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Resumen

Las isotermas de sorción de agua de puré de mandioca deshidratado de dos variedades de raíces, Concepción y 
Pomberí, se determinaron para un rango de temperatura entre 25° C y 45° C. El puré de mandioca deshidratado 
exhibió un comportamiento Tipo II. Las isotermas de sorción mostraron que para valores de aw por debajo de 
0.85, la capacidad de sorción disminuyó cuando la temperatura aumentó; comportamiento opuesto se observó 
a aw por encima de 0,85. El punto de inversión (aw = 0,85) se atribuyó al hecho de que los sitios más activos se 
expusieron a los procesos de adsorción, debido a que la movilidad molecular aumenta en las regiones amorfas 
por la cristalización del almidón. Los datos experimentales se ajustaron a diferentes modelos. Se obtuvieron 
las constantes de los modelos y los coeficientes de correlación. Las ecuaciones BET, GAB y PELEG mostraron 
los coeficientes de correlación más altos para todos los rangos de aw. El calor de sorción total aumentó cuando 
disminuyó el contenido de humedad.

Palabras clave: Ecuaciones BET; Estabilidad de almacenamiento; Calor neto isostérico; Regresión no lineal; Modelos 
matemáticos.

Abstract

Water sorption isotherms of two varieties of dehydrated mashed cassava, Conception and Pomberí, were 
determined for a temperature range between 25° C and 45° C. The dehydrated mashed cassava exhibited Type 
II behavior. Sorption isotherms showed that for aw values below 0.85, the sorption capacity decreased when 
temperature increased; opposite behavior was observed at aw above 0.85. The inversion point (aw = 0.85) was 
attributed to the fact that more active sites were exposed to the adsorption processes, due to the enhanced 
molecular mobility promoted in the amorphous regions by starch crystallization. The experimental data were fit 
to different sorption models. Model constants and correlation coefficients were obtained. BET, GAB and PELEG 
equations showed highest correlation coefficients for all range of aw. Total heat of sorption increased when moisture 
content decreased.

Key words: BET equations; storage stability; net isosteric heat; nonlineal regression; mathematical models.

Introduction

Cassava (Manihot esculenta Crantz) is considered a 
foodstuff of high nutritional value and one of the most 
economical sources of energy; because of carbohydrate 
yield is 40% greater than in rice and 20% greater than in 
corn (1). For this reason, processing of cassava root in 
order to obtain dehydrated mashed cassava was a product 
developed by a research group of Faculty of Exact, Che-
mistry and Life Sciences, National University of Misiones, 
and it is nowadays an alternative industrial production of 
the Agricultural and Industrial Cooperative San Alberto 
Ltd. in Province of Misiones, Argentina. 

Dehydrated mashed cassava is presented as a new food 

from Argentina to the world. It is a gelatinized product 
that will arrive to the market as dehydrated food, which 
when reconstituted with water; it is supposed to give a 
final product similar to cooked fresh root mashed cassava. 
In food, gelatinized starches can be used almost any time 
thickening is desired. The gelatinization of starch also 
significantly affects the characteristics and quality of food 
such as loaf volume and crumb bread, the elasticity and 
softness of paste products, digestibility and palatability, 
the tolerance of batter properties in cakes, frostings, and 
doughnut mixes, the sugar crystal growth in foods, and 
the texture, volume, shelf-life, and freeze-thaw stability of 
bread and cakes (2).

Sorption isotherms and sorption isosteric heat are the 



30 María M. Brousse et al.: Adsorption Isotherm of Dehydrated Mashed from different Cassava Varieties

RECyT / Año 19 / Nº 28 / 2017

basic information for the foodstuffs drying model (3). 
Moisture sorption isotherm information is required for 
drying and storing food products. 

There is data in the literature on sorption behavior of 
starchy products (e.g., 4, 5) as well, water sorption data for 
cassava starch, such as the values presented by different 
authors (6), (7), (8). Sanni et al. (1997) (9) presented 
the sorption isotherm for two product off cassava roots 
processed, fufu and tapioca. 

However, the published literature about the sorption 
isotherms of dehydrated mashed cassava is nonexistent.

Knowledge of the differential heat of sorption has a 
great importance in designing equipment for dehydration 
processes. Heat of vaporization of adsorbed water reaches 
values higher than the heat of vaporization of pure water 
when food is dehydrated to low moisture levels (10). Net 
isosteric heat is defined as the total heat of sorption in the 
food minus the heat of vaporization of water, at system 
temperature (11).

