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APPLIED TECHNOLOGY 

Osmotic dehydration in fruit and vegeta~ble 
processing 

Danila Torreggiani 
Istituto Valorizazione Tecnologica dei Prodotti Agricoli, Via Venezian 26, 20133 Milano, Ita!! 

The basic principles which control osmotic dehydration of fruit and vegetables 
are reported together with the most important parameters and their influence on 
the process. 

The effects of osmosis as a pre-treatment, mainly related to the improvement 
of nutritional, sensorial and functional properties of the products, are analyzed. 
The distinctive aspect of this process, when compared to other dehydration 
methods, is the ‘direct formulation’ achievable through the selective incorporation 
of solutes, without modifying the food integrity. By balancing the two main osmotic 
effects, water loss and soluble solids uptake, the functional properties of fruit and 
vegetables could be adapted to many different food systems. 

Present applications of the process are shown and problems related to a further 
industrial development are analyzed. 

Keywords: osmotic-dehydration, drying, freezing, appertization, quality, fruit, 
vegetables. 

INTRODUCTION 

Osmotic dehydration is a useful technique for the 
concentration of fruit and vegetables, realized by 
placing the solid food, whole or in pieces, in sugars 
or salts aqueous solutions of high osmotic pressure. 
It gives rise to, at least, two major simultaneous 
counter-current flows: an important water flow out 
of the food into the solution and a simultaneous 
transfer of solute from the solution into the food 
(Fig. l), which are both due to the water and solute 
activity gradients across the cell’s membrane. 

In an ideal osmotic situation a semi-permeable 
membrane would be permeated by the solvent 
molecules but not by the solute molecules. In fruits 
or vegetables, the cell wall membranes are living 
biological units which can stretch and expand 
under the influence of growth and turgor pressure 
generated inside the cells. These cellular membranes, 
which are composed mainly of parenchyma cells, 
freely allow the solvent molecules to pass through 
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but they also allow, to a lesser degree, the passage 
of some of the solute molecules. This type of 
membrane could be classified differentially perme- 
able, rather than semi-permeable. 

In natural food systems there is also some leak- 
age of solute (sugars, organic acids, minerals, salts, 
etc.) across the membrane. Though quantitatively 
negligible, it may be essential as far as organoleptic 
or nutritional qualities are concerned. 

Therefore, compared to single drying processes, 
osmotic dehydration achieves a twofold transfor- 
mation of the food item, by both a decrease in 
water content and a solute incorporation, which 
may result in a subsequent weight reduction. 

Some of the osmotic syrup may not actively mi- 
grate into the cells but may simply penetrate into 
the intercellular spaces, because of the wide modi- 
fication of the permeability and selectivity of the 
tissue structures due to maturity and storage con- 
ditions or heat and chemical pre-treatments. 

This ‘impregnation’ effect may be important 
(Monzini & Maltini, 1986; Maltini et al., 1992) 
and the term ‘dewatering-impregnation soaking in 
concentrated solutions’ (DII) instead of ‘osmotic 
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Fig. 1. Mass transport phenomena during the osmotic 
process. 

dehydration’ has been recently proposed by Raoult- 
Wack and Guilbert (1990). 

Through the incorporation of solute into the 
food system it is possible, to a certain extent, to 
change its nutritional and functional properties, 
achieving a specific formulation of the product 
without modifying its integrity. This ‘direct for- 
mulation’, together with a partial dehydration, is 
the distinctive aspect of the process when com- 
pared to other dehydration methods. 

Old techniques such as candying or salting are 
based on the same principles of osmotic dehydra- 
tion, but generally they are long-term processes 
and they favour the solute penetration and limit 
the water removal. 

Recently, wider prospects for osmotic dehydra- 
tion have arisen as a pre-step to further process- 
ing. 

PROCESS VARIABLES 

The influence of the main process variables (pre- 
treatments, temperature, nature and concentration 
of the dehydration solutions, agitation, additives, 
etc.) on the mass transfer and on the product 
quality have been reviewed by Ponting et al. 
(1966), Karel (1975) and more recently by Lerici 
et al. (1985b), Le Maguer (1988) and Raoult- 
Wack and Guilbert (1990). 

