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ABSTRACT 
The purpose of this paper is to examine the effects of osmotic drying on the mass transfer and shrinkage of quinces. The osmotic 

drying was performed in a sucrose and water solution. The temperatures of osmotic solution were 40 oC and 60 oC, and the initial 
concentrations were 50 oBx and 65 oBx. All four combinations were used in the experiment. An increase in the experimental 
parameter values intensified the mass transfer. According to the amount of exchanged matter, it is possible to determine the shrinkage 
of quince tissue. The most significant changes in quince tissue volume were measured at the highest levels of experimental 
parameters. After combined drying (osmotic + convective), the effects of exchanged matter on the shrinkage ceased. More notable 
volume changes were measured in the quince samples after convective drying (without osmotic drying) in comparison with the 
samples dried osmotically. The experimental results indicate the positive effects of osmotic drying on the volume of dried quinces. 

Keywords: quince, osmotic drying, shrinkage, mass transfer. 

REZIME 
Cilj ovog rada je ispitivanje uticaja osmotskog sušenja na transport mase i promenu zapremine dunje. Promena zapremine 

materijala tokom sušenja jedna je od bitnijih fizičkih promena. Uzrok promene zapremine je smanjenje vlažnosti tokom sušenja. 
Osmotsko sušenje obavljeno je u rastvoru vode i saharoze. Temperatura osmotskog rastvora bila je 40oC i 60oC, a koncentracija 
50oBx i 65oBx. U eksperimentu su korišćene sve četiri kombinacije faktora. Povišenjem vrednosti faktora eksperimenta intenzivira se 
transfer mase tokom osmotskog sušenja. Poznavanjem količine razmenjene materije moguće je odrediti promenu zapremine tkiva 
dunje. Najveće promene zapremine tkiva dunje izmerene su pri najvišim vrednostima faktora eksperimenta. Nakon kombinovanog 
sušenja (osmotsko + konvektivno) prestaje uticaj količine razmenjene materije na promenu zapremine. Veća promena zapremine 
izmerena je nakon konvektivnog sušenja na uzorcima dunje koji nisu prethodno podvrgavani osmotskom sušenju. Rezultati 
eksperimenta ukazuju na pozitivan uticaj osmotskg sušenja na očuvanje promene zapremine dunje. 

Ključne reči: dunja, osmotsko sušenje, promena zapremine, transport mase. 
 

INTRODUCTION 
The osmotic dehydration process involves a partial removal 

of water from a given food using a hypertonic solution 
consisting of one or more solutes (Ponting, 1966). The 
difference in osmotic pressure obtained from the system leads to 
a flow of water from the food to the solution and an opposite 
flow of solutes from the syrup to the product, although in 
smaller proportions. Furthermore, a third flow of solids may take 
place from the food to the solution, which, although on a much 
smaller scale, may lead to a meaningful loss of product quality 
(Raoult-Wack, 1994). One of the most important physical 
alterations caused by biomaterialdrying is the change in 
geometric features, i.e. the changes in shape and volume (Frias 
et al., 2010). The change in the shape of materials during the 
drying process affects the quality of the final product. The 
intensity of such changes depends on the moisture transport 
mechanism, i.e. drying methods and conditions affect the 
intensity of shape and volume change.  

Material volume changes occurring during osmotic drying 
can be observed at various structural levels which encompass 
micro- and macrostructural levels, i.e. cell and sample levels. 
Drying and water loss cause changes in the cell microstructure 
and volume (Koc et al., 2008). Moisture content reduction and 
changes in the cell membrane features cause the shrinkage and 
deformation of cells, plasmolysis,cell separation and disruption 
of intercellular links.Osmotic drying as a pretreatment of 
convective drying positively affects the preservation of shape 
and volume reduction as stated by Karathanos et al. (1996). In 
addition to the improvement of physical properties, other 
advantages of osmotic drying are the prolonged storage life with 

the higher final moisture content and reduced drying time to the 
final moisture content (Babić Ljiljana and Babić M. 2003). 

The quince is a seasonal fruit mostly used for the production 
of brandy, juices, jams, etc. However, due to its pleasant aroma, 
the quince can provide an interesting material for drying. The 
purpose of this paper to determine the effects of osmotic drying 
on the mass transfer and volume change of quince tissue. 

