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ABSTRACT 
 
The objective of the present study was to study the effect of the variables of the osmotic dehydration process on 
sliced Fuji apples (Malus domestica) using a 2 x 32 factorial design. The variables studied in the apple slices were 
the pretreatment (blanching or acidification), the temperatures (30, 45 and 60ºC) and the FOS concentration (40%, 
50% and 60% m/v) of the osmotic solution. There was no difference among the pretreatments for the water activity 
and titratable acidity. The slices pre-treated by the acidification presented less enzymatic browning (greatest 
luminosity L* value) combined with a greater soluble solid contents (thus, this treatment was selected). Treatments 
T4 (45ºC and 40% m/v) and T7 (60ºC and 40%m/v), using the acidification presented responses within the 
recommended standards and FOS were validated by the repetition. 
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INTRODUCTION 
 
Osmotic dehydration is the process of removing 
water by immersing the fruit and vegetables in a 
hypertonic solution (Lereci et al. 1985). Although 
it does not produce completely stable products, it 
is used as a pretreatment for the processes such as 
drying, freezing, chilling and pasteurization. Its 
main advantages are reduced losses of sensorial 
characteristics of the food accompanied by the 
texture improvement, increased pigment stability, 
modified sugar-organic acid ratio and reduced 
energy costs (Lewicki and Lukaszuk 2000, Rauolt-
Wack 1994). Use of the functional ingredients in 
this process is an alternative to aggregate the 
nutritional value or physiological functionality to 
the products. 

In Brazil, as in many other countries, the fructo-
oligosaccharides (FOS) are considered as 
ingredients and not food additives and, as in other 
countries, they are considered fibers source. Their 
ingestion may be associated to the flatulence, 
which is more obvious in lactose intolerant 
individuals. The harshness of this type of symptom 
is associated to the FOS dose consumed, that is, 
when the ingestion of a daily 20-30g portion 
usually results in the onset of the discomfort, and 
the recommended doses are about 10g.day-1 
(Búrigo et al. 2007, Hauly and Moscatto 2002, 
Mussatto and Mancilha 2007, Passos and Park 
2003, Qiang et al. 2009). 
Natural phenolic compounds in the fruits and 
vegetables in the presence of PPO and oxygen are 
oxidized to o-quinone that subsequently 
polymerizes nonenzymatically to brown pigments 
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(Sapers 1993). This browning process leads also to 
a change in flavor and a reduction in the nutritional 
quality, especially ascorbic acid loss. The most 
important factors that determine the rate of fruit 
and vegetable enzymatic browning are the 
concentrations of active PPO and phenolic 
compounds, pH, temperature, and oxygen 
availability in the tissue. Oxygen and pH also 
influence subsequent nonenzymatic browning 
(Martinez and Whitaker 1995). 
PPO is not a heat resistant enzyme, and therefore, 
heat treatment between 70 and 90°C for a short 
period is sufficient to inactivate it and prevent 
undesirable reactions in the product (Chutintrasri 
and Noomhorm 2006). This process is much used 
as the pretreatment for canning, freezing and 
dehydration. The optimum pH of this enzyme is a 
between 6 and 7, and it is inactivated at pH below 
4 (Araújo 2004, Haminiuk et al. 2005). 
The blanching pretreatment on the osmotic 
dehydration has been used to decrease 
substantially the metabolic structural changes in 
the carrots in long-term storage (Escobar et al. 
2007). Borin et al. (2008) used blanching before 
the osmotic dehydration and found increased 
acceptance of the product after drying, since the 
sensory analysis of non-blanched pumpkins (C. 
moschata) osmotically dehydrated with sucrose 
and sodium chloride showed rejection of the taste 
of the raw vegetable by some tasters. Moreover, 
the blanching pretreatment before osmotic 
dehydration of under investigated conditions 
proved to increase the solid gain in comparison 
with the samples without pretreatment and were 
characterized by higher water loss when compared 
with frozen fruit (Kowalska et al. 2008).  
Matusek et al. (2008) studied the osmotic 
dehydration process in apple cubes at 
concentrations of 40, 50 and 60% sucrose or FOS, 
at 40, 50 and 60°C for 20, 30 and 40 minutes. The 
moisture content, water and mass loss and solid 
gain were influenced by the temperature, time, 
concentration and type of osmotic agent. The 
authors concluded that these ingredients could be 
used for fruit osmotic dehydration, but because of 
the FOS molecular size, there was less diffusion 
compared to sucrose. Water loss with FOS was 
lower compared to sucrose. However, at higher 
temperatures and concentrations in the osmotic 
process, water loss was greater in the solutions 
with FOS than with sucrose. 
According to Rastogi et al. (2002), the parameters 
that influence the weight loss and solid gain could  
 

