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Abstract. Among various methods employed for preservation of mush-
rooms, drying is the most common technique but it affects the colour and 
texture of the product which are of prime importance to the consumer as 
product quality criteria. However, pre-drying treatments also affect the 
quality of dried products. Dehydration of button mushrooms (Agaricus bis-
porus) slices were carried out with various pre-treatments like blanching, 
soaking in 0.5% potassium metabisulphite (KMS), soaking in 0.5% citric 
acid +0.5% ascorbic acid and soaking in 0.75% EDTA. Drying was done in 
a tray dryer at drying air temperatures of 50o and 70oC and the drying 
characteristic curves were drawn. The total drying time required for drying 
of white button mushrooms slices pretreated with various chemicals and 
dehydrated at different temperature of drying air was determined. The 
qualities of dehydrated slices were evaluated on the basis of rehydration 
characteristics and colour. Evolution 600 UV/VIS Spectrophotometer equi-
ped with DRA-EV-600 diffuse Reflectance Accessory was used to deter-
mine optical properties. Drying air temperature of 50oC was better as it re-
sulted in dried products having better rehydration characteristics and 
lighter color. Pre-drying treatments had a significant effect on the white-
ness and colour change of dried mushroom slices. Whiteness of blanched 
mushrooms was very high compared to other samples but the rehydration 
ratio was very low. Among the four treatments, soaking in 0.5% citric acid 
and 0.5% ascorbic acid has produced comparatively more acceptable 
product taking into account all the quality parameters. 
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INTRODUCTION 
 

Production and consumption of button mushroom have registered tremen-
dous increase in the recent past (Singh et al. 2008). Mushrooms are liked 
for their delicious flavour, low calorific value and high protein contents, vi-
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tamins of B-group and minerals. Mushroom contains 20–40% proteins on a 
dry weight basis and no cholesterol, and is almost fat free (Walde et al. 
2006). 

Mushrooms are a good source of non-starchy carbohydrates, dietary fi-
ber, protein, mineral and vitamins (Kulshreshtha et al. 2009).  

Mushrooms are a seasonal and highly perishable crop and contain 
about 90% (w.b.) moisture. After harvesting, moisture loss, shrinkage and 
rapid spoilage in terms of color and texture takes place. The shelf life of 
mushroom is only about 2 to 5 days depending upon the variety. There are 
many methods for preservation and enhancement of shelf life of mush-
rooms. The most common processes include canning, freezing and drying. 
Although canning is widely used on a commercial scale, it is quite expen-
sive (Kulshreshtha et al. 2009). It is reported that drying is a comparatively 
cheap method (Rama & Jacob John 2000) and dried mushrooms, packed 
in airtight containers can have a shelf life of above one year (Bano et al. 
1992). The factors that affect drying rate are temperature, thickness of 
mushroom, method of drying and moisture diffusivity (Yapar et al. 1990).  

Mushrooms dehydrated by combining hot air and microwave treatment 
yielded a quality product of satisfactory rehydration and flavour retention 
(Riva et al. 1991).  

Pre-treatments of mushrooms before drying in one form or other viz, 
washing in water, potassium metabisulphite (KMS), sugar, salt either alone 
or in combination help in checking enzymatic browning, stabilizing colour, 
enhancing flavour retention and maintaining textural properties (Singh et al. 
2001). Solutions with potassium metabisulfite and/or citric acid prior to dry-
ing are frequently used for mushrooms to prevent enzymatic or non enzy-
matic browning (Argyropoulos et al. 2008). 

Curd and whey containing lactic acid bacteria were tried with bitter 
gourd, dried and gave encouraging results with regards to maintain colour, 
flavour and texture. Therefore, in addition to various pre-treatments like 
blanching, blanching followed by soaking in potassium metabisulphite and 
citric acid, whey fermentation and curd fermentation using lactic acid bacte-
ria also were tried and the treated mushrooms were dried in hot air cabinet 
tray dryer, fluidized bed dryer, vacuum dryer and microwave oven for com-
parative study (Walde et al. 2006). 

