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RESUMEN

En este trabajo la deshidratacion osmética (DO) y el secado con aire caliente se combinan para producir mango
cristalizado conservando las propiedades organolépticas de la fruta fresca. El mango se procesa en cilindros
de 1.5cm de didmetro por 2cm de altura. Estos se deshidratan osméticamente durante 72 horas y luego se
secan con aire a 35°C hasta alcanzar concentraciones de 68 grados Brix (°Bx) y 72°Bx. El tratamiento se inicia
con un pretratamiento osmotico (PO), utilizando soluciones de sacarosa a 25, 35, 45, 55 y 65°Bx, aplicando
un pulso de vacio (50 mbar) durante 10 minutos, después del cual las muestras se mantienen durante 20
minutos mas a presién atmosférica. A continuacion, las muestras se sumergen en solucién de 65°Bx y se
mantienen a presién atmosférica, hasta alcanzar 72 horas de tratamiento total. De la misma manera, se trata
otra muestra usando una concentracién de sacarosa de 45°Bx durante todo el proceso. Se caracterizan las
muestras secas analizando masa, volumen, humedad y s6lidos solubles. Las pérdidas de masa y volumen son
mis bajas para las muestras que se tratan con 25, 45 y 65°Bx durante el pretratamiento osmético. También se
observa que a 25°Bx las muestras ganan una cantidad mds alta de sélidos solubles al compararlas con el resto
de las muestras mientras que la difusividad de agua durante el proceso de secado es mayor para las muestras
tratadas en soluciones menos concentradas durante el pretratamiento osmético.
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ABSTRACT

In this work, osmotic dehydration (OD) and air drying (AD) are combined in order to produce crystallized
mango keeping the organoleptic properties of the fresh fruit. Mango fruits are cut into cylinders of 1.5cm
diameter and 2cm height; they are osmotically dehydrated during 72 hours and then dried with air at 35°C
to reach 68 and 72 Brix degrees (°Bx). The treatment begins with an osmotic pre-treatment (OP), with
different sucrose solutions at 25, 35, 45, 55 and 65°Bx and applying a vacuum pulse (50mbar) during 10
minutes, after which the samples are left 20 minutes more to atmospheric pressure. Next, the samples are
submerged into a solution of 65°Bx and are left to atmospheric pressure until reaching 72 hours of total
treatment. In the same way, other sample is treated with a 45°Bx sucrose concentration solution during the
whole process. The dry samples are characterized by analyzing the amounts of mass, volume, moisture and
soluble solids. Mass and volume losses are lower for the samples treated with 25, 45 and 65°Bx solutions
during the osmotic pre-treatment. It is also observed that the 25°Bx sample gains a significantly higher
amount of soluble solids compared to the rest of the samples, while water diffusivity during the drying
process is higher for the samples treated in less concentrated solutions.
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INTRODUCTION

Dehydrated tropical fruits are used nowadays
to produce candy fruits or as a garnish in pastry
making. However their use as a raw material to
elaborate products such as breakfast snacks, jams,
dairy products with fruits, jellies, ice-creams, sauces
and desserts, is not a common practice. In Latino
America some works have been carried out using
combined methods of preservation for mango,
pineapple and peach, providing good results for
products with intermediate moisture content whi-
ch means a useful life up to 4 months of storage at
room temperature (1).

The osmotic pre-treatment (OP), is a process
that helps to diminish the detrimental changes that
can take place during the processing or storage of
plant tissues. OP has been previously used in the
dehydration of fruits to produce candy pineapple
with non-thermal treatments (2). Samples were
vacuum impregnated in sucrose solutions at con-
centrations of 25, 35, 45, 55 and 65 Brix degrees
(°Bx). Samples were then equilibrated immersed in
a 65°Bx sucrose solution, the samples with the better
quality, yield and organoleptic properties were the
samples impregnated in a 25°Bx sucrose solution,
dehydrated for 24 hours in a 55°Bx solution and
finally equilibrated in a 65°Bx solution for 48 hours.
Likewise, some authors propose that in osmotic
dehydration processes, sucrose acts lowering the
water activity in the sample (3); in this sense, sugar
concentration has a greater effect than the tempe-
rature in the preservation of the product for longer
periods of time.

