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Abstract 
The present study provides the evaluation in the influence of the variables: temperature (T), con-
centration of the osmotic solution (C) and ratio of fruit and osmotic solution (F:OS) during the os-
motic dehydration of slices of pineapple stem variety Perola, on the responses: water loss (WL), 
mass loss (ML), gain of solids (GS) and ratio of gain of solids and water loss (GS/WL). The cente-
simal composition was determined both in the raw material and in the dehydrated product. To 
optmize the process, the studied factors were: temperature (T), with factorial points −1 equal to 
30˚C and +1 equal to 50˚C; concentration of sucrose solution (C), with factorial points −1 equal to 
40 g∙100 g−1 and +1 equal to 60 g∙100 g−1 and ratio of fruit and osmotic dehydration solution (F:OS), 
with factorial points −1 and +1 equal to 1:20 and 3:20, respectively. In all essays, the dehydration 
time was 4 hours. The essays showed that F:OS was not significant in any responses; the models 
adopted were predictive and fitted for WL and ML, and reasonable for GS and GS/WL. The temper-
ature was the most significant variable in the process; the optimized values were: T= 50˚C, C = 40 g 
100 g−1 e F:OS = 3:20. The product needs a complementary drying to adapt itself to the legislation 
demands. 
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1. Introduction 
Brazil is the largest tropical fruit producer in the world, and due to its diversified conditions of soil and climate, 
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it can also cultivate fruits typical of temperate and subtropical climates, which have a high potential in the inter-
national market [1]. 

In 2008, Brazil was the largest pineapple producer in the world, with a total produce of 2.5 million tons, cor-
responding to approximately 482 million dollars, overcoming countries in fast development, such as China and 
India, 5th and 6th largest producers, respectively [2]. 

In 2009, Brazil’s Northeast Region was the second ranked among the country regions in fruit production, the 
Southeast being the first, but when it comes to pineapple the Northeast leads with 46% of national producing 
and Paraíba, the state with the largest produce, accounting for about 20% of the Brazilian production [3]. 

The pineapple has long been the favorite non-citrus fruit in the tropical and subtropical countries, especially 
because of the attractiveness of its flavor and aroma, and it contains a wide variety of vitamins and mineral nu-
trients, particularly vitamins A and C, and potassium [4]. 

Pineapple (Ananas comosus L., Merrill) belongs to the monocotyledon family bromeliaceae and is the third 
most abundant tropical fruit cultivated in Brazil. The Pérola variety has high sugar content (14 - 16 Brix), and 
low acidity and it is mainly consumed in natura or used for juice production (single strength or concentrate) [5]. 

It has been shown that 30% of the foods are wasted, like: peels, stems, leaves and seeds. That happens due to 
a lack of information about the dietary value of these products and their correct processing techniques [6]. Thus, 
it is important to make rational use of all the fractions of the foods. 

It is an established fact that a large portion of the food production in Brazil is wasted, especially fruits. 
Therefore, the process of osmotic dehydration is a good technique for pineapple conservation through moisture 
reduction. This technique is widely used for a pre-drying followed by a conventional convective drying, or solar 
drying, so that moisture content below 25 g∙100 g−1 is reached. Using this technology, the pineapples can be 
preserved longer than the in natura fruit, making it possible to sell them in non-producing regions, aggregating 
value for the producer and avoiding part of that unwanted wasting. 

Solar-osmotic dehydration has attracted interest, particularly in countries with a wide diversity of fruits, am-
ple availability of sugar and high incidence of solar rays throughout the year [7]. 

Using the response-surface methodology (RSM) as an optimization technique, as described by [8], it is possi-
ble to obtain the best relation and learn which of the variables in the process have a significant influence upon 
osmotic dehydration, as showed in the studies of [9] [10]. 

The aim of this work was to assess the influence of the variables: temperature, concentration of the sucrose 
solution and ratio of fruit and solution during osmotic dehydration of slices of pineapple stem from the variety 
“Pérola” [Ananas comosus (L.) Merrill cv. “Pérola”], as well as the following responses: water loss, mass loss, 
gain of solid material and the optimization parameter (ratio of gain of solids and water loss) and chemical com-
position of the raw material and the dehydrated product. 

