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ABSTRACT 
Faculty of Technology in Novi Sad developed a new method of osmotic dehydration of fruits and vegetables where the process of 

osmotic dehydration is followed by evaporation and the recirculation of osmotic solution. The process is carried out in several cycles 
and the osmotic solution is heated only in the first cycle. Moisture that exceeds the osmotic solution during osmotic dehydration of 
fruits and vegetables, in next stage is removed by evaporation. In order to prepare the energy-sustainable and economically effective 
production, an analysis of mass and energy balance of one complete cycle was performed. Energy model of evaporation of osmotic 
solution with the possibility of utilization of waste heat for heating other parts of the plant is shown. We used the solution of sugar 
beet molasses as an osmotic solution due it’s favorable nutritional and microbiological properties. 
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REZIME 
Na Tehnološkom fakultetu u Novom Sadu razvijen je novi metod osmotske dehidratacije voća i povrća gde je proces osmotske de-

hidratacije praćen uparavanjem i recirkulacijom osmotskog rastvora. Proces se odvija u više ciklusa a osmotski rastvor se zagreva 
samo u prvom ciklusu. Vlaga koja u toku osmotske dehidratacije iz voća i povrća prelazi u osmotski rastvor, u sledećoj etapi se uk-
lanja uparavanjem. U cilju dobijanja kvalitetnog proizvoda uz energetski održivu i ekonomski opravdanu proizvodnju, izvršena je 
analiza masenog i energetskog bilansa jednog zaokruženog ciklusa. Prikazan je energetski model uparavanja osmotskog rastvora uz 
mogućnost iskorišćenja otpadne toplote za grejanje drugih delova industrijskog pogona. Kao osmotski rastvor zbog povoljnih nutri-
tivnih i mikrobioloških svojstava, korišćen je rastvor melase šećerne repe. 

Ključne reči: osmotska dehidratacija, energetski i materijalni bilans, uparavanje, recirkulacija, melasa. 
 

INTRODUCTION 
Osmotic dehydration is considered the most appropriate way 

to partially remove water from fruit from the standpoint of sav-
ing energy. During osmotic dehydration, the greater amount of 
water is transported from the fruit in the osmotic solution, which 
leads to a dilution of osmotic solution, increasing its mass and 
this all together leads to a reduction of dehydration potential of 
osmotic solution (Babić et al., 2009). Also, other components 
from fruits such as aroma, pigments, acids, salts, vitamins, lip-
ids, proteins and parts of the pulp are transferred in small quanti-
ties into solution which leads to chemical, physico-chemical and 
sensory changes in osmotic solution (Rastogi and Raghavarao, 
2004; Raoult-Wack, 1994).  

In order to osmotic dehydration becomes economically fea-
sible operation in the processing of food, it is necessary to ensure 
the recirculation of osmotic solution. To achieve this, used os-
motic solution has to be concentrated by various methods such 
as evaporation, addition of solute, membrane method or cryo-
concentration. The most popular method for achieving osmotic 
solution concentrated is evaporation (Babić et al., 2005a). When 
using a saccharose solution, that is most commonly used for os-
motic dehydration of fruits, the main problem during the evapo-
ration is nonenzimatic tanning such as caramelization and Mail-
lard's reaction because some amino acids or proteins of the fruit 
are extracted during the osmotic dehydration (Šušić et al., 1994).  

After evaporation, osmotic solution can be used several 
times (for several cycles of osmotic dehydration) with prior puri-
fication by filtration and removal of colored materials with dif-

ferent adsorbents (charcoal, polyvinyl polipirolidon etc.). De-
spite higher cost, microfiltration and ultrafiltration may become 
even more useful methods from the energetic point for purifica-
tion of used osmotic solution but in this case occurs ecological 
disposal problems of used filters (Babić et al., 2009). 

Further industrial development of osmotic-dehidratation 
process is limited to the aforementioned problems related to used 
osmotic solution. Besides, the economic viability of any process 
that involves the osmotic dehydration depends on the cost and 
availability (supply) of osmotic solution. 

Very suitable raw material for the preparation of osmotic so-
lution is sugar beet molasses (Lević et al., 2007). In addition to 
being available in large quantities (as a byproduct of sugar in-
dustry) and has a low price, sugar beet molasses improves nutri-
tional value of fruit so it can be used instead of sugar solution in 
the process of osmotic dehydration (Koprivica et al., 2008; 
2009). In our country, the investigation of the application of mo-
lasses in the baking industry and meat industry have begun 
(Filipčev et al., 2006; Lević et al., 2005; Pribiš et al., 2005). 

Understanding the basic mechanisms of heat and mass trans-
fer during osmotic dehydration can play an important role in cre-
ating new possibilities for application of osmotic dehydration as 
a way of processing food in the future. 

