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Abstract: The objective was to elucidate the influences of Laurus nobilis essential oil nanoemulsion on
the quality properties of fresh-cut muskmelons (Cucumis melo L.) stored at 4 ◦C for 8 days. The L.
nobilis oil nanoemulsion coating can inhibit changes in the browning index and titratable acidity level
of muskmelon samples. The browning index in the slices treated with L. nobilis oil nanoemulsion
was 0.095 ± 0.007, as compared with that of the control (0.314 ± 0.018). Meanwhile, L. nobilis oil
nanoemulsion treatment maintained total phenolic content, with values ranging from 11.13 ± 0.74 mg
GAE/g FW to 9.47 ± 0.75 mg GAE/g FW and inhibited the activities of related enzymes, such as
polyphenol oxidase, peroxidase and antioxidant enzymes (catalase and peroxidase). Moreover, the
application of L. nobilis oil nanoemulsion inhibited the proliferation of spoilage microorganisms. The
population of the aerobic bacteria of the muskmelon samples subjected to L. nobilis oil nanoemulsion
treatment was 5.14 ± 0.47 log CFU/g FW, whereas that of the control was 9.42 ± 0.88 log CFU/g
FW after 8 days. Therefore, the tested L. nobilis oil nanoemulsion may contribute to the inhibition
of surface browning and enhancement of the shelf life of fresh-cut muskmelons for eight days at
refrigerator temperature.

Keywords: Laurus nobilis essential oil; nanoemulsion; fresh-cut muskmelon; browning inhibition;
shelf life

1. Introduction

Muskmelons (Cucumis melo L.) are popular worldwide because of their unique flavor,
taste and crispness. Lately, the market trend of fresh cut fruit and vegetables has greatly
expanded due to the convenience of handling and eating and their fresh appearance. Owing
to the growing requirement, fresh agricultural industrialists have represented interest in
introducing muskmelons as fresh cut products.

Controlling fresh fruit quality, corruption and pathogen growth are the challenges
faced by the fresh-cut fruit industry [1]. Therefore, using edible coating to increase the shelf
life of fresh-cut fruit has been recommended. Edible coatings can be used as carriers of
antimicrobial agents, antioxidants, anti-browning agents, flavoring agents and colorants
that improve the nutritional, sensory and microbial properties of fresh-cut fruit [2].

Essential oils are commonly used as flavoring agents and have antibacterial activities
against pathogenic microorganisms, but their application is limited in food processing
because their water solubility is low and their volatility is high [3]. These limitations can
be overcome by adding these compounds to edible coatings [4]. Moreover, the addition
of surfactants to the biopolymer/essential oil mixture reduces the size of an emulsion,
thereby providing additional benefits, such as improved water dispersibility and protection
of essential oils from degradation [3,4]. For instance, the edible coatings of clove bud
essential oil have been used in controlling foodborne bacteria (Salmonella Typhimurium and
Listeria monocytogenes) in fresh-cut pak choi [5]. Chitosan-tea tree oil nanoemulsions have
been used to increase the shelf life of fresh-cut red bell pepper [6]. Lemongrass essential
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oil antimicrobial nanoemulsions have used to improve safety and quality attributes of
fresh-cut Fuji apples [7]. Orange peel essential oil microemulsions and nanoemulsions have
been used to extend the shelf life of fresh-cut orange in pectin-based coating [8].

Laurus nobilis essential oil (LNEO) has a variety of biological activities, such as antiox-
idant, antifungal, antiviral, antibacterial and insecticidal activities, and has been widely
studied and valued [9]. Its functional diversity is attributed to its abundant chemical
components, which are composed of oxygen-containing monoterpenes, such as 1,8-cineole,
terpinen-4-ol, methyl eugenol, linalool and syringa phenol [10]. Guar gum coating coupled
with LNEO has been used to preserve unripe green mangoes during cold storage [11].
LNEO microemulsions show excellent antifungal activity in vivo and are effective in pre-
venting the post-harvest decay of cherry tomatoes [12]. However, reports about the ex-
tension of fresh-cut muskmelons with LNEO emulsions are few. Therefore, in the current
research, a LNEO nanoemulsion that can extend the shelf life of fresh-cut muskmelons was
prepared.

