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ABSTRACT

Background: Lentils contain a good amount of protein, carbohydrates,
lysine, arginine, minerals, and fiber. In many of the developing
countries, lentil is considered as a stable source of protein due to its
higher dietary protein and complex carbohydrate content. Sprouting
process involves changes in the nutritional, biochemical, and sensory
characteristics which improve the quality of legumes.

Aims: In this research, the effect of sonication and dryer type (hot-air
and infrared) on drying time, effective moisture diffusivity, and
rehydration of lentil sprouts were investigated and drying Kinetics was
modeled.

Methods: To apply ultrasound pre-treatment, the sprouts were placed
inside the ultrasonic bath machine for 0, 3, 6, and 9 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.

Results: The results showed that sonication treatment, 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 9 min, the
average drying time of sprouts in the hot-air and infrared dryers
decreased from 156.7 min to 103.3 min, and from 32.7 min to 24.3 min,
respectively (p < 0.05). The average drying time of the samples in the
hot-air dryer was 134.2 min and in the infrared dryer was 28.8 min.
Also, the average effective moisture diffusivity coefficient calculated
for the samples placed in the hot-air dryer was equal to 3.76x10° m?/s
and for the infrared dryer it was equal to 1.6x10° 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.

Conclusion: Generally, 9 minutes pre-treatment by ultrasound and then
using an infrared dryer is the best condition for drying lentil sprouts.
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Extended Abstract

Introduction: Lentil is one of the five major
pulses produced in the world, and the annual
production is around 4.5 million tonnes
(Chelladurai and Erkinbaev 2020). Lentils
have a relatively higher protein, carbohydrate,
and energy content than other legumes. Lentil
seeds are composed of about two-thirds
carbohydrates and 24-30% protein. In
addition, lentils are also a good source of
certain amino acids, such as lysine and
arginine (Lee et al. 2007). In many of the
developing countries, lentil is considered as a
stable source of protein due to its higher
dietary protein and complex carbohydrate
content (Chelladurai and Erkinbaev 2020).
Sprouting process involves changes in the
nutritional,  biochemical, and sensory
characteristics which improve the quality of
legumes (El-Adawy et al. 2003). Ultrasound
pre-treatment as non-thermal food processing
technology could be a better pre-treatment
technique for food processing, due to its
benefits which comprise energy saving,
preservation of original freshness and
nutritional ~ contents, keeping  bioactive
compounds, the decline in processing
duration, and cost. Ultrasound pre-treatment
accelerates the mass transfer in dehydration
and drying of fruit and vegetable slices mostly
due to the breakdown of cells and the creation
of microchannels (Awad et al. 2012;
Ghorbani et al. 2013). One of the best
methods for the preservation of agricultural
product is drying, which consists in removing
water from the manufactured goods. One of
the best ways to decreasing in drying time is
to provide heat by infrared radiation. Infrared
heating has many advantages including a high
heat transfer rate, uniform heating, low
processing time, high efficiency, low energy
consumption, low energy costs, and
improving final product structure, porosity
and quality (Salehi 2020). We found no report
on the effects of ultrasound pretreatment on
the hot-air and infrared drying Kinetics of
sprouted lentils in the literature. Hence, the
purpose of this study was to estimate the
impacts of ultrasound pretreatment and drying
approaches on the drying time, mass transfer

