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 A B S T R A C T  
 
Experiments were conducted according to Box Behnken Design for optimization of ohmic heating (OH) for pasteurization of whey based drink 
(sugar: 5% litchi juice: 8%; pectin: 0.7%; Potassium meta bisulphate : 1.5%). The three OH process variables were processing time, applied 
voltage and height of ohmic heater. Optimum conditions obtained by numerical optimization were processing time - 7.6  min, applied voltage – 
49.5 V and thickness – 40 mm  to achieve optimum conditions (maximum desirability = 0.863) with  the predicted value for temperature was 
73.80 o C,  cell viability 20.53 X103 cfu/mL, color  index  54.83 and sensory score 7.55.  
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INTRODUCTION 

Ohmic heating (OH) is now receiving increasing attention from the food industry, once it is considered to be an 

alternative for the indirect heating methods of food processing (Castro et al. 2004; Pereira et al. 2007).  Ohmic heating is a 

thermal process in which heat is internally generated by the passage of alternating electrical current (AC) through a body such 

as a food system that serves as an electrical resistance (Shirsat et al., 2004). During OH treatment electric currents are 

passed through foods, which behave as a resistor in an electrical circuit, and heat is internally dissipated according to Joule’s 

law (De Alwis et al 1990). The major benefits claimed for ohmic heating technology are the continuous processing without heat 

transfer surfaces, uniform heating of liquids and, under certain circumstances, heating of solids and carrier fluids at very 

comparable rates, thus making it possible to use High Temperature Short Time (HTST) technique (Halden et. al 1990; Parrot 

1992; Imai et al. 1995). For all these reasons, OH seems to allow obtaining value added products of a superior quality without 

compromising food safety (Parrot 1992; Castro et al. 2003; Tucker 2004; Pereira et al. 2007). Because the energy is almost 

entirely dissipated within the heated material, there is no need to heat intervening heat exchange walls – thus the process has 

close to 100% energy transfer efficiency (Salengke 2010). Ohmic heating can be considered a high temperature short time 

(HTST) aseptic process. The potential applications of this technique in food industry are very wide and include, e.g. blanching, 

evaporation, dehydration, fermentation (Sastry et al., 2000) and pasteurization. 

Whey drinks is one of the complex food which is  light, refreshing, healthful and nutritious (Cruz et al., 2009; Sikder et 

al., 2001; Singh et al 1999; Sirohi et al. 2005), but less acidic than fruit juices. Therefore using whey as a base material for 
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preparation of flavoured drinks with or without employing fermentation is the most attractive avenues for utilization of whey for 

human consumption. Ohmic heating with its advantages can be used  for the pasteurization of whey drinks  However The 

effects of the applied electric field, the incident electric current and the applied electric frequency during ohmic heating over 

different microorganisms and foods (at molecular and cellular level) still need to be more deeply studied.  Therefore 

understanding, characterizing and modeling this phenomenon is required in order to optimize and possibly exploit its effects. 

Studies on modeling, prediction and determination of the heating pattern of whey drinks are also required to assist on the 

design of pasteurization processes and for the successful development of a final product package that enables the application 

of ohmic heating.   

MATERIALS AND METHODS 

Preparation of whey 

The milk was heated in a stainless steel vessel to 84°C. The hot milk was acidified by adding citric acid (2%) followed 

by continuous stirring for 40 minutes resulting in complete coagulation of milk protein (casein). The liquid (whey) was filtered 

using muslin cloth. Fresh litchi juice (5%) was added to whey as flavouring agent; Sugar (5%) as sweetener; Potassium 

metabisulphite (1.5%) as preservative and pectin (0.7%) as stabilizer (Kumar et al., 2012). Fresh whey, litchi juice and 

developed whey drink were analyzed for their different composition and chemical properties which are shown in Table 1. Total 

solids were estimated as per the gravimetric method described in Part II of BIS: 1479 (1961). pH was tested by standard 

electronic pH testing machine. Total Soluble Solid (TSS) of Whey based litchi drinks was tested by Standard Refractometer 

Brixmeter. Total acidity was calculated in terms of lactic acid for whey and citric acid for litchi by titrating against 0.1N NaOH 

according to AOAC (1995) method. Protein content was determined by Kjeldahl method for nitrogen estimation, using factor of 

6.38 for conversion of nitrogen into protein (BIS, 1961). Fat content was determined by Gerber centrifuge method (BIS, 

1977).The whey drink mixture was filled in ohmic heating unit for optimization of process variables of the OH unit. 