2. Materials and Methods
2.1. Materials

White muskmelons (Cucumis melo L.) were brought from a wholesale fresh produce
dealer in the fruit market of Hangzhou, Zhejiang, China. Pieces of fruit with the same
shape, size (approximately 12 cm diameter) and color, without damage or injury, were
selected and immediately conveyed to the lab.

LNEO was purchased from Shenzhen Guoxin Flavors and Fragrances Co., Ltd. (Shen-
zhen, China). Tween 80 was purchased from Aladdin Chemical Reagent Co., Ltd. (Shanghai,
China). Folin−Ciocalteu reagent was purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Other chemicals and solvents used were of analytical grade.

2.2. Construction of Pseudo-Ternary Phase Diagrams

The formulation of the LNEO nanoemulsion was determined with a solubility study
and constructed pseudo-ternary phase diagrams. Tween 80 and ethanol were selected as
surfactant and co-surfactant, respectively. The oil phase was prepared by mixing ethanol
and LNEO in a 3/1 (v/v) ratio. Water was used as the aqueous phase. Tween 80 was used
as the solvent system in the construction of a pseudo-ternary phase diagram in view of the
solubility study in which the water titration method was used. The pseudo-ternary phase
diagram was elaborated by mixing the oil phase with Tween 80 in 0:10, 1:9, 2:8, 3:7, 4:6, 5:5,
6:4, 7:3, 8:2, 9:1 and 10:0 ratios. Water was added dropwise to each oily mixture, and the
mixtures were stirred with a magnetic mixer. All the samples were subjected to ultrasound
treatment for 30 min for equilibration. The samples were allowed to equilibrate for 24 h
before examining them. Each sample showed negligible evaporation loss. Samples that
remained transparent and uniform after vigorous vortexing were considered to belong to
the monophasic areas of the phase diagram.

2.3. Characterisation of LNEO Nanoemulsion

The phase separation and transparency of LNEO nanoemulsion were identified
through visual inspection. The conductivity of the preparations at 10 ◦C was determined
using a DDS-11A conductivity meter (Hangzhou Yamei Electronic Instrument Co., Ltd.,
Hangzhou, China). The particle size distribution, mean particle diameter and polydis-
persity index (PDI) of the LNEO nanoemulsion were determined through dynamic light
scattering (DLS) analysis at 25 ◦C with a Zetasizer Nano-ZS90 (Malvern Instruments,
Malvern, Worcestershire, UK). The analysis was performed at a scattering angle of 90◦.

2.4. Fruit Processing and Storage

All the muskmelon fruits were washed with tap water, sanitised with a sodium
hypochlorite solution for 5 min, then washed with sterilised distilled water and dried
with cold air. The fruit samples were peeled, and their cores were removed and cut into
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2–2.5 cm-thick slices with a sharp stainless steel knife. The pretreated fruit slices were
randomly assigned to two groups. The control was immersed in sterilised distilled water,
whereas the treatment group was immersed in LNEO nanoemulsion for 30 min at room
temperature. All the samples were packed individually in polyethylene packaging bags
and stored in an incubator at 4 ◦C for 0, 2, 4, 6 and 8 days successively. One piece (about 20
g) was packed in each bag. Fifteen coated and uncoated muskmelon slices were prepared,
respectively. Three random samples were selected from each group every other day for
analysis.

2.5. Evaluation of Physicochemical Attributes
2.5.1. Firmness

The texture of each muskmelon was measured using a TA-XT2i Texture Analyzer
(Stable Micro Systems Ltd., England, UK). The measurement was based on the maximum
penetration force required for a probe of 4 mm diameter to penetrate the cylinders (20 mm
high) to a 10 mm depth at a rate of 5 mm/s. Muskmelon pieces were placed perpendicularly
to the probe for the penetration of their geometric centres. Three pieces (about 60 g) each
treatment were measured every time. Muskmelon pieces from each bag were ground after
firmness and lightness were measured for the preparation of homogeneous samples.

2.5.2. Lightness and Browning Index

During the storage period, lightness changes in the slices were measured with a
Minolta chroma meter (Model CR-400, Minolta, Tokyo, Japan) according to the method of
Salvia-Trujillo et al. [7]. The L** value was used as the indicator of cut-surface lightness
intensity. The measurements were performed by placing the sample slices on a standard
plate.

