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Abstract

Introduction: Considering the serious challenges related to the waste of agricultural products and the
limitations in the traditional storage and processing methods, the use of new technologies such as drying and
tablet production seems to be necessary. Therefore, this research was done with the aim of optimizing the
drying and tableting processes for edible button mushrooms as a valuable and perishable product.

Materials and Methods: Edible button mushrooms were purchased from the local market and after cleaning
and washing, they were cut into pieces with thickness of 3 mm. Then, the samples were placed in the oven
for 24 hours to obtain its initial moisture, and finally they were dried by two methods of drying in the shade
and drying in a continuous dryer. Then the dried mushrooms were powdered and shaped into smooth round
tablets. For this purpose, the tests were defined in the form of a central compound design in Design Expert
software version 13. Independent variables (inputs) for Design Expert software in the continuous dryer were
temperature (50, 60 and 70 °C) and air speed (1.5, 2.5 and 3.5 m/s) and dependent variables were total
phenol, antioxidant property and color parameters. Regarding optimization of tableting process, the
independent variables were including pressure (50x10°, 60x10°, 70x10°, 80x10° and 90x10° Pa), tension
relaxation time (3, 8, 13, 18 and 22 s), and mold diameter (10, 14, 18, 22 and 26 mm); whereas the dependent
variables were including penetration resistance, tension along the diameter, and density.

Results and Discussion: According to the findings, the air temperature had a greater effect on the response
variables than the air speed. According to the results obtained from the optimization, the conditions in which
the air temperature was 64.10 °C and the air speed was 2.49 m/s were selected as the optimal conditions with
a desirability of 76.3%. The edible button mushroom sample dried in optimal conditions has a total phenol
content of 10.7 mg of gallic acid in the weight of the dry sample, antioxidant property of 91.72%, brightness
index (L*) 69.73, redness index (a*) was -23.44 and the jaundice index (b*) was 1.80. The shade-dried
sample also has a total phenol content of 2.87 mg of gallic acid in the weight of the dry sample, antioxidant
property of 91.27%, brightness index (L*) 72.54, redness index (a*) -9.09and the yellowness index (b*) was
6.74. According to the total phenol content and antioxidant property in the continuous drying method, this
method was more favorable than the shade drying method. Among the factors affecting the mechanical
properties of tablets prepared from dried mushroom powder by the continuous method and shade, the mold
diameter variable was more effective than the other two variables. To optimize the tablet obtained from dried
mushroom powder by continuous method, the conditions in which the pressure was equal to 72.74 x10° Pa,
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the diameter of the mold was 14 mm, and the tension relaxation time was 8 seconds, were selected as
optimum points with the desirability of 71.8%. For shadow-dried mushroom powder tablets, the conditions in
which the pressure was equal to 80x10° Pa, the diameter of the mold was 18.70 mm, and the stress relaxation
time was 18 seconds were selected as the optimal point with the desirability of 60.1%.

Conclusion: In general, it can be concluded that drying by the continuous dryer method can be a good option
to replace drying by traditional method. Because the tablet obtained from mushroom powder dried by the
continuous method had a higher density, penetration resistance and stress along the diameter compared to the
shadow method.

Keywords: Continuous drying, Edible button mushroom, Optimization, Compressed fruit tablet.
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Table (1) Experiments conducted to investigate the effect of response variables on the drying
process using the response surface method

Jore gl i
Independent variables
SelsTesled SPBY-Y 22,556
Test No. Factor 1 Factor 2
(51,8 Bl a2 )3) 158 glos (a6 5 720) 158 Cop
A: Air temperature (°C) B: Air velocity (m/s)
1 50 25
2 60 25
3 70 35
4 60 25
5 60 35
6 50 15
7 60 25
8 60 15
9 70 2.5
10 70 15
11 50 35

Gl w995 4 S3lw e B sl g duly (S i ST () 2 (ST ordPLE! S a3 T (V) J9ur
Table (2) Experiments conducted to investigate the effect of response variables on the tableting process
using the response surface method

