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Abstract— The effect of different process variables (osmotic 

process temperature, concentration and immersion time) and 

drying air temperature (50, 60 and 70°C) on kinnow peel 

slices were investigated. Osmotic pre-treatment was carried 

out using completely randomized design (CRD) for salt (5, 

10 and 15%) at various osmotic process temperatures (35, 55 

and 75°C) and immersion time (30, 60, 90 and 120 min), 

keeping solution to peel ratio constant 4:1 (v/w). Osmotic 

pre-treatment of kinnow peel slices was optimized by 

Response surface methodology. Optimization was done on 

the basis of water loss, solute gain and water loss to solute 

gain ratio. The optimized process parameters for osmotic 

pre-treatment in salt were 71.4°C osmotic process 

temperature, 5% concentration and 120 min immersion time. 
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I. INTRODUCTION 

India has emerged as leading producer of fruits in the world. 

Kinnow is a variety of citrus cultivated extensively in the 

India. It has become an important variety in the state of 

Punjab, occupying a major part of the area under cultivation 

for fruit crops. Punjab is leading producer of kinnow and 

accounts for 29% of the production in the country, with 

productivity of 21.4 MT/hectares which is highest in the 

country (Anonymous 2015). Production of kinnow is 

concentrated in the belts of Firozepur, Hoshiarpur, Bathinda 

and Shri Mukatsar Sahib. It matures in January or February.  

Kinnow is a rich source of energy, minerals, 

vitamins and dietary fiber. Processing and utilization of 

kinnow into various products eventually leads to generation 

of waste in form of peels and pulp. During kinnow 

processing, it yields 50% juice, 25% peel, 23% residue and 

2% seeds (Aggarwal and Sandhu 2006). In citrus fruits, 

about three-fourth of the vitamin C is present in the peel, 

pulp and seed, that goes waste (Nagy 1980). The peel of the 

fruit, which is generally considered a waste, is more 

nutritious than juice (Aggarwal and Michael 2014). To 

reduce waste, it can be used for the production of some 

economically valuable products such as candied peel, 

volatile oils, volatile flavouring compounds, fatty acids, 

pectin, reformed fruit pieces, enzymes, biogas, ethanol, 

citric acid, microbial biomass, wine, vinegar, etc (Singh and 

Dhillon 2007). Fungal growth is one of the major problems 

that often arise on the surface of fruits and vegetables. One 

of the ways of their preservation is to convert perishable 

food into stabilized products. Many processing techniques 

can be employed to preserve fruits and vegetables. Drying 

and dehydration is one of the most important technique that 

are widely practiced (Amarowicz 2012). So, there is a need 

for simple and inexpensive process to offer a way to make 

this product available during off season. 

Osmotic dehydration (OD) is a useful technique 

that involves product immersion in a hypertonic aqueous 

solution leading to loss of water through the cell membranes 

of the product and subsequent flow along the inter-cellular 

space before diffusing into the solution (Fabiano 2007). OD 

is considered as preservation method that provides high 

quality products by means of water removal without phase 

change (Lenart and Cerkowniak 1996). The difference of 

chemical potential between components in the solution and 

the material leads to mass transfer (Sablani and Rahman 

2003). The quantity and the rate of water removed from the 

materials depend on some variables and process parameters 

such as concentration and composition of the osmotic 

solution, temperature, immersion time, solution/food ratio, 

specific surface area and agitation (Lerici et al. 1985). This 

method has received considerable attention due to the low 

energy requirements (Taiwo et al. 2001) and fruit quality 

improvement (Heng et al. 1990). The food which has been 

osmotically dehydrated can be further processed by 

freezing, freeze drying vacuum drying and air drying for 

complete moisture removal so as to obtain stable products 

(Nanjundaswamy et al. 1978). Air drying following OD is 

commonly used for the production of so called semi-candied 

dried fruits. The use of the osmotic dehydration process in 

the food industry has several advantages: quality 

improvement in terms of color, flavor and texture, energy 

efficiency, packaging and distribution cost reduction, no 

chemical pretreatment, providing required product stability 

and retention of nutrients during storage (Rahman and 

Perera, 1999; Sablani et al. 2002) 

There are several publication related to osmotic 

dehydration of vegetables and fruits, however very little 

could be cited related to kinnow peel. Therefore, this study 

was undertaken to elucidate the use of salt in the 

manufacture of salted kinnow peel powder and to 

standardize processing temperature, concentration and mass 

transfer kinetics for the osmotic pre-treatment process.  

