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Table 1 Commonly used mathematical models to describe drying kinetics.

M£iel Model name Model equation Refrence
1 Newton (Lewis) MR = exp(-kt) [38]
2 Henderson and Pabis MR = aexp(-kt) [39]
3 Page MR = exp(-kt") 407
4 Modified page MR = exp((—kt)") [41]
5 Logarithmic MR = acexp(-ki)+ c [42]
6 Two term exponential MR = acxp(-ki)+ (I -—a)exp(—kat) 43]
7 Verma et al. MR = acexp(—ki)+ (I—a)exp(-gt) [44]
8 Wang and Singh MR = a+bt+ct? [45]

9 Modified Henderson and Pabis M & = a exp(-kt)+ b exp(-gt)+ cexp(-ht) [46]
10 Midilli et al. MR = aexp(-kt")+ bt [47]
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Fig 1 Drying curves of Allium stipitatum under

proposed method at intial microwave power of

900/ and combined hot air temperature 80°C at
different level of microwave power.
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Fig 2 Drying curves of Allium stipitatum under

proposed method at intial microwave power of
900/ and combined microwave powerof 450 Wat
different level of temperature.
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Table 2 Model constants and standard deviations of thin layer drying models of Allium
stipitatumunder proposed method at atintial microwave power of 900 Wand different combined