Heat of adsorption is a measure of the energy released 
on sorption, and the heat of desorption is the energy re-
quirement to break the intermolecular forces between the 
molecules of water vapor and the surface of adsorbent (12). 
Thus, the heat of sorption is considered an indicator of the 
intermolecular attractive forces between the sorption sites 
and water vapor (13). 

To prepare the mashed dehydrated cassava, the roots are 
washed with water in a hopper. Then they are peeled in a 
cylindrical peeler whose walls are covered with abrasive 
material, eliminating the remains of peels with a water 
stream. The roots are cooked in a continuous cooker heated 
by steam and after cooking time the mashed is prepared 
by a press designed for the purpose. The mash is placed 
in trays and dried in a continuous dryer with hot air. Once 
the mash is dried, it is milled and sieved to homogenize 
the size and it is packed in packages of 0.2 or 25 kg bags 
according to their destination. 

There is a need to determine the sorption isotherms of 
mashed cassava to maximize their storage and to establish 
a reliable database for each of them.  One important 
property of food product related to drying is its moisture 
sorption isotherm, since it will determine the degree of 
drying required to obtain a stable product (14). 

The  knowledge  and  understanding  of  sorption  
isotherms  is highly  important  in  food  processing  for  
the  design  and optimization  of  drying  equipment,  
design  of  packages, 

predictions  of  quality,  stability,  shelf - life  and  for  
calculating moisture  changes  that  may  occur  during  
storage.  Several preservation  processes  have  been  
developed  in  order  to prolong  the  shelf - life  of  food  
products  by  lowering  the availability of water to  micro 
- organisms and inhibiting some chemical reactions (15).

The main objective of this work is to evaluate the 
sorption isotherms of dehydrated mash from two different 

cassava varieties: Conception and Pomberí, at three diffe-
rent temperatures. 

Data analysis

Different models are available in the literature for pre-
dicting adsorption isotherms in food (16). Models used in 
this study for describing the moisture sorption isotherm of 
mashed cassava samples are chosen too by the researchers 
who work with foods high in starch (17), (4), (18) and are 
presented in Table 1.

Heat of sorption (Qs), calculated by the Clausius–
Clapeyron equation, is used to estimate the total energy 
necessary during drying. Heat of sorption is a measure of 
the binding energy of absorbed water by the solid materials 
(19). The moisture content at which the total heat of sorp-
tion approaches the heat of vaporization of pure water is 
often taken as an indication of bound water in the foodstuff 
(20). At higher moisture contents, water is available for 
utilization by microorganisms because it is mechanically 
free in the void spaces of the system (21). As mentioned 
earlier the ‘‘net’’ isosteric heat of sorption is obtained from 
the differential equation of Clausius– Clapeyron, that is 
given by Eq. 1.

          Eq. (1)

where T is the absolute temperature,  aw is water 
activity, qst  is net isosteric heat of sorption and R is the 
universal gas constant (R = 8.319 kJ/mol K).

Table 1
Models for fitting the adsorption isotherms
Model Equation Reference

BET

 

(22)

CAURIE

 

 

FERRO 
FONTAN

 

(23)

GAB

 

(24), (25), (26)

HALSEY

 

(27)
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HENDERSON

 

(28)

PELEG (29)

Some of the models in Table 1 include the effect of 
temperature. Also, constants are in some cases related to 
certain properties. For example, in the GAB model, Xm is 
the monolayer moisture content (kg water/kg solid), and C 
and k are related to monolayer and multilayer properties. 
The effect of temperature on GAB constants were calcu-
lated from the Arrhenius equation, they are shown in Eqs. 
2, 3 and 4 (30).

  Eq. (2)

 Eq. (3)

 Eq. (4)

∆H is an Arrhenius-type energy factor (kJ/mol K); 
∆Hc: H1-Hm = heat of sorption of the first layer –heat of 
sorption of a multilayer (kJ/mol K); ∆Hk: HL–Hm= heat 
of condensation of pure water vapor –heat of sorption of a 
multilayer (kJ/mol K); Xmo, k0 y C0 are pre-exponential 
factors.

