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Abstract

The sorption isotherm is useful for predicting changes in product stability and
the choice of packaging. Therefore, this study aims to establish the desorption
isotherm model of the Galmi Violet, Safari, Gandiol F1, and Orient F1 onion
varieties related to temperature. The gravimetric method using saturated salt
solutions was implemented to determine the desorption isotherms, whose mod-
eling, based on empirical mathematical models, was carried out with MATLAB
software 6.0.0 using the least squares method. The results show that the isotherms
obtained are of type II. The equilibrium moisture content (X.;) decreases with
increasing temperature, but the effect is smaller at the end of desorption for
water activity values < 0.2 and X, < 1 kg/kg db (Galmi Violet and Gandiol F1),
<0.7 kg/kg db (Safari and Orient F1), and <0.4 kg/kg db (their mixture). It’s also
shown that the Henderson model provided the best overall fit for all varieties
and their mixture (R* between 0.97 and 0.99, y* between 0.0016 and 0.0079),
though other models also performed better for specific varieties: the Oswin
model was the best for Galmi Violet (R* 0.9915 and y* 0.0020) and the Peleg
model was more suitable for Orient F1 (R* 0.9956 and y* 0.0023). Further-
more, the desorption isotherm of the onion mixture closely resembled that of
Safari between 50°C and 60°C, and Gandiol F1 at 65°C. These findings suggest
that drying and storage strategies for the mixture could be optimized based on
these two varieties. Thus, model selection should consider both the specific va-
riety and the intended use (individual or mixed).
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1. Introduction

Onion consumption, estimated at around 13 kg/person/year, puts Senegal in sec-
ond place among onion-consuming countries in West Africa, behind Niger (16
kg/person/year) [1]. However, despite record production of 435,000 tons in 2021
[2], satisfying annual household demand still depends on imports. The reasons
for this dependence are the significant post-harvest losses (5% to 10% in the field,
20%, and up to 40% respectively for three and six months of storage) linked to the
onions’ high moisture content, which varies between 80% and 95% depending on
the variety. To overcome this dependence, some players are looking into the pos-
sibility of processing bulbs to increase shelflife [3]. This improvement in food preser-
vation involves the partial or total inhibition, or even destruction, of degradation
mechanisms dependent on water content, particularly its availability.

Various methods of stabilizing foodstuffs by reducing moisture content and low-
ering water activity are currently available. Among these recognized techniques,
the oldest is dehydration, which consumes a great deal of energy and requires a
certain amount of expertise [4] [5]. Consequently, the determination of the sorp-
tion isotherm, translating the correlation between moisture content and water
activity, is of interest both thermodynamically (knowledge of sorption enthalpies
and types of water binding) and technologically (better control of drying and
prevention of certain deleterious effects during storage of products after drying,
such as sticking and mass-setting), in order to predict the equilibrium moisture
content of products at the end of drying and control their valorization by dehy-
dration [6]-[8]. Among the many previous works on the modeling of sorption
isotherms for various food products found in the literature, the following can be
cited:

% [9] established, in Alberta, adsorption and desorption isotherms for yellow on-
ionat 10°C, 30°C, and 45°C. The model validated is that of Brunauer-Emmett-
Teller (BET).

% [10] determined the isotherms of potato, carrot, pepper, tomato, and onion
(85% mf) in the water activity range of 10% to 90%, at temperatures of 30°C,
45°C, and 60°C, and equilibrium moisture content (X.,) values between 10%
and 30% db. The Guggenheim-Anderson-Boer (GAB) model was validated for
all samples.

«* [11] determined isotherms for tomato and white onion at 30°C, 40°C, and 50°C
and RH 15% - 85%. The models validated for tomato and onion are Henderson-
modified and Halsey-modified, respectively.

¢ [12] has shown that the Oswin model best describes the desorption isotherms
for temperatures of 25°C and 30°C - 70°C in 10°C steps.

+¢ [13] has shown that the GAB model better describes the desorption isotherm
at25°C.

In the literature, research results on sorption isotherm modeling of onion and
other foods all lead to different models depending on product characteristics [14].

The lack of data on local varieties and the importance of desorption isotherms in
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the control of the drying process and in the design of dryers justify the initiation
of the present research work. The aim of this work is to establish desorption isotherms
at different temperatures for each of the four onion varieties grown in Senegal, as

well as for a mixture of the four, and to model these isotherms.

