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Hightlights 
• Net isosteric heat and entropy decrease with increasing equilibrium moisture content 

for Violet of Galmi, Safari, Gandiol F1, Orient F1, and the mixture of the four varieties. 
• Gibbs free energy remains nearly constant for Safari, Gandiol F1, Orient F1, and the 

mixture. 
• Gibbs free energy increases with increasing equilibrium moisture content (between 5 

and 35 %) and decreases between 35 and 40 % for Violet of Galmi. 
• A third-degree polynomial describes the variation of net isosteric heat of desorption as 

a function of equilibrium moisture content. 
• Desorption is spontaneous and controlled by net isosteric heat (negative Gibbs free 

energy and isokinetic temperature higher than the harmonic temperature). 
 

ABSTRACT 
Thermodynamic data, essential for designing efficient dryers, depend on the 
physicochemical characteristics of products but remain unavailable for the 
Senegalese onion varieties Violet of Galmi, Safari, Gandiol F1, and Orient F1. This 
study determined the isosteric heat, desorption entropy, and Gibbs free energy of 
these varieties, individually and as a mixture, based on desorption isotherms 
modeled at 50, 55, 60, and 65 °C using the gravimetric method. Data analysis was 
performed with Matlab (version 6.0.0). Results show that net isosteric heat and 
entropy decrease with increasing equilibrium moisture content for all varieties and 
their mixture, whereas Gibbs free energy remains nearly constant, except for Violet 
of Galmi, which exhibits an increase between 5 and 35 % moisture content, followed 
by a slight decrease between 35 and 40 %. At 5 % equilibrium moisture content, the 
net isosteric heats of desorption were 156.92, 141.37, 115.89, 127.39, and 128.19 
kJ·mol⁻¹ for Violet of Galmi, Safari, Gandiol F1, Orient F1, and their mixture, 
respectively approximately three times the latent heat of vaporization of water 
(42.52 kJ·mol⁻¹). The linear relationship between net isosteric heat and desorption 
entropy validates the enthalpy-entropy compensation theory. The isokinetic 
temperatures (385.04 - 398.37 K) exceed the harmonic mean temperature (329.95 
K), indicating that desorption is controlled by net isosteric heat.  Furthermore, 
negative Gibbs free energy values (ΔG < 0) confirm that desorption is spontaneous. 
Energetically, although Violet of Galmi exhibits the highest isosteric heat, the 
mixture behaves similarly to Orient F1, likely due to interactions among 
constituents that facilitate water desorption. These findings provide a 
thermodynamic basis for optimizing dryer design and improving post-harvest 
management of onions, contributing to energy-efficient dehydration processes and 
the reduction of post-harvest losses in Senegal.  
 
Keywords: Allium cepa L., Varieties, Net isosteric heat, Entropy, Gibbs free energy, 
Isokinetic temperature. 

 
INTRODUCTION 

Onion (Allium cepa L.), which is rich in polyphenols beneficial to human health, is a highly 
valued agricultural product in Senegal. It ranks first among horticultural crops, with a 
production volume of 435,000 tons during the 2021 growing season [1]. Between 2021 and 
2023, a decline in production was observed approximately 3% between 2021 and 2022, and 
5% between 2022 and 2023 [2]. In contrast, production increased slightly in 2024 and 2025, 
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reaching 412,000 tons and 450,000 tons, respectively. Despite this growth of onion, which can 
cover the annual national demand for onions (250,000 to 350,000 tons), Senegalese 
consumption remains partially dependent on imports. This situation can be attributed to the 
high moisture content of onions, ranging from 83% to 92% depending on the variety [3,4,5] 
which causes significant storage challenges for both producers and consumers. 
 
To address these issues, the use of solar drying in Senegal has emerged as a key strategy to 
overcome storage and processing constraints affecting high-moisture agricultural products 
such as onions, where water content promotes degradation reactions. The adoption of solar 
energy for dehydration, a highly energy-intensive unit operation [6], is justified not only by 
Senegal’s high solar potential due to its geographical location but also by promising results 
regarding both energy efficiency and preservation of product quality. Previous studies on solar 
dryers have reported satisfactory outcomes with various food products, including chili pepper 
and beef [7],  okra, cassava, and banana [8], tomato [9], and roselle [10].  
 
