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Abstract: Button mushrooms have a very short shelf life after harvesting and are sensitive to me-
chanical damage and browning. This can be a severe problem in enlarging the market and the
long-distance exportation of this product. In this respect, edible coatings could be an alternative
treatment to extend the shelf life of button mushrooms, maintaining their quality during long-term
storage. The aim of this study was to investigate the impact of gum, agar, sodium alginate, egg
white protein, and lecithin on the postharvest weight loss, color, browning, respiration rate, ethylene
production, and storage life of button mushrooms. The results showed that the above-mentioned
edible coatings are a promising way to extend the life and maintain the quality of button mushrooms.
Significant differences (p < 0.05) were observed between the control and edible coating-treated sam-
ples in all parameters. Sodium alginate and gum were more effective in preventing weight loss,
coloring, and browning than other edible coatings. On the other hand, the respiration rate and
ethylene production were more suppressed by the agar and lecithin coatings compared to the others.
In conclusion, it can be recommended that the above-mentioned edible coatings could be used as
novel coatings in commercial treatments for maintaining the quality of button mushrooms during a
long-term storage period.

Keywords: Agaricus bisporus; edible coatings; external ethylene; respiration rate; storage; quality

1. Introduction

Button mushrooms (Agaricus bisporus) have an important place in the world trade
of fresh produce because they contain important bioactive compounds such as vitamins,
minerals, polyphenolics, and flavonoids preferred by most consumers [1,2]. Since button
mushrooms have a very short shelf life after harvesting, special protection techniques are
required to maintain their quality and freshness.

There are various treatments for extending the shelf life of mushrooms, including
washing them with citric acid, ethylenediaminetetraacetic acid (EDTA), hydrogen peroxide,
and sodium hypochlorite. It has been reported that hydrogen peroxide, citric acid [3–5],
methyl jasmonate [6], essential oils [7], sodium metabisulfite [8], alginate [9], natamycin [10],
4-methoxy cinnamic acid [11], high-pressure argon and ultrasound [12], glycine betaine [13],
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CaCl2 [5], and coatings [14] have significant positive effects on mushroom preservation.
Among these treatments, edible coatings are traditionally used to enhance postharvest
food appearance and preservation, as edible coatings provide products with a sheen and
make them more attractive to consumers [15]. Moreover, they maintain the phytochemical
(antioxidants, phenolics, and color) and physicochemical (weight loss, respiration rate,
and ethylene production) properties for a longer period, and some edible coatings act as
a natural antimicrobial and antifungal compound in many fruits and vegetables [16].

Edible coatings consist of polysaccharides, proteins, and lipids made from various
agricultural products and food processing wastes and byproducts [17,18]. Polysaccharide
coatings are hydrophilic and include chitosan, pectin, carrageenan, cellulose derivatives,
starch derivatives, alginate, agar, and gums [19]. Proteins are also hydrophilic and include
corn zein, wheat gluten, peanut, soy, collagen, gelatin, whey, casein, and egg white pro-
tein [20,21]. Furthermore, lecithin has been used as an emulsifier to dissolve in coatings
containing oil [22]. Edible coatings generally act as a barrier to gas exchange properties
and thus prolong the storage life of fruit and vegetables [23,24].

In recent years, the increasing consumption of fresh produce worldwide has led to
the necessity for alternative biocontrol methods with a high efficiency, with a low residue
rate, that are non-toxic, that are environmentally and economically friendly, and which
do not threaten human health. Edible coatings applied as a thin layer on the product’s
surface are biodegradable materials that have no adverse effects on human health and are
environmentally and economically friendly. In this respect, edible coating materials are
promising treatments for extending the commercial storage life of fresh fruit and vegetables.
To our knowledge, there have been few published studies about the effect of gum, agar, and
sodium alginate, and no studies about the effect of egg white protein (EWP) and lecithin
on extending the storage life of button mushrooms. Therefore, the aim of this study was to
figure out an approach that could be used to extend the storage life of button mushrooms
and examine the effects of the above-mentioned edible coatings on the physicochemical
(weight loss, respiration rate, and ethylene production) and sensory qualities (color and
browning) of button mushrooms with modified atmosphere packaging.