St Lo e
Independent variables
Jsl 556 p33,556 oS
Factor 1 Factor 2 Factor 3
lesToles (ISl 1+ 5% Lz (o o) LG s (a36) 25 LT Ob;
Test No. A: Pressure x10° (Pa) B: Die diameter (mm) C: Relaxation time (s)

1 70 18 13
2 60 14 8
3 80 22

4 80 14 18
5 60 22 8
6 80 22 18
7 60 14 18
8 70 26 13
9 60 22 18
10 70 18 13
11 70 18 13
12 80 14 8
13 70 18 23
14 50 18 13
15 90 18 13
16 70 10 13
17 70 18 3
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Table (3) Coefficients of the model fitted to the quadratic regression equation for the response
variables in the drying process of mushroom

ol i
Response variable
Jbe ol . e ... z. .. . . .
L;L‘Jr})di.-)uap-u i;.v)u.a;-\.& u.a;-l.& Q,.:.pb- qub
Model - ) _ _ _ | ohenol
coefficients L S S PIRES G S 5T TOtaGpAeEr}ODM
ax b* Antioxida (mg gDMm)
nt property (%)
BO 70.19 2411 1.18 91.51 6.59
Bl -0.5567 "™ -1.48"™ -0.2650 ™ "0.5142 "0.8375
p2 -0.1600"™ 1.46"™ -0.0617"™ 0.0000 ™ -0.2338"™
B12 0.5325"™ 2.27™ -0.1175™ - 0.3147™
12 "-1.35 '7.80 431 - "1.01
p2? "-2.33 '9.63 "1.06 - "-2.23
P-value of 0.0041 0.0015 0.0008 0.0020 0.0061
model
R? 0.9422 0.9613 0.9700 0.7891 0.9318
Adjusted-R? 0.8843 0.9225 0.9400 0.7364 0.8635
Predicted R? 0.5813 0.7569 0.7893 0.7030 0.3588
P-value of 0.2695 0.1826 0.0836 0.7852 0.1833
Lack of fit

A T P Y PRI | S PR e PR
*indicates a significant difference and ™ indicates a non-significant difference at 0.05 level.
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Table (4) Coefficients of the model fitted to quadratic regression equation for the response
variables in process of tablets making from the dried mushroom powder using a continuous method

b e
Response variable

(0.5 9) 338 45 Cun gl

(oo 0 B) JE ] (IS &) s gl y 55 i
e ol 5 f ReSIStE_mce to Tension along the diameter
il Density (g/m?) penetration

Model coefficients (N) (MPa)
BO 0.0012 956.42 44.97

Bl 0.0000" -17.02"™ °5.84

B2 *-0.0001 2.35™ *-5.58

B3 -4.935E-06"™ 22.24"™ 4.84

B12 -0.0000™ “14.42 *4.69

B13 -0.0000 ™ -84.61" -0.0913™

p23 “0.0001 -10.07"™ 175"

12 - -161.37" *-1.05
p2? - 377" 317"

p3? - -3.47™ 1.72™

0.0023 <0.0001 0.0030

P-value of model

R? 0.8291 0.9785 0.9282
Adjusted-R? 0.7265 0.9509 0.8360
Predicted R? 0.3962 0.8428 0.5113
P-value of Lack of fit 0.5024 0.2487 0.4425

AL g /00 e 3 13 as b M| ekins QLEINS 5 1> ias Vs okins ol

*Indicates a significant difference and ™ indicates a non-significant difference at 0.05 level.
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Table (5) Coefficients of the model fitted to the quadratic regression equation for the response
variables in the tableting process of mushroom powder dried by the shade method.