MATERIAL AND METHOD 
The quinces of the Leskovačka variety were used in the 

experiment. Previous researches have shown that this variety is 
favourable for drying from the perspective of shape and 
dimension (Radojčin et al., 2011). The variety is characterised 
by a very pleasant aroma, which is very reputable in the 
processing industry. The osmotic drying was performed in a 
sucrose and water solution in an experimental osmotic dryer. 
The dryer is self-designed (Babić et al., 2005). The device 
provides agitation of the solution. The material-solution weight 
ratiowas higher than 1:10. The temperatures of osmotic solution 
were 40 oC and 60 oC, and the initial concentrations were 50 oBx 
and 65 oBx. The combinations of these factors will be referred to 
as treatments in the further course of the paper. The treatments 
will be named the first, second, third and fourth. The first, 
second, third and fourth treatment had the parameter 
combinations of 50 oBx-40 oC, 50 oBx-60 oC, 65 oBx-40 oC, 65 
oBx-60 oC, respectively. The solution temperature of 60 oC was 
used in the experiment due to the hardness of quince fruits. The 
osmotic drying lasted for 180 minutes and it was used as a 
pretreatment. The kinetics of osmotic drying was evaluated on 
the quince samples withthe dimension of 15x15x15 mm. The 
convective drying was conducted at the temperature of 50 oC and 
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the air velocity of 1 m/s. The drying was conducted in a self-
designed experimental convective dryer (Pavkov et al., 2009). 
The moisture content of fruits was determined by the standard 
hot air oven methodkeeping the fruit in the oven for 24 h at    
105 oC.The solid gain (SG) was determined by using the 
following relation: 

o

o

m
ssSG −

=   (1) 

where mo is the initial mass, s is the dry mass after time (t) of 
osmotic dehydration, so is the initial dry mass. The changes in 
the volume of quince cube samples(occurring during drying)with 
the dimension of 15x15x15 mm were measured.The volume 
measurements were conducted every 20 minutes by stopping the 
osmotic drying process. Each of the 10 measurements, done in 
total during 180 minutes of drying, were conducted on eight 
samples (cubes). The volume measurements were done after the 
combined drying (osmotic+convective) as well. The volume of 
the control samples, which were not osmotically dries,was also 
measured.   

 
The volume of each sample was calculated on the basis of 

the measured values of the thrust force exerted on the water-
immersed sample by the following equation (Moshenin, 1986): 
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wheremII is the mass of liquid and the immersed sample, mI 
is the mass of liquid, andρt is the liquid density. 

Volume changes during osmotic drying were calculated by 
the following equation: 
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whereVois the sample volume prior to osmotic drying and Vi 
is the sample volume at a certain time of osmotic drying.  

The sample mass measurement was done by an analytical 
balance with 0.001 g readability. The regression analysis of 
quince volume change during osmotic drying was conducted in 
relation to the sample moisture content. The modelling was done 
by the Statistica 12 software. The model coefficients were 
calculated on the basis of the experimental data by means of a 
nonlinear regression analysis.The accuracy of the regression 
models was determined on the basis of the correlation coefficient 
(R) and the mean percentage error (MPE). A model describes the 
examined value more accurately at higher values of the 
correlation coefficient and lower values of themean percentage 
error. It is generally acknowledged that the values of the mean 
percentage error lesser than10 % indicate a higher goodness of 
fit. The experimental data modelling was done by the following 
equations suggested in the literature:  
Mayor and Sereno (2005): 32 cba1SV ω+ω+ω+=  (4) 
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The goodness of fit between the experimental and calculated 
data was determined on the basis of the correlation coefficient 
(R) and the mean percentage error (MPE). The correlation 
coefficient and the mean percentage error were calculated on the 
basis of the following equations: 
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where SV is the volume shrinkage (experimental and 

calculated values) and n is the number of measurements. 

RESULTS AND DISCUSSION 
Osmotic Drying 
The experimental data on the osmotic dehydration kinetics 