II. MATERIAL AND METHODOLOGY 

The experiment was conducted in the Department of 

Processing and Food Engineering, Punjab Agricultural 

University, Ludhiana. 

A. Selection of Raw Materials 

The kinnow peel was procured from the juice vendors from 

local market of Ludhiana.  



Influence of Process variables on Mass Transfer during Osmotic Pre-Treatment of Kinnow Peel Slices 

 (IJSRD/Vol. 4/Issue 07/2016/169) 

 

 All rights reserved by www.ijsrd.com 706 

B. Preparation of Sample and Osmotic Solution 

The kinnow peels were sliced with sharp stainless steel knife 

approximate 2cm ± 1cm thickness. Salt was purchased from 

local market. The osmotic solutions of different 

concentrations (5, 10 and 15%) were prepared by dissolving 

required amounts of salt in distilled water.  

C. Blanching Treatment 

The peels were subjected to blanching pre-treatment. To 

determine the optimum blanching time for the kinnow peel, 

peroxidase test was carried out. The blanching of kinnow 

peels was carried out in 2% salt solution at optimum 

blanching conditions based on negative peroxidase test 

(Ranganna 2008). The peels were immediately rinsed with 

cold water after treatment to stop the reaction and gently 

blotted to remove surface water. 

D. Osmosis of Kinnow Peel Slices 

In osmotic pre-treatment the prepared samples (kinnow peel 

slices) were weighed approximately 35gm for every 

experiment and immersed in salt solution (5, 10 and 15%) 

contained in a 250 ml glass beaker. A peel to solution ratio 

of 4:1(v/w) was used. The beakers were placed inside the 

water bath at variable temperatures (35, 55 and 75°C). The 

solution in the beakers was manually stirred at regular 

intervals to maintain uniform temperature (53, 55 and 

75°C). Every concerned sample was removed from each 

keeping condition at designed time (30, 60, 90 and 120min), 

samples were taken out, rinsed with cold flowing water to 

remove solute adhered to surface and placed on absorbent 

paper to remove the surface moisture to eliminate excess 

solution from the surface before weighing. Finally the 

samples were weighted and their moisture contents were 

determined. 

E. Measurements and Calculations 

The moisture content of the samples was gravimetrically 

measured using a vacuum oven at 105°C until constant 

weight (24 h). The water loss and solute gain during osmotic 

dehydration were calculated by the following equations 

given by Kar et al. (2005). 

Water loss/100g fresh peel  = (W0 – Wt) + (St – So)/ W0 × 

100 

Solute gain/100g fresh peel = (St – S0)/W0×100 

 
Where WO is initial weight of peel taken for 

osmotic pre-treatment (g), Wt is final weight of peel after 

osmotic pre-treatment at any time t (g), So is initial dry 

matter of fruit (g) and St is dry matter of fruit after osmotic 

pre-treatment for any time t (g). 

F. Experimental Design and Statistical Analysis 

The optimization was done for each response variable with 

the help of response surface methodology (RSM) by using 

commercial statistical package, Design Expert DX 9.0.5.1 

(Statease Inc., Minneapolis, USA, Trail Version 2015). The 

optimization of the osmotic dehydration process aimed at 

finding the levels of independent variables viz. osmotic 

solution concentration, temperature and immersion time, 

which could give minimum possible water loss and 

maximum solute gain. The experimental design applied was 

a 3×3×4 factorial design in a frame of Complete 

Randomized Design (CRD) to check the significant effect 

(5%) corresponding to three sugar solution concentrations, 

three temperatures and four immersion time intervals. 

CPCS1 software developed by Department of Mathematics, 

Statistics and Physics PAU, Ludhiana was used for 

statistical analysis. 