The selection of a solar dryer depends on several criteria that take into account the initial 
characteristics of the product, particularly its thermo-physical and thermodynamic properties 
[4,9,11,12,13]. Moreover, the performance of solar dryers is influenced by design parameters 
such as construction materials, type, size, and shape, which are determined according to 
product characteristics, quantity to be dried, and available solar potential [12,14]. Drying 
conditions including temperature, relative humidity, and air velocity also play a critical role in 
the dryer’s thermal performance [7, 9,15].  
 
In the scientific literature, studies addressing the thermodynamic properties of onions have 
been based on various mathematical sorption isotherm models, depending on product 
characteristics [16,17,18,19,20]. However, the lack of thermodynamic data for locally produced 
onion varieties, highlighted through a literature review, and the importance of these properties 
in assessing energy demand for the design and optimization of dryer performance, justify the 
present study [21,22,23]. 
 
The objective of this work is therefore to determine the thermodynamic properties of four onion 
varieties Violet of Galmi, Safari, Gandiol F1, and Orient F1 both individually and as a mixture, 
based on desorption isotherms modeled at different temperatures. 
 

MATERIALS AND METHODS 
Materials 
Plant Material: 
The onion varieties on which the thermodynamic properties were determined were Violet of 
Galmi, Safari, Gandiol F1, and Orient F1. They came from the RAO cooperative in the Saint-Louis 
region of Senegal. The onions were collected directly from the field and transported to the 
laboratory to avoid any source of mixing with other varieties. The initial moisture content (% 
wet basis) and water activity of the four varieties were as follows:  

➢ Violet of Galmi: 85.56 ± 0.60 / 0.945 ± 0.01.  
➢ Safari 88.11 ± 0.61 / 0.950 ± 0.001  
➢ Gandiol F1: 86.99 ± 0.10 / 0.940 ± 0.001;  
➢ Orient F1 : 89.13 ± 0.69 / 0.947 ± 0.009. 
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Statistical and Modeling Tools: 
MATLAB software version 6.0.0 is used to model desorption isotherms and to determine 
isoteric heat of desorption at different temperatures (50°C, 55°C, 60°C and 65°C) for the four 
onion varieties, taken separately, and their mixture. 
 
Methods 
Determination and Modeling of Desorption Isotherms: 
The desorption isotherms of onion varieties (Violet of Galmi, Safari, Gandiol F1, and Orient F1, 
grown in Senegal) taken separately, and of the varieties’ mixture, are determined 
gravimetrically using seven saturated salt solution in an oven with temperature and relative 
humidity control. Three randomly selected onion bulbs are peeled, washed with 100 ppm 
chlorinated water, rinsed three times with clear water, wrung out, and chopped with a mincer 
(thickness of around 1.7 mm). From the prepared bulbs, the test sample consists of ten (10) 
grams (10 g of the same variety for separate monitoring and 2.5 g of each variety for the 
mixture. Moisture content and water activity are measured using the reference methods NF ISO 
712 : 2009 and NF EN ISO 17025, respectively. Desorption isotherms (for onion varieties Violet 
of Galmi, Safari, Gandiol F1, and Orient F1, taken separately, and their mixture) at temperatures 
of 50, 55, 60, and 65 °C are obtained by plotting equilibrium content curves (Xeq in kg H2O per 
kg d.b.) as a function of water activity. Among the eleven empirical mathematical models tested 
to model desorption isotherms at different temperatures for the four onion varieties, taken 
separately, and their mixture, the Henderson model provided the best overall fit for all 
varieties and their mixture (R² between 0.97 and 0.99, χ² between 0.0016 and 0.0079). The 
equation of Henderson model is :  
 