be summarized as osmotic solution concentration 
and temperature, agitation, food to osmotic 
solution ratio, food structure (porosity, etc.), shape 
and size (which determined the surface area and 
resistance for mass transfer in the form  
and thickness), nature and molecular weight of  
the osmotic solute and pressure (high  
pressure, ambient or vacuum). 
Response surface methodologies (RSM) can be 
used in order to improve the quality of osmotic 
dehydrated products by optimizing the processing 
variables. The RSM provide a relatively smaller 
number of experiments and the study of several 
variables at the same time as, for example, osmotic 
solution concentration, temperature, time and 
agitation of the osmotic process (Abud-Archila et 
al. 2008, Fernandes et al. 2006, Ozdemir et al. 
2008, Uddin et al. 2004, Vega-Gálvez et al. 2007). 
The objective of the present study was to 
investigate the effect of the variables of the 
osmotic dehydration process (pretreatments of 
apple slices, osmotic solution temperature and 
FOS concentration) in apple (Malus domestica) 
slices using a factorial design and response surface 
analysis. 
 
 
MATERIAL AND METHODS 
 
Fruits from three apple cultivars (Fuji, Red Golden 
and Gala) were purchased from the local market in 
Londrina, PR, Brazil and stored in plastic bags at 
5°C until processing. 
The ingredient used as solute in the osmotic 
dehydration was Beneo Orafti® P95, containing 
93.2% fructo-oligosaccharide and 6.8% de 
glucose, fructose and sucrose, according to the 
manufacturer. 
A 2 x 32 factorial design was used with one 
repetition at the central point, with one qualitative 
and two quantitative variables, totaling 20 
experiments. The factors were pretreatments for 
enzymatic inactivation (blanching or 
acidification), solution temperature (30, 45 and 
60°C) and fructo-oligosaccharide concentration in 
the solution (40, 50 and 60% m/v) (Table 1). 
The fruits were washed with neutral detergent, 
disinfected in a hypochlorite solution (Carnelossi 
et al. 2005) and cut in the slices approximately 5 
mm thick in the horizontal direction (transversal to 
the axis) without removing the peel (for the 
transference of radial mass to the plate). The seeds 
were removed with the core using a coconut 
perforator. 
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Table 1 - 2 x 32 factorial design for osmotic dehydration of apple slices and physical chemical properties of 
osmotically dehydrated apple slices. 

 Codified 
variables 

Original variables Moisture Soluble solid 
contentes (ºBrix) 

