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Fruits and vegetables are important part of human diet but are prone to rapid 
deterioration. Osmotic dehydration (OD) is a method capable of retaining nutrient and 
organoleptic qualities of preserved food and aid drying at reduced energy requirement 
for minimally processed food. The study is aimed at analysing and comparing OD of 
fruits and vegetables using mango (Mangifera indica L.) and carrot (Daucus carota L) as 
case samples. The effects of sucrose concentration, residence time and temperature of 
OD media were investigated for water loss (WL) and solute gain (SG) regression. 
Optimal transport models established for maximum WL and minimum SG at 40-60 
oBx, 30-50 oC and 0-180min using Modified Distance Design of the response surface 
methodology Design Expert 6.0 achieved 46.87% WL and 7.33% SG for mango and 
36% WL and 5% SG for carrot. At the optimized conditions of in a semi-continuous 
process it was observed that high SC did not favour WL in mango while in carrot, 
increased SC resulted in a consistent increase in WL. The analysis of variance revealed 
R2 of 72.95% for carrot and 98.44% for mango at (P<0.05) thus showing the effects of 
the plant morphology on OD process effectiveness in determining the order of 
processing fruits and vegetables in a semi-continuous process. 
 

1. INTRODUCTION 

Fruits and vegetables as important source of nutrient for healthy living deteriorate rapidly after maturity. This 

may be caused by way of physiological processes called senescence or ageing [1]. The economic consequences of 

quality depletion of agricultural produce and the environmental nuisance of pollution associated with large-scale 

crop spoilage have become a major consideration in the design and operation of processing plants [2]. Promising 

technologies being explored to achieve this goal include: dehydration or drying, fermentation, pickling, canning, 

juice extraction and chilling storage, freezing, freeze-drying, the use of chemical preservatives and the synergistic 

combinations of two or more of these to achieve enhanced ―huddle-effects‖ [3, 4]. 

Osmotic drying is an example of a modified drying technique that can be applied as a pre-treatment leading to 

terminal and more efficient drying if and when desired [5, 6]. Osmotic dehydration involves immersion of fresh 

pieces of food in hypertonic (highly concentrated) solutions containing one or more solutes [2]. 

Fruits prevent certain diseases such as scurvy, a potentially fatal disease marked by swollen joints, inflamed 

gums, and weakness which results from lack of Vitamin C [7]. It is one of the most extensively exploited fruits for 
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food due to its potential health values, juice, flavour, fragrance and its sweetness and richness in photochemical and 

nutrients. The mango is the tropical fruit of the Anacardiaceae family. The fruit is formed at the end of a long, 

string-like stem (the former panicle), with sometimes two or more fruits to a stem. The fruit matures in 100 to 

150 days after flowering and ripens in June from a January bloom, and October from an April bloom at coastal 

regions [8]. Mango consists of between 33-85% edible pulp, with 9-40% inedible kernel and 7-24% inedible peel. 

Because of this, a huge amount of waste is generated during industrial processing of the fruit posing a serious 

disposal problem, so a commercial use for mango peel and mango kernels is being sought intensely [9].  

 

 
Figure-1. Pictorial view of mango 

 

Carrot (Daucus carota L) is selected to represent the class of vegetables that is popular and nutritive. It is grown 

both in developing countries and in the tropics. About 34% of the world production is obtained from the developing 

countries [10]. Among vegetables, carrot is rich in sugar as indicated by its sweetness. Carrot is seasonal and 

perishable in nature and its shelf-life can be increased by drying, freezing, canning, and pickling [11]. 

The cultivated varieties are biennial. During the first season of growth, it forms a rosette of finely divided 

leaves useful as ingredients in salads. If left in the ground for the second season, the root becomes large and fleshy 

with a terminal bud at the centre that lengthens at the expense of the food stored in it. The root may also develop 

into a bristly-branched stem of about 91 to 152 cm (36 to 60 in) in height. A pictorial view of carrot is shown in 

Plate 2.  

 

 
Plate-2. Pictorial view of carrot 

 

There are two basic methods for packing vegetables such as carrot for freezing, the tray pack and the dry pack. 