𝑿𝒆𝒒 =  [− 𝒍𝒏(𝟏 − 𝒂𝒘) 𝑩⁄ ]𝟏 𝑨⁄   Equation 1 

 
The Henderson model parameters at different temperature are presented in Table 1 [24] 
 
Table 1 : Henderson Model Parameters of the Desorption Isotherms for Violet of Galmi, 

Safari, Gandiol F1, and Orient F1 Onion Varieties and Their Mixture at Various 
Temperatures [24]  

Varieties  
Violet of Galmi Safari Gandiol F1 Orient F1 Mixture of Variety 

  Henderson model Parameters  
T °C B A B A B A B A B A 
50 0 .178 1.705 0.093 1.736 0.166 1.491 0.091 1.635 0.1095 1.6639 
55 0.256 1.523 0.142 1.547 0.219 1.372 0.136 1.482 0.1482 1.5819 

60 0 .367 1.302 0.196 1.401 0.301 1.218 0.198 1.337 0.2258 1.3882 
65 0 .468 1.175 0.249 1.292 0.365 1.124 0.245 1./275 0.2794 1.3011 

 
Net Isoteric Heat and Isosteric Heat of Desorption of Onions  
The Clausius–Clapeyron equation was applied to estimate the net isosteric heat of desorption 
(Qₙ st) based on the desorption isotherms [16,20,25,26,27]. 
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𝝏 𝑳𝒏 (𝒂𝒘)

𝝏(𝑻)
=

𝑸𝒏 𝒔𝒕

𝑹 𝑻𝟐
  Equation 2 

 
For fixed equilibrium moisture contents ranging from 5% to 40%, the water activities at 
different temperatures (50°C, 55°C, 60°C, and 65°C) were calculated using the Henderson 
mathematical model, which provided the best fit to the experimental desorption isotherms of 
onions at the given temperatures [24].  
 
Integration of  Equation 2, allows the determination of the natural logarithm of water activity 
as a function of the inverse of absolute temperature. Assuming that the net isosteric heat 
remains constant with respect to temperature [28], the equation of these curves, referred to as 
isosteres, is expressed as follows: 
 

𝑳𝒏𝒂𝒘 = − 
𝑸𝒏 𝒔𝒕

𝑹
∗

𝟏

𝑻
+ 𝒃  Equation 3 

 
The slopes of these isosteres are used to calculate the net isosteric heat of desorption (Qn st, in 
kJ·mol⁻¹). This parameter represents the energy required to release water molecules from the 
onion tissue. It thus provides insight into the degree of freedom of the water molecules and the 
nature of their binding interactions within the product. Consequently, the isosteric heat of 
desorption (Qst) required to dehydrate the product is the sum of the net isosteric heat of 
desorption and the latent heat of vaporization of water, as expressed by the following equation: 
 

𝑸𝒔𝒕 = 𝑸𝒏 𝒔𝒕 + 𝑳𝒗𝒂𝒑  Equation 4 

 
Where Lvap is the latent heat of vaporization of water, ranging from 42.20 to 42.84 kJ·mol⁻¹ 
within the temperature range of 50 to 65°C. Since this variation is negligible, an average latent 
heat of vaporization of 42.52 kJ·mol⁻¹ was used in this study [29]. 
 
The entropy of desorption (ΔS, in kJ·mol⁻¹·K⁻¹) was calculated from the intercept values (b) of  
Equation 3, which correspond to the intersection points of the isosteres with the ordinate axis: 
 

𝒃 =  
𝜟𝑺

𝑹
  Equation 5 

 
Enthalpy-Entrophy compensation Theory and Gibbs Free Energy: 
The enthalpy–entropy compensation theory indicates a compensation between the net 
isosteric heat and the entropy of desorption. This theory is based on the linear relationship 
between these two thermodynamic parameters [30], [31], [32], [33]. The slope of this line 
corresponds to the temperature at which all reactions proceed at the same rate, known as the 
isokinetic temperature (Tiso) : 
 