Aw ºBrix/ 
acidity 

E x1 x2 Z T¹ [FOS]² PT In natura 85.44±0.42 13.03 ± 0.00 0.980 ± 0.00 12.50 

1 -1 -1 2 30 40 A 74.29 ± 2.10 33.31 ± 1.06 0.978 ± 0.00 11.31 
2 -1 0 2 30 50 A 66.51 ± 1.60 44.06 ± 0.25 0.971 ± 0.00 31.66 
3 -1 +1 2 30 60 A 60.02 ± 4.77 41.89 ± 1.75 0.961 ± 0.00 28.20 
4 0 -1 2 45 40 A 72.24 ± 3.19 31.07 ± 0.76 0.976 ± 0.00 28.12 
5 0 0 2 45 50 A 61.51 ± 1.87 38.65 ± 0.76 0.964 ± 0.00 29.96 
6 0 +1 2 45 60 A 56.43 ± 2.58 43.14 ± 0.71 0.949 ± 0.00 20.95 
7 +1 -1 2 60 40 A 62.52 ± 0.56 34.65 ± 1.06 0.972 ± 0.00 32.48 
8 +1 0 2 60 50 A 50.15 ± 1.80 48.30 ± 0.60 0.942 ± 0.00 45.22 
9 +1 +1 2 60 60 A 43.53 ± 0.47 55.74 ± 0.61 0.930 ± 0.01 39.49 
10 0 0 2 45 50 A 63.55 ± 3.32 38.56 ± 0.50 0.967 ± 0.00 25.38 
11 -1 -1 -2 30 40 B 66.32 ± 0.84 31.00 ± 0.50 0.981 ± 0.00 50.90 
12 -1 0 -2 30 50 B 56.11 ± 1.19 40.07 ± 0.76 0.960 ± 0.00 58.23 
13 -1 +1 -2 30 60 B 56.38 ± 2.35 42.23 ± 0.76 0.963 ± 0.00 72.35 
14 0 -1 -2 45 40 B 63.59 ± 1.54 35.14 ± 0.00 0.977 ± 0.00 88.56 
15 0 0 -2 45 50 B 59.14 ± 0.54 41.14 ± 2.08 0.980 ± 0.00 94.93 
16 0 +1 -2 45 60 B 50.67 ± 3.05 46.89 ± 4.48 0.943 ± 0.00 84.33 
17 +1 -1 -2 60 40 B 59.58 ± 0.43 39.31 ± 1.61 0.979 ± 0.00 72.47 
18 +1 0 -2 60 50 B 49.41 ± 4.16 46.47 ± 0.58 0.962 ± 0.00 70.40 
19 +1 +1 -2 60 60 B 45.88 ± 1.51 53.94 ± 1.04 0.937 ± 0.01 75.02 
20 0 0 -2 45 50 B 59.32 ± 1.69 39.81 ± 1.44 0.973 ± 0.00 80.80 

E = experiment; PT = pretreatments, A = acidification, B = blanching, Aw = water activity. 
¹Osmotic solution temperature (ºC). 
²FOS concentration in the osmotic solution (%m/v). 
 
 
The following pretreatments were used for the 
enzymatic inactivation of the apple slices: 
a) Blanching by immersing the apple slices in 
water at 70°C for three minutes and cooling in a 
water bath at room temperature for five minutes 
(Haminiuk et al. 2005); 
b) Acidification by immersing the apple slices in 
1% (m/v) citric acid solution at room temperature 
for 15 minutes (Matusek et al., 2008). 
The fruit:solution ratio in the osmotic dehydration 
was 1:10 m/v (Dionello et al. 2007, Elias et al. 
2008, Matusek et al. 2008). After the process, the 
solution excess on the surface of the slices was 
removed with paper towel (Matusek et al., 2008). 
The soluble solid contents, moisture, titratable 
acidity and acidity in the organic acid (malic acid), 
pH, proteins, ash and total solids were determined 
according to the analytical norms of the AOAC 
(1994). Water activity was determined in 
AQUALAB equipment, model Cx-2 (Decagon), at 
25ºC. The color of the samples was determined the 
CIELAB system parameters L*, a* and b*, where 
L* defines the luminosity (L* = 0 black and L* = 
100 white) and a* and b* determine the 
chromaticity (+a* = red and –a*= green, +b* = 

yellow and –b* = blue). The cylindrical 
coordinates H* and C* from equations 1 and 2, 
respectively (Hunterlab 1996), where C* defines 
the chromaticity (color intensity, the chrome 
values close to zero determine neutral colors and 
those nearer to sixty determine vivid colors), and 
H* is the tone, zero = red, 90 = yellow, 180 = 
green and 270 = blue).  