MATERIAL AND METHOD 
Water content can be reduced to 50% by using osmotic-

dehydration processes and they are often used as a pretreatment 
for thermal drying of various materials of biological origin (Pan 
et al., 2003). Water, that has passed into the osmotic solution, 
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has to be removed by evaporation of the solution. Besides ther-
mal energy that is necessary to maintain a given temperature of 
the solution during the osmotic dehydration (QOD) and energy of 
the pump for recirculation of the solution (EP), the largest 
amount of heat is spent on evaporation (thickening) of osmotic 
solution (Babić, M. et al., 2005b; 2009; Van Nienwenhuijzen et 
al., 2001). The total thermal energy requirements are calculated 
from energy balance. For balancing energy in a circular process 
of osmotic dehydration, evaporation and recirculation of used 
solution, it is necessary to balance mass at each stage of the 
process (Coulson and Richardson, 1998). In the laboratory of 
Faculty of Technology in Novi Sad (Department of Food Engi-
neering), apparatus for a circular process that involves osmotic 
dehydration, evaporation and recirculation of osmotic solution 
was implemented. As an osmotic solution was used 80% (wt.) 
solution of molasses, which proved to be suitable from an eco-
nomic and ecological aspects (Mišljenović, et al., 2010). Exam-
ining the influence of temperature on mass and heat transfer dur-
ing osmotic dehydration of fruit samples in a solution of molas-
ses, the best results were achieved at 55°C (Mišljenović, et al., 
2008) so that the temperature was used in the experiment. 
Amount of 1kg of molasses solutions was taken for the base ac-
counting. Figure 1 shows the flows of mass (moisture, molasses 
and fruit dry matter) during osmotic dehydration with evapora-
tion and recirculation of osmotic solution. Simplified graphical 
presentation of the mass balance of moisture transfer and dry 
matter in Fig 1, presents basis for balancing energy in the second 
phase of the calculation. In this picture, in addition to flows of 
moisture and dry matter, main flows of energy are presented:  
- QOD - heat energy consumed in the process of osmotic dehydra-
tion;  
- QI - thermal energy spent for evaporation of osmotic solution;  
- EP - pump energy expended to transport of concentrated os-
motic solution. 

 
Fig. 1. Mass flow during the process of osmotic dehydration 

with evaporation and recirculation of the molasses (Babić et al., 
2005a) 

  

In Fig. 2, the scheme of the device for osmotic dehydration 
with evaporation and recirculation of molasses is given. In calcu-
lations of the mass balance, the loss of molasses is taken into 
account, i.e. amount of molasses that has crossed into the fruit or 
fruit dry matter growth (SG) after each cycle of osmotic dehy-
dration (dashed line in Fig. 1). The calculation ignores the trans-

fer of dry matter from fruit in the direction of osmotic solution. 
By reducing this amount of dry matter to minimum, many prob-
lems related to osmotic solution would be solved at least in prac-
tice (Lazarides et al., 1995). 

 

 
Fig. 2. Scheme of device for osmotic dehydration with vacuum 

evaporators and recirculation of the molasses 
 

RESULTS AND DISCUSION 

Material balances of osmotic dehydration 
and evaporation 
Using material flow tags from the scheme (Fig 2), material 

balance of device for osmotic dehydration are placed. Overall 
material balance for molasses: 

 

mm(OD) = mmo + mw - msm  (kg)  (1) 
 

where is: mm(OD) - the amount of molasses solution after osmotic 
dehydration; mmo - input amount of molasses solutions; mw - lev-
el of moisture taken from fruit (WL); msm - the amount of dry 
matter of molasses, which crossed to the sample (SG). 
The total material balance of the device for osmotic dehydration 
has included samples of fruit weight: 
 

mmo + muzo = mm(OD) + muz(OD)   (kg) (2) 
 

where: muzo - initial weight of sample fruit; muz(OD) - weight of 
sample fruit after osmotic dehydration 
The material balance of dry matter (molasses and fruit): 
 

mmo •gmo+muzo•(1 –guzo)=mm(OD)•gm(OD)+muz(OD)•(1 – guz(OD))  (3) 
 

where: gmo - initial share of total solids in molasses (0.80 
kgsm/kgm); guzo - initial moisture content of samples of fruit (0.85 
kgw/kgv), gm(OD) - experimentally measured total solids in molas-
ses after osmotic dehydration; guz(OD) - measured moisture con-
tent of fruit after osmotic dehydration. 
Using tags from the flow scheme (Fig. 2), total material balance 
of evaporators is set (Sovilj, M. et al., 1994): 
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mm(OD) = W + mmk  (kg) (4) 
 

where: W – amount of water that is removed from a solution of 
molasses by evaporation; mmk - the amount of molasses solutions 
after evaporation. 
If we neglect losses of molasses dry matter in evaporators with 
the assumption that the amount of water that evaporates from the 
solution of molasses (W) is equal to the amount of moisture that 
is removed from fruits during osmotic dehydration (mw), then 
the mmk = mmo and W = mw. In that case, material balance for the 
dry matter of molasses in the evaporators is (Sovilj, M., 1994): 
 

mm(OD) • gm(OD) = mmk • gmk    (kg) (5) 
 

After the molasses solvent evaporates to the initial concentra-
tion, it can be adopted: gmk ∼ gmo  (0.8 kgsm/kgm) 
Based on (4) and (5), required quantity of water that has to be 
removed from the solution of molasses in the evaporator (mmk = 
mmo) is calculated: 

W = mm(od)  • (1 –
mk

m(OD)

g
g

) (kg)   (6) 

Energy balances of osmotic dehydration and 
evaporation 
In the first cycle of osmotic dehydration the most heat is in-

vested as it is necessary to heat molasses solution from room 
temperature to set temperature of osmotic dehydration, while in 
the other cycles thermal energy is invested only to maintain the 
desired temperature of osmotic dehydration. Since the fruit has a 
lower temperature than the temperature of osmotic solution, in 
each cycle certain amount of heat has to be brought for heating 
the fruit to a temperature of osmotic dehydration. Besides that, it 
is necessary to recover heat losses to the environment. 

