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Abstract

Eggplant is a high-yielding vegetable crop well
adapted to hot and wet environments that can
provide significant nutritive benefits to human health
like vitamins, minerals, phenolics and antioxidants.
Therefore, the crop has been used in traditional
medicine but due to their perishability it cannot be
preserved long even when refrigerated and thus it
is necessary to freeze or dry it to extend its shelf-life.
The present study aimed to evaluate the effect of
air temperature on the drying kinetics and sorption
isotherms of eggplant for hot air temperatures ranging
from 50 to 80 °C.

Eggplants were obtained from a local market and,
after removal of the peel, they were cut into slices
with 6 mm thickness. Convective drying with hot air
was performed in a drying chamber with an air flow
rate of 0.5 m/s and at constant temperatures of 50,
60, 70, and 80 °C, for the different essays performed.
The drying operation was undertaken until the final
product reached a moisture content of about 10%
(wet basis). The experimental data were fit to seven
mathematical models commonly used to describe
the drying kinetics of food products in terms of
the dimensionless moisture ratio. The desorption
isotherms were obtained measuring both the moisture
content ((halogen moisture analyser) and the water
activity (hygrometer, coupled to an isothermal bath)
along drying and the experimental values were
adjusted using models presented in the literature.

The results showed that the drying process at 80
°C provides a very important energy saving, since
it allowed a reduction of about 67% in the drying

time, as compared with the temperature of 50 °C.
The statistical indicators obtained by fitting the
experimental data to the tested kinetic models
allowed concluding that the Page, logarithmic and
Wang & Singh models satisfactorily described the
drying behaviour of eggplant slices, but the best was
the Vega & Lemus model. Furthermore, a nonlinear
relation was obtained between the Vega & Lemus k
constant and temperature. According to the Brunauer-
Emmett-Teller (BET) classification, the moisture
sorption isotherms of eggplant fall into category lIl.
For increasing temperature, the amount of adsorbed
water decreased for the same water activity, making
eggplant less hygroscopic at higher temperatures.
Furthermore, the Chen model was confirmed to
be accurate in predicting the equilibrium moisture
content of the eggplant slices in the temperature
range studied.

The shelf-stable dried eggplant should contribute to
better exploitation of this crop and foster its use as an
ingredient in the development of flours to be used as
a functional ingredient in different kinds of meals, like
soups, sauces and baked goods.

Key words: Eggplant, Hot-air drying, Drying kinetics,
Thin layer model, Sorption isotherm, Vega & Lemus
model, Chen model.

1. Introduction

Eggplant is an agronomically and economically
important non-tuberous species of the nightshade
Solanaceae family. The fruit of the eggplant is
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botanically classified as a berry, containing numerous
edible soft bitter seeds due to nicotinoid alkaloids [1].

Several different eggplant species have been cultivated
for centuries in Asia, Africa, Europe, Near East and
Mediterranean countries, but the most commonly
cultivated one is Solanum melongena. This species
differs from its wild predecessors mostly in terms of
fruit colour (ranging from dark purple to black with
some green and white varieties) and shape (larger and
more variable) [1, 2].

Eggplant is a high-yielding vegetable crop well
adapted to hot and wet environments and thus
remains affordable while other vegetable crop
prices increase. This crop can provide significant
nutritive benefits, like vitamins, minerals, phenolics
and antioxidants (anthocyanins, phenolic acids and
flavonoids), which are beneficial to human health. It
also contains low calories and high moisture contents
[1, 3 - 6]. Eggplant has also been used in traditional
medicine with therapeutic effects on warts, burns
and many inflammatory diseases, such as stomatitis,
arthritis and gastritis [4, 7]. However, it is a perishable
vegetable that cannot be preserved long even when
refrigerated and thus it is necessary to freeze or dry
them in order to extend their shelf-life. The short
shelf-life of these vegetables can be a major cause of
postharvest losses, especially during peak harvesting
season and constitutes a heavy drawback for
commercial purposes. However, the shelf stable dried
eggplant is a valuable ingredient in the production of
flour to be used as a functional ingredient in different
kinds of meals, like soups, sauces and baked goods
(breads, crackers and pasta) [8 - 12].

