


Determination and adaptation of experimental drying curves for potatoes and pineapples to models from the literature
Abstract



This study focuses on determining drying kinetics and estimating the products’ diffusion coefficients. A solar dryer equipped with a parabolic trough collector was used. The products were dried in the dryer, and their drying kinetics were monitored. Emphasis was placed on fitting the drying kinetics to empirical and semi-empirical models for potatoes and pineapples during convective drying. During the first phase of the drying process, the moisture content of the agricultural products decreased rapidly, leading to an increase in the drying rate. Moisture content decreased more slowly as drying progressed, resulting in a gradual reduction in the drying rate. Moisture transfer within the products was modelled using Fick's second law, allowing the determination of diffusion coefficients: 6.3456 × 10⁻⁹ m²/s for potato and 2.6647 × 10⁻⁸ m²/s for pineapple. The drying kinetics were adapted to empirical and semi-empirical models using MATLAB software. The evaluation criteria used were the correlation coefficient (R²), the root mean square error (), and the root mean square error (RMSE). Among the models tested, the logarithmic model showed the best fit to the experimental potato data, with R² = 0.9978,  = 0.00024, and RMSE = 0.01426. For pineapple, this model also shows a good fit with R² =  0.9967, = 0.00043 and RMSE=0.03172. The third-order Gaussian stands out particularly from the other Gaussians with a correlation coefficient R² =  0.9984, the highest for both products.
Keywords: solar dryers, cylindrical-parabolic collector, adaptation, drying kinetics, diffusion coefficient.
1. Introduction
Burkina Faso has considerable solar potential, estimated at 5.5 kWh/m²/day for average global irradiance, with annual sunshine ranging from 3,000 to 3,500 hours. This resource places the country among the most favourable for the development of solar energy technologies in West Africa (Dianda et al., 2025a; Azoumah et al., 2010; African Development Bank, 2018). Thanks to the abundance of solar radiation, drying remains one of the most widely used techniques for extending the shelf life of foodstuffs and reducing post-harvest losses (Ouoba et al., 2014; Yameogo et al., 2025; Calín-Sánchez et al., 2020). However, traditional drying methods, while widely used, have limitations related to hygiene and the quality of the dried product (There & Sharma, 2024; Susanto et al., 2024), hence the development of solar dryers.
In Burkina Faso, several studies have focused on the design and performance evaluation of solar dryers, particularly indirect and hybrid solar dryers. Dissa et al. (2009) contributed to the modeling of the operation of an indirect solar dryer applied to mango drying using forced and natural convection. Dianda et al. (2024) conducted a numerical study of the convective drying of thin-film papaya with an indirect dryer equipped with a finned absorber. Dianda et al. (2025a) recently designed an indirect dryer with parabolic trough collectors to evaluate its thermal performance and the drying curves of the dried products. The present study uses this dryer.
The analysis of the drying kinetics of dried products contributes to the optimisation of solar dryers. Drying kinetics describe the evolution of moisture content over time, evaluate process performance, and identify the most appropriate mathematical models to represent the heat and mass transfer mechanisms. Several studies have investigated the thin-film drying kinetics of agri-food products such as mango, tomato, okra, papaya and banana during convective drying in an indirect solar dryer (Dissa et al., 2009; Kam et al., 2017; Ouedraogo et al., 2017; Dianda et al., 2022; Ousmane et al., 2024). Mogmenga et al. (2025) studied the influence of the type of product (bell pepper, ginger, tomato, okra, and chili pepper) on drying kinetics in a mixed solar dryer. Dianda et al. (2025b) also evaluated the drying kinetics of okra in a mixed solar dryer. The drying kinetics of several products have already been adapted to empirical and semi-empirical models. Shukla (2024) compared thin-layer mathematical models for greenhouse solar drying of pear slices, while Ezeanya (2024) examined drying kinetics during forced-convection solar drying of tiger nuts. More directly related to potatoes, Deepak and Behura (2025) investigated the drying kinetics of potato slices in a mixed-mode solar dryer incorporating thermal energy storage. Moradi et al. (2025) examined potato drying in a hybrid solar dryer equipped with a compound parabolic collector and additional thermal-control components. For pineapple, Akter et al. (2025) evaluated moisture reduction using a natural-convection solar dryer. However, few studies have shown adaptations of the drying kinetics of potatoes and pineapples. These products have a high water content and high nutritional value, making their preservation a challenge. A better understanding of their drying kinetics will allow for the optimisation of dehydration processes and the improvement of the quality of the dried product. The applicability of the selected empirical and semi-empirical models to the drying curves obtained for both products in the present indirect solar dryer therefore warrants a separate assessment. It is in this context that this work was initiated. The objective is to study the drying kinetics of potatoes and pineapples in order to analyze their behaviour during drying and to identify the mathematical models best suited to the evolution of water content.
2. Materials and methods 
2.1 Hardware
· The dryer used is an indirect solar dryer whose collector consists of three small cylindrical concentrators. It therefore consists of a drying chamber and a collector. Figure 1 shows a diagram of the dryer used.
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Figure 1: Diagram of the dryer
· The water content of a product is defined as the ratio of the mass of water contained in the product to its dry mass, that is, the mass that no longer contains water. The water content indicates the rate at which a product loses water during a single drying operation. The water content is obtained using the mathematical relationship (1):