The quality of dried mushrooms is determined by combination of factors, 
but most properties or characteristics depend on consumer preference. 
Colour and texture of the product are of prime importance to the consumer 
as product quality criteria which are affected by physico-chemical treat-
ments to mushrooms. Heat treatments like drying has been reported to af-
fect colour and texture of various products. However, pre-drying treatments, 
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viz. blanching and sulphitation also affect the quality of dried products 
(Kotwaliwale et al. 2007).  

The blanching temperatures commonly used in industry (90-100oC) may 
lead to undesirable tissue softening (Ahrne et al. 2003) while sulphitation 
causes colour retention. Colour changes during drying are mostly in the 
form of browning caused by enzymatic or non-enzymatic reactions between 
carbohydrate and amino acids at elevated temperature (Kotwaliwale et al. 
2007).  

Furthermore, the rehydration ability of the dried product is considered to 
be a critical parameter indicating the degree of the damage to the material 
caused by physico-chemical treatments (Krokida & Marinos-Kouris 2003). 

The present study was conducted to generate information on dehydra-
tion characteristics and effect of drying air temperature and pre-drying 
treatments on colour and rehydration ratio of dried button mushroom slices. 

 
 

MATERIALS AND METHODS 
 

Freshly harvested button mushroom (Agaricus bisporus) were purchased from the 
local market and primary processing such as cleaning and washing was done. The 
mushrooms were allowed to drain and divided into five batches for various treat-
ments. Slices of the 5-8 mm thickness were obtained by cutting mushrooms verti-
cally. 

The following pre-treatments were given for 500 g fresh mushroom slices: con-
trol, soaking in water at 18oC; blanching in water at 80oC for 10 min; soaking in 
0.5% potassium metabisulphite (KMS) for 10 min; soaking in 0.75% ethylene dia-
mine tetra acetic acid (EDTA) for 10 min; soaking in 0.5% citric acid and 0.5% 
ascorbic acid for 10 min.  

The pretreated slices were dehydrated in the tray dryer at 50 and 70oC. The ve-
locity of the drying air was kept constant. Initial moisture content of mushroom was 
determined by vacuum oven method. The samples were dried to a moisture con-
tent of 12% (wb) approximately. The dried mushroom slices were cooled, packed in 
aluminium coated polyethylene bags and stored in ambient conditions for further 
analysis. 

The initial mass of the samples and the mass after every 30 minutes of drying 
were recorded. The moisture contents of the samples during drying were predicted 
by mass balance calculations. 

The drying characteristic curves were drawn, between moisture content (wb) v/s 
time. 

 

Rehydration Characteristics 
The rehydration tests were conducted to evaluate the reconstitution qualities of de-
hydrated samples. The rehydration ratio of dried mushroom slices was determined 
by soaking samples with a defined weight (approx. 5 g) in boiling distilled water (50 
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cm3) for 5 min. The samples were removed, dried off with tissue paper and 
weighed. 

The ratio of mass of rehydrated and dehydrated samples can be used to find 
following rehydration characteristics: 

Rehydration Ratio or 
D
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mRR =  

Coefficient of Rehydration or 
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where 
A = Moisture content of samples before dehydration, % (wb); 
B = Moisture content of dehydrated samples, % (wb); 
mR = Mass of rehydrated sample, g; 
mD = Test mass of dehydrated sample, g. 
 

Colour Measurement 
Sample colour was measured by an Evolution 600 UV/VIS model spectrophotome-
ter equiped with DRA-EV-600 diffuse Reflectance Accessory. The spectra were 
evaluated with the VL ColorCalc software. This system uses three values (L, a and 
b) to describe the precise location of a colour inside a three-dimensional visible 
colour space. The spectrophotometer was calibrated against standard white plate 
before each actual colour measurement. For each sample at least five measure-
ments were performed at different positions. The measurements were displayed in 
L, a and b values which represents light–dark spectrum with a range from 0 (black) 
to 100 (white), the green–red spectrum with a range from -60 (green) to +60 (red) 
and the blue-yellow spectrum with a range from -60 (blue) to +60 (yellow) dimen-
sions respectively. An increasing L value indicates a higher degree of whiteness. 

Total colour difference was calculated using following equation, where subscript 
“0” refers to the colour reading of fresh mushroom. Fresh mushroom was used as 
the reference and a larger ΔE denotes greater colour change from the reference 
material (Mohammadi et al. 2008). 

