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Abstract
To enhance the quality and to obtain a better colour, fresh button mushrooms were given washing treatments with different 

chemical solutions of different concentration for 10 minutes and stored under refrigerated conditions to check their shelf life. The 
chemicals used were citric acid (0.5%, 1.5%, 2.5%), H2O2 (1.5%, 2.5%, 3.5%) and EDTA (2%, 4%, 6%). Of all the treatments 
used, 2.5% citric acid was found to be the most effective in controlling weight loss, maturity index and microbial growth for up to a 
period of 12 days and was found to be highly acceptable according to the scores after sensory evaluation. With the advancement 
in storage period, significant difference in the color values (L*, a* and b*) and browning index was observed and an increase in 
weight loss, maturity index and microbial growth of mushrooms was observed.
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Introduction
White button mushrooms also called as Agaricus bisporus are an 

important part of human diet since antiquity because of its attractive 
colour, flavor and aroma. Also the nutritional composition of white 
button mushrooms is high. Agaricus on fresh weight basis contains 2.9 
percent crude protein 5 percent carbohydrate, 0.9 percent crude fibre, 
0.8 percent ash and 0.3 percent fat Rai [1] K and P are the dominant 
elements among the minerals. K to Na ratio found in mushrooms is 
desirable for hypertension patients [2]. The white button mushrooms 
are low in calorie, where the carbohydrates are stored as glycogen, 
chitin and hemicellulose instead of starch. Mushrooms are deliciously 
palatable non-conventional source of protein, which can bridge the 
protein gapping in Indian diet [3]. But white button mushroom are 
highly perishable because of high respiration, which leads to color 
change due to enzymatic oxidation and decreases their marketability. 
Loss of whiteness during storage is particularly deleterious for the 
mushroom industry [4]. There are several indicators that determine 
the quality of mushrooms, such as visual appearance, size, colour, 
maturity stage, development stage, microbial growth and weight loss. 
Discoloration reactions of mushrooms are complex and depend on 
raw material condition, washing, cutting, handling and packaging 
practices and bacterial growth during storage. Of these, colour is the 
most important parameter because it is first perceived by consumers 
and discoloration decreases the commercial value [5]. Color, fresh and 
clean appearance and uniform closed buttons have high importance for 
mushroom quality and consumer preferences [6,7]. The maturity index 
of mushrooms is a sign of maturity which increases after harvest and 
can be observed on the basis of cap opening. A good quality mushroom 
should be free from open veils, disease, spots, insect injury and decay. 
Guthrie (1984) gave description about different stages of sporophore 
development in mushrooms which include 1) veil intact (tight), 2) 
veil intact (stretched), 3) veil partially broken(< half), 4) veil partially 
broken (>half), 5) veil completely broken, 6) cap open, gills well 
exposed, 7) cap open, gill surface flat. Treatment with antibrowning 
agents is an effective and frequently employed method for controlling 
the enzymatic browning in several fresh-cut fruits and vegetables [8]. 
In order to improve the color and enhance the shelf life washing of 
mushrooms with various anti browning inhibitors is recommended. 
Citric acid is widely used as an additive and as an antimicrobial by 

virtue of their low pH in food industry. Brennan et al. [9] proposed 
washing with 40 g/L citric acid in mushrooms to be sliced. Like citric 
acid EDTA is also has the potential to inhibit microbial growth [10]. 
The immersion in hydrogen peroxide solution followed by dipping in 
a solution of enzymatic browning inhibitor was found to be beneficial 
for extending the shelf life of whole mushrooms. The aim of the present 
study is to check the efficacy of different washing treatments for 
minimizing the color change, enhancing the shelf life and giving them 
a fresh appearance under refrigerated storage. 

Material and Methods
Button mushrooms were procured from the department of Plant 

Pathology and the research was conducted in the department of 
Food Science and Technology, SKUAST-Jammu. Freshly harvested 
mushrooms of uniform size and intact veil were chosen and washed 
with tap water to remove surface contamination. After this, whole 
mushrooms were dipped in different browning inhibitor solutions 
viz., T1 (H2O2, 1.5%), T2 (H2O2, 2.5%), T3 (H2O2, 3.5%), T4 (citric acid, 
0.5%), T5 (citric acid, 1.5%), T6 (citric acid, 2.5%), T7 (EDTA, 2%), T8 
(EDTA, 4%) and T9 (EDTA, 6%) for 10 minutes. The mushrooms were 
then surface dried, packed in PP with five pin holes on each packet 
and stored under refrigerated condition and evaluated for change in 
colour, veil opening, physiological weight loss, total plate count and 
sensorial changes after 3 days interval for up to a period of 12 days. 
Approximately, 100 g of mushroom per pack were taken for each 
treatment with four replicates.