Table 1 Physico-chemical properties of whey, litchi juice and developed whey drink 

Sample 
Total solids 
(Gravimetric 

method) 

Fat 
(Gerber 

centrifuge 
method) 

Brix 
(Refractometer) 

pH 
(pH-

meter) 

Acidity 
(Titrating 
method) 

Protein 
(Kjeldahl 
method) 

Whey 8.77% 0.31% 8.35o 5.51 0.39 0.573% 

Litchi juice 16.38% 0% 16.45o 5.04 0.21 0.76% 

Whey drink 17.27 0.26 15.21 5.27 0.42 0.62 

Experimental set up- Ohmic meters 

The experimental device consisted of a power supply, voltmeter, ammeter and a temperature indicator. The body of 

ohmic heating system was made up of food grade Polycarbonate material of diameter of 100 mm and height of 120 mm. The 

top and bottom electrodes for ohmic heating system were made of 5 mm Stainless Steel. End caps, fitted with high grade 

stainless steel electrodes were held in place using a spring-loaded system which was also used to change the distance 
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between the two electrodes besides serving as to prevent leakages. A temperature indicator was inserted into the geometric 

centre of the cell (Fig. 1). The test sample was sandwiched between two electrodes in the test cell.  During all experiments, 

constant length and cross sectional area of the sample were maintained. When sample reached the desired end point, the 

power was switched off and the response/ quality data was obtained for each sample. The experiments were replicated three 

times. 

Figure 1. Schematic diagram of the ohmic heating system 

Experimental Design 

Experiments were designed using a Box Behnken Design with 4 replicates in the centre. Around 17 analyses were 

carried out. The corresponding parameter levels and codes are listed in Table 2.  

Optimization of ohmic heating process variables was carried out by applying response surface methodology (RSM). 

This methodology is widely used for bioprocess optimization. RSM was known to be useful in parameter interaction studies 

which allowed building models and selecting optimum working ranges. Dependant variables measured were: microbial count 

(C), temperature (T), colour (La) and overall acceptability (OA) in terms of sensory scores (Table 2).  

Analysis of data 

The data were analyzed using Design Expert  8 (Stat-Ease, Minneapolis, MN, USA) to obtain a quadratic 

mathematical model. RSM has been used with Box Behnken Design to optimize ohmic heating process variables. Regression 

analysis and analysis of variance (ANOVA) were conducted for fitting the model represented by Eq. (1) to the experimental 

data and to examine the statistical significance of the model terms.  
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where: Y, a0, Xi and Xj, ai,  and aij are the predicted responses of the dependent variable, second-order reaction constant, 

independent variables, linear regression coefficient, and regression coefficient of interactions between two independent 

variables, respectively. 