Materials and Methods

Raw material

Dehydrated mashed cassava of Conception and Pombe-
rí varieties were obtained from San Alberto Ltd., Misiones, 
Argentina.  

Determination of equilibrium moisture content

The equilibrium moisture content of dehydrated mashed 
cassava of two varieties, Conception and Pomberí, was 
obtained by the static gravimetric method, as described by 
(31), at temperatures of 25, 35 and 45º C. The glass sorp-
tion jars were placed in a temperature controlled cabinet, 
with an accuracy of ±1º C at the selected temperatures. 
The temperatures were chosen to simulate variation in 
temperature across the country. Triplicate mashed samples 
(3 ± 0.001 g), were put into small crucibles and placed in 

desiccators with saturated salt solutions of water activity 
between 0.11–0.97. The salts used were LiCl, KF2, NaI, 
NaBr, KI2, NaCl, KCl, K2SO4. Thymol was placed in the 
desiccators containing NaCl and BaCl2 in order to prevent 
the growth of mould (32). The samples were weighed 
within interval of 24 hours and allowed to equilibrate until 
there was no discernible weight change, as evidence by 
constant weight values (± 0.002g). The dry mass was de-
termined gravimetrically. The time required for equilibrium 
was fifteen and twenty days.

Data analysis 

A non-linear least square regression analysis was used 
to evaluate the model parameters. To evaluate the goodness 
of fit of each model, root mean square error (RMSE), the 
mean bias error (MBE), the coefficient determination (R2) 
and the mean relative percentage deviation modulus (E) 
was used, which is defined by Eqs. 5, 6 and 7.

E % =  Eq. (5)

  Eq. (6)

 Eq. (7)

where mi is the experimental value, mpi is the predicted 
value, and n is the number of experimental data. A good 
fit is indicated by small values of RMSE and MBE and 
the mean relative percentage deviation modulus (E) below 
10% indicative of a good fit for practical purposes (33).

Results and Discussion

All adsorption isotherms presented an increase in the 
equilibrium water content along with an increase in aw 
(Figure 1).

The sigmoidal shape found is typically reported as a 
Type II isotherm (34), according to Brunauer’s classifi-
cation (35). The class II isotherms can be interpreted as a 
superposition of the localized monolayer adsorption on the 
internal material surface and the dilution of some part of 
the solids in solution (36). The mathematical expressions 
were developed for polymer hydration by (37).

Similar behavior was found in some fortified cassava 
products (38), in cassava starch (6), (7), (39), (9), (17), 
potato starch (4), (40), (7), (41), corn starch (40), (41), 
(42) and in starches modified of cultivars of cassava (43). 
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Figure 1: Sorption isotherms of dehydrated mashed cassava for a tem-
perature range between 25 and 45 C (  25 º C,  35 º C,  45 º C) for 
Conception and Pomberí varieties. Modified GAB fits are represented 
on the graph (solid line 25 º C, dash line 35 º C and dotted line 45 º C). 

Figures show that for water activity values below 0.85, 
the equilibrium moisture content decreases when tempe-
rature increases, which was expected in an exothermic 
moisture adsorption process (at constant water activity), 
indicating that the dehydrated mashed cassava become less 
hygroscopic. However, for aw values higher than 0.85 an 
isotherm cross-over with temperature is observed, i.e., the 
equilibrium moisture content increased with temperature 
for a given aw value. Similar crossing was reported in 
cassava starch (17), (44); cornmeal, (45); potato starch 
(46) and wheat flour (18). It was observed that dehydrated 
mashed cassava samples stored at room temperature tended 
to crystallize when they were conditioned at high relative 
humidity. All of these authors reported this behavior and 
attributed it to the endothermic dissolution of sugars at ele-
vated water activity. Nevertheless, the material considered 
here is neat starch, for which the isotherm inversion with 
temperature at high water activity (or moisture content), 
could be more related to a greater exposure of active sites 
or hydrophilic groups at high aw or water contents as the 
temperature increases, as indicated by Brett and Figueroa 
(48). These authors presented evidence that relates the 
isotherm cross-over of oat flour and rice flour with tem-
perature, to the onset of glassy to rubbery state transition 
taking place for the highest temperature sorption curve at 
high moisture contents or aw’s.