2. Material and Methods
2.1. Material

Plant Material
The onion varieties on which isotherms 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.
Drying and Analysis Equipment
The drying and analysis equipment used to determine isotherms is:
An oven with an accuracy of 0.1°C;
An a, meter (Rotronic HP 23);
A thermo-hygrometer;
A precision balance;

Pyrex capsules, glass jars with hermetic lids, and laboratory glassware;

YV V V V V VYV VY

Saturated salts.
Statistical Analysis and Modeling Tools
The various IT tools used for statistical analysis and modeling are:
» R software version 3.4.0 for measurement concordance tests and variance anal-
yses;
» MATLAB software version 6.0.0 for mathematical modeling of desorption iso-
therms at different temperatures and resolution of the different models used to

calculate R* and y*. The least-squares method was programmed in MATLAB.

2.2. Methods

Study 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 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 sam-

ple consists of ten grams (10 g of the same variety for separate monitoring and 2.5
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g of each variety for the mixture). The onion samples taken are placed in dishes
above seven saturated salt solutions with known water activities at different tem-
peratures. For temperatures between 50°C and 70°C, the salt solutions used have
water activity values between 0.05 and 0.96, enabling equilibrium relative moisture
to be controlled (Table 1).

Table 1. Water activity at different temperatures of saturated salts used to establish the de-
sorption isotherms of the onion varieties (Violet of Galmi, Safari, Gandiol F1, and Orient F1)
separately and in their mixture.

Water activity (aw) of saturated salts used at different temperatures

Nature of salt

50°C 55°C 60°C 65°C 70°C

LiBr 0.055 0.054 0.053 0.053 0.052
KOH 0.057 0.056 0.055 0.054 0.053
MgCl 0.305 0.299 0.293 0.285 0.278
K:COs 0.41 0.39 0.37
NaNOs; 0.690 0.67 0.65
NaCI 0.744 0.744 0.745 0.747 0.751
KCl 0.812 0.807 0.803 0.799 0.795
BaCl 0.88 0.87 0.86
K2S804 0.958 0.957 0.957 0.957 0.957

This less expensive static gravimetric method is the most widely used [9] [10]
[15]-[17]. Experiments are carried out in triplicate without ventilation over a tem-
perature range from 50°C to 70°C, with a step of +5°C. The dishes are weighed
three times a day at regular intervals until equilibrium is reached. The constant
weight at this point corresponds to the wet mass (Xj;) of the samples. After meas-
uring water activity on the dried samples, their dry mass (X;) is determined by
drying at 105°C for 2 hours. Moisture content and water activity are measured
using the reference methods NF ISO 712:2009 and NF EN ISO 17025, respectively.
The equilibrium moisture content (X, in kg-H,O-kg™ db) is calculated according

to the formula:
Xpy=—7—"" (1)

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 (X, in kg-H,O per
kg d.b.) as a function of water activity.

The evaluation of the reproducibility and the repeatability of the measurements
is made by the numerical method, which is the LIN coefficient. Lin’s concordance
coefficient varies between —1 and 1, where the values -1, 0, and +1, respectively,
mean perfect discordance, zero concordance, and perfect match.

The Student’s t-test is used for comparisons between varieties and within the same
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variety at different temperatures.

Isotherm Modeling of the Onion Varieties (Violet of Galmi, Safari, Gandiol F1,
and Orient F1) and Their Mixture at Different Temperatures

Eleven empirical mathematical models are tested to model desorption of isotherms
at different temperatures for the four onion varieties, taken separately, and their
mixture. The models used are Langmuir [18], Brunauer-Emmett-Teller (BET) [13],
Henderson [12] [19], Halsey [12], Iglesias-Chirife [20], Oswin [12] [19], Caurie
[12], Smith [21], Peleg [22], and Chung-Pfost [19]. Equations are presented in
Table 2.

Table 2. Mathematical models tested and their equations.

Model name Model equation Area of a, Validity
Langmuir X, = l/ (A + Baf’]) Complete curve
Brunauer-

Emmett-Teller (BET) chaw/ [(1 -a)*(l-a Caw)] 0-045

Guggenheim- B B

Anderson-Boer (GaB)  XCKaw /[(1-Ka,)*(1-Ka, +Ca,)] 0-0.93
Halsey X, =(B/lna,)" 0.10 - 0.80
Henderson X, = [—ln(l -a, ) / B]]/A Complete curve
Iglesias & Chirife X,=A4+B[a,/(1-a,)] 0.10 - 0.80
Oswin X, = A[aw / (1 - aw)]g Complete curve
Caurie X, = Aexp(—BaW) 0-0.85
Smith X,=C-Cn(1-a,) Complete curve
Peleg X, =Ka, +K,a; Complete curve
Chung-Pfost X, =1/4%(-Ina,/4,)

The least squares method is used to determine the best model. The statistical
parameters are R? which must be close to 1, and y*, which must be close to 0, for
the best model with:

2
n
Zi:l (Xeq pred i - Xeq pred )

— 2
n
Zizl (Xeq exp.i Xeq exp )

z’:‘:l(Xc’ exp,i _Xe red i)2
2 _ i q exp, q pred,
£ n—-N ©

X% = (2)

where Nis the number of parameters for each model, and » is the number of

experimental points.