Table 2.  Box Behnken Design Matrix with Calculated Values of Response variables 

Run 

Process Variables Dependent Variables 

Actual values Coded values  

Time Voltage Thickness A B C 
T 

(oC) 
C 

(103Xcfu/mL) 
La OA 

1 
4 30 50 0 1 -1 42.2 83.09 17.59 4.9 

2 8 30 50 0 1 1 46.1 66.37 33.07 4.55 

3 4 50 50 0 -1 -1 62.9 33.66 54.39 6.32 

4 8 50 50 0 -1 1 73.1 10.45 58.57 7.45 

5 4 40 40 1 0 -1 59.6 40.03 42.69 5.82 

6 8 40 40 1 0 1 62.3 34.26 49.06 6.32 

7 4 40 60 -1 0 -1 64.3 31.66 50.83 6.3 

8 8 40 60 -1 0 1 56.9 29.59 39.52 5.96 

9 6 30 40 1 1 0 48.2 62.96 26.25 5.83 

10 6 50 40 1 -1 0 66.9 28.58 51.36 6.2 

11 6 30 60 -1 1 0 48.3 65.90 32.06 5.85 

12 6 50 60 -1 -1 0 58.1 44.03 45.99 6.14 

13 6 40 50 0 0 0 58.1 40.24 47.17 4.88 

14 6 40 50 0 0 0 56.2 39.45 47.07 4.98 

15 6 40 50 0 0 0 55.3 39.90 48.01 4.89 

16 6 40 50 0 0 0 56.9 40.12 49.38 4.59 

17 6 40 50 0 0 0 55.8 39.90 49.44 4.89 

The adequacies of the models were determined using model analysis, lack-of-fit test, and R2 (coefficient of 

determination) analysis as outlined by Lee et al., 2000; Weng et al, 2001 and Sastry and Barach, 2000. The lack-of-fit is a 

measure of the failure of a model to represent data in the experimental domain at which points were not included in the 

regression and variations in the models cannot be accounted by random error (Montgomery, 1984). If there is a significant lack 

of fit as indicated by a low probability value, the response predictor is discarded. The R2 (coefficient of determination) is 
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defined as the ratio of the explained variation to the total variation and is a measure of the degree of fit (Haber and Runyon, 

1977). Coefficient of variation (CV) indicates the relative dispersion of the experimental points from the model prediction. 

Response surfaces were generated and numerical optimization was also performed by Design Expert software. 

Optimization Technique 

Numerical optimization technique of Design Expert was used for simultaneous optimization of the multiple responses. 

The desired goals for each factor and response were chosen. The possible goals were maximize, minimize, target, within 

range, none (for responses only). All the independents factors were kept within the experimental range while the responses 

were either maximized or minimized. In order to search a solution for multiple responses, the goals were combined into an 

overall composite function, D(x), called the desirability function (Myers and Montgomery, 2002) which is defined as 

D(x) = [d1 Xd2 Xd3 X……. dn]1/n       (2) 

where d1, d2, . . . ,dn are responses and n is the total number of responses in the measure.    The function D(x) 

reflects the desirable ranges for each response (di). Desirability is an objective function that ranges from zero (least desirable) 

outside of the limits to one (most desirable) at the goal. The numerical optimization finds a point that maximizes the desirability 

function. The goal-seeking begins at a random starting point and proceeds up the steepest slope to a maximum. There may be 

two or more maximums because of curvature in the response surfaces and their combination into the desirability function. By 

starting from several points in the design space, chances improve for finding the best local maximum. 

Measurement of Quality Attributes  

Determination of Colour  

The changes in colour of the whey drinks were analyzed using Hunters colour LAB. Three Hunter parameters, namely, L 

(lightness), a (redness/greenness), and b (yellowness/blueness) were measured and total Colour Index was calculated by 

formula:   

 La = √ L2 + a2 + b2      

Microbial activities 

Liquid milk and other dairy products are highly perishable and can spoil in a few days. Prolonged or improper holding 

of dairy products may permit microbial contamination to increase. Poor cleaning of the milking equipment may cause 

contamination with streptococci, coli forms, or heat resistant Bacillus spp. Spoilage of pasteurized or raw milk by proteolytic 

psychotropic bacteria can occur on prolonged storage below 7 °C. The standard plate count method provides a comparative 

index of the care used in processing of milk based products and is a means of ascertaining whether or not the product meets 

standards.  

The presence of deteriorating microorganisms in whey drinks after ohmic heating of whey based drinks was 

assessed by plating pure or diluted (ten times) whey drink samples in Milk Plate Count Agar. Plates were incubated according 

to the manufacturer's indications and colony-forming units (cfu /mL) were determined. To confirm the identity of the colonies, 

cell morphology was observed with an Olympus Vanex microscope (Tokyo, Japan). Cell count was expressed as cfu/mL. 



