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Figure 2- Sprouted quinoa seeds
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Figure 3- Infrared dryer
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Table 1- Mathematical models used to model the drying Kinetics of quinoa sprouts

Model

Equation

Wang and Singh
Henderson and Pabis
Approximation of
diffusion
Page
Newton
Midilli
Logarithmic
Quadratic

MR=1+at+bt?
MR= aexp(-kt)

MR=aexp(-kt)+(1-a)exp(-kbt)

MR=exp(-kt")
MR=exp(-kt)
MR=aexp(-kt")+bt
MR=aexp(-kt)+c
MR=a+bx+cx’

plonil LSS a3 1S bl 05 SSCas glals o]
Q}AJT 3l el sdalin LSLQC;.AL.! u,;;l.:p aslie (gl

4- Spherical coordinate
5- Sum of squares due to error (SSE)

6- Root mean square error (RMSE)
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1- Moisture ratio (MR)
2- Effective moisture diffusivity coefficient (Deff)

3- Fick's second law of diffusion
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Figure 4- Effect of infrared radiation power on moisture loss rate of sprouted quinoa seeds during drying
in the infrared dryer (10 cm distance)
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Figure 5- Effect of radiation lamp (250 W) distance from sprouted quinoa seeds on the moisture loss rate
during infrared drying
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Figure 6- Effect of radiation lamp distance from sprouted quinoa seeds on the effective moisture
diffusivity coefficient of quinoa sprouts
Different letters above the columns indicate significant difference (p<0.05).
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Table 2- Statistical parameters to verify the agreement of each mathematical model with the moisture
ratio (MR) data during quinoa sprouts drying

Sum of Root mean
Model name Model constants squares due r
square error
to error
. a=-0.2221
‘Wang and Singh b=0.0122 0.0057 0.9957 0.0239
Henderson and Pabis a=1.074 0.0289 0.9785 0.0538
k=0.3338 ) ) )
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a= 6.541
k=0.1674
b=0.8929

Approximation of diffusion

0.0159 0.9882 0.0421

k=0.1704

Page n=1.456

0.0003 0.9997 0.0060

Newton k=0.3138

0.0369 0.9726 0.0579

a=0.9948

k=0.1669

n=1.467
b=-7.28e-6

Midilli

0.0003 0.9997 0.0064

a=1.145
k=0.268
¢=-0.0938

Logarithmic

0.0153 0.9886 0.0413

a=1.016
b=-0.2276
c=0.0126

Quadratic

0.0053 0.9961 0.0242

Table 3- The constants and coefficients of the Page model during quinoa sprouts drying

Sum of Root mean
Power Distance k n squares due to r
square error
error

5cm 0.2102 1.3127 0.0032 0.9986 0.0156
250 W 7.5 cm 0.0963 1.1733 0.0077 0.9976 0.0200

10 cm 0.0755 0.8772 0.0082 0.9934 0.0214

5cm 0.2305 0.7820 0.0050 0.9938 0.0266
375 W 7.5 cm 0.1710 0.7680 0.0049 0.9935 0.0212

10 cm 0.0956 0.9758 0.0020 0.9973 0.0149
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Figure 7- Comparison of fitted data by Page model with experimental results of moisture ratio (MR).
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By using modern drying technologies such as infrared and selecting
the right conditions for this technology, dried quinoa sprouts can be
produced with desirable quality and high nutritional value, and it is
possible to use this dried product and its powder to fortify various
food products such as breads, pastries, protein bars, cakes, pancakes,
etc. In this study, the effect of infrared lamp irradiation power and
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sample distance from the heat source on the drying kinetics of quinoa
sprouts was investigated and modeled. By increasing the infrared
lamp power from 250 W to 375 W, moisture was removed from the
quinoa sprouts faster and the product dried in a shorter time. However,
when using 375 W, the sprouts quickly burned before completely
drying. By reducing the infrared lamp distance from 10 cm to 5 cm,
moisture was removed from the quinoa sprouts more quickly and the
product dried in shorter time. The average drying times of quinoa
sprouts when dried with the infrared lamp with power of 250 W at
distances of 5, 7.5 and 10 cm were 10.7, 17.3 and 18.0 min,
respectively. The calculated effective moisture diffusivity coefficient

10.22034/FSCT.22.165.289.
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for quinoa sprouts dried under a 250 W infrared lamp at distances of
5, 7.5, and 10 cm were 6.60x10'° m?s!, 2.55x10° m?s’!, and
0.83x10"° m?s!, respectively. To investigate the drying kinetics of
quinoa sprouts, various mathematical models were fitted to the
experimental data, and the Page model, which had the best fit and the
least error, was selected as the best model. In general, using the
infrared heat source with a power of 250 W at a distance of 5 cm from
surface of the quinoa sprouts is recommended for drying this product,
as it has a short drying time and does not burn.
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