										(1)

With : instantaneous water content on a dry basis (kg water/kg dry matter); m(t): instantaneous mass (kg); ms: dry mass (kg).
Table 1 presents drying kinetics models from the literature used to fit the experimental drying curves. The sources associated with these models include Tunde-Akintunde (2011).
Table 1: Drying kinetics models from the literature
	Model Name
	Equation Expression
	Reference

	Newton
	

	Lewis , 1921

	Page
	

	Page, 1949

	Page modified
	

	Overhults et al, 1973

	Henderson et Padis
	

	Tunde, 2011

	Logarithmic
	

	Yaldiz et al., 2001

	Two-term
	

	Henderson, 1961

	Wang and Singh
	

	Wang et al., 1978

	Exponetiel two-terme
	

	Midilli et al., 2002

	General model Gauss1

	

	



Dianda et al., 2022

	General model Gauss2

	

	

	General model Gauss3

	


	



2.2 Method
The drying process began with sorting, washing, cutting, and placing the products on racks. The products were cut lengthwise or into slices of varying thicknesses. The mass of the products was monitored at regular intervals. Drying tests were conducted between 8:00 a.m. and 6:00 p.m., depending on the availability of sunlight. During the process, the mass of the dried products was measured every sixty (60) minutes. Simultaneously, using instruments such as thermocouples, a pyranometer, a hygrometer, and a data logger, several parameters were recorded, including temperature, relative humidity, and solar irradiance. Drying was stopped when, after two successive weighings, the mass remains constant.
3. Results and discussion 
3.1 Drying kinetics
Figures 2 and 3 show the changes in the moisture content of potatoes and pineapples over time, respectively.
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Figure 2: Changes in Potato Moisture Content Over Time
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Figure 3: Evolution of Water Content Over Time in Pineapple

Analysis of the water content curves of potato and pineapple slices, obtained for all drying trays, illustrates the changes of porous materials subjected to convective drying. The water content decreased rapidly during the first phase of the process, before declining more slowly as drying progresses.
At the beginning of drying, heat transfer between the air and the product allows water from the surface or interior of the product to move towards the surface by capillary action. This results in the rapid evaporation of this water. During drying, the temperature at the centre of the product increases while the water content decreases, leading to a new equilibrium between the product and the drying air. At this stage, the temperature difference between the air and the product becomes small, and the water activity of the product equilibrates with the relative humidity of the air. Consequently, water migration becomes increasingly difficult, slowing down the transfer of matter within the product. Other phenomena contribute to this difficulty, including the concentration of solutes, surface hardening, and increased resistance of cell walls to water penetration.
The drying process took two days for the potato and three days for the pineapple.
The rapid initial moisture loss followed by a slower stage is consistent with the predominantly falling-rate behaviour reported for potato slices in infrared-convective drying and for pineapple slices under several drying methods (Olanipekun et al., 2015; Ruhanian & Movagharnejad, 2016). These comparisons support a qualitative interpretation of the curve shapes, but the reported drying times should not be treated as directly interchangeable because the heating modes and operating conditions differ.
Product preparation and geometry may also influence the trajectories. Doymaz (2012) observed that pretreatment affected the drying time of potato slices, while Ruhanian and Movagharnejad (2016) reported an effect of slice thickness on moisture removal and effective diffusivity. Accordingly, the differences among the rack and cutting-orientation curves in Figures 2 and 3 may reflect combined effects of sample geometry and exposure conditions, although the present observations do not distinguish their individual contributions.
3.2 Mass Diffusivities of Products
Diffusion within the product is a mechanism that contributes to moisture transfer during the drying process. For most biological products, Fick's second law is used to describe this process, as expressed in Equation (2):