3. Results and Discussion

Lin’s coefficients between 0.997355 and 0.999817 for the concordance test of equi-
librium moisture content and water activity measurements reveal a perfect agree-

ment between the measurements carried out.
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Galmi Violet variety

3.1. Determination of Desorption Isotherms for the Onion
Varieties: Violet of Galmi, Safari, Gandiol F1, and Orient F1

The evolution of equilibrium moisture content (calculated from Equation (1)) as
a function of water activity reflects the fact that the desorption isotherms of the
four onion varieties are virtually identical. The equilibrium moisture content and
water activity values shown are mean values of the three measurements carried
out, with standard deviations ranging from 0.0028 to 0.0047 and from 0.002 to 0.005,
respectively.

Safari variety
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< 3 & T 4 2
¥ moa X o,
[ ] X 3 &
g 2 < o 4 x
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Figure 1. Desorption isotherms of the onion varieties: Violet of Galmi, Safari, Gandiol F1, and Orient F1 at temperatures of 50°C,

55°C, 60°C, and 65°C.

Both within and between varieties, tests comparing the average equilibrium
moisture content at different temperatures show no significant differences (p-val-
ues > 5%).

Desorption isotherms for the onion varieties: Violet of Galmi, Safari, Gandiol
F1 and Orient F1, established at 50°C, 55°C, 60°C and 65°C (Figure 1), show that,
at constant temperature, the lower the equilibrium water content, the lower the
water activity. This is due to the fact that the more desorption proceeds at constant

temperature, the more water is bound to onion constituents. Increasing tempera-
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ture leads to a decrease in equilibrium moisture content for fixed water activity
values. This effect of temperature is explained by the increased agitation of water
molecules, facilitating desorption. This has also been demonstrated by previous work
on numerous food products, such as lemon citron [23], spearmint [16], pumpkin
[24], garlic [25] and different varieties of onion [10] [11] [13] [26].

Furthermore, at identical temperatures, the decrease in equilibrium moisture
content is more pronounced for Orient F1, followed by Gandiol F1, Safari, and Vi-
olet of Galmi. The impact of variety on isotherms is linked to differences in dry
matter content (14.44%, 11.89%, 13.01%, and 10.87%, respectively, for Violet of
Galmi, Safari, Gandiol F1, and Orient F1). Indeed, the higher the dry matter content,
the more hydrogen bonds there are, slowing down desorption. However, an excep-
tion was noted between Gandiol F1 and Safari, due to the presence of soluble com-
pounds such as sugars, which are probably more important in Safari, slowing down
desorption compared with Gandiol F1 [14]. As shown by [27], the influence of the
variety on desorption isotherms is more marked for a, above 0.6.

3.2. Modeling Desorption Isotherms for the Onion Varieties: Violet
of Galmi, Safari, Gandiol F1, and Orient F1

Of the eleven mathematical models tested, only four (Table 3) are presented for
the selection of the best model, as the other seven (BET, GAB, Halsey, Iglesias-Chirfie,
Caurie, Smith, and Chung-Pfost) have mean R? values below 0.6 for all tempera-

tures combined.

Table 3. Statistical parameters determined with the different models tested for modeling
the desorption isotherms of the onion varieties: Violet of Galmi, Safari, Gandiol F1, and
Orient F1.

Varieties

Violet of Galmi Safari Gandiol F1 Orient F1
Model

Average statistical parameters

R pe R pe R pe R pe
Henderson 0.9903 0.0016 0.9922 0.0079 0.9940 0.0017 0.9799 0.0292

Oswin 0.9915 0.0020 0.9644 0.0319 0.9848 0.0121 0.9381 0.0786
Peleg 0.9509 0.0283 0.9876 0.0079 0.9585 0.0151 0.9956 0.0023
Langmuir 09737 0.0104 0.9444 0.0086 0.7841 0.5399 0.9276 0.0218

The mean R* and mean y* values (Table 3) obtained with the different models
show that, whatever the temperature, the best models are Henderson for the Safari
and Gandiol F1 varieties, Oswin for the Violet of Galmi, and Peleg for the Orient
F1 variety. The comparison between the R* of the Henderson and Oswin models
tested on the Violet of Galmi variety shows a non-significant difference, with a p-
value (0.67) > 5%, while that between the R* of the Henderson and Peleg models
on the Orient F1 variety reveals a significant difference, with a p-value (4.94 x
107%) < 5%. Despite this significant difference, the Henderson model (R* of 0.9799,
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close to 1) can also be retained as the best model for the Orient F1 variety. Thus,
only the Henderson, Oswin, and Peleg models achieve less dispersion and a better
fit, with R? values between 0.97 and 0.99 and j* values between 0.0016 and 0.029,
respectively (Table 3). The Henderson model describes the isotherms of all four
varieties well, while the other two do not fit all of them (Oswin model for the Violet
of Galmi and Gandiol F1 varieties, and the Peleg model for the Safari and Orient
F1 varieties).

