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Abstract Button mushroom have a short postharvest shelf
life compared to most vegetables, due to a very high
metabolic activity and high water content. This makes them
prone to microbial spoilage and to exhibit enzymatic
browning. In this research, the effects of aloe vera, gum
tragacanth, and combination of both as edible coatings on
the shelf life and postharvest losses of mushrooms were
studied. Physical characteristics, general appearance (color
and texture), weight loss, and carbohydrate percentage were
evaluated during storage. Mushrooms were stored at 4, 10,
and 15 °C for 13 days and physicochemical characteristics
were analyzed after 2, 4, 6, 8, 10, and 13 days of storage.
During cold storage, the uncoated mushrooms showed
rapid weight loss, color changes, and accelerated softening
while mushrooms treated with aloe vera gel, gum traga-
canth, and the combination of both significantly delayed
these phenomena. Among different coatings, the combina-
tion of aloe vera and gum tragacanth was more effective.

Keywords Button mushroom . Edible coating . Aloe vera
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Introduction

The button mushroom (Agaricus bisporus) is the most
widely grown and consumed mushroom in the world, and it
includes about 40% of the total world production of

mushroom (Giri and Prasad 2005). Mushrooms are the
excellent source of some essential amino acids, vitamins
(B2, niacin, and folates), and minerals (potassium, phos-
phorus, zinc, and copper) (Tao et al. 2006). Moreover,
mushrooms contain various polyphenolics and flavonoids
which are recognized as excellent antioxidants (Singla et al.
2010). On the other hand, button mushrooms have a short
postharvest shelf life of less than 3 days at ambient
temperature (Kim et al. 2006). So, mushrooms require
special attention to preserve their freshness.

There are various methods to extend the shelf life of
mushrooms including modified atmosphere packaging (Kim
et al. 2006), controlled atmosphere storage (Lopez-Briones et
al. 1992), vacuum cooling technology (McDonald and Sun
2000), coating (Nussinovitch and Kampf 1993), and refrig-
eration (Mau et al. 1993). Among these, coating is the most
likely method of vegetable and fruit preservation. Edible
coatings are customarily used for better food appearance and
protection. They could help to decrease moisture loss and
slow respiration by reducing oxygen uptake from the
environment (Donhowe and Fennema 1994). Modification
of fruits tissue metabolism by affecting respiration rate,
extension of storage life, firmness retention, transportation of
antimicrobials, antioxidants, and other preservatives and
microbial growth control are the main functional advantages
attributed to the use of edible films and coatings (García et
al. 2010).

In addition to prolonging shelf life and delaying
senescence, coatings add sheen and luster to products and
make them more attractive and appealing to consumers.
Fruits or vegetables are usually coated by dipping in or
spraying with a range of edible materials. Therefore, a
semipermeable membrane is formed on the surface for
suppressing respiration, controlling moisture loss, and
providing other functions (Thompson 2003b).
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In recent years, the use of aloe vera (Aloe barbadensis
Miller) in the formulation of various cosmetic and food
products has increased substantially (Simal et al. 2000). It is
used as a source of functional ingredients in drinks,
beverages, and ice creams and also applied as an edible
coating according to a patent (Martínez-Romero et al. 2003).
This gel has a potential to be used for food maintenance.
Leaves parenchyma cells include mucilaginous clear gel,
which is applied as aloe vera gel. The raw pulp of aloe vera
contains about 98.5% water, while the mucilage or gel
consists of about 99.5% water (Eshun and He 2004).
Furthermore, it involves a number of nutrients such as
vitamins, fatty acids, amino acids, sugars, minerals, and
enzymes. Therefore, it can be used in different formulations
as a functional ingredient for health benefits. The gel works
as a barrier to O2 and CO2 and acts as moisture barrier, and
thus reduces weight loss, browning, softening, and growth of
yeast and molds. The material contains antimicrobial com-
pounds and thus prevents decay (Valverde et al. 2005). Aloe
vera contains malic acid-acetylated carbohydrates (including
β-1, 4-g1ucomannans) with anti-inflammatory activity (Esua
and Rauwald 2006). The sensory examinations of sweet
cherry coated with aloe vera gel showed useful effects in
terms of delaying stem browning and dehydration and
maintenance of fruit visual characteristic without any
damaging effect on taste, aroma, or flavors (Martínez-
Romero et al. 2006).

