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Abstract: Guava  slices  were  immersed  in  a solution containing sugar solution of 50, 60 and 70 
o
Brix  for  

about  4 h,  at  three different  osmotic  solution  temperatures 35, 45 and 55°C. The  effect  of  process  

parameters  (such  as  duration  of  osmosis,  syrup concentration  and  syrup  temperature)  on  mass  transport  

data  (such  as  water  loss , solid gain and mass reduction) during osmotic dehydration were studied. After 4 hr  

of osmotic  dehydration, the mass reduction, water loss and sugar gain were in the range of 14.05 to 23.8, 18.88 

to 33.46 and 4.72 to 10.08 per cent corresponding to low level (35°C, 50°Brix) and high levels (55°C, 70°Brix) of 

syrup temperature and concentration, respectively. 
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I. Introduction 

Guava (Psidium guajava L.), known as the poor man’s apple of the tropics, has a long history of 

traditional use, much of which is being validated by scientific research. The fruit and its juice are freely 

consumed for its great taste, nutritional benefit and flavour content [1]. Guava is the fourth most important 

commercial fruit in India in area and production after mango, banana and citrus. At present it occupies nearly 

0.15 million ha of land with production of 1.80 million tons and productivity 12t/ha fruit per year in India. In 

India, guava is grown in Bihar, Andhra Pradesh, Uttar Pradesh, Gujarat, Maharashtra and Karnataka on large 

scale [2].  

The shelf life of guava fruits is short at ambient temperature. Generally wastage of guava fruits is high 

during the peak arrival period due to its perishable nature; the spoilage is primarily accorded before it reaches 

the consumer due to microbial activity and an improper transportation, as well as storage facilities. The post 

harvest losses are high in tropical countries particularly in India and it ranges between 25-30 per cent. One 

effective method of reducing this huge loss would be by converting guava into various commercial guava 

products as it can be utilized in many ways for making jelly, jam, paste, juice, puree, beverage base, syrup and 

wine. As fresh, guava is delicious and nutritious fruit. The fruit is an excellent source of pectin as well as rich in 

minerals like phosphorous (23-37 mg/100 g), calcium (14-30 mg/100 g), iron (0.6-1.4 mg/100 g) as well as 

vitamins like niacin, pathogenic acid, thiamine, riboflavin, vitamin A and C, Omega-3 and -6 poly unsaturated 

fatty acids and especially high levels of dietary fiber Hence, there is a worldwide growing demand for guava as 

a healthy and nutritive fruit [3].  

Fruits and vegetables drying may cause the loss of flavor and nutritional components if exposed to high 

temperatures. The loss of aroma and volatiles, oxidation of pigments and vitamins, and case-hardening and woody 

texture, slow or incomplete rehydration and considerable shrinkage during drying have been reported by several 

researchers [4] [5] [6] [7] [8] [9]. 

The drying process should consume less fossil fuels and electricity, as well as it should be also 

maintained the quality of product. The applications of osmosis in food processing as a dehydration process have 

been primarily motivated by economical factors and the quality improvement of the final product. Osmotic 

dehydration (partial dehydration of the fruit and to a lesser extent to vegetables) process received attention in 

recent years as pretreatment for removal of excess water prior to drying in order to reduce energy consumption 

and heat damage [10] [11]. The studies on osmotic dehydration process of many fruits and vegetables viz., apple 

[12], mango [13] [14], papaya [15], banana [16] [17] and yacon fruit [18] have been reported by several 

researchers.  
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II. Materials and Methods 
2.1 Sample and Solution Preparation 

Guava (var. L-49) were procured from Horticultural farm of Rajasthan College of Agriculture, 

MPUAT, Udaipur. Grading was performed manually by hand picking on the basis of its physical dimensions, 

colour and absence of surface defects. The graded guava were stored in cardboard box at ambient temperature 

for ripening. Ripen and graded guava were thoroughly washed under tap water and the surface moisture was 

removed using blotting paper. They were sliced (5±0.5mm thick) manually using stainless steel knife. Common 

sugar used as an osmotic agent, was procured from the local market of Udaipur. The sugar solution of desired 

concentration was prepared by dissolving the required quantity of sugar (weight/volume) in tap water. 