In the light of published literature, some general 
rules can be pointed out. 

Water loss and solid gain are mainly controlled 
by the raw material characteristics (Fig. 2) (Torreg- 
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Fig. 2. Water loss (WL), weight reduction (WR) and solid 
gain (SG), g/100 g fresh fruit, during osmotic dehydration at 

room temperature of two cultivars of apricot (halved). 

giani et al., 1986a,b, 1988a,b), certainly influenced 
by the possible pre-treatments. The great variabil- 
ity observed among the different fruits is mostly 
related to the tissue compactness (Giangiacomo, 
1987) initial insoluble and soluble solid content 
(Lenart & Flink, 1984a,b), intercellular spaces, 
presence of gas, ratio between the different pectic 
fractions (water soluble pectin and protopectin) 
(Forni et al., 1986), gelification level of pectin (Moy 
et al., 1978) and enzymatic activity (Giangiacomo 
et al., 1987) of the fruit. 

It is usually not worthwhile using osmotic dehy- 
dration for more than a 50% weight reduction be- 
cause of the decrease in the osmosis rate with 
time. Water loss mainly occurs during the first 2 h 
and the maximum solid gain within 30 min (Con- 
way et al., 1983; Torreggiani et al., 1986a,b 
1988a,b; Giangiacomo et al., 1987; Guenneugues, 
1986). 

The rate of mass exchanges increases with tem- 
perature but above 45°C enzymatic browning and 
flavour deterioration begins to take place. High 
temperatures, i.e. over 60°C modify the tissue 
characteristics so favouring impregnation phe- 
nomena and thus the solid gain (Farkas & Lazar, 
1969; Bongirwar & Sreenivasan, 1977; Lenart & 
Flink, 19846; Heng et al., 1990; Lenart & Lewicki, 
1990a,b; Vial et al., 1991). High temperature short 
time (HTST) treatments, at 80-85OC for l-3 min, 
combine the osmotic effect with enzymatic inacti- 
vation by blanching (Lerici et al., 1986). 

The best processing temperature depends on the 
food: for example for green beans (Biswal et al., 
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1991) 40°C is too high a temperature and 20°C 
gives better results. 

Acceleration of water loss without modification 
of sugar gain when temperature is increased, has 
been observed by many authors (Ponting, 1966; 
Bongirwar & Sreenivasan, 1977; Hawkes & Flink, 
1978; Islam & Flink, 1982; Vial et al., 1991). The 
phenomenon is essentially due to the diffusional 
differences between water and sugar as related to 
their different molar masses. Raoult-Wack et al. 
(1989) describe an antagonistic effect of water and 
solute transfers, probably due to the combination 
of sugar penetration by diffusion and sugar trans- 
portation by the water flow, as a function of the 
water flow rate. 

Mass exchanges are favoured by using high con- 
centration solutions (Ponting et al., 1966; Farkas & 
Lazar, 1969; Bongirwar & Sreenivasan, 1977; Heng 
et al., 1990; Videv et al., 1990; Vial et al., 199 1) and 
by reducing the particle size of the fruit up to a cer- 
tain level, above which solid gain is highly favoured 
(Islam & Flink, 1982; Lerici et al., 1985a). Increas- 
ing the solution concentration favours water loss 
more than solid gain (Ponting et al., 1966; Hawkes 
& Flink, 1978; Islam & Flink, 1982; Conway et 
al., 1983; Lenart & Flink, 1984a; Pavasovic et al., 
1986; Raoult-Wack & Guilbert, 1990). 

Phenomena which modify the tissue perme- 
ability, such as overripeness, pre-treatments with 
chemicals (SO,), blanching or freezing, favour the 
solid gain compared to water loss because impreg- 
nation phenomena are enhanced: permeability 
increases and selectivity decreases (Ponting, 1973; 
Karel; 1975; Islam & Flink, 1982). 