This model differs from those found in the literature on modeling onion isotherms
[9]-[13] [26]. This difference corroborates the importance of cultivation practices,
variety, shape, and size on isotherms [14] [15] [27]. However, the sigmoidal shape
of the four onion varieties’ isotherms (Figure 2) studied in our experiments is iden-

tical to that of the isotherms of several food products. The different zones observed
are [17]:

Galmi Violet variety Safari variety

Xeq Kg H,0/Kg db

Xeq Kg H,0/Kg db
o = N W L | (-] ~ [- -]

0 : - g T T T T
0.000 0200  0.400 0.600  0.800  1.000 i 02 o4 0.6 o8 1
Water activity Water activity
—50°C Pred m 50°C Exp —— 55°C Pred x 55°C Exp ——50°C Pred ® 50°C Exp —— 55°C Pred X 55°C Exp
——60°C Pred ® 60°C Exp —— 65°C Pred A 65°C Exp «=60°C Pred ® 60°C Exp «~— 65°C Pred 4 65°C Exp
Gandiol F1 variety Orient F1 variety
8 9
’ i 71
o -]
E A 2, A
o 3 o,
= 7 | z°
> X 4
g 3 g 3 ==
X 2 2 /‘/
1 1 -
0 - . . ; 0 . , ,
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Water activity Water activity
——50°C Pred ® 50°C Exp —— 55°C Pred x 55°C Exp ~50°C Pred ®m 50°C Exp - 55°C Pred x55°C Exp
~—-60°C Pred @ 60°C Exp - 65°C Pred 4 65°C Exp ~—60°C Pred ® 60°C Exp - 65°C Pred 4 65°C Exp

Figure 2. Experimental and predicted desorption isotherms with the best Henderson model for the onion varieties: Violet of Galmi,
Safari, Gandiol F1, and Orient F1.

e Zonel: a, < 0.2, monolayer with hydrogen bonding between water molecules
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and polar groups of onion constituents;

e Zone 2:0.2 < a, < 0.65, poly-molecular layer linked to the monolayer by hydro-
gen bonds;

e Zone 3: a,,> 0.65: water molecules are easily held in the spaces between the var-
ious constituents by Van der Waals bonds, weaker than hydrogen bonds [26]
[28].

The equation of the Henderson model, which provides less dispersion and a bet-

ter fit with experimental data, is:
X, =[-In(1-a,)/B]" @)

The modeling of desorption isotherms at temperatures of 50°C, 55°C, 60°C, and
65°C with the best Henderson model is shown in Figure 2.

Whatever the desorption temperature, the curves in Figure 2 show an almost
perfect match between experimental equilibrium moisture contents and those pre-
dicted by the Henderson model.

For all combined temperatures and varieties, the average equilibrium time is be-
tween 9 and 13 days.

The desorption isotherms predicted with the Henderson model reflect that, for
fixed equilibrium moisture contents, each 5°C increase in temperature leads to an
increase in water activity. However, an exception is observed with equilibrium
moisture contents < 1 kg water/kg db (for the varieties: Violet of Galmi and Gan-
diol F1) and < 0.7 kg water/kg db (for the varieties Safari and Orient F1). For these
low equilibrium moisture contents, water activity is identical regardless of the de-
sorption temperature. The Henderson model parameters (Table 4) show that B pa-
rameter values increase with temperature, whereas A parameter values decrease for

all four varieties.

Table 4. Henderson model parameters for the onion varieties: Violet of Galmi, Safari, Gan-
diol F1, and Orient F1.

Varieties

Violet of Galmi Safari Gandiol F1 Orient F1
Temperature (°C)
Henderson model Parameters

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
55 0.256 1.523 0.142 1.547 0.219 1372 0.136 1.482
60 0.367 1.302 0.196 1.401 0301 1.218 0.198 1.337
65 0.468 1.175 0.249 1.292 0365 1.124 0.245 1.275

The parameters of the Henderson model evolve linearly with temperature. With
each 5°C step increase in temperature, the B parameter of the Violet of Galmi vari-
ety, which is the highest, rises faster (on average +0.097), followed by that of the
Gandiol F1 variety (on average +0.067), while those of the lower Safari and Orient

F1 varieties are virtually identical (on average +0.052). As for parameter A, those
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of the Violet of Galmi, Safari, and Orient F1 varieties, which are almost identical,
are higher than those of the Gandiol F1 variety, with decreases of —0.177, —0.148,
—0.120, and —0.122, respectively. However, from one variety to another, there was
no significant difference between the evolution of the B and A parameters as a

function of temperature (p-values > 5%).