Gum tragacanth (GT) is a dried exudate which is obtained
from slashing the stems of Asiatic species of Astragalus
(Leguminosae). GT includes water soluble (30–40% of GT)
and non-water-soluble (60–70% of GT) fractions, which are
called tragacanthin and bassorin (Azarikia and Abbasi 2010).
Gum tragacanth is widely used as a natural emulsifier and
thickener in the food, drug, and allied industries. Its wide use
is due to its stability in a wide range of temperature and pH
and its effectiveness as an emulsifying agent with extremely
long shelf life (Mohamadnia et al. 2008). As GT is a natural
polymer, it is nontoxic and biocompatible (Otady et al.
2005). Development of natural preservative coatings to
reduce respiration rate and inhibit enzymatic browning with
antimicrobial agents is expanding due to the riskiness aspects
of chemical preservatives (Lee et al. 2003).

The main procedures which lead to loss in quality after
harvest are (a) discoloration, (b) browning, (c) loss of
closeness, (d) weight loss, and (e) texture changes (Burton
and Noble 1993). The color and the shape of the cap are the
main parts of fresh mushrooms because these are the first
characteristics which attract consumers (Brosnan and Sun
2004). This study aimed to assess the suitability of aloe
vera, gum tragacanth, and combination of both as edible
coatings for mushrooms and to determine the influence of
the coating on the mushroom’s physicochemical changes
during storage.

Materials

Plant Material and Experimental Design

White mushrooms (A. bisporus) used in this study were
harvested from a commercial farm in Mashhad belonging to
Pooya pazh company. The mushrooms were carried into the
laboratory in 1 h after harvest. Mushrooms with homogeneous
color and size and also have absence of injuries were selected
and separated into four batches. Then, the mushrooms were
treated with aloe vera gel (30% w/w), gum tragacanth (10%
w/w), and aloe vera–gum tragacanth (50% w/w). As control,
some of the mushrooms were immersed in distilled water.

Preparation of aloe vera-coating solution Aloe vera gel
was extracted from aloe vera leaves (Herbs Company,
Mashhad, Iran). Each aloe leaf is made up of four layers.
The first layer is the rind. This is the hard greenish gray
outer protective layer of the leaf. The second layer consists
of a bitter liquid called sap. This is located under the rind
and surrounds the gel. The third layer contains mucilage gel
which is known as the inner leaf area. And finally, the
fourth layer is where the aloe vera is located. Extraction
procedure of aloe vera gel from the leaves follows six steps:
Cutting the leaves from plant, standing them upright for
15 min to drain the sap, slicing off the top skin layer of the
leaf, cutting away the two side pieces of the leaf, slicing
away the gel from the bottom layer of the skin and to
prevent spoilage, putting aloe vera gel in a dark colored jar,
and storing it in the refrigerator. The coating treatment was
performed at 20 °C by immersing the mushrooms in a
solution of diluted aloe vera with distilled water (1:3) for
5 min (pH was 1.87).

Preparation of gum tragacanth-coating solution GT pow-
der was purchased from a grocery in Mashhad and the ratio
of 10 to 100 ml (w/w) was mixed in water (pH was 1.70).
The solutions were stirred vigorously with a magnetic
stirrer on a hotplate for 40 min and were kept in the
refrigerator for 24 h.

Preparation of aloe vera and gum tragacanth-coating
solution Both the coating solutions were prepared with
the above methods after 50/50 ratio of each solution added
(pH was 1.77).