Dry packing consists of blanched and drained vegetables   in containers or freezer bags. Packing the vegetables 

tightly helps to cut down on the amount of air in the container while in the tray pack method, individual pieces of 

blanched and drained vegetables   are stacked on a tray or shallow pan [12]. Both packing methods are primarily 

for freeze-drying which in a developing Country like Nigeria is not favourable because of the prevailing outage of 

power supply. Similarly, carrot roots are eaten raw, used as salad, cooked as vegetables, in preparation of soups, 

http://en.wikipedia.org/wiki/Juice
http://en.wikipedia.org/wiki/Flavor
http://en.wikipedia.org/wiki/Fragrance
file:///C:/Usersg/Microsoft/Word/Duduyemi,%20March%202011
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stews, curries, sweetmeats, juices, flakes, fermented pickles and soups. Hence, carrot occupies an important place 

among the root vegetables because of its sugar and essential mineral contents 

Handling of fruits and vegetables   is of immense importance to reduce the quantity of waste resulting from 

bruises and unexpected compaction injury in the course of transportation to collection points or market places. 

Consequently, the plucking/ harvesting of fruits and vegetables should be handled with care while the medium of 

transportation should be well ventilated and in shock protected vans [13].  

Generally, processing of some fruits and vegetable in developing countries are established for one or more 

reasons, which may include primarily prevention of losses and elongation of the shelf life. Others may be of 

economic reason and government industrialisation or agricultural policy to reduce present dependence on 

importation as well as encouragement to avail fruits and vegetables during on and out of-season. All these 

possibilities have immense economic potentials when carrot and mango are processed to generate new sources of 

income for farmers/artisans; and develop new value-added products. About 40% of agricultural produce is wasted in 

developing countries, mainly due to unavailability of processing and preservation technologies [14]. 

Osmotic dehydration has been proposed in combination with air drying to improve quality attributes of air 

dried fruit pieces [15, 16] However, there is need for further studies to bridge the gap between laboratory research 

and industrial application. The application of osmotic dehydration as a pre-treatment did not only elongate the 

shelf-life but helped to keep the products in a close-to-natural state even after further treatments [17]. At constant 

temperature, the osmotic pressure (π) of a solution is proportional to the molecular concentration of the solute. 

Where concentration C is defined as the number of moles of solute per unit volume of solution (i.e. n/v), then 

osmotic pressure (π) assume the relationship defined in equation 1:              

π α ''Constant  or         k
n

v

v
n 

   (1) 

where (n) is the number of moles of solutes and v  is the volume of solution. 

For a given solute, the osmotic pressure (π) is proportional to the absolute temperature (Tabs) i. e. 

π α  Tabs               Charles law) (2) 

Combining equations (1) and (2) gives equation (3):  

abCT            (3) 

 Substituting (n/v) for C in equation (3) gives equation (4): 

  RT
v

n
ab.                                        (4) 

Equation (4) is equivalent to the Vant hoffs equation:  where R = Universal gas constant or constant of 

proportionality. If 
M

mn   and Ideal Gas law is introduced in equation (4) gives (5): 

  









M

c
RT

Mv
mTR.

     (5) 

where (π) is Osmotic pressure, R is the universal gas constant, C is concentration and M is  molecular weight.  

Osmotic pressure (π) exerted in a liquid medium is directly dependent on the prevailing temperature and 

concentration of the solute (osmolite) in the liquid medium. However, in Osmosis no feasible reaction is expected 

other than the passage of water (H2O) and perhaps some micro-molecules of solute across the semi-permeable 

membrane.  

Osmotic dehydration uses the principle of osmosis to concentrate cellular material of food such as fruits and 

vegetables   when they are placed either whole or in pieces, into a hypertonic solution with high osmotic pressure. 

The complex cellular structure of food acts as a semi-permeable membrane for the transfer of water between the 

food tissue and the osmotic solution until equilibrium is attained. At equilibrium, the chemical potential of water 
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(µw) in the food tissue and in the osmotic solution (µs) become equal. Water activity (aw) is related to osmotic 

pressure (π) according to equation (6): 
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(where osmotic pressure π is equal to the pressure gradient (P2-P1 ). Water activity aw is equal to P/P0, as P is the 

pressure of the liquor while Po is atmospheric pressure). 

In foods, water is regarded as the solvent, hence equation (6) is simplified for the estimation of the osmotic pressure 

of a solution in equation (7) [18, 19]. 

π = RT ln aw  or 
waT ln106063.4 5  (7) 

Osmotic pressure has an inhibitory effect on micro-organisms. Most bacteria, yeast and moulds do not 

proliferate at osmotic pressure (π) >12.7Mpa, (π)>17.3Mpa and (π)>30.1 Mpa respectively. Hence, the shelf life of 

foods can be regulated by the osmotic pressure of the solution in the material [20]. 

