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Table 1 Mathematical models used to predict drying process of dill leaves

Model Name Equation Equation number
Newton([vY] MR = exp(-kt) )
Page[vv] MR = exp(-kt™) (6)
Two term exponential[¥t] MR = a X exp(~kt) + (1 - a) % exp(-gat) (7)
Midilli[vo] MR=axexp(-kt")+ bxt 8)

t drying time, s; k drying constant, s';a,band g model parameters
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Image Processing
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Image Capture

Fig 1 Image acquisition device and processing
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Table 2 Statistical parameters and residual distribution for the models adjusted to the experimental

data of drying dill leaves

Model R’ RMSE 1 RD
50°C
Newton 0.9921 0.0480 0.00250 BD
Page 0.9983 0.0221 0.00060 BD
Two term exponential 0.9920 0.0482 0.00320 BD
Midilli 0.9998 0.0075 0.00009 RD
60°C
Newton 0.9977 0.0243 0.00066 BD
Page 0.9995 0.0115 0.00017 RD
Two term exponential 0.9976 0.0246 0.00086 BD
Midilli 0.9999 0.0059 0.00006 RD
70°C
Newton 0.9862 0.0551 0.00330 BD
Page 0.9993 0.0122 0.00017 RD
Two term exponential 0.9861 0.0552 0.00390 RD
Midilli 0.9995 0.0108 0.00016 RD
80°C
Newton 0.9942 0.0332 0.00120 RD
Page 0.9942 0.0332 0.00140 BD
Two term exponential 0.9945 0.0325 0.00150 BD
Midilli 0.9969 0.0243 0.00099 RD
BD - Biased distribution; RD - Random distribution
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Fig 2 Behavior of the residual distribution of
modified Midilli model, in order to describe drying
of dill leaves
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Fig 3 Moisture content of dill leaves as a function
of time at different drying temperatures
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Table 3 Midilli model coefficients and adjusted equations as a function of drying air temperature
fordill leaves

Temperature (°C)

Coefficients 50 50 70 20 Equations R? (%)
a 0.9895 0.9940 0.9835 0.9970 0.9834 ns

k (x10%) 0.3443 0.2081 0.0460 0.0289 0.0009-10°xT 94.92
n 1.1430 0.8247 1.4377 1.0836 1.1430 ns

b (x10°) -3.9547 -0.1201 -0.5219 -0.6909 36.22+1.207xT-0.01xT? 90.39

™ Not significant
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Fig S Arrhenius representation of the effective
diffusion coefficient of dill leaves for different
temperatures of drying
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Fig 4 Average values of effective diffusion
coefficient (m” s™') obtained at different
temperatures for drying dill leaves
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Table 4 Thermodynamic properties (AH: enthalpy; AS: entropy; AG: Gibbs free energy) of drying
process of dill leaves

Thermodynamic property
Temperature (°C) AH (kJ mol ) AS (kJ mol 'K ™) AG (kJ mol ™)
50 39.60 -0.3076 138.96
60 39.52 -0.3069 141.71
70 39.43 -0.3033 143.46
80 39.35 -0.2972 144.25
Equation H=40017-8.314T =-322.71+0.288T G=129315+198.09T
R (%) 99.99 92.87 98.09
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Table 5 Results of the color change in the fresh and dried dill leaves

Fresh Dried at 50°C  Dried at 60°C  Dried at 70°C  Dried at 80°C

Drying time (min) -
Colour parameter L* 14.44 12.69
Colour parameter a* -3.64 -0.82
Colour parameter b* 9.57 8.76
Total colour difference - 6.62

140

120 70 45

12.67 10.67 10.75
-1.74 -1.57 -1.29
8.23 6.06 7.28
2.21 5.29 4.16
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The design of drying equipment and plants requires the knowledge of accurate kinetic
and thermodynamic properties of agricultural products. Furthermore, these properties are important for
the calculation of energy requirements in drying process, the properties of adsorbed water, evaluate the
microstructure of foodstuff and to study the physical phenomenon that occurs on the food surface.
Since there is no report on the thermodynamic properties of dill leaves, the aim of this study was to

obtain the drying curves of dill leaves, determination of the activation energy and the thermodynamic
properties under different drying temperature. Color characteristic was evaluated as one important
indicator of food quality and marketability. Dill leaves were dried in a hot air dryer at four
temperatures (50, 60, 70,80° C) from an initial moisture content 6.185 (kg water/kg dry matter) to the
moisture content 0.075 (kg water/kg dry matter). Midilli model was chosenasthe best model to
describe the drying process of dill leaves. The effective diffusion coefficient of dill leaves increased
with increasing drying temperature.The activation energy for leaves drying for liquid diffusion was
obtained 42.29 kJmol . The enthalpy and entropy decreased with increasing temperature, while Gibbs
free energy increased. Their values ranged between 39.35 and 39.60 kJ mol ™', between —0.3079 and
—0.2927 kJ mol™' K" and between 138.96 and 143.46 kJ mol 'for enthalpy, entropy and Gibbs free
energy, respectively. Results of color parameters showed that drying caused a decrease in brightness,
yellowness and greenness and the lowest loss of color was observed in 60°C.

Key words: Thermodynamic properties, Convective drying, Enthalpy, Entropy, Gibbs free energy,
Color change, Dill leaves.
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