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and predicting the changes in moisture content of tomato leathers during the drying process. The obtained results
showed that the drying rate increases with increasing temperature and infrared radiation. The highest value rec-

drying; tomato leather; mois-  qrded at 60 °C and 1000W/m? and reached 0.620155 (gw/gd.hr). The optimum treatment that achieved the high-

ture content, infrared

est quality of tomato leathers at radiation intensity of 1000W/m?, air temperature of 60°C, also the same treat-
ment recorded the Less drying time (9 hours).

1. Introduction

Egypt is the fifth largest producer of tomatoes in
the world, with a total production of about 6.245 mil-
lion tons annually, which is harvested from 150.109
thousand feddans according to (FAO, 2021).
Purkayastha et al, (2011) pointed out that tomato is one
of the world’s largest vegetable which is available
round the year. The demand of tomato is increasing
day-by day however, tomato is highly perishable in the
fresh state leading to wastage and losses during the
peak harvesting period. The prevention of these losses
and wastage is of major interest especially when there is
subsequent imbalance in supply and demand at the har-
vesting off-season. These growing market opportunities
have necessitated that tomatoes be accessible in a more
convenient form and thus led to the development of
technologies for the preservation and sale of the product
especially in a dry form.
Fruit leather is one product which will be made em-
ploying a drying process. Fruit leathers are dried sheets
of fruit pulp that have a soft, rubbery texture & a sweet
taste. Fruit leathers are often dried using various drying
techniques including sun drying, oven drying, cabinet
drying &dehydrator drying. The edible portion of fruit
(one or more types) is pureed, mixed with other ingre-
dients to enhance its physic-chemical & sensory char-
acteristics (Damodaran and Parkin, 2010).
As 17 fruit leather is formed of fruit, it's generally nutri-
tious and is usually targeted at food markets, using

marketing images like ‘pure’, ‘sun-dried’ and ‘rich in
vitamins’ (Vatthanakul et al., 2010). Fruit leather that's
made without sugar may be a healthy choice of snacks
for diabetic adults or children. The most advantage of
creating fruit leathers is to preserve food by drying and,
hence, controlling postharvest spoilage. Making fruit
leather from ripe or slightly over-ripe fruit that's not
suitable for fresh consumption will enable producers to
satisfy market demand during off season periods. for
instance, strawberries have a high post-harvest physio-
logical activity with short ripening and senescence pe-
riods which makes marketing of this high-quality prod-
uct a challenge. (Bharambhe et al., 2009).

Drying may be a simple process of excess water (mois-
ture) removal from a natural or industrial product so as
to succeed in the quality specification moisture content
(Belessiotis and Delyannis, 2011).

Recently, novel thermal hybrid drying has been identi-
fied as a viable substitute to convective drying of agri-
cultural products (Zhang et al., 2017). Specifically, the
utilization of infrared (IR) energy together with hot-air
drying (HAD) has gain significant interest within the
drying of agricultural crops due to the synergistic effect
of infrared including the heated drying air. This method
involves the distribution of hot air throughout a cham-
ber with the help of a fan/blower and an electrical heat-
er. However, this drying method is found to consume
too much energy and time, and affects the standard of
the ultimate products (Onwude et al., 2016).
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Convective hot air drying is that the commonest method
for the economic and commercial drying of agricultural
crops (An et al., 2016).

Hot air drying has two primary advantages: effective
surface water removal and minimal operating costs. It is
commonly employed in food dehydration, involves
blowing heated air over food ingredients to eliminate
moisture (Okunola et al., 2021).

