individual constituents were identified by comparison of their 
retention indices with those of known compounds retrieved from the literature.

Experimental Studies

This study was established with three treatments and three replications according to the completely randomized design. 
Each replication was composed from six preselected healthy fruits. Experiments were planned to continue for 15 days and 
the quality parameters of the fruits were measured within a 3-day interval. Accordingly, 90 fruits were allocated for each 
treatment and 18 fruits (three replications) were analyzed at each measurement point. The treatments of the present study 
are as follows: dipping in pure water (control), edible coating (EC) and edible coating enriched with laurel essential oil 
(EC+LEO). The method of edible coating preparation was modified from several previous studies (Casariego et al. 2008; 
Lintang et al. 2021; Sapper and Chiralt 2018). The method used is as follows: corn starch (2% w/v) (Ribeiro et al. 2007; 
Sapper and Chiralt 2018), glycerol (0.5% v/v) (Casariego et al. 2008; Lintang et al. 2021) and tween 80 (1.0%) (Sigma‐
Aldrich, Germany) were mixed in distilled water (2 L) and heated up to 90–95 °C. The higher concentrations of glycerol were 
suggested to decrease the wettability and adhesion coefficients of the edible coatings (Casariego et al. 2008). The solution 
was kept at that temperature for 30 min and mixed continuously. The prepared coating was cooled to room temperature 
and kept for another 2 h and applied to the fruits (Cano et al. 2015).

For the preparation of the EC+LEO, the same method for the edible coating preparation (described above) was used, but 
this time laurel essential oil (0.5%) dissolved in 70% ethyl alcohol (2:1 v/v) was also used together with corn starch and glycerol 
(Kahramanoğlu 2019). The dose of the laurel essential oil was selected based on previous studies with other essential oils, where 
doses of 0.5% was most effective and suggested to be more suitable for industrial applications (Kahramanoğlu et al. 2018; 2021).

Control, EC and EC+LEO treatments were all applied in the same way, by dipping the fruits in the prepared solutions and 
keeping them for 60 s. The fruits were then left to dry for 30 min, then their initial weight was measured and transferred to 
storage conditions (4.0 ± 1.0 °C temperature and 90–95% relative humidity). As mentioned above, three replications (total 
18 fruits) from each treatment were taken out at 3-day intervals and following physical and chemical quality parameters 
were measured.

Data collection

At each measurement point, new weight of each fruit was measured, and the weight loss as percentage was determined 
by using the initial weights. Digital scales with an accuracy of ± 0.01 g were used to measure the fruit weights. Later, disease 
severity on fruits were reported according to the 0–5 scale of Romanazzi et al. (2013). According to this scale, 0 represents 
healthy fruits without mold; 1 is used for the fruits with 1–20% disease severity, 2 is used for 21–40% disease severity, 3 is 
used for 41–60% disease severity, 4 is used for 61–80% disease severity and 5 is used for 81–100% disease severity. Besides 
disease severity, the chemical spoilage of the fruits was also determined.

During storage, chemical reactions cause changes and spoilage in fruits as discoloration and unwanted off-flavor. This 
chemical spoilage was determined by following the 1–5 scale of Rux et al. (2017). In this scale, 5 refers to healthy fruits 
without chemical spoilage, 4: 1–25% spoilage, 3: 26–50% spoilage, 2: 51–75% spoilage and 1 indicates 76–100% spoilage. 
Next, the respiration rate of the fruits was measured by following the method described by Fonseca et al (2002).