The browning index was measured according to the method depicted by Saxena
et al. [13] and Sharma and Rao [14]. Briefly, 0.5 g of each sample was extracted in 5 mL of
ethanol for 1 h, then the extract was filtered. The browning index of the filtrate in terms of
optical density (OD) at 420 nm (A420) was recorded.

2.5.3. Total Soluble Solids (TSS), Titratable Acidity (TA) and Total Phenolic Content (TPC)

The total soluble solids (TSS; Brix) and titratable acidity (TA) were expressed as citric
acid equivalents and assayed with a pocket Brix-Acidity meter (PAL-BX/ACID F5, Atago
Co., Ltd., Minato, Japan). Total phenolics content (TPC) was estimated using the Folin–
Ciocalteu reagent method as described by Xu et al. (2015) [15]. The amount of TPC was
expressed as milligrams of gallic acid equivalents per gram of fresh weight (mg GAE/g
FW).

2.6. Assay Activities of Enzymes

Polyphenol oxidase (PPO) and peroxidase (POX) activities were determined according
to the methods described by Zhu and Zhan [16] and Sharma and Rao [14], respectively. The
activities of PPO and POX were expressed as U/g protein. Protein content was determined
using the Bradford method with bovine serum albumin as standard [17].

Activities of phenylalanine ammonia lyase (PAL), peroxidase (POD) and catalase
(CAT) were measured by using PAL, POD and CAT assay kits (Shanghai Solarbio Biotech-
nology Co., Ltd., Shanghai, China) in accordance with the instructions of the manufacturer,
respectively. The activities of PAL, POD and CAT were expressed as U/g protein.

2.7. Microbiological Evaluation

The microbial quality of the fresh-cut muskmelon slices was determined in view of
total aerobic plate count as well as yeast and mold counts with the pour plate technique [18].
Serial dilution samples were prepared by vigorously washing 25 g of muskmelon tissue in
homogeneous bags with 225 mL of 1 g/L sterile buffer peptone water at room temperature.
Then, the microbes were inoculated into plate count agar at 36 ± 1 °C for 48 h and potato
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dextrose agar at 28 ± 1 °C for 5 days. After incubation, the number of colonies was
calculated and expressed as logarithmic colony forming units per gram of fresh weight (log
CFU/g FW).

2.8. Statistical Aanalysis

Each measurement was carried out in triplicate, and results were presented as mean ± stan-
dard deviation. SPSS 13.0 was used in performing analysis of variance (ANOVA). Differences
were regarded as significant at p value of <0.05.

3. Results and Discussion
3.1. Construction of Pseudo-Ternary Phase Diagrams and Formulation of LNEO Nanoemulsions

Emulsions can be formed in a range of surfactant–oil ratios, which are essential to the
determination of particle size and emulsion stability [19]. Pseudo-ternary phase diagrams
were constructed for the determination of the appropriate proportions of oil, surfactant
and cosurfactant for the nanoemulsions. On the basis of the solubility study, Tween 80 was
selected as the surfactant for pseudo-ternary phase diagram construction and formulation
studies.

The solubility of LNEO was achieved by using ethanol as the cosurfactant, and the
ratio of ethanol and laurel essential oil was 3:1. Nanoemulsion systems containing Tween
80 were prepared in different proportions. Most nanoemulsions were transparent and
isotropic, and no phase transition was observed after centrifugation at 4000× g for 30 min
(Figure 1). Given that Tween 80 negatively affected the antibacterial activity of essential
oil emulsions [3], a low amount of Tween 80 showed better results. When the pseudo-
ternary phase diagrams and when stability were considered, the selected nanoemulsion
was composed of water aqueous (99% w/w), Tween 80 (0.6% w/w), ethanol (0.3% w/w)
and LNEO (0.1% w/w).

Coatings 2022, 11, x FOR PEER REVIEW 4 of 11 
 

 

facturer, respectively. The activities of PAL, POD and CAT were expressed as U/g pro-
tein. 