2. Materials and Methods 
The study was carried out at the Fruit and Vegetable Processing Laboratory of the IFRN at city of Currais Novos. 
The pineapples of the variety Pérola, cultivated around the municipality of Santa Rita, Paraíba, Brazil, were 
purchased at the market in the city of Currais Novos, Rio Grande do Norte, Brazil. 

The selection of pineapples was done according to color intensity (green, slightly yellowish), content of so-
luble solid material (12 - 16 g∙100 g−1), same size and shape, in order to obtain homogeneous samples [4]. 

2.1. Chemical Characterization 
The raw material and the product obtained through osmotic dehydration were analyzed as to the relative con-
tents of moisture, ashes, crude fiber, proteins, lipids and total sugars, as stipulated by Brazil [11]. 

2.2. Factorial Design for Optimizing Osmotic Dehydration  
After preliminary tests it was verified that the studied variables (temperature, concentration of sucrose solution 
and ratio of fruit and osmotic dehydration solution) had a linear behavior, then, the factorial design 23 with four 
repetitions at the central point was utilized [8]. The studied factors were: temperature (T), with factorial points 
−1 equal to 30˚C and +1 equal to 50˚C; concentration of sucrose solution (C), with factorial points −1 equal to 
40 g∙100 g−1 and +1 equal to 60 g∙100 g−1 and ratio of fruit and osmotic dehydration solution (F:OS) with fac-
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torial points −1 and +1 equal to 1:20 and 3:20, respectively.  
Twelve essays were carried out in triplicate, eight factorial trials and four repetitions at the central point; the 

design is reported in Table 1. 
Table 2 shows the sequence of the 12 essays of factorial design for optimizing osmotic dehydration of slices 

of pineapple stem from the variety “Pérola”. 

2.3. Procedure of Osmotic Dehydration 
After removing the crowns, the fruits were washed in flowing water and immersed in a solution of commercial 
neutral detergent at 1% for 15 minutes, for a first cleaning, and then, submerged in chlorinated water (8 to 10 
ppm of active chlorine) for 10 minutes, to disinfection. That procedure was followed by rinsing with distilled 
water [12]. 

The pineapples were cut to isolate the stems, and these were sliced in the shape of infinite plane plates, with 
approximately 50 mm length and 5 mm thick. 

The dehydration solutions were produced by diluting commercial sucrose in distilled water, using a mechani-
cal agitator MARCONI®; solutions were calculated according to the concentrations in the design, and controlled 
with a handheld refractometer, model R-5000 ATAGO®.  

The samples of pineapple stem slices underwent osmotic dehydration in closed glass pots containing dehydra-
tion solution and fruit in the ratios, concentrations and temperatures described in the experimental design. Os-
motic dehydration was conducted without agitation in a drying oven for dehydration for four hours. 

After dehydration time, the samples were rinsed with distilled water for about 5 seconds in order to remove 
the excess of solute retained on the product surface, and then they were drained with a paper towel to remove the 
excess of surface water [12]. 

Right after the osmotic dehydration, the samples were analyzed for moisture content, according to [11]. 
 

Table 1. Real and coded levels of independent variables in the factorial design.                                                

Independent variables 
Levels 

−1 0 +1 

T (˚C) 30 40 50 

C (g∙100 g−1) 40 50 60 

F:OS 1:20 1:10 3:20 

 
Table 2. Factorial design 23 with 4 repetitions at the central point with coded and  decoded factors.                                                   

Essay T (˚C) C (g∙100 g−1) F:OS 

1 30 (−1) 40 (−1) 1:20 (−1) 

2 30 (−1) 40 (−1) 3:20 (+1) 

3 30 (−1) 60 (+1) 3:20 (+1) 

4 30 (−1) 60 (+1) 1:20 (−1) 

5 50 (+1) 40 (−1) 1:20 (−1) 

6 50 (+1) 40 (−1) 3:20 (+1) 

7 50 (+1) 60 (+1) 3:20 (+1) 

8 50 (+1) 60 (+1) 1:20 (−1) 

9 40 (0) 50 (0) 1:10 (0) 

10 40 (0) 50 (0) 1:10 (0) 

