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Fig. 1. The schematic of Experimental dryer
1.Control units, 2.PC, 3.Heating unit, 4.Fan, 5. Straightener 6.balance, 7.Illumination and imaging chamber 8.Inverter, 9.Camera 10.Lighting
lamp, 11.Tray, 12.Temperature Sensors, 13.IR lamps
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Table 1 Applied models to fit the experimental data
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Table 2 Fixed values and midli model coefficients differentiated by drying temperature and hot air flow rate with combination of hot air-infrared

dryer.
lg® s g o
X2 RMSE R? n b a k () o0
u (m/s) Temperature
0.00004852 0.007983 0.9995 1.538 -0.00011 0.9873 0.000188 0.3 40
0.00004656 0.00683 0.9996 1.544 -0.000043 1.007 0.000194 0.6 40
0.00004857 0.008091 0.9995 1.506 -0.000057 0.9914 0.000284 0.3 50
0.00001247 0.004037 0.9999 1.474 -0.000250 0.9963 0.0003055 0.6 50
0.00001783 0.005167 0.9998 1.507 -0.000191 0.9983 0.000322 0.3 60
0.000035285 0.007774 0.9996 1.455 -0.00027 1.003 0.000434 0.6 60
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Table 3 Fixed values and two term model coefficients differentiated by drying temperature and hot air flow rate with combination of hot air-

infrared dryer.
|9.§ C/.C).MJ °
X2 RMSE R? Ki n b a Ko G e
u (m/s) Temperature
0.00004689 0.008236 0.9995 0.000138 1.506 -0.0800 1.068 0.000214 0.3 40
0.00006167 0.007838 0.9996 0.8003 1578 -0.0065 1.007 0.0001671 0.6 40
0.00007923 0.01005 0.9993 -0.00023 1.555 -0.0030 0.997 0.0002274 0.3 50
0.0003383 0.00434 0.9999 -0.00010 1.445 -0.1298 1.126 0.0003383 0.6 50
0.00001994 0.005523 0.9998 0.0003278 1474  -01075 1107 0.0003648 0.3 60
0.0000332 0.007787 0.9996 0.003027 1.147 -2.537 3.537 0.001663 0.6 60

3058 eolemgls (Glap oS 5 S Sis b b Joe plo b alBaslejT slaosls (35l 51 saw] cawsas g,ll b (F) Jgae
Table 4 The statistical results obtained from the fitting of experimental datawith other models by the combination of hot air-infrared dryer.

& ol 9 Qg yin fe) Oe Joe ol
Logarithmic Hender son and Pabis Page Newton Model nhame
R? RMSE R? RMSE R? RMSE R? RMSE SE o) o
Velocity (m/s)  Temperature
0.9953 0.022 0.9523 0.0695 0.9953 0.0217 0.9269 0.0856 0.3 40
0.994 0.0261 0.9442 0.0791 0.9975 0.0166 0.9022 0.1041 0.6 40
0.9929 0.0281 0.9499 0.0743 0.9978 0.0155 0.9165 0.0953 0.3 50
0.9953 0.0226 0.9533 0.0704 0.9971 0.0175 0.9227 0.09 0.6 50
0.9964 0.0196 0.9452 0.076 0.996 0.0205 0.9099 0.0968 0.3 60
0.9936 0.0273 0.9474 0.0778 0.9961 0.0213 0.9145 0.0985 0.6 60
oy Son 3 Loyg oo 2ol gy S g K Sl e 10 Jote o
Wermaet al. Modified Page Wang and Sing App:j(i);(fll:r;a;lnon Sl Model name
R? RMSE R? RMSE R? RMSE R? RMSE hat ()t
Velocity (m/s)  Temperature
0.9887 0.0341 0.9269 0.086 0.9935 0.0256 0.9893 0.0331 0.3 40
0.9484 0.0765 0.9022 0.1047 0.9867 0.0386 0.9888 0.0357 0.6 40
0.954 0.0717 0.9165 0.096 0.9879 0.0365 0.9913 0.0313 0.3 50
0.9572 0.0679 0.9227 0.0906 0.9915 0.0301 0.9913 0.0307 0.6 50
0.9498 0.0733 0.9099 0.0975 0.9924 0.0283 0.9922 0.0289 0.3 60