Nuthong et al. (2011) showed that Infrared radiation (IR)
is a part of the electromagnetic spectrum that is pre-
dominantly responsible for the heating effect of the sun.
IR is an electromagnetic wave that has three categories
based on its wavelength: the near-infrared (NIR; 0.78-
1.4 mm), middle-infrared (MIR; 1.4-3 mm) and
far-infrared (FIR; 3-1,000 mm) (Fig. 1).The transition
of infrared radiation through water is at the NIR, which
has a short wavelength, whereas at the FIR (longer
wavelength) it is absorbed at the surface. IR drying has
several advantages over conventional drying system.
These advantages include short process time, improved
energy efficiency, uniform or even product temperature,
superior quality of final products, high degree of pro-
cess control parameters, high heat transfer coefficient,
space saving, and eco-friendliness (Rastogi, 2012). In-
frared radiation and hot air are mixed to reduce drying
time and thus increase the efficiency of the final prod-
uct. Kocabiyik et al. (2015) stated that infrared drying
of tomato provided good nutrient retention and low cost
of energy. Therefore, infrared radiation can be suggest-
ed in both nutritional and operational aspects in terms
of drying tomato slices. At present, it was applied in
different driers using infrared radiators. The mechanism
of these radiators, as an energetic advance that can give
high drying efficiency, clean environment, space saves.
Sadin et al. (2014) investigated thin layer drying of to-
mato slices using infrared dryer and hot air. The drying
tests were conducted using 3, 5, 7 mm thickness tomato
slices weighing 60 + 2 g. Drying temperature was pro-
grammed as 60, 70 and 80 °C for each experiment.
Drying rate increased with increasing temperature and
reduction thickness and thus reduced the drying time.
The effective diffusivity increased with increasing
temperature samples thickness. The effective diffusivity
values changed from 1.094 x 10-9 to 4.468 x 10-9
m?/s. The objectives of this study were to investigate
the effect of radiation intensity and drying air tempera-
ture on drying characteristics of tomato leathers and
assess the effects of the studied drying method on final
quality of the dried tomato leathers.

2. Materials and Methods

The experimental work of this study was mainly carried
out to determine the effect of radiation intensity, drying
air temperature, air velocity by the heating method in-
frared radiation and convection heating on the drying
behavior of tomato leathers. The present research work
was carried out at Rice Mechanization Center (RMC),
Meet Eldeebah village, Agricultural Research Center,
Dokki, Giza, Egypt, during 2021.

2.1. Raw material

Tomatoes used in the present study were obtained at
moisture content of 95% (w.b) which harvested and
transported to Kafr EI-Sheikh Governorate.

2.1.1. Experimental setup
Fig 1 illustrates a general view of the schematic dia-
gram of the dryer prototype used for the experimental
work. It was used for drying tomato leathers of 0.8 cm
thickness The experimental parameters of combined
Infrared radiation and convection heating method in-
cluded two different levels of infra-red radiation inten-
sity (900 and 1000 W/m?), and two different levels of
drying air temperature (55 and 60°C).

The drying bed shown in Fig 1. constructed of an iron
frame of 60 x 60 x 40cm (W*H*L) and the base of tray
was made of stainless-steel mesh. The size of sample
holding tray was 40x30x2cm. It was placed facing the
infrared lamps in vertical consequence with a distance
of 15cm between the trays and the heating sources. For
heating and temperature control of the dryer, two (1kW)
ceramic Infra-red heaters (German-750°C) were fixed
over two iron blades and assembled into the sealing of
drying chamber facing the drxiarolg trays.
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Figl. Pictorial view of the experimental setup.

For controlling the distance between the ceramic heat-
ers and the tomato leathers, two screw rods are welded
to the iron blades to allow movement of the heaters up
and down. To control the radiation intensity of the in-
fra-red heaters a digital dimmer was used. An electric
heater was used for air heating of drying chamber. The
heating circuit of chamber consists of two 1.5
kW-Italian German heaters were connected to a ther-
mocouple type (T) to control and measure air tempera-
ture, where a thermocouple was placed on tomato
leathers to measure the fruit temperature during the
drying process.

2.2. Experimental Procedure

Several steps have been taken for tomato leathers
preparation as follow: selecting, washing of ripened
tomatoes, Squeezing and preparing tomato puree, addi-
tion sugar to puree (30% ), addition of citric acid to
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puree (0.3 % ), addition of calcium carbonate to puree,
pouring puree on the trays, drying at 50 — 70 °C for
8-10 h, removing trays from dryers and cutting, pack-
aging and storage.