=
*a

*b
arctanH*                         (1) 

 

22 *b*aC* +=                                     (2) 
 

The analyses were carried out in triplicate with the 
samples before and after the osmotic dehydration, 
except for the color analysis where six repetitions 
were carried out. 
The water loss (WL) and solid gain (SG) were 
estimated according to equations 3 and 4 (Sharma 
et al. 2000): 
 








 −=
0

0100
M
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WL t                         (3) 

 

where: WL = percentage of water loss compared 
to the initial mass (%), x0 = initial water mass in 
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the product (g), xt = water mass in the product at 
time t (g), M0 = initial product mass (g) 
 








 −=
0

0

M
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where: SG = solids percentage gain compared to 
initial product mass, Ms0 = initial dry mass (g), 
Mst = dry mass at time t (g), M0 = product mass at 
initial time (g). 
The statistical analysis was carried out by the 
Statistica® 7.0 software including the parameter 
estimation and analyses of variance for multiple 
linear regressions at a 5% level of significance. In 
this design, the main effects and the interactions 
 

among the variables could be calculated. 
 
 
RESULTS AND DISCUSSION 
 
The analyses of the raw material are shown in 
Table 2. These characteristics were used to choose 
the apple cultivar for osmotic dehydration. The 
Fuji apple presented the highest moisture content 
and lowest soluble solid contents. This cultivar 
had the lowest annual average price (R$ 1.56 per 
kilogram), was easily available in the market 
(81.3%) (Cetnarski Filho et al. 2008) and was, 
therefore, selected for the study. 
 

 

Table 2 - Physical chemical analyses of the in natura apple cultivars. 
 Apple Cv. 

Fuji Gala Red Golden 
Moisture (%) 86.22 ± 0.18 84.76 ± 0.13 82.39 ± 0.20 
Proteins (%) 0.20 ± 0.07 0.16 ± 0.02 0.20 ± 0.07 

Ash (%) 0.33 ± 0.07 0.53 ± 0.04 0.48 ± 0.03 
Total solids (%) 13.78 15.24 17.61 

Soluble solid contents (ºBrix) 12.4 ± 0.24 14.69 ± 0.50 16.14 ± 1.06 
Water activity 0.980 ± 0.00 0.980 ± 0.00 0.975 ± 0.00 

Titratable acidity (mL/100g) 1.83 ± 0.16 3.27 ± 0.08 2.20 ± 0.22 
Acidity (malic acid) (g/100g) 0.12 0.22 0.15 

 
 
The most abundant organic acid in apple is malic 
acid. The Golden Delicious variety after 35 days 
of storage at 8°C presented 16 °Brix (TSS content) 
and approximately 0.35% malic acid content 
(Salas et al. 2011). Feliciano et al. (2010) 
characterized the Portuguese apple varieties and 
found that the malic acid content ranged from 137 
to 425 mg/100 g edible portion and moisture 
content from 78 to 84 g / 100 g edible portion. In 
the varieties from central Macedonia, soluble 
solids levels were found ranging from 11.3 to 
14.7% (Drogoudi and Pantelides, 2011). 
Córdova (2006) carried out physical chemical 
characterization of in natura apple slices and 
obtained values of 87.20%, 0.24% and 0.30% for 
the moisture, ash and proteins, respectively. These 
values were close to those detected in the present 
study considering that the raw material of plant 
origin was highly heterogeneous because of the 
degree of ripeness, harvest and planting periods, 
crop management and storage conditions. The 
values reported by Córdova (2006) for titratable 
acidity and total soluble solids were 0.22g/100g 
and 14.9° Brix and were higher than those 
obtained in the present study, probably due to 