Foly i
response variable
205 s (05 59) 358 4 Seglle (Sl B 5 sloy s i
e <l 2 (e e b ;?{'rztggﬁe 0 tension along the diameter

Model coefficients Density (g/m°) (N) (MPa)
BO 0.0012 508.14 334.35
B1 0.0000™ 121.97 42.64"
B2 -0.0001" -140.37" 37.30
B3 2.784E-06™ 43.06"™ 13.98"™

B12 - 92.21" -

13 - 61.41" -

p23 - 155.53" -

B1* - - -

B2’ - - -

B3’ - - -
0.0155 0.0007 0.0099

P-value of model

R? 0.5383 0.8686 0.5707
Adjusted-R? 0.4318 0.7898 0.4716
Predicted R? 0.1868 0.1784 0.3048
P-value of f';t""c" of 0.3175 0.1942 0.2346

O ST N D PR EH IR S PR e
xIndicates a significant difference and ™ indicates a non-significant difference at 0.05 level.

O3AT I a0 ) I B
(Wgal L5
Total phenol (mgGAE/gDM)
(4 33) Frohaat | ST s
Antiovidant nroverty (%)

BiAir velocity (m/s) AzAir temperature(C) B:Air velocity (m/s) 15°% AzAir temperature(C')

(43U 3 ) 198 Sz yu (31, A 4 33) I3 e (45U 5} 19h ok g (31, il 4 33) 198 Sled

Slasd (195 ZoB Sloud T T Cawols 9 I 6 (Sgimo g o Cat g § Lod HgiT B 1 (V) IS
Figure (3) Effect of air temperature and air velocity on the total phenol content and antioxidant
properties of edible button mushroom
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B:Air velocity (m/s)
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Figure (4) Effect of temperature and air velocity on the color indicators (L*, a*, b*) of edible
button mushroom.
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Figure (5) The results obtained from numerical optimization for dried mushrooms by continuous
method
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Figure (6) Interaction effect of die diameter and stress relaxation time on tablet density obtained
from mushroom powder dried by the continuous method.
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Figure (7) The effect of diameter factor on the density of tablets obtained from mushroom powder
dried in the shade
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Figure (8) The interaction effect of the pressure factor and stress relaxation time, the interaction

of pressure and die diameter, and the quadratic effect of pressure on the penetration resistance of
tablets obtained from mushroom powder dried by a continuous method
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Figure (9) The effect of pressure, diameter and relaxation time factors on the stress along the
diameter of the tablet obtained from dried mushroom powder in continuous method
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Figure (10) The interaction effect of pressure and diameter factors and the interaction effect of

diameter factor and stress relaxation time on the penetration resistance of tablets obtained from
shade-dried mushroom powder
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Figure (11) The effect of mold diameter and pressure on the stress along the diameter of shade-

dried mushroom powder
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Figure (12) The results obtained from numerical optimization for tableting conditions from dried

mushroom powder by continuous method
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Figure (13) The results obtained from the numerical optimization for the tableting conditions of
shade-dried mushroom powder

(@) ©pp perla SV plis, el
-t 4 g VA (%) 63,5 ool 5 —YY/FF
05 hn VAV S J5 (lsmn (5Tl 55wl )3 os
ST Gl (S G 0y 3 SIE
VYOF (L*) olby, esls chws,ys Q1YY SIS
FIVE (0%) 63,5 Latla 5 -4/ (@%) )03 Lesls
@ gl S U Ol e ode Ty (slaosls 5oy 5l o g
2 SHeSI ST ool 5 IS 8 (slge 03 53L
G0 N posas Gy ol gy (S iy,
PlF 2 S sySh Ole sy Sisale
4 oSl T8 sos Sl eddag gla o S
e 5351 5 fae B kS e il s w gy
2B s 3l Jele o b Gl o s
Pl 0T j3 a8 ol 8 et gy gy 4 elieSas
Ol 5 jedes VP LIB ks (JSl VEVYXYS
Olse 4 Lo ys VIA Csgllae b os g adb A 2 asloT
0P Amdls i Ll 5 ol 5 s Ol ang abi