𝑸𝒏 𝒔𝒕 = 𝑻𝒊𝒔𝒐 ∆𝑺 + ∆𝑮  Equation 6 
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The enthalpy–entropy compensation theory is valid only if, the isokinetic temperature (Tiso) 
differs from the harmonic mean temperature (Tharm). The harmonic mean temperature depends 
on the number of isotherms and is defined as follows: 
 

𝑻𝒉𝒂𝒓𝒎 =  −
𝒏

𝑹 ∑ (𝟏
𝑻⁄ )𝒏

𝒊=𝟏

  Equation 7 

 
Where n is the number of desorption isotherms and T is the desorption temperature. 
 

RESULTS AND DISCUSSION 
Determination of Isosteric Heat of Desorption and Desorption Entropy 
Determination of Isoteric Heat: 
Figure 1 presents the curves of the natural logarithm of water activity (Ln aw) plotted against 
the inverse of absolute temperature (1/T), which were used to determine the net isosteric heat 
of desorption for the four onion varieties. Water activity values were calculated at fixed 
equilibrium moisture contents of 5, 15, 25, 35, and 40%, based on  Equation 1 and the 
corresponding A and B parameters obtained at the different temperatures (Table 1). 
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Figure 1: In Water Activity versus Inverse Temperature at Different Equilibrium Moisture 

Contents of 5, 15, 25, 35 and 40 % for Four Onion Varieties and Their Mixture 
 
The trend lines obtained by linear regression Figure 1, are straight lines whose slopes increase 
(as the equilibrium moisture contents decrease. A strong correlation was observed for the four 
varieties individually as well as for their mixture, with R² values ranging from 0.982 to 0.994 
(Table 2). 
 

Table 2 : Regression lines of the curves Ln (aw) as a function of the inverse of 
temperature and Regression Coefficient for Violet of Galmi, Safari, Gandiol F1, and 

Orient F1 Onion Varieties and Their Mixture  
Regression lines and Coefficient at Different Xeq Values  

Xeq (%) 

Varieties 5 15 25 35 40 
Violet of 

Galmi 
Y = -18883x + 
51.665 
R² = 0.9933 

Y = -14431x + 
39.744 
R² = 0.9929 

Y = -12319x + 
34.069 
R² = 0.9933 

Y = -10881x + 
30.184 
R² = 0.9929 

Y = -10300x + 
28.609 
R² = 0.9927 

Safari Y = -17012x + 
45.162 
R² = 0.9872 

Y = -13184x + 
35.225 
R² = 0.9870 

Y = -11508x + 
30.911 
R² = 0.9866 

Y = -10370x + 
27.961 
R² = 0.9863 

Y = -9914.1x 
+26.777 
R² = 0.9865 

Gandiol 
F1 

Y =  -13946x + 
36.925 
R² = 0.9939 

Y = -10940x + 
29.249 
R² = 0.9934 

Y = -9464.4x 
+25.437 
R² = 0.9932 

Y = -8464.8x 
+22.837 
R² = 0.993 

Y = -8061.6x 
+21.783 
R² = 0.9933 

Orient F1 Y= -15330x + 
40.24 
R² = 0.9826 

Y = -12425x + 
33.019 
R² = 0.9816 

Y = -10946x + 
29.273 
R² = 0.9821 

Y = -9963.7x 
+26.776 
R² = 0.9817 

Y = -9608.2x 
+25.886 
R² = 0.9816 

Mixture of 
Varieties 

Y = -15426x+ 
40.52 
R² = 0.9810 

Y = -12298x + 
32.679 
R² = 0.9828 

Y = -10808x + 
28.92 
R² = 0.9838 

Y = -9802.5x 
+26.368 
R² = 0.9845 

Y = -9396.2x 
+25.332 
R² = 0.9848 

 
Using the slopes of these trend lines and  Equation 3, the net isosteric heat values were 
calculated for the four varieties and their mixture. The variation of these net isosteric heats as 
a function of equilibrium moisture content is presented in figure 2 
  



 
 