Amitabh and Kumar (Optimization of ohmic heating of whey based drink using response surface methodology) 

  J. Postharvest Technol., 2017, 05(1): 55-71                 60 

 

Organoleptic evaluation 

The sensory evaluation of samples was carried out by a panel of judges using the hedonic rating test. The hedonic 

rating test is usually used to measure the consumer acceptability of food products. Consumer acceptance test was conducted 

using nine-point hedonic scale (Krokida et.al,  2001; Zell et al., 2009b) by 10 untrained panelist who evaluated the product for 

overall acceptability (Ranganna, 1986). The panelists were given a specimen evaluation card for sensory evaluation and 

asked to rate the acceptability of the products based on the quality attributes of color, appearance, texture, and flavor. The 

acceptability rating of the products was done on a scale of 9 points, ranging from ‘‘like extremely’’ to ‘‘dislike extremely.’’ The 

samples scoring an overall quality of seven or above were considered acceptable and those receiving six or below six were 

considered unacceptable 

RESULTS AND DISCUSSION 

The experimental data of various responses during OH of whey based drink are presented in Table 3. The estimated 

regression coefficients of the quadratic polynomial models (Eq. (1)) for various responses and the corresponding R2 and CV 

values are given in Table 4. Analysis of variance (Table 5 and Table 6) indicated that the models are highly significant at p≤ 

0.05 for all the responses. The lack of fit did not result in a significant F-value in case of temperature (T), microbial count (C) 

and colour index (La) indicating that the models are sufficiently accurate for predicting these responses supported by low value 

of PRESS and CV and high values of both R2 and adj-R2 (≥ 0.80). Despite the lack of fit is significant in the case of overall 

acceptability (OA), acceptable PRESS, CV (less than 10%), R2 and adeq. precision values indicates that the model is sufficient 

to predict the response ( Rustom et. al, 1991).  

As a general rule, the coefficient of variation should not be greater than 10%. In this case, the coefficients of variation 

for all the responses were less than 7% (Table 3). A Model F-value of 6.610, 5.480, 5.486 and 3.677 for temperature (T), 

microbial count (C) and color index (La) and overall acceptability (OA) respectively implies that the model is significant. The 

Fisher F-test with a very low probability value (P model ≥ F at 0.05) demonstrates a very high significance for the regression 

model. The goodness of fit of the model is checked by the determination coefficient (R2). The coefficient of determination (R2) 

was calculated to be, 0.89, 0.88, 0.85 and 0.83 for T, C , La, and OA  respectively. Adeq Precision measures the signal to noise 

ratio. A ratio greater than 4 is desirable. In this work the ratio is found to be > 8, which indicates an adequate signal. 

To visualize the combined effect of the two factors on the response, the response surface and contour plots were 

generated for each of the models in the function of two independent variables, while keeping the remaining independent 

variable at the central value (Fig 2). 

Temperature  

The temperatures of samples were measured by digital laser thermometer (temperature range – 30°C to 500°C, 

accuracy _ 0.1°C; Fluke 59 X, India). The temperature were taken at the geometric centre, corner and between center and 

corner of the samples. Average of three value was used as the representative value, and was assumed to be spatially uniform 

because of its small size.  

 



Amitabh and Kumar (Optimization of ohmic heating of whey based drink using response surface methodology) 

  J. Postharvest Technol., 2017, 05(1): 55-71                 61 

 

Table 3. Regression coefficients of the second-order p o l y n o m i a l  model for the response variables (in coded units) 

Factor 
Coefficient 

T C La OA 

Constant 56.46 29.920 48.217 4.846 

A- Time 1.175 -1.595 -3.353 0.1175 

B- Voltage 9.525 -23.323 -10.060 0.6225 

C- Thickness -1.175 -0.582 0.990 0.01 

AB 1.575 0.629 -2.862 0.37 

AC -2.525 -1.575 9.151 -0.21 

BC -2.225 3.130 4.565 -0.02 

A2 2.5075 1.116 -5.689 0.527 

B2 -2.8925 15.104 -1.588 0.432 

C2 1.8075 0.345 -1.002 0.727 

Std. Dev. 3.84 10.47 5.55 0.51 

Mean 57.13 37.71 44.32 5.64 

C.V. % 6.71 6.76 4.51 5.03 

PRESS 19.55 15.46 20.27 27.75 

R-Squared 0.89 0.88 0.85 0.83 

Adj R-Squared 0.85 0.81 0.82 0.80 

Adeq Precision 8.01 6.59 8.13 5.30 

The overall variation in temperature (T) was from 42.2 to 73.1 0C. The minimum temperature (T) was 42.2 0C 