2. Materials and Methods
2.1. Materials

Composts were purchased from a commercial company (Yiğit Mantar, Ankara, Turkey).
Mushrooms were grown in rooms where growing conditions could be controlled, belonging
to Van Yuzuncu Yil University Mushroom Research and Treatment Center. After mush-
rooms were successfully grown and harvested, mushrooms of uniform size, without any
browning symptoms, and free from mechanical damage were selected for the experiment.

2.2. Preparation of Edible Coating and Treatments

All harvested samples were first exposed to a Vilber Lourmat UV-C lamb with 254 nm
(0.25 kJ/m2) on all surfaces for 2 min from a distance of 20 cm for sterilization. The edible
coatings were purchased from a commercial company. Edible coatings made up of gum
(2.75 g), agar (2.75 g), sodium alginate (2.5 g), EWP (5 g), and lecithin (5 g) were prepared by
dissolving them in 500 mL of distilled water. The pH of the coating solutions was adjusted
to 6.0. After preparing the edible coatings, the mushrooms were randomly divided into
six groups. While the control group was dipped in distilled water, the others were dipped
for 2 min at 20 ◦C in the previously prepared coating solutions. After treatment, all samples
were dried at room temperature (20 ◦C). Later, the samples were placed on foam plates
(300 g each pack) and covered with stretch film (eight microns) for 15 days at a temperature
of 4 ◦C and a 90–95% relative humidity (RH).

The quality of the samples was analyzed at 0, 5, 10, and 15 days of storage, and a list of
quality parameters including weight loss, color, browning index, respiration rate, ethylene
production, and the concentration of O2 and CO2 inside the packages were measured at
selected days.
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2.3. Weight Loss (WL)

Weight loss was measured by a precision scale at 5-day intervals and calculated as
a percentage of the initial weight.

2.4. Color and Browning Index (BI)

The color of the mushroom caps (10 samples for each replicate) was measured by
a colorimeter (Minolta CR-400; Osaka, Japan) in L*, C◦, and h◦ color space. The browning
index (BI) was calculated as described by Karimirad et al. [25]:

BI = [100(X − 0.31)]/0.17,

where X = (a* − 1.75 L*)/(5.645 L* + a* − 3.012 b*).

2.5. Respiration Rate (RR) and Ethylene Production (EP)

In order to determine the respiration rate, the mushrooms (300 g) were kept in closed
2 L jars for 2 h, and the carbon dioxide (CO2) emission of the mushrooms was then
measured with the Quantek Headspace Gas Analyzer GS3/L (Grafton, MA, USA). The
respiration rate values are expressed as mL CO2 kg−1·h−1 [26]. The ethylene production
of samples was measured according to the methods of Çavuşoğlu [26]. The ethylene
production is expressed as mL C2H4 kg−1·h−1.

The oxygen and carbon dioxide concentrations in the packages were measured by the
Headspace Gas Analyzer GS3/L.

2.6. Statistical Analysis

This experiment was carried out as a completely randomized experimental design
with three replications and each package was evaluated after one replication. Descriptive
statistics for the studied variables were presented as mean and the Standard Error of the
Mean (SEM). Two-way Factorial ANOVA was performed on the data. Treatments with
different edible coatings and storage periods were considered as factors. Duncans’ Multiple
Range Test comparisons were also used to identify different levels of treatment and storage
factors. In addition, Pearson’s correlation coefficients between the measured parameters
were found. The statistical significance level was considered as 5% and the SPSS (ver: 20)
statistical program was used for all statistical computations.

3. Results
3.1. Weight Loss

Weight loss increased in all samples, regardless of treatment, during the 15-day storage
period. Furthermore, weight loss was significantly (p < 0.05) lower in the edible coating-
treated samples than in the uncoated samples. Significant differences (p < 0.05) were
observed between the storage periods (Table 1).