11 40 (0) 50 (0) 1:10 (0) 

12 40 (0) 50 (0) 1:10 (0) 
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2.4. Mathematical-Statistical Treatment of Data  
The calculations of water loss (WL), mass loss (ML), solids gain (SG) and ratio of solids gain and water loss 
(SG/WL) in the process of osmotic dehydration was done by using the Equations (1), (2) and (3) prescribed by 
[10]. 
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The linear models described by Equation (4) were filted to the experimental data by means of linear regres-
sion, using the software Statistica 7.0®. 
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The models were tested for the prediction of regression and the lack of fit from the variance analysis 
(ANOVA) through the Fischer test (F), and the determination coefficients (R2) were calculated to check the sig-
nificance of the linear models used in the factorial design. 

The effects and interactions with p ≥ 0.05 were discarded from the models, since they are statistically insigni-
ficant. The models considered predictive were those with an Fcalc/Ftab ratio of at least 4 for the regression, and 
only those with R2 ≥ 0.7 were considered significant. Lack of fit was also used as a criterion to assess the predic-
tion capability of the statistic model, when it showed a value of Fcalc less than the value of Ftab for a significance 
level of p ≥ 0.05 [8]. 

3. Results and Discussion  
Table 3 shows the experimental data of WL, ML, GS and GS/WL regarding the independent variables of the 
process. The table reports that highest temperatures, as well as largest concentrations of dehydration solutions 
and highest ratios of fruit and dehydration solution led to the largest contents of water loss (WL)-which reached 
2.63 times higher than the minimal loss condition—whereas the mass loss (ML) was 2.92 times higher than the 
minimal loss condition. But these conditions had the largest gain of solids (GS), which is not interesting, since in 
this case, the gain of solids contents represents just a gain of sugar, and that is not necessary because the in na-
tura pineapples already contains a high concentration of sugars. Therefore, the optimization of the dehydration 
process is best attained through the variable GS/WL. According to [9], the optimization is reached in the region 
where you have the highest WL and lowest GS, so that the ratio GS/WL is minimal. 

The water transfer is one of the most important aspects of osmotic dehydration. The main mechanism of mass 
transfer is diffusion, due to the concentration gradient between the osmotic solution and the food [13]. Figure 1 
(A) shows that the significant effects for WL, at 5% of significance level, were temperature and concentration of 
dehydration solution: both effects have a strong influence on water loss, because they are positive and proximal. 
[9] [14], studying osmotic dehydration of tomatoes and mangoes (of the variety Tommy), respectively, also 
found out that the process temperature and the concentration of the dehydrating solution were among the signif-
icant and positive factors in water loss. However, [15] treated pineapples with osmotic solutions in various con-
centrations and obtained a constant reduction of the water content, regardless of the osmotic treatment used. [12] 
evaluated water loss in pineapple slices through osmotic dehydration and observed that several factors had an 
influence, besides temperature and concentration of solution, with a significant effect, measured by test F (P < 
0.01), for the following interactions: time × cultivar, temperature × cultivar, temperature × degree of agitation 
and cultivar × degree of agitation. 



R. S. Falcão Filho et al. 
 

 
920 

Table 3. Experimental values obtained in the essays of factorial design.                                                   

Essay 
Independent variables Responses 

T (˚C) C (g∙100 g−1) F:OS WL (g∙100 g−1) ML (g∙100 g−1) GS (g∙100 g−1) GS/WL 

1 30 (−1) 40 (−1) 1:20 (−1) 16.94 10.62 6.32 0.37 

2 30 (−1) 40 (−1) 3:20 (+1) 14.50 9.03 5.47 0.38 

3 30 (−1) 60 (+1) 3:20 (+1) 23.69 14.88 8.81 0.37 

4 30 (−1) 60 (+1) 1:20 (−1) 23.54 13.54 10.00 0.43 

5 50 (+1) 40 (−1) 1:20 (−1) 25.72 18.75 6.97 0.27 

6 50 (+1) 40 (−1) 3:20 (+1) 24.51 18.06 6.45 0.26 

7 50 (+1) 60 (+1) 3:20 (+1) 37.02 26.40 10.62 0.29 

8 50 (+1) 60 (+1) 1:20 (-1) 36.38 25.43 10.95 0.30 

9 40 (0) 50 (0) 1:10 (0) 25.44 16.20 9.24 0.36 

10 40 (0) 50 (0) 1:10 (0) 27.55 17.50 10.05 0.36 

11 40 (0) 50 (0) 1:10 (0) 29.21 19.74 9.47 0.32 

12 40 (0) 50 (0) 1:10 (0) 26.54 17.24 9.31 0.35 

 