A sealed container was used to measure the amount of carbon dioxide (CO2) produced by the fruits and the results were 
used to calculate the CO2 produced by 1 kg of fruit in 1 h and the results were expressed as mL CO2 kg–1∙h–1. Fruit firmness 
(kg∙cm–2) of each fruit was determined by a hand penetrometer (cylindrical probe: 2 mm diameter). Four different positions 
of each fruit (around the equator) were used to measure the flesh firmness. Soluble solids concentration of the fruits was 
determined as % brix by randomly selecting and measuring two fruits from each replication with a hand refractometer. 
The amount of ascorbic acid (AA: mg∙100 g–1) of the fruits was determined by titrating the fruit juice with iodine solution 
(Skinner 1998), and the titratable acidity (TA) was determined by following the standard method of AOAC (1990) and 
expressed as g∙100 g–1 citric acid.
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Data Analysis

The raw data of the quality parameters were summarized with the help of Microsoft Excel, and the mean and standard 
deviations were calculated. Later, the raw data of each parameter for each measurement point was subjected to analysis 
of variance by SPSS 22.0, and, in case of a statistically significant difference between treatments, Tukey’s HSD test at 5% 
significance level was used to quantify this difference.

RESULTS AND DISCUSSIONS

Chemical Composition of the Laurel Essential Oils

Seventeen different compounds were determined from the laurel essential oil (Table 1). These compounds can be 
categorized in three groups. The compounds from 1 to 9 in the table are monoterpene hydrocarbons, compounds from 
10 to 16 are oxygenated monoterpenes and the final one is a phenylpropanoid. The three highest percentage compounds 
were recorded as eucalyptol (54.15%), α-terpinyl acetate (16.27%), and sabinene (6.08%). Eucalyptol is a colorless organic 
liquid compound, a cyclic ether, and a monoterpene. Α-terpinyl acetate is a p-menthane monoterpenoid, and sabinene is 
a thujene that is a bicyclic monoterpene.

Table 1. Chemical compositions of the laurel essential oil isolated from the leaves of L. nobilis.

No Compounds RT KI* KI** Concentration (%)

1 α-pinene 6.62 1034 1034 4.08

2 Camphene 7.66 1098 1099 0.12

3 β-pinene 8.48 1137 1136 1.76

4 Sabinene 8.77 1149 1149 6.08

5 α-Phellandrene 9.46 1180 1180 0.14

6 Limonene 10.08 1206 1206 1.12

7 β-Phellandrene 11.03 1241 1241 0.38

8 γ-Terpinene 11.18 1246 1246 0.76

9 p-cymene 12.72 1302 1302 1.76

10 Eucalyptol (1,8-Cineole) 12.12 1253 1281 54.15

11 Trans-sabinenehydrate 19.74 1459 1496 0.77

12 Linalool 20.72 1535 1535 1.61

13 Terpinen-4-ol 24.26 1645 1648 3.56

14 Bornylacetate 25.42 N/A 1706 0.56

15 α-Terpineol 26.73 1711 1729 4.00

16 α-Terpinyl acetate 27.58 1709 1743 16.27

17 Methyleugenol 38.01 2025 2024 2.22

Total area 99.34

KI* = Kovats index literature; KI** = Kovats index determined.Source: Elaborated by the authors.

In a similar study, the eucalyptol percentage of leaf essential oils of L. nobilis grown in Colombia was noted to be around 
22% (Quijano and Pino 2007). It is well known that the growing conditions significantly affect the phytochemical composition 
of plants (Okatan, 2020). On the other hand, Maciel et al. (2010) showed that there can be a significant variation among 
the eucalyptol compositions of the different varieties of a same species belonging to Eucalyptus spp. According to Caputo 
et al. (2017), in agreement with the current study, sabinene is also among the major compounds of the laurel essential oil. 
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In their study, Caputo et al. (2017) also reported that both the laurel essential oil and isolated eucalyptol have significant 
antimicrobial activity against several bacterial strains belonging to gram-negative and gram-positive bacteria. Eucalyptol 
is a major compound of the chemical composition of several herbs including basil, myrtle, sage, rosemary, thyme and etc. 
(Bahadırlı et al. 2020; Puvača et al. 2021). It is also reported to have a significant role in the antifungal and antioxidant 
activities of the oils (Mogoşanu et al. 2017). Besides the antifungal activity of eucalyptol, Lee et al. (2001) recommended 
that eucalyptol has fumigant activity against Sitophilus oryzae adults.