										(2)
The simplified solutions of Fick's second law as a function of the form of the product, reported by Crank (1975), are as follows:
	Plate-like shape
	Cylindrical shape 
	Spherical shape

	
 (3)
	
(4)
	
(5)




The diffusion coefficient is determined graphically by the function .
From Equation (3), (4) or (5), Equation (6) is obtained: 

										(6)

The constants A and B are determined graphically by plotting the experimental drying data in terms of  as a function of drying time. These constants then allow the calculation of the diffusion coefficient.

Figures 4 and 5 show the curves of as a function of time for each product.
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Figure 4: Variation of relative water content over time in potatoes
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Figure 5: Variation of relative water content over time in pineapple
The diffusion coefficient was calculated using the equations of the lines obtained in Figures 4 and 5. The results are presented in Table 2.
Table 2: Diffusion coefficient
	Food products
	Potatoes 
	 Pineapples

	Cutting
	Washer

	Product diameter
	4 cm
	6 cm

	A
	0.056
	0.21

	B
	1.5 ×10-5
	2.4 ×10-5

	α
	1.9448
	1.8006

	D(m.s-²)
	6.3456 ×10-9
	2.6647 ×10-8



The majority of agricultural products (approximately 92%) exhibit a diffusion coefficient ranging from 10⁻¹² m.s⁻² to 10⁻⁸ m.s⁻² (Zogzas et al., 1996). The diffusion coefficient obtained for potatoes in the present study, namely 6.3456 × 10⁻⁹ m.s⁻², is in the same order of magnitude as that reported by Srikiatden and Roberts (2006), who found values ​​ranging from 4.55 × 10⁻¹⁰ to 12.7 × 10⁻⁹ m.s⁻² for the Russet potato variety. However, the diffusion coefficient for the pineapple was higher than that reported in the literature.
The coefficients calculated from the slopes of the logarithmic drying curves are model-dependent estimates of effective moisture diffusivity rather than invariant material constants. For potato drying, Hassini et al. (2007) showed that incorporating sample shrinkage affects diffusivity estimation. In a study of pineapple slabs, Ramallo and Mascheroni (2013) likewise found that a diffusion model accounting for shrinkage improved moisture predictions and changed the inferred diffusivity. These results indicate that geometric assumptions should be considered when interpreting the coefficients calculated here.
For pineapple, Olanipekun et al. (2015) reported effective moisture diffusivities ranging from 6.89 × 10⁻¹⁰ to 5.1 × 10⁻⁸ m²/s under different drying methods. The present value of 2.6647 × 10⁻⁸ m²/s lies within that reported interval. Thus, comparisons with earlier studies should account for differences in heating conditions, specimen dimensions and the assumptions used to derive the estimates.
3.3 Drying Curves
Fitting the experimental drying kinetics to empirical and semi-empirical models requires mathematical analysis. In this study, we used MATLAB software. The best models were selected based on a high value of the coefficient of determination R² and low values ​​of the mean squared error, the root mean square error (RMSE), and the χ² statistical parameter. The results from our analyses of empirical and semi-empirical models are presented in Table 3.
Table 3: Results of adaptation of drying kinetics models
	Models

	Products
	Statistical parameters

	
	