2.7. Microbiological Evaluation 
The microbial quality of the fresh-cut muskmelon slices was determined in view of 

total aerobic plate count as well as yeast and mold counts with the pour plate technique 
[18]. Serial dilution samples were prepared by vigorously washing 25 g of muskmelon 
tissue in homogeneous bags with 225 mL of 1 g/L sterile buffer peptone water at room 
temperature. Then, the microbes were inoculated into plate count agar at 36 ± 1 ℃ for 48 
h and potato dextrose agar at 28 ± 1 ℃ for 5 days. After incubation, the number of colo-
nies was calculated and expressed as logarithmic colony forming units per gram of fresh 
weight (log CFU/g FW). 

2.8. Statistical Aanalysis 
Each measurement was carried out in triplicate, and results were presented as mean 

± standard deviation. SPSS 13.0 was used in performing analysis of variance (ANOVA). 
Differences were regarded as significant at p value of <0.05. 

3. Results and Discussion 
3.1. Construction of Pseudo-Ternary Phase Diagrams and Formulation of LNEO Nanoemulsions 

Emulsions can be formed in a range of surfactant–oil ratios, which are essential to 
the determination of particle size and emulsion stability [19]. Pseudo-ternary phase dia-
grams were constructed for the determination of the appropriate proportions of oil, sur-
factant and cosurfactant for the nanoemulsions. On the basis of the solubility study, 
Tween 80 was selected as the surfactant for pseudo-ternary phase diagram construction 
and formulation studies. 

The solubility of LNEO was achieved by using ethanol as the cosurfactant, and the 
ratio of ethanol and laurel essential oil was 3:1. Nanoemulsion systems containing Tween 
80 were prepared in different proportions. Most nanoemulsions were transparent and 
isotropic, and no phase transition was observed after centrifugation at 4000× g for 30 min 
(Figure 1). Given that Tween 80 negatively affected the antibacterial activity of essential 
oil emulsions [3], a low amount of Tween 80 showed better results. When the pseu-
do-ternary phase diagrams and when stability were considered, the selected nanoemul-
sion was composed of water aqueous (99% w/w), Tween 80 (0.6% w/w), ethanol (0.3% 
w/w) and LNEO (0.1% w/w). 

 
Figure 1. Pseudo-ternary phase diagram of the aqueous phase/Tween 80/ethanol/LNEO system. 

0.00 0.25 0.50 0.75 1.00

0.00

0.25

0.50

0.75

1.00 0.00

0.25

0.50

0.75

1.00

LNEO/ethanol

One phase region

Multiple phase region

Tween 80

Aqueous phase

Crystalline region

Figure 1. Pseudo-ternary phase diagram of the aqueous phase/Tween 80/ethanol/LNEO system.

3.2. Physical Properties and Stability of the Prepared Nanoemulsions

The freshly prepared nanoemulsion was transparent. Particle size distribution, av-
erage particle size and PDI are important indicators for describing the characteristics of
emulsions, such as uniformity, dispersibility and stability [20]. The mean particle size of
the nanoemulsion revealed by DLS measurements was 23.57 ± 0.61 nm. The peak width of
the distribution diagram was very narrow, indicating that the particle size of the LNEO
nanoemulsion was uniform. A PDI of 0.289 ± 0.019 revealed that the LNEO nanoemul-
sion droplets were dispersed, and particle adhesion and aggregation did not occur. The
conductivity value of nanoemulsion was 447.6 ± 9.2 µs/cm. LNEO nanoemulsion can be
determined as oil-in-water (O/W) nanoemulsions because of its high conductivity [21].
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This formulation ensured a single phase after centrifugation at 4000× g for 15 min and
storage for 30 days. In addition, the concentrations of LNEO in the nanoemulsions were
similar to those in freshly prepared nanoemulsions after 30 days of storage. Furthermore,
the mean particle size and PDI did not change during storage period. These results showed
that the nanoemulsion formulated by LNEO, ethanol, Tween 80 and the aqueous phase
was stable.