III. RESULT AND DISCUSSION 

The influence of salt osmotic process temperature, 

concentration and immersion time on mass transfer terms 

was assessed using analysis of variance. The results of 

analysis of variance are given in Table 1. The immersion 

time showed most significant effect on WL and SG, 

concentration has most significant effect on WL/SG 

whereas, osmotic process temperature showed significant 

effect on water loss and solute gain at 5% level of 

significance (Table 1). 

Factors DF 
Water loss 

(WL) 

Solute gain 

(SG) 

WL/SG 

Ratio 

A 2 .64 .36 NS 

B 2 .64 .36 1.2 

C 3 .74 .41 NS 

AB 4 1.1 .62 NS 

AC 6 1.2 NS NS 

BC 6 1.2 .72 2.4 

ABC 12 NS NS NS 

ERROR 72 6.74 19.27 45.29 

Table 1: Analysis of variance for pre-treated kinnow peel 

slices 

A: Temperature, B: Concentration, C: Immersion time, NS: 

Non-Significant 

A. Effect of Osmotic Process Temperature 
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Fig. 1: Water loss (WL) of kinnow peel slices during 

osmotic pre-treatment in the salt solution 5%, 10% and 15% 

at osmotic process temperatures of 35, 55 and 75°C at 

constant concentration (5,10 and 15%). 

 

 

 
Fig. 2: Solute gain (SG) of kinnow peel slices during 

osmotic pre-treatment in the salt solution at osmotic process 

temperatures of 35, 55 and 75°C at constant concentration 

(5,10 and 15%). 

 

 

 

Fig. 3: Water loss (WL) of kinnow peel slices during 

osmotic pre-treatment in the salt solution 5%, 10% and 15% 

at constant osmotic process temperatures of 35, 55 and 

75°C. 

 

 

 
Fig. 4: Solute gain (SG) of kinnow peel slices during 

osmotic pre-treatment in the salt solution 5%, 10% and 15% 

at constant osmotic process temperatures of 35, 55 and 

75°C. 
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Fig. 5: Water loss to solute gain ratio (WL/SG) of kinnow 

peel slices during osmotic pre-treatment at osmotic process 

temperatures of 35, 55 and 75°C at constant concentration 

(5%, 10% and 15%). 

 

 

 
Fig. 6: Water loss to solute gain ratio (WL/SG) of kinnow 

peel slices during osmotic pre-treatment in the salt solution 

5%, 10% and 15% at constant osmotic process temperatures 

of 35, 55 and 75°C. 

As first variable, the effect of temperature in the range of 

35-75°C on mass transfer during osmotic pre-treatment 

process was analyzed. The experimental results revealed 

that increasing temperature made intense dehydration by 

increasing water loss. Osmotic process temperature had a 

strong effect on water loss and solute gain. The maximum 

value for water loss (26.36g/100g FF) was observed at OPT 

55°C and the maximum value of solute gain (6.84 g/100g 

FF) was observed at OPT 75°C. The water loss and solute 

gain increased with an increase in the temperature. Water 

loss decreased at higher temperature (Fig 3.1-3.2). This 

might be due to the fact that temperature around 50°C was 

efficient to maintain the viscosity of the solution, without 

changing the fruit quality (Khan 2012). Mass transfer 

acceleration caused by higher temperatures can be 

associated with the increase in membrane permeability 

promoting swelling and plasticization of the cell membranes 

(Lazarides et al. 1995). Sodium chloride solution boosted up 

the osmotic drying force due to its lower molecular weight 

and higher capacity of the decreased water activity (Lerici et 

al. 1985; Taiwo et al. 2003; Azoubel and Murr 2004). 

Complementary trend was reported by other scientist such 

as Kar and Gupta (2001) in button mushroom and Kowalska 

and Lenart (2001) during osmotic pre-treatment of 

vegetables 

B. Effect of Salt Concentration 

The experimental results of current research confirmed the 

greater mass transfer caused by increasing solute 

concentration. The data from Fig 3.3-3.4 showed that by 

increasing the concentration of sucrose solution, increase 

solid gain and water loss. These phenomena could be due to 

high difference in the chemical potential of water and solute 

between the fresh kinnow peel slices and surrounding 

osmotic solution. The maximum value for water loss 

(26.36g/100g FF) was observed at concentration 15%. The 

maximum value for solute gain (6.84 g/100g FF) was 

observed at concentration 10%. Increase in solution 

concentration increased the osmotic pressure gradients. 

