
A. Boór et al. / Journal of Membrane Science and Research 2 (2016) 201-206 

the two sides of the membranes. In MD it is realised by different 
temperatures, while in OD, an osmotic agent: concentrated salt solution [5] 
(e.g. CaCl2, with high osmotic pressure) is applied in the secondary side. 
Thus, water molecules in the vapour phase are forced to pass through the 
membrane. 

Producing concentrate from juices by MOD could be a possible way for 
mild water withdrawal in industrial adaptation, preserving all the essentials, 
heat sensitive inner contents, but with an effective transport of water vapour 
[6-8]. OD is powered by the concentration gradient; meanwhile MD is carried 
out, driven by the temperature difference between the liquids on the two sides 
of the membrane. The technical implementation of the two membrane 
processes shows a number of identical features. The aim of the process is to 
increase the driving force by a cumulative way from the two separate 
procedures in one system. Only water vapour can pass through the 
hydrophobic capillary membrane pores, while all other components remain in 
the concentrate [9-14]. 

For industrial usage of MOD, two difficulties should be solved: 
shortening the duration of the process and regeneration of the osmotic agent. 
A possibility to reduce the time of concentration is to enhance the driving 
force, e.g. to maintain the water vapour pressure differences. Cascade systems 
seem an attractive solution, where concentrated CaCl2 solution is applied in 
each stage enhancing the driving force. In this work, MOD concentration of 
four types of wild berry fruits was studied and sucrose solutions were used to 
model the concentration process in cascade systems. The efficiency of the 
method was proven by calculations and measurements. 

 
1.2. Types of wild berry fruits 

 
For the experiments, fruits of cornelian cherry (Cornus mas L.), 

blackthorn (Prunus spinosa L.), common white beam (Sorbus L.) and 
elderberry (Sambucus nigra L.) were used. The fruits of the chosen plants are 
shown in Figures 1 and 2, and it can be seen that they are rich in colouring 
components, and they have deep red, blue and black colours. All the raw 
materials for the experiments were collected in the Transdanubian region of 
Hungary, where they are considered as native species, growing there for 
hundreds of years. Many traditional procedures are known regarding their 
usage and cultivation practices. Mostly jam, stewed fruit, marmalade, syrup, 
sweets, and several types of soft drinks are produced from the berries of these 
shrubs, as well as medicinal and cosmetic products [15]. 

 
 

  
 

Fig. 1. The fruits of cornelian cherry (Cornus mas L.) (left image) and blackthorn (Prunus 
spinosa L.) (right image). 

 
 

  
 

Fig. 2. The fruits of common white beam (Sorbus L.) (left image) and elderberry 
(Sambucus nigra L.) (right image). 
 
 
These berries, used in the experiment, are not just tasty, but are also good 

sources of natural antioxidants. They contain many different radical 
scavenger components which have health benefits. 

 
1.3. Theoretical description of water vapour transport 

 
The driving force of MOD procedure comes from the vapour pressure 

difference between the two sides of the membrane. The main characteristic of 
the membrane is porosity and hydrophobia, therefore only water vapour is 
able to go through the membrane pores, thus direct contact between the 
solutions is avoided (see Figure 3) [16]. This way all water-soluble 
components (aroma, colour) remain in the concentrate during the process [17-
24]. 

 
 

 
Fig. 3. Water vapour transport through the hydrophobic membrane pores. 

 
 
Transport of gaseous materials through a membrane (flux, Jw) can be 

described in general by the following equation [21]: 
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where � Pb is the pressure difference between the two sides of the membrane 
(bar) and K is the overall mass transfer coefficient (kg m-2 s-1 Pa-1) [17]. In our 
case, there is water vapour transport occurring, and thus we can use water 
vapour pressure data: 
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where Pw1 is equivalent with the product of water activity (aw1) and the vapour 
pressure of pure water (Pw1

*). Thus, the flux can be written as shown below: 
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i.e. the flux can be calculated as the difference of the water vapour pressure of 
the two main solutions of the sides of the membrane, taking the overall mass 
transport coefficient, K (kg m-2 s-1 Pa-1). 

Overall mass transfer coefficient (K) can be calculated as it is indicated in 
this eq. [25, 26]: 
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where k1 and k2 are the mass transfer coefficients in the primary and the 
secondary sides of the membrane, respectively, and km is the mass transport 
coefficient of the membrane itself. When concentration polarization is 
negligible, only the membrane resistance should be taken into account, thus K 
becomes equal to km. 

Considering the equations above, the value of the overall mass transfer 
coefficient (K) for the particular process can be determined if flux (Jw) is 
measured experimentally and water vapour pressure and water activity data 
are known [27]. 
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