Drying is one of the most convenient technologies
to produce shelf stable food products. From an
engineering point of view, drying is a complex process
involving simultaneous heat and mass transfer
occurring both inside and at the surface of the food.
Convective drying, that mainly consists of forcing air
through the product to be dried, is the most traditional
dehydration method used to preserve foods.

The modelling of the drying processes allows their
understanding and the establishment of appropriate
operating conditions. Many mathematical models
have been proposed to describe drying process, from
diffusion to thin-layer models, being these categorized
into theoretical, semi-theoretical, and empirical [13, 14].

The water is one of the most important components
in foods that importantly impacts quality and
conservation. The free water can be responsible for
degradation of the food through chemical or enzymatic
reactions, as well as microbial growth. Hence, the water
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activity (a ), which is related to this free water available,
is a most important property of foods [15].

Foods are characterized by different sorption
isotherms depending on temperature. These represent
the interdependence of the equilibrium moisture
content of the food with the relative humidity of the
surrounding atmosphere. Sorption isotherms are,
therefore, useful for food processing operations such
as drying, packaging and storage [16 - 19].

Many different models can be found in the literature, over
200 different models, to describe the sorption behaviour
of foods, being over 200 different models represented
by semi-empirical equations that comprise a variable
number of parameters [15]. The isotherm models can
be grouped into various categories: kinetic models
based on an absorbed mono-layer of water (BET model),
kinetic models based on a multi-layer and condensed
film (GAB model), semi-empirical (Halsey model) and
purely empirical models (e.g. Oswin and Smith models).
The moisture sorption isotherms are unique for every
material and for each temperature and must be evaluated
experimentally [19, 20]. The GAB model, in particular,
presents a great versatility, being widely applied to the
study of isotherms in food and allows to determine
certain effects of temperature on the isotherms by means
of Arrhenius type equations [15, 21].

The information on convective drying kinetics of eggplant
is quite limited [2, 8, 9, 22 - 28] and, consequently, it is
essential the identification of a suitable drying model
to describe the most traditional dehydration method
(convective drying) used to preserve foods.

The objective of this research work was to study
the drying kinetics and sorption isotherms for
the convective drying of eggplant, for different
drying temperatures varying from 50 to 80 °C. The
experimental data obtained was then fitted to different
models found in the literature to describe the drying
kinetics and the sorption isotherms.

2. Materials and Methods

Eggplants were obtained from a local market and, after
removal of the peel, they were cut into slices with 6
mm thickness (Figure 1).

Figure 1. Sliced eggplant before drying
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Convective drying with hot air was performed in a
drying chamber WTB Binder with an air flow rate
of 0.5 m/s. The chamber was operated at constant
temperatures of 50, 60, 70 and 80 °C, for the different
essays performed. Drying operation was undertaken
until the final product reached a moisture content of
about 10% (wet basis). Table 1 presents the drying
conditions used in each essay.

Table 1. Experimental conditions of the different drying
temperatures tested

Temperature (°C)
Drying time (h:min)

Desorption isotherms were obtained measuring both
the moisture content and the water activity along
drying. For that, random samples were collected at
15 minutes’ intervals to analyse. Moisture content was
determined using a halogen moisture analyser, model
hg53, from Mettler Toledo. The operation conditions
on the halogen moisture analyser can vary in terms of
temperature and evaporation rate (scale from 1 = very
fast to 5 = very slow). In the present case the operation
parameters were set at 120 °C and rate 3 (medium).

The values of water activity were obtained through
measurement of the relative humidity (RH) of the
atmosphere produced by the sample in a closed
compartment. For this was used a hygrometer
(Hygroskop BT-RS1, from Rotronic), coupled to an
isothermal bath, with temperature set at constant
values equal to that of the corresponding drying essay.
The sample was placed inside the chamber in the
hygrometer and then the measurement of the relative
humidity started. It takes some time for the equilibrium
to be reached between the sample and the atmosphere
in the small compartment of the equipment, but after
some minutes the reading stabilized and the value
of RH was registered. The values of RH were given in

percentage, so the values of water activity were then
calculated by dividing the RH by 100, to obtain the
values on the range from 0 to 1.