4 C«A}L&a cgfagafwj r‘}f AR é‘)? G)G

S5 domi

S T gleang s b e ol

b Jsae Sl Glepf 5 s Sy 4 035
L Shss slaass 756 i g pdals 5 25))
Fob oo s a5 D STl D1 S eslind
5 by Jiee slajize o o badl GboAs plbl
S B 03 S Giluaig lp Ios e
AE el Glasiie g5)p Lo ite g So) 4
S S5k 4 WDl s Lo R 4 Dol (6 A0
ool 5 5 3 sl (5ot los 150 L
OB Ll edl Bl edseSs 2B STl T
b ab ol (K e e 55, i SU Lo
PR L 0T 53 oS Jal,d 55 Sbag 5l edelmdy
Losg asb, e Y/FA I S g 31 8 Slo aoys
A Ol ang Ll b Olge 4 Aoy VR o glbas
g Lol )3 edaeSlis (glaaSs ST, zoB s
53 SIE rf&:‘ VI S b (gl gmee gyl
o3 WNVY SISl 5T Sl (oS @505 035



Y5¥

Sl g S5l 5 (3l 10K 5 03130

T8 o 3 ekl e gy o Wised S 55
4 Do (S e Sl dty ) 4 edd oSUis
ol 53 0dd S 26 43 g Sl ol Sy gy 0 B
Sis S D55 s Olg e IS b 4ol
rlie s 5 g or gy S S gy 4 035
25 8l e By 4 038 S Kol ol
oo 4 edd S B oy el iy 03
& aslie ( J&s s 4l sy L anglie 53 sy

B YL bs bl js A5 5358

FONNT s bl 43 A5 5 Oss AVO/YA 34
~eSs 6 oy o B shete )y 0 KL
AV s 0T 53 oS ol 55 ale 53 el
A T Ol 5 e e WY LIB S (JISl
digy ab Ol gie 4 Loy #0/) Comghlae L 03 g 436 VA
gB o iy e Ll ol s s sl
358 4 Caglin coaSagin o 8 Y (ST
JSLLEKNAV/OY s clowly 3 55 5 O 55 o VOY/FF
Sl b g ool oy i Lol 5 s las Sl

Q\:&Q‘jg%m}%b&jjyoﬂwjbﬁjJ



365
Agricultural Engineering (Scientific Journal of Agriculture), 48 (3), Fall, 2025

References

1. Adiba, B. D., Salem, B., Nabil, S., and Abdelhakim, M. 2011. Preliminary characterization of food tablets
from date (Phoenix dactylifera L.) and spirulina (Spirulina sp.) powders. Powder Technology, 208(3),
725-730 .https://doi.org/10.1016/j.powtec.2011.01.016

2. Alwazeer, D., and Ors, B. 2019. Reducing atmosphere drying as a novel drying technique for preserving
the sensorial and nutritional notes of foods. Journal of Food Science and Technology, 56(8), 3790-3800 .
https://doi.org/10.1007/s13197-019-03850-2.

3. Basim, P., Haware, R. V., and Dave, R. H. 2019. Tablet capping predictions of model materials using
multivariate  approach.  International ~ Journal ~ of  Pharmaceutics, 569, 118548
https://doi.org/10.1016/j.ijpharm.2019.118548.

4. Brand-Williams, W., Cuvelier, M.-E., and Berset, C. 1995. Use of a free radical method to evaluate
antioxidant activity. Food Science and Technology, 28(1), 25 .https://doi.org/10.1016/S0023-
6438(95)80008-5.

5. Canton, H. 2021. Food and agriculture organization of the United Nations—FAQ The Europa directory of
international organizations 2021 (pp. 297-305): Routledge. https://doi.org/10.4324/9781003179900.

6. Chen, J., Zhou, Y., Fang, S., Meng, Y., Kang, X., Xu, X., and Zuo, X. 2013. Mathematical modeling of
hot air drying kinetics of Momordica charantia slices and its color change. Advance Journal of Food
Science and Technology, 5(9), 1214-1219 .https://doi.org/10.19026/ajfst.5.3085.

7. Chin, S., Siew, E., and Soon, W. 2015. Drying Characteristics and quality evaluation of kiwi slices under
hot air natural convective drying method. International Food Research Journal, 226.
https://doi.org/10.2015/ifrj.22.6.2188.