Hence, higher water loss and solute gain occurred 

throughout the osmotic pre-treatment.  Similar  trend was 

reported by Krokida et al. (2000) in osmotic dehydration of 

apples and banana, Shamaei et al. (2012) in cranberry, Alam 

et al. (2013) in summer onion, Oladejo et al. (2013) in 

mango.  

C. Effect of Immersion Time 

The experimental results of current research confirmed the 

greater mass transfer caused by increasing immersion time 

irrespective of the other process variables (Fig 3.1-3.4). The 

maximum value for water loss (26.36g/100g FF) was 

observed at immersion time 120 min. The maximum solute 

gain (6.84 g/100g FF) was observed at immersion time 60 

min. According to Figure 3.1-3.4, water loss increased from 

16.95 to 23.21 g/100g FF and solute gain increased from 

3.70 to 4.29 g/100g FF. Kim (1990) also reported an 

increase in the WL with increase in immersion time during 

OD of apples. The present results are also in agreement with 

those of Corzo and Gomez (2004); Singh et al. (2007), and 

Naknean (2012) who observed increase in WL with increase 

in immersion time.  

D. Effect of Process Variables on WL/SG Ratio 

The WL/SG ratio in the osmotic pre-treatment process is an 

indicative of process efficiency (Lazarides et al. 1995). It is 

used for assessing the response of osmotic agent or water 

loss and solute gain efficiency (Sereno et al. 2001). The 

maximum value of WL/SG ratio (6.65g/100g FF) was 

observed at osmotic process temperature 35°C, 

concentration 5% and immersion time 120 min.  

The WL/SG ratio increased with an increase in 

temperature in the initial phase, but decreased rapidly in the 

later phase, as soon as it reached the high temperature (Fig. 

3.5). Several factors namely process conditions including 

solution concentration, type of osmotic agent, temperature 

and contact time can influence the value of this ratio (Mayor 

et al. 2006). It is clearly depicted in the Fig 3.6, the 

interactive effect of the concentration on WL/SG ratio. The 

WL/SG ratio decreased with an increase in concentration. 

This might be due to the fact that, with an increase in salt 

concentration, the rate of solute gain increased rapidly in 

comparison to water loss. The WL/SG ratio increased with 

the increase in immersion time. The WL/SG was constant in 

the initial phase, but increased rapidly in the later phase. 

Similar trend was observed during osmotic dehydration of 
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orange slices (Chafer 2002), pineapple (Lombard et al. 

2007) and banana (Jalali et al. 2008). 

E. Optimization 

Optimum conditions were worked out under which 

minimum water loss could be achieved at maximal solute 

gain. The optimization of the process parameters for osmotic 

pre-treatment process for kinnow peel slices in sugar and 

salt solution, three factor three level Box-Behnken factorial 

design were used respectively. The optimization of the 

osmotic pre-treatment process parameters aimed at finding 

the levels of independent variables i.e. osmotic process 

temperature, concentration of osmotic solution and 

immersion time at constant solution to peel ratio 4:1 (v/w) 

which would give the best product (Table 2).   

Temperature (°C) Concentration (%) Time (min) 
Water Loss  

(g/100g FF) 

Solute Gain  

(g/100g FF) 

WL/SG  

(g/100g FF) 

75 10 60 16.61 3.49 4.75 

75 15 90 23.32 7.29 3.19 

55 15 60 23.41 4.90 4.77 

55 10 90 23.93 4.32 5.53 

55 15 120 26.88 5.22 5.14 

35 5 90 16.15 2.77 5.82 

55 10 90 22.57 4.27 5.27 

35 10 60 19.13 3.10 6.16 

35 10 120 23.06 5.36 4.30 

75 5 90 17.88 1.70 10.49 

75 10 120 22.62 3.46 6.53 

55 10 90 23.31 3.93 5.91 

55 10 90 21.51 2.52 8.53 

35 15 90 22.84 4.68 4.87 

55 5 120 22.52 3.11 7.24 

55 5 60 18.07 3.71 4.86 

55 10 90 22.18 3.15 7.03 

Table 2: Experimental data of salt osmotic pre-treated kinnow peel slices for response analysis