Table 1. The changes in weight loss during the storage of button mushrooms during 15 d at 4 ◦C. Data are presented as
means ± SEM.

Weight Loss (%) Storage Period (d)

Treatment 0 5 10 15 Means

Control 0.00 ± 0.00 2.75 ± 0.29 A 5.22 ± 0.64 A 7.68 ± 0.55 A 3.91 ± 0.88 A

EWP 0.00 ± 0.00 1.24 ± 0.21 B 2.88 ± 0.18 B 4.07 ± 0.18 B 2.05 ± 0.47 B

Lecithin 0.00 ± 0.00 1.36 ± 0.17 B 2.78 ± 0.18 B 4.29 ± 0.16 B 2.11 ± 0.49 B

Gum 0.00 ± 0.00 0.96 ± 0.46 B 2.77 ± 1.00 B 4.60 ± 0.96 B 2.08 ± 0.62 B

Agar 0.00 ± 0.00 1.73 ± 0.56 AB 2.44 ± 0.12 B 3.86 ± 0.37 B 2.01 ± 0.44 B

Sodium alginate 0.00 ± 0.00 1.53 ± 0.31 B 2.43 ± 0.21 B 3.41 ± 0.27 B 1.84 ± 0.39 B

Means 0.00 ± 0.00 d 1.60 ± 0.18 c 3.09 ± 0.29 b 4.65 ± 0.38 a

Significant effects; ptreatment = 0.11 pstorage = 0.01 ptreatment × pstorage = 0.01

Differences among storage periods are shown with small letters (p < 0.05), differences among treatments are shown with capital letters
(p < 0.05).
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3.2. Color and Browning Index (BI)

The level of L* values decreased in all samples during the storage period. However,
the sample treated with edible coatings resulted in higher values of L* at all the sampling
time intervals compared to the uncoated samples. The highest values of L* were 81.71
and 81.24 for the gum-treated samples and EWP-treated samples, respectively. L* values
were significantly (p < 0.05) higher in the edible coating-treated samples than in uncoated
samples. In addition, there were significant (p < 0.05) differences among the storage periods
(Table 2).

Table 2. The changes in L*, C◦, hue, and browning index (BI) during the storage of button mushrooms over 15 d at 4 ◦C.
Data are presented as means ± SEM.

L* Storage Period (d)

Treatment 0 5 10 15 Means

Control 87.36 ± 0.68 81.54 ± 1.23 B 79.25 ± 0.94 C 74.53 ± 0.45 C 80.67 ± 1.44 B

EWP 87.36 ± 0.68 85.98 ± 0.18 A 84.60 ± 0.44 A 81.24 ± 0.53 A 84.79 ± 0.72 A

Lecithin 87.36 ± 0.68 83.72 ± 1.22 AB 81.73 ± 0.79 B 79.00 ± 0.24 B 82.95 ± 0.98 AB

Gum 87.36 ± 0.68 85.81 ± 0.85 A 83.40 ± 0.31 AB 81.71 ± 0.54 A 84.57 ± 0.71 A

Agar 87.36 ± 0.68 84.26 ± 0.78 AB 82.25 ± 0.65 B 81.10 ± 0.50 A 83.74 ± 0.77 A

Sodium alginate 87.36 ± 0.68 85.39 ± 0.20 A 82.97 ± 0.18 AB 81.08 ± 0.97 A 84.20 ± 0.76 A

Means 87.36 ± 0.99 a 84.45 ± 2.01 b 82.37 ± 1.93 c 79.78 ± 2.71 d

Significant effects; ptreatment = 0.02 pstorage = 0.01 ptreatment × pstorage = 0.01

C◦

Control 15.25 ± 0.64 19.45 ± 0.82 AB 22.65 ± 0.66 A 24.28 ± 0.47A 20.41 ± 1.08
EWP 15.25 ± 0.64 18.13 ± 0.50 BC 19.03 ± 0.27 B 20.48 ± 0.39 C 18.22 ± 0.61

