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Background and objectives: In the food drying industry, it is
especially important to use various pretreatments to reduce drying
time and improve nutritional properties. As a fast and effective
heating source with together thermal and non-thermal impacts,
microwave can directly affect the food material, thereby speed
upping physicochemical reactions, and drying rate, and produce
high-quality dried products. Using new methods such as infrared
reduces drying time and improves the quality of the dried product.
Sprouting is one of the most traditional methods used for reducing
most of the anti-nutritional constituents in legumes. In addition,
sprouting is considered to enhance the nutritional and quality
characteristics of legumes.

Materials and methods: For the preparation of sprouts, lentils were
purchased from a market, cleaned, soaked for 24 hours, and then
germinated at 25°C for 48 hours. In this study, the effects of
microwave time and dryer type (hot-air and infrared) on drying
time, effective moisture diffusivity coefficient and rehydration of
sprouted lentils were studied to model drying kinetics. To apply
microwave pretreatment, sprouted lentils were placed in a
microwave oven for 0, 20, 40, and 60 seconds, and after exiting
from device, they were placed in a hot-air (with a temperature of
70°C) and an infrared (power of 250 W) dryers in a thin layer.

Results: The results of this research showed that microwave
pretreatment increases the outflow rate of moisture from the sprouts,
increases the effective moisture diffusivity coefficient, and shortens
the drying time. By increasing the microwave treatment time from O
to 60 s, the sprouts drying time in hot-air and infrared dryers
decreased by 38.46% and 25.53%, respectively. The average drying
time for the samples was 130.8 minutes for the hot air dryer and
26.3 minutes for the infrared dryer. The average effective moisture
diffusivity coefficient calculated for the samples placed in the hot air
dryer was 2.82x10™° m’s™ and for the infrared dryer it was 1.76x10"
® m%™. Microwave exposure time and drying method had a
significant effect on samples rehydration, with higher values for this
parameter in microwave-treated and hot-air dried samples. To study
the drying Kinetics of sprouted lentils, the Page model was selected

54



as the best model because a mathematical model was fitted to the
laboratory data and had the highest accuracy.

Conclusion: In general, the optimal conditions for drying sprouted
lentils were pretreatment in a microwave oven for 60 seconds
followed by the use of an infrared dryer.
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1. Moisture ratio (MR)

2. Effective moisture diffusivity coefficient
(Deff)

3. Spherical coordinate

4. Fick's second law of diffusion
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Table 1- Results of analysis of variance for drying time parameter of lentil sprouts.

Sources of changes Degrees of freedom Sum of squares Mean square P
Dryer 1 65626 65626 0.000
Time 3 5046 1682 0.000
Dryer x Time 3 3157 1052 0.001
Error 16 1825 114
Total 23 75654
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Figure 1- Moisture loss of sprouted lentils during drying in the hot-air dryer
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Figure 2- Moisture loss of sprouted lentils during drying in the infrared dryer.
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Figure 3- Effect of different microwave pretreatment on the effective moisture diffusivity coefficient of sprouted
lentils (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 Pretreatment time (s) k n SSE r RMSE
0 0.0128 1.0126 0.0018 0.9995 0.0092
) 20 0.0292 0.9006 0.0058 0.9981 0.0165
Hot-air dryer
40 0.0163 1.0407 0.0073 0.9979 0.0185
60 0.0213 1.0211 0.0055 0.9983 0.0155
0 0.0136 1.5123 0.0023 0.9996 0.0080
20 0.0158 1.5227 0.0029 0.9993 0.0096
Infrared dryer
40 0.0201 1.4727 0.0015 0.9997 0.0072
60 0.0277 1.4020 0.0068 0.9987 0.0147
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Figure 4- Comparison of fitted data by Page model with experimental results of
moisture ratio (Pretreatment time=60 s and at infrared dryer).
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Table 3- Results of analysis of variance for rehydration ratio of dried sprouted lentils in hot-air and infrared dryers.

Sources of changes Degrees of freedom Sum of squares Mean square P
Dryer 1 21328.9 21328.9 0.000
Time 3 4983.3 1661.1 0.000
Dryer x Time 3 256.2 85.4 0.332
Error 16 1111.7 69.5
Total 23 27680.0
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Figure 5- Effect of microwave-treatment time on the rehydration of dried sprouted lentils
(HA=Hot-air dryer; IR=Infrared dryer).
Different letters above the columns indicate significant difference (p<0.05)
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