There are several works about dehydration of
mango fruit, one of them (4) shows the advantage
of increasing solutions concentration for further
dehydration in processes where a vacuum pulse is
applied. It has been previously demonstrated that an
osmotic dehydration treatment reduces the drying
time of mango samples up to 75 % when compared
to fresh samples (5,6).

Dried fresh mango slices (var. Manila) have
been treated with air at various temperatures 50,
60 and 70°C and two different air velocities 0.5 and
1.75m/s (7). From their experimentation, the au-
thors concluded that the external convection is the
main mechanism responsible for the heat transfer
while the internal water diffusion is the mechanism
responsible for the overall transfer. In another work,
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the authors frosted mango in cubes of 2cm, scalded
the samples for 10 min and transferred them to a
sucrose:glucose (9:1) solution at 30°Bx with pH
4. Mango samples were hold for 48 hours until
osmotic equilibrium was attained, and then the ini-
tial solution was replaced for higher concentration
solutions. After 19 days, the concentration solution
was 76.5°Bx and the fruit reached 71.6 °Bx (8).

Other investigation (9) scalded and dehydrated
mango in a sugar solution of 60°Bx for 6 hours. After
the osmotic dehydration treatment the samples were
dried for 21 hours in a stove with air circulation, the
results being so promising so that they considered
this combined drying methods as a technological
alternative for the conservation of mango fruit.

The aim of this work was the optimisation of
the candy process in mango fruit using osmotic
dehydration treatments for long periods of time
combined with hot air-drying. The variables were
the sugar solution concentration during the vacuum
pulse and the final moisture content after the drying
process.

MATERIALS AND METHODS

Raw material

The mango (Mangifera indica var. Kent) was
purchased in a local market and selected according
to a similar ripeness degree. Each fruit was peeled
and cut into parallel pieces to the bone obtaining
cylinders of 1.5cm height and 2cm diameter, fresh
fruit was characterised measuring the moisture and
soluble solids content as well as the water activity.

Osmotic pre-treatment (OP)

The osmotic pre-treatment was carried out in
two steps; in the first one, a vacuum pulse was
applied to the samples immersed in different osmo-
tic solutions and in the second step the samples were
placed in a concentrated solution and held there to
attain the osmotic equilibrium. The cylinders were
immersed in sucrose solution (25, 35, 45, 55 and
65°Bx), the sample: solution ratio was 1:20. A va-
cuum pulse of 50 mbar was applied for 10 minutes,
after which the atmospheric pressure was restored
for 20 minutes. In the second step, the samples were
transferred to a 65°Bx solution. All samples were
osmotic dehydrated for a total time of 72 hours,
which is the estimated time to reach the equilibrium
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according to the water activity (a ) measurements
of the mango samples and final sucrose solution.
Another experiment was carried out in which the
mango fruits were processed in a 45°Bx solution
(10). The moisture and soluble solids content of
the mango samples were analysed at the end of the
osmotic treatment. Volume and mass changes were
also determined.

Drying period

The osmotic dehydrated cylinders were dried
with air at 35°C until the soluble solids concen-
tration in the liquid phase (z) was 0.68 or 0.72.
From the initial values of the moisture content and
soluble solids content the loss of mass during the
process drying was calculated in order to achieve the
required concentrations. At the end of the drying
process, the mechanical properties of the samples
were evaluated as well as the moisture and soluble
solids content, mass and volume changes.