On the other hand, at 45º C (the highest temperature 

tested in this work), it is assumed that samples stored at 
high humidity, could show a possible crystallinity deve-
lopment upon conditioning at that temperature. These 
results are similar to reported at Perdomo (17) in cassava 
starch. Hence, it can be suggested that as water is being 
squeezed out of the crystals due to the crystallization 
process, the amount of water adsorbed into the rubbery 
amorphous starch matrix of dehydrated mashed cassava 
will be greater, which in turn, due to its plasticizing effect 
will increase molecular mobility. Consequently, an increase 
of the available hydroxyl groups for sorption enhancement 
will be promoted. The deviation in the sorption capacity 
of starches as possibly linked to the onset of the glass 
transition range has also been previously suggested in the 
literature (57), (4), (48).

Sorption data for dehydrated mashed cassava is not 
available in the literature.  Nevertheless, sorption data for 
cassava starch have been presented at one temperature, 
normally at room temperature (6), (7), (8), (41). Besides, 
water adsorption isotherms for cassava bagasse are pre-
sented (47). Nonetheless, results presented in this work 
for amorphous cassava starch are in line with the cross-
over/Tg relationship reported by (48) and cassava starch 
reported by (17).

Moisture sorption isotherm for dehydrated mashed 
cassava obtained at three temperatures (25º C, 35º C and 
45º C), were fitted to models the Table 1 and the results are 
shown in Table 2.

Table 2 shows that, except from the CAURRIE, 
FERRO FONTAN and HALSEY models fitted at 45 º C, 
models described well the experimental sorption behavior 
of mashed dehydrated cassava in the range of temperatures 
considered, as indicated by R2 values greater than 0.90, 
small values of RMSE and MBE and mean relative errors 
lower than 10%.

These results are similar to reported for potato (4), (41); 
tapioca grits (44); cassava starch (17) and cassava bagasse 
(47). 

BET and GAB equations showed that the monolayer 
water content decreased when the temperature increased 
for both varieties. This fact has been attributed in the lite-
rature to a reduction of the active sites in the food matrix 
due to chemical and physical changes (e.g., reduction in 
hydrogen bonding degree), taking place as the temperature 
increases, the extension of which will depend on food 
nature (4), (49).

The monolayer water content values obtained by the 
GAB model were higher than those obtained by the BET 
model. As expected, BET model refers to adsorption in the 
monolayer, however in GAB model the properties of water 
adsorbed in multilayer are considered (18). 
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Table 2

Fitting parameters for the mathematical expressions 
applied to sorption data of dehydrated mashed cassava at 
different temperatures. (C: Conception Variety; P: Pomberí 
Variety)

Model  aw Constant
Temperature ( º C)

