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Abstract

This study investigated the impacts of a drying process under low temperature and reduced pressure (non-thermal drying)
on the final dehydrated products characteristics. This process is based on the retention of water on molecular sieves with a
good selectivity against these molecules. In this study, drying experiments of 7mm thick apple slices (AS) were performed
and compared to apple slices pretreated by freezing. It was concluded that the dehydrated apple slices were depleted of the
maximum amount of water after 12 hours of drying, with a final water content equal to 12 + 1.75%, whereas after freezing
pretreatment, a decrease in drying time to 7 hours was observed, as well as a decrease in water content to 10 + 0.5%. This
explains the effect of freezing pretreatment on accelerating water transfer. In addition, a convective drying was performed
on the apple slices at 60°C, which allows comparison with the slices dried by our non-thermal drying process. In order to
characterize the obtained fruits, characteristic analyses such as water activity (Aw), color, texture (hardness), and dimensions
(diameter and thickness) were performed before and after each drying experiment. Thus, continuous measurements of
temperature, humidity, and pressure, within the enclosure, were determined during the experiments using a wireless sensor
system controlled by a programming Arduino. Finally, mathematical modeling by various models (Newton, Page, Midilli,
etc.) was performed to determine the most suitable model describing the non-thermal and convective drying of apple slices.

Keywords Apple slices - Characterization - Convective drying - Freezing - Hardness - Moisture content - Non-thermal
drying - Water activity - Water content - Water lost

Nomenclature p Number of constants in the model
AS Apple slices A, Water activity
NWL Normalized water lost R? Coefficient of determination
NWC Normalized water content Ve Reduced mean square of deviation
m; Initial mass RMSE  Root Mean Square Error
m, Mass at time “” DIC Détente Instantanée Controlé (Instant
MC Moisture content Controlled Pressure-Drop)
NWC,,, Experimental normalized water content PEF Pulsed electric field
NWC,,, Theoretical normalized water content N Newton
n Number of experimental observations P Page
M-P Modified-Page
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Fruits and vegetables occupied a large part of the daily human
diet thanks to their nutritional values (sugar, polyphenol,
carotenoid, vitamin C, vitamin E, etc.) and their beneficial
effect on health as an antioxidant an anti-inflammatory
(Blasa et al. 2010). They have been used for several years
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in various food products (yogurts, cookies, baby flour,
jams, marmalades, cream desserts, etc.), as well as in the
pharmaceutical and cosmetic field (Saadoudi Mouni 2019).

In the world, it has been found that all types of vegeta-
bles are present in the market throughout the year, while the
majority of fruits has a seasonal production; i.e., their con-
sumption is limited to the harvest season, and their storage
in fresh form can lead to contamination by pathogens such
as molds, bacteria, yeasts, etc. For this reason, it was neces-
sary to find a suitable method of conservation of these fruits
without risking the loss of their nutritional value.

In prehistoric times, human dried food in the sun to
support him in the periods between seasons, which is the
oldest technique of food preservation. But after several
studies of this method, many disadvantages have appeared
like the loss of vitamins, polyphenols, and sugars. Thus,
many efforts have been made during the last century to
develop new techniques and equipment for dehydration
to eliminate as much water as possible from the fruits
which is the major component of biological cells (80% of
its mass) and responsible for its development, but with the
conservation of nutritional value. This promotes the stability
of the cells during the required storage period.

Several researchers have studied different drying methods
to dehydrate fruits. There are two types of techniques
such as thermal drying like natural convective drying
(Chin, Siew, and Soon 2015), microwave drying (Xu et al.
2021), and forced convective drying (Naderinezhad et al.
2016; Moussaoui et al. 2021) and a non-thermal drying
like lyophilization (Lammerskitten et al. 2019), osmotic
dehydration (Khoualdia, B. Ben-ali and Hannach 2020),
and pulsed electric field (PEF) drying (Ben-Ali. 2018;
Yu et al. 2020). Each of them is adapted to a particular
situation according to the properties of the raw material,
the physical characteristics of the finished product, and the
operating costs. The dehydration techniques can be classified
based on different criteria: according to the mechanism
of heat transfer involved in the process and according to
the temperature and pressure of operation. In our work,
we adopt the classification based on the physical changes
(evaporation, sublimation, or without phase change) that
water undergoes during the dehydration process, i.e., with
phase change where water is removed by evaporation.