The kind of sugar utilized as osmotic substance 
strongly affects the kinetics of water removal, the 
solid gain and the equilibrium water content. By 
increasing the molar mass of the solutes, a de- 
crease of solid gain and an increase of water loss 
is obtained, so favouring weight loss and the ‘de- 
hydration’ aspect of the process (Contreras & Smyrl, 
1981; Islam & Flink, 1982; Bolin et al., 1983; 
Lerici et al., 1985a; Heng et al., 1990). Low molar 
mass saccharides (glucose, fructose, sorbitol etc.) 
favour the sugar uptake because of the high veloc- 
ity of penetration of the molecules so that solid 
enrichment instead of dehydration is the main 
effect of the process. 

Addition of NaCl to osmotic solutions increases 
the driving force for drying owing to the a, lower- 
ing capacity of the salt. Synergistic effects between 
sugar and salt have also been observed (Lenart & 
Flink, 19846). 

APPLICATIONS 

The effects of osmotic dehydration as a pre-treat- 
ment are mainly related to the improvement of some 
nutritional, organoleptic and functional properties 
of the product. 

As osmotic dehydration is effective at ambient 
temperature, heat damage to color and flavor is 
minimized and the high concentration of the sugar 
surrounding fruit and vegetable pieces prevents 
discoloration. 

Furthermore, through the selective enrichment 
in soluble solids high quality fruit and vegetables 

Osmotic solution : sugar syrup or * (1xoowIRATIoN 
sugar syrup + NaCl (60-75'8~); K 1 

1 

Fig. 3. Applications of osmotic dehydration in fruit and vegetable processing. 
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are obtained with functional properties ‘compat- & Lewicki, 19883). Furthermore the solid gain 
ible’ with different food systems. increases the total yield. 

These effects are obtained with a reduced energy 
input over traditional drying process. The main 
energy-consuming step is the reconstitution of the 
diluted osmotic solution that could be obtained by 
concentration using multiple-effect evaporators or 
by addition of sugar. In the first case only about 
25% as much energy is required for water re- 
moval, as compared to conventional hot air 
dehydration (Huxsoll, 1982; Bolin et al., 1983; 
Lenart & Lewiki, 19886). In the second the cost is 
regained as ‘solid gain’ in the end product. 

Using high temperature fluidized bed (HTFB) 
dehydration of osmotically dehydrated blueberries, 
fruits with a soft and raisin-like texture were ob- 
tained by Kim and Toledo (1987). With the same 
technique, apples were simultaneously puffed and 
dried and a crunchy and sulfur-free fruit was ob- 
tained, suitable for such products as cereal flakes 
(Torreggiani & Toledo, 1990). 

The combination of osmosis with solar drying 
has been put forward, mainly for tropical fruit 
(Islam & Flink, 1982; Levi et al., 1983). 

Various applications of the technique as a unit 
operation in the food area are summarized in 
Fig. 3 together with the processing parameters 
regarded as optimal in the light of the published 
literature. 

A 24-h cycle has been suggested combining osmo- 
dehydration, performed during the night, with 
solar drying during the day (Islam & Flink, 1982). 

Drying 

Air drying following osmotic dipping is commonly 
used in tropical countries for the production of 
so-called ‘semi-candied’ dried fruits. The combi- 
nation has also been proposed by many authors 
(Ponting et al., 1966; Jackson & Mohamed, 1971; 
Bongirwar & Sreenivasan, 1977; Speck et al., 
1977; Nanjundaswamy et al., 1978; Islam & Flink, 
1982; Lerici et al., 1983, 1988; Mazza, 1983; Lenart 
& Lewicki, 1988a,b; Guilbert, 1989; Crivelli et al., 
1989; Kim, 1990; Riva & Masi, 1990; Shahab 
Uddin et al., 1990; Maltini et al., 1991). 

To obtain dried tropical fruits, Mujumdar & 
Grabowski (1991) indicated a number of schemes 
to accomplish solar assisted concentration of the 
spent syrup, which is recirculated for osmotic de- 
hydration, and subsequent solar drying of the par- 
tially dehydrated fruit. Two-three-fold increase in 
the throughput of typical solar driers is feasible, 
while enhancing the nutritional and organoleptic 
quality of the fruits. 