25 35 45

  C P C P C P

BET
< 

0.6
Xm 0.049 0.045 0.041 0.038 0.039 0.047

C 8.687 7.185 7.678 5.642 4.816 2.014

R2 0.99 0.99 0.99 0.99 0.99 0.99

RMBE 2.E-03 3.E-03 1.E-03 1.E-03 2.E-03 1.E-04

MBE -3.E-05 2.E-04 4.E-06 1.E-03 1.E-04 3.E-04

    E% 4.2 6.4 3.4 2.9 6.2 7.4

CAURIE
0.1-
0.8

v 10.4 10.29 16.6 15.16 18.3 22.51

Xs 0.062 0.059 0.055 0.054 0.053 0.049

R2 0.99 0.98 0.99 0.99 0.99 0.99

RMBE 4.E-03 4.E-03 4.E-03 3.E-03 3.E-03 4.E-03

MBE 3.E-04 4.E-04 -1.E-04 2.E-04 3.E-04 1.E-03

    E% 7.4 9.3 7.1 7.5 8.8 18

FERRO
< 

0.90
A 0.086 0.078 0.074 0.093 0.1018 0.114

FONTAN B 1.250 1.276 1.155 1.268 1.233 1.281

C 0.97 0.966 0.93 0.832 0.8 0.736

R2 0.99 0.99 0.99 0.99 0.99 0.99

RMBE 3.E-03 3.E-03 3.E-03 2.E-03 3.E-03 4.E-03

MBE 2.E-04 3.E-04 3.E-05 2.E-04 3.E-04 1.E-03

E% 4.8 6.5 4.2 3.9 6.3 13.7

GAB
< 

0.98
C 8.306 7.84 5.040 4.928 4.617 3.044

Xm 0.056 0.05 0.051 0.044 0.043 0.043

K 0.888 0.877 0.916 0.904 0.942 0.919

R2 0.99 0.99 0.99 0.99 0.99 0.99

RMBE 2.E-03 3.E-03 3.E-03 1.E-03 2.E-03 3.E-03

MBE 3.E-05 5.E-05 -2.E-05 1.E-04 7.E-05 3.E-04

    E% 2.8 4.5 2.9 1.2 4.2 8.4

HALSEY
0.1-
0.8

A 0.023 0.018 0.033 0.024 0.032 0.033

B 1.389 1.395 1.152 1.194 1.110 1.047

R2 0.99 0.98 0.99 0.99 0.99 0.98

RMBE 5.E-03 6.E-03 2.E-03 3.E-03 4.E-03 5.E-03

MBE 4.E-04 1.E-03 1.E-04 5.E-04 8.E-04 1.E-03

    E% 9.2 10.6 6.1 8.3 11.7 20.9

HENDERSON
< 

0.95
A 13.020 16.950 9.699 12.970 9.969 10.420

B 1.228 1.268 1.033 1.079 0.999 0.964

R2 0.99 0.99 0.99 0.99 0.99 0.99

RMBE 5.E-03 3.E-03 7.E-03 4.E-03 5.E-03 3.E-03

MBE -6.E-04 -1.E-04 -1.E-03 -5.E-04 -1.E-03 -1.E-04

    E% 5.9 3.2 11.5 7.5 9.4 4.9

PELEG
< 

0.98
k1 0.172 0.155 0.143 0.132 0.149 0.147

k2 0.303 0.934 0.387 1.004 0.459 1.258

n1 0.905 0.234 0.918 0.279 1.092 0.324

n2 9.064 9.379 8.239 8.768 10.280 10.180

R2 0.99 0.99 0.99 0.99 0.99 0.99

RMBE 2.E-03 1.E-03 4.E-03 1.E-03 3.E-03 1.E-03

MBE -1.E-04 4.E-05 -1.E-04 1.E-05 -1.E-04 1.E-04

    E% 2.5 1.1 3.7 2.4 4.2 2.1

GAB model has an advantage as compared to the BET 
model since it offers an objective method for drawing 
sorption isotherms up to 0.9 aw while the BET model is 
limited to 0.2–0.6 aw (50). 

The values of monolayer water content reported for 
dehydrated mashed cassava were lower than those found 
by (7), for native cassava starch at 25° C (0.074 using BET 
model and 0.079 by the GAB model). These differences 
could be attributed to the fact that starch in mashed dehy-
drated cassava is completely gelatinized.  

X parameter in CAURIE model is called “the security 
moisture content value” and it is important from a com-
mercial point of view because it provides the maximum 
moisture content for the food during a possible storage 
and packing. In our study for both varieties, Conception 
and Pomberí, X values are similar to Xm values of GAB 
equation. 

It should be noted that, although the PELEG models 
provide a good representation of the data, they provide no 
indication of the nature of the sorption process (4).

The temperature dependencies of the GAB constants 
calculated using linear regression are shown in Table 3.

Table 3

Characteristic GAB parameters for mashed dehydrated 
cassava

Variety Xm C K

Xmo

ΔH
(kJ/
mol)

r2 C0

ΔHC

(kJ/
mol)

r2 k0

ΔHk (kJ/
mol)

r2

Pomberí 2.9± 0.1 4.2 ± 0.4 0.95 3.2 ± 0.8 10 ± 2 0.77 -0.35 ± 0.11 -1 ± 0.03 0.99

Conceptionn 2.3 ± 0.2 2.4 ± 0.3 0.73 5.6 ± 0.5 16 ± 2 0.95 -0.27 ± 0.02 -0.81 ± 0.06 0.96

∆Hc represents the difference in enthalpy between 
mono-layer and multi-layer sorption (36). The positive 
value calculated is due to the strong exothermic interaction 
of water vapor with the primary sorption sites of starch 
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matrix. ∆Hk represents the difference between the heat 
of condensation of water and the heat of sorption of the 
multi-layer. The relatively lower magnitudes of ∆Hk ob-
served implies the presence of less firmly bound multilayer 
molecules, at intermediary energy levels between those 
of mono-layer molecules and the bulk liquid. The small 
negative value of ∆Hk indicates that the heat of sorption 
of the multi-layer is greater than the heat of condensation 
of water, due to the endothermic dissolution of small mo-
lecular solutes (4) and it is related to isotherm cross-over 
behavior with temperature.