This article focuses on the preservation of fruits using a
non-thermal drying method to reduce the water content and
avoid any risk of evaporation of the nutritional properties of
the vegetable products (vitamins, proteins, zinc, etc.). The
fruit used is the “apple” which is the fourth most important
and most consumed fruit in the world. It is a berry containing
seeds and consists of two to five carpels, surrounded by a
fleshy envelope (Musacchi and Serra 2018). It has health
benefits, high-fiber content, and phenolic compounds that
are found in high quantities in its flesh and skin. It contains

more than 80% water, and the rest is rich in sugar, vitamin,
and minerals (NECIB and MOUSSAOUI 2019). Many
studies have recently shown that apple consumption is
inversely related to the risk of developing asthma, diabetes,
certain cancers (colon), and certain cardiovascular diseases
(Verdu 2014). Convective drying was realized as a thermal
dehydration on apple slices in order to compare to the apple
slices dried by a novel process using non-thermal drying
in terms of characteristics and final characteristics such as
water content and water activities of dried products.

Materials and methods
Material

The fruit studied is the apple. It was purchased from a
local market in Gabes (Tunisia). All the apples have almost
a similar size. They were washed, wiped, and kept in a
refrigerator at 4°C until use. Before realizing the experiment,
the apples were left in the open air until they reached room
temperature and were then cut into slices of about 7 + 1
mm in size. We worked on 2 types of samples for non-
thermal drying which are fresh apple slices and apple slices
frozen at —18°C. We compared the results with apple slices
dehydrated by convective drying at 60°C.

Methods

The experimental apparatus is presented by Fig. 1. It consists
of a cylindrical enclosure connected to a vacuum pump. A
valve, between the two, is used to break the vacuum before
stopping the experiment. The enclosure contains trays, some
containing the products to be dried (fruits, vegetables, etc.),
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Fig. 1 Schematic diagram for the non-thermal drying experimental
apparatus (1) wireless sensors (2) Power-Bank, (3) Arduino Card, (4)
Raspberry Pi, and (5) Electric plug
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and others used to place the molecular sieves (41&). The trays
containing the products and the molecular sieves are placed
alternately. The molecular sieves adsorb the water vapor
(3/0%) removed from the products.

At the beginning, we put the vegetable products to be
dried on the trays, and the other trays contain the molecular
sieves; then we close the enclosure and start the pump. After
one hour each, the pump is stopped, and the products are
removed to measure their weight. When the weight becomes
constant after successive measurements, then the products
are completely dried. To study the drying kinetics, a curve
that represents the water content WC (%) as a function of the
drying time is plotted. Each experiment is repeated 3 times
to confirm the reproducibility of the drying process.

Molecular sieves have the capacity to adsorb 10% of their
weight in water (Habani and Adda 2019), so a regeneration
should be done after its saturation. It is carried out in an
oven at a temperature of 200°C during 2 hours in order to
eliminate all the adsorbed water and to allow the reuse of
molecular sieves in another drying cycle (Gao et al. 2020).

Thus, a three-parameter wireless sensor is placed within
the enclosure to determine the temperature (°C), humidity
(%), and pressure (mbar) during drying. The sensor data are
collected using a programming, Raspberry Pi. Convective
drying experiments at 60°C were realized also using ‘“Food
Dehydrator model SDA 350 A2” with the aim to compare the
results of the convective and a non-thermal drying process.

To plot the kinetics curves of non-thermal drying and
convective drying, the water loss was calculated by a nor-
malized equation (1) (NWL) expressed in (%):

m; —m;
NWL =

— X 100 1)

1

Then, it was assumed that the normalized initial amount
of water found in the fruit is 100%, so we calculated the
Normalized Water Content (NWC) in (%) by this equation
(2):

NWC = 100 - NWL )

where NWL is the normalized water lost (%), m; is the
initial mass of the fruit before drying (g), m, is the mass of
the fruit at time “r” (g), and NWC is the normalized water
content.

The initial and final moisture content (MC) of the
fruit was measured using an “Infrared Moisture Analyzer
MA35M-000230V1” on a wet basis according to the device
reference.

The water activity (A, of fruits is measured by “Water
Activity Meter WA-160 A” before and after drying. It is
determined the amount of free water found in the product
which can cause the appearance of yeast and bacteria that
prevents the storage of vegetable products in the long term.

@ Springer

The color analysis of the fruits before and after drying was
performed by the “Color Analyzer Digital Precise LAB Color
Meter Tester” which consists of a light source. The CieLab
coordinates: L (whiteness or brightness), a* (redness or
greenness), and b (yellowish or bluish), are determined.