and solid gain of quinces under different process conditions are 
shown in Figure 1 and Figure 2. The most intensive changes in 
moisture content were measured in the first 20 minutes of the 
process. After 20 minutes, the reduction of moisture content 
decreases between each measurement. The samples dehydrated 
in the sucrose solution of 65 oBx had lower moisture content at 
the end of the process. The moisture contents of the samples 
after 180 minutes of osmotic process in the 50 oBx-40 oC; 50 
oBx-60 oC and 65 oBx-40 oC; 65 oBx-60 oC sucrose solutions 
were 62,1 %; 58,7 %; 53,6 % and 45,3 % (wet basis), 
respectively. The results indicated that the most intensive 
decrease in the moisture content occurred with an increase in the 
osmotic solution concentration.Similar results were obtained by 
Falade and Shogaolu (2009) when using sucrose solutions in the 
osmotic dehydration of pumpkins. Kadam and Dhingra (2011) 
also obtained similar results by using sucrose solutions in the 
osmotic dehydration of bananas. Higher process temperature 
promote fatser water transfer on the surface due to lower 
viscosity of teh osmotic medium (Dalla Rosa et al., 2011). The 
influence of osmotic parameters on solid gain during 180 
minutes of the drying process are shown in Figure 2. The solid 
gain increased with an increase in the osmotic solution 
concentration. The highest solid gain of 9.3 % was determined in 
the sucrose solution of 60 oC and 65 oBx. The lowest solid gain 
of 5.5 % was determined in the sucrose solution of 40 oC and 50 
oBx. Some authors have reported that higher concentrations do 
not increase solid gain. Giraldo et al. (2003) found that water 
transfer increased during the osmotic drying of mangos at the 
solution concentration of 45 oBx. The water transfer decelerated 
between 55 oBx and 65 oBx, probably due to the high viscosity 
of the sucrose solution. The measurement was conducted at the 
solution temperature of 30 oC. 

 
Fig. 1. Effects of the osmotic pretreatment on  

the quince moisture content 
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Fig. 2. Effects of the osmotic pretreatment  

on the quince solid gain 

Shrinkage 
The quince samples at various stages of osmotic drying in a 

solution with the temperature of 40 oC and the concentration of 
65 oBx are shown in Figure 3. A constant decrease in the sample 
volume and dimension is evident. The tissue shrinkage is not the 
same in all directions and places. The shrinkage is more 
intensive in the middle of the sample and less in the periphery. 
Different sample shrinkage is noticeable in different directions, 
which is caused by the quince tissue anisotropy. Consequently, 
the sample shape changes from square to rectangular. Fibre 
orientation and nonhomogeneous material structure can cause 
anisotropic shrinkage of the tissue. Moreover, fibre orientation 
and material structure enable the creation of more favourable 
moisture transport routes resulting in the intensified tissue 
shrinkage in one direction. Mulet et al. (2000) refer to the 
anisotropic shrinkage of potato and cauliflower tissue during 
convective drying. However, Mayor (2006) and Trujillo et al., 
(2007) state that shrinkage of the pumpkin and beef tissue during 
osmotic drying is isotropic. Analysing the data on biomaterial 
shape changes in the literature, it can be concluded that changes 
in shape depend on both the drying method and the type of 
material. 

 

 
Fig. 3. Changes in the quince cube shape during osmotic drying 

in the solution with the temperature of 40 oC and the 
concentration of 65 oBx (photo byRadojčin, 2014) 

 

Volume shrinkage during osmotic drying is caused by water 
transfer from the material to the solution. Volume shrinkage is 
partially replenished by sucrose which enters the tissue. Changes 
in the volume of the tissue gas phase also affect the total volume 
change (Mayor and Sereno, 2004). These generally accepted 
claims can be tested by calculating the volume of evaporated 
moisture and the volume of sucrose diffusing into the sample. 

Equation 10 is used for calculating the volume change of the 
quince sample during osmotic drying:    
 

100
m

mm)ωmω(m

SV

t

0

s

s0si

w

ii00

ρ

ρρ
−

−
−

=

 

(10) 

 

wheremo is the initial sample mass, miis the sample mass at a 
certain time of drying, ωo is the initial sample moisture, ωi is the 
sample moisture at a certain time of drying, mso is the dry matter 
mass of the fresh sample, msiis the dry matter mass at a certain 
time of osmotic drying, ρw is the water density, ρs is the sucrose 
density andρt is the quince tissue density. 

Equation 10 multiplied by the water densityρw, equals: 
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The quince tissue density was measured by immersing the 
sample in a liquid of known density. The quince tissue density is 
0.96457 kg/dm3 and the sucrose crystal density is 1.587 kg/dm3 
(Asadi, 2006). The water density is 1 kg/dm3. It is necessary to 
correct Equation 11 by multiplying the denominator by 1.1 due 
to the air in the tissue (Koc, 2008). Introducing these numerical 
values in Equation 11 creates the final equation for calculating 
the cube sample volume change:  
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Figure 4 a,b,c and d display the measured and calculated 
values of the volume change by using Equation 12.   