The ratio of mushroom to edible solutions was 1:20. In
order to disinfect and create a strong texture, 2 g/100 ml
calcium chloride and 40 g/l citric acid as anti-browning
were added to all coating solutions and distilled water. At
the end, the mushrooms were air-dried and stored at 5, 10,
and 15 °C and 85% RH for 13 days. After 2, 4, 6, 8, 10,
and 13 days of storage, physicochemical characteristics of
the mushrooms were evaluated.
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Weight Loss Analysis

The mushrooms’ weight was measured by a balance
(SartoriusAGGöttingen, Germany). Weight loss was deter-
mined using the following relationship:

Weight loss g=100gð Þ ¼ Wo �Wfð Þ=Wo � 100

where W0 is the weight on the first day and Wf the weight
on final storage day.

Hardness Determination

A penetration test was performed on the mushrooms’ cap
using a texture analyzer (QTS25 CNS Farnell, UK)
interfaced to a personal computer. The hardness was
determined using a 5-mm diameter cylindrical probe. The
probe was attached to the texture analyzer and the speed of
loading head was set at 2.0 mm s−1, trigger force at 10g,
and the travel distance of the probe at 5 mm. Hardness was
defined as the peak force for this penetration.

Color

In order to investigate the effect of the treatments and
storage time on color changes of the mushrooms, the
following procedure was applied:

1. A computer vision system generally consists of four
basic components: illumination, a camera, computer
hardware, and software. In this research, sample
illumination was achieved with four fluorescent lights
(Opple, 8 W, model MX396-Y82; 60 cm in length)
with a color index (Ra) close to 95%. The illuminating
lights were placed in a dark wooden box, 45 cm above
the sample and at the angle of 45º with sample plane to
give a uniform light intensity over the mushroom
sample (Quevedo et al. 2009). A color digital camera
(Canon Power shot, Model A520, Japan) was located
vertically at a distance of 25 cm from the sample. The
iris was operated in manual mode, with the lens
aperture of 4 and speed of 1/10 s (no zoom, no flash)
to achieve high uniformity and repeatability.

2. Image preprocessing: Improvement of background’s
contrast of images and segmentation was performed
using Adobe Photoshop (Adobe, v.8.0).

3. Conversion of RGB chromatic space into L*a*b* units:
Since the L*a*b* color is device independent and
provides consistent color regardless of the input or
output, the images taken were converted into L*a*b*
units. In the L*a*b* space, the color perception is
uniform, and therefore, the Euclidean distance between
two colors is almost in agreement with the color
difference perceived by the human eye (Pedreschi et

al. 2007). The net color difference (ΔE) was calculated
with the relation:

ΔE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L»
2 � L»

1

� �2 þ a»2 � a»1
� �2 þ b»2 � b»1

� �2
q

where L* is referred to as the lightness or luminance,
while a* is defined along the axis of red–green, and b*
is defined along the axis of yellow–blue (Sun 2008). In
this study, the image analysis was managed using
ImageJ software (National Institutes Health, Bethesda,
MD, USA) version 1.40g.

Determination of Sugars

Carbohydrates are important components of structural
materials in plants and exist as free sugar and polysaccha-
ride. The carbohydrate content can be calculated by
hydrolyzing the polysaccharides into simple sugars by acid
sulfuric and appraising the resultant monosaccharide. Since
the level of mushroom sugar is low, total sugar was
determined with Antherone reagent according to the
procedure applied by Stewart et al. (1974).

According to this method, the mushrooms first were
dried in an oven (Memret, Beschickung loading, model
100-800) then were crushed and 0.7 g of each treatment
was weighed. The samples were hydrolyzed by keeping
them in boiling water bath for 10 min with ethyl alcohol
96% and were made up 100 ml volume, were flattened with
filter paper, and cooled to room temperature. For each
filtrate, 1 ml of the sample solution was added to 2 ml
Anthrone reagent (0.2% anthrone dissolved in concentrated
sulfuric acid) and was heated for 10 min in boiling water
bath until the reaction was completed. At the end, the
sample was cooled rapidly and the green to dark green
color was read at 620 nm wavelength of a spectrophotom-
eter (JENWAY 6105 UV/Vis). This method determines
both reducing and non-reducing sugars because of the
presence of strongly oxidizing sulfuric acid. Total sugar
concentrations of the samples were calculated using the
calibration curve drawn for glucose standard solutions.