Lecithin 15.25 ± 0.64 20.62 ± 0.13 A 21.44 ± 0.19 A 22.16 ± 0.76 B 19.87 ± 0.85
Gum 15.25 ± 0.64 17.93 ± 0.16 BC 19.53 ± 0.34 B 20.84 ± 0.40 BC 18.39 ± 0.65
Agar 15.25 ± 0.64 17.38 ± 0.54 C 19.52 ± 0.42 B 21.40 ± 0.47 BC 18.39 ± 0.73

Sodium alginate 15.25 ± 0.64 18.05 ± 0.82 BC 18.91 ± 0.85 B 21.55 ± 0.08 BC 18.44 ± 0.74

Means 15.25 ± 0.92 d 18.59 ± 1.40 c 20.18 ± 1.60 b 21.79 ± 1.45 a

Significant effects; ptreatment = 0.23 pstorage = 0.01 ptreatment × pstorage = 0.01

hue
Control 84.46 ±0.13 85.78 ± 0.42 A 88.65 ± 1.02 A 92.93 ± 1.40 A 87.96 ± 1.05 B

EWP 84.46 ± 0.13 85.17 ± 0.24 AB 84.89 ± 0.24 B 85.12 ± 0.61 B 84.91 ± 0.17 A

Lecithin 84.46 ± 0.13 84.70 ± 0.46 AB 86.09 ± 0.47 B 85.20 ± 0.48 B 85.11 ± 0.26 A

Gum 84.46 ± 0.13 85.47 ± 0.50 A 84.97 ± 0.75 B 85.43 ± 0.54 B 85.08 ± 0.26 A

Agar 84.46 ± 0.13 84.00 ± 0.20 B 85.71 ± 1.46 B 83.87 ± 0.11 B 84.51 ± 0.38 A

Sodium alginate 84.46 ± 0.13 84.94 ± 0.18 AB 85.06 ± 0.05 B 85.54 ± 0.23 B 85.00 ± 0.14 A

Means 84.46 ± 0.20 c 85.01 ± 0.79 bc 85.89 ± 1.80 ab 86.35 ±3.24 a

Significant effects; ptreatment = 0.01 pstorage = 0.01 ptreatment × pstorage = 0.01

BI
Control 19.79 ± 0.88 28.30 ± 1.73 AB 38.30 ± 2.15 A 46.24 ± 0.98 A 33.16 ± 3.08 A

EWP 19.79 ± 0.88 24.44 ± 1.02 B 27.33 ± 1.14 BC 31.47 ± 1.00 BC 25.76 ± 1.35 B

Lecithin 19.79 ± 0.88 29.27 ± 0.99 A 31.59 ± 0.89 B 33.81 ± 0.86 B 28.61 ± 1.66 AB

Gum 19.79 ± 0.88 26.68 ± 1.74 AB 29.06 ± 0.40 BC 31.19 ± 0.20 BC 26.68 ± 1.36 B

Agar 19.79 ± 0.88 25.78 ± 1.15 AB 27.54 ± 1.53 BC 32.62 ± 0.92 BC 26.43 ± 1.47 B

Sodium alginate 19.79 ± 0.88 24.25 ± 1.27 B 26.31 ± 1.43 C 30.06 ± 1.29 C 25.10 ± 1.24 B

Means 19.79 ± 1.28 d 26.45 ± 2.74 c 30.02 ± 4.63 b 34.23 ± 5.82 a

Significant effects; ptreatment = 0.02 pstorage = 0.01 ptreatment × pstorage = 0.01

Differences among storage periods are shown with small letters (p < 0.05), differences among treatments are shown with capital letters
(p < 0.05).
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The value of C◦ steadily increased in all samples throughout storage. However, the
highest value of C◦ was 24.28 in the control samples after 15 days of storage. There was
a significant (p < 0.05) difference among treatments. Significant differences (p < 0.05) were
also observed among storage periods (Table 2).

