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Table 1 Descriptive models used in food thin layer drying

model Mathematical model source
Newton MR= exp(-kt) [25]
page MR=exp(-ktn) [26]
Henderson and pabis MR= axexp(-kt) [26]
logarithmic MR= axexp(-kt)+c [27]
Diffusion approach MR= axexp(-kt)+(1-a) xexp(kbt) [25]
Midiliy MR= axexp(-ktn)+bt [28]
vibel MR= exp(-(t/b) "a) [29]
verna MR=ax exp(-kt)+(1-a) x exp (-qt) [27]
Two- term model MR=ax x ex(pk(z-:<)1 t)¥b X exp [30]

MR "= Moisture ratio, t= time(minutes) ,D;- Effective moisture diffusion coefficient (m?/s),a &c =
Coefficients, n,k,ko,ki— constant in drying models, L= Thickness (m)
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Fig 1 Absolute moisture content curves of garlic
samples at different air temperatures in two types
of dryers
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Fig 2 Moisture ratio curves of garlic samples at
different air temperatures and in two types of
dryers

Table 2 Final drying time at different air temperatures in two types of dryer

Drying time (minutes)

(e}
Temperature®C Hot air dryer Vacuum dryer
50 480 360
60 360 210
70 180 150
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Table 3 Statistical results of the evaluation of the application of 9 models for the drying kinetics of
the thin layer of garlic

Temperature of Dryer °C

model Dryer type 50 60 70
R?> RMSE SSE R> RMSE SSE R?> RMSE SSE
Hot air 075 043 152 0.86 037 0.18 0.74 0.15 0.18
Newton Vacume 0.59 020 0.24 0.62 022 0.20 075 023 0.18
Hot air 0.99 0.007 0.032 0.99 0.027 0.003 1 0.0010 0.0006
page vacume 0.99 0.020 0.0020 0.99 0.013 0.005  0.99 0.01300.00033
Henderson  Hot air 0.75 0.46 1.52 0.86 0.41 0.18 0.86 0.19 0.07
and pabis  Vacume 059 021 0.24 062 026 020 062 026 0.18
logarithmic 1OV 0.99 0.002 0.0006 0.97 0.007 0.004  0.98 0.006 0.002
Vacume 098 0.05 0011 092 0.14 0.044  0.99 0.071 0.005
Diffusion Hot air 0.75 0.007 1.009 078 0.009 0.007 075 0.04 0.025
approach  Vacume 0.59 0.020 0.005 0.82 0.072 0.001 078 0.51 0.0001
vibel Hot air 0.95 0.07 0.005 0.86 0.018 041 098 031 0.009
vaccume 0.99 0.013 0.0005 0.99 0.020 0.0002  0.99 0.013 0.0003
Diffusion Hot air 078 031 1.39 0.98 0.04 0.008 0.78 031 0.09
approach  Vacume 05 024 024 092 0.14 0044  0.99 0.071 0.0050
Hot air 0.75 0.109 0.007 098 0.04 0008 078 031 0.009
verna Vacume 0.82 0.009 0.0001 0.78 0.005 0.0001  0.76 0.03 0.008
Two-term  Hot air 0.78 0.101 0.009 0.57 0.002 0.009 081 0.52 0.001
model Vaccume 0.82 023 0.002 0.67 0.022 0.008 073 0.42 0.0002
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Fig 3 Experimental predicted moisture ratio values
with the selected model at 50 ° C, 60° C,70° C
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n= T
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Table 4 constant coefficients related to the
selected kinetic model of garlic drying

Temperature °C Kk n R*
50 0.00137 1.221 0.9914
60 0.002643 1.187 0.9947
70 0.004797 1.186 1

n,k= constant of page model
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Table 5 Comparison of the means of effective moisture penetration coefficients at different air
temperatures in two types of dryers

temperature (°C)

Dryer type

Effective moisture penetration

Coefficient(m?/s)
50 Vacuum dryer 4.67%10°
Hot air dryer 1.5% 107
60 Vacuum dryer 5.64%107
Hot air dryer 2.76%10”
70 Vacuum dryer 6.61*%10-9
Hot air dryer 4.56%10”
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Table 6 Results of analysis of variance (ANOVA) The effect of air temperature and dryer type on

final shrinkage

Source sum of squares Degrees of freedom average of squares f p
Model 0.077 5 0.015™ 1.03  0.4455
Dryer 4.050E-003 1 4.050E-003™ 0.27 0.6119
Temperature 0.048 2 0.024™ 1.62  0.2392
Dryer* Temperature 0.024 2 0.012™ 0.81 0.4671

error 0.18 12 0.015™
Total correlation 0.26 17

ns = nosignificant
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Garlic( Allium Satirum L) is one of the most important agricultural products in Iran and
one of the major sources of foreign exchange for the country. Due to the high waste in
this product to maintain, increase shelf life, and keep its quality, it is necessary to use
appropriate storage methods such as drying. In this study, a thin layer of garlic slices was
dried at 50, 60, 70 ° C, and in two types of dryers (vacuum and hot air). The most suitable
model was developed to describe the drying kinetics of garlic flakes as a thin layer in the
temperature range and type of dryer used. Effective moisture penetration coefficient,
amount of activation energy, shrinkage, water reabsorption of garlic samples were
measured during the drying process. in the present study, by examining 9 different
experimental models and calculating the statistical criteria of R2, RMSE, x2 between the
experimental data and the results predicted by each model, the most appropriate model
describing the drying kinetics of garlic thin slices was the Page model. The results
showed that the effective diffusion coefficient of garlic leaf moisture for different
temperatures and in two types of dryers was in the range of 1.5% 107 to 6.6 * 10  m2/s.
Changes in the moisture diffusion coefficient were described as a function of drying air
temperature with Arrhenius and the amount of activation energy was calculated between
14.673 and 53.175 kJ / mol. the results also showed that the shrinkage of the product was
not dependent on air temperature and the type of dryer and the water re-absorption
capacity of garlic samples increased slightly by decreasing their moisture content.
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