Maturity index

The maturity index was measured on the basis of scale ranging 
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from 1 (veil intact) to 7 (cap open, gills flat) as suggested by Guthire 
[11]. Veil opening rate can be used to characterize the aging of white 
mushrooms. It is defined as the ratio of the number of mushrooms 
with cap opening out to the total number of mushrooms. Randomly, 
six mushrooms were taken from a packet and were evaluated manually 
by visual observation.

Physiological weight loss

Weight loss was determined by weighing the contents of the 
package before and after storage and was expressed as the percent loss 
of weight with respect to the initial weight.

( ) W – Wi fWeight loss %  =
Wi

Where, 

Wi is the initial weight of the mushrooms before treatment

Wf is the final weight of mushrooms after storage

Microbial analysis

Microbial analysis was done according to total plate count method 
using nutrient agar. Nutrient agar was prepared and sterilized in an 
autoclave at 121°C for 20 minutes. Serial dilution of mushrooms (up 
to six dilutions) was then carried out and 0.1 ml of the aliquot was 
added on the petri plate containing nutrient agar as medium (using 
micropipette). The plates were then covered and sealed with the help of 
porcelain wax and incubated at 37°C for 48 hours. The total microbial 
count was recorded as cfug-1 [12]. 

Color

The surface colour of mushrooms was measured with the help 
Hunter Lab Mini Scan XE Colorimeter with an 8-mm-diameter 
diaphragm calibrated with a white tile (X=81.1, Y=86.0 and Z=91.8) 
[6]. Where, L* indicates (whiteness/darkness), a* (greenness/redness) 
and b* (yellowness/blueness). Colour was measured from all the three 
sides of mushrooms and mean value was taken.

Browning index

The browning index was calculated using the following expression 
[13]: 

0.31100
0.71

XBI − = ×   

Where,

( )
( )

a*  1.75L*
X 

5.645L*  a*  3.012b*
+

=
+ −

Sensory analysis

The sensory analysis of the treated mushrooms was done after three 
days interval. Mushrooms were slightly sautéed in little oil and a pinch 
of salt was added and they were evaluated on the basis of appearance, 
flavor, texture, taste and overall acceptability using 9-point hedonic 
scale from 9=like extremely to 1=dislike extremely. The data obtained 
was analyzed statistically. 

Statistical analysis 

The results were analyzed using Factorial Completely Randomized 
Design (FCRD). 

Results and Discussion 
The quality of fresh mushrooms is influenced by stage of 

development and pre-harvesting factors. In order to prevent the 
deterioration of mushrooms and to increase the shelf life, mushrooms 
were subjected to various postharvest treatments and changes 
in physiology and biochemical components were studied. The 
results obtained from present study are summarized here under: 
White button mushrooms of uniform size, intact veil and free from 
mechanical damage were selected. The most successful strategies aimed 
to prevent browning occurring on fresh-cut fruit and vegetables are 
based on treatments with reducing agents, acidifying agents, chelating 
substances and calcium solutions Martin-Diana et al. [14] Various 
chemical treatments helped in delaying cap opening and keeping the 
veil intact (Table 1). All the treatments were effective in keeping the veil 
intact up to 6th day of storage. Among the various treatments used citric 
acid (2.5%) was the most effective in delaying cap opening. However 
the mushrooms treated with 2.5% citric acid (T9) recorded the lowest 
(1.19) veil opening (i.e. veil intact) whereas the highest maturity index 
of 2.11 was observed in T6 (6% EDTA) on 3rd day of storage. Maturity 
index increased with the increase in storage period with a value of 3.70 
in T9 to 4.83 in T6 on 12th day of storage. Weight loss in mushrooms 
is a common phenomenon which occurs mainly due to moisture loss 
and loss of carbon reserves due to respiration [15,16]. Treatment 
of mushrooms with various chemicals had a significant effect in 
controlling weight loss and it might be because these treatments helped 
in reducing the rate of respiration and transpiration (Table 2). Use of 
citric acid and hydrogen peroxide was found to be effective in reducing 
weight loss as compared to EDTA. Bayoumi [17] also reported that 
H2O2 treatment significantly reduced fresh weight loss of pepper fruits 
during storage under room temperature and fridge conditions. The 
antimicrobial effect of citric acid, EDTA and H2O2 helped in controlling 
the bacterial growth. Among the various treatments citric acid was 
found to be most effective in inhibiting microbial growth (Table 3). On 
3rd day of storage it was 4.02 cfu/g in treatment T9 and on 12th day of 
storage the total plate count was found to be 6.42 cfu/g in T9 whereas 
the count was highest in T6 (6% EDTA) ranging from 5.29 cfu/g on 
3rd day to 8.48 cfu/g on 12th day of storage. The significant effect of 
citric acid in limiting the development of food spoilage and pathogenic 
microorganisms is widely accepted [18,19]. The total microbial 