observed at combination of ohmic process time (A) - 4 min, applied voltage (B) - 30 V and product thickness(C) – 50 mm. 
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However, the maximum temperature (T) 73.1 0C was observed at combination of ohmic process time (A) - 8 min, applied 

voltage (B) - 50 V and product thickness(C) – 50 mm.  

The Model F-value of 6.61 implies the model is significant and there is only 1.05% chance that a "Model F-Value" this 

large could occur due to noise. The magnitude of p and F values in Table 5 indicates that linear terms of time (A) and voltage 

(B) and product thickness (C) had significant effect on attained Temperature (T) of whey based drink sample. The interactive 

terms also had significant effect while quadratic terms  had non-significant effect on T.  

The positive signs of coefficient values of linear terms A and B indicate that with increase of A and B, there will be an 

increase in temperature (T) (Ruan et al., 2004;Piette et al.,, 2001; Zell et al.,2009a).  The relative magnitude of coefficients 

(Table 3) indicates the maximum positive contribution of all process variables except C; quadratic term of B;  interactive effects 

of time (A) and  product thickness (C) and voltage (B) and product thickness (C) (Table 4).  

The product thickness (C) having lowest F-value, had least effect on T and therefore was kept fixed along to generate 

response surface diagram between A and B (fig 2). The figure clearly indicates an increased attained temperature with the rise 

in process duration (A) and applied voltage pressure (B).  

The heating rate of particles in a particulate food depends on the relative conductivities of the system’s phases, 

voltage applied (B) and duration of application (A) of ohmic heating process. More heat generation occurs with the increase of 

the particles concentration, duration of the electric current through the product (A) and raised voltage (B); forcing a greater 

percentage of the current to flow through the particles (Fig 2a). This result in higher energy generation rates within the 

particles and consequently in a greater relative particle temperature (Sarang et. al., 2007;; Hill et al., 1967; Singh, 2007). 

Microbial count 

There is direct relationship between the temperature attained during ohmic heating and the microbial survival. Higher 

the temperature more will be the microbial lethality and vice-versa (Athanasiadis et al., 2004; Barreto et al., 2003;  Zimmerman 

et al., 2008; Kumar et al., 2012).  

The Microbial count values of whey drink under study ranged between 10.45 and 83.09 cfu/mL. The lowest value of 

10.45 cfu/mL was observed at combination of ohmic process time (A) - 8 min, applied voltage (B) - 50 V and product 

thickness(C) – 50 mm. The Model F-value of 5.48 implies the model is significant.  There is only a 1.77% chance that a "Model 

F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 indicate model terms are significant and in  

present case all model terms except quadratic effect of terms A and C were significant.  Applied voltage (B) was the main 

factor affecting Microbial count, as revealed by corresponding regression coefficient and F value (Table 4).  

The product thickness (C) having lowest F-value, had less effect on Microbial count and therefore was kept fixed 

along to generate response surface diagram between A and B (Fig. 2b). The process variables  A and B   negatively affected  

Microbial count   value,  indicating   that   OH processing of thinner sample for more time and at  higher voltage will decrease 

the  Microbial count of the product, confirming  the findings of some other  investigators (Zell et al., 2010; Piette et al., 2004; 

Shirsat et al., 2004). Lower operating time, voltage and higher product thickness causes a low product   temperature, which  

may have resulted in a higher Microbial count. Fig. 2a reveals that the combined effect of processing time (A) and applied 

voltage (B) had significant effect on the Microbial count of the sample. As these two parameters increased, the Microbial count 
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of the sample decreased. This may be due to the fact that as the processing time (A) and voltage (B) was increased, higher 

cooking temperature was achieved which may have resulted in a inactivation of microbial population (Piette et al., 2004;Shirsat 

et al., 2004). 