Statistical Analysis

The experimental design was a completely randomized
factorial model with at least two replications for each
treatment. Analysis of variance was performed to study the
differences among the effects of coatings, storage temper-
ature, and storage time on quality parameters of the
mushrooms. Duncan’s multiple comparison tests were
applied to determine the difference among the means. The
level of statistical significance was determined at 95%
probability.
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Results and Discussion

Weight Loss

This quality parameter is crucial since every loss in
weight can be translated into an economic loss.
Additionally, the weight loss has a strong effect on the
appearance, due to lack of a protective epidermal
structure in mushrooms to prevent excessive moisture
loss. Therefore, mushroom has a very high transpiration
rate. The application of aloe vera gel, gum tragacanth,
and combination of aloe vera and gum tragacanth
coating retarded the weight loss of the button mush-
rooms (Fig. 1a–c). Compared with the control samples,
the coated mushrooms showed a significant weight loss
reduction during storage (Table 1). After 13 days of
storage, GT-, aloe vera (A)–GT-, and A-coated samples
showed 30%, 32%, and 35% weight loss at 4 °C,
respectively. That was significantly different (p<0.01)
compared to 47% weight loss in the control mushrooms at
this temperature (Table 1). As expected, larger changes of
weight loss were observed at higher temperatures. The
results showed that changes of weight loss (in percent)
during storage for GT- and A–GT-treated mushrooms at
10 °C were approximately the same as samples stored at 4 °C.
Totally, in this study, all coatings reduced weight loss in
mushrooms compared with control. Several studies had dealt
with the effect of various coatings based on polysaccharides in
controlling the weight loss of several fruits and vegetables.
Many researchers pointed to the use of commercial formula-
tions including carboxymethyl cellulose and sucrose fatty acid
esters. For example Semperfresh TM and TAL Pro-long exert
a better weight loss control of many products such as cherries
(Yaman and Bayoindirli 2002). Aloe vera gel, which mainly
consists of polysaccharides (Ni et al. 2004), was highly
effective as a moisture barrier without lipid incorporation.
Weight loss is caused by respiration and evaporation of water
from the mushroom. The main mechanism of weight loss is
the evaporation of water activated by a gradient of water
vapor pressure at different points in fruits and vegetables
(Yaman and Bayoindirli 2002). The mechanism for these
positive effects of the coatings is based on their hygroscopic
properties, which enables the formation of a barrier to water
diffusion between mushroom and environments, thus avoid-
ing its external transference.

Hardness

The texture of mushroom is often the first of many
quality attributes judged by consumers, and therefore, is
extremely important in overall product acceptance. In
the present study, untreated (control) mushrooms grad-
ually softened when stored at low temperatures, as

evidenced by a gradual decrease in mushroom hardness
during cold storage (Table 2). These results are in
agreement with the report of Antmann et al. (2008) about
shiitake (Lentinusedodes) mushrooms. In general, hard-
ness of the control mushrooms declined from 19.06±
0.08 N at second day to 5.84±1.26 N after 13 days of
storage. In samples coated with GT, A–GT, and A
formulations, hardness decreased from 27.40±0.27,
23.66±0.69, and 21.16±0.24 N at second day to 12.30±
0.69, 9.04±0.30, and 6.33±0.54 N at 4 °C respectively at
13 days. It was clear that during storage, the texture of the
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Fig. 1 Effect of coating treatment and storage time on weight loss (in
percent) at a 4 °C, b 10 °C, and c 15 °C. A aloe vera gel, GT gum
tragacanth, C control, A–GT aloe vera–gum tragacanth
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mushrooms deteriorated and this difference increased;
therefore, it is expected that hardness and fresh texture
of mushroom can be maintained with coating. During the
first days of storage, there were minimal differences
between treated samples and the control for maintaining
the initial quality of the samples’ texture, but with longer

storage times, the positive effects of coatings on hardness
changes, especially for GT-treated mushrooms, were
observed.