Analysis

The volumes of the samples were measured
with a picnometer using the respective isotonic
solution. The mass was determined by gravimetry
in an analytic scale with four significative numbers.
The moisture content was determined drying the
samples in a vacuum oven at 60°C until constant
weight was reached (11). Water activity (a ) was
determined with a dew point hygrometer (Deca-
gon, model Aqualab CX3) and the soluble solids
content of the samples previously homogenized was
determined with a refractometer (model 89553 3T).
Mechanical assays were performed using a texture
analyser Stable Micro Systems TAXT2. Samples
were positioned vertically on the slotted platform;
the cylinders were cut/compressed parallel to the
main axis of them.

RESULTS AND DISCUSSION

The mango fruits were processed keeping in
mind the system of combined drying methods,
osmotic pre-treatment and air-drying. The two
processed lots reached mass fractions of soluble
solids in the liquid phase (zs) of 0.68 and 0.72. It was
used like methodological principle the observations
made by (2,3,8,12).

PRODUCT CHARACTERIZATION

Physicochemical properties of the fresh fruit

The moisture content of the fresh mango fruit
was 0.83 £0.03, the water activity 0.983 £ 0.005 and
the soluble solids content 0.14 + 0.03; similar to that
previously determined in other lost. (10).

Variation in mass, volume of the liquid pha-
se, moisture and soluble solids content during
the periods of candy process

The candy process took place in two periods:
A first period which consisted in a pre-treatment
of osmotic dehydration and a drying period. Mass,
volume, moisture and soluble solids content were
registered for all the samples in each period. From
these data the next values were calculated: mass chan-
ges, AM (equation 1); volume changes, AV (equation
2); variations in liquid phase volume of the samples,
AV, (equation 3); water loss, AM_ (equation 4) and
soluble solids gain, AM_ (equation 5).
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Where:

M, = initial sample mass (Kg).

M, = sample mass at time t (Kg).

V, = initial volume sample (m’).

V. = sample volume at time t (m”).

(x,),= Mass fraction of soluble solids at time 0 (°Bx).
(x,), = Mass fraction of soluble solids at time t (°Bx).
(x,), = Mass fraction of water at time 0 (Kg/Kg).

(x,,), = Mass fraction of water at time t (Kg/Kg).
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Table 1 shows the moisture content, Brix degrees, soluble solids content and mass changes of the sam-
ples once osmotic treatment was finished. As it was expected, the soluble solid content in the fruit after 72
hours of osmotic treatment was very similar to the soluble solid content of the respective solution. From
previous works 72 hours of process was considered the proper time length to reach the equilibrium.

Table 1. Moisture (x),., Soluble solids (x_),., Brix degrees (°Bx),, and variation of mass (AM,,,) at the end of
the osmotic dehydration of the different treatments of mango cylinders

Pre-treatment Treatment (X, )po (Xss)po (°BX)pq AM,,,
25°Bx 65°Bx 0.35 0.59 63.0 -0.390+0.204
35°Bx 65°Bx 0.35 0.62 64.2 -0.423+0.126
45°Bx 45°Bx 0.57 0.38 39.7 -0.211£0.070
45°Bx 65°Bx 0.32 0.58 64.8 -0.449+0.089
55°Bx 65°Bx 0.35 0.60 63.1 -0.511+0.031
65°Bx 65°Bx 0.33 0.60 64.6 -0.506+0.057

At the end of the pre-treatment, mass changes were greater with solutions of higher concentration,
which is in coherence with the observations of other authors (10,13). This is the result of increasing so-
luble solids gain instead of water loss as concentration/viscosity of the solution increases. The treatment
45-45 treatment (pre-treatment at 45°Bx and treatment at 45°Bx) resulted in lower mass changes as well
as soluble solids content and in a higher moisture level during the equilibrium period due to the low
concentration of the osmotic solution.

Table 2 shows the moisture content, Brix degrees, soluble solids content and mass changes of the
samples during the drying process until two different levels, 68 and 72°Bx, were reached. The values
obtained for the Brix degrees were very close to the preset values except for the 45-45 treatment, these
samples offered resistance to the drying, probably due to the compositional changes occurred during the
osmotic treatment in which solutes gain was very high.

