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Abstract

Introduction: Edible Button Mushroom (Agaricus Bisporus) is one of the crops that is widely
used today as a food source. Due to high humidity, high respiration rate, lack of cuticle, and
severe enzymatic activity after harvesting, mushrooms rot more quickly than other vegetables
and their discoloration begins immediately after harvesting. To increase durability, edible
mushrooms should undergo processing steps. Drying is one of the most common methods to
process and preserve edible mushrooms. Vacuum-infrared drying is conducted by reducing
moisture at low pressure to improve the quality of this high nutritional value product. Since
button mushrooms have many applications due to their high nutritional value and medicinal uses,
the best drying mode should be chosen to have the least negative effect on the quality properties
and ingredients of the powder.

Materials and Methods: Fresh edible button mushroom were washed and cut by a cutter at 5
mm thickness and dried using a vacuum-infrared dryer at three temperature levels of 40, 55, and
70 ° C and three vacuum pressure levels of 20, 40, and 60 kPa. Then the dried mushroom slices
were milled and powdered using a mill device for one minute. To homogenize the particle size,
the button mushroom powder was sifted by a laboratory sieve with a No. 50 mesh (cavity size 0.5
mm). In this study, the effect of vacuum-infrared drying variables including indoor air
temperature and vacuum pressure on the thermal properties (effective moisture diffusion
coefficient and drying energy consumption) of button mushroom as well as chemical (total
phenol content) and qualitative (color indices as AL *, Aa *, and Ab*) button mushroom powders
were studied. Statistical analysis of data and optimization of drying process were conducted using
response surface methodology and central composite design (CCD). After determining the
optimum point of vacuum-infrared dryer, loose and compacted bulk density, work index, Hassner
ratio, angle of repose, and button mushroom powder slices were measured at optimum point and
finally the flow-ability of the edible button mushroom powder was determined.

Results and Discussion: The results showed that as the chamber temperature increased, the rate
of evaporation of tissue moisture increased, which resulted in a decrease in the drying time of the
edible button mushroom thin layers with vacuum-infrared dryer. Effective moisture diffusion
coefficient of drying of edible button mushroom thin films ranging from 1.8 x10”° m/s (40 kPa
pressure and 40 °C temperature) to 8.9x10° m?s (20 kPa pressure and 70 °C temperature) was
varied. The results showed that the air temperature of the drying chamber had a positive effect on
the effective moisture diffusion coefficient. This is because increasing energy and heat
consumption increased the activity of water molecules and, as a result, more moisture penetrated
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outside the product at higher temperatures. The maximum amount of specific energy
consumption was 1269.73 MJ/kg (60 kPa pressure and 40 ° C temperature) and the lowest
amount was 408.36 MJ/kg (40 kPa pressure and 70 °C temperature). The results showed that at
constant pressure with increasing temperature, as the drying time decreased sharply, the amount
of specific energy consumption also reduced. The phenolic content of button mushroom powder
was in the range of 270 mg/g (20 kPa pressure and 40 ° C temperature) and 1.3 mg/g (40 kPa
pressure and 70 ° C temperature). As the temperature increased, the total phenol content
decreased. The results showed that increasing the temperature caused a greater difference
between the color indices of L*, a *, and b* of button mushroom powder than those of fresh
mushroom. Increase in temperature caused more darkening (decrease in L* index), decrease in
redness (decrease in index a*), and decrease in yellowness (decrease in index b*) of mushroom
powder. In general, color indices were closer to the values of fresh mushroom samples at low
temperatures. The optimum drying point of button mushroom was obtained at 40° C temperature
and vacuum pressure of 40.823 kPa. The optimum value of the independent variables including
effective moisture diffusion coefficient, specific drying energy consumption, total phenol
content, and final color indices of edible button mushroom AL*, Aa*, and Ab* were 3.06%10°
m?/s, 1088 MJ/kg, 2.76 mg/g, 15.28, 2.55, and 9.26, respectively. The results showed that drying
under lower temperature and medium vacuum pressure increased the desirability index. The
flow-ability of edible button mushroom powder was reported to be good.