conditions.
Number of Model Oparation
10 9 8 7 6 5 4 3 2 1 Condition
R>=0965 R>=0.805 R’=0.782
RMSE= RMSE= R’=0.625 RMSFE= R=0.799  R’=0.988
0.04 0.12 RMSE=0.1 0.12 RMSE= RMSE= R*=0.780 R?*=0.880 R*=0.782  R*=0.780
a=1019  a=1395 5 206 0.11 0.02 RMSE=  RMSE=0.0 RMSE=0.  RMSE= 80w
k=0416  k=0302  a=0604  -8LOO o338 40857 0.11 8 1 0.115 Al
n=0825  b=0.631 b=-0.043 = 0. k=03580  k=0472  k=0321 k=0.549  k=0302  k=0321
1=0.958
b=0005  g=-0.579 =000l Q58 10948 c=0.155 =100 n=0431 a=0.958
o= -0.436 :
h=0.302
R°=0.994
R*=0.981 2
8 RMSE= . R>=0.902 . 5
RMSE= 0.02 R=0707  'RMmspg= ~ R=0202 ~ R=0991 " p2_g991 R%=0929 R>-0.902 .
0.03 202 RMSE= ML RMSE= RMSE= RV PRV e R=0.901
a=1.008 = 57586 0.15 a=-27.15 0.08 0.02 0.08 0.07 0.08 RMSF= 180W
k=0387  _g317 20643 (309 a=1.0 a=0887 10304  k=0485  k=0.309 0.08 80°C
n=0.888 —03T beoosg  KEO0J2 kco0300  k=0428 032 ko485 K030 k=032
b=0004 L0V 0001 O350 10965 =0.117
h=0.191
R°=0.993
R*=0.983 7 2_
RMSE= RMSE=  R-0756  Bkhe — R=090  R-=0989 i
0.03 a= 2404 RMSE= 0.09 RMSE= RMSE= R*=0.898  R’=0.929 R*=0.90 R*=0.898
a=0.999 972424 0.14 ¥ 0 0.09 0.02 RMSE= RMSE= RMSE= RMSE= -
k=0370 KO8 o970 2RO a=1.00 a=0.876 0.08 0.07 0.08 0.08 Py
n=0.950 184 b=-0.086 R k=0306  k=0444  k=0323  k=0466  k=0306  k=0323
b-0006  EX3 0002 0353 1=0.963 c=0.132 n=1.00 n=0614  a=0963
h=0.156
R=0857
R*=0.969 2
o RMSE= 2 R>=0.840 . -
RMSE= 0.10 R<0650  "pMsp=  R=0854  R=0098  po_0g38 R>=0902 R=0840 2
0.04 Y RMSE= Mos RMSE= RMSE= RV RV aed0 R-0.838
a= 1018 4 5306 0.15 a=9.334 0.10 0.02 0.10 0.08 0.10 RMSE= 300w
k=0413 (T30 a=0606 (T o3c a=0345  a=0872 43y 030 k=0304 0.10 70°C
n=0.827 — 030 b00a4 KT 0S0 k=0385  k=0.449 032 k20230 K03 k0322
b=0004  E04T8  c=0001  ZOS05 120957 c=0.136
h=0310
R°=0.991
R’=0.989 2
8 RMSE= . R>=0.956 . 5
RMSE= 0.02 R=0743  RMmspg= ~ R=0961 ~ R=0994  p2_9s55 R2=0961 R>-0.956 .
0.03 202 RMSE= MSE RMSE= RMSE= RV RV el R=0955
a=1.001 = 5556 0.14 a=-156.99 0.05 0.02 0.06 0.05 0.05 RMSE= 300w
k=0366 1 _ (739 a=0.650 T _g359  a=0392 - a=0918 4 5350 10410 k=0317 0.0 80°C
n=0.930 —0321 b=0.061 3 k=0563  k=0393 0321 kZoai2 k20317 k-0328
b=0003  £907 o001 ZO5% 10983 =0.081
h=0.189
= R°=0.989
Rty RMSE=  po_goer  R=0938  po goie0  pi_goo 2 2 2
0.02 8. RMSE= 938 992 R2_0937 R=0951 R>-=0938 -
0.03 a=35309  RMSE= 0.07 RMSE= bl = RMSE= RMSE= RMSE= R, T0937
a=0998 90183 0.13 a=-3.73 0.072 0.02 0.07 0.06 0.07 RMSE= 300w
k=0364  (_oges  AO0T16 4 g3y @2 10000a=0.897  g3hs  =0433  k=0.968 0.06 90°C
n=0.953 “26 p-gose KOS 03119 k=0407 032 kZ0a3s  KZDI8 10325
b=0005  EN00 =000 205} 1=09686  c=0.106
h=0.161
. R°=0.047
RMSEY RMSE= g (copy RZ0922 o 4030 Rigg 2 2
0.06 0698 RMSE= 93 992 Rigo921  R=0938 R>=0922 -
0.03 % RMSE= Mo RMSE= RMSE= RV RV arl R=0921
a=1.010 1 — 373; 0.15 a=-29.97 0.07 0.02 0.07 0.06 0.07 RMSE= 450w
k=039 Y _goo4 20614 o33 a=0369 0 a=0902 4 _g3hs =475 k=0312 0.07 70°C
n=0.873 o 0 b=voas KDALY o8 k=0410 032, k=047> k20312 k0325
b=0003  E£PL 0001 037 10975 c=0.10
h=0.3124
. R*=0.996
RMite  RMSE=  po(oc <0974 20977 R=0.99 > > >
MST 0.01 AV RMSE* v SRS R=0974 R=0977  R=0974 (o7
0 a=2.934 0.04 RMSE= RMSE= RMSE= 7
a=0997 ~ A22534 0.14 19820 0.04 0.02 Mot MST MST RMSE= 450w
k=0357  KE0230 a-gesy  a17920 a4z a=093s | 00, (00, 0% 0.04 80°C
n=0.950 S0 0064 K3 k=035 k=0412 < 033 k20383 k2032l k0331
b-0002 & %06 c=0001 Q%% 1-0988 c=0.064
h=0.179
R°=0990
R%*=0.992 7 2
RMSE= RMSE=" pe_gg17  RTOITL Ri_0976  R™=0.994
0.02 RMSE 7 9 =0971 =0.976 ~0972
0.02 a=17.80 RMSE= 0.05 RMSE= RMSE= RMSE— RMSE— RMSE— =0.971
a=0995 10196 0.13 a=745.78 0.04 0.02 0.05 0.04 0.04 RMSE’ 450w
k=0354 515 az0725 S 536y a=0.40 a=0924 039  k=0390  k=0318 0.04 90°C
n=0.964 = 12. b=-0.094 =0, k=0558  k=0385 - k=0.329
= &= 0.140 - I=0.977 = = n=1.00 n=0829  a=00974
b=0003  E9%0  c-0003 0% 1-0986 c=0.073
h=0.168
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Table 3 Color parameters of Allium stipitatum slices at different operating conditions.