Table 2. Moisture (x_ ), soluble solids (x_), Brix degrees (°Bx), and variation of mass AM; at the end of the stage
of drying of the different treatments of mango cylinders

68 °Bx (DHA)

Pre-treatment Treatment (X ) (Xs)s (°Bx), AM
25°Bx 65°Bx 0.306+0.014 0.630+0.012 67.3+1.3 -0.320+0.019
35°Bx 65°Bx 0.309+0.004 0.661+0.004 68.1£0.4 -0.566+0.006
45°Bx 45°Bx 0.313+0.051 0.600+0.045 65.8+5.4 -0.473+0.192
45°Bx 65°Bx 0.294+0.012 0.601+0.010 67.1£1.3 -0.613+0.010
55°Bx 65°Bx 0.312+0.008 0.634+0.008 67.0£0.8 -0.614+0.011
65°Bx 65°Bx 0.314+0.010 0.619+0.009 66.3+1.0 -0.637+0.014

72 °Bx (DHA and MW)

Pre-treatment Treatment (%) (Xso)s (°Bx), AM,
25°Bx 65°Bx 0.251+0.011 0.673+0.010 72.8+1.1 -0.465+0.184
35°Bx 65°Bx 0.269+0.004 0.700+0.004 72.2+0.4 -0.4850.112
45°Bx 45°Bx 0.297+0.039 0.614+0.034 67.5+4.1 -0.510+0.067
45°Bx 65°Bx 0.243+0.011 0.644+0.009 72.6%1.2 -0.503+0.080
55°Bx 65°Bx 0.268+0.016 0.675+0.015 71.6£1.7 -0.566+0.032
65°Bx 65°Bx 0.256x0.012 0.672+0.011 724412 -0.555+0.054
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Figure 1 shows the mass changes during the OP
and during the drying process for the two concen-
tration levels. In the osmotic stage, the treatments
25-65 and 35-65 showed a great variability in mass
losses. During the drying stage, the samples equili-
brated with 45 °Bx solution lost more mass due to its
lower initial concentration value. For the remaining
treatments the differences were not statistically sig-
nificant. The best yields in the candy process were
established according to the total mass losses, in this
sense the treatments 25-65 and 45-65 resulted in
lower mass losses for the same final level of soluble
solids concentration. It has been observed that the
impregnation with diluted solutions also restrains
the mass losses during pineapple candy process (2).
On the other hand, it was previously reported that
treatments with sucrose at 45°Bx increases solutes
gain (10) which will have a relevant effect in the
process efficiency.
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Figure 1. Mass variations in the stages of osmotic
dehydration and drying of mango cylinders.

Volume sample changes at the end of the candy
process are shown in figure 2. There were no signi-
ficant differences between samples caused by any of
the analysed factors: different osmotic treatments or
final drying level. The response of different samples
to the same treatment presented a great variability
in volume changes.
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Figure 2. Volume variations in the stages of osmotic
dehydration and drying of mango cylinders.

The moisture loss and solids gain in the dehydra-
tion processes, which were calculated from equatio-
ns 4 and 5, and are shown in Figure 3. During the
osmotic treatment, moisture losses were higher as
the solution concentration was higher. It could be
said that the vacuum impregnation period had an
effect on the samples treated with higher concentra-
tion solutions although the effect of the equilibrium
period on the dehydration was more relevant, due
to the osmotic and diffusion eftect caused by the
viscosity and concentration solution (10,13). The
air drying process resulted in minimal additional
water losses as the mass fractions of the soluble so-
lids content in the liquid phase of the samples (zs)
were very close to the preset values after the osmotic
treatment. The 45-45 treatment was the exception as
it reached the equilibrium in the osmotic solution at
alower concentration (z, =0.45), this lower concen-
tration increased the ratio of soluble solids gain to
water loss, helping to preserve the sample shape and
volume. Solution concentration and viscosity had a
direct effect on solutes gain, since 25-65 and 45-45
treatments resulted in higher solids concentrations
without damaging the cellular tissues.