2.1 Mathematical modelling

2.1.1 Describing drying kinetics through thin layer
models

Thin layer models are equations that describe the
drying curves for many agricultural and food products.
These equations relate the changes in moisture
content that happen during drying with particular
parameters, such as the drying constant and the
lag factor, be in account for combined effects of
transport phenomena of different nature happening
simultaneously during drying [29]. Typically, these
models relate the dimensionless moisture ratio (MR)
with time. MR depends on the moisture content at any
moment, W, the equilibrium moisture content, w, and
the initial moisture content, w, all expressed on dry
basis, according to the following equation:

"R W, — W,
T W, —wW M

The semi-theoretical models Page, Modified Page,
Henderson and Pabis, Logarithmic, Diffusion approach,
Wang and Singh, and Vega-Lemus were commonly
used to correlate the experimental data obtained for
drying curves in foods [30 - 32].

2.2.2 Modelling of the sorption isotherms

From the models listed in Table 2, the GAB model is
one of the most widely used and therefore was used as
reference. This model includes three parameters with
physical meaning [34], namely, a  is the water activity,
W_is the equilibrium moisture content, W is the water
content of the monolayer, and C and K are temperature
dependent functions.

Table 2. Mathematical models for sorption isotherms [15, 32, 33, and 36]

Dependence on temperature Model | Equation Parameters
Implicit GAB W, C,K
Implicit Oswin C,b
Implicit :

Smith W, = 4+ BIn(l-a,) A8
Implicit
Chen a =exp(— Aexp(-BW,)) A B
Model Equation | Parameters
Explicit
Chung & Pfost A B
A
a =exp| ———exp(-B WE)]
Explicit ( RT
Halsey AW b
A 1
. & = eXp| e ———
Explicit Henderson ( RT W, /W,) ] C,b
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2.2.3 Statistics

The results were analysed using software Sigma Plot
V 11.0 and some statistical indicators were used to
further complement the analysis and evaluate the
adequateness of the model fittings to experimental
data[15,37,and 38]. These statistical indicators include
the regression coefficient, R, and also the MAE, EMSE,
SE, SSE and RPD, according to the following equations:

Mean absolute J

MAE =— v
error: N 2tV e Vpred,z| ()
Root mean T
Square SE = \/F Zi:l (V;Xp,i - Vpred,i)2 (3)
error:

N _ 2

tandard g A2l g
error: N1
Sum of

1 N
SSE=—>"W. -V )
square errors: NZ’Z‘( st = Vs )" (5)

Relative

100 o Vesps =V reas
percent RPD = Wlepyipd ©)
deviation: expa

In the these equations N is the number of observations,
and Vo and Ve 1€ the experimental and predicted
values, respectively. RMSE compares the differences
between the experimental and predicted values,
and when the value approaches zero it means that
the prediction is close to the real value. The relative
percentage error compares the absolute differences
between the experimental and predicted values, and
for RPD under 10% the fit is considered good. RMSE
provides information on the short-term performance
of the correlations by allowing a term by term
comparison of the actual deviation between the
calculated value and the measured value [15, 31].

3. Results and Discussion
3.1 Experimental drying curves

Figure 2 shows the variations of the dry basis moisture
content of the eggplant samples during drying
performed at different temperatures: 50, 60, 70 and 80
°C. The initial moisture content of eggplant was 10.63
kg water/kg dry solids, corresponding to 91.40% (wet
basis). according to the drying curves, the moisture
content decreased linearly with time for the initial
drying period, while for higher drying times the
decrease in moisture content was slower, following the
characteristic falling rate period.

To achieve equilibrium, the drying process took 360
min. and 120 min., at temperatures of 50 °C and 80 °C,
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Figure 2. Variations of the dry basis moisture content for
eggplant along drying

respectively. According to Gozde Bayraktaroglu Urun
et al, [2], the time to dry eggplant slices up to 10% of
moisture and with the same thickness (6 mm) was 540
min. and 240 min., respectively, to hot air convective
drying at 50 °C and 60 °C. Besides, the drying time of
peeled slices with a thickness of 6 mm reduces from
225 min. to 135 min. when air drying temperature
increases from 50 to 70 °C [39].