3.3. Determination and Modeling of Desorption Isotherms for a
Mixture of the Four Onion Varieties: Violet of Galmi, Safari,
Gandiol F1, and Orient F1

According to the work on drying kinetics modeling [29], the variety Violet of Galmi,
with the slowest reduced drying speed across all temperatures, is the limiting va-
riety for drying the four varieties’ mixture. To this end, the two best models (Hen-
derson, followed by the Oswin model) of the Violet of Galmi variety were tested on
desorption isotherm data from the four varieties’ mixture. The statistical parameters
are shown in Table 5.

Table 5. Statistical parameters determined with the Henderson and Oswin models tested
for the modeling of the four onion varieties mixture desorption isotherms.

Mixture of Violet of Galmi, Safari Gandiol F1, and Orient F1 varieties

Model Average statistical parameters
R? X
Henderson 0.9930 0.0363
Oswin 0.9676 0.1284

Table 5 shows that the Henderson model, with mean R* and mean 4* values of

0.9930 and 0.0363, respectively, is the best model for the mixture of the four vari-
eties.

Xeq Kg H,0/Kg db
Q = N O » OO0 O N

0 0.2 0.4 0.6 0.8 1

Water activity

——50°C Pred m 50°C Exp ——55°C Pred x 55°C Exp
——60°C Pred ® 60°C Exp ——65°C Pred A 65°C Exp

Figure 3. Experimental desorption isotherms and those predicted with the best Henderson
model for the four onion varieties mixture.

DOI: 10.4236/fns.2025.169076 1341 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.169076

N. F. Beye et al.

Experimental desorption isotherms for the four-variety mixture at temperatures
of 50°C, 55°C, 60°C and 65°C and those predicted by modeling with the best Hen-
derson model are shown in Figure 3. These desorption isotherms for the mixture
of the four varieties, compared with those for the varieties taken separately (Figure
2), reflect a fairly similar trend. Furthermore, tests comparing mean equilibrium
moisture contents at different temperatures between the mixture and the separate
varieties reveal no significant difference (p-value > 5%).

As observed for individual varieties (Figure 1), as temperature increases, equi-
librium moisture content and water activity decrease for the four-variety mixture
(Figure 3).

It can be seen from the predicted isotherms that, for fixed equilibrium moisture
contents, each 5°C step increase in temperature leads to an increase in water activity
in the mixture of the four onion varieties, except for equilibrium moisture con-
tents < 0.4 kg water/kg db. The Henderson model parameters for the mixture of

the four onion varieties are shown in Table 6.

Table 6. Henderson model parameters for the mixture of the four onion varieties (Violet
of Galmi, Safari, Gandiol F1, and Orient F1) at different temperatures.

Mixture of Violet of Galmi, Safari Gandiol F1,
and Orient F1 varieties

T t °C
emperature (*C) Henderson model parameters

B A
50 0.1095 1.6639
55 0.1482 1.5819
60 0.2258 1.3882
65 0.2794 1.3011

The evolution of the A and B parameters of the mixture of four onion varieties
as a function of temperature is similar to that of the individual varieties. In fact, the
Bparameter increases with temperature, while the opposite is observed for A. With
each 5°C step increase in temperature, the B parameter increases on average by
+0.057, and the A parameter decreases by —0.121.

According to Figure 3 and Table 6, it appears that the desorption isotherms of
the four onion varieties mixture between 50°C and 60°C are closer to those of the
Safari variety (p < 5%). This can be attributed to the compositional dominance of
the Safari variety within this temperature range. The Safari variety exhibits a water
retention capacity and desorption dynamics that are shared, or largely dominated,
by the mixture at these temperatures. Specifically, Safari has unique cell wall struc-
tures and hygroscopic properties that facilitate relatively higher water retention at
moderate temperatures. This explains why, as the temperature increases within this
range, the mixture tends to follow a similar moisture content and water activity pat-
tern as Safari. Additionally, a water balance between the Violet of Galmi and Ori-

ent F1 varieties could also explain why the moisture content and dry matter values
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of the four onion varieties mixture tend towards those of the Safari variety between
50°C and 60°C.

At 65°C, the elimination of water leads to an increase in dry matter for the four
onion varieties mixture, which becomes similar to that of Gandiol F1. In fact, a sig-
nificant difference (p > 5%) was observed between the predicted moisture contents
of the four onion varieties mixture and those of Orient F1 and Violet of Galmi at
different temperatures. This situation can be attributed to a more pronounced wa-
ter elimination at higher temperatures. The Gandiol F1 variety, known for its re-
sistance to dehydration and its ability to maintain dry matter at elevated temper-
atures, likely influences the behavior of the mixture at 65°C. At this higher temper-
ature, the water retention properties of the other varieties become less significant,
and the mixture’s behavior aligns more closely with that of Gandiol F1, which shows
greater stability in dry matter and moisture content at 65°C. The observed increase
in dry matter and decrease in moisture content at this temperature are therefore

a direct result of this transition.

