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Introduction
The high moisture content in many fresh fruits and vegetables 

renders them extremely perishable, since deterioration commences 
immediately upon harvesting Venturini et al. [1]. Preservation 
of many agricultural commodities can be accomplished by 
various drying combinations of heat processing and dehydration 
Ranganna [2]. Hot-air dried products have not received widespread 
acceptance due to the perceived diminished quality of the end 
product Venturini et al. [1]. Osmotic dehydration has been 
introduced as an alternative that can produce higher quality final 
products Rastogi et al. [3]. In osmotic dehydration, fresh produce 
is immersed in a hypertonic solution where the water content 
from the cells of the produce is transferred into the solution due 
to the relative differences in their solute concentrations Rastogi et 
al. [3]. Simultaneously, a corresponding transfer of solid materials 
(normally sugar and/or salt) occurs from the solution into the 
product Tonon et al. [4]; Nieto et al. [5]; Rastogi et al. [3]. Relative 
to standard hot air drying methods, osmotic dehydration causes 
minimal thermal degradation due to the low temperatures involved 
Jain et al. [6]; Rastogi et al. [3]. The quality of the subsequent 
product is superior due to

a.	 The improvements to texture of the fruits and vegetables,

b.	 The stability of the color pigmentation during storage, and

c.	 Increases in the solid gain transfer of sugar and salt from the 
hypertonic solution Jain et al. [6]; Venturini et al. [1]. 

Water removal during the dehydration process is influenced 
by many factors such as type and concentration of osmotic agents,  

 
temperature, circulation/agitation of solution, solution-to-sample 
ratio, thickness of food material, and any pre-treatments Rastogi 
et al. [3]. An effective analysis of the mass transport occurring 
within the osmosis process measured in terms of water loss and 
solid (sugar, salt) gains is of considerable commercial and practical 
relevance Nieto et al. [5]; Rastogi et al. [3]. Only limited attention 
has been devoted to optimizing the requisite osmotic process 
parameters Cao & Yeomans [7]. Biologically inspired algorithms 
provide optimization approaches based on (mostly successful) 
mechanisms in the natural world Yang [8]; Yeomans & Yang [9]. The 
benefits of biologically inspired, osmotic dehydration optimization 
can be illustrated via the papaya case of Jain et al. [6]. 

Functional Form Estimation and Optimization of 
the Osmotic Dehydration Process

In the papaya case, a syrup solution is employed for dehydration 
and the solid gain corresponds to the transport of sugar from the 
syrup into the papayas. The initial step requires the construction of 
a mathematical model of the responses to the three main osmotic 
process parameters – 

a.	 Solution temperature, 

b.	 Hypertonic solution concentration and 

c.	 Duration of osmosis – on the water loss and solid gain of the 
papayas.

This functional representation is then used to predict the 
water loss and sugar gain impacts in the papayas over the requisite 
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experimental ranges of three designated process parameters. In 
osmotic processes, the exact relationship between the dehydration 
parameters is generally not known a priori. Hence, the functional 
form of the osmotic dehydration process can be approximated 
empirically using response surface techniques Mudhar et al. [10]; 
Myers & Montgomery [11]; Yeomans & Yang [9]. The response 
model can then be used to determine the maximum water loss and 
optimum sugar gain achieved during the dehydration of papayas 
over the different experimental ranges for the process durations, 
syrup concentrations, and solution temperatures. 

Organoleptic properties refer to the sensory aspects of food 
including taste, sight, smell, touch, dryness, moisture content, and 

stale-fresh factors. Jain et al. [6] established organoleptic ranges for 
the osmotic dehydration parameters and restricted the search for 
best parameter settings to values within these ranges. Additional 
organoleptic preferences can be applied to the responses and 
process parameters for the solution. The targets for these desired 
criteria are summarized in Table 1. From a hierarchical preference 
attainment perspective, several of these criteria can be recognized 
as more important attributes to satisfy than the others. Namely, 
from a dehydration perspective, the water loss should be as high as 
possible within the indicated range, while from a taste perspective, 
the sugar gain needs to be as close to 4.0% as possible. The relative 
importance for the achievement of these hierarchy targets is 
indicated in the last column of Table 1.

Table 1: Ranges for Process Variables and Response Goals in the Osmotic Dehydration.

Parameter Goal Requirement Lower Limit Upper Limit Relative Importance

Temperature (oC) 1 Minimize 30 50 Important

Concentration (oBrix) 2 Minimize 50 70 Important

Duration (Hrs) 3 Minimize 4 6 Important

Water Loss (%) 4 Maximize 23.02 44.05 Very Important

Sugar Gain (%) 5 Target = 4.0 2.56 8.1 Extremely Important

Table 2: Optimal Process Parameters Determined for the Osmotic Dehydration of Papayas.

Temperature (oC) Concentration (oBrix) Duration (Hrs) Water Loss (%) Sugar Gain (%)

Jain et al. [6] 37 60 4.25 28 4

FA Solution 37.776 70 4 32.8 4.02

In order to find values for the osmotic dehydration parameters, 
Jain et al. [6] ,constructed a number of contour plots by varying 
the values of the three variables and observed the effect that 
these had on their response functions. These settings invoke 
responses of 28% for the water loss and 4.0% for the sugar gain 
see Table 2. Conversely, from a mathematical perspective, each of 
the desired targets could be specified as a definitive goal and the 
entire formulation could then be transformed into a non-linear 
goal programming problem Yeomans & Yang [9]. The biologically 
inspired, Firefly Algorithm (FA) Yang [8] is then used to find the 
optimal osmotic parameters for the papaya dehydration. By 
optimizing the goal programming problem formulation using the 
FA-driven procedure, best process parameters for the osmotic 
dehydration of the papayas were calculated and these resulting 
values are displayed in Table 2. In comparison to the values found 
by Jain et al. [6], it can be observed the temperature parameter 
remains essentially the same, the syrup concentration increases 
by 10 oBrix, while the duration of dehydration process has been 
reduced slightly by 0.25 hours. More importantly, in terms of the 
key responses, while the sugar gain essentially remains at the 
highly desirable target of 4%, the water loss–which is obviously 
the key feature of dehydration–has increased by 5%. Consequently, 
since the water loss response has been increased significantly from 
that determined by Jain et al. [6], this goal programming solution 

represents a significant improvement in the osmotic dehydration 
process.

Conclusion
An empirical response surface approach can provide the 

functional form required for osmotic dehydration. Using these 
values, the resulting optimization model can be formulated into 
a non-linear goal programming problem. The optimal solution 
to the goal programming formulation can be solved using a 
computationally efficient, biologically inspired procedure and 
the resulting best osmotic parameters can be ascertained. Since 
biologically inspired optimization algorithms can clearly be adapted 
to solve a wide spectrum of osmotic dehydration problems beyond 
the context of papaya, the described approach can obviously be 
extended into numerous other applications. 
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