The major ingredients and materials required in osmotic dehydration include water, simple sugars (mono and 

disaccharides) such as glucose and sucrose, common salt (99.9% sodium chloride), and other impregnating agents 

which may be starch, grape juice, corn syrup, glycerol or extracted juice from other fruits [21]. Sugars such as 

glucose, fructose, maltose and sucrose, all share the following characteristics in varying degrees with respect to 

fruits and vegetable processing technology. They are source of energy, readily fermented by micro-organisms, and 

in high concentration, prevent the growth of micro-organisms.  Therefore, they are used as preservative. Osmotic 

dehydration processes are designed with the aim of maximizing mean water removal while retaining solid uptake so 

as to obtain a stable product [22]. The purpose of this research is to investigate the mechanism of OD in treatment 

of fruits and vegetables in same processing medium, assist in the understanding of underlying phenomena and 

perhaps to make predictions about the response of a system to the imposed conditions temperature, concentration 

and time of immersion.  

 

2. MATERIALS AND METHODS 

2.1. Materials 

The raw materials used in this study were carrot, mango and commercial food grade sucrose. The carrot was 

procured from a distribution outlets in Lagos. Fresh mature mango fruits (Tommy Atkins specie) obtained directly 

from a local farm in Epe town suburb of Lagos State were used. The sucrose purchased from a local supermarket in 

Lagos was kept in a custom-made airtight container to prevent contamination and humidification.  

Selected samples had deep pink colour and were defect-free. These were sorted manually into average sizes of 

2.50 to 4.0±0.5 cm diameter and between 10.0±0.5 to 15.0±0.5 cm length. The carrots were washed in clean water 

and peeled manually with a sharp clean knife before cutting into two shapes: one, cylindrical disks 15.0±0.5 mm 

diameter and 15.0±0.5 mm length and cube-shaped specimen 15.0±0.5 mm3 to maintain relative size and weight of 

samples. Samples were refrigerated at 10.0±2 oC to prevent evaporative drying in air before use.  

The sugar content of the carrot samples measured in a RFM300 Abbe refractometer at 20 oC was 5.20 oBx. The 

average initial moisture content of the fresh carrot samples was 89.24 % (wet basis) determined at 70 oC for 20 hr in 

a vacuum oven method [19]. 
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Plate-1. Pictorial of view of diced mango and carrot samples before processing. 

 

2.2. Methods 

A regression design was used to investigate the relationship between a range of dependent variables of 

temperature 30-50 oC, sucrose concentrations 40–60 oBx and residence time ranging from 0-180 mins were 

explored. The approach was used to study the effects of the independent variables on the response variables [23]. A 

fruit to liquor ratio of 1:5 (w/w) was used for each set. Selected mango and carrot samples were labelled, osmo-

dehydrated and subjected to gravimetric analysis. In each assay, the experiments were replicated three times and 

the average values used for calculations both in discrete experiment and for the semi-continuous dehydration. 

Water loss (WL), Solute gain (SG) and Weight reduction (WR)  in relation to initial fresh mass of sample (g /g) 

were obtained from the expressions in equation 8, 9 and 10: 

100
)( final  finalinitial 




inital

SW

M

MMM
WL

        (8) 

}100
)(

{ 



initial

InitialFinal

M

MM
WR

       (9) 

}100
M

)(
{  

initial

initial final 


 SS MM
SG

     (10) 

where WL = water loss %; SG = solid gain % ; 

MW initial = initial water content before osmotic dehydration (g);  

M initial = Total weight of sample before treatment (g) 

M final  = final weight of sample after OD dehydration at set time (g);  

M s initial = initial solid content in fresh sample (g);  
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Ms final = final solid content after OD at specified time (g);  

X0 and X: represent the moisture contents at initial time and at time t respectively. 

 

3. RESULTS AND DISCUSSION 

3.1. Initial Characteristics of Carrot and Mango Samples 

The average moisture content of carrot samples was 89.24% on a wet basis. A range of 68-92 % (wet basis) at 

time of harvest was reported in the literature [24, 25]. The average sugar content in the fresh carrot was 5.20 oBx 

total soluble solids. The average moisture content of samples determined at 70 oC after 24 hr in a vacuum oven was 

82.37±0.5 % on a wet basis. The initial sugar content in the fresh mango fruit was determined to be 15.91±0.5 oBx. 

These results are in agreement with reported values of sugar concentration of 15±1.2 (oBx) and water content of 

0.85±0.11%, for fresh mango [26]. The final products of osmotically treated Mango and carrot is presented in Plate 

2a and 2b: 

 

 
Plate-2a. Pictorial of view of dehydrated and dried carrot samples. 