The texture of food is an organoleptic quality. This prop-
erty consists of two characteristics: crispness and hardness.
In our study, we are determining the hardness only of the AS
before and after drying using “GY-3 penetrometer.”

Finally, the dimensions of the apple slices (AS) are
determined. Using a “caliper,” a measurement of the
diameter and the thickness of the apple slices is carried out
in order to examine the shape of the disc of apple slices
before and after drying.

Modeling parameters

In our study, 5 models are used which are Newton (N), Page
(P), Modified-Page (M-P), Henderson-Pabis (H-P), and
Midilli et al..(Menges and Ertekin 2006; L.C. Hawa et al.
2020a; La Choviya Hawa et al. 2020b) The NWC calculation
expression of each model is shown in Table 1.

The equation constants of all the models are determined,
as well as the squared error (RMSE), the correlation
coefficient (R?), and the reduced mean square )(2 of the
variance which are calculated by the following equations
(3,4, and 5):

1
/
RMSE = [zlv > (vwc,, - NWC,hw)z] ’ 3)
2
R2 —1- Z (NWCexp - NWCtheo)
- —\2 “
3 (vwe.,, - NWE,., )
2
NWC,,, — NWC
XZ — Z ( exp theo) (5)
n—p
where NWC,,, is the values of the experimental

normalized water content, NWC,,,, is the values of the
theoretical normalized water content, n is the number of
experimental observations, and p is the number of constants
in the model.

Table 1 Mathematical models for the drying curves

Model name Model equation

Newton NWC = exp (—k = 1)

Page NWC = exp (—k = ("))

Henderson-Pabis NWC =a * exp (—k * 1)

Modified-Page NWC = exp (—(k * 1)")

Midilli et al. NWC = (a = exp (—k
%1")
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Results and discussions
Kinetic study of the dehydration of apple slices

To further confirm the advantages of non-thermal drying,
experiments were conducted on the apple slices.

The kinetics of non-thermal drying of fresh and frozen
AS is observed in Fig. 2. Figure 2a represents the NWL
(%) as a function of time with decreasing curves, while
Fig. 2b represents the NWC (%) as a function of time with
increasing curves. All the curves are composed of three
phases, the first one is characterized by a fast kinetics
which lasts 3 hours for fresh AS and 2 hours for frozen
AS, then a slow phase which lasts 8 hours (fresh AS) and 3
hours (frozen AS), and this phase is followed by a stability
of NWL and NWC which lasts 3 hours (fresh AS) and 2
hours (frozen AS). The values of NWL and NWC of the 3
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phases for fresh AS are 49.47% and 50.53%, 83.44% and
16.55%, and 85.15% and 14.87%, and those for frozen AS
are 53.93% and 46.07%, 80.35% and 19.65%, and 83.81%
and 16.18% for the 3 phases, respectively.

On the other hand, convective drying is carried out
in order to compare their results with the results of non-
thermal drying. Figure 3 shows the kinetics of dehydration
of fresh AS by non-thermal and convective drying.
Figure 3a represents the NWL (%) as a function of time
with decreasing plots, and Fig. 3b represents the NWC (%)
as a function of time with increasing plots. Similarly, all the
curves are divided into three phases, the first is characterized
by a fast kinetics that lasts 3 hours for non-thermal drying
and 4 hours for convective drying, then a slow phase that
lasts 8 hours (non-thermal) and 4 hours (convective), and
a stability of NWL and NWC is reached that lasts 3 hours
for both types of drying. The values of NWL and NWC
of the 3 phases for the non-thermal drying are 49.47% and

Fig.2 Drying kinetics during non-thermal drying. a NWL of fresh and frozen AS. b NWC of fresh and frozen AS
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50.53%, 83.44% and 16.55%, and 85.15% and 14.87%, and
those for the convective drying are 65.08% and 34.92%,
82.02% and 17.98%, and 82.75% and 17.24%, for the 3
phases respectively. These two curves allow us to conclude
that the time needed to dehydrate fresh AS by non-thermal
drying is 12 hours and 7 hours for frozen AS, while the time
needed for convective drying is 8 hours.