4. Conclusions

This study investigated the desorption isotherms of four onion varieties, which
are Violet of Galmi, Safari, Gandiol F1, Orient F1 and their mixture. All the vari-
eties followed sigmoidal type II behavior, with both temperature and variety in-
fluencing the equilibrium moisture content (X.,) and water activity (a,). As tem-
perature increased, X., decreased at a fixed aw, while a,, increased for the same
moisture content, which can lead to quality degradation. The most significant de-
crease in X,, was observed for Orient F1 (X, < 0.7 kg/kg db at 65°C), followed by
Gandiol F1 and Safari (X, < 0.7 kg/kg db), and Violet of Galmi (X, < 1 kg/kg db).
For the mixture of the four varieties, the desorption isotherms closely resembled
those of the individual varieties, with temperature having a similar impact. However,
the effect of temperature on a, and X., was less pronounced at the end of desorp-
tion (aw < 0.2; Xoy < 1 kg/kg db for Violet of Galmi and Gandiol F1, 0.7 kg/kg db
for Safari and Orient F1, and <0.4 kg of water/kg db for the mixture). These results
show that Safari and Gandiol F1 primarily control the desorption behavior of the
mixture at 50°C, 60°C and 65°C, respectively.

The use of the Henderson model to describe the desorption isotherms allows to
predict the behavior of all varieties and their mixture during industrial-level’s dry-
ing. By accurately predicting the desorption behavior across different tempera-
tures, onion producers in Senegal could adjust drying protocols to maximize ef-
ficiency while minimizing energy consumption. Furthermore, understanding the
specific temperature ranges where different varieties dominate the desorption be-
havior, such as Safari at 50°C - 60°C and Gandiol F1 at 65°C, could help adapt dry-
ing strategies to maintain quality and prevent excessive loss of moisture or degra-
dation of water activity.

The practical implications of these findings extend beyond drying optimization.

By applying the Henderson model to predict moisture content and water activity
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dynamics, storage stability for onions can also be improved. In these conditions,
producers can extend the shelf life of onions, reducing post-harvest losses, improv-
ing marketability, and enhancing both the economic stability of farmers and the

availability of quality produce in local markets.

Acknowledgements

The authors thank the Center for Studies on Food Safety and Functional Molecules
(CESAM-RESCIF) and the Laboratory of Water, Energy, Environment, and Indus-
trial Processes (L3EPI) of the Polytechnic School (ESP) in Dakar for technical sup-

port during this research.

Authors’ Contributions

Ngoné Fall Beye: Conceptualization, methodology, investigation, supervision, writ-
ing—original draft, writing—review and editing, validation, and data curation.
Cheikhou Kane: Writing—original draft, statistical analyses and editing, and data
curation. Alé Kane: Writing—original draft and editing. Francisca Nadége Sétondji
Vodounnou: Investigation, writing—original draft, and writing—review. Nicolas
Cyrille Ayessou: Resources and supervision. Abdou Sene: Statistical analyses. Codou

Mar Diop: Resources and supervision.

Conflicts of Interest

The authors declare that they have no known competing financial interests or per-
sonal relationships that could have appeared to influence the work reported in this

article.

References

[1] D’Alessandro, S. and Soumah, A. (2008) Evaluation sous régionale de la chaine de
valeurs oignon/échalote en Afrique de I’Ouest. Bethesda MD Project, ATP Abt Assoc.
Inc., 3-72.

[2] ARM (2021) Agence de régulation des marchés (ARM): Evolution de la production
des produits horticoles au sénégal, ministére du commerce, de la consommation et
des pme/agence de régulation des marchés.

[3] David, O. and Moustier, P. (1997) Formation de la qualité dans la filiére oignon en
Afrique de Pouest. Bulletin de Liaison de Coopération Régionale Pour le Développe-
ment de la Production Horticole en Afrique, 12, 55-65.

[4] Bonazzi, C. Dumoulin, E. and Bimbenet, ].J. (2008) Le séchage des produits alimentaires.
Industrie Alimentaire Agricole, 125, 12-22.

[5] Faiveley, M. (2003) L’eau et la conservation des aliments. Agroalimentaire, 1011, 10-11.
https://doi.org/10.51257/a-v1-f1011

[6] Charreau A. and Cavaille, R. (1991) Séchage: Théorie et calculs. Techniques de ! In-
génieur-Génie des Procédés, 2, 1-23.