 

 
Plate-2b. Pictorial of view of dehydrated and dried mango 

 

3.2. Effect of Sucrose Concentration in Osmotic Dehydration of Mango 

Rapid loss of water at the beginning of dehydration is apparently due to high osmotic driving force between the 

dilute sap of the fresh fruit and the surrounding hypertonic medium. Increased sucrose concentration led to 

increased water loss in the sample. It is apparent from this study that water loss increased with sucrose 

concentration. It revealed an initial high rate of water loss, followed by low gradient of water loss at the later stages 

and that the effect of solution concentration on mass transfer coefficient produced higher water loss. The result of 

analysis for water loss obtained at different sucrose concentrations as presented in Figure 1: 
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Figure-1. Effect of sucrose concentration on water loss at 30 oC in OD of mango samples 

 

Solute gain by mango species as investigated at different concentrations of 40, 50 and 60 oBx showed that 

solute gain decreased exponentially at higher sucrose concentration (SC) of 50 and 60 oBx. However, the trend was 

different at low concentration of 40 oBx, it revealed that higher SC is favourable to solute impregnation than low SC 

as shown in Figure 2. This observation may be due to viscosity as sucrose concentration is increased. The resultant 

effect might have led to blockage of trans-membrane pores rather than infiltration of solute that was, in all 

likelihood, enhanced at low SC.  

 

 
Figure-2.  Effects of concentration on solute gain in osmotic dehydration of mango. 

 

3.3. Effect of Temperature on Osmotic Dehydration Characteristics of Mango 

For osmotic treatment in sucrose solution, temperature manifested mainly an indirect effect on overall water 

loss and solute gain within the moderate temperature range studied (30 –50°C). High temperature of osmotic media 

caused accelerated mass transfer and hence water loss and solute gain. In general, highly concentrated osmotic 

solutions enhanced both water loss and solutes uptake during the osmotic process. The results indicated higher 

medium concentrations led to higher water loss because of the increased osmotic pressure imposed by temperature 

increment. 

High sucrose concentrations are higher in viscosity and this may affect contact effectiveness between solvent 

medium and product surface. In addition, sucrose allows the formation of sugar surface layers, which become a 

barrier to both the withdrawal of water and solute uptake by the sample. Consequently, a decrease in the rate of 

water loss was recorded after about 150 min of dehydration. This effect may be due to increased viscosity as shown 

in Figure 3.  
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Figure-3. Influence of temperature on water loss in mango samples in 40oBx sucrose. 

 

Increase in temperature resulted in a decrease of viscosity of the sugar solution. This improved the surface 

contact between material and solution and resulted in enhanced dewatering effect. The most concentrated sucrose 

concentration of 60 oBx had the highest solute impregnation of about 9.6±0.2 % of initial sample content recorded. 

Increase in the kinetics of mass transfer at high temperatures could be attributed to diffusion rate enhancement due 

to swelling and plasticizing of cell membranes and better water transfer characteristics on the product surface. It 

has been established that cell membrane destruction at higher temperatures lead to higher solid uptake by plant-

based food materials during osmotic treatment [23, 27]. 

 

3.4. Effect of Sucrose Concentration on Osmotic Dehydration of Carrot 

The initial high rates of dehydration recorded may be due to greater driving force (osmotic pressure) between 

food pieces and the hypertonic solution. From this study, effective dehydration is suggested in the first two hours of 

the process. This observation revealed that higher sucrose concentration induced higher water loss than low 

concentration. Water loss by the carrot samples was between 40-48% of the initial content. The effects time of 

immersion of sample in different sucrose concentration (SC) as is plotted in Figure 4:  

 

 
Figure-4. Effect of immersion time on water loss at different sucrose concentration 

 

3.5. Comparative Analysis of OD in Mango and Carrot Samples  

Osmotic dehydration kinetics for mango and carrot as studied were analysed for water loss (WL) and solid gain 

(SG) in a time-dependent semi-continuous contactor. The effect of sucrose concentration on water loss (WL) at 180 

min of dehydration and sucrose concentrations (SC) in the range of 40 to 60 oBx were evaluated in mango and 

carrot samples respectively. The result of the sample analysis for water loss is presented in Figure 5. 

 



International Journal of Chemical and Process Engineering Research, 2017, 4(1): 1-12 
 

 
9 

© 2017 Conscientia Beam. All Rights Reserved. 