To validate the reproducibility of the drying process,
other continuous non-thermal drying experiments were
performed (Fig.4), which are given final NWC between
15.33% and 18.81% after 14h of drying; however, NWC of
24.76% was obtained after 10 hours of drying. Yaldiz et al.
studied thin film solar drying of grapes and found a final
water content of 16% for 55 hours (Yaldiz, Osman. Ertekin,
Can. Uzun 2001), which confirms that our process is faster
in terms of time and more cost effective, and X. Li et al.
studied instant controlled pressure-drop (DIC) drying of
apple slices and found that the water content is reduced up
to 15.2% (Li et al. 2021). Also, comparing to our results for
frozen AS, Peng et al. found that pretreatment by freezing at
a temperature (—18 and —40°C) corresponding to freezing
times of 84.2 and 45 min and beneficial for obtaining a crisp
texture (Peng et al. 2018).

NWC (%)

= 14h essai 1 = 14h essai 2 14h essai 3 = 10h

Fig.4 Diagram of NWC (%) of fresh AS during continuous non-
thermal drying

Concerning the measurement of initial and final MC,
Table 2 summarizes the MC values of fresh AS before
and after drying. A decrease in MC from 82.45 + 2 to
11.45 + 3.04 % is observed after 14 hours of non-thermal
drying, whereas MC is reduced from 76.98% to 28.4% for
10 hours drying. These results affirm that a drying time
between 14 hours and 10 hours leads to good dehydration.
An optimal drying time of 12 hours is considered in the
following work. Kroehnke et al. studied the drying by
osmotic dehydration of kiwi slices. They found the lowest
MC with the osmotic agent “erythritol” with a value of
42.47 + 0.33 % after 105 min (Kroehnke et al. 2021).
Similarly, Braga et al. studied the drying of pineapple-
mint powder by atomization and found a MC equal to 7%
(Braga et al. 2020).

The MC of frozen AS gives a value equal to 10.51%
beyond 7 hours of dehydration. The drying time of AS
without pretreatment by freezing is 12 hours to reach a
MC of 15%. This result proves the efficiency of freezing
on the drying time and the product quality verified by the
water activity measurement. This reduction in MC agrees
with previous work on freeze-dried apple slices studied by
Lammerskitten et al., who found that pulsed electric field
(PEF) applied prior to lyophilization reduced the drying
time (Lammerskitten et al. 2019).

Regarding the convection drying curve, a decrease in
MC from 79.14% to 5.39% was observed. Similar results
are shown with Hawa et al. They found that convective
drying of cabya fruit decreased the moisture content by
9% without pretreatment (La Choviya Hawa et al. 2020a).

From these experiments, it was concluded that freezing
as a pretreatment, before non-thermal drying, decreased
the drying time to half of that without pretreatment and
thus lowered the moisture content; it does not affect the
fruit wall; i.e., it does not present negative symptoms such
as burning or excessive shrinkage that affect the quality
or shape of the final product. Concerning the convective
drying and the non-thermal drying, it can be seen that
the convective drying time is shorter than the non-thermal
drying. The quality of the final dried product by this last
method is the best.

Table 2 Moisture content

Drying process Apple type Drying time MC before drying  MC after
values of AS (%) drying (%)
Non-thermal drying Fresh apple 14 h, weighedeach 1 h 81.03 9.37
14 h continuous 84.46 14.49
14 h continuous 82.45 10.49
10 h continuous 76.98 28.4
Frozen apple 7 h continuous 82.19 10.51
Convective drying Fresh apple 11 h continuous 79.14 5.39
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Control and regulation

Figure 5 represents the sensor results of pressure (mbar),
humidity (%), and temperature (°C) at a time “f”’ of the
experiment. We observed, during the experiment, a
stability of the pressure at a value of about 5.5+0.5 mbar,
while the humidity decreased from 82% to 7.44%, which
confirms that the water removed from the plant products
is well adsorbed by the molecular sieves. This remarkable
decrease in humidity is accompanied by a slight increase in
temperature from 22.53°C to 25.6°C, which may be related
to the degree of temperature outside the room where our
device is placed (the ambient temperature of the laboratory)
and to the adsorption of water by the molecular sieves is
exothermic.

