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Fig 1. Effect of drying by hot air, microwave and infrared on total phenolics content and redness index of Joghasem
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Table 1. Mathematical equations used to model
drying Kinetics

Model name
Approximation
of diffusion
Henderson and

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

MR=aexp(-kt)

Pabis

Logarithmic MR=aexp(-kt)+c
Midilli MR=aexp(-kt")+hbt
Newton MR=exp(-kt)
Page MR=exp(-kt")
Wang and MR=1+at+bt*
Singh

MR: moisture ratio, t is time (min), and n, k, b, |, g, c and a are the
equation coefficients.
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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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Fig 2. Effect of drying method (hot air (HA), microwave (MW), and infrared (IR)) on effective moisture diffusivity coefficient of Joghasem
Different letters above the columns show significant difference (p<0.05)
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Table 2. Coefficients and errors of the Page model for fitting experimental data

Sum of

Drying method k n squares due to é:oeffic_ient_of RO L S)LEE
error etermination error
Hot air 0.0004 1.6050 0.0028 0.9991 0.0120
Microwave-220W 0.0686 1.4077 0.0020 0.9930 0.0158
Microwave-330W 0.1268 1.0797 0.0008 0.9978 0.0100
Microwave-440W 0.1367 1.3017 0.0013 0.9979 0.0134
Infrared 0.0107 1.1923 0.0205 0.9974 0.0163
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1. Sum of squares due to error (SSE)
2. Root means square error (RMSE)
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Fig 3. Comparison of fitted data by Page model with experimental results of moisture ratio (infrared dryer)
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Different letters above the columns show significant difference (p<0.05)
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Introduction: Joghasem is the local name for the wild saffron corm (Crocus haussknechtii), which grows
naturally in some mountainous regions of Iran, particularly in Lorestan Province. This plant is known for its
high nutritional and medicinal value and has attracted the attention of researchers and the food industry due to
its rich phenolic and antioxidant compounds. The purpose of drying agricultural products is to reduce their
moisture content in order to prevent microbial growth and spoilage. This process also increases shelf life and
facilitates easier storage and transportation. Microwave dryers significantly reduce drying time, enhance
production efficiency, and better preserve nutrients, color, and the natural quality of the product compared to
traditional methods. Infrared dryers provide rapid and uniform heat transfer, leading to reduced energy
consumption and better preservation of product quality. So, in this study, three drying methods, including hot
air, microwave, and infrared radiation, were used to dry Joghasem (wild saffron corm) (Crocus haussknechtii).
Materials and methods: Initially, the outer skin of fresh Joghasem corm was removed, and the drying process
was conducted at 70°C for hot air, at power levels of 220, 330, and 440 watts for microwave drying, and at 250
watts for infrared drying. Weight changes during drying were recorded using a precise digital scale. Kinetic
drying models were analyzed using experimental data and MATLAB software. After drying, the effective
moisture diffusivity coefficient was calculated, and the drying kinetics data were fitted using various
mathematical models. Ultimately, the Page model was selected as the most appropriate model. Finally, total
phenolic content, antioxidant capacity, and color parameters of the dried samples were measured.

Results and discussion: The dried samples were ground and evaluated for total phenolic content, antioxidant
capacity, and color indexes including lightness, redness, and yellowness. The results showed that the highest
total phenolic content (1184.92 ng gallic acid per gram) was observed in the sample dried with infrared
radiation, which was significantly different from other methods (p<0.05). On the other hand, the highest
antioxidant capacity (96%) was recorded in the sample dried using microwave at 440 watts, which also
corresponded with the highest effective moisture diffusivity coefficient (1.99 x 1078 m2/s) and the shortest
drying time. Meanwhile, the lowest lightness index and the highest redness and yellowness indexes were found
in the infrared-dried Joghasem powder, showing significant differences compared to other samples (p<0.05).
Conclusion: Therefore, considering the high moisture diffusivity, better preservation of bioactive compounds,
and desirable product color, microwave drying at 440 watts is recommended as the appropriate method for
drying Joghasem.

Keywords: Color indexes, effective moisture diffusivity coefficient, kinetic modeling, Page model.
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