 

2.2   Osmotic Dehydration 

A water bath of 5 litres capacity was used for conducting experimental trials. Water bath consist water 

heating chamber and temperature controlling unit. Water heating chamber is made of stainless steel, has two 

immersion water heaters of capacity (1 kW) at the bottom. Osmotic dehydration of sliced guavas were 

conducted with three different syrup concentrations (50, 60 and 70
o
Brix) and temperatures (35, 45 and 55

o
C). 

The slice thickness of 5±0.5mm and sample to solution ratio (1:5) were used through out study. Weighed sugar 

syrup (250g) and guava samples (50g) were placed in a 500 ml beaker which was further placed into the 

constant temperature water bath for osmotic dehydration. One beaker was removed from the water bath at 

designated time (after every 40 min interval). Osmosed samples were taken out and rinsed in flowing water, 

placed on tissue paper to remove the moisture and excess syrup from the surface and weighed for determining 

the moisture contents by [19].  

 

2.3 Calculation for Mass transport parameters of osmotic dehydration   

The responses of osmotic dehydration viz.,water loss (WL), sugar gain (SG) and mass reduction (MR) 

were calculated on wet basis by equations 1, 2 and 3, respectively [20] [21].  

 

Water loss: The water loss (WL) is defined as the net water loss of the fruit on initial weight basis and was 

estimated as  

  
i
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                                                                              ... (1) 

Sugar gain: Sugar gain is the net uptake of sugar by the slices on initial weight basis and computed using 

following expression: 
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Mass reduction: Mass reduction (MR) can be defined as the net mass reduction of the fruit on initial weight 

basis. Mass reduction (MR) is the difference between water loss and solid gain computed using following 

expression 
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                                                                                                    ... (3)  

Where,     

   WL = Water loss (g per 100 g mass guava slices). 

 SG =  Solid gain (g per 100 g mass of guava slices). 

MR = Mass reduction (g per 100 g mass of guava slices). 

W  = Mass of guava slices after time θ, g  

  iW   = Initial mass of guava slices, g  

  X  = Water content as a fraction of mass of guava slices at time θ.  

  iX   = Water content as a fraction of initial mass of guava slices. 

 

2.4 Statistical Analysis 

The influence of process factors (syrup temperature and concentration) on different responses of 

osmotic dehydration process viz. water loss, sugar gain and mass reduction were analyzed using analysis of 

variance (ANOVA) technique with Completely Randomized Design (CRD) as suggested by [22]. The critical 

difference value at 1 per cent level of probability was used for comparison among all treatments. 
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III. Results and Discussion 
3.1 Effect of Different Temperatures and Concentrations on Water Loss 

The effect of temperature and concentration of syrup solution on water loss has been illustrated in Figs. 

1, 2 and 3. The water loss was found 18.88, 22.85 and 25.45 per cent for 50ºBrix at 35, 45 and 55ºC 

temperatures, respectively when duration of osmotic dehydration increased from 0 to 240 min (Fig.1). Also for 

60ºBrix, the water loss was found 23.14, 27.45, and 30.60 per cent at 35, 45 and 55ºC, respectively (Fig.2). 

Similarly for 70ºBrix concentration, the water loss was found 26.07, 30.54, 33.46 per cent at 35, 45 and 55ºC 

syrup temperatures, respectively (Fig. 3). It was found that a low temperature-low concentration condition 

(35ºC-50ºBrix) resulted in a low water loss (18.88 per cent after 240 min of osmosis) and a high temperature-

high concentration condition (55ºC-70ºBrix) resulted in a higher water loss (33.46 per cent after 240 min of 

osmosis). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Variation in water loss with duration of osmosis for various syrup temperatures with 

50
o
Brix syrup concentrations 

 