Those whey based drink samples which attained temperature 70 ± 3 0C were in acceptable range of standard plate 

count i.e 30000 cfu/ml. The reason for such a controlled range of plate count being the attainment of lethal temperature which 

inactivates the growth of micro-organism, enzymes, moulds, fungi etc.  

Table  4. Analysis of variance of process variables as linear, quadratic and interactive terms on response variables temperature and 

microbial count models. 

 
Source 

 
df 

T C 

Square Mean F Value p-value Square Mean F Value p-value 

Model 
9 97.2537 6.6100 0.0105* 600.8840 5.4801 0.0177* 

A = Time 1 11.0450 0.8507 0.0156* 20.3621 0.1857 0.0495* 

B = Voltage 1 725.8050 49.3304 0.0002* 4351.6800 39.6874 0.0004* 

C = Thickness 1 11.0450 0.7507 0.0150* 2.7106 0.0247 0.0495* 

AB 1 9.9225 0.6744 0.0438* 1.5800 0.0144 0.0078* 

AC 1 25.5025 1.7333 0.0295* 9.9190 0.0905 0.0023* 

BC 1 19.8025 1.3459 0.0840* 39.1801 0.3573 0.5688ns 

A2 1 26.4739 1.7993 0.2217ns 5.2477 0.0479 0.0331* 

B2 1 35.2276 2.3943 0.1657ns 960.5270 8.7600 0.0211* 

C2 1 13.7560 0.9349 0.3658ns 0.5000 0.0046 0.9481ns 

Residual 7 14.7131   109.6488   

Lack of Fit 3 32.7533 27.6867 0.3923ns 255.7270 2837.2276 0.0672ns 

Pure Error 4 1.1830   0.0901   

Cor Total 16       

* significant difference (p<0.05); ns –non significant difference 

Colour Index (La) 

The Model F-value of 5.49 implies the model is significant.  The overall variation in colour index (La) was between 

17.59 and 58.57. The interaction terms of ‘time (A) and voltage (B) and quadratic  and interaction terms of voltage (B) and 

thickness (C) had non-significant effects on variation in colour index (La)during ohmic heating. The product thickness (C) 
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having lowest F-value, had least effect on La and therefore was kept fixed along to generate response surface diagram 

between A and B (fig 2). The figure clearly indicates an increased colour index (La) change with the rise in process duration (A) 

and applied voltage pressure (B) (Table 5). 

It can be observed from ANOVA (Table 6) that OH processing time (A) and applied voltage  pressure (B) both are 

significant variables affecting the La at p ≤ 0.05, while there was no significant contribution of product thickness(C)  to the 

colour value.  

Applied voltage (B) was the main factor affecting colour, as revealed by corresponding regression coefficient and F 

value. It exerted a positive linear effect on L-value as depicted in Fig 2c. The relative magnitude of coefficients (Table 4) 

indicates the positive contribution of linear and interactive effect of time (A) and voltage (B) and suggested higher La value. 

The ohmically heated whey samples processed  for higher voltage (B) and duration (A) showed higher overall colour because 

of the longer exposure to higher temperatures (Sarang et al. 2008; Shirsat et al., 2004; Zell et al., 2010a). 

There was a regular decrease in L and b values while increase in b values was observed which suggested a 

decrease in lightness and redness of the product and increase in yellowness of the product respectively. This resulted for such 

a change observed in colour index (Edward et al., 2006; Oliman et al., 1995). 