0.9521 0.0748 0.9145 0.0992 0.9889 0.0357 0.9815 0.0465 0.6 60
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Fig. 2. Changes in moisture content during drying time with data from experimental results and Midly's model with combination of hot air-
infrared dryer (u=0.3 nV/s)
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Table5 Analysis variance data of hot air temprature, air velocity and IR radiation of saffron.
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%
temp * speed * IR
43.337 10390195.583 2 20780391.167 X o x oo
55 9ok
239755.056 24 5754121.333 Error
36 1150249702.000 Total
35 665398661.556 Corrected Total

O S Sis calizee bl )0 Fige Sg83 oyl g ol Sis plej polie (7) Jeu
Table 6 Drying time and effective moisture diffusivity in different drying conditions.

(Min) o S b (M?S) 3gis s pd 08 y90le by (°C) Lo (M/s) s g
Drying time effective moisture diffusivity IR radiation Temperature Velocity
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1863+23.76 7.61x10% el 50 03
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OFF
7.45+02 1.8003x10% 59, 40 03
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7.7+038 1.82563x10°% N 40 06
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6.7+ 055 2.02x10% =) 50 03
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Table 6 Drying time and effective moisture diffusivity in different drying conditions.
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Drying time effective moistur e diffusivity IR radiation Temperature Velocity
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Table 7 Activation energy values and coefficient of determination for different speeds with combination of hot air-infrared dryer.

Silwdlzd 65 5l R? (M/s) s yuws
Ea(Kj/mol) Velocity
10.43 0.9981 0.3
11.6 0.9525 0.6
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Table 8 Activation energy values and coefficient of determination for different speeds with hot air dryer.

Silwdlzd 65 5l (M/s) Cas yuus
Ea(Kj/moal) Velocity
62.4 0.9309 0.3
341 0.9896 0.6
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Fig. 3. Changes of Crocin levelsin different drying treatments
(Error brasindicate standard deviation; different letters indicate significant differences (p<0.05) between treatments)
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Fig. 4. Changes of Safranal levelsin different drying treatments
(Error brasindicate standard deviation; different lettersindicate significant differences (p<0.05) between treatments)
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Fig. 5. Changes of Picrocrocin levelsin different drying treatments
(Error brasindicate standard deviation; different letters indicate significant differences (p<0.05) between treatments)
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Table 9 Analysis of variance for variables effects on Crocin, Picrocrocin and Safranal (p-value<0.05).
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Abstract

Saffronis adry, red color of the Crocus Sativus L. It isthe most expensive spicein the world. Drying is an important
step in saffron processing. Drying causes physical, chemical and biochemical changes to achieve the desired
properties of saffron. In this study, the kinetics of drying saffron stigma using a combined hot air-infrared dryer at
three temperature levels of 40, 50 and 60 °C and two hot air flow speeds of 0.3 and 0.6 m/s as well as an ordinary
hot-air dryer using the same conditions were studied. The effect of the studied parameters on the amount of crocin,
picocrocin and safrana and the microbia load of the final product were aso investigated. The results showed that,
the Midley model was found to be the best model in fitting data of both drying methods. According to the results of
analysis of variance, the main effect of temperature, air flow rate and infrared irradiation and their interaction on
drying time was significant (p<0.05). The infiltration coefficient ranged from 1.8003x10™% to 2.38346x10™® m%s for
the hot air-infra-red method and 5.07x10 *° to 2.7892x10® m%s for hot air drying. The amount of activation energy
in the combination method of hot air-infrared varied from 10.43 kd/mol to 11.6 kJ/mol, and was obtained at 34.1
kJ/mol and 62.4 kJ/mol in hot-air drying. In terms of maintaining the color strength of saffron, the amount of Crocin
was significantly different between treatments (p<0.05) and the highest Crocin was obtained when the combination
of hot air-infrared at 50 °C and 0.3 m/s was used with an average of *Es0.m 278.5. According to the national
standard of Iran, microbia tests were carried out on different treatments. No significant differences were observed

between the treatments.
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