The sugar uptake, owing to the protective action 
of the saccharides, limits or avoids the use of SO, 
(Ponting et al., 1966; Crivelli et al., 1989; Maltini 
et al., 1991) and increases the stability of pigments 
during processing and subsequent storage period 
(Kim, 1990). 

Osmotic dehydration followed by vacuum dry- 
ing was proposed by Ponting (1973), Dixon et al. 
(1976), Bongirwir and Sreenivasan (1977), Dixon 
& Jen (1977), Moy et al. (1978), Ramamurthy et 
al. (1978), Jezek & Smyrl (1980), Adambounou 
and Castaigne (1983). Puffy products with a crisp, 
honeycomb-like texture can be obtained at a cost 
comparatively less than freeze-drying. 

The organoleptic qualities of the end product 
could also be improved because some of the acids 
are removed from the fruit during the osmotic 
bath, so a blander and sweeter product than ordi- 
nary dried fruits is obtained (Ponting et al., 1966). 

Comparing osmodehydrated products to fresh 
ones, they present lower water removal rates 
(Islam & Flink, 1982; Lerici et al., 1988). When 
water activities of 06-07 have to be reached, the 
drying time is shortened by lo-65%, depending on 
the kind of material, osmotic substance and the 
time of osmotic treatment (Lenart & Lewicki, 
1988b; Lerici et al., 1988). 

Commercial feasibility of the process on ba- 
nanas has been studied, based on the results of 
semi-pilot plant-scale operations (Bongirwar & 
Sreenivasan, 1977). The process scheme is reported 
in Figure 4. Osmotically dried bananas retained 
more puffiness and a crispier texture than simple 
vacuum dried ones, and the flavour lasted longer 
(1 year instead of 2 months) at ambient tempera- 
ture. The natural flavor is retained even better 
than in freeze-drying and color remains bright with 
reduced sulfur dioxide treatment. 

Owing to weight and volume reduction, loading 
of the drier can be increased 2-3 times (Lenart 

The combination of osmotic dehydration with 
freeze-drying has been proposed only at labora- 
tory scale (Lee et al., 1967; Flink, 1975, 1980; 
Lerici et al., 1977; Hawkes & Flink, 1978). Owing 
to the solid gain and the volume reduction of the 
osmodehydrated products there is a threefold in- 
crease in the freeze-drier load and the process 
yield. An increase of up to 25% of soluble solids 
content greatly improves the retention of volatiles. 
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Fig. 4. Flow diagram for osmotic dehydration and vacuum drying of bananas (Bpngirwar & Sreenivasan, 1977). 

Recently a raisin-type product has been pre- 
pared from low bush blueberries combining osmo- 
dehydration, freeze-drying with abrupt release of 
vacuum and thermal plasticizing (Yang et al., 
1987). Final products exhibit good flavour, texture 
and overall quality and a long shelf stability. 

Combined processes 

A ‘combined’ process in which a limited air dehy- 
dration step is preceded by an osmotic treatment 
in sugar solutions has been proposed for the 
preparation of a new type of fruit ingredient at re- 
duced water activity (0.7-0.8) called ‘frozen inter- 
mediate moisture fruits’ (FIMF) (Torreggiani et 
al., 1988~). Blanching of the raw fruit and storage 
at freezing temperature for long-term preservation 
are also part of the process. 

Compared to simple air dehydration, a softer 
dried product could be obtained (Fig. 5), more 
pleasant to eat out of the hands as a snack item or 
to incorporate in such products as pastry, ice 
cream, etc. If a concentrated fruit juice is used as 
osmotic solution, an even softer product is ob- 
tained (Fig. 5) because of the higher content of 
monosaccharides in the fruit juices compared to 
that of syrups from starch hydrolysis, and the 

higher relative water content at a determined a,. 
The product is totally of fruit origin and this 
feature may be relevant under the merceological 
aspects (Maltini et al., 1990). 