Conclusion: According to the results of drying tests of edible mushrooms, the following results
of this study were obtained in infrared vacuum drying as follows: 1- The effect of air temperature
on all variables of button mushroom response was significant in vacuum-infrared dryer. 2- The
air inlet temperature to the dryer had a negative effect on the specific energy consumption of the
drying process and the total phenol content of the button mushroom powder. 3- Increase in air
temperature caused a greater difference between the color indices of L*, a*, and b* button
mushroom powder than those of fresh mushrooms. 4. The results showed that drying under mild
conditions (lower temperature and medium vacuum pressure) increased the desirability index. 5-

Flow-ability of edible button mushroom powder was reported to be good.

Key words: Button edible mushroom powder,drying,vacuum — infrared,total phenol
content,physical properties
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Figure (1) Schematic view of the infrared vacuum dryer: 1- Lower chamber, 2- Upper chamber, 3-

Vacuum pump, 4- Pressure and temperature sensors, 5- NIR lamp, 6- Inlet air valve, 7- Vacuum
tubes, 8- Pressure controller, 9- Thermostat, 10- Dimmer, 11- Signal lamp, 12- Fuse, 13- Power cable
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Table (3) Evaluation of powder flowability

S K S
(1), Lasls TG (4 53) (o lmsl 455 SOl > Adhesion
Carr index (%) Hausner ratio  Angle of repose (Degree) Flowability capability
e 15157 ok
0-10 1.00-1.11 25-30 < R
Excellent Free flow
o 13T ol
11-15 1.12-1.18 31-35 = TR
Good Free flow
o iy
16-20 1.19-1.25 36-40 T ] )
Fair Relatively sticky
Jss |6 ok E¢~
21-25 1.26-1.34 41-45 5 T
Acceptable Relatively sticky
eI okcu=
26-31 1.35-1.45 46-55 . o
Poor Sticky
ras ks o sl
32-37 1.46-1.59 56-65 il s ’ ’ i
Very poor Very sticky
) = ¢ - okiw s
>38 >1.60 >65 2 s T

Very much poor

Very sticky
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Figure (3) Synthetic of drying thin slices of edible button mushroom using vacuum-infrared dryer at
different pressures and temperature levels
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Figure (4) Ln (MR) of drying thin slices of edible button mushroom by vacuum-infrared dryer at
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Table (4) Table (4) Model coefficients fitted to the quadratic regression equation for response
variables (X; dryer chamber air temperature, X, vacuum pressure)
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TEC (mg/g)  SEC (MJ/Kg) Derr (M*/s) variance)
(Width of origin) fu. 51 s =
+9.6  +2.98  23.20 +1.65 +364.56 +2.32x10°° (o)
(Linear expression) L= o Ls
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(Quadratic phrase) £33 43 S)le
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003°  3.14°  0.04° 0.179™ 0.73™ 0.83™ Lack of Fit
(P-value)
0.066°  0.08  0.02° 0.0179° 0.0013" 0.0009 Model
(P-value)
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diffusion coefficient of edible button
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Table (5) Range of response variables and their importance factor to optimize edible button
mushroom us drying process using response surface methodology

Coeal g 2 e oy e oy 7S Ol el o ie
(M1S) by 5o 5Ll
1 9.5x10° 1.8x10° e s
Maximum  the effective moisture diffusivity (m /s)
aLS MI/KG) 05 S eSis 3 o 5 0
1 1269 408 b MIKG) b2 5 o582 S pn 23 53
Minimum Specific energy consumption (MJ/kg)
.o / .h | o
3 4.27 1.02 o M/G) 5 J3 sl
Maximum total phenol content (mg/g)
S AL* & s
5 28.32 14.92 = o o
Minimum Color index AL*
Iy A* K, esls
5 5.6 2.1 = o o=
Minimum Color index Aa*
LS Ab* & Ll
5 15.3 8.3 = el
Minimum Color index Ab*
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temperature and vacuum pressure on
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Tabel (6) Predicted values of dependent and independent variables using response surface methodology under optimum conditions of dry Edible mushroom
edible drying process
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Ab-Aa AL Total phenol content Specific energy mqmoz.%” Bommw:m Vacuum temperature  number
(mg/g) consumption (MJ/kg) diffusivity (m /s) pressure (kPa)
0.83 9.26 255 152 2.76 1087.9 3.06x10° 40.8 40 1
0.83 9.27 256 152 2.78 1087.3 3.06x10° 40.5 40 2
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0.83 9.19 255 153 2.64 1082.4 3.22x10° 43.2 40 9

0.83 951 263 151 2.95 1084.4 3.22x10° 37 40 10
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