The highest value of h◦ was observed in control samples with a value of 92.93, while
the lowest value was observed in EWP-treated samples with a value of 95.12 at the end of
the storage period. Significant differences (p < 0.05) were observed between the control
and edible coating-treated samples. Significant differences (p < 0.05) were observed among
storage periods (Table 2).

The browning index (BI) in both edible coating-treated and control samples showed
a trend of increase during storage. However, BI showed a lower trend in the samples
treated with an edible coating compared with uncoated samples. The lowest values of BI
were 30.06 and 31.19 for sodium alginate-treated and gum-treated samples, respectively.
BI was significantly (p < 0.05) lower in the edible coating-treated samples than that in the
uncoated samples. There were significant (p < 0.05) differences among the storage periods
(Table 2).

3.3. Respiration Rate (RR) and Ethylene Production (EP)

Ethylene production decreased sharply within the initial 5 d of storage in all samples.
However, samples treated with an edible coating suppressed ethylene production more
than the control samples. Ethylene production was significantly (p < 0.05) lower in the
edible coating-treated samples compared with the uncoated samples. Significant differences
(p < 0.05) were observed among the storage periods (Table 3).

Table 3. The changes in respiration rate, ethylene production, O2, and CO2 inside the packages during the storage of button
mushrooms during 15 d at 4 ◦C. Data are presented as means ± SEM.

Ethylene Storage Period (d)

Treatment 0 5 10 15 Means

Control 2.46 ± 0.06 1.88 ± 0.01 A 1.80 ± 0.01 A 1.54 ± 0.01 A 1.92 ± 0.10 A

EWP 2.46 ± 0.06 0.65 ± 0.03 D 0.91 ± 0.01 E 0.95 ± 0.01 B 1.24 ± 0.21 B

Lecithin 2.46 ± 0.06 0.85 ± 0.04 C 0.88 ± 0.01 E 0.77 ± 0.01 D 1.24 ± 0.21 B

Gum 2.46 ± 0.06 1.23 ± 0.01 B 1.47 ± 0.02 B 0.97 ± 0.01 B 1.53 ± 0.17 AB

Agar 2.46 ± 0.06 0.81 ± 0.02 C 1.10 ± 0.01 D 0.67 ± 0.01 E 1.26 ± 0.21 B

Sodium alginate 2.46 ± 0.06 0.69 ± 0.01 D 1.22 ± 0.01 C 0.86 ± 0.02 C 1.31 ± 0.21 B

Means 2.46 ± 0.09 a 1.02 ± 0.44 c 1.23 ± 0.33 b 0.96 ± 0.29 c

Significant effects; ptreatment = 0.09 pstorage = 0.01 ptreatment × pstorage = 0.01

Respiration rate
Control 95.94 ± 1.60 117.52 ± 3.80 A 96.59 ± 1.63 A 80.66 ± 1.21 A 97.68 ± 4.07 A

EWP 95.94 ± 1.60 104.38 ± 1.29 BC 86.57 ± 0.91 B 68.08 ± 1.15 B 88.74 ± 4.10 AB

Lecithin 95.94 ± 1.60 101.88 ± 2.05 C 71.13 ± 0.98 D 62.80 ± 1.41 C 82.94 ± 4.98 AB

Gum 95.94 ± 1.60 104.86 ± 0.59 BC 78.52 ± 1.56 C 69.26 ± 0.57 B 87.15 ± 4.26 AB

Agar 95.94 ± 1.60 102.57 ± 0.75 C 70.74 ± 1.61 D 48.82 ± 1.36 D 79.52 ± 6.46 B

Sodium alginate 95.94 ± 1.60 109.92 ± 2.57 B 89.83 ± 2.09 B 66.56 ± 1.17 B 90.56 ± 4.79 AB

Means 95.94 ± 2.32 b 106.86 ± 6.40 a 82.23 ± 10.11 c 66.03 ± 9.87 d

Significant effects; ptreatment = 0.14 pstorage = 0.01 ptreatment × pstorage = 0.01

O2
Control 20.90 ± 0.00 16.03 ± 0.09 A 15.10 ± 0.15 AB 14.77 ± 0.07 A 16.70 ± 0.75