Effects on Quality Parameters

Weight loss

The weight loss of the strawberry fruits in each treatment showed a decreasing trend during storage (Fig. 1a). The 
weight loss of the control fruits was measured as 2.21% at the 3rd day of storage, which increased to 12.44% in 15 days of 
storage. At the same time, edible coating was found to provide favorable conditions for the reduction of weight loss. The 
fruits treated with edible coating was noted to have 9.06% weight loss in 15 days of storage. Enriching edible coating with 
laurel essential oil was found to increase the efficacy of the treatment. The fruits treated with edible coatings enriched  
with laurel essential oil had only 7.13% of weight loss in 15 days of storage. This is less than the weight loss of the control 
fruits measured at the 9th day of storage.

Day 3
2.21 %  a
1.30 % ab
0.79%  b

 Control
 Edible Coating
 EC + Laurel oil

Day 9
7.47 %  a
5.26 % b
4.19%  c

Day 6
4.42 % a
2.75 %  b
2.08%  c

Day 12
9.45 % a
7.10 %  b
6.11%   c

Day 15
12.44 % a
9.06 %    b
7.13%       c
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Figure 1. Effects of edible coatings and edible coatings enriched with laurel essential oil on the weight loss of strawberry ‘Camarosa’ fruits 
during 15 days of storage.

Note. The marker points represent the mean of three replications with six fruits in each replication. The presence of the same letter or letters on the right side of 
the mean values on the same measurement day indicates that there is no significant difference between these values according to the Tukey’s honestly significant 
difference test at 5% significance level. Source: Elaborated by the authors.

The main reasons of weight loss at fruits during storage are the movement of water from fruit to the atmosphere (Duan 
et al. 2011) and the loss of carbohydrate reserves by respiration (Kahramanoğlu 2017). The present results support the 
general knowledge that coatings reduce weight loss by providing barrier to moisture and oxygen. These findings were in 
conjunction with those suggested by Petriccione et al. (2015) for the strawberry cultivars ‘Candonga’, ‘Jonica’ and ‘Sabrina’. 
In their research, the weight loss of chitosan (2%) coated fruits was recorded to vary from 6.97% to 8.98% at the end (9th 
day) of storage. Similarly, Ventura-Aguilar et al. (2018) reported that chitosan-based edible coatings provide favorable 
conditions for the storage of strawberries and reduce the weight loss of the fruits. Moreover, Khalifa et al. (2016) reported 
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similar findings for chitosan-based edible coatings, where incorporation of edible coatings with lemongrass oil was found 
to provide higher performance in preventing weight loss. Strawberries stored with zein fiber was noted to show a significant 
reduction in weight loss, about 6% less than the control in 20 days of storage (Colussi et al. 2021). Additional to the benefits 
of laurel essential oil, glycerol, a hydrophilic polyol, promotes a better elasticity for the coating materials. This increases the 
hydrophobic character of the coating material and had a positive impact on the water permeation resistance of the edible 
coating (Pavinatto et al. 2020).

In a similar study, edible coatings developed from the combination of cassava starch and cinnamon or fennel essential oils 
were reported to have positive impacts on the storability of fresh-cut apples (Oriani et al. 2014). The researchers suggested 
that coatings increase water vapor resistance, decreased respiration rate and reduced the weight loss.

Incorporation of lemongrass essential oil into starch-based edible film was also suggested to reduce the weight loss 
of chili fruits and improve its storability. The lemongrass essential oil was noted to improve the mechanical properties of 
edible films and decreased tensile strength (Perdana et al. 2021). Lemongrass essential oils were also suggested to reduce the 
weight loss at papaya fruits when incorporated in starch-based edible coatings (Praseptiangga et al. 2017). Incorporation of 
essential oils such as oregano and black cumin, into starch-based edible films positively affects the mechanical properties 
(i.e., tensile strength) and water vapor barrier abilities of the materials, which helps to obtain less weight loss at the treated 
fruits (Šuput et al. 2016).

