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ABSTRACT

The objective of this work was to determine moisture desorption and adsorption isotherms of leaves Argania spinosa 
(L) Skeels. The equilibrium moisture content of argan leaves was measured using the static gravimetric method 
at three temperatures (30°C, 40°C and 50°C) and in wide range of water activity (0.07–0.898). Eight different 
mathematical sorption models have been fitted to the experimental data. The Peleg model represent sorption curve 
more adequately. The parameters of Peleg have been estimated both by direct and indirect regression methods. 
The net isosteric heats of desorption and adsorption was determined from sorption isotherms using the Clausiuse 
Clapeyron equation and was decreased as moisture content increased. The differential enthalpy and entropy 
decreased as moisture content increased and were adequately described by a polynomial function. The enthalpy-
entropy compensation theory was satisfied by a plot of differential heat  versus entropy. The  comparison of  

sorption isotherms and thermodynamic properties.
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extend their shelf life and preserve their active constituents.

During storage, the quality of the leaves can be thereby seriously 
degraded, some physical, chemical and biological reactions may 
occur, and can give birth to microorganisms [4]. These reactions 
are particularly influenced by moisture content of the material and 
relative humidity of ambient air. It therefore becomes necessary to 
knowledge the moisture sorption isotherms because, it can help 
describe how actively water is bound to a solid, and to predict the 
storage stability of food products.

The aims of this paper were: to determinate experimentally the 
desorption and the adsorption isotherms argan leaves at 30°C, 40°C 
and 50°C, to mathematically model the experimental data and to 
calculate the net isosteric heats of desorption and adsorption of 
the argan leaves for different moisture contents. The mathematical 
examination is performed in order to report which model best fits 
the experimental data for the studied range of temperatures and 
water activity [5,6].

INTRODUCTION

The Argan tree Argania spinosa (L) Skeels, member of the family 
Sapotaceae, is a tropical plant, grows especially in the south region 
of Morocco. Argan tree is known by Argan oil, obtained from the 
pit of                    . This oil became famous worldwide for its 
remarkable properties and wonderful taste [1].  Argania spinosa is 
also used in cosmetics domain, and their industrial use is being 
actively investigations. It’s considered one of the potential natural 
antioxidant sources because of its phenolic content which was not 
restricted by argan oil, but also by its leaves.

Historically, the argan leaves has been used to treat gastritis, 
diarrhoea, fever and headaches. In poultice, leaves treat sprains, 
infected wounds and scabies animals [2,3]. Agan leaves have 
recently been used in cosmetics due to their high content of 
flavonoids (mainly quercetin and myricetin derivatives), in addition 
the essential oils of argan leaves are also highly valuable derivatives, 
due to their pharmacological properties. For this purpose, it is 
indispensable to stabilize the leaves by a dehydration process to 
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MATERIALS AND METHODS

Experimental

Samples used for the sorption experiments are leaves of Argania 
spinosa (L) Skeels, collected in the south of Morocco (region 
Taroudant).

Methods

The equilibrium moisture content of  Argania spinosa leaves at 
30°C, 40°C, and 50°C were measured by using by gravimetric 
method [7,8].This method requires a lot of time for reaching the 
hygroscopic equilibrium; it has the advantage of presenting a more 
restricted domain of moisture content variation. 

Experimental procedure

A six saturated salt solutions: KOH, MgCl
2
.6H

2
O, K

2
CO

3
, KI, NaCl 

and BaCl
2
.6H

2
O, were prepared by solubilizing an appropriate 

amount of salt in distilled water at each temperature, covering a 
water activity range of 0.07-0.898 [9,10].

These solutions were placed inside hermetic jars with an insulted 
lid. Every glass jar was quarter filled with the saturated salt solution. 
Duplicated samples each of 0.5 g (±0.0001 g) for desorption and 
0.2 g (±0.0001 g) for adsorption were weighed and placed into the 

glass jars.  These hermetic jars were placed in a controlled oven 
temperature 30°C, 40°C and 50°C for equilibration [11].

Finally, the argan leaves samples were measured each two days 
utilizing a Metteler AT 400 balance ( ± 0.0001g), until the point 
that they achieved a consistent weight. The whole procedure was 
rehashed three times for every temperature [12,13]. 

The equilibrium moisture content (EMC=Xeq) of each example 
was resolved in a drying oven at 105°C for 24 hr. Moisture content 
was expressed on a dry basis (kg water/kgdb).The difference of 
mass before (ms) and after (mh) drying in the oven allows the 
determination of the product’s moisture content Eq. (1)

s h
eq

h

m mX
m
−

The result of this experiment is shown in Table 1.

Data analysis

Mathematical description of sorption isotherms: The experimental 
sorption curves were studied using eight different mathematical 
models Table 2, among many in the literature [14]. The curve fitting 
and regression analysis were performed using MATLAB R2013b. 
The best fit was chosen according to the minimum standard error 
of the fit RMSE Eq. (2), and the maximum degrees of correlation 
coefficient R2 Eq. (2).