The drying stage decreased the differences
among the final moisture content of the cylinders,
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this is one of the reasons why the drying process was
used as a way to provide the samples the required
stability to increase the life of the candy mango
storage at room temperature (Figure 3)
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Figure 3. Losses and gains of water in the processes of
the drying of mango cylinders

Volume variations

The total volume loss is plotted versus volume
loss of the liquid phase at the end of the candy pro-
cess for all different treatments. The candy process
with a final level zs=0.68, showed a volume loss
of the liquid phase smaller than the total volume
loss, this eftect could be caused probably by the
solubilization of the sucrose. The forces generated
as a consequence of the water loss results in the
shrinkage of the tissue and the loss of porous. The
opposite situation appeared when samples were
dried up to zs=0.72, in this case the total volume
loss was smaller than the liquid phase volume loss
(with the exception of 45-45 treatment), the smaller
total volume loss implies an increase in porosity
which could be caused by the formation of sucrose
crystals during storage as a consequence of the lower
moisture level (figure 4).
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Figure 4. Variation in the volume of the liquid phase
and total volume of mango cylinders dried oft by

combined method.
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Drying curves

Figure 5 shows the drying curves for the different
treatments. As it was expected samples processed ac-
cording with the 45-45 treatment presented higher
drying times due to the higher amount of water in
the samples at the end of the osmotic treatment and
the distribution of the water inside the sample.
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Figure 5. Drying curves of mango cylinders with hot air.

The diffusivity of the water was calculated from
equation 6 (14). In figure 6 it is observed that the
diffusivity was highest for the 25-65 and 45-45
treatments due to the better distribution of the
water inside the solid matrix as a response to the
concentration/viscosity balance.

—i - 1 ( "')f i ]_
bsir, t) bs.e WL /
X bsi X bs.c n=0 ()\‘n L )2 (6)
donde:

De = Effective diffusivity (m?/s)
L = half height of the cylinder (m)
t = time (s)
Xi g = Water content
(Kg water/Kg soluble solids)

X0 = Initial water content
(Kg water/Kg soluble solids)

X,.. = Water content at equilibrium (Kg water/ Kg
soluble solids)

An = Characteristic value for the repetitions (m™).
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Figure 6. Effective Diffusion of the moisture of the
mango cylinders, during the drying with current of
hot air.

Mechanical properties: Compression assay

The mechanical properties of the processed can-
dy mango were evaluated according to the response
of the samples to a compression/shearing assay.
Three different treatments were evaluated: Samples
dried up to zs=0.68, a second set of samples dried up
to Zs=0.72 and for the third treatment an additional
storage stage was included after drying the samples
up to zs=0.72. Storage conditions were RH content
of 0.72 at room temperature.

The Figure 7 shows the compression force versus
the distance during the mechanical assay of mango
cylinders processed combining osmotic dehydration
and air drying. Each curve represent the average
curve for each candy process.
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Figure 7. Cutting forces from the mango cylinders
at different concentrations of solutions osmotic and
different drying processes.

There were no significant differences in the
response of the samples dried up to zs=0.68 and up
to zs=0.72, this can be due to the small differences
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in the soluble solids concentration at the end of the
process and to the short availability of time to crysta-
llize the sugar. On the other hand, when comparing
samples dried up to zs=0.72 without storage with
the stored ones, it can be observed that the storage
increased the hardness of the samples probably due
to the sugar crystallization. The different osmotic
treatment caused different sample textures; from
soft samples (45-45) to very hard samples (45-65
with storage).

Difterences between osmotic treatments for the
same candy process are shown in Figure 8. In most
of the cases the stored samples dried up to 72°Bx
exhibited higher compression forces, probably due
to the case hardening effect during the air drying
process and to the sugar crystallization during the
storage stage. 25-65 and 45-45 treatments didn’t
show differences among the three candy processes,
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