3.3. Changes in Firmness, Lightness and Browning Index in Fresh-Cut Muskmelons

Table 1 shows the changes in the firmness, lightness and browning index of fresh-cut
muskmelons uncoated and coated with LNEO nanoemulsions during storage. Interestingly,
the LNEO nanoemulsion coating had no significant influence (p > 0.05) on the firmness
of muskmelon slices during storage time. No considerable change in the firmness of the
fresh-cut muskmelons was found during storage with LNEO nanoemulsion, and the values
ranged from 11.72 ± 1.01 kg to 11.55 ± 0.79 kg. In addition, no softening of control fresh-cut
muskmelons was observed during storage, and the values ranged from 11.76 ± 1.12 kg to
11.29 ± 0.84 kg. Thus, coating with the LNEO nanoemulsion had no contribution to the
retention of the firmness of the fresh-cut muskmelon slices. Salvia-Trujillo et al. [7] found
that lemongrass essential oil (LEO) nanoemulsions as edible coatings had no influence on
the firmness of fresh-cut apples. However, fruit softens after coating with edible essential
oil [11,22]. Loss of hardness can be attributed to the low pH of a film-forming solution and
leads to the acid hydrolysis of pectinic acid in fruit cells [23]. The degradation of texture
may be due to structural changes because essential oil penetrated into the cell tissues of
fruit [24]. The difference between this study and the previously reports may depend on the
high initial hardness value of melon slices and the inherent variety hardness characteristics.
Interestingly, the firmness of fresh-cut muskmelons coated with a microencapsulated β-
cyclodextrin/trans-cinnamaldehyde complex in chitosan matrix was significantly firmer
throughout storage, possibly owing to the cross-linking phenomenon [25].

Table 1. Effects of LNEO nanoemulsion on firmness, lightness and browning index in fresh-cut
muskmelons.

Storage
Time

(Days)

Firmness (kg) Lightness (L*) Browning Index (A420)

Control LNEO
Nanoemulsion Control LNEO

Nanoemulsion Control LNEO
Nanoemulsion

0 11.76 ± 1.12 11.72 ± 1.01 72.66 ± 2.27 71.97 ± 2.17 0.067 ± 0.003 0.077 ± 0.002

2 11.70 ± 1.07 11.71 ± 1.03 69.12 ± 2.80 70.66 ± 2.46 0.094 ± 0.005 0.078 ± 0.004

4 11.59 ± 0.73 11.67 ± 1.03 68.91 ± 3.11 69.35 ± 1.64 0.136 ± 0.009 a 0.084 ± 0.006 b

6 11.48 ± 1.01 11.61 ± 0.76 65.20 ± 2.91 67.98 ± 1.82 0.193 ± 0.014 a 0.087 ± 0.003 b

8 11.29 ± 0.84 11.55 ± 0.79 60.35 ± 2.73 66.04 ± 1.93 0.314 ± 0.018 a 0.095 ± 0.007 b

a,b Data are the mean ± standard deviation (n = 3); a,b different letters in the same index denote statistical
significance.

The discoloration of fresh-cut muskmelons is the common factor limiting shelf life
and marketability [1]. Low L** values indicated increase in the degree of browning dis-
colouration. L** values of fresh-cut muskmelons was decreased throughout the storage in
in control and treated slices of muskmelons. The results revealed that the L** values in the
slices treated with LNEO nanoemulsion decreased by 8.24%, but the slices in the control
samples decreased by 16.94% at the end of the storage period. Whereas, there was no
significant influence (p > 0.05) on the lightness of muskmelon slices for two treatments. The
L* values of fresh-cut muskmelons coated with a microencapsulated β-cyclodextrin/trans-
cinnamaldehyde complex in chitosan matrix were higher than those of the controls by the
end of storage time [25]. Cut browning is the major constraint on the processing and sale of
fresh-cut produce, such as muskmelons. The browning index of the control slices increased
significantly relative to that in the LNEO nanoemulsion slices (p < 0.05). Naeem et al. [11]
found that mangoes with edible coatings supplemented with essential oils including LNEO



Coatings 2022, 12, 159 6 of 11

had significantly low browning indices. The colors of muskmelon slices can be affected by
different mechanisms: nonenzymatic browning due to the degradation of ascorbic acid,
acid-catalysed degradation of sugars and Maillard reactions between reducing sugars and
amino acids and enzymatic browning by PPO and POX, which are the major deteriorative
reactions during storage [26]. Edible coatings can retard enzymatic browning due to their
oxygen barrier properties [8]. Therefore, the use of LNEO nanoemulsion has an effect on
color maintenance in fresh-cut muskmelons.