The values of R and MPE are shown in Table 1. Based on 
these values and the graphic display of the experimental and 
calculated values of the volume shrinkage, it can be concluded 
that Equation 12 successfully predicts the quince volume change 
during osmotic drying.  

 

Table 1. Values of the correlation coefficient and the mean 
percentage error 

Treatment Correlation 
coefficient R 

Mean percentage error 
MPE (%) 

40 oC, 50 oBx 0.9832 3.24 
60 oC, 50 oBx 0.9962 0.93 
40 oC, 65 oBx 0.9850 0.22 
60 oC, 65 oBx 0.9934 2.12 
 

The analysis of osmotically dried quince samples (which 
were previously in a deepfreeze) was conducted in order to 
confirm the obtained results. The samples indicated an increase 
in the dry matter of 43 % in comparison with the initial sample 
mass. Due to a large amount of sucrose diffusing into the tissue, 
a decrease in the volume of merely 12 % was recorded after 
osmotic drying (Radojčin et al., 2014). Equation 12 can be 
successfully applied to the results obtained during the osmotic 
drying of previously frozen quince samples. This confirms the 
fact that the change in material volume during osmotic drying 
depends on the matter exchange ratio. 
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Figure 5 displays the quince samples after 180 minutes in the 
osmotic solution with the temperature of 60 oC and the 
concentration of 65 oBx, with and without previous freezing. A 
compound “methyl blue” is added to the solution as an indicator 
of sucrose penetration into the tissue during osmotic drying. The 
samples demonstrate different penetration depths of sucrose, 
which accounts for the significant volume preservation of 
previously frozen samples. The cell membrane was damaged 
during the freezing of quince fruits. 

The damaged cell membrane is no longer a barrier for the 
entrance of sucrose molecules into the cell. 

Figure 6 shows a microscopic image of the cross section of the 
samples shown in Figure 5. The tissue cells which were 
previously frozen kept the somewhat circular shape, whereas the 
tissue cells which were not frozen suffered more significant 
deformations, i.e. volume changes. The frozen tissue indicates 
more intensive colour properties, i.e. greater depths of sucrose 
penetration. According to the cross section of quince samples, 
the cell volume reduction is uneven. The volume changes at the 
microstructural level are the most significant closerto the tissue 
surface due to greater moisture diffusion.  

 

 
 
 
 

           

           
Fig. 4. Experimental and calculated values of the volume change (SV) during osmotic drying  

at the solution temperature of 60 oC and the solution concentration of 65 oBx 
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Fig. 5. Cross section of the quince sample after osmotic drying. Left – the sample without freezing, 

right – the samle with previous freezing (photo by Radojčin, 2014) 
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Fig. 6. Microscopic image of the quince tissue after osmotic 

drying. Left – the sample without freezing, right – the samle with 
previous freezing (photo by Luković i Radojčin, 2014) 

 

Thevolume change in relation to the moisture 
content during osmotic drying 
The volume change during osmotic drying is in accordance 

with the volume change dependence on the amount of matter 
exchanged. The most significant change in volume during 
osmotic drying amounting to 52.66 % was recorded in the 
osmotic solution treatment with the temperature of 60 oC and the 
concentration of 65 oBx. The most significant change in the 
sample moisture was recorded in the treatment. The slightest 
volume change of 36.23 % was measured in the first treatment as 
well as the slightest change in the quince moisture content. An 
increase in the temperature and concentration of osmotic 
solution intensifies a decrease in volume. Based on the measured 
results of the volume change, it can be concluded that the 
solution concentration is a more influential factor that the 
solution temperature. The most intensive volume changes were 
measures in the first 20 minutes of osmotic drying.As volume 
depends on the material moisture content, the volume reduction 
in neither experiment was final due to the fact that the moisture 
equilibrium was not achieved during 180 minutes of osmotic 
drying. The results are in accordance with the research results on 
quince volume change as stated by Babić et al. (2008). 

The volume change in relation to the quince sample moisture 
content is shown in Figure 7 and 8. The volume changes at the 
samesample moisture contents are different. The differences 
between the measured values are slight, which can be a 
consequence of sucrose diffusing into the quince tissue. The 
differences are the most significant at the beginning of osmotic 
drying and become slighter during the process. 

 
Fig. 7. Quince volume shrinkage depending on the sample 

moisture content 
 

 
Fig. 8. Quince volume shrinkage depending on the sample 

moisture content in relation to the dry basis    

The quince volume change after convective 
drying  
The results of the quince volume change after convective 

drying are displayed in Table 2. The mean value of the volume 
change is SV = 68.97±1.19 % at similar sample moisture 
contents ω = 23.68±0.7 %. 