Respiration rate

The results recorded for the respiration rate (mL CO2 kg–1∙h–1) of strawberry fruits applied with different treatments and 
stored for 15 days are shown in Table 2. In all samples, the respiration rate of the fruits decreased during the first 3 days 
of storage, and then had an increasing trend. The samples stored without any treatment (control fruits) were all found to 
have higher respiration rate than the treated fruits. The lowest respiration rate was recorded for samples treated with edible 
coatings enriched with laurel essential oil. Those results are in agreement with the reports of Ventura-Aguilar et al. (2018), 
where coated fruits were recorded to have less respiration rate. This is in conjunction with the general knowledge too. 
Changing surrounding atmosphere of the fruits affect the respiration rate and reducing respiration rate would result with 
a reduction in the weight loss. In a similar study, Jalali et al. (2020) also noted that the respiration rate and CO2 production 
increases during the storage and is very high at the end of the shelf life.

Table 2. Effects of edible coatings and edible coatings enriched with laurel essential oil on the quality parameters of strawberry ‘Camarosa’ 
fruits during 15 days of storage.

Treatments
Day 0 Day 3 Day 6 Day 9 Day 12 Day 15

Respiration rate (mL CO2∙kg–1∙h–1)

Control 9.4±0.3 a 2.2±0.4 a 12.3±0.1 a 17.2±0.9 a 21.9±0.5 a 25.3±3.6 a

Edible coating 9.4±0.3 a 2.0±0.2 b 8.2±0.1 b 11.7±0.6 b 15.7±0.7 b 23.7±0.9 a

EC + laurel EO 9.4±0.3 a 1.9±0.3 b 8.6±0.7 b 11.2±0.2 b 12.5±0.7 b 18.5±0.9 b

Disease severity (0–5 scale)

Control 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.4±0.5 a 1.8±0.6 a 3.2±0.7 a

Edible coating 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.1±0.3 b 1.1±0.5 b 1.8±0.7 b

EC + laurel EO 0.0±0.0 a 0.0±0.0 a 0.0±0.0 a 0.1±0.2 b 0.8±0.5 c 1.3±0.5 c

Chemical spoilage (1–5 scale)

Control 5.0±0.0 a 4.8±0.4 b 3.9±0.8 b 3.1±0.8 b 2.4±0.7 b 1.2±0.4 b

Edible coating 5.0±0.0 a 5.0±0.0 a 4.7±0.5 a 4.4±0.5 a 3.8±0.4 a 2.6±0.6 a

EC + laurel EO 5.0±0.0 a 5.0±0.0 a 4.9±0.2 a 4.7±0.5 a 4.2±0.6 a 3.3±0.5 a

continue...
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Table 2. Continuation....

Treatments
Day 0 Day 3 Day 6 Day 9 Day 12 Day 15

Fruit Firmness (kg∙cm–2)

Control 0.73±0.04 a 0.59±0.04 a 0.54±0.04 a 0.49±0.04 a 0.44±0.04 b 0.36±0.02 b

Edible coating 0.73±0.04 a 0.60±0.04 a 0.54±0.04 a 0.48±0.04 a 0.48±0.04 a 0.40±0.02 a

EC + laurel EO 0.73±0.04 a 0.61±0.04 a 0.55±0.04 a 0.50±0.04 a 0.50±0.04 a 0.42±0.02 a

Ascorbic Acid (mg∙100 g–1)

Control 32.0±0.7 a 26.4±0.7 b 32.9±0.7 b 31.2±1.3 c 29.9±1.3 b 27.3±1.3 b

Edible coating 32.0±0.7 a 28.1±0.7 a 35.1±1.3 a 32.5±1.3 a 31.6±0.7 a 29.0±0.7 a

EC + laurel EO 32.0±0.7 a 27.7±0.7 ab 35.5±0.7 a 34.2±0.7 a 32.0±0.7 a 29.4±0.7 a