3.4. Changes in Total Soluble Solids and Titratable Acidity in Fresh-Cut Muskmelons

Changes in the TSS, TA and TSS/TA of fresh-cut muskmelon slices during storage are
shown in Table 2. The TSS content of the uncoated fresh-cut muskmelons remained constant
throughout the storage period, consistent with previous reports [11,27] and is not signifi-
cantly different (p > 0.05) from the TSS content in the coated samples. Nevertheless, the TSS
content in fresh-cut muskmelons coated with a microencapsulated β-cyclodextrin/trans-
cinnamaldehyde complex in chitosan matrix was higher than that in the controls [25].
However, TA showed a declining trend during storage. TA in the control slices decreased
by 54.54% at the end of the storage. Meanwhile, TA in the slices treated with LNEO na-
noemulsion significantly decreased (37.50%) relative to that in the control sample (p < 0.05).
Similar observations were reported in previous works [11,25]. Compared to the first day,
the TSS/TA ratio increased for both treatments. The TSS/TA ratio of the control group
was higher than that of the LNEO nanoemulsion-treated samples. A significant difference
(p < 0.05) was found during storage. Change in TSS/TA ratio showed that the taste of the
fresh-cut muskmelons had changed during storage [27]. The result revealed that LNEO
nanoemulsion affected the taste of the fresh-cut muskmelons.

Table 2. Effects of the LNEO nanoemulsion on TSS and TA content in fresh-cut muskmelons.

Storage
Time

(Days)

TSS (%) TA (%) TSS/TA Ratio

Control LNEO
Nanoemulsion Control LNEO

Nanoemulsion Control LNEO
Nanoemulsion

0 13.31 ± 0.70 13.37 ± 0.55 0.22 ± 0.02 0.22 ± 0.02 60.50 ± 5.47 60.77 ± 4.74

2 13.23 ± 0.40 13.27 ± 0.23 0.20 ± 0.01 0.21 ± 0.02 66.15 ± 4.12 62.71 ± 2.66

4 13.06 ± 0.44 13.17 ± 0.38 0.17 ± 0.02 0.20 ± 0.02 76.82 ± 4.78 65.15 ± 3.45

6 12.86 ± 0.15 13.03 ± 0.38 0.13 ± 0.01 b 0.18 ± 0.01 a 98.92 ± 1.76 b 71.00 ± 2.65 a

8 12.78 ± 0.32 12.96 ± 0.46 0.10 ± 0.00 b 0.16 ± 0.01 a 127.8 ± 3.84 b 79.75 ± 4.62 a

a,b Data are the mean ± standard deviation (n = 3); a,b different letters in the same index denote statistical
significance.

3.5. Changes in the Activities of PPO, POX and PAL and Their Relationship with TPC

The cutting of muskmelon fruit accelarates enzymatic browning, which would lead
to economic loss. The rate of enzymatic browning depends on the pH, ascorbic acid, total
phenolics, temperature, active PPO content and oxygen availability in tissues [14]. Changes
in TPC in both treatments throughout the storage period are shown in Figure 2a. The
total phenolics content of fresh-cut muskmelons was parallel to that in the uncoated and
nanoemulsion-coated muskmelons in the initial day. Owing to wounding, TPC declined
by 41.63% in the uncoated muskmelon slices during storage. The decline in the coated
slices at 8 days of storage was lower (31.95%). The decrease in TPC during storage of
fresh-cut muskmelons may be due to the oxidation of PPO enzymes. Changes in the TPC
and PPO activity in LNEO nanoemulsion and the control showed similar trends during the
experiment period. PPO activity increased abruptly by 89.30% in the control but increased
only by 15.31% in the coated slices after 2 days of storage (Figure 2b). Finally, PPO activity
in the uncoated muskmelon slices was approximately two fold that in the coated slices.
With the prolongation of storage time, the effects of PPO activity and TPC value of fresh-cut
muskmelon slices on storage time indicated that the LNEO nanoemulsion treatment could
effectively reduce the occurrence of browning. The effects of PPO activity and TPC on
the degree of browning in muskmelon fruit were significantly different (p < 0.05) [14].



