
Accepted Manuscript

Analyzing drying characteristics and modeling of thin layers of peppermint

leaves under hot-air and infrared treatments

Seyed-Hassan Miraei Ashtiani, Alireza Salarikia, Mahmood Reza Golzarian

PII: S2214-3173(17)30010-0

DOI: http://dx.doi.org/10.1016/j.inpa.2017.03.001

Reference: INPA 77

To appear in: Information Processing in Agriculture

Received Date: 21 January 2017

Revised Date: 28 February 2017

Accepted Date: 2 March 2017

Please cite this article as: S-H. Miraei Ashtiani, A. Salarikia, M. Reza Golzarian, Analyzing drying characteristics

and modeling of thin layers of peppermint leaves under hot-air and infrared treatments, Information Processing in

Agriculture (2017), doi: http://dx.doi.org/10.1016/j.inpa.2017.03.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.inpa.2017.03.001
http://dx.doi.org/10.1016/j.inpa.2017.03.001


  

1 
 

Analyzing drying characteristics and modeling of thin layers of peppermint 

leaves under hot-air and infrared treatments 

Seyed-Hassan Miraei Ashtiani*, Alireza Salarikia, Mahmood Reza Golzarian 

Department of Biosystems Engineering, Faculty of Agriculture, Ferdowsi University of 

Mashhad, Mashhad, Iran 
*
 Corresponding author at: Department of Biosystems Engineering, Faculty of Agriculture, 

Ferdowsi University of Mashhad, P.O. Box 9177948978 Mashhad, Iran. Tel.: +98 

9392010086. Email address: Miraei_sh@yahoo.com (S.-H. Miraei Ashtiani). 

ABSTRACT 

The drying kinetics of peppermint leaves was studied to determine the best drying method for 

them. Two drying methods include hot-air and infrared techniques, were employed. Three 

different temperatures (30, 40, 50 °C) and air velocities (0.5, 1, 1.5 m/s) were selected for the 

hot-air drying process. Three levels of infrared intensity (1500, 3000, 4500 W/m
2
), emitter-

sample distance (10, 15, 20 cm) and air speed (0.5, 1, 1.5 m/s) were used for the infrared 

drying technique. According to the results, drying had a falling rate over time. Drying 

kinetics of peppermint leaves was explained and compared using three mathematical models. 

To determine coefficients of these models, non-linear regression analysis was used. The 

models were evaluated in terms of reduced chi-square (χ
2
), root mean square error (RMSE) 

and coefficient of determination (R
2
) values of experimental and predicted moisture ratios. 

Statistical analyses indicated that the model with the best fitness in explaining the drying 

behavior of peppermint samples was the Logarithmic model for hot-air drying and Midilli 

model for infrared drying. Moisture transfer in peppermint leaves was also described using 

Fick’s diffusion model. The lowest effective moisture diffusivity (1.096 × 10
-11

 m
2
/s) 

occurred during hot-air drying at 30 °C using 0.5 m/s, whereas its highest value (5.928 × 10
-11

 

m
2
/s) belonged to infrared drying using 4500 W/m

2
 infrared intensity, 0.5 m/s airflow 

velocity and 10 cm emitter-sample distance. The activation energy for infrared and hot-air 
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