different maturity stages that were not considered 
in this study. 
Table 1 shows the results for the analyses of 
moisture, soluble solids, water activity and 
°brix/acidity for the osmotic dehydration 
experiments performed. The color parameters and 
the water loss and solid gain calculations are 
shown in Table 3. The acidity responses for the 
organic acid, total solids (data not shown) and the 
H* and C* parameters were calculated from the 
experimental data obtained. The standard 
deviations followed the experimental values. 
Figure 1 shows the moisture content of the apple 
slices after the osmotic dehydration, submitted to 
the acidification (A) and blanching (B) 
pretreatments, respectively. 
The model proposed to describe the moisture 
content performance in the osmotically dehydrated 
apple slices, using the experimental design, is 
shown by equation 5, where the variables are 
codified.  
 

PTC1.2PTT1.8CT1.4PT2.2

C7.4T1.4T5.758.2M 2

⋅⋅+⋅⋅+⋅⋅−⋅
−⋅−⋅+⋅−=oisture     (5) 

 

R2 = 0.97, 
 



Optimizing Dehydration of Apples Malus Domestica 

Braz. Arch. Biol. Technol. v.55 n.5: pp. 751-762, Sept/Oct 2012 

755

where moisture is given in %, T is the osmotic 
dehydration temperature, C is the FOS 

concentration and PT the pretreatment to which 
the apple slices were submitted. 

 
Table 3 - Color parameters of osmotically dehydrated fruits. 

E L* H* 
Water loss (%) Solid gain (%) 

In natura 71.91±1.84 1.55 
1 67,32±1,10 1,43 4.50 7.41 
2 68.44±2.86 1.45 6.95 11.39 
3 66.77±6.45 1.44 9.17 10.58 
4 60.31±6.77 1.41 4.68 6.58 
5 67.51±4.17 1.42 8.83 9.38 
6 69.74±2.91 1.48 10.63 11.05 
7 63.05±5.21 1.34 8.44 7.9 
8 68.10±5.16 1.44 13.01 12.96 
9 70.25±2.52 1.39 15.86 15.71 
10 66.91±3.76 1.36 8.07 9.35 
11 53.15±4.97 1.35 7.92 7.50 
12 47.31±1.55 1.18 12.18 11.09 
13 58.05±4.12 1.42 11.94 11.98 
14 59.45±2.63 1.42 9.05 9.05 
15 64.48±2.49 1.41 10.90 11.54 
16 61.79±3.29 1.33 14.39 13.92 
17 61.64±2.74 1.40 10.73 10.78 
18 60.84±4.22 1.34 14.99 13.74 
19 59.36±0.98 1.32 16.41 16.84 
20 57.41±4.97 1.31 10.86 10.98 
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Figure 1 - Moisture contents of osmotically dehydrated apple slices in the acidification (A) and 
blanching (B) pretreatments, respectively, in function of temperature and fructo-
oligosaccharides concentration. 

 
 
In the model, the FOS concentration was the 
variable with greatest effect on the moisture, 
followed by the temperature and pretreatment. The 
effect of temperature and solution concentration 
was negative, indicating moisture decreasing with 
increasing the temperature and FOS concentration 
in the osmotic solution. The increase of FOS 
concentration results in a large difference of 

osmotic pressure between the product and the 
osmotic solution, enhancing the water diffusion 
(Sousa et al. 2003). 
The blanching pretreatment was negative when the 
osmotic dehydration was used and decreased 
moisture in the apple slices submitted to osmotic 
dehydration. According to Matusek et al. (2008), 
the blanching makes the plant tissue membranes 
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more permeable to the mobility of the solids 
involved in osmotic dehydration. 
Moreno et al. (2000) studied the osmotic 
dehydration of strawberries blanched with steam 
and noted that the mass transfer process increased 
when it was applied prior to osmotic dehydration. 
This indicated that the changes in the tissue 
induced by blanching, such as cell 
decompartmentation, led to a faster mass transfer 
rate, even by hydrodynamic mechanism. 
The water activity (aw) of the dehydrated products 
ranged from 0.93 to 0.98, but none of the variables 
studied (temperature, solution concentration and 
pretreatment) presented a significant effect. 
Generally, the osmotic dehydration is not used as a 
single treatment, because after the process the 
products aw do not ensure the physical, chemical 
and microbiological stability. Thus, other 
conservation methods are needed to complement 
this technique, to reduce the aw to a value that 