Coatings 2022, 12, 159 7 of 11

Similar, the relationship between TPC and PPO activity was also found by Sharma and Rao
(2015) [14]. Since POX has the ability to accept a wide range of hydrogen donors, such as
polyphenols, it is known to enzymatic browning of fresh-cut fruit [28]. Figure 2c shows
that the initial POX activity of the control samples was comparable to LNEO nanoemulsion
samples (4.450 ± 0.591 and 4.333 ± 0.501 U/g protein, respectively) and then increased
constantly in storage time. At the end of the storage period, the POX activity of the uncoated
samples was 25.37% higher than that of the coated samples. Whereas, the relative level
of oxidative stress mediated by the production of free radical species might result in the
overall continuous increase in POX activity of fresh-cut muskmelons during storage [29].
PAL is the catalyst for the initial step in phenylpropanoid biosynthesis, followed by the
formation of a variety of phenolic compounds [30]. PAL activity in uncoated fresh-cut slices
declined gradually in the storage period, which ranged from 2.085 ± 0.158 U/g protein to
0.823 ± 0.088 U/g protein (Figure 2d). However, PAL activity in the coated fresh-cut slices
remained stable within 6 days of storage and then showed a decrease in the end of storage.
Sharma and Rao [14] reported that the reduction of PAL activity was comparatively faster
in control than that of fresh-cut pears with edible coating. Therefore, our results reveal
that LNEO nanoemulsion could significantly inhibit the decrease in PAL activity (p < 0.05).
The low activities of PPO and PAL in muskmelon slices coated with LNEO nanoemulsion
might relieve the browning of the fresh-cut muskmelons.
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the coated samples. Whereas, the relative level of oxidative stress mediated by the pro-
duction of free radical species might result in the overall continuous increase in POX ac-
tivity of fresh-cut muskmelons during storage [29]. PAL is the catalyst for the initial step 
in phenylpropanoid biosynthesis, followed by the formation of a variety of phenolic 
compounds [30]. PAL activity in uncoated fresh-cut slices declined gradually in the 
storage period, which ranged from 2.085 ± 0.158 U/g protein to 0.823 ± 0.088 U/g protein 
(Figure 2d). However, PAL activity in the coated fresh-cut slices remained stable within 6 
days of storage and then showed a decrease in the end of storage. Sharma and Rao [14] 
reported that the reduction of PAL activity was comparatively faster in control than that 
of fresh-cut pears with edible coating. Therefore, our results reveal that LNEO 
nanoemulsion could significantly inhibit the decrease in PAL activity (p < 0.05). The low 
activities of PPO and PAL in muskmelon slices coated with LNEO nanoemulsion might 
relieve the browning of the fresh-cut muskmelons. 
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3.6. Changes in the Activities of POD and CAT in Fresh-Cut Muskmelons

The activities of enzymes (POD and CAT) related to the antioxidant system in fresh-cut
muskmelons are shown in Figure 3. Antioxidant system can protect against oxidative stress
and delay fruit senescence. Increases in the activity levels of POD and CAT antioxidant
enzymes lead to an increase in reactive oxygen species (ROS), thereby reducing fruit
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quality [31]. Figure 3 shows that in both muskmelon samples, activities of POD and
CAT increased during 8 days of storage. It was speculated that the increase in activities
of antioxidant enzyme was related to the mechanical damage to muskmelons during
fresh-cutting. However, the POD activity of the LNEO nanoemulsion-treated samples
was significantly lower than that of the control during storage (p < 0.05). As shown
in Figure 3a, the activities of POD in the uncoated and coated samples after 8 days of
storage was 33.12 ± 2.42 and 18.45 ± 1.82 U/g protein, respectively. At the end of storage,
the POD activity of the control sample was 1.80 times that of the LNEO nanoemulsion
treatment. The CAT exhibited the same activity trends as POD. The CAT activity of the
LNEO nanoemulsion-treated samples was significantly lower than that of the control
throughout the storage process (p < 0.05; Figure 3b). As shown in Figure 3b, the activities
of CAT in the uncoated and coated samples during 8 days of storage were 19.39 ± 1.50 and
9.367 ± 0.913 U/g protein, respectively. At the end of storage, the activity of the control
sample was 2.07 times higher than that of the LNEO nanoemulsion treatment. Owing to the
inhibition of antioxidative enzyme activities (CAT and POD) possibly by the antioxidant
activity of LNEO [32], the LNEO nanoemulsion treatment maintained the antioxidant
system of the fresh-cut muskmelons to a certain extent.
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3.7. Microbial Growth in Fresh-Cut Muskmelons