EWP 20.90 ± 0.00 15.00 ± 0.06 B 15.00 ± 0.30 ABC 14.53 ± 0.26 AB 16.36 ± 0.80
Lecithin 20.90 ± 0.00 16.00 ± 0.47 A 15.73 ± 0.18 A 14.00 ± 0.17 ABC 16.66 ± 0.78

Gum 20.90 ± 0.00 14.57 ± 0.15 BC 14.40 ± 0.15 BCD 13.50 ± 0.17 C 15.84 ± 0.89
Agar 20.90 ± 0.00 13.90 ± 0.40 C 13.90 ± 0.42 A 13.73 ± 0.37 BC 15.61 ± 0.93

Sodium alginate 20.90 ± 0.00 14.33 ± 0.44 BC 14.03 ± 0.49 CD 13.73 ± 0.53 BC 15.75 ± 0.92
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Table 3. Cont.

Ethylene Storage Period (d)

Treatment 0 5 10 15 Means

Means 20.90 ± 0.00 a 14.97 ± 0.95 b 14.69 ± 0.80 b 14.04 ±0.65 c

Significant effects; ptreatment = 0.89 pstorage = 0.01 ptreatment × pstorage = 0.01

CO2
Control 0.30 ± 0.00 1.70 ± 0.06 E 1.90 ± 0.06 C 2.00 ± 0.06 B 1.48 ± 0.21

EWP 0.30 ± 0.00 2.07 ± 0.03 CD 2.10 ± 0.06 BC 2.40 ± 0.06 A 1.72 ± 0.25
Lecithin 0.30 ± 0.00 2.40 ± 0.06 AB 2.37 ± 0.12 B 2.57 ± 0.22 A 1.91 ± 0.29

Gum 0.30 ± 0.00 1.83 ± 0.03 DE 2.07 ± 0.09 C 2.50 ± 0.12 A 1.68 ± 0.25
Agar 0.30 ± 0.00 2.60 ± 0.06 A 2.50 ± 0.10 A 2.67 ± 0.09 A 2.02 ± 0.30

Sodium alginate 0.30 ± 0.00 2.27 ± 0.17 BC 2.33 ± 0.03 AB 2.50 ± 0.12 A 1.85 ± 0.27

Means 0.30 ± 0.00 c 2.14 ± 0.34 b 2.21 ± 0.24 b 2.44 ± 0.28 a

Significant effects; ptreatment = 0.75 pstorage = 0.01 ptreatment × pstorage = 0.01

Differences among storage periods are shown with small letters (p < 0.05), differences among treatments are shown with capital letters
(p < 0.05).

The respiration rate reached a peak on the fifth day and subsequently decreased in
all samples. Treatment with an edible coating markedly decreased the respiration rate
compared to the uncoated samples. The respiration rate was significantly (p < 0.05) lower
in the edible coating-treated samples than in the uncoated samples. There were significant
(p < 0.05) differences among the storage periods (Table 3).

3.4. Oxygen and Carbon Dioxide Concentrations in the Packages

On the fifth day of storage, the CO2 levels increased dramatically inside the package,
while the O2 levels reduced. At all the sampling time intervals, lower CO2 levels were
found in samples treated with an edible coating; furthermore, higher O2 levels were found
in samples treated with an edible coating compared to the control samples. The O2 levels
were significantly (p < 0.05) lower in the edible coating-treated samples, but the CO2 levels
were significantly (p < 0.05) higher in the edible coating-treated samples compared with the
uncoated samples. There were significant (p < 0.05) differences among the storage periods
in both the O2 and CO2 levels (Table 3).

4. Discussion

Weight loss indicating the quality and freshness of mushrooms is mainly related to the
respiration rate and moisture evaporation through the mushroom’s surface. If weight loss
in mushrooms is more than 4–6%, they become unmarketable because high levels of weight
loss lead to losses of quality and are related to visible signs of wilting or shrinkage [27]. It
was reported in different studies that weight loss can be reduced by treatment with agar-
agar [28], sodium alginate [29], chitosan, and guar gum [17]. We obtained similar results
from the current study where the edible coating-treated samples showed lower weight
loss than uncoated samples. In our study, disinfection was carried out with UV-C, and this
gave more positive results in terms of weight loss than the application of NaClO2 [30].