2
0

2
0

2
0 )bb()aa()LL(E −+−+−=Δ  

where L is degree of lightness to darkness, L0 is initial value of L, a is degree of 
redness to greenness, a0 is initial value of a, b is degree of yellowness to blueness 
and b0 is initial value of b.  
 
 
RESULTS AND DISCUSSION 
 
The present study was conducted to find the effects of various pre-drying 
treatments on quality of dehydrated button mushroom slices and drying 
characteristics. The drying behaviour and the product quality characteristics 
were studied in terms of product moisture content, rehydration ratio and 
color. 
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The moisture content of the fresh button mushrooms (both untreated 
and treated samples) was found in range of 90-91 per cent (wb) which re-
duced to 9-12 per cent after tray drying for various temperatures of air dry-
ing. 

 
Air drying of mushroom slices 
Figure 1 and 2 shows the variation in moisture content with drying time for 
mushroom slices at 50 and 70oC. It also shows the effects of temperatures 
of drying air on drying time.  

It can be seen from figure 1 that it took nearly 420 min to reduce mois-
ture content from 90 to 12 per cent for untreated mushroom slices at 50°C 
drying air temperature. 
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Figure 1. Variation in moisture content (wb) with drying time for different 
pre-treatments of mushroom slices at 50oC temperature of drying air. 

 
As the temperature of drying air increased to 70°C for the same thick-
nesses of slices, then to reduce the same moisture, it took only 300 min of 
drying, causing approximately 28 per cent saving in time. Therefore, tem-
perature of drying air has significant effect on the drying time. Similar re-
sults were also observed for all the pre-treatments as increment in the dry-
ing air temperature increases the drying potential, therefore it requires less 
time for the moisture to evaporate. 



Nour, V., et al. 

 
South west J Hortic Biol Environ (2011) 

20 

 

0

10

20

30

40

50

60

70

80

90

100

0 60 120 180 240 300 360

Drying time, min

M
oi

st
ur

e 
co

nt
en

t, 
%

 (w
b)

Water Blanching 0.5% KMS 0.5% Citric acid+0.5% Ascorbic acid 0.75% EDTA
 

Figure 2. Variation in moisture content (wb) with drying time for different 
pre-treatments of mushroom slices at 70oC temperature of drying air 

 
Table 1 shows the total drying time required for drying of white button 

mushrooms slices pretreated with various chemicals and dehydrated with 
different temperature of drying air. 

 
Quality evaluation of dried mushrooms 
The rehydration ratio and color of dried mushroom slices were taken as 
quality parameters and they are discussed in the following sections: 
 
Rehydration Characteristics 
The shape and size of the mushroom slices significantly differed from the 
fresh ones due to shrinkage resulting from the removal of large quantities of 
water. The rehydration behavior was analyzed in terms of the ability of the 
dried product to regain its original mass. This characteristic was expressed 
in terms of rehydration ratio and of Coefficient of Rehydration. The rehydra-
tion ratios and the coefficients of rehydration obtained under different pre-
treatments and temperatures are presented in Table 2.  

It may be noted that higher rehydration ratio indicates better product. 
The rehydration ratio ranged from 2.18 to 2.46 for different operating condi-
tions. Mushrooms dried at lower temperature were found to have greater 
rehydration ratio as compared with the sample dried at higher temperature. 
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At lower temperatures, less cellular destruction and dislocation occur thus, 
the material is capable of absorbing more water. 

 
Table 1. Total drying time to reduce the moisture content of mushroom slices from 

approximately 90% (wb) to about 12% (wb). 
 

Time of drying, min Drying air 
temperature 

(oC) Water Blanching 
(80oC) 

Citric acid (0.5%) + 
Ascorbic acid (0.5%) 

KMS 
(0.5%) 

EDTA 
(0.75%) 

50oC 420 450 420 450 450 
70oC 270 300 270 315 315 

 
Table 2. Rehydration ratio of dehydrated mushroom slices  

under different pre-treatments and temperatures. 
 