As expected, the air temperature affects drying kinetic
curves, decreasing the drying time of the samples.
Similar effect of temperature on the drying time was
reported by other authors for eggplant [2, 9, 22, 25, 27,
39, and 40]. The drying rate was higher with increase
in the temperature from 50 °C to 80 °C, so that drying
time at 80 °C was reduced in about 67%, as compared
with 50 °C. The drying rate was maximum at higher
temperatures and then decreased according with
the decrease in moisture content. This is because the
migration of water from the inner sample to the surface
and the evaporation rate at the surface diminish
along drying, as the moisture available for elimination
decresases. According to Guiné et al., [26], the values of
diffusivity and mass transfer coefficient to convective
drying eggplant rise with increasing operating
temperature, from 50 °C to 80 °C. Furthermore, the
activation energy for moisture diffusion (Ed) was 35.3
kJ/mol, while the activation energy for convective
mass transfer (Ec) was 48.5 kJ/mol.

3.2 Sorption isotherm curves

Sorption isotherms are usefil to predict shelf life and
to optimize processing operations such as drying,
conditioning, mixing, packaging, and storage, because
they allow ikdentification of the rquirements to obtain
a stable product. The initial value of water activity (a )
for the eggplant samples was 0.97, indicating that the
product had high free water content. Figure 3 shows
the variation of the equilibrium moisture content as
a function of a, corresponding to the desorption
isotherms at the different temperatures studied: 50,
60, 70 and 80 °C. According to the classification of
Brunauer et al, [41], the sorption curves obtained
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for eggplant are of type Ill, which is one of the most
often seen for food systems. Moreira et al., [42], also
identified the same type of isotherm for eggplant at 50
°Cand 65 °C.
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Figure 3. Desorption isotherms of eggplant at
temperatures 50, 60, 70 and 80 °C

At a given temperature, the equilibrium moisture
content was higher for higher water activity. The
results from Figure 3 revealed two different regions
in the isotherm curves: 1) for lower values of a, in
the multilayer sorption region, the relation between
the moisture content and a, was linear, while at
higher values of a, the water content increased
sharply with a, gowing to capillarity, in the capillary
condensation region. The effect of temperature on the
sorption isotherm is essential to help predict drying
operations and final product quality, both after drying
and also during storage. The equilibrium moisture
content showed an increase in moisture content as
the temperature decreased for a constant value of
water activity. This trend is explained by the state of
excitation of the molecules in the food matrix, since at
higher temperatures the water molecules are in a more
intense state of excitation. This results in liberation of
the sorption sites and the links become less stable,
thus diminishing the equilibrium moisture content. In
this case, the food becomes less hygroscopic at higher
temperatures as a result of physical and/or chemical
changes in the product induced by temperature [43].

The curves showed negligible intersection with the
increase in temperature, indicating that the sorption
isotherm shift due to temperature was mostly
attributed to changes in water binding, dissociation of
water and/or increase of solute solubility in water [44].

3.3 Mathematical modelling of drying kinetics

Moisture content data were expressed in terms of the
dimensionless moisture ratio (MR) and fitted to the
mathematical models Page, Modified Page, Henderson
and Pabis, Logarithmic, Diffusion approach, Wang and
Singh, and Vega-Lemus.

Goodness of the fit for each model was evaluated based
on the statistical indicators as defined by equations
(2) to (6). The details about statistical parameters of
the tested models are provided as Supplementary
Material.

In all cases, the values of R were higher than 0.9778
(the minimum observed), indicating a satisfactory fit.
Models Page, Logarithmic, Wang and Singh, and Vega
and Lemus produced very good statistical indicators.
The values of R, MAE, RMSE, SE, SSE and RPD for
these models ranged, from 0.995 to 0.999, 0.0031454
to 0.035603, 0.0042498 to 0.033144, 0.00088538 to
0.014454, 0.000018061 to 0.00083555 and 2.5269 to
47.8580. These models were identified in the literature
as the most suitable ones in describing the drying
behaviour of eggplant slices at different temperatures
[9, 22, and 40]. The best model was Vega and Lemus,
showing the highest values of R and lowest values
of RPD, on average, and for that reasons was chosen
to describe the thin layer drying of eggplant in the
range of temperatures tested, from 50 to 80 °C. Table
3 comprises the model parameters (k and a) and the
corresponding statistical coefficients obtained to Vega
and Lemus model. Doymaz, [9], tested two models
(Henderson and Pabis and Page) to describe the
cabinet drying characteristics of eggplant slices with
thicknesses of 0.5 and 1 cm in the range of 50 - 80 °C
and found that the Page model was found to be the