These outcomes are in agreement with results of other
works aimed to keep the hardness in fruits. For example,
loss of hardness in strawberry was postponed by applying a

Table 1 Successive mean squares from the analysis of variance of the percent water loss, hardness, sugar and color changes, and changes of
average whiteness (Hunter “L”) value

Source Degree of freedom Mean square

% water loss Hardness Sugar L
»
2 � L

»
1 ΔE

A 2 1,848.83* 107.378* 329.05* 96.535* 231.241*

B 3 1,471.86* 260.775* 647.49* 140.683* 285.077*

C 5 3,723.60* 705.840* 2,246.54* 264.330* 371.356*

A×B 6 21.43* 2.941, NS 7.62* 1.708* 4.330*

A×C 10 83.51* 2.954, NS 49.15* 17.426* 8.609*

B×C 15 43.83* 0.883, NS 4.76* 5.286* 6.227*

A×B×C 30 4.78* 0.813, NS 4.54* 0.503, NS 0.314, NS

Error 72 0.94 4.162 1.44 0.433 0.738

Total 143

A temperature (in degrees Celsius), B coating treatment, C storage time (day), NS not significant
* p=0.01

Table 2 Effect of coating treatment and storage time on hardness (N) at different temperatures

Temperature 4 °C

Treatment Day

2 4 6 8 10 13

A 21.16±0.243a 18.09±0.464a 13.41±0.554b 11.41±0.028bc 8.35±0.707cd 6.33±0.547d

GT 27.40±0.270a 22.84±0.485b 18.48±0.977c 16.72±2.862c 14.54±2.841cd 12.30±0.693d

C 19.06±0.083a 15.65±0.159ab 11.75±1.324bc 9.31±0.353cd 7.38±0.083d 5.84±1.268d

A–GT 23.66±0.693a 20.01±0.125ab 16.13±0.076bc 14.14±0.194c 11.98±0.118cd 9.04±0.305d

Temperature 10 °C

Treatment

2 4 6 8 10 13

A 22.48±0.929a 19.14±2.017b 16.48±0.665c 14.83±1.545c 10.70±0.541d 7.56±2.120d

GT 26.50±2.723a 23.03±1.441b 20.44±1.525b 18.09±2.959c 14.14±1.393c 10.59±0.076d

C 21.42±2.876a 15.68±0.714b 13.58±2.037c 12.96±1.143c 8.80±0.104d 5.93±1.033e

A–GT 23.62±3.991a 21.25±0.270a 17.28±5.862a 15.07±0.838b 12.28±1.365b 8.76±0.527c

Temperature 15 °C

Treatment Day

2 4 6 8 10 13

A 18.47±1.462a 15.96±1.566a 14.01±0.693b 9.40±0.506c 7.59±1.296c 6.13±0.021c

GT 24.99±4.865a 20.63±1.954b 16.49±4.061c 14.01±8.724cd 10.63±3.569de 8.33±3.264e

C 17.58±2.800a 13.65±0.201ab 11.75±0.811bc 7.77±0.236cd 6.04±0.520de 2.85±0.631e

A–GT 20.88±0.443a 17.58±1.414ab 16.09±1.795bc 12.09±2.453cd 8.69±0.478d 8.10±1.039d

Note: The level of statistical significance was determined at 95% probability. The different letters mean significant difference in this level

A aloe vera gel, GT gum tragacanth, C control, A–GT aloe vera–gum tragacanth
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pullulan-based edible coating (Diab et al. 2001) or delaying
softening by shellac coating in apple (Bai et al. 2002) and
chitosan coating in citrus fruit (Chien et al. 2007).

During storage, the texture of mushrooms is likely to soften
considering various symbols, including loss in cell turgidity
pressure, defeat of extracellular and vascular air and the
decline of the cell wall, and consequent loss of water by the
cell breakdown (Martinez-Ferrer et al. 2002). In spite of the
hydrophilic character of polysaccharides, they can act as
barriers to water transfer, delaying dehydration and therefore,
extending the hardness of coated mushrooms and vegetables.

Color

Color is the most obvious indicator of quality to consumers.
It is related to the age of the mushrooms, handling, and
microbial spoilage and so color alone has been used as an
indicator to quantify the shelf life. The color of fresh
mushrooms is affected by the amount of oxygen presented
by the way of suppressing the enzymatic browning
reaction. In addition, microbial population could affect the
color changes of fresh mushrooms.

