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Abstract 

In the food industry the traditional separation processes are progressively 
substituted by membrane filtration to improve the quality of the product. Osmotic 
membrane distillation (OMD) experiments with polytetrafluoroethylene (PTFE) 
hydrophobic porous membrane were performed to determine the efficiency of 
concentration of apple, white grapes and red grapes juices. Juices concentrations 
between 5 and 30ºBrix and 50 wt. % calcium chloride solution were used as a feed 
and a stripping solution, respectively. Results show that water permeate flux 
depended on the initial juice concentration in feed solution and on the type of the 
juice. Moreover, osmotic membrane distillation did not affect the analyzed quality 
parameters of the concentrated juices. It was shown that pervaporation with 
hydrophobic membranes can be effectively applied for the reconcentration of spent 
solutions from osmotic dehydration and OMD processes. 

 
1. INTRODUCTION 

Fruits and vegetables are essential ingredients of human diet but they 
are seasonal. Drying of fruits and vegetables and/or production of 
concentrated juices are well known methods of food preservation. 

Osmotic dehydration (OD) process is based on the product (food) 
immersion in a hypertonic solution (e.g. concentrated sucrose solution in a 
case of candying). During OD candying, water flux from food to the 
solution occurs with a counter-current flux of sugar from the solution to the 
food stuff. This results in the dilution of the hypertonic solution with 
simultaneous increase of its mass and decrease of its dewatering potential 
[1]. The diluted hypertonic solutions must undergo a reconcentration 
process before they are re-used in a new OD cycle.  
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Production of concentrated fruit juices is mainly carried out nowadays 
by a multistage vacuum evaporation. However, this thermal technology 
implies a partial loss of important juice constituents (e.g. flavors, vitamins 
and/or antioxidant activity), and it can also result in cooked taste and color 
degradation, thus reducing the quality of the final product [2,3].  

The food industry is interested in novel processing technologies that 
may result in economical and improved quality products. Osmotic 
membrane distillation (OMD) is a membrane contactor technique, which 
applies porous hydrophobic membranes, and allows the dehydration of 
solutions at constant temperature under atmospheric pressure [1-5]. During 
the OMD process, both sides of the porous hydrophobic non-wettable 
membrane are in contact with two aqueous solutions of different water 
activity, e.g. juice solution or sucrose solution as feed solution and 
concentrated CaCl2 or NaCl solutions as stripping ones. The water activity 
difference between the two liquid phases generates a flux of water vapor 
from the feed solution to the stripping solution.  

Pervaporation (PV) is a membrane technique used for separation of 
liquid mixtures or to remove solvents from the solutions of non-volatile 
solutes [6,7]. The liquid feed is in contact with one side of a non-porous 
membrane, while the volatile components of the feed are evaporated on the 
other side of the membrane into a vacuum chamber or a sweeping gas [7]. 

The efficiency of OMD process for reconcentration of sucrose spent 
solutions from the OD process was presented in a previous paper [2]. This 
paper presents results on the application of membrane processes in the food 
processing as well as in the management of spent solutions. OMD process 
was used to fruit juices concentration, whereas PV process was applied to 
reconcentration of sucrose spent solution from OD process and to 
reconcentration of CaCl2 diluted solution from OMD process. 
 

2. EXPERIMENTAL 

Osmotic membrane distillation experiments have been carried out 
using a setup described in the detail elsewhere [2]. The membrane module 
consisted of two symmetrical compartments, separated by a hydrophobic 
membrane. Polytetrafluoroethylene membrane (Sartorius, PTFE 11806) 
was used in OMD experiments. PTFE 11806 is an asymmetric hydrophobic 
membrane with the mean thickness of 75 µm and an average pore size 
diameter of 0.45 µm on the skin side. 

The following feed solutions were studied in OMD experiments: 
apple, red grape and white grape juices with initial concentrations of 5, 10 
and 30oBrix. The 50 wt.% CaCl2 solution (awater=0.2) solution was applied 
as the stripping solution. During OMD experiments water flux from feed to 
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stripping solution was measured. The final juice concentration resulting 
from the OMD process, as well as some selected quality parameters of 
juices (e.g. color, total polyphenolic content and antioxidant activity) were 
also determined. 

PV experiments were carried out in the laboratory-scale PV system 
described in [7]. The feed solution was circulating over the membrane, and 
the permeate was collected in cold traps cooled by liquid nitrogen. During 
experiments the upstream pressure was maintained at atmospheric pressure, 
while the downstream pressure was kept below 1 mbar by using a vacuum 
pump. As the feed mixture contained water and the non-volatile solute, the 
permeate constituted of pure water only. Two types of hydrophobic 
membranes were used in PV experiments: PDMS-PAN and PDMS-PAN-
NF (Pervatech, the Netherlands). Both membranes possessed a selective 
layer made of polydimethylsiloxane (PDMS), but NF membrane had a 
slightly porous structure of the skin layer. The effect of the non-volatile 
solute content on water flux was determined for each membrane in contact 
with water-sucrose (10-60oBrix sucrose solutions) and water-calcium 
chloride solutions (30-45 wt.% CaCl2 solutions). All OMD and PV 
experiments were performed at temperature of 35oC. 
 

3. RESULTS 

Concentration of fruit juices by the OMD process 
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Fig. 1. Water permeate fluxes during OMD process of different 30oBrix solutions. 