Treatment Storage period (days)
3 6 9 12

T1
(1.5% H2O2)

1.42 2.60 3.75 4.25

T2
(2.5% H2O2)

1.33 2.48 3.61 4.13

T3
(3.5% H2O2)

1.24 2.32 3.45 3.75

T4
(2% EDTA)

1.36 2.48 3.80 4.28

T5
(4% EDTA)

1.62 2.67 4.05 4.46

T6
(6% EDTA)

2.11 3.46 4.29 4.83

T7
(0.5% C.A)

1.36 2.52 3.35 4.07

T8
(1.5% C.A)

1.28 2.38 3.26 3.82

T9
(2.5% C.A)

1.19 2.41 3.31 3.70

All values are mean significant values, C.D (p=0.05), Treatment=0.10, 
Storage=0.05, T × S=0.16

Table 1: Change in the maturity index of mushrooms under refrigerated condition.
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and a* and b* value increased, the browning index increased. Brennan 
et al. (2000) also observed a yellowing of the surface cap when whole 
mushrooms were washed with 40 g/L citric acid for 10 min. However, 
these authors proposed this treatment to reduce microbial counts of 
mushrooms before slicing, having no deleterious effect on the sensory 
property of sliced mushrooms after cooking. Erbay et al. [21] also 
documented that treatment with citric acid showed the least reduction 
in L* value since the beginning of storage and decreased when storage 
progressed. Appearance of mushrooms is one of the important quality 

count though increased with storage, but was lesser than the count 
of ISI specification (IS: 7463-2004) [20]. All the treatments helped in 
maintaining the whiteness of mushrooms. Though with the increase in 
storage period the whiteness decreased and as storage progressed, the 
L* value (lightness/darkness) decreased and a* (redness/greenness) and 
b*value (yellowness/blueness) increased. The rate of browning during 
storage might be influenced by the length of immersion of samples in 
the treatment solution. The initial value as observed for colour of fresh 
mushrooms was of L* value equal to 86.32, a* value equal to 0.15 and b* 
value equal to 2.12. Among the various treatments used, 3.5% H2O2 was 
the most effective in retaining the whiteness of mushrooms because 
of its bleaching effect (Table 4). Treatment with high concentration 
of citric acid led to slight change in color of mushrooms to yellow, 
though browning was significantly controlled and BI was effectively 
reduced during storage (Table 5). The browning index of mushrooms 
is related to change in color of mushrooms. As the L* value decreased 

Treatment Storage period (days)
3 6 9 12

T1
(1.5% H2O2)

0.42 1.72 3.47 4.19

T2
(2.5% H2O2)

0.49 1.24 3.12 3.27

T3
(3.5% H2O2)

0.34 0.68 1.33 2.76

T4
(2% EDTA)

0.97 1.89 3.52 5.8

T5
(4% EDTA)

1.36 3.52 5.54 7.89

T6
(6% EDTA)

1.84 3.85 6.23 8.22

T7
(0.5% C.A)

0.40 1.65 2.99 3.65

T8
(1.5% C.A)

0.24 0.59 1.84 3.19

T9
(2.5% C.A)

0.23 0.38 1.28 2.83

All values are mean significant values, C.D (p=0.05), Treatment=0.10, 
Storage=0.05, T × S=0.16

Table 2: Change in the physiological weight loss (%) of mushrooms stored under 
refrigerated condition.

Treatment Storage period (days)
3 9 12

T1
(1.5% H2O2)

5.23 6.19 7.65

T2
(2.5% H2O2)

4.85 5.17 7.42

T3
(3.5% H2O2)

4.25 6.25 7.13

T4
(2% EDTA)

4.82 6.59 7.54

T5
(4% EDTA)

5.08 7.10 8.35

T6
(6% EDTA)

5.29 7.32 8.48

T7
(0.5% C.A)

4.33 6.48 7.27

T8
(1.5% C.A)

4.16 5.2 6.81

T9
(2.5% C.A)

4.06 4.58 6.42

All values are mean significant values, C.D (p=0.05), Treatment=0.10, 
Storage=0.08, T × S=0.16

Table 3: Microbial count in white button mushrooms (cfug-1) stored under 
refrigerated condition.

Treatment Storage period (days)
3 6 9 12

T1
(1.5% H2O2)

1.94 5.14 6.89 11.20

T2
(2.5% H2O2)

1.35 3.08 4.89 11.13

T3
(3.5% H2O2)

1.10 2.97 4.76 8.75

T4
(2% EDTA)

2.03 3.86 7.37 9.47

T5
(4% EDTA)

2.63 5.52 9.85 14.41

T6
(6% EDTA)

2.78 5.98 10.78 15.94

T7
(0.5% C.A)

1.10 2.51 4.30 8.01

T8
(1.5% C.A)

1.49 2.94 6.08 7.12

T9
(2.5% C.A)

1.78 3.15 5.47 9.69

All values are mean significant values, C.D (p=0.05), Treatment=0.10, 
Storage=0.08, T × S=0.16

Table 5: Change in browning index value of mushrooms stored under refrigerated 
condition.