Kinetic, effective moisture diffusivity (De),
and rehydration of sprouted lentils. In
addition, the moisture ratio changes of
sprouted lentils during drying were modeled.
Material and methods: Lentil seeds were
washed and soaked in tap water for 24 hr at
room temperature (25+1°C). Soaked seeds
were kept inside a polyethylene container
covered with a clean kitchen towel and
allowed to germinate for 48 hr in the dark at
room temperature (25£1°C). 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 lentil sprouts were investigated
and drying kinetics were modeled. To apply
the sonication treatments on the germinated
lentils, a Backer VCLEANI1-L6 ultrasonic
bath (Iran) was employed with a frequency of
40 kHz and a power of 150 watts. The tank of
the device was filled with 6L of distilled
water and, then, after the temperature of the
water reached to 25°C, the germinated lentils
were placed directly in the bath. To apply
ultrasound pre-treatment, the sprouts were
placed inside the ultrasonic bath machine for
0, 3, 6, and 9 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 dehydration
Kinetics of sprouted lentils has been explained
using 4 simplified drying equations
(Henderson and Pabis, Newton, Page, and
Wang and Singh). Fick's second law of
diffusion using spherical coordinates was
used to calculate the moisture diffusivity of
germinated lentils at various hot-air and
infrared drying conditions. The rehydration
tests were conducted with a water bath
(R.J42, Pars Azma Co. , Iran). Dried sprouted
lentils were weighed and immersed for 30
min in distilled water in a 250 ml glass beaker
at 50°C.

Data are presented as mean = standard
deviation for triplicate  measurements.
Statistical analysis was performed by one-way
analysis of variance (ANOVA) at 95% level
of significance, using SPSS software (version
21). In addition, means were compared with
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Duncan’'s multiple range test at 95% level of
significance.

Results and discussion: As the ultrasonic
wave propagates, creating cycles of
contraction and expansion causes bubbles to
form in the solution and cavitation as a result.
This phenomenon, combined with an increase
in the temperature of the sample, causes cell
wall destruction, accelerated diffusion, and
mass transfer, and ultimately the release of
more and more intracellular compounds
(Salehi et al. 2023). The results showed that
sonication treatment, 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 9 min, the average drying time of sprouts in
the hot-air and infrared dryers decreased from
156.7 min to 103.3 min, and from 32.7 min to
24.3 min, respectively. The average drying
time of the samples in the hot-air dryer was
134.2 min and in the infrared dryer was 28.8
min. Also, the average effective moisture
diffusivity coefficient calculated for the
samples placed in the hot-air dryer was equal
to 3.76x107*° m?/s and for the infrared dryer it
was equal to 1.6x10° 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.
Page equation illustrated an appropriate fit
with the maximum r-value (more than 0.9986)
and the minimum SSE (sum of squared
errors), and RMSE (root mean squared error)
values (lower than 0.006 and 0.016,
respectively) for all conditions compared to
that of the other models. The experimental
moisture ratio was satisfactorily compared
with the theoretical moisture ratio. The
relationship was shown in maximum value of
the coefficient of multiple determinations
(closer to 1) obtained at various infrared
drying durations.

Conclusion: Kinetic modeling of lentil
sprouts weight changes during drying was
carried out by models in the sources, followed
the Page model was selected as the best
model to predict moisture ratio changes under
the selected experimental conditions.
Generally, 9 minutes pre-treatment by
ultrasound and then using an infrared dryer is
the best condition for drying lentil sprouts.
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Table 1- Results of analysis of variance for drying
time parameter of lentil sprouts.

Sources of Degrees of Sumof  Mean p
changes freedom  squares square
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Table 2- Impact of sonication pretreatment and
drying method on the drying time (min) of lentil

sprouts.
Son!catlon Hot-air dryer  Infrared dryer
time
0 min 156.67 @ 32.67°
3 min 146.67 @ 30.67
6 min 130.00 ® 27.67°
9 min 103.33°¢ 24.33°

Different letters indicate significant differences within
columns by Duncan's test at p<0.05
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Figure 1- Impact of sonication pretreatment on the moisture loss of lentil sprouts during drying in the hot-air
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Figure 2- Impact of sonication pretreatment on the moisture loss of lentil sprouts during drying in the infrared
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Table 3- Impact of sonication pretreatment and
drying method on the effective moisture diffusivity
coefficient (m?s) of lentil sprouts.