Treatments Temperature 
(oC) 

Rehydration 
ratios 

Coefficients of 
rehydration 

50 2.30 0.253 Control (water) 70 2.20 0.239 
50 2.26 0.243 Blanching 70 2.18 0.237 
50 2.46 0.270 Citric acid (0.5%) 

+ Ascorbic acid 
(0.5%) 70 2.34 0.256 

50 2.34 0.255 KMS (0.5%) 70 2.28 0.249 
50 2.40 0.258 EDTA (0.75%) 70 2.30 0.247 

 
Similar to rehydration ratio, a higher coefficient of rehydration indicates a 

better product. It was observed that as the temperature decreased, the co-
efficients of rehydration increased.  

The minimum rehydration ratio of 2.18 was obtained for blanched slices 
treated and the maximum rehydration ratio of 2.46 was obtained for sam-
ples treated with citric and ascorbic acids. It can be seen that there is not 
much difference in the rehydration ratio and coefficient of rehydration for 
the samples treated with different chemicals. 

 
Colour 
Colour is an important quality parameter for the dried mushroom. The high-
est possible value of L* is considered as the benchmark in industry for the 
colour quality of dried mushrooms (Mau et al., 1991; Martínez et al., 2001). 
The values of L, a, b and total colour change (ΔE) obtained from the ex-
perimental data are presented in table 3. 
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At 50oC, the L values are lower for all the pre-treatments so the brown-
ing of the dried product is more pronounced at higher temperatures. Also, 
the results indicated that the total colour change (ΔE) was greater in the 
samples dried at higher temperature. This implies that with increase in air 
temperature, the degradation rate of colour becomes faster as a result of 
high energy transferred to the inside of food material. 

The main factor causing colour changes during hot-air drying is enzy-
matic and non-enzymatic browning reactions. Lowering the drying air tem-
perature resulted in lower thermal stress on the surface and a higher white-
ness index. 

 
Table 3. L, a, b and total colour change (ΔE) for various air temperatures and 

pre-treatments (T – temperature). 
 

Treatments T. 
(oC) 

Para 
meter Water Blanching 

(80oC) 
Citric acid (0.5%) + 

Ascorbic acid (0.5%) 
KMS 

(0.5%) 
EDTA 

(0.75%) 
L 51.3 67.6 66.6 52.1 55.0 
a 8.7 4.7 12.1 7.8 9.8 
b 14.5 9.6 28.8 15.7 18.4 50 

ΔE 24.205 6.831 24.157 23.580 22.717 
L 31.8 65.9 59.1 32.8 38.6 
a 3.3 10.4 11.8 3.6 2.1 
b 4.4 22.9 22.6 4.5 2.3 70 

ΔE 42,109 18.769 24.533 41.035 35.478 
 

The results showed that the color of the dried mushroom slices was signifi-
cantly affected with the pre-treatments. The highest value of L was ob-
tained for the blanched samples both at 50oC and 70oC. Also, the blanching 
determined the lowest colour chance after drying. 

Higher values for L were also been obtained for the samples soaked in 
0.5% citric acid and 0.5% ascorbic acid. It is worthy of note that these sam-
ples have a higher b value, confirming the increasing of yellowness which 
was noticed visually. 

Samples treated with EDTA were darker than the samples treated with 
citric and ascorbic acids while the treatment with KMS almost didn't help in 
reduction of darkening of mushrooms during drying. 
 
 
CONCLUSIONS 

 
The air temperature was a significant factor affecting the hot-air drying 
characteristics of mushrooms. It required approximately 7.5 h for comple-
tion of the drying experiments in tray dryer at 50oC and 5.5 h at 70oC. Dry-



Effect of pre-treatments and drying temperatures on … 

 
South west J Hortic Biol Environ (2011) 

23 

ing at 50oC produced dried mushroom slices of superior quality exhibiting 
the highest lightness, lowest colour change and maximum rehydration ratio. 

A minimum and maximum rehydration ratio of 2.18 and 2.44 was ob-
tained. There was not much difference in the rehydration ratio and coeffi-
cient of rehydration for all the samples. 