 
Fig.1 presents water permeate fluxes obtained during the concentration 

of 30oBrix fruit juices. Results are compared with the water permeate flux 
obtained for 30oBrix sucrose solution, used to model a fruit juice. It can be 
seen that the water permeate flux was the highest for the sucrose solution. 
For fruit juices the flux varied, depending on the non-soluble species 
content (e.g. pectins).  
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Final concentration of OMD treated juices was influences by the 
dehydration process time and initial juice concentration. Results (Fig.2) 
clearly indicate that OMD can be efficiently used for the concentration of 
fruit juices. Moreover, since the driving force in OMD is not a hydraulic 
pressure difference, a very high final concentration of juice can be easily 
achieved, depending only on the configuration of the system and the 
duration  of the process. 
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Fig. 2. Resulting red grape juice concentration during OMD process as a function 

of the OMD process time. 

Fig. 3. TPI as a function of the final red grape juice concentration after OMD 
process. 

 
The OMD process should not affect the quality parameters of the 

processed juices, like color, turbidity, total polyphenols index (TPI) or the 
antioxidant activity (given by the TEAC equivalent) [2,3,5,8]. Fig.3 
presents the TPI of red grape juice as a function of the final juice 
concentration obtained after OMD. It can be seen that the TPI depends 
linearly on the final juice concentration, meaning that water removal by 
OMD process does not affect the amount of polyphenolic compounds. The 
preservation of other quality parameters (e.g. color or antioxidant capacity) 
after concentration by OMD was also proven in the investigated systems 
(results not shown). 
Reconcentration of spent solutions from OD and OMD processes by PV 

The spent solutions from osmotic dehydration processes, i.e. diluted 
sucrose solution for candying, can be reconcentrated using OMD process 
[2]. However, the application of OMD process results in the generation of a 
new spent solution, i.e. diluted calcium chloride solution. To avoid this 
problem, pervaporation of spent sucrose solutions can be used. Results of 
the dehydration of sucrose solution by pervaporation using hydrophobic 
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membranes are presented in Fig.4. It was found that only water is 
transported through the pervaporation membrane and that the permeate flux  
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Fig. 4. Water permeate flux in pervaporation process of sucrose solutions. 
 

was dependent on the sucrose concentration in the feed solution. In contact 
with PDMS-PAN-NF membrane the water permeate flux was higher 
comparing with PDMS-PAN membranes. The difference resulted from the 
more open structure of the selective layer of former membrane. For low 
sucrose concentrations (10-40ºBrix) higher water permeate flux was 
obtained for PDMS-PAN-NF membrane. However, once the sucrose 
concentration increased (40-60ºBrix) the differences in flux diminished 
reaching comparable values for both pervaporation membranes at 60ºBrix. 
The flux decrease was caused mainly by the concentration polarization 
effect and, to a much smaller extent, by the decreasing pervaporation 
driving force. In the industrial application of PV, the spent sucrose solution 
should undergone the microfiltration prior to pervaporation, in order to 
remove any suspended particles or microorganism (cold pasteurization). 

Pervaporation process was also effectively used for the 
reconcentration of the spent hypertonic solution from the OMD process. 
Fig. 5 presents results of water pervaporation flux, when PDMS-PAN 
membrane was contacting calcium chloride solutions of different 
concentrations. Although permeate fluxes are lower than in case of sucrose 
solutions, they are still acceptable for the practical use. It should be 
however noticed that in the countries with a wide access to the solar 
energy, the reconcentration of calcium chloride solution could be also 
performed by a thermal evaporation. 
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Fig. 5. Water permeate flux in pervaporation process of calcium chloride solutions. 

Membrane: PDMS-PAN. 
 

4. CONCLUSIONS 

Membrane separation processes like osmotic membrane distillation 
and pervaporation can be efficiently implemented in fruits and fruit juices 
processing. The OMD process did not affect the quality of processed juices. 
Pervaporation can be applied for reconcentration of the spend solutions 
from osmotic dehydration and osmotic membrane distillation processes. 
 

Acknowledgements 

A. Dobrak and A. Sobolewska. wish to express their thanks for the Erasmus 
mobility grant, which enabled them the research training at Universitat Rovira i 
Virgili (URV, Tarragona - Catalunya, Spain). W. Kujawski kindly acknowledges 
the research scholarship at URV granted by the Catalan Government (Beques de 
Recerca per a Professors i Investigadors Visitants a Catalunya - 2006PIV0016). 
  

REFERENCES 

[1] J.Warczok, M.Ferrando, F.López, A.Pihlajamäki, C.Güell, J. Food Eng. 80 (2007) 317. 
[2] J.Warczok, M.Gierszewska, W.Kujawski, C.Güell, Sep. Pur. Technol. 57 (2007) 425. 
[3] M.Dalla Rosa, F.Giroux, J. Food Eng. 49 (2001) 223. 
[4] M.Gryta, J. Membrane Sci., 246 (2005) 145. 
[5] V.D.Alves, I.M.Coelhoso, J. Membr. Sci. 208 (2002) 171. 
[6] W.Kujawski, Polish J. Chem. Technol. 5 (2003) 1. 
[7] W.Kujawski at al., Desalination 205 (2007) 75. 
[8] A.Zulueta, M.J.Esteve, I.Frasquet, A.Frigola, Food Chemistry 103 (2007) 1365. 
 