Table 2: The models applied to the experimental sorption data of argan leaves.

Modèles Equations Références
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Table 1: Adsorption and desorption equilibrium moisture contents of argan leaves at different water activities and temperatures.

Isotherme at 30°C Isotherme at 40°C Isotherme at 50°C

Xeq (kg/kg db) Xeq (kg/kg db) Xeq (kg/kg db)

a Ads Des a Ads Des a Ads Des

0.0738 0,0013 0,0014 0.0626 0,0011 0,0013 0.0572 0,0009 0,001

0.3238 0,0023 0,0027 0.3159 0,0021 0,0025 0.3054 0,0012 0,0015

0.4317 0,0035 0,0038 0.423 0,0030 0,0033 0.4091 0,0022 0,0028

0.6789 0,0040 0,0043 0,6609 0,0030 0,0034 0,6449 0,0030 0,0031

0.751 0,0054 0,0060 0.747 0,0041 0,0046 0.744 0,0035 0,0038

0.898 0,0108 0,0130 0.891 0,0120 0,0122 0.8823 0,0099 0,0102

www ww
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Where: n is the number of data points, X
ical

 and X
iexp

 are predicted 
and experimental values, respectively (Table 2).

Determination of net isosteric heat of sorption

The net isosteric heat of sorption Argania spinosa leaves was 
determined by using Eq. (7), which is derived from the CLAUSIUS-
CLAPEYRON equation, for fixed moisture contents [15,16]

1( ) st
w

QLn a K
R T

= ∗ +

Where a , is the water activity (dimensionless), Qst is the net 
isosteric heat of sorption (kJ/mol), T is the absolute temperature 
(K), R is the universal gas constant (kJ/mol K) and K is constant.

The values of ln (a ) could be plotted against (1/T). The net 
isosteric heat of desorption values were determined from the slope 
of the straight (Qst/R).

This procedure is repeated for several equilibrium moisture content 
values determined by the best fit desorption model [17,18].

RESULTS AND DISCUSSION

Sorption isotherm models

The argan leaves used in the sorption was growen in the Taroudant 
regions south of Morocco. The hygroscopic equilibrium of argan 
leaves is achieved respectively after 12 days for desorption and 10 
days for adsorption.

The drying rate curves for argan leaves at the three temperatures 
30°C, 40°C and 50°C are shown in Figure 1. 

The sorption isotherms have a sigmoidal shape and they are of 
type II according to Brunauer’s classification,in agreement with the 

behavior of other medicinal and aromatic plants and food products. 
This type of isotherm is characterised by its progressive thickening 
of adsorbed layer into high water activity value domain. Similar 
results were observed in several other studies such as lemon balm 
leave at a temperature of 25°C and a relative humidity between 0 
and 95% [19] and olive leaves at 40°C, 50°C and 60°C in a relative 
humidity range of between 0.0572 and 0.898  [20]. 

The impact of temperature shift on the desorption and the 
adsorption argan leaves isotherms (Figure 1) demonstrate that for 
the same value of water activity, moisture content at equilibrium 
decreases with increasing temperature. This might be clarified by 
the higher excitation state of water molecules at higher temperature, 
thus decreasing the attracting forces between them [21].

From Figure 2, we note that at same relative constant humidity 
the water, the equilibrium moisture content (EMC=Xeq) of the 
desorption isotherm is higher than that of adsorption. Hysteresis 
phenomenon existed, even if he is low; this may be due to changes 
in the structure and porosity.

Modelling of sorption experimental data

The experimental data of desorption and adsorption curves of 
argan  leaves  was  fitted  to  eight  models. The   result  the 
Peleg  and Gab  models  had  highest  values  of the 
coefficient (R2 ) and lowest values of standard  error  
values compared to the other models.

In Figure 3, the fitting of the sorption isotherms with the Peleg’s 
model is also shown. A good agreement between experimental and 
predicted data was found. Peleg’s model has also been successfully 
applied to several aromatic and medicinal plants like olive leaves 
[22,23] and orange leaves [24].

Isosteric heat of sorption

The estimations of isosteric heat of sorption Qst; are figured 
from the equilibrium data at various temperatures using Clausius-
Clapeyron equation Figure 4.

The examination of Figure 5, demonstrates that the net isosteric 
heat of desorption is more prominent than that of adsorption.

Figure 1: Sorption isotherms of argan leaves at 30°C, 40°C and 50°C. Note: ( Adsorption
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Figure 3: Experimental data and calculated by Peleg model and GAB model of sorption isotherms at 30, 40 and 50°C. 
Note: ( Adsorption
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Figure 2: Sorption hysteresis phenomenon of argan leaves at 30°C, 40°C and 50°C. Note: (
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was determined from sorption isotherms of argan leaves and it was 
found that the net isosteric heat of desorption is greater than that 
of adsorption.
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