In order to optimize the process conditions for 

osmotic pre-treatment process by numerical optimization 

technique, equal importance of ‘3’ was given to all the three 

process parameters (viz. osmotic process temperature, 

concentration and immersion time) and to three responses 

(viz. water loss, solute gain and water loss to solute gain 

ratio). The optimum operating conditions for each process 

variable and responses are given in Table 3.3. 

Process Parameters Goal Experimental Range Optimum conditions Desirability 

OPT (°C) Maximize 35-75 71.44  

conc. (%) Minimize 5-15 5  

IT (min) In range 60-120 120  

Responses    0.812 

WL (g/100g FF) Maximize 16.15 – 26.88 21.38  

SG (g/100g FF) Minimize 1.70 -  7.29 2.88  

WL/SG (g/100g FF) Maximize 3.19 – 10.49 10.49  

Table 3: Optimum solutions for each process variable of salt osmotic pre-treated kinnow peel

IV. CONCLUSION 

The effect of osmotic process temperature, concentration 

and immersion time on pre-treatment of kinnow peel slices 

was investigated along with convective drying at 50, 60 and 

70°C. In the current research, water loss, solute gain and 

water loss to solute gain ratio was calculated to study the 

effects of osmotic solution temperature, concentration and 

immersion time during osmotic pre-treatment of kinnow 

peel slices. The results revealed that mass transfer terms 

were significantly (p<0.05) affected by temperature and salt 

concentration led to higher water and solute mass transfer. 

Response surface methodology was used in optimizing 

process parameters for osmotic pre-treatment of kinnow peel 

slices in osmotic solution of sugar having concentration in 

the range of 55, 65 and 75°Bx sugar, temperature 35, 55 and 

75°C, solution to peel ratio 4:1 and immersion time 30,60, 

90 and 120 minutes. The optimized values for the process 

variables i.e. solution temperature, concentration and 

immersion time were found to be of 71.44°C, 5% and 120 

min respectively.  

REFERENCES 

[1] Aggarwal, P. and Michael, M, “Effect of replacing 

sucrose with fructose on the physico-chemical sensory 

characteristics of kinnow candy,” Czech. J. Food. Sci, 

vol. 32, pp 158-63, 2014. 

[2] Aggarwal, P. and Sandhu, K. S, “Utilization of kinnow 

waste in value added products,” Bev. Food. World, Vol. 

33, pp 28-30, 2006. 

[3] Alam, M. M., Islam, M. N. and Islam, M. N, “Effect of 

process parameters on the effectiveness of osmotic 

dehydration of summer onion,” Int. Food. Res. J, vol. 

20, pp 391-96, 2013. 

[4] Amarowicz, R, “Osmotic dehydration process for 

preservation of fruits and vegetables,” J. Food. Res, vol. 

2, pp 202-9, 2012. 

[5] Anonymous Report on the joint team on their inspection 

visit to Punjab (Amritsar, Tarantaran and Fazilka) 



Influence of Process variables on Mass Transfer during Osmotic Pre-Treatment of Kinnow Peel Slices 

 (IJSRD/Vol. 4/Issue 07/2016/169) 

 

 All rights reserved by www.ijsrd.com 710 

districts during 09th-14th February, 2015 to review the 

progress of mission fir integrated development of 

horticulture. National Horticulture Mission pp 3-53, 

2015. 

[6] Azoubel, P. M. and Murr, F.E.X, “Mass transfer 

kinetics of osmotic dehydration of cherry tomato,” J. 

Food. Eng, vol 61 pp 291-95, 2004. 