Based on the scheme (Figure 2) where the arrows indicate 
the amount of input heat, mechanical energy and heat losses, the 
overall energy balance of device for osmotic dehydration and 
evaporation is: 

 

Q = QOD + Qi + Ep + QgOD + Qgi (kJ) (7) 
 

If we neglect the heat losses in the device for osmotic dehy-
dration and evaporator, it remains: the amount of heat energy in 
the process of osmotic dehydration (QOD), the amount of heat 
energy in the process of evaporation (Qi) and mechanical energy 
required for the pump (Ep). 

Heat balance in the device for osmotic dehydration (I cycle): 
 

QOD = mmo • cpm • (tr  - t0) + mv • cpv • (tr  - t0) (8) 
 

where: cpm and cpv (kJ/kgK) - the specific heat of molasses solu-
tion (80% wt) and fresh fruit; tr and t0 (oC) - temperature of the 
molasses solution and the surrounding air, mv (kg) - mass of 
fresh fruit in a single cycle of osmotic dehydration. 
Taking the base calculation unit, mmo = 1kg input solution of 
molasses, mv = 200g fresh fruit (apple slices) and data taken 
from literature cpm = 3.56 kJ/kg and cpv = 2.86 kJ/kg (Bajić, D. et 
al., 1980; Pavon-Melendez, G. et al., 2002), at an average tem-
perature of t0 = 20 0C and tr = 55 0C, the amount of heat ex-
pended during osmotic dehydration is (equation 8): 
 

QOD = 144.65 kJ 
 

In order to save energy in a device for osmotic dehydration and 
evaporator, beside thermal isolation of the devices, it is neces-
sary to reduce energy consumption in evaporator where it spends 
the greatest amount of energy. One of the solutions is to use va-
cuum evaporator, where the absolute pressure above the solution 
has a value that provides the solution boils at ≤550C (molasses 

solution temperature at the outlet of the device for osmotic de-
hydration is about 550C). This is accomplished with the installa-
tion of vacuum pumps, energy savings for heating the solution 
and reduce heat loss. Heat of evaporation provides heating, dry-
saturated water vapor. Evaporators heat balance is: 
 

Qi = W• r   (kJ) (9) 
 

where: r (kJ/kg) – heat of water-vapor phase changes. According 
to the tables with the thermodynamic data for dry-saturated wa-
ter vapor, at the boiling temperature of the water solution ∼55 
0C, pressure above the solution is p = 400 mbar and r =  2294 kJ 
/ kg (Sovilj, M. et al., 1994). 
For the input quantity of molasses solutions, mmo = 1kg of com-
position 0.8 kgsm / kgm, after 15 min (minimum duration of os-
motic dehydration), measured amount of molasses solution after 
osmotic dehydration was: mm(OD) ∼ 1.2 kg.  
Experimentally measured molasses moisture after osmotic dehy-
dration (average value), is gm(OD) = 0.56 kgw/kgm. Required 
amount of water that should be removed from the solution of 
molasses in evaporator, according to equation 6, is W = 0.54 kg. 
So, according to (9): 
 

Qi = 1238.76 kJ 
 

The total amount of energy consumed in the process of osmotic 
dehydration and evaporation of molasses, including the pump 
power for the transport of molasses solutions, Ep = 150 W, is ac-
cording to equation (7): 
 

Q = 1383.56 kJ 
 

Energy costs represent a significant item in the price of the final 
product osmotically dehydrated fruit, so possible ways of utiliza-
tion of waste heat should be considered. Energy savings, in addi-
tion to installation of thermal isolation, can be achieved by ex-
ploiting the secondary steam for heating other parts of the plant. 

CONCLUSION 
During the process of osmotic dehydration used osmotic so-

lution presents problem as a side product. Experiments with os-
motic dehydration of fruits in a solution of molasses (80% wt), 
showed favorable properties of this solution that in addition to 
being available in large quantities as a by-product of sugar facto-
ries, also improves nutritional properties of fruits. Calculations, 
based on mass and energy balance of osmotic dehydration of 
fruits and evaporation of molasses solution after osmotic dehy-
dration, show that the recirculation of the solution of molasses 
after leaving the vacuum evaporators is economical process. 
With the development of advanced technologies such as the use 
of adsorbents and membrane processes for purification of used 
osmotic solution, economic viability of the process of osmotic 
dehydration with the recirculation of osmotic solution can be 
increased. 
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