Characteristic analysis

The A,, of fresh AS (Table 3) before drying is equal to 0.9
+ 0.02; after 14 hours of non-thermal drying it decreased to
0.49 + 0.09, which does not lead to the development of any
type of bacteria. An A, equal to 0.65 after drying of 10 hours
which is not sufficient to ensure the conservation of these
products for a long time, because this value is responsible for
the growth of xerophiles. Concerning frozen AS, the water
activity obtained is 0.5 after 7 hours of non-thermal drying.
Similarly, next to 11 hours of convective drying, the A, is

‘ m 23.12

Humidity Temperature
Pressure

Fig.5 Sensor results (pressure, humidity, and temperature) at a time
“¢” of the experiment

reduced to 0.53. The last two results are good values for the
long-term preservation of these fruits. These results are in
agreement with the results of other research on apple slices
dried by PEF, studied by A. Lammerskitten et al., who found
a value of A, equal to 0.75 (Lammerskitten et al. 2019) as
well as the work of M. Rascén et al. who dried banana slices
by lyophilization with a pretreatment by DO and found an A,
equal to 0.327 (Rascon et al. 2018). The non-thermal drying
applies an important decrease of the free water of the fruits
which gives a very reduced water activity (4,,) (<0.65),
which allows us to preserve these fruits in the long term.

Color is considered an essential quality attribute for
dried food products, especially for ready-to-eat vegetable
products. In our study, Hunter’s values for fresh AS sam-
ples were brightness L* = 64.9 + 5, coordinate a*= 1.6 +
0.9, and coordinate b* = 24.5 + 2 (Table 3). All AS values
after drying showed a significant decrease in the brightness
value (L*), while the a* and b* values of the dried samples
increased compared to those of the fresh AS. Similarly for
the convective dried AS, a slight decrease of L* to 46.11 and
an increase in a* to 17.29 and b* to 47.23 are shown. The
reduction of L* is also reported after drying of goji berries
(Yu et al. 2020), which was caused by browning reactions
due to the presence of oxygen and oxidative stress of free
radicals during the drying process. These results are compa-
rable to the microwave drying study of lemon slices studied
by Xu et al., where they found a slight decrease in L* from
92.73 to 88.01 and a slight increase in a* from 1.02 to 3.82
and b* from 9.45 to 15.61 (Xu et al. 2021). Concerning the
frozen AS, freezing has no influence on the decrease of the
luminosity L* (to 33.42) or the increase of the coordinates
a* (to 14.95) and b* (to 25.38) after thermal drying. The
non-thermal drying gives dry fruits, with a color near the
witness (fresh fruits) or slightly different but acceptable by
the consumers.

Texture is one of the major sensory quality attributes
affecting consumer acceptance of foods (Ikoko and Kuri
2007). According to the values measured for the hardness of

Table 3 The values of A, color, texture, and dimension of fresh and drying AS

Drying time  Process type Apple type A, Color Hardness Dimension
(kg-em™?) ’ -
L* b* Diameter (mm) Thickness (mm)
Before drying — Freshapple 0.9+0.02 649+5 1.6+09 245+2 8+0.32 53+0.5 7+0.2
14 hours Non-thermal 0.58 37.68 124 2291 8.75 49.95 1.8
14 hours drying 0.41 65.25 16.86 38.6 9.5 52.25 1.75
14 hours 0.49 383 17.3 31.78 9.15 52.6 2.15
7 hours Frozen apple 0.5 33.42 14.95 25.38 9.5 50.66 6.7
11 hours Convective Fresh apple  0.53 46.11 17.29 47.23 10.4 43.7 4.3
drying
10 hours Non-thermal 0.65 64.73 12.5 43.78 6.4 454 1.54
drying
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fresh AS (8 +0.32 kg/cmz) (Table 3), a slight increase in this
value is observed after non-thermal drying, which becomes
about 8.45 + 1.05 kg/cm?. After drying of the frozen AS,
an increase is also observed to give a value equal to 9.5 kg/
cm?. Similarly for convective drying, the hardness gives a
value of 10.4 kg/cm?. In comparison with other researches,
an increase in hardness is observed in the results of the study
of Li et al., on the dehydration of apple cubes by DIC from
a value equal to 69 + 17 N before drying to a value of 104
+ 24 N after drying, and a decrease in this magnitude was
reported after drying with hot air in the same study and by
the same team, and they found that the hardness decreases
from 69 + 17 N to 11 + 1 N (Li et al. 2020). The non-
thermal drying produces fruit that is slightly rigid than fresh
fruit, and this slight hardness does not have a negative effect
on teeth.