 
Fig.2 Variation in water loss with duration of osmosis for various syrup temperatures with 

60
o
Brix syrup concentrations 

 

 
Fig.3 Variation in water loss with duration of osmosis for various syrup temperatures with70

o
Brix syrup 

concentrations 
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This indicates that water loss can be increased by either increasing the syrup temperature or 

concentration. The water loss at any concentration was affected by the temperature of the syrup as it was 

increased with increase in syrup temperature. This may be due to changes in semi-permeability of the cell 

membrane of the ripen guava fruit, allowing more water to diffuse out in a shorter period. Also increase in water 

loss with increase in syrup concentration may be due to increased osmotic pressure in the syrup at higher 

concentrations, which increased the driving force available for water transport. Similar trends were also reported 

by [23] [24] for osmotic dehydration of guava and papaya, respectively. 

 

3.2 Effect of Different Temperatures and Concentrations on Sugar Gain 

The effect of temperature and concentrations of syrup on sugar gain has been illustrated in Figs. 4, 5 

and 6. The sugar gain of 4.72, 5.99 and 6.91 per cent was found for 50ºBrix at 35, 45 and 55ºC syrup 

temperatures respectively when duration of osmotic dehydration increased from 0 to 240 min (Fig.4).  Also for 

60ºBrix, the sugar gain was found to be 6.11, 7.59, 8.88 per cent at 35, 45 and 55ºC syrup temperature 

respectively (Fig.5). Similarly for 70ºBrix concentration, the sugar gain was found to be 7.23, 8.89, 10.08 per 

cent at 35, 45 and 55ºC syrup temperatures, respectively (Fig.6). 

It was found that a low temperature-low concentration condition (35ºC-50ºBrix) resulted in a low sugar 

gain (4.72 per cent after 240 min of osmosis) and a high temperature-high concentration condition (55ºC-

70ºBrix) resulted in a higher sugar gain (10.08 per cent after 240 min of osmosis). This indicates that sugar gain 

in ripen guava can be increased by either increasing the syrup temperature or concentration. Also it can be seen 

that sugar gain was increased with duration of osmosis and did not approach the equilibrium even after 4 hour of 

osmotic dehydration. 

The sugar gain also increased when the concentration of the syrup was increased. This is because of the 

increased concentration difference between samples. The sugar gain also increased with increase in syrup 

temperature. It may be due to collapse of the cell membrane of ripen guava fruits at higher temperatures. Similar 

results have also been reported by [25] [26] and [17] for peas, blueberries and banana, respectively. 

 

 
Fig.4 Variation in sugar gain with duration of osmosis for various syrup temperatures 

with 50
o
Brix syrup concentrations 

 

 
Fig.5 Variation in sugar gain with duration of osmosis for various syrup temperatures with 60

o
Brix 

syrup concentrations 
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Fig.6 Variation in sugar gain with duration of osmosis for various syrup temperatures with 70

o
Brix syrup 

concentrations 

 

3.3 Effect of Different Temperatures and Concentrations on Mass Reduction 

The effect of temperature and concentrations of syrup on mass reduction has been illustrated in Figs. 7, 

8 and 9. The mass reduction was found to be 14.15, 16.85 and 18.57 per cent for 50ºBrix at 35, 45 and 55ºC 

temperatures, respectively when duration of osmotic dehydration  of ripen guava increased from 0 to 240 min 

(Fig. 7). Also for 60ºBrix, the mass reduction was found to be 17.03, 19.86 and 21.73 per cent at 35, 45 and 

55ºC, respectively (Fig. 8). Similarly for 70ºBrix concentration, the mass reduction was found 18.84, 21.65 and 

23.38 per cent at 35, 45 and 55ºC syrup temperatures respectively with increase in duration of osmosis of ripen 

guava from 0 to 240 min (Fig. 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Variation in mass reduction with duration of osmosis for various syrup temperatures with 50
o
Brix syrup 

concentrations 

 