If the measured values of the volume change after osmotic 
and convective drying are compared, it can be concluded that 
after convective drying the volume change is affected only by 
the amount of moisture migrating from the samples. After 180 
minutes of osmotic drying, the effect of the exchanged matter 
relation between moisture and sucrose is noticeable. At lower 
moisture contents of the quince samples, the volume change 
ceases to depend on the relation of moisture/sucrose matter 
exchange. The amount of sucrose in the tissue does not affect the 
sample volume due to the sufficient space created by a 
significant decrease in moisture.  

The significantly higher volume change of 82.63 % was 
measured in the control samples which were not osmotically 
dried. If the values of the sample volume change after 
convective drying are compared, with and without osmotic 
drying, the effect of sucrose on the volume is evident, i.e. the 
sample volume shrinkage is slighter, which is definitely a 
favourable effect of osmotic drying.   
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Table 2. Values of the volume shrinkage SV at different 
moisture contents of the dried quince samples with and without 
osmotic drying 

t=40 oC,  
c=50 oBx 

SV (%) 70.95 69.39 69.33 70.62 
ω (%) 28.31 23.57 21.26 20.66 

t=60 oC, 
c=50 oBx 

SV (%) 67.21 70.12 70.52 70.81 
ω (%) 24.51 19.31 16.62 16.33 

t=40 oC, 
c=65 oBx 

SV (%) 65.02 68.80 70.70 69.44 
ω (%) 31.76 27.25 25.08 22.81 

t=60 oC, 
c=65 oBx 

SV (%) 69.85 70.24 72.03 71.49 
ω (%) 23.84 20.55 19.70 18.56 

Without osmotic 
drying 

SV (%) 78.63 79.30 81.91 82.63 
ω (%) 34.95 28.69 26.08 23.01 

The modelling of the volume change kinetics 
A great number of authors suggest a liner model for 

explaining the volume change of fruit tissue during osmotic and 
convective drying. Mayor and Sereno (2004) use a linear model 
to describe the pumpkin volume change depending on the 
moisture content during osmotic drying. Moreira and Sereno 
(2003), and Nieto et al., (2004) also use a linear model to 
describe the interdependence between the apple volume change 
and moisture content during osmotic drying. However, some 
authors disagree with a strictly linear interdependence between 
the volume change and the moisture content (Hassini et al., 
2007; Rahman and Kumar, 2007). The quince volume change 
depending on the material moisture content is not linear as 
shown in Figure 7. The change can be best described by a 
nonlinear function. The dependence of the quince volume on the 
moisture content in relation to the dry basis is also nonlinear 
(Figure 8).  

The regression analysis results of the quince volume change 
during osmotic drying are shown in Table 3. All the applied 
models indicate high values of the correlation coefficient 
exceeding 0.97. Based on the correlation coefficient values and 
the mean percentage error, it can be concluded that all the 
equations successfully describe the quince volume change 
during osmotic drying.  

The highest values of the correlation coefficient and the 
lowest values of the mean percentage error were recorded by 
applying Equation 6 (Ratti, 1994). However, by applying 
Equation 7 (Mayor and Sereno, 2004) similar values of the 
correlation coefficient and the mean percentage error were 
obtained but with oneless coefficient, which makes the equation 
simpler for application.    

CONCLUSION 
Based on the obtained results, it can be concluded that an 

increase in the osmotic solution temperature ranging from 40oC 
to 60 oC and the osmotic solution concentration ranging from    
50 oBx to 65 oBx intensifies the process of matter exchange 
during 180 minutes of quince drying. The most significant 
changes in the moisture content and the dry matter mass increase 
were recorded within the first 20 minutes of osmotic drying. The 
volume change of quince cubes during 180 minutes of osmotic 
drying depends on the amount of exchanged matter. The effect 
of the amount of exchanged matter on the quince sample volume 
was confirmed by Equation 12. At lower moisture contents of 
the quince samples, recorded during convective drying, the 
water-sucrose exchange matter relation ceases to impact the 
volume change. Due to the moisture diffusion, the sucrose in the 
tissue has enough space not to affect the sample volume. The 
comparison of the SV values after convective drying, with and 
without osmotic solution, confirmed significant differences, 
which indicates the positive effects of osmotic drying.   
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