The microbial biomass of muskmelons is one of the important indexes for evaluating
storage attributes. Operations, such as peeling, cutting and slicing, greatly increase the
risk of microbial growth [15]. Consumers typically detect spoilage in fresh-cut fruit and
vegetables when the aerobic microorganisms, yeasts and molds are above 7 and 5 log
CFU/g, respectively, on fresh-cut fruit or vegetables [15]. As shown in Figure 4, microbial
growth in both treatments gradually increased with prolonged storage time. However,
the total number of aerobic bacteria in the LNEO nanoemulsion-treated samples was
significantly lower than that in the control group during storage (p < 0.05). The total number
of aerobic bacteria in the LNEO nanoemulsion-treated muskmelon samples was 5.14 ± 0.47
log CFU/g FW on days 8, whereas that of the control was 9.42 ± 0.88 log CFU/g FW
(Figure 4a). The aerobic plate counts of fresh-cut melons coated with a microencapsulated
β-cyclodextrin/trans-cinnamaldehyde complex in chitosan matrix were lower than those
of the controls [25]. After 8 days of storage, in the fresh-cut muskmelons treated with
LNEO nanoemulsion, the population of molds and yeasts was 3.12 ± 0.22 log CFU/g FW.
In the control population of molds and yeasts, the aerobic plate count was 5.24 ± 0.34 log
CFU/g FW (Figure 4b). The use of lemongrass essential oil did not exhibit a fungistatic
effect on yeast–mold populations in melons [33]. The different research results might be
due to the type of essential oil. Thus, LNEO nanoemulsion treatment had a major role in
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the restraining of microorganism growth. LNEO nanoemulsion treatment was effective in
inhibiting microbial growth possibly because LNEO contains strong antibacterial activities
that decrease the growth of microorganisms [9,32]. In addition, the application of thyme
essential oil and verbenaone as antibacterial agents successfully reduced the growth of
Listeria monocytogenes on fresh-cut melons [34].
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4. Conclusions

The prepared nanoemulsion was composed of water aqueous (99% w/w), Tween 80 (0.6%
w/w), ethanol (0.3% w/w) and LNEO (0.1% w/w) with 23.57 ± 0.61 nm particle size. An
LNEO nanoemulsion coating method retarded oxidative browning and decreased the TA level.
The browning index in the slices treated with the LNEO nanoemulsion was 0.095 ± 0.007, as
compared with 0.314 ± 0.018 in the slices of the control samples at the end of storage period.
LNEO nanoemulsion coating maintained TPC with values ranging from 11.13 ± 0.74 mg
GAE/g FW to 9.47 ± 0.75 mg GAE/g FW. Meanwhile, coating with LNEO nanoemulsion
inhibited the activities of browning related enzymes (PPO and POX), thereby preventing the
oxidation of total phenolics and delayed browning. Furthermore, the application of LNEO
nanoemulsion inhibited the activities of POD and CAT and inhibited the proliferation of
spoilage microorganisms. The populations of total aerobic bacteria as well as molds and yeasts
in the muskmelon samples after 8 days of storage after LNEO nanoemulsion treatment were
5.14 ± 0.47 and 3.12 ± 0.22 log CFU/g FW, whereas those in the control were 9.42 ± 0.88 and
5.24 ± 0.34 log CFU/g FW, respectively. Given that the LNEO nanoemulsion was found to
maintain the physiological quality of fresh-cut muskmelons, LNEO nanoemulsion coating is
effective in preserving fresh-cut muskmelons. Further studies are needed to establish the efficacy
of LNEO nanoemulsion in improving the quality of other fresh fruit and fresh-cut products.
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