[7] Chafer, M., Perez, S. and Chiralt, A, “Kinetics of solute 

gain and water loss during osmotic dehydration of 

orange slices,” Food. Sci. Technol. Int, vol 9, pp 389-

96, 2002. 

[8] Corzo, O. and Gomez, E. R, “Optimization of osmotic 

dehydration of cantaloupe using the desired function 

methodology,” J. Food. Eng, vol 64, pp 213-19, (2004). 

[9] Fabiano, F, “Image analysis of osmotically dehydrated 

fruits: Melons dehydration in a osmotically dehydrated 

fruits: Melons dehydration in a ternary system,” Eur. 

Food. Res. Technol, vol. 225 pp 685–691. 2007. 

[10] Heng, K., Guilbert, S. and Cug, J. L, “Osmotic 

dehydration of papaya. Influence of process variables 

on the product quality,” Sci. des. Alimentos,” vol. 10, 

pp 831–48, 1990. 

[11] Jalali, V. R., Narain, N. and Silva, G, “Effect of osmotic 

pre-dehydration on drying characteristics of banana 

fruits,” Cienc.Technol, vol. 28, pp 269-73, 2008. 

[12] Kar, A. and Gupta, D. K, “Osmotic dehydration 

characteristics of button mushrooms,” J. Food. Sci. 

Technol, vol. 38, pp 352-57. 2001. 

[13] Kar, A., Chandra, P., Prasad, R. and Dash, S. K, “Mass 

transfer during osmotic dehydration of banana (Dwarf 

Cavendish) slices,” J. Agri. Eng, vol. 42: pp 42-49. 

2005. 

[14] Khan, M. R, “Osmotic dehydration technique for fruits 

preservation-A review,” Pak. J. Food. Sci, vol. 22, pp 

71-85, 2012. 

[15] Kim, M.H, “Osmotic concentration of apples and its 

effects on browning reaction during air dehydration,” J. 

Korean. Sci. Nutri, vol. 9 pp 121–125, 1990. 

[16] Kowalska, H. and Lenart, A, “Mass exchange during 

osmotic pre-treatment of vegetables,” J. Food. Eng. vol. 

49 pp 137-40, 2001. 

[17] Krokida, M.K., Karathanos, V.T. and Maroulis, Z. B, 

“Effect of osmotic dehydration on colour and 

absorption characteristics of apple and banana,” Drying. 

Technol, vol. 18 pp 937-50, 2000. 

[18] Lazarides, H. N., Katsanidis, E. and Nickolaidis, A, 

“Mass transfer during osmotic preconcentration aiming 

at minimal solid uptake,” J. Food. Eng, vol. 25, pp 151-

66, 1995. 

[19] Lenart, A. and Cerkowniak, M, “Kinetics of convection 

drying of osmo-dehydrated apples,” Polish. J. Food. 

Nutr. Sci, vol. 5, pp 73-82, 1996. 

[20] Lerici, C. R., Pinnavaia, G., Rosa, M. D. and 

Baatolucci, L, “Osmotic dehydration of fruit: Influence 

of osmotic agents on drying behaviour and product 

quality,” J. Food. Sci, vol. 50 pp 1217-19. 1985. 

[21] Lombard, G. E., Oliveira, J. C., Fito, P. and Andres, A, 

“Osmotic dehydration of pineapple as a pretreatment for 

further drying,” J. Food. Eng, vol. 85 pp 277-84. 2007. 

[22] Manjarres-Pinzon, K., Cortes-Rodriguez, M. and 

Rodríguez-Sandoval E, “Effect of drying conditions on 

the physical properties of impregnated orange peel,” 

Braz. J. Chemical. Eng, vol. 30, pp 667 – 676, 2013. 

[23] Mayor, L., Moreira, R., Chenlo, F. and Sereno, A.M, 

“Kinetics of osmotic dehydration of pumpkin with 

sodium chloride solutions,” J. Food. Eng, vol. 74, pp 

253-262, 2006. 

[24] Motri, S., Touil, A., Hassini, L., Bettaieb, E. and 

Zagrouba, F, “Convective drying kinetics of prickly 

pear seeds,” IOSR J. Environ. Sci. Toxicol. Food. 