[7] Collazos-Escobar, G.A., Gutiérrez-Guzman, N., Vaquiro-Herrera, H.A., Bon, J. and
Garcia-Perez, J.V. (2022) Thermodynamic Analysis and Modeling of Water Vapor
Adsorption Isotherms of Roasted Specialty Coffee (Coffee arabicaL. cv. Colombia).
LWT, 160, Article ID: 113335. https://doi.org/10.1016/j.1wt.2022.113335

DOI: 10.4236/fns.2025.169076

1344 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.169076
https://doi.org/10.51257/a-v1-f1011
https://doi.org/10.1016/j.lwt.2022.113335

N. F. Beye et al.

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

Talla, A. (2012) Experimental Determination and Modelling of the Sorption Isotherms
of Kilishi. British Journal of Applied Science & Technology; 2, 379-389.

https://doi.org/10.9734/bjast/2012/1888

Mazza, G. and LeMaguer, M. (1978) Water Sorption Properties of Yellow Globe On-
ion (Allium cepal.). Canadian Institute of Food Science and Technology Journal, 11,

189-193. https://doi.org/10.1016/s0315-5463(78)73269-4

Kiranoudis, C.T., Maroulis, Z.B., Tsami, E. and Marinos-Kouris, D. (1993) Equilibrium
Moisture Content and Heat of Desorption of Some Vegetables. Journal of Food Engineer-
ing, 20, 55-74. https://doi.org/10.1016/0260-8774(93)90019-g

Viswanathan, R., Jayas, D.S. and Hulasare, R.B. (2003) Sorption Isotherms of Tomato
Slices and Onion Shreds. Biosystems Engineering, 86, 465-472.
https://doi.org/10.1016/j.biosystemseng.2003.08.013

Adam, E., Mithlbaucr, W., Esper, A., Wolf, W. and Spief, W. (2000) Effect of Temper-
ature on Water Sorption Equilibrium of Onion (AZium cepaL). Drying Technology,
18, 2117-2129. https://doi.org/10.1080/07373930008917829

Alam, M.M. and Islam, M.N. (2015) Study on Water Sorption Isotherm of Summer On-
ion. Bangladesh Journal of Agricultural Research, 40, 35-51.
https://doi.org/10.3329/bjar.v40i1.23753

Oh, S., Lee, E. and Hong, G. (2018) Quality Characteristics and Moisture Sorption Iso-
therm of Three Varieties of Dried Sweet Potato Manufactured by Hot Air Semi-Dry-
ing Followed by Hot-Pressing. LWT, 94, 73-78.
https://doi.org/10.1016/j.lwt.2018.04.044

Kamal, M.S., Shakil, M., Akter, T., Yasmin, S., Saeid, A. and Khandaker, M.U. (2023)
Moisture Sorption Behavior and Effects of Temperature, Slice Thickness, and Loading

Density on Drying Kinetics of a Local Sweet Potato Cultivar Grown in Bangladesh. Jour-
nal of Food Processing and Preservation, 2023, Article ID: 5523400.
https://doi.org/10.1155/2023/5523400

Touati, B., Lips, B., Benyoucef, B., Virgone, J., Jamali, A. and Kouhila, M. (2007) Effet
de la température sur les isothermes et la chaleur isostérique de sorption des feuilles

de menthe (Mentha Viridis). Congres Annuel de la Société Frangaise de la Thermique
(SFT07), Ile des Embiez, May 2007, 1215-1220.

Zhang, Z., Li, X, Jia, H. and Liu, Y. (2022) Moisture Sorption Isotherms and Thermo-
dynamic Properties of Tiger Nuts: An Oil-Rich Tuber. LWT, 167, Article ID: 113866.
https://doi.org/10.1016/j.lwt.2022.113866

Touati, B. (2008) Etude théorique et expérimentale du séchage solaire des feuilles de
la menthe verte (Mentha Viridis). Ph.D. Thesis, INSA.

Blahovec, J. (2004) Sorption Isotherms in Materials of Biological Origin Mathematical
and Physical Approach. Journal of Food Engineering, 65, 489-495.
https://doi.org/10.1016/j.jfoodeng.2004.02.012

Iglesias, H.A. and Chirife, J. (1978) An Empirical Equation for Fitting Water Sorption
Isotherms of Fruits and Related Products. Canadian Institute of Food Science and

Technology Journal, 11, 12-15. https://doi.org/10.1016/s0315-5463(78)73153-6

Cladera-Olivera, F., Marczak, L.D.F., Norefia, C.P.Z. and Pettermann, A.C. (2011) Mod-
eling Water Adsorption Isotherms of Pinhdo (Araucaria angustifolia Seeds) Flour and
Thermodynamic Analysis of the Adsorption Process. Journal of Food Process Engineer-
ing, 34, 826-843. https://doi.org/10.1111/j.1745-4530.2009.00437.x