 
Figure 1. Pareto diagrams showing the significant effects for (a) loss of water (WL); (b) loss of mass; (c) gain of solids and 
(d) ratio gain of solids and loss of water.                                                                                                     

 
In Figure 1(b) it can be observed that ML followed a pattern similar to that of WL, as noted by [11] in their 
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experiments, but the concentration was an effect with less relevance than temperature. That is due to the solids 
incorporated into the product during dehydration, as predicted by [16]. But [17] found out in their experiments 
of osmotic dehydration of peaches that the values of mass loss were less than those of water loss. 

Figure 1(c) clearly shows that the effect having the most influence on GS was concentration, as ML is func-
tion of WL and GS, concentration must be less significant to ML, because of the incorporation of solids, even 
though a higher concentration of dehydrating solution generates a higher potential of mass transfer, which would 
favor ML. 

Figure 1(d) shows that the only significant effect for the optimization variable GS/WL ratio was temperature, 
which had a negative effect on the parameter. That is normal, since the ratio GS/WL tends to zero when the 
process tends to its optimum and the goal is to achieve a minimum of solids incorporation and a maximum of 
water loss in the product during the osmotic process, as shown by [10]. 

Lastly, it can be perceived that the variable ratio of fruit and dehydration solution (F:OS) was not significant 
(p < 0.05) for any of the studied responses. With that is possible to affirm that can use the highest ratio of fruit in 
relation to the dehydrating solution, which in this case was 3 parts of fruit to 20 of solution (3:20). Such authors 
as [18] [19] used in their studies of dehydration the fixed ratio of 1:10 in order to maintain the osmotic potential 
during the processes, but the content of solute used in osmotic dehydration has a great influence on the costs of 
the final product, but the 3:20 ratio proved effective, thus it can be used, in the conditions of this study, and gen-
erate an acceptable product. 

Equations (5)-(8) in Table 4 represent the linear models fitted to the experimental points of factorial design. 
Equations (5) and (7) represent WL and ML; the two models proved predictive, because the Fc/Ftab ratios were 
greater than 4 in both cases. They are also well fitted, with R2 = 0.94 and the part representing the lack of fit of 
non-significant models by the Fischer test with Ftab values greater than Fc. Therefore, it is possible to affirm that 
the fitted linear models reliably represent the WL and ML phenomena in the stem of pineapples treated osmoti-
cally, in the studied range. Temperature and concentration increments positively influenced WL and ML. These 
results were expected, according to [20], who studied osmotic dehydration in apples and realized that WL and 
ML were strongly influenced when the temperature was raised from 25˚C to 55˚C. [21] showed that an increase 
in the concentration of the sucrose osmotic solution also raised WL in pineapples, due to an increase in the gra-
dient of osmotic pressure in the solution.  

Equation (6) represents the model fitted to GS experimental points, which proved to be predictive, with Fc 
over 5 times higher than Ttab.; analysis of the model also showed a reasonable R2 and a slight mismatch. 

Thus, the GS model was taken into account in the determination of the optimization variable GS/WL shown 
in Table 5 by Equation (8). 