 
Fig. 8 Variation in mass reduction with duration of osmosis for various syrup temperatures with 60

o
Brix syrup 

concentrations 
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Fig.9 Variation in mass reduction with duration of osmosis for various syrup temperatures with 70

o
Brix syrup 

concentrations 

 

It was found that a low temperature-low concentration condition (35ºC-50ºBrix) resulted in a low mass 

reduction (14.15 per cent after 240 min of osmosis) and a high temperature-high concentration condition (55ºC-

70ºBrix) resulted in a higher mass reduction (23.38 per cent after 240 min of osmosis). This indicates that mass 

reduction can be increased by either increasing the syrup temperature or concentration. Similar results have also 

been reported by [25] [26] and [27] for peas, blueberries and banana, respectively. 

 

3.4 Statistical Analysis 

The standard statistical technique ‘Analysis of Variance
’ 

(ANOVA) was applied for the water loss, 

sugar gain and mass reduction data from three replicates of 240 min osmotically dehydrated guava samples to 

study the effect of process variables, osmotic concentration and temperature on water loss characteristics. 

Critical difference and co-efficient of variances (CV) was evaluated for water loss and presented in Table 1, 2 

and 3.  

It is the revealed effect of temperature and concentration of syrup on water loss, sugar gain and mass 

reduction were significant at 1 per cent with critical difference of 1.213, 0.665 and 0.605. The co-efficient of 

variances (CV) were 3.37, 6.64 and 2.33 for water loss, sugar gain and mass reduction, respectively. The 

combine effect of temperature and syrup concentration on water loss, sugar gain and mass reduction were not 

found significant with critical difference of 2.101, 1.151and 1.048, respectively.  

 

Table: 1 ANOVA for the effect of process variables on the water loss 
S. No. Source DF SS MS F (Calculated) SE(m) CD (1%) 

1. T 2 232.796 116.398 145.643** 0.298 1.213 

2. C 2 265.951 132.975 166.385** 0.298 1.213 

3. TxC 4 0.734 0.183 0.230 ns 0.516 2.101 

4. Error 18 14.386 0.799 1.000   

CV = 3.37, ** Significant at 1%.,   ns= Non significant 

 

Table: 2 ANOVA for the effect of process variables on the sugar gain 
S. No. Source DF SS MS F (Calculated) SE(m) CD (1%) 

1. T 2 30.572 15.286 63.699** 0.163 0.665 

2. C 2 37.069 18.535 77.237** 0.163 0.665 

3. TxC 4 0.415 0.104 0.433 ns 0.283 1.151 

4. Error 18 4.319 0.240 1.000   

CV = 6.64, ** Significant at 1%.     ns= Non significant 

 

Table: 3 ANOVA for the effect of process variables on the mass reduction 
S. No. Source DF SS MS F (Calculated) SE(m) CD (1%) 

1. T 2 94.734 47.367 238.312** 0.149 0.605 

2. C 2 104.584 52.292 263.091** 0.149 0.605 

3. TxC 4 0.066 0.016 0.083 ns 0.257 1.048 

4. Error 18 3.578 0.199 1.000   

C.V = 2.33, ** Significant at 1%.  ns= Non significant 
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IV. Conclusion 

Syrup concentration, temperature of solution and duration of osmosis had significant effect on the 

kinetics of osmotic dehydration of guava slices. Water loss from the guava slices was very rapid for the first half 

hour of osmosis and reduced subsequently with duration of osmosis. The water loss sugar gain and mass 

reduction were observed to increase with increased in sugar concentration and temperature during osmotic 

dehydration. . The minimum and maximum mass reduction, water loss and sugar  gain were in the range of 14.05 

to 23.8, 18.88 to 33.46 and 4.72 to 10.08 per cent corresponding to low level (35°C,50°Brix) and high levels 

(55°C,70°Brix) of syrup temperature and concentration, respectively.  Osmosis can be used as a pretreatment 

prior to any drying to remove the moisture from guava slices and increase the sugar per cent in guava slices.  
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