The colour change mushroom slices using the L, a and b system totally 
explained the real behavior of mushroom samples undergoing hot air dry-
ing. This method gives a result closure to human vision and hence more re-
liable. The values of L, a, b and total colour change (ΔE) were influenced by 
the temperature and pre-treatments. The total colour changes (ΔE) were 
greater while the L values were lower in the samples dried at higher tem-
perature. 

Pre-drying treatments had a significant effect on the whiteness and col-
our change of dried mushroom slices. Whiteness of blanched mushrooms 
was very high compared to other samples but the rehydration ratio was 
very low. However, among the four treatments, soaking in 0.5% citric acid 
and 0.5% ascorbic acid has produced comparatively more acceptable 
product taking into account all the quality parameters. 

 
 
 

REFERENCES 
 

Ahrne, L., Prothon, F., Funebo, T. (2003): Comparison of drying kinetics and texture 
effects of two calcium pre-treatments before microwave-assisted dehydration of 
apple and potato. International Journal of Food Science and Technology 38: 411-
420. 

Argyropoulos, D., Heindl, A., Müller, J. (2008): Evaluation of processing parameters for 
hot-air drying to obtain high quality dried mushrooms in the Mediterranean region. 
Conference on International Research on Food Security, Natural Resource 
Management and Rural Development, Tropentag 2008, University of Hohenheim, 
October 7-9, 2008. <http://www.tropentag.de/2008/abstracts/full/355.pdf> 

Bano, Z., Rajarathnam, S., Shashi Rekha, M. N. (1992): Mushroom as the 
unconventional single cell protein for a conventional consumption. Indian Food 
Packer 46(5): 20-31. 

Kotwaliwale, N., Bakane, P., Verma, A. (2007): Changes in textural and optical 
properties of oyster mushroom during hot air drying. Journal of Food Engineering 
78: 1207-1211. 

Krokida, M.K., Marinos-Kouris, D. (2003): Rehydration kinetics of dehydrated products. 
Journal of Food Engineering 57: 1-7. 

Kulshreshtha, M., Singh, A., Vipul, D. (2009): Effect of drying conditions on mushroom 
quality. Journal of Engineering Science and Technology 4(1): 90-98. 



Nour, V., et al. 

 
South west J Hortic Biol Environ (2011) 

24 

Martínez Soto, G., Ocaña Camacho, R., Paredes López, O. (2001): Effect of 
pretreatment and drying on the quality of oyster mushrooms (Pleurotus ostreatus). 
Drying Technology 19(3-4): 661-672. 

Mau, J.L., Beelman, R.B., Ziegler, G.R., Royse, D.J. (1991): Effect of nutrient 
supplementation on flavor, quality, and shelf life of the cultivated mushroom, 
Agaricus Bisporus. Mycologia 83: 142-149. 

Mohammadi, A., Rafiee, S., Emam-Djomeh, Z., Keyhani, A. (2008): Kinetic models for 
colour changes in kiwifruit slices during hot air drying. World Journal of Agricultural 
Sciences 4(3): 376-383. 

Rama, V., Jacob John, P. (2000): Effects of methods of drying and pretreatments on 
quality of dehydrated mushroom. Indian Food Packer 54(5): 59-64. 

Riva, M., Schiraldi, A., Cesare, L. F. (1991): Drying of Agaricus bisporus mushrooms by 
microwave hot air combination. Lebensmittel-Wissenschaft und-Technologie 24: 
479-483. 

Singh, S. K., Narain, M., Kumbhar, B. K. (2001): Effect of drying air temperatures and 
standard pretreatments on the quality of fluidized bed dried button mushroom 
(Agaricus bisporus). Indian Food Packer 55(5): 82-86. 

Singh, U., Jain, S.K., Doshiz, A., Jain, H.K., Chahar, V.K. (2008): Effects of 
pretreatments on drying characteristics of button mushroom. International Journal of 
Food Engineering 4(4): art. 5. 

Walde, S.G., Velu, V., Jyothirmayi, T., Math, R.G. (2006): Effects of pretreatments and 
drying methods on dehydration of mushroom. Journal of Food Engineering 74: 108-
115. 

Yapar, S., Helvaci, S.S., Peker, S. (1990): Drying behavior of mushroom slices. Drying 
Technology 8(8): 77-79. 

 
 
 
 
 