The color of button mushrooms is probably the biggest indicator of quality for con-
sumers because it is associated with the age of the mushrooms and is used as an indicator
to determine the shelf life and freshness. In cases where the last value of L* is lower than
80 in button mushrooms, wholesalers may not class them as commercially acceptable [7].
Mushrooms are initially white when harvested but, as the storage days continue, the discol-
oration on the cap increases because of enzymatic reactions [31]. The enzymes which are
responsible for browning react with the substrate, and brown pigmentation occurs. If there
is no more substrate during the storage period, the enzymatic reaction decreases and the
evolution of the brown pigmentation ceases [32]. Browning occurs due to two precise mech-
anisms of phenol oxidation by the activation of tyrosinase or spontaneous oxidation [32,33].
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Enzymatic browning results from the PPO-catalyzed oxidation of phenolic substrates to
quinones, which exposes their reaction to dark pigments knows as melanins. The main
PPO enzyme responsible for browning in mushrooms appears to be tyrosinase [32,34]. It
was reported in earlier studies that discoloration and browning were delayed in fresh-cut
Chinese water chestnut and Agaricus bisporus with the treatment of chitosan [35], chitosan
nanoparticles containing Cuminum cyminum oil [25], and A. vera gel alone/combined
with basil essential oil [36]. In the present study, the edible coating-treated samples delayed
discoloration and browning. A positive correlation was found between BI and weight loss
(Table 4). Furthermore, a similar correlation was reported in litchi fruit [37] and button
mushrooms [36].

Table 4. Pearson’s correlation coefficients between the measured parameters of Agaricus bisporus
during the storage period.

WL EP RR L* C◦ hue BI

WL 1
EP 0.793 1
RR −0.830 0.319 1
L* −0.999 ** 0.819 0.805 1
C

◦
0.982 * −0.888 −0.715 −0.988 * 1

hue 0.992 ** −0.751 −0.854 −0.986 * 0.970 * 1
BI 0.992 ** −0.865 −0.752 −0.996 ** 0.998 ** 0.978 * 1

*: Correlation is significant at p < 0.05. **: Correlation is significant at p < 0.01. Here, WL is weight loss, EP is
ethylene production, RR is respiration rate, and BI is the browning index.

During the respiration process, the O2 level affects the metabolic process of respiration
rate and the senescence of fruits and vegetables depends on the respiration rate. Therefore,
a lower respiration rate plays a vital role in extending the life of fruit and vegetables during
the postharvest period [38–41]. The treatments of coating the product surface [42] and
modifying the atmosphere packaging [26,43,44] could be used as alternative ways to limit
gas exchange properties, reducing the O2 available. It has been reported that treating fruit
with an edible coating suppresses the respiration rate in button mushrooms [36]. Moreover,
treating fruit with an edible coating suppresses the respiration rate and decreases ethylene
production in various fruits, including kiwifruits [45], peaches [46], and avocados [47].
In the present study, we supported the aforementioned studies that the edible coating
of mushrooms slows down the respiration rate and ethylene production compared to
control fruit.

5. Conclusions

In conclusion, the treatment of an edible coating significantly delayed senescence
and maintained the quality of button mushrooms during the storage period. Although no
differences were found among the edible coating materials in terms of the investigated
parameters, some were relatively more effective than others. For example, sodium alginate
and gum were more effective at preventing weight loss, coloring, and browning than the
other edible coatings. Furthermore, the respiration rate and ethylene production were
more suppressed by the agar and lecithin coatings compared to the others. Therefore, it
can be recommended that the above-mentioned edible coatings could be used as novel
coatings in commercial treatments to maintain the quality of button mushrooms during
a long-term storage period.
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