Table 3. Vega and Lemus parameter estimation and values of statistical coefficients for the drying of eggplant at 50,

60,70 and 80 °C
Estimation Temperature
50°C 60 °C 70°C 80°C
k -4.3133e-5 -5.3289%e-5 -8.1501e-5 -1.3338e-4
Parameters

a 1.0029 1.0343 1.0076 1.0208

R 0.9999 0.9966 0.9992 0.9965
MAE 3.6139%¢e-3 2.1978e-2 1.0082e-2 2.5403e-2
L. RMSE 4.2498e-3 2.7171e-2 1.3215e-2 2.8906e-2

Statistics
SE 8.8538e-4 6.5797e-3 3.8035e-3 1.0840e-2
SSE 1.8061e-5 7.3825e-4 1.7463e-4 8.3555e-4
RPD 3.3591 31.3943 10.8697 16.8909

Legend: MAE - Mean absolute error; RMSE - Root mean square error; SE - Standard error; SSE - Sum of square errors; d RPD - Relative percent

deviation.
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most suitable to describe the process. Adiletta et al., [8],
refer that the logarithmic model is the most suitable
one for describing the hot-air drying of eggplant for
the temperature of 50 °C and the Page model for 60 °C.

Figure 4 highlights the excellent agreement between
the experimental data and the values predicted by
the model Vega and Lemus, confirming this model as
adequate to describe the drying behaviour of eggplant.

Figure 4. Fitting of the kinetic data for different
temperatures to Vega and Lemus model

Constant a (dimensionless) in the Vega and Lemus
model does not depend on temperature as the results
in Table 4 indicate always values very much close to 1
for the four temperatures. For this temperature range,
the percentage of variation in this constant was only
3%. On the contrary, the constant k (s') depends on
temperature in the studied range of values. In order to
account for the effect of temperature, constant k (s7)
was expressed in terms of temperature, T (°C), and a
corrected Vega and Lemus constant was obtained, as
indicated in Equation (7).

k=-0.00030+1.0570x0 ° T-1.0431x0 7 T2

(7)
(R=10.9998)

3.4 Mathematical modelling of sorption isotherms

The detailed results of the fitting with the models
presented in Table 3 to the experimental sets of
equilibrium moisture content as a function of a , for
the different temperatures studied (50, 60, 70 and 80
°C) are presented in the Supplementary Material. The
goodness of fit for all sorption models was evaluated
through statistical indicators like R, MAE, EMSE, SE, SSE
and RPD. Globally, the statistical indicators show that
the implicit temperature dependent models gave less
robust fittings, with exception of the Chen model. In
those models, the values of R ranged between 0.9371
and 0.9901 with RPD up to 218.56, at the studied
temperatures. The results of the statistical indicators for
the explicit temperature dependent models show that
they can be considered as acceptable to predicting the
equilibrium moisture content of eggplant. Overall, the
Chen and Chung and Pfost models are the best ones
to fit the sorption isotherm of eggplant, converging
to a similar solution. The goodness of fit can be
evaluated by the high values of regression coefficient
and low values of RPD (under 2). Figure 5 shows the
sorption equilibrium moisture isotherms of eggplant
as well as the results of regression performed with
the Chen model for different temperatures, while
Table 4 comprises the model parameters and the
corresponding statistical coefficients.

The Chen model highlights a very close agreement
between the experimental points and the predicted
curves.

Figure 5 reveals that the moisture content decreased,
at a given water activity, when temperature increased.