‘FIMF’, have to be stored at freezing tempera- 
ture to avoid the use of chemicals, preservatives 
and/or heat treatments usually needed for inter- 
mediate moisture foods. However, an ice phase will 
hardly ever form in this product, as in a frozen 

Fig. 5. Consistency index of processed apples cubes as 
related to their final water activity (Torreggiani et al., 1988~). 
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system the equilibrium water activity, which is only 
temperature dependent, is 0.84 at -18°C and 0.78 
at -25”C, thus higher than that of the products. 

Considering the economics of the process, there 
is no latent heat to be removed in the freezing step 
and dehydration reduces the volume to be stored 
from one half to one third of the original. 

A wide range of water and soluble solids con- 
tents in the final products could be achieved in 
order to prepare fruit ingredients with functional 
properties suitable for specific food systems. 

The ‘suitability’ of food ingredients is mainly 
dependent on water activities of components to 
avoid diffusion of moisture between the fruit and 
the food and to control the product’s shelf life. A 
typical case of detrimental moisture diffusion is 
the soggy pastry in fruit pie. On the other hand, in 
same cases, a controlled rate of moisture uptake 
by the partially dehydrated fruit pieces is useful, 

FRUIT 
weight 100.00 l-----l d.m. 11.30 
water 88.70 
d.m.% 11.30 

for example to avoid whey separation in yogurt 
containing fruit (Torreggiani et al., 1991b). 

The specific role of the osmotic pre-step in the 
proposed process is the enrichment in soluble 
solids, rather than the removal of water. In this 
way a lowering of the water activity, which is de- 
pendent on soluble solids concentration, is ob- 
tained with only a limited decrease in the water 
content and thus a limited increase of consistency. 
Texture, in fact, is associated with the plasticizing 
and swelling effect of water on the pectic and 
cellulosic matrix of the fruit tissue, so it mainly 
depends on the insoluble solid and water content 
rather than on soluble solids and water activity. 
By favouring the soluble solid uptake, lower water 
activities may be achieved while maintaining an 
acceptable consistency. 

On this basis, the relationship existing among 
processing, phase composition after processing, 

SYRue r-----l weight 300.00 
d.m. 210.00 c---------- 
water 90.00 

FRUIT 
weight 77.50 
d.m. 15.35 
water 62.15 

d.m.% 19.80 
weight 25.83 

4 -d.m. 5.11 SYRUP ~-1 
water 20.72 
d.m.% 19.80 

FRUIT 75% 
SYRUP 25% 

weight 103.33 
d.m. 20.46 
water 82.87 
d.m.% 19.80 

weight 323.66 

water 113.66 

___._~~__. water 23.66 

Fig. 6. Weight balance flow sheet of osmo-appertization of peach slices (Maltini & Torreggiani, 1985). 
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and functional properties have been defined for 
some fruits (Maltini et al., 1992). Functional 
properties are expressed as diagrams relating the 
phase composition (soluble solids, insoluble solids 
and water) and the range of consistencies obtain- 
able at various water activities. 

Appertization 

A combination of osmotic dehydration with ap- 
pertization has been proposed to improve canned 
fruit preserves (Andreotti et al., 1985). 

The feasibility of a process, called osmo-apper- 
tization, to obtain high quality fruit in syrup, has 
been assessed on a pilot plant scale (Maltini & 
Torreggiani, 1985; Forni et al., 1986; Torreggiani 
et al., 1986a,b, 1988a,b, 1990b; Crivelli et al., 1989; 
Senesi et al., 1989). The weight balance scheme 
is reported in Figure 6. 

The key point of this technique is the pre- 
concentration of the fruit to about 20-24”Brix, 
that causes, together with the enhancement of the 
natural flavor, an increase of the resistance of the 
fruit to the following heat treatment, especially for 
color and texture stability. The products obtained 
are stable up to 12 months at room temperature 
and show a higher organoleptic quality than 
canned preserves. Furthermore, because of their 
higher specific weight and diminished volume, the 
filling capacity of jars or pouches is increased. 