  
 
 

84 Services for Science and Education – United Kingdom 

Vol. 13, Issue 06, December-2025 European Journal of Applied Sciences (EJAS) 

  

  

 
Figure 2 : Net Isosteric Heat of Desorption versus Equilibrium Moisture Content (5, 15, 25, 35 

and 40 %) for Four Onion Varieties and Their Mixture 

 
Figure 2 shows that the variation of the net isosteric heat of desorption with equilibrium 
moisture content is best described by a third-degree polynomial function, with correlation 
coefficients around 0.999 for both the individual varieties and their mixture [18, 26, 27, 34, 35].  
 
As illustrated in figure 2, the net isosteric heat of desorption increases as the moisture content 
of the onions decreases. Indeed, the greater the number of hydrogen bonds, the higher the net 
isosteric heat of desorption. For an equilibrium moisture content of 5% (area 1, where aw < 
0.2), the net isosteric heat of desorption is approximately three times the latent heat of 
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vaporization of water (42.52 kJ·mol⁻¹), with values of 156.92 kJ·mol⁻¹ for Violet of Galmi, 
141.37 kJ·mol⁻¹ for Safari, 115.89 kJ·mol⁻¹ for Gandiol F1, 127.39 kJ·mol⁻¹ for Orient F1, and 
128.19 kJ·mol⁻¹ for their mixture. However, in area 2 (0.2 ≤ aw ≤ 0.65) and area 3 (aw > 0.65), 
the net isosteric heat of desorption decreases with increasing equilibrium moisture content. 
These results are consistent with previous studies [17,21,25,27,36]. 
 
For every 10% decrease in equilibrium moisture content, the net isosteric heat of desorption 
increases by a factor ranging from 1.04 to 1.31 for the four varieties and their mixture. Areas 1, 
2, and 3 are defined based on the research study on “Modeling Desorption Isotherms of Four 
Onion Varieties Related to Temperatures” [24]. The isosteric heat of desorption (calculated 
from ) at different equilibrium moisture contents for the four varieties and their mixture is 
presented in Table 3. 
 

Table 3 : Isosteric Heat of Desorption of Four Onion Varieties and Their Mixture at 
Different Equilibrium Moisture Contents of 5, 15, 25, 35 and 40 % 

Isosteric Heat Qst (KJ / mol) 
 Varieties 

Xeq (%) Violet of Galmi Safari Gandiol F1 Orient F1 Mixture of Varieties 
5 199.44 183.89 158.41 169.91 170.71 

15 162.44 152.08 133.43 145.77 144.72 
25 144.89 138.15 121.17 133.48 132.33 
35 132.94 128.69 112.86 125.32 123.97 
40 128.11 124.91 109.51 122.36 120.60 

 
The variation of the isosteric heat of desorption for the four onion varieties as a function of 
equilibrium moisture content, as well as for their mixture, mirrors that of the net isosteric heat 
of desorption. 
 
Regardless of the targeted equilibrium moisture content, the ranking of the varieties in 
descending order of net isosteric heat of desorption is Violet of Galmi, Safari, Orient F1, and 
Gandiol F1. The high net isosteric heat observed for Violet de Galmi corroborates previous 
findings by [37] which showed that this variety has the lowest effective diffusivity coefficient 
and requires more activation energy than the other three varieties, irrespective of maturity 
stage, suggesting that Violet de Galmi may be the limiting variety. However, the net isosteric 
heat trend of the mixture of the four varieties closely follows that of Orient F1, rather than Violet 
of Galmi. This behavior can likely be explained by the occurrence of multiple mechanisms 
among the four varieties, leading to modifications in the types of bonding within the poly-
molecular layer, which in turn reduces the energy demand for the mixture. The difference in 
net isosteric heat between the individual varieties and the mixture can also be attributed to the 
higher content of soluble compounds in Violet de Galmi, followed by Safari, then Orient F1 
(approximately equal to the mixture), and finally Gandiol F1[17,18,33,38,39]. 
 