2.2.1. Moisture content

Initial and Final moisture content of tomato leathers
were determined according to A.O.AC. (1990) using a
German electric oven 1.5 KW (Rumo -10878) at 105°C
for 24hour.

wi-wd

M.C= —
Where:

wi: weight before drying

wy: weight after drying
2.2.2. Drying rate
The drying rate was calculated according to the follow-
ing equation:
DR="= Eq2
Where:
DR: drying rate (MC; = MC1-MCy).
T: time (min) (t=t2-t1).
2.2.3. Moisture ratio

MR= M=MS
Mo—-Mf

Where:

MR: Moisture ratio, dimensionless

M: Instantaneous moisture content during the drying
process, %(db).

Mo: Initial moisture content of tomato samples, % (db).
Me: Final moisture content of tomato samples, % (db).
2.2.4. Lewis model

This model is used to evaluate the drying process. The
model is presented in equation 4:

MR = exp (-kt) Eq 4
ki: Drying constant, mint

t: Drying time, min

2.3. Measurements and Instruments

Air temperature inside the dryer was measured by a
digital temperature and humidity meter (Model Chino
HNK). The measurements were done at hourly base
intervals. A digital fan anemometer (model TFA) was
used to determine hot air drying velocities in Hybered
drying system. The anemometer had a range of 0.1 to
30 m s and an accuracy of + 2%. Energy meter type of
CA4 N678T 40r (50-100 A) with an accuracy class 2
and voltage ratings 220 and 380 V was used to measure
electric energy consumption.

2.4. Physio-Chemical analyses of dried tomato
leathers.

Dried tomato leathers quality was measured in terms of
Ascorbic acid (Vitamin c) and Carotenoids (Vitamin A)
at different levels of infrared radiation intensity, drying
air temperature and slice thickness according to the
method reported in (Demiray et al. 2013).

Dried tomato leathers quality was measured in terms of
total protein , total calcium and total solids according to
the method reported in (Sarkar et al. 2018) also total ash
was measured according to the method reported in
(Sarkar et al. 2018).

Eq1l

Eq 3

3. Results
3.1 The effect of drying air temperature and infra-

red radiation levels on tomato leathers drying curve

Tomato leathers were dried from 95% (w.b) to a safe
final moisture content of 10+2% (w.b) by combining
infrared drying and hot-air convection system under
different treatments. Fig. 2 represents the variation of
the MC in tomato leathers with drying time at drying air
velocity of 0.5m/s, drying air temperature 60 and 55 °C
respectively, tomato leathers thickness of 0.8 cm and
two different levels of infrared radiation 1000 and 900
W/m? respectively. The drying runs were stopped when
the final moisture content reached about 10£2 % (w.b.).
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Fig2. The influence of infra-red radiation intensity and
drying air temperature on tomato leathers moisture
content at drying air velocity 0.5 m/s and thickness of
samples 0.8 cm.

3.2 The effect of drying air temperature and infra-
red radiation levels on tomato leathers drying rate

Fig 3 shows that the changes in drying rate (gw/gd.h:)
as a function of drying time at drying air velocity of
0.5m/s , drying air temperature of 60 and 55 , toma°C to
leathers thickness 0.8 cm and two different levels of
infrared radiation 1000 and 900 W/m? respectively. The
highest value recorded at 60°C and 1000W/m? and
reached 0.620155 (gw/ga.h).
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3.4. Thin layer drying equations

The obtained data was employed to examine and anal-
yses the applicability of thin layer drying models (Lew-
is's equations) on describing and simulating the drying
data. In this part of study, an analysis of thin layer dry-
ing of tomatoes leathers under different combination
of drying air temperature (55 and 60°C) and infra-red
radiation intensity (1000 and 900 W/m?) was carried
out.

3.4.1. Calculation of drying constant (k) for Lewis's
equation

The values of drying constant (k) for the Lewis's model
could be obtained from the exponential relationship
between the moisture ratio (MR) of the tested sample
versus drying time (t). Fig 6 presents this exponential
relationship at the maximum radiation intensity of 1000
and 900 W/m? and drying air temperatures of 55°C and
60 °C.

o

Drying time, min

0 100 200 300 400 500 600 700

Fig3. The influence of infra-red radiation intensity and
drying air temperature on tomato leathers drying rate at
drying air velocity 0.5 m/s and thickness of samples 0.8
cm. on tomato leathers drying rate.