Table 4. Parameter estimation and statistics for fitting the desorption data with different models

) ) Temperature
Model Estimation 50°C 60°C 70°C 80°C
Parameters A 0.2444 0.2030 0.1725 0.1257
B 0.2134 0.1881 0.1853 0.1262
R 0.9670 0.9849 0.9833 0.9601
MAE 1.3938e-2 7.6250e-3 79111e-3 7.9333e-3
RMSE 1.6911e-2 9.5887e-3 8.7352e-3 8.4880e-3
Chen SE 4.5097e-3 3.0196e-3 3.2757e-3 3.7429e-3
(ITD)’ . SSE 2.8600e-4 9.1943e-5 7.6304e-5 7.2046e-5
Statistics
RPD 1.6582 0.8679 0.8917 0.8774
RMSE 1.8800e-2 2.1656e-2 1.3808e-2 7.1157e-3
SE 5.0132e-3 6.8200e-3 5.1779%e-3 3.1374e-3
SSE 3.5342e-4 4.6900e-4 1.9065e-4 5.0624e-5
RPD 1.9271 2.1500 1.2736 0.7210

Legend: 'ITD = implicit temperature dependence, 2ETD = explicit temperature dependence, MAE - Mean absolute error; RMSE - Root mean

square error; SE - Standard error; SSE - Sum of square errors; RPD - Relative percent deviation.
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Figure 5. Fitting of the desorption isotherms with model
Chen for different temperatures

A similar behaviour was reported by Moreira et al.,
[45], in experimental sorption isotherms of thin slabs
(1.5 mm, approximately) of peeled eggplant without
seeds at different temperatures (20, 35, 50 and 65 °C).
However, was used the Halsey model to reproduce the
experimental sorption data for eggplant fruit.

4, Conclusions

- According the results from the present study, drying
of eggplant with hot air at 80 °C is much faster, with a
reduction of 67% in the drying time, when compared
with the drying at 50 °C. From the statistical fitting
measures it was concluded that the kinetic models
Page, Logarithmic and Wang and Singh could describe
the drying behaviour of eggplant with some accuracy,
but the best model was Vega and Lemus. Additionally,
it was possible to obtain a liner relation between the
Vega and Lemus k constant and temperature.

- The results also indicated that, according to the
BET classification, the moisture sorption isotherms
of eggplant fall into category lll. For increasing
temperature, the amount of adsorbed water decreases
for the same water activity, making eggplant less
hygroscopic at higher temperatures. Finally, it was
possible to conclude that the Chen model was able to
provide very good prediction results for the sorption
isotherms of eggplant in the temperature range
studied.

Acknowledgements

This work is funded by National Funds through the
FCT - Foundation for Science and Technology, I.P,
within the scope of the project Refa UIDB/00681/2020.
Furthermore, we would like to thank the CERNAS
Research Centre and the Polytechnic Institute of Viseu
for their support.

5. References

(1

[2]

(3]

(4]

(5]

(6]

(7]

(8l

[9]

[10]

(11l

[12]

[13]

[14]

[15]

Glrbiz N., Uluisik S., Frary A, Frary A, Doganlar S.
(2018). Health benefits and bioactive compounds of
eggplant. Food Chemistry, 268, pp. 602-610.

Urun G. B, Yaman U. R, Kése E. (2015). Determination of
drying characteristics and quality properties of eggplant
in different drying conditions. Italian Journal of Food
Science, 27, pp. 459-467.

Mbondo N. N., Owino W. O., Ambuko J., Sila D. N. (2018).
Effect of drying methods on the retention of bioactive
compounds in African eggplant. Food Science and
Nutrition, 6, pp. 814-823.

Naeem M. Y., Ugur S. (2019). Nutritional Content and
health benefits ofeggplant.Turkish Journal of Agriculture
- Food Science and Technology, 7, pp. 31-36.
Nifo-Medina G. Muy-Rangel D., Gardea-Béjar A.,
Gonzélez-Aguilar G, Heredia B., Béez-Safiudo M.,
Cepedas. J., Velez R. (2014). Nutritional and nutraceutical
components of commercial eggplant types grown in
Sinaloa, Mexico. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 42, pp. 538-544.

Nwanna E. E., Ibukun E. O., Oboh G. (2019). Nutritional
content of selected species of tropical eggplant fruit
(Solanum spp) diet Attenuates hepatic inflammation in
high-fat fed male Wistar rats induced with streptozotocin.
Food Science and Nutrition, 7, pp. 109-119.

Im K., Lee J. Y., Byeon H., Hwang K. W., Kang W., Whang
W. K., Min H. (2016). In Vitro antioxidative and anti-
inflammatory activities of the ethanol extract of eggplant
(Solanum melongena) stalks in macrophage RAW 264.7
cells. Food and Agricultural Immunology, 27, pp. 758-
771.