Treatment Storage period (days)
3 6 9 12

T1
(1.5% H2O2)

L*

a*
b*

83.21
0.70
6.16

81.64
1.13

13.22

80.47
2.23

19.25

77.63
4.53
27.35

T2
(2.5% H2O2)

L*

a*
b*

84.12
0.81
4.18

81.67
1.47
9.26

80.19
2.19

13.76

78.21
2.63
28.42

T3
(3.5% H2O2)

L*

a*
b*

84.64
0.75
3.39

83.54
1.26
9.13

81.49
2.13

13.67

79.75
2.33
23.67

T4
(2% EDTA)

L*

a*
b*

84.32
0.51
6.68

82.68
1.22
11.79

80.29
2.60

20.21

78.39
4.59
33.85

T5
(4% EDTA)

L*

a*
b*

83.41
0.75
8.37

81.10
2.19

15.71

78.41
2.30

25.80

77.62
3.28
34.56

T6
(6% EDTA)

L*

a*
b*

83.29
1.06
8.64

80.61
2.59

16.63

79.29
4.29

27.39

77.23
6.07
35.97

T7
(0.5% C.A)

L*

a*
b*

84.29
0.73
3.38

82.61
1.21
7.60

81.54
1.52

12.73

79.79
2.42
21.81

T8
(1.5% C.A)

L*

a*
b*

83.51
1.41
4.20

82.76
1.46
8.18

79.16
1.51

13.39

77.63
2.46
19.13

T9
(2.5% C.A)

L*

a*
b*

83.24
0.81
5.57

82.18
1.18
9.61

81.63
2.34

15.58

78.73
2.77
25.30

All values are mean significant values, L* (Whiteness/darkness), a* (redness/
greenness), b* (yellowness/blueness) C.D (p=0.05)

Table 4: Color changes in mushrooms stored under refrigerated conditions.
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attribute. At the beginning, on the basis of hedonic rating, the scores of 
sensory evaluation were: (8.85) for appearance, (8.57) for flavor, (8.44) 
for texture and (8.72) for taste and (8.64) for overall acceptability. 
Treatment with various chemicals helped in preventing off-odor in 
mushrooms during storage. Among the different treatments, citric acid 
helped in prolonging its shelf life, maintaining, freshness and eating 
quality during storage at refrigerated temperatures as compared to 
control. These results are in agreement with the findings of Rosario 
[22] who observed that increasing storage time cause progressive 
degradation, which leads to decrease in overall acceptability. The scores 
decreased with storage as the mushrooms were not liked by panelists 
as evident by change in colour of mushrooms and increased maturity 
index (Table 6). Loss of firmness was observed in all the treatments. 
This loss of firmness is a gradual process of catabolism catalyzed by 
different enzymes. 

Conclusion 
To maintain the quality and availability of mushrooms and to 

extend its acceptability, they were treated with aqueous solution of 
different chemicals and stored under refrigerated condition. Treatment 
of mushrooms with various chemicals viz: hydrogen peroxide, ethylene 
diaminetretaacetic acid and citric acid were effective in retaining the 
quality parameters of mushrooms. From the observations it was 
observed that citric acid is the most effective in controlling weight 
loss, maturity index and microbial growth. Citric acid showed slightly 
antibacterial potential but induced a slight yellowness on mushroom 
surface. It was also observed that higher concentration of citric acid led 
to more yellowness on the surface of mushrooms as recorded by hunter 
color lab but browning was significantly reduced. Hydrogen peroxide 
is more effective in maintaining the whiteness of mushrooms and was 
found to be at par with citric acid. From different concentrations of 
EDTA used it was recorded that the lesser percentage of EDTA is more 
effective. Jafri et al. [23] in 2013 had showed the senescence inhibition 
of oyster mushrooms by the combined effect of chemical treatment and 
MAP, resulting in maintenance of tissue firmness and sensory quality, 
inhibition of lipid peroxidation and better retention of phenolics 
and antioxidant ability as compared to the control samples [24-28]. 
These results suggested that a combination of chemical treatment 

and MAP had good promise in maintaining oyster mushroom quality 
and extending their postharvest life up to 25 days when stored at 4°C. 
Another important observation made was that the use of chemical 
treatment alone was more effective than the use of MAP alone. High 
weight loss with visible evidence of deterioration and senescence were 
the main effects observed in the chemically untreated samples.
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