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3. Moisture ratio (MR)

4. Effective moisture diffusivity coefficient (Des)
5. Fick's second law of diffusion

6. Spherical coordinate
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Table 1 Results of analysis of variance for drying time parameter of wheat sprouts.

Sources of changes Degrees of freedom Sum of squares Mean square P
Dryer 1 90528 90528 0.000
Time 3 6254 2085 0.000
Dryer x Time 3 3280 1093 0.000
Error 16 160 10
Total 23 100222
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Fig2 Moisture loss of wheat sprouts during drying
in the hot-air dryer
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Fig 3 Moisture loss of wheat sprouts during drying
in the infrared dryer
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Fig 1 Effect of different ultrasound pretreatment on
the drying time of wheat sprouts (HA=Hot-air
dryer; IR=Infrared dryer).

Different letters above the columns indicate
significant difference (p<0.05)
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1. Sum of squares due to error (SSE)
2. Root mean square error (RMSE)
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Fig 4 Effect of different ultrasound pretreatment on
the effective moisture diffusivity coefficient of
wheat sprouts
(HA=Hot-air dryer; IR=Infrared dryer).
Different letters above the columns indicate
significant difference (p<0.05)
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Table 2 The constants and coefficients of the approved model (Page)

Dryer type Sonication time (min) k n SSE r RMSE
0 0.018 1.015 0.016 0.995 0.030
Hot-air drver 5 0.016 1.049 0.016 0.995 0.030
Y 10 0.017 0.997 0.010 0.996 0.024
15 0.016 0.985 0.008 0.997 0.022
0 0.106 1.088 0.011 0.997 0.019
Infrared 5 0.098 1.150 0.017 0.997 0.024
dryer 10 0.058 1.232 0.011 0.998 0.020
15 0.111 0.901 0.050 0.990 0.037
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Fig 5 Comparison of fitted data by Pagemodel with
experimental results of moisture ratio (sonication
time=>5 min and at infrared dryer).
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Table 3 Results of analysis of variance for rehydration of dried wheat sprouts in hot-air and infrared

dryers.
Sources of changes  Degrees of freedom  Sum of squares =~ Mean square P
Dryer 1 2373.46 2373.46 0.000
Time 3 2816.49 938.83 0.001
Dryer x Time 3 102.51 34.17 0.773
Error 16 1460.17 91.26
Total 23 6752.63
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Fig 6 Effect of different ultrasound pretreatment on
the rehydration of dried wheat sprouts
(HA=Hot-air dryer; IR=Infrared dryer).
Different letters above the columns indicate
significant difference (p<0.05)
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ABSTRACT

ARTICLE INFO

In this research, the effect of ultrasound time and dryer type (hot-air and infrared) on
the drying time, effective moisture diffusivity coefficient and rehydration of wheat
sprouts were investigated and drying kinetics were modeled. To apply ultrasound pre-
treatment, the sprouts were placed inside the ultrasonic bath machine for 0, 5, 10, and
15 minutes, and after leaving the machine and removing extra moisture, the samples
in thin layers were placed in the hot-air (with a temperature of 70°C) and infrared
(power of 250 W) dryers. The results showed that sonication up to 5 minutes, causes
an increase in moisture removal rate from the sprouts, an increase in the effective
moisture diffusivity coefficient, and as a result, reduces the drying time. By
increasing sonication time from zero to 5 min, the average drying time of sprouts in
the hot-air and infrared dryers decreased from 126.7 min to 120.0 min, and from 25.7
min to 21.3 min, respectively. The average drying time of the samples in the hot-air
dryer was 150.8 min and in the infrared dryer was 28.0 min. Also, the average
effective moisture diffusivity coefficient calculated for the samples placed in the hot-
air dryer was equal to 1.65x10"" m’s” and for the infrared dryer it was equal to
8.59x10™"° m’s”. The time of ultrasound and drying treatment had significant effects
on the rehydration of samples, and the value of this parameter was higher for samples
dried in the hot-air dryer. In order to investigate the drying kinetics of wheat sprouts,
mathematical models were fitted to the experimental data, and the Page model with
two parameters (k and n) was chosen as the best model based on the highest
accuracy. Generally, 5 minutes pre-treatment by ultrasound and then using an
infrared dryer is the best condition for drying wheat sprouts.
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