Values of the heat of sorption at a specific moisture 
content provides an indication of the state of the sorbed 
water and hence, a measure of the physical, chemical and 
microbiological stability of the food material under given 
storage conditions (51). This provides valuable data for 
energy consumption calculations and subsequent design 
of drying equipment, and knowledge of the extent of the 
water–solid versus water–water interactions (52). The net 
isosteric heat of sorption values with respect to moisture 
content are represented in Figure 2, for both varieties.

Figure 2: Variation of the isosteric heat of sorption of dehydrated 
mashed cassava with moisture content, Pomberí variety in solid line 
and conception variety in dash line.

The plot exhibits a steep initial drop in the monolayer 
region, continues to decrease smoothly as the multilayers 
are formed and finally approaches to zero at moisture 
levels of about 0.20 g water/g dry basis.

The decrease in the isosteric heats with the amount of 
water sorbed can be qualitatively explained by considering 
that sorption initially occurs on the most active sites giving 
rise to the greatest interaction energy. As the moisture 
content increases, the sites available for sorption of water 
diminish, resulting in lower values of Qst. (11), (53), (54).

Variations of the isosteric heat of sorption with moisture 
contents (X) can be expressed as:

Conception
 Qst = (47 + 2)e -(19.6+0.9)X R2=0.993

Pomberí  
Qst = (56 + 1)e -(25.4+0.6)X R2=0.998

It has been established that during the initial stages of 
the sorption process at low moisture

content, there are more active sites on the food surface 
covered by a monolayer of water, with a higher energy 
of binding than those existing at higher moisture content 
(multilayer water) (55), (56), (17).

Conclusions

The water sorption behavior of dehydrated mashed 
cassava of two varieties of roots, Conception and Pomberí, 
was evaluated in order to optimize drying kinetics and 
minimize the energy expenses involved in dehydration 
processes. The adsorption isotherms obtained in this work 
presented the sigmoid shape. The adsorption isotherms of 
dehydrated mashed cassava were studied in temperatures 
from 25 to 45 °C, presenting increasing values of equili-
brium moisture content when relative humidity increased 
and temperature decreased. The inversion (or cross-over) 
points, exhibited at a water activity of around 0.85, were 
explained by the result of more active sites exposed in 
virtue of the enhanced molecular mobility due to the 
water squeezed out of the crystals upon crystallization. 
The correlation coefficients (R2) obtained for each model 
studied showed correlation coefficients above 0.98. The 
GAB, BET and PELEG models were more appropriate. 
The monolayer water content, if determined by GAB 
model, was found to be inversely related to temperature 
and their values ranging from 0.049 to 0.039 and 0.05 to 
0.043 g/g (dry basis) for dehydrated mashed at Conception 
and Pomberí varieties, respectively. Estimates of isosteric 
heat of sorption and their variation with moisture content 
were also presented for both mashed varieties. 

An exponential relationship was found to describe this 
variation, within the moisture content range considered in 
this work.

Nomenclature

A, B, C equations parameters (dimensionless)

aw water activity (dimensionless)

C0 pre–exponential factor (dimensionless)

ΔH Arrhenius–type energy factor (kJ/mol) 

ΔHc difference in heat of sorption between 
mono–layer and multi–layer (kJ/mol)

ΔHk  difference between the heat of condensation of water 
and the heat of sorption of the multilayer (kJ/mol)

E % mean relative percentage 

k0 pre–exponential factor (dimensionless)

k GAB model parameter (dimensionless)

k1 y k2 equation parameters (dimensionless)
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MBE mean bias error 

mi experimental value

mpi predicted value

n number of experimental data

n1 y n2 equation parameters (dimensionless)

n
stq

 

net isosteric heat of sorption (kJ/mol)

stq
 

isosteric heat of sorption (kJ/mol)

R universal gas constant (8.314 (kJ/kmol K)

RMSE root mean square error 

R2 coefficient determination 

r2 coefficient correlation

T absolute temperature (K)

Tg the glass transition temperature

X equilibrium moisture content (g water/g dry solid)

Xm monolayer moisture content (g water/ g dry solid)

Xs security moisture content (g water/g dry solid)

Xmo pre–exponential factor (dimensionless)
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