The dimensions (diameter and thickness) of the AS
before and after drying were determined (Table 3). A slight
decrease in the values of the diameter of the dried AS (50 +
1.5 mm) is observed after an initial value of 53 + 0.5 mm,
in parallel with a strong reduction of the thickness which
is reduced from 7 + 0.2 mm for the fresh AS to a value
of about 1.5 + 1.3 mm (AS dried without pretreatment).
Similarly for convective dried AS, the diameter is decreased
to 4.3 mm accompanied with a reduction in thickness
to 43.7 mm. However, for frozen SA, a slight decrease in

Table 5 The parameters of each model of AS for convective drying

Name Newton Page H-P Midilli et al.
Model constants k£ 0.2292  0.2963 0.2211 0.2420

n - 0.8354 1.1462

a - - 0.9941

b - - 0.0138
RMSE 0.04408 0.03434 0.04266 0.01148
R? 0.9726  0.9832 09740  0.9981
7 0.00212 0.00141 0.00218 0.00019

thickness and diameter is observed after 7 hours of drying.
We can conclude, after dehydration of the AS, that there is a
shrinkage in the thickness of the dried samples to give thinner
slices. A study by Hawa et al., on drying by forced convection
solar dryer on cabya fruits, shows a reduction in length by
75% and diameter by 68% (LL.a Choviya Hawa et al. 2020b).

Modeling

The NWC curves of AS dried by a non-thermal and
convective drying were regressed against 5 models to obtain
the best fitting of the experimental data. Each model was
evaluated on the basis of three statistical parameters: R, ;(2
and RMSE. Tables 4 and 5 summarize the model constants

Table 4 The parameters of each

Name Newton Page H-P M-P Midilli et al.
model of AS for non-thermal
drying Model constants k 0.2009 0.3006 0.1868 0.2088 0.2602
n 0.7673 - 0.7673 0.9685
a - 0.9392 - 1.0007
b - - - - 0.0082
RMSE 0.0480 0.0254 0.0435 0.0254 0.00006
R? 0.9846 0.9957 0.9874 0.9957 0.9989
Ve 0.0024 0.0007 0.0021 0.0007 0.00009
1 111
@ e | b)) e
o b g ol g
W o 0 +++ Midilli et al
. \§ —=-Midilli ¢t al "x ;’;
;\; 05 N 5 ‘A‘z
Yoo, R o 08
. .. \,;‘ . - o ‘; .
. S, 02 TR e e Wi Seseesen .
! 0 1 3 4 s 6 s 0 10 n 1 13 " ! 0 1 2 4 s 6 s L] " " 1
Time (h) Time (h)

Fig.6 Comparison of NWC experimental and theoretical by models of AS dried a by non-thermal drying and b by convective drying
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(k, n, a, and b) and the statistical parameters of the AS dried
by non-thermal and convective drying, respectively.

A curve plot was performed after calculating the NWC
of each model, as shown in Fig. 6a, b, which represents the
variation of NWC as a function of time of the experimental
and theoretical values of the models. It can be seen that
the model of Midilli et al. is the best adequate model with
the highest R? (0.9989 and 0.9981) value and the lowest y°
(0.00009 and 0.00019) and RMSE (0.00006 and 0.01148)
for the AS samples without pretreatment after a non-thermal
drying and convective drying, respectively.

Similar to our results, Hawa et al. studied cabya fruit
drying by sun drying. They found that the Midilli et al.
model is the most adequate model for the drying curve (L.C.
Hawa et al. 2020a). Also, Xu et al. found that the Midilli
et al. model could accurately describe the drying kinetics of
finger citron slices under HR20%, 40% ,and 60% drying by
microwave hot air drying (Xu et al. 2021).

Conclusion

Considering its nutritional value and its richness in
antioxidant substances, the apple represents an important
potential market at the national and international level.
In spite of its nutritional value, the absence of adequate
techniques of conservation limits the exploitation of this
fruit to the harvest season. For this reason, this work is
focused on the drying of apple slices to better preserve them
with a reduction of the water activity in the product by using
a non-thermal dehydration process.

This drying method allows a consistent reduction of the
water content in the AS at low temperature. The application
of a pretreatment could improve the material transfer and
consequently reduce the processing time. For that, the
impact of freezing as a pretreatment on the performance of
this process was studied. The freezing allowed to accelerate
the kinetics of water transfer and therefore reduce the drying
time from 12 hours to 7 hours. In order to characterize the
AS, analyses such as water activity, color, texture (hardness),
and dimensions (diameter and thickness) were performed
on the dried fruits using different devices. The non-thermal
drying takes a long time and can reach 40 hours for other
fruits or vegetables, than convective drying, but gives us
a good quality final product such as an acceptable color, a
natural taste, and a soft texture.

Among the five proposed drying kinetics models, the
Midilli et al. model is selected as the most adequate model
to describe both non-thermal and convective drying of AS.
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