Sonication Hot-air dryer Infrared dryer
time
0 min 2.78E-10° 1.39E-09 ©
3 min 3.54E-10° 1.48E-09 b¢
6 min 3.77E-10° 1.59E-09 P
9 min 4.95E-102 1.94E-09°

Different letters indicate significant differences within
columns by Duncan's test at p<0.05
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Table 4- The predicted values and statistical parameters obtained in order to verify the fit of each mathematical
model to the observed moisture ratio (MR) data during the lentil sprouts drying (sonication time=9 min and at
the hot-air dryer)

I?rymg Experlmente}l Predicted moisture ratio

time moisture ratio

0 1.000 1.000 1.000 1.000 1.004

10 0.800 0.813 0.877 0.802 0.804

20 0.642 0.654 0.761 0.643 0.644

30 0.514 0.524 0.652 0.515 0.516

40 0.420 0.419 0.551 0.413 0.413

50 0.331 0.334 0.458 0.331 0.331

60 0.289 0.266 0.371 0.265 0.265

70 0.236 0.211 0.292 0.213 0.212

80 0.192 0.168 0.221 0.171 0.170

90 0.141 0.133 0.157 0.137 0.136

100 0.096 0.105 0.100 0.110 0.109

110 0.068 0.083 0.051 0.088 0.087

120 0.051 0.066 0.009 0.070 0.070

130 0.039 0.052 -0.026 0.056 0.056

140 0.026 0.041 -0.053 0.045 0.045

150 0.016 0.032 -0.073 0.036 0.036

160 0.010 0.026 -0.085 0.029 0.029

170 0.008 0.020 -0.090 0.023 0.023

180 0.005 0.016 -0.087 0.019 0.018

190 0.003 0.013 -0.077 0.015 0.015

200 0.004 0.010 -0.060 0.012 0.012

210 0.003 0.008 -0.035 0.010 0.009

220 0.003 0.006 -0.003 0.008 0.008

230 0.002 0.005 0.036 0.006 0.006

240 0.001 0.004 0.083 0.005 0.005

Wang and Henderson

Model name Page Singh Newton and Pabis
Model equation MR=exp(-kt")  MR=1+at+bt? MR=exp(-kt)  MR=aexp(-kt)
Model k=0.01899 a=-0.0127 K=0.02211 a=1.004
constants n=1.037 b=0.000037 ' k=0.0222
SSE 0.0042 0.1412 0.0048 0.0048
r 0.9989 0.9612 0.9987 0.9987
RMSE 0.0134 0.0783 0.0141 0.0144

Table 5- The constants and coefficients of the Page model to predict the moisture ratio parameter

Dryer type Sonication time (min) k n SSE r RMSE
0 0.0138 1.0116 0.0039 0.9990 0.0129
Hot-air dryer 3 0.0122 1.0573 0.0057 0.9986 0.0157
6 0.0159 1.0440 0.0054 0.9987 0.0151
9 0.0213 1.0078 0.0046 0.9987 0.0141
0 0.0111 1.5433 0.0030 0.9995 0.0089
Infrared dryer 3 0.0158 1.4623 0.0012 0.9998 0.0061
6 0.0196 1.4320 0.0020 0.9996 0.0081
9 0.0193 1.5077 0.0017 0.9997 0.0077
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Table 7- Impact of sonication pretreatment and
drying method on the rehydration (%) of dried
lentil sprouts.

Sonication time  Hot-air dryer  Infrared dryer

0 min 311.65° 239.49 2
3 min 303.08 2 22553 ®
6 min 302.012 218.29°
9 min 301.332 221.78°

Different letters indicate significant differences within
columns by Duncan's test at p<0.05
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Table 6- Results of analysis of variance for

rehydration of dried lentil sprouts in hot-air
and infrared dryers.

S 7 o Sources of De%l;ees Sum of Mean

0334l 5 e QAESUS Cs o 5 gl b lad i i changes freedom squares  square

Ol s st 5 Bl Gl sl S Sis s Dryer type 1 36735.1 36735.1 0.000
. . < ‘ i L s Sonication 3 881.8 293.9 0.019
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