As it has been shown, the F:OS ratio is not a variable that influences any of the responses studied, and con-
centration does not influence the GS/WL optimization in the conditions studied and statistical model chosen (the  

 
Table 4. Analysis of linear models fitted experimental points obtained in factorial design.                                                   

 Regression Mismatch 

 Equation R2 Fc *Ftab Fc/Ftab Fc *Ftab Fc/Ftab 

WL WL 25.92 5.62 4.87T C= + +  (5) 0.94 71.04 4.26 16.68 1.32 6.94 0.19 

GS GS 8.64 0.57 1.90T C= + +  (6) 0.83 23.10 4.26 5.42 7.39 6.94 1.06 

ML ML 17.28 5.07 2.97T C= + +  (7) 0.94 81.12 4.26 19.04 0.65 6.94 0.09 

GS/WL GS WL 0.34 0.05T= −  (8) 0.83 49.12 4.96 9.90 1.46 8.89 0.16 

 
Table 5. Optimized value for osmotic dehydration.                                                             

Process variable Coded value Real value 

T (˚C) +1 50 

C (g∙100 g−1) −1 40 

F:OS +1 3:20 



R. S. Falcão Filho et al. 
 

 
922 

linear model). The optimization conditions for osmotic dehydration of sliced pineapple stems are understood to 
be those displayed in Table 5. 

From the values of temperature, concentration and ratio of fruit and solution shown in Table 5 and using fit-
ted values, the loss of water was estimated at 26.37 g∙100 g−1, loss of mass at 19.38 g∙100 g−1, gain of solids at 
7.31 g∙100 g−1 and ratio of gain of solids and loss of water at 0.29. These values approach the average experi-
mental values for the same conditions shown in Table 4. The relative errors were 7.00% for WL, 6.81% for ML, 
11.76% for GS and 10.34% for GS/WL; the error values reflect the quality of the model fits. 

Table 6 presents the results of the centesimal composition of the pineapple and the product after osmotic de-
hydration, utilizing the process conditions set in the optimization. In relation with the raw material, the moisture 
(84.20 g∙100 g−1) and sugar contents  (14.50 g∙100 g−1) are in agreement with those found by [4] and those found 
at [22], which were 86.07% e 86.30% for the sugars and 13.86% e 12.3% for moisture, respectively. The values 
found for the others components showed great disparities like, for example, the values found for proteins by [4] 
was 0.59%, while [22] found it to be 0.9%. That variation in results can be explained by some factors, such as 
climate conditions and the composition of soil, which have a direct bearing on the composition of plants, as 
shown by [23]. Alternatively, according to [24], these possible discrepancies can be due to the structure of the 
fruit tissue, resulting in different behaviors during processing. 

About the product after osmotic dehydration, a variation of components was perceived in comparison to the 
raw material. As expected, the moisture levels decreased (76.31 g∙100 g−1), since the objective of the process is 
to dehydrate the material. An important increase in the content of total sugars (19.31 g∙100 g−1) can also be ob-
served in Table 6. This phenomenon is predictable and to be expected, according to [25], because in an osmotic 
dehydration process occur three basic mass flows, namely: the water exit of the material into the hypertonic so-
lution, solutes are incorporated from the solution into the material and to a lesser extent-solutes leave the prod-
uct into the dehydration solution [16] [26] [27].  

Since all the contents of components were calculated in wet basis, the increase in concentration was due to the 
loss of moisture in the product. 

4. Conclusions 
Statistical modeling of factorial design has shown that the variable F:OS was not significant to any of the res-
ponses studied, proving that in the process of osmotic dehydration, the costs with solutes can be lowered. 

The models fitted for WL and ML were very predictive and fitted, with errors lower than 10%, relative to the 
experimental points. At the same time, the models for GS and GS/WL were predictive and reasonably fitted, 
showing relative errors slightly above 10%. 

Temperature was the independent variable studied which had a significant impact on the optimization of the 
process, leading to these values: T = 50˚C, C = 40 g∙100 g−1 e F:OS = 3:20. 

Chemical composition of the raw material showed values of moisture and sugars in agreement with the litera-
ture, but disparities in relation with the contents of the others components studied. 

The product obtained through dehydration had moisture levels lower than the raw material, as was expected; 
the remaining components underwent a rise in concentration. 

 
Table 6. Centesimal composition of raw material and of the post-osmotic dehydration product.                                  

 Contents (g∙100 g−1) 

Component Raw material Post-dehydration product. 

Moisture 84.20 76.31 

Ashes 0.53 1.02 

Lipids 0.82 1.00 

Proteins 0.45 0.32 

Crude fiber 1.15 2.94 

Total sugars 14.50 19.31 
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The product must go through complementary drying in order to reach the maximum moisture content allowed 
by legislation. 
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