Determination of Entropy: 
The variation of entropy (calculated from the intercept values (b) obtained from figure 1 and 
equation 5 as a function of equilibrium moisture content for each variety and their mixture is 
presented in figure 3. 



 
 

  
 
 

86 Services for Science and Education – United Kingdom 

Vol. 13, Issue 06, December-2025 European Journal of Applied Sciences (EJAS) 

 
Figure 3 : Entropy versus Equilibrium Moisture Content (5, 15, 25, 35 and 40 %) for Four Onion 

Varieties and Their Mixture 
 
The desorption entropy increases as the equilibrium moisture content decreases. For the 
different onion varieties, entropy ranged from 0.180 to 0.435 kJ·mol⁻¹ for moisture contents 
between 5 and 40%. This result is consistent with the idea that internal transformations 
associated with microscopic changes in the system during moisture reduction are responsible 
for this increase [18,21,23,36,39]. 
 
The ranking of the varieties in descending order of entropy is the same as that observed for the 
net isosteric heat of desorption : Violet of Galmi, Safari, Orient F1, and Gandiol F1. The entropy 
of the mixture of the four varieties is approximately similar to that of Orient F1 and Safari. For 
three varieties (Gandiol F1, Orient F1, and Safari) and the mixture, entropy decreases until Xeq 
≈ 20% and tends to become asymptotic thereafter, whereas for Violet of Galmi, entropy also 
decreases but tends to become asymptotic only from Xeq ≈ 35%. According to [40, 41, 42], 
entropy variation plays a crucial role in the energetic analysis of food processing systems, as it 
is proportional to the number of sorption sites available at a given energy level. Moreover, the 
reduction of water content leads to the formation of a porous network in the matrix, increasing 
disorder. This disorder is not only related to the size of the food particles to be dried but also 
to the content of soluble compounds [11,18,43]. 
 
Enthalpy-Entropy Compensation and Gibbs Free Energy  
A linear relationship was observed between the net isosteric heat of desorption and the 
desorption entropy (Figure ). The trend lines established by linear regression (Figure ) reveal 
an excellent correlation for the four varieties, with R² values ranging from 0.999 to 1. The 
linearity observed in the variation of the net isosteric heat of desorption with desorption 
entropy, along with the differences in isokinetic temperatures, confirms the enthalpy–entropy 
compensation theory during the drying of the four onion varieties individually as well as their 
mixture [21,22,23,36,38]. The isokinetic temperatures deduced from the slopes of these trend 
lines for Violet of Galmi, Safari, Gandiol F1, Orient F1, and their mixture are 385.04, 386.2, 388.7, 
398.37, and 397.12 K, respectively. All of these isokinetic temperatures are higher than the 
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harmonic mean temperature (329.95 K), indicating that desorption is controlled by the net 
isosteric heat [27,30,31,32,33,38,44]. 

 
Figure 4: Net Isosteric Heat of Desorption versus Entropy for Four Onion Varieties and Their 

Mixture 
 
Furthermore, these results suggest that the microstructure of these onion varieties remains 
stable and undergoes no significant changes during water desorption at temperatures between 
50 and 65 °C [42,45, 46,47]. Therefore, the enthalpy-entropy compensation can be applied to 
the water desorption process in onions, which may occur via controlled mechanisms. The Gibbs 
free energy (ΔG < 0, Table 5) for equilibrium moisture contents between 5 and 40% indicates 
that desorption is spontaneous. At the isokinetic temperature, the average free energy, 
corresponding to the intercept of the trend lines of net isosteric heat versus desorption entropy 
(Figure ), is -7.89, -3.55, -3.45, -5.90, and -5.57 kJ·mol⁻¹ for Violet de Galmi, Safari, Gandiol F1, 
Orient F1, and their mixture, respectively. 
 