Analysis of variance indicated that the use of the edible
coatings and storage variables (temperature and time) in
mushrooms had a significant effect in the color parameters
(p<0.01) (Table 1). Results of color changes in mushrooms
coated with GT, A, and A–GT formulations and stored at
different temperatures are shown in Fig. 2a–c.

As shown in Fig. 2a–c, L* changes decreased during
storage while a sharp reduction is seen for the control.
Significant differences were found between the control and
treated samples (Table 1). According to Fig. 2a, ΔL of
uncoated mushrooms declined from −7.04±0.32 at second
day to −15.81±0.46 after 13 days of storage. For samples
coated with GT, A, and A–GT formulations, ΔL decreased
from −5.84±1.14, −4.61±0.75, and −5.51±0.70 at second
day to −10.47±0.91, −8.36±0.60, and −11.04±0.13, at 4 °C,
respectively at 13 days. The lowest change inΔLwas relevant
to mushrooms coated with A–GT and approximately similar
to changes in ΔL caused by GT, especially after 6 days
(Table 3).

As shown in Fig. 3a–c, color difference (ΔE) increased
during storage time. The results showed that (Fig. 3a) the
mushrooms treated with A–GT had the lowest changes of
ΔE from 8.02±0.15 to 15.64±0.69, and for uncoated
mushrooms, changes of ΔE were from 11.69±0.42 to
24.16±0.54 at 4 °C after 13 days. As expected, more
changes in ΔE were observed at higher temperatures.
Studies by Choi and Sapers (1994) indicated that purple
discoloration apparently resulted from a reaction involving a
short-lived intermediate in the enzymatic browning of L-

dopaquinone, a phenolic compound in mushrooms. Hunter
L* measurement is the most commonly applied method for
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Fig. 2 Effect of coating treatment and storage time on ΔL at a 4 °C, b
10 °C, and c 15 °C. A aloe vera gel, GT gum tragacanth, C control, A–
GT aloe vera–gum tragacanth
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mushroom quality grading. According to Taghizadeh et al.
(2009) mushrooms with an L* less than 69 would not be
acceptable even at retail levels. L* in this experiment ranged
from 76.80 to 56.77. L* generally decreased over the storage
period, indicating a loss of luminosity in the samples over
the storage period. Generally, mushrooms coated with aloe
vera and gum tragacanth showed the highest L* in all
experimental temperatures during the storage period.

Sugars

Aerobic respiration causes breaking sugars and other
sources of energy. Therefore, sugar content of mush-
rooms during storage is reduced. Sugars are the major
respiratory substrates (Tseng and Mau 1999). Total and
soluble sugar concentrations in harvested plant products
are considered important indicators of postharvest deteri-
oration (Hammond and Nichols 1975). Hammond and
Nichols (1975) found that trehalose and sugar alcohols
such as mannitol and arabitol are the main carbohydrates
in mushrooms that reduce quickly after harvest. This
indicated that consumption of these compounds were
sufficient to account for the postharvest CO2 production.
The results in Table 1 show that total sugar of the

mushroom samples during storage reduced significantly.
This reduction in the control samples occurred faster.
Bosporus mushrooms were stored at 12 °C for 12 days
(Tseng and Mau 1999). According to Fig. 4, the total
amount of sugar for the controls declined from 31.75±
0.80 mg at second day to 0.43±0.25 mg, and for samples
coated with GT, A–GT, and A formulations, total sugar
decreased from 34.28±1.04, 40.64±2.01, and 35.63±
1.68 mg at second day to 7.929±4.63, 10.63±8.73, and
6.81±4.40 mg at 15 °C respectively after 13 days of
storage. During the first days of storage, there were
minimal differences between the treated samples and the
control, but with longer storage times, the positive effects
of the coatings on total sugar samples, especially at
temperatures 10 and 15 °C, were observed. Among the
samples treated with A–GT, the best effect was found in
delaying reducing sugar, although GT coating had a nearly
similar effect with coating A–GT for reducing sugar.