Soluble Solids Concentration (%)

Control 12.5±0.2 a 11.1±0.4 a 10.7±0.4 b 12.6±0.3 a 12.9±0.4 a 13.1±0.2 a

Edible coating 12.5±0.2 a 11.3±0.4 a 11.7±0.4 a 12.3±0.2 a 12.3±0.1 b 12.4±0.1 b

EC + laurel EO 12.5±0.2 a 11.3±0.4 a 11.2±0.5 a 12.3±0.4 a 12.4±0.3 b 12.4±0.3 b

Titratable acidity (g∙100 g–1 citric acid)

Control 0.76±0.03 a 0.80±0.02 a 0.86±0.02 a 0.84±0.02 a 0.67±0.04 b 0.60±0.04 b

Edible coating 0.76±0.03 a 0.78±0.02 a 0.82±0.02 b 0.81±0.01 b 0.75±0.01 a 0.69±0.02 a

EC + laurel EO 0.76±0.03 a 0.79±0.02 a 0.82±0.02 b 0.81±0.02 b 0.72±0.01 ab 0.70±0.01 a

Note. Values are means ± standard deviations in the table and the same letter or letters near the values represent no significant difference among the treatments 
on the same measurement day according to the Tukey’s HSD (honestly significant difference) test at 5% significance level. Source: Elaborated by the authors.

Disease severity

One of the most important findings of this research was the prevention of disease severity in fruits (Table 2). Accordingly, 
the disease severity started to be observed in the control fruits from the 6th day of storage and, at the end of the 15 days of 
storage period, the disease severity was determined as 3.22 according to the 0–5 scale. On the other hand, disease severity 
in samples treated with edible coatings and edible coatings enriched with laurel essential oil applications were determined as 
1.83 and 1.33 at the end of the 15 days of storage period. Similar effects were previously noted for edible coating by several 
researchers (Khodaei et al. 2021; Pavinatto et al. 2020; Quintana et al. 2021; Ventura-Aguilar et al. 2018). In a similar study, 
Tajkarimi et al. (2010) reported that an edible coating supplemented with cinnamon oil increased the success in preventing 
disease severity. The success of edible coatings enriched with laurel essential oil in the present study can be attributed to 
the high contents of eucalyptol compound in the chemical structure of laurel essential oil. Quintana et al. (2021) reported 
that noncoated control strawberries had 31.7% decay in 10 days of storage, where the chitosan (enriched with rosemary or 
thyme oil) coated fruits had less than 10% decay. Similar success was also suggested by Martínez et al. (2018) for chitosan 
coatings enriched with Thymus capitatus essential oil.

Chemical spoilage

Chemical spoilage is a very important quality parameter, which significantly impact the consumer preferences. As for 
other quality parameters, chemical spoilage results of the present study have been found to support the positive results of 
both edible coating applications (Table 2). In line with these results, chemical spoilage was determined as 3.33 at the control 
fruits according to the 1–5 scale after 15 days of storage. At the same time, the chemical spoilage of the samples coated 
with edible coatings enriched with laurel essential oil was recorded to be only 1.22. This is also far below from the score 
(2.61) of samples treated with edible coatings. These results support other disease severity and weight loss results and are 
an important indicator of the success of the edible coating enriched with laurel essential oil.
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Fruit firmness

Changes in the firmness of strawberry fruits during storage are given in Table 2. The firmness of strawberries 0.73 kg·cm–2 
before storage. The firmness of control samples decreased to 0.36 kg·cm–2 in 15 days of storage. The highest fruit firmness 
was noted from the samples treated with edible coatings enriched with laurel essential oil as 0.42 kg·cm–2. High respiration 
increases ripening and senescence, and causes an increase in the amount of water-soluble pectin in strawberry fruits. This 
may result with a change in molecular changes of polysaccharides in the cell wall, resulting in softening of strawberry fruits 
(Ventura-Aguilar et al. 2018). Prevention of this situation (by reducing the respiration rate) also helps to preserve the fruit 
firmness. In a similar study, Restrepo et al. (2010) reported that the fruit firmness of the samples treated with control was 
about three times less than the samples treated with Aloe vera gel and 0.1% carnauba wax coating. Decrease in fruit firmness 
may occur during postharvest storage, because of changes in the cell walls of strawberry fruits, which mainly involve a 
decrease in pectin levels (Yan et al. 2019).