Peleg, M. (1993) Assessment of a Semi-Empirical Four Parameter General Model for
Sigmoid Moisture Sorption Isotherms. Journal of Food Process Engineering, 16, 21-

37. https://doi.org/10.1111/j.1745-4530.1993.tb00160.x

DOI: 10.4236/fns.2025.169076

1345 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.169076
https://doi.org/10.9734/bjast/2012/1888
https://doi.org/10.1016/s0315-5463(78)73269-4
https://doi.org/10.1016/0260-8774(93)90019-g
https://doi.org/10.1016/j.biosystemseng.2003.08.013
https://doi.org/10.1080/07373930008917829
https://doi.org/10.3329/bjar.v40i1.23753
https://doi.org/10.1016/j.lwt.2018.04.044
https://doi.org/10.1155/2023/5523400
https://doi.org/10.1016/j.lwt.2022.113866
https://doi.org/10.1016/j.jfoodeng.2004.02.012
https://doi.org/10.1016/s0315-5463(78)73153-6
https://doi.org/10.1111/j.1745-4530.2009.00437.x
https://doi.org/10.1111/j.1745-4530.1993.tb00160.x

N. F. Beye et al.

(23]

(24]

(25]

[26]

(27]

(28]

(29]

Jamali, A., Kouhila, M., Mohamed, L.A., Idlimam, A. and Lamharrar, A. (2006) Mois-
ture Adsorption-Desorption Isotherms of Citrus Reticulata Leaves at Three Temper-
atures. Journal of Food Engineering, 77, 71-78.
https://doi.org/10.1016/j.jfoodeng.2005.06.045

Benseddik, A. Azzi, A. and Allaf, A.K. (2014) Modélisation des isothermes de désorp-
tion de la citrouille en vue de leur séchage solaire. 3rd International Seminar on New

and Renewable Energies Unité de Recherche Appliquée en Energies, Ghardaia, 13-14
Octobre 2014, 173-182. https://www.cder.dz/download/sienr2014 24.pdf

Touil, A. Litaiem, J. and Zagrouba, F. (2015) Isothermes de sorption et propriétés ther-
modynamique de I’Allium sativam. Journal of the Tunisian Chemical Society; 17, 105-
114.

Bouba, A.A,, Njintang, N.Y., Nkouam, G.B., Mang, Y.D., El-Sayed Mehanni, A., Scher,
J., et al (2013) Desorption Isotherms, Net Isosteric Heat and the Effect of Tempera-
ture and Water Activity on the Antioxidant Activity of Two Varieties of Onion (A/ium
cepal). International Journal of Food Science & Technology, 49, 444-452.
https://doi.org/10.1111/ijfs.12321

Velasquez, S., Franco, A.P., Pefia, N., Bohérquez, J.C. and Gutierrez, N. (2021) Effect
of Coffee Cherry Maturity on the Performance of the Drying Process of the Bean: Sorp-
tion Isotherms and Dielectric Spectroscopy. Food Control, 123, Article ID: 107692.
https://doi.org/10.1016/j.foodcont.2020.107692

Jeantet, R. Croguennec, T. Schuck, P. and Brulé, G. (2008) Sciences des aliments 1-sta-
bilisation biologique et physico-chimique. Lavoisier-Tec & Doc.
https://hal.archives-ouvertes.fr/hal-01454471

Beye, N.F,, Kane, C., Ayessou, N., Kebe, C.M.F., Talla, C., Diop, C.M., et al. (2019)
Modelling the Dehydration Kinetics of Four Onion Varieties in an Oven and a Solar
Greenhouse. Heliyon, 5, €02430. https://doi.org/10.1016/j.heliyon.2019.e02430

DOI: 10.4236/fns.2025.169076

1346 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.169076
https://doi.org/10.1016/j.jfoodeng.2005.06.045
https://www.cder.dz/download/sienr2014_24.pdf
https://doi.org/10.1111/ijfs.12321
https://doi.org/10.1016/j.foodcont.2020.107692
https://hal.archives-ouvertes.fr/hal-01454471
https://doi.org/10.1016/j.heliyon.2019.e02430

	Modeling Desorption Isotherms of Four Onion Varieties Related to Temperatures
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Material
	2.2. Methods

	3. Results and Discussion
	3.1. Determination of Desorption Isotherms for the Onion Varieties: Violet of Galmi, Safari, Gandiol F1, and Orient F1
	3.2. Modeling Desorption Isotherms for the Onion Varieties: Violet of Galmi, Safari, Gandiol F1, and Orient F1
	3.3. Determination and Modeling of Desorption Isotherms for a Mixture of the Four Onion Varieties: Violet of Galmi, Safari, Gandiol F1, and Orient F1

	4. Conclusions
	Acknowledgements
	Authors’ Contributions
	Conflicts of Interest
	References