Conclusions

As the result of increasing demand for fresh mushrooms
by consumers and the need for technologists to keep the

Table 3 Effect of coating treatment and storage time on total sugar (in milligrams) at different temperatures

Temperature 4 °C

Treatment Day

2 4 6 8 10 13

A 38.55±0.684a 30.10±0.600b 26.53±0.711c 22.37±0.940d 18.43±0.694e 12.92±1.400f

GT 39.48±1.041a 32.02±0.573b 25.99±1.351c 24.56±2.729c 20.53±0.122d 17.69±1.777e

C 34.96±0.803a 28.43±0.713b 21.83±0.300c 17.53±2.534d 13.31±1.419e 9.88±0.358f

A–GT 42.25±1.006a 35.69±0.484b 29.13±1.120c 26.68±0.080d 23.10±2.222e 18.82±0.832f

Temperature 10 °C

Treatment

2 4 6 8 10 13

A 36.68±0.186a 31.57±0.077b 25.40±1.575c 23.99±2.050c 18.57±0.078d 16.15±0.931e

GT 36.93±0.558a 34.54±1.406b 29.49±0.081c 26.03±2.147d 23.32±0.291e 15.21±0.949f

C 32.09±0.761a 27.08±2.071b 21.61±0.829c 18.63±0.868d 13.72±0.424e 2.35±1.835f

A–GT 39.03±0.837a 38.18±1.912a 35.63±0.134b 28.27±1.592c 25.22±0.707d 19.30±1.246e

Temperature 15 °C

Treatment Day

2 4 6 8 10 13

A 36.75±1.585a 33.86±0.171b 23.24±2.127c 15.73±0.016d 8.76±0.307e 5.72±1.540f

GT 34.11±0.242a 33.74±0.182a 26.34±1.557b 18.18±1.071c 12.08±0.621d 6.88±1.477e

C 30.88±1.232a 27.23±2.271b 18.87±1.218c 10.29±0.473d 6.20±1.196e 0.35±0.126f

A–GT 41.57±1.304a 36.13±1.127b 30.73±0.149c 23.72±1.399d 15.23±0.699e 9.68±1.344f

Note: The level of statistical significance was determined at 95% probability. The different letters mean significant difference in this level

A Aloe vera gel, GT gum tragacanth, C control, A–GT aloe vera–gum tragacanth
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quality of the product, application of suitable edible
coating has become a field of interest in recent years.
Coating with natural compounds is a minimal process
which is more accepted by consumers compared to
other shelf life extension methods such as irradiation.
Additionally, it is more economical and convenient in
comparison with modified atmosphere packaging.

In this research, aloe vera gel, gum tragacanth, aloe vera,
and gum tragacanth-based edible coating increased the shelf
life of mushroom in comparison with uncoated mushroom.
Furthermore, texture analysis showed that these coatings
had a protective effect on mushrooms, reflected by the
greater hardness of coated samples during storage. This
could reduce economic losses due to spoilage as the result
of mechanical damage during handling and transportation.
Also, gum tragacanth had beneficial effects in retarding the
ripening process. This treatment was effective as a physical
barrier and thus reduced the weight loss during postharvest
storage. Therefore, the use of gum tragacanth and combi-
nation of aloe vera and gum tragacanth for maintaining the
quality of mushrooms during long-term storage could be
recommended. Results showed that mushrooms treated
with gum tragacanth and aloe vera and gum tragacanth
had good quality at higher temperatures, such as 10 °C up
to 10 days of storage, and the physicochemical character-
istics at this temperature were nearly similar to the samples
stored at 4 °C. Therefore, mushrooms treated with gum
tragacanth and the combination of aloe vera and gum
tragacanth could be stored at 10 °C. This could reduce
energy consumption and warehousing costs during storage.
Meanwhile, the application of different packaging such as
MAP of such coated samples may lead to higher quality
attributes during storage at elevated temperature and will be
the next step for upcoming researches.
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Fig. 3 Effect of coating treatment and storage time on ΔE at a 4 °C, b
10 °C and c 15 °C. A aloe vera gel, GT gum tragacanth, C control, A–
GT aloe vera–gum tragacanth
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