Ly ay by choroma Hue angel
et 0.79 0.090 0.255 0.271 -1.228
. . * @ @ Hue
Microwave drying L a b choroma angel BI AE
600 0.6 -0.054  0.438 0.441 -1.448  204.15° 0367
750W 0.498  -0.010  0.400 0.400 -1.546  253.96°  0.404°
900 W 0.795  -0.072 0471 0.476 -1.419  143.96™  0.523°
Cqmblned drying ?f Dried shallot slices
microwave - hot air
.Imtlal Combined * * * Hue AE
microwave .. L a b choroma BI
conditions angel
power
70°C  0.411 -0.055 0.185 0.193 -1.281 46.43" 0.235™
180W  80°C  0.457 -0.062  0.311 0.317 -1.374  92.13°% 0.330%"
90°C  0.242  -0.031  0.198 0.200 -1.415  112.93%  0.233"
70°C  0.367 -0.027  0.257 0.258 -1.466  102.47%%  0.293%
600 300 80°C  0.49  0.00037 0.431 0.431 1.569  130.19%"  0.270%
90°C  0.371 -0.03 0272 0.273 -1.460  110.22°f 0.237"
70°C  0.477 0.038  0.395 0.396 1.474  150.81%%  (0.422°
450w 80°C  0.532  0.031 0.43 0.431 1.498  143.05%* 0.419¢
90°C 0471 0.031 0411 0.412 1.495  164.15%¢  0.367“
70°C  0.678 -0.083  0.391 0.399 -1.361  70.55™ 0.292°%
180w  80°C  0.512 -0.061  0.32 0.325 -1.382  80.95™ 0.380°"
90°C  0.572 -0.058  0.384 0.388 -1.420  93.02% 0.317%
70°C 0.6 -0.018  0.498 0.498 -1.534  142.44%7 (.344%
750w 300 80°C  0.513  -0.028  0.425 0.425 -1.505  139.86°®  (.345°¢
90°C  0.391 -0.03  0.288 0.289 -1.467  111.48%0  0.294°f
70°C  0.485 0.051  0.431 0.434 1.4530 17270 0.447™
450w 80°C  0.314  0.029 0.28 0.281 1.4675 17279 0.339%
90°C  0.633 -0.082  0.222 0.236 -1.216  31.41% 0.484%
70°C  0.651 -0.086  0.363 0.373 -1.338  65.91"F 0.350%"
180w  80°C  0.729 -0.104 0.474 0.485 -1.354  84.44™ 0.376°¢
90°C  0.537 -0.064  0.364 0.369 -1.396  92.97% 0.368°"
70°C  0.338 -0.026  0.311 0.312 -1.487  169.55%"  0.266™
900W 300 80°C  0.572  -0.055  0.445 0.448 -1.447  121.13%  (.358°®
90°C  0.623 -0.038  0.481 0.482 -1.491  122.54% 0.325'
70°C  0.61  0.003  0.465 0.465 1.5643  125.44%  0.447
450w  80°C  0.361 -0.013  0.282 0.282 -1.524  127.29™ 0.219"
90°C  0.312 -0.013  0.254 0.254 -1.519  136.53% 0.233"

Fig 6 Images of dried shallot slice at (a) 900W, (b)900W+(450W,70°C), (c) 750W+(450W, 70°C), and (d)
600W+(450W, 70°C)
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ARTICIE INFO ABSTRACT

Article History: E-mail address:A/lium stipitatum is one of the most important plants native to Iran,
which has a special position in food basket of people because of its many healing
properties. In this study, effect of a proposed combined microwave-hot air method
on kinetics and physical properties of Allium stipitatum was investigated. In the
proposed method, after applying microwaves (600, 750 and 900W), samples were

Received 05 August 2020
Accepted 21 Septemper 2020

‘ subjected to combined microwave-hot air drying process. Results showed that
Keywords: Logarithmic model with values of R =0.996 and RMSE=0.002 was the best one to
model drying kinetics of Allium stipitatum slices under the proposed method. In

Color parameters, addition, drying curves analysis showed that the more microwave power, the less

Drying kinetics, drying time and the more process rate. Moreover, in the combined section, effect
C_°mb1_ned microwave-hot ¢ microwave power will be dominant due to higher energy. The optimum
air Firyln$’ . operating point to achieve the lowest moisture content and drying time ocuured at
Allium stipitatum

primary power of 900/ and combined conditions of 450/ at 80°C. Increasing
microwave power increased effective moisture diffusivity from 0.167x10% to

0.283%x10-8 m’/s and decreased average activation energy from 17.429 to 2.074

10.29252/fsct.18.01.10 . 7/0]. The optimum operating conditions in terms of appearance quality

(colorimetry) were related to drying at microwave power of 900/ and combined

conditions of 450W and 80°C, which was introduced as proposed optimum point.

In general, the proposed combined method compared to microwave method alone,

*Corresponding Author E-Mail: ~ Was an efficient method in ordrt to keep the product quality characteristics and its
habbasi@)jsu.ac.ir use in drying Allium stipitatum is recommended.
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