guarantees the stability during the storage as 
reported by several authors (Buchweitz 2005, 
Pereira et al. 2003, Valente 2007). 

The soluble solid content of the osmotically 
dehydrated samples increased compared to the in 
natura sample, indicating that there was 
impregnation and/or incorporation of the solids 
present in the osmotic solution. This increase was 
influenced by the osmotic solution temperature 
and FOS concentration. Paes et al. (2008) reported 
that as the temperature of the osmotic dehydration 
solution increased, the soluble solid content also 
increased in Fuji apples. For 10 ºC, the final 
soluble solids content was 23 ºBrix whereas the 
maximum soluble solid content was found in the 
process performed at 50 ºC (32.5 ºBrix). 
Figure 2 shows the soluble solids content after 
osmotic dehydration of the apple slices in the 
acidification (2A) and blanching (2B) 
pretreatments.
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Figure 2 - Soluble solid content of the osmotically dehydrated apple slices in the acidification (A) 
and blanching (B) pretreatments in function of temperature and fructo-oligosaccharide 
concentration. 

 
 
The model proposed to describe the performance 
of the soluble solid content in the osmotically 
dehydrated apple slices, using an experimental 
design, is represented by equation 6, with coded 
variables. 

CTCTTTSS ⋅⋅+⋅+⋅−⋅+= 0.26.66.18.35.41 2   (6) 
 

R2 = 0.90, 
where TSS is the soluble solid content (ºBrix), T is 
the dehydration temperature and C is the FOS 
concentration in the osmotic process. 
This model fitted the experimental data well (R² = 
0.90), shown by the non-significant lack of fit at 

the level of 5%. The osmotic solution 
concentration was the variable that had greatest 
effect for the incorporation of soluble solids, while 
the blanching or acidification pretreatments were 
not significant, and therefore, were not presented 
in the model. 
Among the variables studied, only the 
pretreatment influenced the titratable acidity of the 
dehydrated slices. The same occurred with the 
acidity in malic acid that increased in the 
osmotically dehydrated apple slices submitted to 
the acidification pretreatment (data not shown). 
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The color parameters, L* and H*, of the apple 
slices after the osmotic dehydration were only 
influenced by the pretreatments. The acidification 
increased luminosity (L*) and blanching decreased 
the L* value (Table 4). Figure 3 shows the 
performance of the osmotically dehydrated apple 
slices with the acidification (A) and blanching (B) 
pretreatments. In Figure 3A, the highest FOS 
concentration level and the use of the central point 
of the process temperature were responsible for the 
optimum luminosity region indicated by its higher 
value for the acidification pretreatment. In Figure 
3B, the highest luminosity value for apple slices 
pretreated by the blanching started at the midpoint 

of the temperature and at any level studied of FOS 
concentration. Therefore, the acidification was not 
only simple to perform compared to the osmotic 
dehydration but also preserved better the raw 
material quality, and could be less expensive on an 
industrial scale. All the treatments carried out 
presented lower mean L* values than the fruit in 
natura, indicating that the osmotic dehydration 
decreased this value, and similar results were 
obtained by Córdova (2006). This change was 
justified by the development of enzymatic 
browning in the fruit. Furthermore, dehydration 
generally reduced the L* value (Demczuk Junior 
et al. 2008). 
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Figure 3 - Luminosity parameter (L*) of the osmotically dehydrated apple slices in the 
acidification (A) and blanching (B) pretreatments in function of temperature and 
fructo-oligosaccharide concentration. 