Freezing 

The frozen fruit and vegetable industry uses much 
energy in order to freeze the large quantity of 
water present in fresh product. As pointed out by 
Huxsoll (1982) a reduction in moisture content of 
the material reduces refrigeration load during 
freezing. Other advantages of partially concentrat- 
ing fruits and vegetables prior to freezing include 
savings in packaging and distribution costs and 
achieving higher product quality because of the 
marked reduction of structural collapse and drip- 
ping while thawing. 

The products obtained are termed ‘dehydro- 
frozen’ and the concentration step is generally 
realized through conventional air drying, whose 
additional cost has to be taken into account. 

Osmotic dehydration could be used instead of air 
drying to obtain an energy saving or a quality im- 
provement especially for fruit and vegetables sensitive 
to air drying (Farkas & Lazar, 1969; Huxsoll, 1982; 
Andreotti et al., 1983, 1985; Tomasicchio et al., 

1986; Forni et al., 1990; Pinnavaia et al., 1988; 
Biswal & Bozorgmehr, 1989; Garrote & Bertone, 
1989; Tomasicchio & Andreotti, 1990; Biswal et 
al., 1991; Torreggiani et al., 1991a). 

Air dehydration to about 50% weight reduction 
of kiwi fruit, even at 45-50°C causes considerable 
color and consistency defects. A ‘yellowing’ of the 
fruit is observed together with a ‘woody’ texture 
(Torreggiani et al., 1987). A 2-h osmotic treatment 
at room temperature gives high quality dehydro- 
frozen kiwi fruit in terms of natural color and 
flavor. Sugar uptaken during osmosis protect the 
color during storage at -20°C up to 9 months 
(Forni et al., 1987). 

The osmosis temperature could be increased up 
to 40°C without detrimental effects on the organo- 
leptic (color) and nutritional (ascorbic acid) char- 
acteristics of kiwi fruit (Vial et al., 1991). 

Extraction of juices 

According to Guilbert et al. (1990) an osmotic 
pre-step before juice extraction gives highly aro- 
matic fruit or vegetable juice concentrates. 

This technique has also been proposed for wine 
musts. The acid and astringent compounds are re- 
duced, improving the sugar/acid ratio. The wine 
obtained from the fermentation of this ‘modified’ 
must shows better organoleptic qualities (Vyas et 
al., 1989; Moutounet et al., 199 1). 

FURTHER DEVELOPMENTS 

So far only applications on a pilot plant scale are 
reported in the literature. For further develop- 
ments on a larger scale, theoretical and practical 
problems should be solved. 

In the last few years numerous studies have 
been undertaken on the osmotically induced mass 
transfers (Conway et al., 1983; Magee et al., 1983; 
Lewicki et al., 1984; Biswal & Bozorgmehr, 1988; 
Raoult-Wack, 1988, 1991; Biswal & Le Maguer, 
1989; Raoult-Wack et al., 1989, 1991a,b,c; Toupin 
& Le Maguer, 1989; Toupin et al., 1989; Beristain 
et al., 1990; M’Rani, 1990; Isse & Schubert, 1991) 
but a full understanding and a mathematical model- 
ing of the mechanisms involved in simultaneous 
interacting counter-current flows is still lacking. 

The industrial application of the process faces 
engineering problems related to the movement of 
great volumes of concentrated sugar solutions and 
to equipment for continuous operations. The use 
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of highly concentrated sugar solutions creates two 
major problems. The syrup’s viscosity is so great 
that agitation is necessary in order to decrease the 
resistance to the mass transfer on the solution 
side. The difference in density between the solu- 
tions (about 1.3 kg/liter) and fruit and vegetables 
(about 043 kg/liter), makes the product float. 

Brimelow & Brittain (1977) and Pavasovic et al. 
(1986) have proposed continuous equipment based 
on a column with hydraulic transport in co-current 
and in counter-current, while Hong & Le Maguer 
(1989) used a pilot-scale belt-type continuous con- 
tactor in a counter-current osmotic dehydration. 
The latter was divided into three sections and the 
solution was sprayed on the top of carrot cubes 
and recirculated in each section. 

Another important aspect, so far not investi- 
gated, is the microbial safety of the process, which 
should be studied thoroughly before further indus- 
trial development. 
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