Adiletta G., lannone G., Russo P, Patimo G., Pasquale S.
D., Matteo M. D. (2014). Moisture migration by magnetic
resonance imaging during eggplant drying: a preliminary
study. International Journal of Food Science and
Technology, 49, pp. 2602-2609.

Doymaz I. (2011). Drying of eggplant slices in thin layers
at different air temperatures. Journal of Food Processing
and Preservation, 35, pp. 280-289.

Guine F. P. R, Correia R. M. P, Correia C. A., Goncalves
F., Brito S. F. M., Ribeiro P. R. J. (2018). Effect of drying
temperature on the physical-chemical and sensorial
properties of eggplant (Solanum melongena L.). CNF, 14,
pp. 28-39.

Rodriguez-Jimenez J. R, Amaya-Guerra C. A, Baez-
Gonzalez J. G, Aguilera-Gonzalez C., Urias-Orona V.,
Nino-Medina G. (2018). Physicochemical, functional, and
nutraceutical properties of eggplant flours obtained by
different drying methods. Molecules, 23, pp. 3210-3210.
Valerga L., Quintero-Ruiz N. A., Concellon A., Puppo
M. C. (2020). Artichoke, eggplant and tomato flours
as nutritional ingredients for wheat dough: Hydration
properties. ). Food Sci. Technol., 57, pp. 1954-1963.
Blanco-Cano L., Soria-Verdugo A., Garcia-Gutierrez L.
M., Ruiz-Rivas U. (2016). Modelling the thin-layer drying
process of Granny Smith apples: Application in an indirect
solar dryer. Applied Thermal Engineering, 108, pp. 1086-
1094.

Guiné F. P. R. (2015). Food Drying and dehydration:
technology and effect on food properties. Germany:
Lambert Academic Publishing GmbH & Co, Chisinau,
Moldova.

Guiné F. P. R, Barroca J. M., Pereira D., R. M. P. (2014).
Adsorption isotherms of Maria biscuits from different
brands. J. Food Process. Eng., 37, pp. 29-37.

181



[16]

(171

18]

)

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

182

Journal of Hygienic Engineering and Design

Farahnaky A., Mansoori N., Majzoobi M., Badii F. (2016).
Physicochemical and sorption isotherm properties of date
syrup powder: Antiplasticizing effect of maltodextrin.
Food and Bioproducts Processing, 98, pp. 133-141.
Guiné F. P. R. (2009). Sorption isotherms of pears using
different models. International Journal of Fruit Science,
9, pp- 11-22.

Mghazli S., Idlimam A., Mahrouz M., Lahnine L., Hidar
N., Ouhammou M., Mouhib M., Zantar S., Bouchdoug
M. (2016). Comparative moisture sorption isotherms,
modelling and isosteric heat of sorption of controlled and
irradiated Moroccan rosemary leaves. Industrial Crops
and Products, 88, pp. 28-35.

Muzaffar K., Kumar P. (2016). Moisture sorption isotherms
and storage study of spray dried tamarind pulp powder.
Powder Technology, 291, pp. 322-327.

Vopicka O. Randova A., Friess K. (2014). Sorption of
vapours and liquids in PDMS: novel data and analysis
with the GAB model of multilayer adsorption. European
Polymer Journal, 60, pp. 49-57.

Staudt P. B, Tessaro I. C,, Marczak L. D. F,, Soares R. de
P, Cardozo N. S. M. (2013). A new method for predicting
sorption isotherms at different temperatures: Extension to
the GAB model. Journal of Food Engineering, 118, pp.
247-255.

Akpinar E. K., Bicer Y. (2005). Modelling of the drying of
eggplants in thin-layers. International Journal of Food
Science and Technology, 40, pp. 273-281.

Brasiello A., Adiletta G., Di Matteo M., Albanese D.,
Crescitelli S. (2011). Mathematical model with shrinkage
of an eggplant drying process. Chemical Engineering
Transactions, 24, pp. 451-456.

Doymazl., GOl E.(2011). Convective Drying Characteristics
of Eggplant Slices. Journal of Food Process Engineering,
34, pp. 1234-1252.

Ertekin C., Yaldiz O. (2004). Drying of eggplant and
selection of a suitable thin layer drying model. Journal of
Food Engineering, 63, pp. 349-359.