 
Figure-5. Effect of osmotic dehydration on water loss in Mango and carrot samples 

 

For carrot samples, WL increased exponentially as sucrose concentration was increased up to about 60 oBx at 

which a sharp decline in WL was observed. The initial increase was mainly because of increased osmotic pressure of 

the medium while the decline may be attributed to blockage of pores imposed by high SC leading to decreasing 

water loss. A final sudden rise in WL may have resulted from shrinkage around the concentric layers of carrot 

samples allowing for solute impregnation and subsequent increase in water loss as evident in the trend observed in 

Figure 5. In mango samples, it was evident that high SC did not favour WL in mango while in carrot; increased SC 

resulted in a consistent increase in WL. Hence, the performance of OD at different solute concentration levels may 

be considered to be material-specific.  

The solute gain in mango samples compared to that of carrot under the same conditions of treatment as 

presented in Figure 6 showed that solute gain in mango was higher than in carrot samples as the sucrose 

concentration increased 

 

 
Figure-6. Effect immersion time on solute gained by mango and carrot samples 

 

with a considerably wide differential margin. The differential patterns recorded may be attributed to differences in 

their biological structures. Besides, high SC is capable of blocking the surface layers of the product thereby 

imposing an additional resistance to mass transfer thus lowering the rate of dehydration. The average water loss in 

treated carrot was between 36.0 to 42.5% while for mango, the water loss was in the range of 42.0 and 50.1% of 

their initial water content.  

These two cases would appear to confirm that Osmotic dehydration as an upstream partial dehydration. Water 

loss in mango decreased as concentration increased while in carrot, the reverse was observed. The responses of both 

mango and carrot as analysed at different SC ranging from 40 to 70 oBx clearly gave the picture that plant tissues 
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as living material play an important role during osmotic dehydration as demonstrated in Figure 7. While in carrot 

sample there was consistent increase in WL as SC increases, however a reverse was seen in case of mango. This 

implies that in the treatment of fruits and vegetables, it may not be advisable to have group dehydration. Rather, 

individual fruits or vegetables should be treated exclusively and isolation from the others. 

 

 
Figure-7. Effect of sucrose concentration on water loss in mango and carrot samples 

 

3.6. Model Equations of the Osmotic Dehydration of Mango and Carrot  

3.6.1. Model Equations of the Osmotic Dehydration of Carrot  

The analysis of variance (ANOVA) of independent variables applied to test the suitability of experimental data 

used was carried out with the Design Expert 6.0 to revealed the respective effects of each variable and levels of 

interactions as shown in equations 11 and 12 respectively for the WL and SG in carrot: The regression square (R2) 

of 0.9763 and Adjusted R2 of 0.9497 were very close to the Predicted R2 of 0.9839, 

Water Loss (%) =31.40+3.047 X1 +1.329 X2 + 11.46 X3 + 1.873 X1
2 

+ 0.3501X3
2 

+ 0.9477X1X2 + 0.3647 X1X3 + 

2.010 X2X3                 (11) 

Solute Gain (%) = 6.891+0.8160 X1 + 0.3390 X2 + 1.352 X3 + 0.7230 X1
2 + 1.642 X2

2 +0.4851X1 X2 - 0.4225 X1 X3 

       (1.2) 

[where (X1 ) is sucrose concentration; (X2) is temperature and (X3 ) is time of immersion]. Among the interactions 

(Xi Xj); X1X2, is the only significant model term while X2
2 and X3

2 are significant quadratic terms 

 

3.6.2. Model Equations of the Osmotic Dehydration of Mango  

In the same manner, model equation was developed for mango, the Analysis of variance gave Modelling of 

Osmotic dehydration for water loss in mango samples was obtained from the modified final equations in terms of 

coded factors showing the regression coefficients obtained for water loss (WL) in equation (13) and for SG in 

equation (14): 

Water loss = 28.64+5.15X1 + 1.89X2 + 11.7 X3 + 2.29 X1
2 + 2.99X2

2-3.66X3
2 + 1.30 X1X1 -1.91X2X3      (13) 

Solute gain= 3.599-0.685 X1 + 1.638 X2 + 2.466 X3 + 3.318 X2
2 - 0.9362 X1 X3              (14) 

 where Xi, for i= 1,2 and 3  represents  concentration, temperature and time, respectively. 

The analysis of variance in the percentage water loss in mango and the carrot at (P<0.05) had R2 of 72.95% for 

carrot and 98.44% for mango. 
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4. CONCLUSION 

Osmotic dehydration is capable of reducing the water content in fruits and vegetable as minimally processed 

food. However the processing in a semi-contnuous medium of contactor may not exhibit the great improvent 

obtained when treated seperately as in batch operation. Therefore, in osmotic dehydration processing, eventhough 

the liquor can be recycled, should be used to treat foods separately as both fruuits and vegetables responds 

differently to sucrose concentrations under the same conditions.  
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