Table 4 : Free energy at the isokinetic desorption temperature of onion varieties Violet 
de Galmi, Safari, Gandiol F1, and Orient F1 for equilibrium moisture contents of 5, 15, 

25, 35, and 40%. 
Free energy G (KJ / mol) 

 Varieties 
Xeq (%) Violet of Galmi Safari Gandiol F1 Orient F1 Mixture of Varieties 

5 -8.38 -3.57 -3.38 -5.82 -5.53 
15 -7.23 -3.49 -3.57 -6.06 -5.65 
25 -6.63 -3.57 -3.51 -5.95 -5.62 
35 -6.15 -3.56 -3.42 -5.84 -5.56 
40 -10.98 -3.55 -3.37 -5.85 -5.51 

 
The Gibbs free energy values at the isokinetic desorption temperature for each variety (Table 
4) are all negative, confirming the spontaneous nature of the desorption process. The Table 4 



 
 

  
 
 

88 Services for Science and Education – United Kingdom 

Vol. 13, Issue 06, December-2025 European Journal of Applied Sciences (EJAS) 

shows that the Gibbs free energy of the Safari, Gandiol F1, Orient F1 varieties and that of the 
mixture of the four varieties remain almost unchanged with equilibrium moisture content. In 
contrast, the Violet of Galmi variety exhibits a distinct trend, with an increase in free energy 
between 5 and 35% moisture content, followed by a slight decrease between 35 and 40%. This 
increase in Gibbs free energy reflects the need for additional activation energy to initiate the 
desorption process. Similar results were reported by Zhang et al. (2022) [36].during the study 
of Tiger nut, suggesting a comparable energetic behavior related to the internal structure of the 
material and the nature of its water-binding sites. 
 

CONCLUSION 
This study focused on the determination of isosteric heat, entropy, and Gibbs free energy of 
four onion varieties (Violet of Galmi, Safari, Gandiol F1, and Orient F1), considered individually 
and as a mixture, based on the modeling of desorption isotherms at different temperatures (50, 
55, 60, and 65 °C). 
 
The net isosteric heats of desorption (156.92, 141.37, 115.89, 127.39, and 128.19 kJ·mol⁻¹ for 
Violet of Galmi, Safari, Gandiol F1, Orient F1, and their mixture, respectively) are higher at low 
equilibrium moisture contents, whereas the opposite trend is observed as the moisture content 
increases. Depending on the variety, the net isosteric heat (Qn st) differs significantly due to 
variations in the types and strengths of water-matrix interactions. The mixture exhibits a net 
isosteric heat closer to that of Orient F1, despite the higher value observed for Violet of Galmi, 
likely due to interactive mechanisms between varieties that facilitate desorption. Furthermore, 
the variation of net isosteric heat as a function of equilibrium moisture content is well described 
by a third-degree polynomial with correlation coefficients around 0.999 for all individual 
varieties and their mixture.  
 
The desorption entropy (ΔS) also decreases with increasing equilibrium moisture content, 
reaching an asymptotic value at Xₑq = 20% for Gandiol F1, Orient F1, Safari, and the mixture, 
and at 35% for Violet of Galmi. The enthalpy-entropy compensation theory is validated for both 
the individual varieties and their mixture, as evidenced by the perfect linearity of Qn st versus 
ΔS (R² between 0.999 and 1) and the differences in isokinetic temperatures (385.04, 386.2, 
388.7, 398.37, and 397.12 K for Violet of Galmi, Safari, Gandiol F1, Orient F1, and the mixture, 
respectively). These isokinetic temperatures, all higher than the harmonic mean temperature 
(329.95 K), indicate that water desorption in the 50 - 65 °C range is controlled by the net 
isosteric heat. Moreover, the negative Gibbs free energy values (average values of –7.89, –3.55, 
–3.45, –5.90, and –5.57 kJ·mol⁻¹ for Violet of Galmi, Safari, Gandiol F1, Orient F1, and the 
mixture, respectively) confirm that the desorption process is spontaneous. From a sustainable 
development perspective, these findings provide a scientific basis for the design of efficient 
dryers, representing a key strategy to reduce post-harvest losses and improve the valorization 
of onions in Senegal. 
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