Technol, vol. 6, pp 35-42, 2013. 

[25] Nagy, S, “Vitamin C contents of citrus fruit and their 

products,” J. Agric. Food. Chem, vol 28, pp 8-18. 1980. 

[26] Naknean, P, “Factors affecting mass transfer during 

osmotic dehydration of fruit,” Int. Food. Res. J, vol. 19, 

pp 7-18, 2012. 

[27] Nanjundaswamy, A.M., Radhakrishnaiah, S.G., 

Balachandran, C., Saroja, S. and Reddy, M.K.B.S, 

“Studies on development of new categories of 

dehydrated products from indigenous fruits,” Indian. 

Food. Packer, vol. 22, pp 91-93, 1978. 

[28] Oladejo, D., Ade-Omowaye, B. I. O. and Adekanmi, A. 

O, “Experimental study on kinetics, Modeling and 

optimization of osmotic dehydration of mango 

(Mangifera Indica L),” Inter. J. Eng. Sci, vol. 2, pp 1-8, 

2013. 

[29] Rahman, M. S. and Perera, C. O, “Drying and food 

preservation,” Handbook of food preservation, (M. S. 

Rahman, Ed.) Marcel Dekker, New York: pp 173–216, 

1999. 

[30] Ranganna, S, Handbook of Analysis and Quality 

Control for Fruit and Vegetable products 2nd Edn, Tata 

McGraw Hill Publishing Company, New Delhi, pp 850, 

2008. 

[31] Revaskar, V. A., Pisalkar, P. S., Pathare, P. B. and 

Sharma, G. P, “Dehydration kinetics of onion slices in 

osmotic and air convective drying process,” Res. Agr. 

Eng, vol. 60, pp 92-99, 2014. 

[32] Sablani S. S., Rahman M. S. and Al.-Sadeiri D. S, 

“Equilibrium distribution data for osmotic drying of 

apple cubes in sugar-water solution,” J. Food. Eng. vol. 

52, pp 193-199, 2002. 

[33] Sablani, S. S. and Rahman, S. S, “Effect of syrup 

concentration, temperature and sample geometry on 

equilibrium distribution coefficients during osmotic 

dehydration of mango,” Food. Res. Int, vol. 36, pp 65-

71, 2003. 

[34] Sereno, A. M., Moreira, R. and Martinez, E, “Mass 

transfer coefficients during osmotic dehydration of 

apple in single and combined aqueous solutions of 

sugar and salt,” J. Food. Eng. vol. 47, pp 43-49. 2001. 

[35] Shamaei, S., Emam-djomeh, Z. and Moini, S, 

“Modeling and optimization of ultrasound assisted 

osmotic dehydration of cranberry using response 

surface methodology,” J. Agr. Sci. Technol vol. 14, pp 

1523-34. 2012. 

[36] Singh, B., Panesar, P.S., Gupta, A.K. and Kennedy, J.F, 

“Optimization of osmotic dehydration of carrot cubes in 

sucrose-salt solutions using response surface 

methodology,” Eur. Food. Res. Technol. vol. 25, pp 

157–165, 2007. 



Influence of Process variables on Mass Transfer during Osmotic Pre-Treatment of Kinnow Peel Slices 

 (IJSRD/Vol. 4/Issue 07/2016/169) 

 

 All rights reserved by www.ijsrd.com 711 

[37] Singh, M. and Dhillon, S. S, “Extraction of pectin from 

kinnow peels,” Int. J. Environ. Studies, vol. 64, pp 287, 

2007. 

[38] Taiwo, K. A., Angersbach, A., Ade-Omowaye, B.I.O. 

and Knorr, D, “Effects of pre-treatments on the 

diffusion kinetics and some quality parameters of 

osmotically dehydrated apple slices,” J. Agri. Food. 

Chem, vol. 49, pp 2804-11, 2001. 

[39] Touil, A., Chemkhi, S., & Zagrouba, F, “Modeling of 

the drying kinetics of opuntia ficus indica fruits and 

cladodes,” Int. J. Food. Eng, vol. 6, pp 1-15, 2010. 