Guine F. P. R, Brito S. F. M., Ribeiro P. R. J. (2017).
Evaluation of Mass Transfer Properties in Convective
Drying of Kiwi and Eggplant. International Journal of
Food Engineering, 13, (7), pp. 13.

Mahjoorian A. , Mokhtarian M., Fayyaz N., Rahmati F,
Sayyadi S., Ariaii P. (2016). Modelling of drying kiwi slices
and its sensory evaluation. Food Sci. Nutr,, 5, (3), pp. 466-
473.

Russo P, Adiletta G., Di Matteo M. (2013). The influence
of drying air temperature on the physical properties of
dried and rehydrated eggplant. Food and Bioproducts
Processing, 91, pp. 249-256.

Tripathy P. P, Subodh K. (2009). A methodology for
determination of temperature dependent mass transfer
coefficients from drying kinetics: Application to solar
drying. Journal of Food Engineering, 90, pp. 212-218.
Erbay Z., Icier F. (2010). A review of thin layer drying of
foods: theory, modeling, and experimental results. Critical
Reviews in Food Science and Nutrition, 50, pp. 441-464.
Guiné R. (2010). Analysis of the drying kinetics of S.
Bartolomeu pears for different drying systems. EJournal
of Environmental, Agricultural and Food Chemistry, 9,
pp. 1772-1783.

Siddig M., Uebersax M. A. (Eds.). (2018). Handbook of
vegetables and vegetable processing (2nd Ed.),. John
Wiley and Sons, Hoboken, USA.

Berg C. V. D. (1984). Description of Water Activity of Foods
for Engineering Purposes by Means of The G.A.B. Model
of Sorption. In: McKenna B. M. (Ed.), Engineering and
Foods, Vol. 1, Elsevier, New York, USA, pp. 311-321.

(34]

[35]

[36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

Weisser H. (1986). Influence of temperature on Sorption
isotherms in food engineering and process applications:
Transport phenomena. Elsevier, Alberta, Canada.
Andrade R., Lemus R., Pérez C. (2011). Models of sorption
isotherms for food: Uses and limitations. Vitae, 18, pp.
325-334.

Wan K., He Q., Miao Z, Liu X,, Huang S. (2016). Water
desorption isotherms and net isosteric heat of desorption
on lignite. Fuel, 171, pp. 101-107.

Guiné F. P. R, Fernandes C. M. R. (2006). Analysis of the
drying kinetics of chestnuts. Journal of Food Engineering,
76, pp. 460-467.

Mota L. C,, Luciano C., Dias A., Barroca J. M., Guiné F. P.R.
(2010). Convective drying of onion: Kinetics and nutritional
evaluation. Food and Bioproducts Processing, 88, pp.
115-123.

Russo P, Adiletta G., Di Matteo M. (2013). The influence
of drying air temperature on the physical properties of
dried and rehydrated eggplant. Food and Bioproducts
Processing, 91, pp. 249-256.

Doymaz|., GOl E. (2011). Convective drying characteristics
of eggplant slices. Journal of Food Process Engineering,
34, pp. 1234-1252.

Brunauer S., Deming L. S., Deming W. E., Teller E. (1940).
On a Theory of the van der Waals Adsorption of Gases.
Journal of the American Chemical Society, 62, pp. 1723-
1732.

Moreira R., Chenlo F, Torres M. D., Vallejo N. (2010).
Analysis of Moisture Desorption Isotherms of Eggplant
(Solanum melongena). Revista de Agaroquimica y
Tecnologia de Alimentos, 16, pp. 417-425.

Mazza G., LeMaguer M. (1978). Water Sorption Properties
of Yellow Globe Onion (Allium cepa L.). Canadian Institute
of Food Science and Technology Journal, 11, pp. 189-
193.

Sahin S., Sumnu G. S. (2006). Water activity and sorption
properties of foods. In: Sahin S, Sumnu G. S. (eds.),
Physical properties of foods, Springer, New York, USA,
pp. 93-228.

Moreira R., Chenlo F, Torres M. D., Vallejo N. (2010).
Analysis of moisture desorption isotherms of eggplant
(Solanum melongena). Food Sci. Technol. Int., 16, pp.
417-425.