8. Dudhat, S. M., Kettler, C. N., and Dave, R. H. 2017. To study capping or lamination tendency of tablets
through evaluation of powder rheological properties and tablet mechanical properties of directly
compressible blends. Aaps Pharmscitech, 18(4), 1177-1189 .https://doi.org/10.1208/s12249-016-0576-1.

9. Gholami, R., Ahmadi, E., and Ahmadi, S. 2020. Investigating the effect of chitosan, nanopackaging, and
modified atmosphere packaging on physical, chemical, and mechanical properties of button mushroom
during storage. Food Science and Nutrition, 8(1), 224-236 .https://doi.org/10.1002/fsn3.1294.

10. Horabik, J., Wiacek, J., Parafiniuk, P., Stasiak, M., Banda, M., and Molenda, M. 2019. Tensile strength of
pressure-agglomerated potato starch determined via diametral compression test: Discrete element method
simulations and experiments. Biosystems Engineering, 183, 95-109
https://doi.org/10.1016/j.biosystemseng.2019.04.019.

11. Jafarizadegan, M., Amiri Chayjan, R.,and Karamian, R. 2010. Optimization of a combination dryer
(Vacuum-Infrared) operation in production process of edible button mushroom powder. Agricultural
Engineering, 43(2), 141-161 .https://doi.org/ 10.22055/agen.2020.31903.1528.

12. Khorsheed, B., Gabbott, I., Reynolds, G. K., Taylor, S. C., Roberts, R. J., and Salman, A. D. 2019. Twin-
screw granulation: Understanding the mechanical properties from powder to tablets. Powder Technology,
341, 104-115 .https://doi.org/10.1016/j.powtec.2018.05.013.

13.Ma, Y., Lian, Y., Meng, X., Xu, M., Zhang, T., Zou, H., and Yang, H. 2023. Process optimization of sea
buckthorn fruit powder effervescent tablets by random centroid methodology combined with fuzzy
mathematical sensory evaluation. Processes, 11(9), 2639 . https://doi.org/10.3390/pr11092639.


https://doi.org/10.1016/j.powtec.2011.01.016
https://doi.org/10.1016/j.powtec.2011.01.016
https://doi.org/10.1007/s13197-019-03850-2
https://doi.org/10.1007/s13197-019-03850-2
https://doi.org/10.1016/j.ijpharm.2019.118548
https://doi.org/10.1016/j.ijpharm.2019.118548
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1208/s12249-016-0576-1
https://doi.org/10.1208/s12249-016-0576-1
https://doi.org/10.1002/fsn3.1294
https://doi.org/10.1002/fsn3.1294
https://doi.org/10.1016/j.biosystemseng.2019.04.019
https://doi.org/10.1016/j.biosystemseng.2019.04.019
https://doi.org/10.3390/pr11092639

366
Agricultural Engineering (Scientific Journal of Agriculture), 48 (3), Fall, 2025

14. Naji-Tabasi, S., Emadzadeh, B., Shahidi-Noghabi, M., Abbaspour, M., and Akbari, E. 2021.
Physico-chemical properties of powder and compressed tablets based on barberry fruit pulp. Journal of
Food Measurement and Characterization, 15(3), 2469-2480 .https://doi.org/10.1007/s11694-021-00834-9.

15.0ng, M., Yusof, Y., Aziz, M., Chin, N., and Amin, N. M.2014. Characterisation of fast dispersible fruit
tablets made from green and ripe mango fruit powders. Journal of Food Engineering, 125, 17-23 .
https://doi.org/10.1016/j.jfoodeng.2013.10.014.

16.Pawar, P., Joo, H., Callegari, G., Drazer, G., Cuitino, A. M., and Muzzio, F. J. 2016. The effect of
mechanical strain on properties of lubricated tablets compacted at different pressures. Powder
Technology, 301, 657-664 .https://doi.org/10.1016/j.powtec.2016.05.058.

17.Rashidi, M., Amiri Chaijan, R ,.Ershadi, A., and Ghasemi, A. 2020. Modeling and optimization of
vacuum-infrared dryer performance in production process of tomato compressed tablet: Chemical
properties. Iranian Journal of Biosystems Engineering, 51(3), 571-584 .https://doi.org/
10.22059/ijbse.2020.292861.665245.