Ascorbic acid

Ascorbic acid has an important role in fruits’ defense mechanism against storage conditions and has a vital role in 
human nutrition. Similar to other quality parameters, both edible coating and edible coatings enriched with laurel essential 
oil practices contributed to the preservation of ascorbic acid content of fruits (Table 2). According to the results obtained, 
there was a decrease in the ascorbic acid content of the fruits in the first days of the storage, and an increase in ascorbic acid 
biosynthesis and consequently increase in the amount began to be observed in the following days. Similar observations by 
Atress et al. (2010) noted a decrease in the ascorbic acid content during storage. All these results revealed that edible coating 
applications have a positive effect on the amount of ascorbic acid, which has an important role in the fruit’s antioxidant and 
defense mechanism, and this positive effect increased with the use of linseed oil.

Soluble solids concentration

The soluble solids concentration (SSC) was recorded as 12.53% at the beginning of storage. Results showed a decrease 
in the SSC in the first 6 days of storage and an increase thereafter. However, no significant difference was noted among the 
initial and final SSC contents of the fruits. These results support the findings of Bose et al. (2019), who reported a decrease 
in the SSC content of the fruits during 4–6 days of storage. The changes in the SSC content during the storage period was 
recorded to be similar with the change in ascorbic acid content (Table 2). This situation can be explained by the increase 
in solubility ratio due to the weight loss in fruits. In addition, the low loss and changes in fruits, especially at the coated 
samples, can be explained by the change in the air composition around the fruits and therefore the decrease in respiration 
rate. The reduction in respiration rate preserves the SSC content by reducing carbohydrate and sugar breakdown (Ventura-
Aguilar et al. 2018).

Titratable acidity

Finally, it was observed that both treatments contributed to the slower changes in the titratable acidity (TA) content of 
fruits compared to the control (Table 2). According to the results obtained, the amount of acidity, which showed a slight 
increase in the first days of the preservation and decreased with the increase of spoilage in fruits, was less in samples coated 
with different treatments. Increase in respiration rate and fruit senescence are responsible for the reduction of different 
quality parameters, such as fruit weight, ascorbic acid, SSC and TA, which alter the characteristics of fruits (Liu et al. 2018). 
The changes in TA can also be explained by the use of organic acids after carbohydrates in fruit respiration (Nguyen et al. 
2020). This explains the greater changes in the uncoated fruits and increase in the changes after a long period.



9

Edible coatings improve storability of strawberry

Bragantia, Campinas, 81, e1922, 2022

CONCLUSION

The current study suggests that the incorporation of laurel essential oil into the starch-based edible coating improve the 
efficacy of the coatings on the storability of strawberry fruits. According to the obtained results, the combination of edible 
coating with essential oil provided less weight loss during the 15 days of storage with only 7.13%. This high performance 
is strongly related with the reduced respiration rate of the coated fruits. The lowest disease severity score (1.3 ± 0.5) and 
lowest chemical spoilage (3.3 ± 0.5) were noted in the combined EC + laurel essential oil treatment. Accordingly, the average 
storage duration of strawberry ‘Camarosa’ fruits can be extended to 9 days with the application of edible coating, and up to 
12 days with the edible coatings enriched with laurel essential oil. Confirmation of these results is highly necessary in other 
fruits. Then, new results would be beneficial for developing industrially applicable coating materials for fruit preservation.
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