3.3 Influence of drying parameters on the change in
tomatoes leather moisture ratio

Fig 4 illustrates the change in tomato leathers moisture
ratio as related to drying time at different levels of dry-
ing air temperature and infrared radiation.
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Figd.Tomatoes leathers moisture ratio as related to
drying time at different levels of infrared radiation and
different drying air temperature.
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Fig5. Determination of the drying constant; (k) of
Lewis's equation at the maximum radiation intensity of
1000 and 900 W/m2 and different drying air tempera-
ture levels.

Tablel. : Drying constant (k) for Lewis equation at
different levels of infrared radiation and drying air
temperature.

Infrared radia- Drying constant (k)
tion (W/m?)
Drying air temperature (°C)
55 60
1000 0.004 0.005
900 0.003 0.004

3.5. Chemical analysis of tomatoes leathers

3.5.1. Ascorbic acid (Vitamin ¢)

The range of ascorbic acid of tomato leathers was from
205 to 218 mg/100g. The tomato leathers dried at radia-
tion intensity of 1000W/m?, air temperature of 60°C,
drying air velocity 0.5 m/s and slices thickness of 0.8
cm recorded the highest ascorbic acid content of 213
mg/100g.

2.4.2. Carotenoids (Vitamin A)

The range of Carotenoids of tomato leathers was from
0.25 to 0.38 mg/100g. The tomato leathers dried at ra-
diation intensity of 1000W/m2, air temperature of 60°C,
drying air velocity 0.5 m/s and slices thickness of 0.8
cm recorded the highest Carotenoids content of 0.30
mg/100g.

2.4.3. Physio-Chemical analyses

The tomato leathers dried at radiation intensity of
1000W/m?, air temperature of 60°C, drying air velocity
of 0.5 m/s and slices thickness of 0.8 cm recorded the
highest total calcium content of 0.8%. The highest mean
of total solid of 75.2% was recorded at radiation inten-
sity of 1000W/m?. The tomato leathers dried at radia-
tion intensity of 900W/m?, air temperature of 55°C,
drying air velocity of 0.5 m/s and slices thickness of 0.8
cm recorded the highest total Protein of 4.31%, also
total ash recorded the highest value at the same treat-
ment by 5.35%.

4. Discussion

Fig 2 shows that with increasing temperature and infra-
red radiation drying time decreases. it was observed that
for tomatoes leathers of 0.8 cm and drying air tempera-
ture of 60 °C its moisture content reaches the safe level
of moisture content for storage after 9 to 9.5 hours re-

spectively at infrared radiation level of 1000 and 900
W/m? respectively, for tomatoes leathers 0.8 cm and
drying air temperature 55 °C after 11 and 11 hours re-
spectively at infrared radiation level 1000 and 900
W/m? respectively. These results agree with those pub-
lished by (E. E et al. 2011) Fig3 indicated to in the be-
ginning the drying rate was high as a result of the be-
ginning high moisture content. But with the time drying
rate was decrease due to the decrease in tomato leather
thickness moisture content. The drying rate increases
with increasing temperature and infrared radiation.
These results agree with those published by (Cesar et al.
2012) As shown in the fig 4, the reduction in moisture
ratio of tomatoes leathers varied with the experimental
treatments and it increased with the increase of radia-
tion intensity, and the drying air temperature. It was
observed that with increasing drying air temperature,
drying time decreased. These results agree with those
published by (Sadin et al. 2017).

5. Conclusions

The current research focused on the variation of the MC
and DR by combined of infrared drying and hot-air
convection system. Under different operating conditions
of air velocities of 0.5 m/s and air temperatures 55 and
60 °C, The following conclusions were reached:
1-Increasing the air velocity and temperature caused a
significant decrease in the drying period.

2-Increasing the infrared radiation caused a significant
decrease in the drying period.
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