18. Rashidi, M., Chayjan, R .A., Ghasemi, A., and Ershadi, A. 2021. Tomato tablet drying enhancement by
intervention of infrared-A response surface strategy for experimental design and optimization.
Biosystems Engineering, 208, 199-212 .https://doi.org/10.1016/j.biosystemseng.2021.06.003.

19. Rashidi, M., Ershadi, A., and Ghasemi, A. 2021. Investigation of chemical and qualitative properties of
compressed tablet production from tomato powder under microwave-hot air condition and process
optimization using response surface method. Food Research Journal, 30(4), 83-80 .https://doi.org/
10.22034/fr.2021.31663.1635.

20. Saifullah, M., Yusof ,Y., Chin, N., and Aziz, M. 2016. Physicochemical and flow properties of fruit
powder and their effect on the dissolution of fast dissolving fruit powder tablets. Powder Technology,
301, 396-404 .https://doi.org/10.1016/j.powtec.2016.06.035.

21.Shah, H. G., Dugar, R. P., Li, H., Dave, V. S., and Dave, R .H. 2019. Influence of punch geometry (head-
flat diameter) and tooling type (‘B’or ‘D’) on the physical-mechanical properties of formulation tablets.
Drug Development and Industrial Pharmacy, 45(1), 117-123
https://doi.org/10.1080/03639045.2018.1525395.

22.Singleton, V. L., and Rossi, J. A. 1965. Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagents. American Journal of Enology and Viticulture, 16(3), 144-158 .
https://doi.org/10.5344/ajev.1965.16.3.144

23.Sun, C. C. 2005. Quantifying errors in tableting data analysis using the Ryshkewitch equation due to
inaccurate  true  density. Journal of Pharmaceutical Sciences, 94(9), 2061-2068
https://doi.org/10.1002/jps.20421.

24.Sun, H., Wang, X., Wang, J., Shi, G., and Chen, L. 2020. Influence of the formula on the properties of a
fast dispersible fruit tablet made from mango, Chlorella, and cactus powder. Food Science and Nutrition,
8(1), 479-488 .https://doi.org/10.1002/fsn3.1330.

25.Toor, R. K., and Savage, G. P. 2006. Effect of semi-drying on the antioxidant components of tomatoes.
Food Chemistry, 94(1), 90-97. https://doi.org/10.1016/j.foodchem.2004.10.054.

26.Yusof, Y., Mohd Salleh, F., Chin, N., and Talib, R. 2012. The drying and tabletting of pitaya powder.
Journal of Food Process Engineering, 35(5), 763-771. https://doi.org/10.1111/j.1745-4530.2010.00625.x.

27.Zea, L. P., Yusof, Y. A, Aziz, M. G., Ling, C. N., and Amin, N. A. M. 2013. Compressibility and
dissolution characteristics of mixed fruit tablets made from guava and pitaya fruit powders. Powder
Technology, 247, 112-119. https://doi.org/10.1016/j.powtec.2013.06.032.


https://doi.org/10.1007/s11694-021-00834-9
https://doi.org/10.1007/s11694-021-00834-9
https://doi.org/10.1016/j.jfoodeng.2013.10.014
https://doi.org/10.1016/j.jfoodeng.2013.10.014
https://doi.org/10.1016/j.powtec.2016.05.058
https://doi.org/10.1016/j.powtec.2016.05.058
https://doi.org/10.1016/j.powtec.2016.06.035
https://doi.org/10.1016/j.powtec.2016.06.035
https://doi.org/10.1080/03639045.2018.1525395
https://doi.org/10.1080/03639045.2018.1525395
https://doi.org/10.1002/fsn3.1330
https://doi.org/10.1002/fsn3.1330
https://doi.org/10.1016/j.foodchem.2004.10.054
https://doi.org/10.1111/j.1745-4530.2010.00625.x
https://doi.org/10.1016/j.powtec.2013.06.032
https://doi.org/10.1016/j.powtec.2013.06.032