 
 
The color parameters a*, b* and C* were not 
influenced by the variables of the dehydration 
process (data not shown). Compared to the initial 
sample, it was observed that both the 
pretreatments (acidification or blanching) 
increased the a* parameter, initially close to zero, 
suggesting enzymatic browning. The chrome 
tonality performed similarly to the b* parameter 
and was, therefore, the most expressive factor in 
defining a fruit color and could be verified by the 
higher values of the b* parameter compared to the 
a* parameter and yellow was the predominant 
color. The chrome behavior was reported by 
Córdova (2006) where there was an increase in C* 
after osmotic dehydration with sucrose which 
further increased after drying. 
Figures 4A and 4B show the water loss 
performance of the apple slices after osmotic 

dehydration, submitted to the acidification and 
blanching pretreatments, respectively. 
The model fitted the water loss experimental data 
well (equation 7), with R² = 0.95 and non-
significant lack of fit. 
 

PTT

PTCTTPA

⋅⋅−
⋅+⋅+⋅−⋅+=

6.0

5.18.26.02.25.10 2
    (7) 

R2 = 0.95, 
 

where PA is the water loss (%), T the dehydration 
temperature, C the FOS concentration and PT the 
pretreatment of the apple slices. 
The blanching was more efficient than the 
acidification for water loss and there was 
interaction between the temperature and 
concentration indicating that the variables should 
not be treated separately.  
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An increase in the solution concentration and 
temperature favored water loss from the product 
because of the greater osmotic pressure gradient in 
the product/solution interface (Ferrari et al. 2005, 
Rastogi et al. 2004). 
Figures 5A and 5B show the solid gain of the 
apple slices after osmotic dehydration, submitted 
to the acidification and blanching pretreatments, 
respectively.  
For the solid gain, the model fitted the 
 

experimental data well, with R2 = 0.92 and is 
represented by equation 8. 

CT

PTCTTGS

⋅⋅+
⋅+⋅+⋅−⋅+=

8.0

7.026.16.05.11.11 2
    (8) 

 

R2 = 0.92, 
 

where GS is the solid gain (%), T the dehydration 
temperature, C the FOS concentration and PT is 
the pretreatment. 
 

 

 16 
 14 
 12 
 10 
 8 
 6 
 4 

25 30 35 40 45 50 55 60 65

Temperature (ºC)

38

40

42

44

46

48

50

52

54

56

58

60

62

C
o

n
ce

n
tr

a
tio

n
 (

%
p

/v
)

 18 
 16 
 14 
 12 
 10 
 8 

25 30 35 40 45 50 55 60 65

Temperature (ºC)

38

40

42

44

46

48

50

52

54

56

58

60

62

C
o

n
ce

n
tr

a
tio

n
 (

%
p

/v
)

 
(A)                                                                                          (B) 

  
Figure 4 - Walter loss in osmotically dehydrated apple slices in the acidification (A) and blanching 

(B) pretreatments in function of temperature and fructo-oligosaccharides concentration. 
 
 

 18 
 16 
 14 
 12 
 10 
 8 

25 30 35 40 45 50 55 60 65

Temperature (ºC)

38

40

42

44

46

48

50

52

54

56

58

60

62

C
o

n
ce

n
tr

a
tio

n
 (

%
m

/v
)

 
 

 18 
 16 
 14 
 12 
 10 
 8 

25 30 35 40 45 50 55 60 65

Temperature (ºC)

38

40

42

44

46

48

50

52

54

56

58

60

62

C
o

n
ce

n
tr

a
tio

n
 (

%
m

/v
)

Figure 5 - Solid gain of the osmotically dehydrated apple slices in the acidification (A) and blanching 
(B) pretreatments in function of temperature and fructo-oligosaccharide concentration. 