	R²
	χ²
	RMSE

	NEWTON
	Potato
	0.9612
	0.0033
	0.05609

	
	Pineapple
	0.9153
	0.0093
	0.09363

	PAGE
	Potato
	0.997
	0.00029
	0.01608

	
	Pineapple
	0.9938
	0.00076
	0.02614

	HENDERSON AND PABIS
	Potato
	0.99
	0.00095
	0.02927

	
	Pineapple
	0.9687
	0.0038
	0.05857

	LOGARITHMIC
	Potato
	0.9978
	0.00024
	0.01426

	
	Pineapple
	0.9967
	0.00043
	0.01955

	TWO-TERM
	Potato
	0.9895
	0.0013
	0.03172

	
	Pineapple
	0.9908
	0.0014
	0.03375

	WANG AND SINGH
	Potato
	0.992
	0.00076
	0.02617

	
	Pineapple
	0.9858
	0.0017
	0.03939

	HENDERSON AND PABIS MODIFIED
	Potato
	0.9903
	0.00103
	0.02962

	
	Pineapple
	0.9909
	0.00125
	0.03248

	TWO-TERM EXPONENTIAL
	Potato
	0.9964
	0.00034
	0.01754

	
	Pineapple
	0.9891
	0.00133
	0.03462

	PAGE MODIFIED II
	Potato
	0.997
	0.00032
	0.01655

	
	Pineapple
	0.9014
	0.01362
	0.1071

	GAUSS 1
	Potato
	0.9981
	0.000206
	0.01325

	
	Pineapple
	0.9948
	0.000716
	0.02457

	GAUSS 2
	Potato
	0.9984
	0.000251
	0.01327

	
	Pineapple
	0.9983
	0.000357
	0.01564

	GAUSS 3
	Potato
	0.9984
	0.000404
	0.01491

	
	Pineapple
	0.9984
	0.000583
	0.01752



The results in Table 3 present the results for the twelve models evaluated. Indeed, of the nine empirical models analysed, the potato drying kinetics fit very well to seven of them.

However, the logarithmic model fits the experimental values best for both potato and pineapple. The coefficients of determination are 0.9978 for potato and 0.9967 for pineapple. The drying kinetics of these two products also fit Gaussian distributions (semi-empirical models) with excellent results. The third-order Gaussian distribution shows the best fit, with a correlation coefficient of 0.9984, for the drying kinetics of both potato and pineapple. The results indicate that the first-order Gaussian distribution shows better results than the logarithmic empirical model.
Figures 6 and 7 show the best-fit curves to the empirical and semi-empirical models for potatoes. Figures 8 and 9 show the best-fit curves to the empirical and semi-empirical models for pineapples, respectively.
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Figure 6: Adaptation curve of the variation in relative water content of the potato to the logarithmic model
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Figure 7: Adaptation curve of the variation in relative water content of the potato to the Gaussian 3 model
[image: ]
Figure 8: Adaptation curve of the variation in relative water content of pineapple to the logarithmic model
[image: ]
Figure 9: Adaptation curve of the variation in relative water content of pineapple to the Gaussian 3 model
The close agreement between the experimental points and the curves simulated by the models indicates good agreement between the fitted models and the observed drying kinetics.
The observed logarithmic fit is consistent with Doymaz (2012), who identified this equation among suitable models for potato slices, and Biswas et al. (2022), who reported it as the best fit for osmotically pretreated pineapple slices. However, different pretreatments and drying conditions limit direct comparison of model rankings across studies.
The strong Gaussian correlations also require consideration of model complexity. Under other conditions, Ruhanian and Movagharnejad (2016) favoured the Page model for potato drying, while Olanipekun et al. (2015) identified different favourable equations for different pineapple drying methods. Independent drying runs and consideration of parameter number would help determine whether the additional Gaussian terms improve predictive performance beyond the fitted observations.
Conclusion
This study characterised the experimental drying behaviour of potato and pineapple slices in an indirect solar dryer incorporating parabolic trough reflectors. Both products exhibited an initial period of relatively rapid moisture loss followed by a slower reduction in moisture content. Under the reported conditions, potato drying required two days, whereas pineapple drying required three days. Analysis based on Fick's second law yielded effective moisture diffusivities of 6.3456 × 10⁻⁹ m²/s for potatoes and 2.6647 × 10⁻⁸ m²/s for pineapples. The logarithmic model closely represented the measured drying curves, with coefficients of determination of 0.9978 for potatoes and 0.9967 for pineapples. Gaussian models also showed high agreement with the experimental observations. However, the ranking of the Gaussian formulations depended on the statistical measure considered: Gaussian 1 produced the lowest reported RMSE for potatoes, whereas Gaussian 2 produced the lowest RMSE for pineapples. Gaussian 3 achieved an R² of 0.9984 for both products. The results therefore support the use of empirical and semi-empirical descriptions of these drying curves, while indicating that model selection should consider several goodness-of-fit measures rather than a single coefficient.
Limitations 
The reported effective moisture diffusivities depend on the geometric assumptions underlying the application of Fick's second law and on the treatment of the drying curves. The model comparisons describe agreement with the experimental observations and do not, by themselves, demonstrate predictive accuracy under other drying conditions. Differences in product dimensions and drying duration should also be considered when interpreting comparisons between potatoes and pineapples. These limitations define the scope of the reported estimates and model rankings without changing the observed drying trends.
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