 
 
According to Matusek et al. (2008), who compared 
sucrose and FOS diffusion, and by Ferrari et al. 
(2005), who used maltose as osmotic agent, 
osmotic agents with greater molecular weight have 
a lower diffusion coefficient. 

Dermesonlouoglou et al. (2008) studied 
osmotically dehydrated cucumber pretreated 
osmotically with fructo-oligosaccharides and high 
DE malt dextrin and then frozen. The accentuated 
effect of greater temperatures and osmotic solution 
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concentrations on the increase in water loss and 
solid gains was in part due to the decrease in the 
solution viscosity that resulted in high water and 
solute diffusion rates. The moisture content and  
quantity of soluble solids were used as control 
variables for fructo-oligosaccharide incorporation 
in the apple slices by the osmotic process. 
The pretreatments were chosen by joint 
optimization using the soluble solid content 
responses and the luminosity parameter (L*). 
Figure 6 showed the luminosity and soluble solid 
 

content optimization, where the two variables 
chosen were maximized. The same response was 
found if the optimization was carried out by 

maximizing the L* parameter and minimizing the 
moisture content. 

The optimum response for the soluble solid 
content was 52 ºBrix and 69 L*, using the highest 
concentration and temperature level (60% m/v and 
60ºC, respectively) and acidification as 
pretreatment. It was observed that the same levels 
of the variables studied could be used to minimize 
the moisture content and maximize the luminosity 
parameter (43% and 69, respectively). Thus, in the 
experimental design, the acidification pretreatment 
was fixed because it presented the best response in 
this combination. 
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Figure 6 - Optimization of the soluble solids content and luminosity (A) and moisture content and 
luminosity in the osmotic dehydration process (B). 

 
 
The independent variables temperature and 
osmotic solution concentration were studied in the 
acidification. An equation was modeled for the 
moisture variable, with R² = 0.98 that showed 
good fit of the model to the experimental results 
(equation 9): 
 

CT

CTTMoisture

..0,2

.6,85,1.5,74,60 2

−
−+−=

         (9) 
 

The superficial response graph of the apple 
moisture content as function of the FOS 
concentration and osmotic dehydration solution 
temperature is shown in Figure 7. The effect of 
temperature and FOS concentration on moisture 
was negative, that is, when these variables 
increased, moisture decreased and the effect of the 
concentration was greater than that of temperature. 

The effect of temperature and FOS concentration 
were positive on the soluble solids content (Fig. 
8). The maximum quantity of soluble solids was 
reached when the temperature was close to the 
upper limit of the design. 
In this case, after choosing the acidification  
pretreatment, two treatments that involved the 
previously mentioned combinations were chosen 
for the final processing (drying) of the osmotically 
dehydrated apple slices. The treatments were T4 
(45ºC and 40% m/v) and T7 (60ºC and 40%m/v) 
that met the values of maximum quantities of daily 
FOS intake, that is 30g fiber (whereas the initial 
solid soluble content is 13), according to the 
Brazilian legislation (Brazil 2002) considering 
100g product. 
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Figure 7 - Moisture content of osmotically dehydrated apple slices as function of FOS 

concentration and temperature. 
 
 

 
Figure 8 - Soluble solids content of osmotically dehydrated apple slices as function of the FOS 

concentration and temperature. 
 
 
CONCLUSION 
 
The acidification with 1% citric acid for 15 
minutes was efficient in inhibiting the enzymatic 
browning in the slices of Fuji apples (Malus 
domestica) and did not interfere in the 
incorporation of fructo-oligosaccharides for 
osmotic dehydration. Osmotic dehydration of 
apple slices in the solution containing 30% (m/v) 
FOS at 50°C or 60% (m/v) at 40°C guaranteed a 
product within the legal parameters regarding the 
FOS content and the allegation of being a 
potentially functional product.  
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