Table 5. Analysis of variance of process variables as linear, quadratic and interactive terms on response variables colour index and 
overall acceptability models 

Source df 

La OA 

Square Mean F Value p-value Square Mean F Value p-value 

Model 9 168.6766 5.4856 0.0177* 0.9530 3.6772 0.0500* 

 A = Time  1 89.9561 2.9255 0.0309* 0.1105 0.4262 0.0347* 

 B = Voltage 1 809.5515 26.3275 0.0014* 3.1001 11.9613 0.0106* 

C = Product thickness 1 7.8395 0.2549 0.0291* 0.0008 0.0031 0.0572* 

  AB 1 32.7735 1.0658 0.3362ns 0.5476 2.1129 0.1894ns 

  AC 1 334.9510 10.8930 0.0131* 0.1764 0.6806 0.0366* 

  BC 1 83.3400 2.7103 0.1437ns 0.0016 0.0062 0.0396* 

  A2 1 136.2516 4.4311 0.0333* 1.1694 4.5120 0.0413* 

  B2 1 10.6238 0.3455 0.5751ns 0.7858 3.0319 0.1252ns 

  C2 1 4.2290 0.1375 0.7217ns 2.2254 8.5864 0.0220* 

Residual 7 30.7492 0.2592 

Lack of Fit 3 69.9787 52.7299 0. 1155ns 0.5752 25.9934 0.9442ns 

Pure Error 4 1.3271 0.0221 

Cor Total 16 

* Significant difference (p<0.05); ns –non significant difference 

Overall Acceptability  

The Model F-value of 3.68 implies the model is significant.  There is only a 5.00 % chance that a "Model F-Value" this 

large could occur due to noise. The overall variation in overall acceptability (OA) was from 4.55 to 7.43. While a sensory panel 
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detected that overall acceptability of the ohmically heated product was satisfactory. The minimum overall acceptability (OA) 

was 4.55 observed at combination of ohmic process time (A) - 8 min, applied voltage (B) - 30 V and product thickness(C) - 50 

mm. However, the maximum overall acceptability (OA) of 7.45 was observed at combination of ohmic process time (A) - 8 min, 

applied voltage (B) - 50 V and product thickness(C) - 50 mm.  

All the linear terms have significant effect on the sensory score of rehydrated grapes (p< 0.05) at 5% level of 

significance (Table 5). The linear terms of all the variables show the positive effect on sensory score, which implies rise in 

sensory score with increase in process variables (Fig 2d).The magnitude of coefficients of linear terms shows that the applied 

voltage (B) has more pronounced effect on sensory score than process duration (A) and product thickness (C) (Table 6).  All 

the interaction terms and quadratic term of time (A) and voltage (B) had significant effects on overall acceptability during ohmic 

heating.  

The relative magnitude of coefficients (Table 3) indicates the maximum positive contribution of all process variables 

except interactive effects of time (A) and product thickness (C) and voltage (B) and product thickness (C). The product 

thickness (C) having lowest F-value, had less effect on overall acceptability (OA) and therefore was kept fixed along to 

generate response surface diagram between A and B (Fig. 2d).  

Fig. 2d reveals that the combined effect of processing time (A) and Applied voltage (B) had significant effect on 

overall acceptability (OA) of the whey sample. As the processing time (A) and the applied voltage (B) increased, the overall 

acceptability (OA) increased. It is well established that ohmic heating at higher duration (A) and voltage (B) helped in 

attainment of proper pasteurization temperature of whey samples which is associated with higer colour index, and thus overall 

acceptability (OA) (Bramblett and Vail, 1964; Cho et al., 1999; Ruan et al., 2004Shirsat et al., 2004; Zell et al., 2010; Kumar et 

al., 2012).  

Optimization and experimental validation  

Numerical optimization procedures were carried out to predict the optimum ohmic heating within selected ranges 

which generated the desired response goal. The desired goals for each factor and response were chosen  and  different  

weights  were assigned  to  each  goal  to adjust   the  shape   of  its  particular  desirability   function (Table 6 and 7).   In order 

to optimize the process conditions during ohmic heating, the following considerations were taken: (1) Maximization of T, La 

and OA and (2) Minimization of C. 

Table 7 indicates that 5 best solutions were obtained at different desirability for the various combinations of 

independent variables and the results of the responses. The highest desirability value (nearest to the response goal), which is 

0.863 (solution 1), was selected as the optimum conditions for ohmic heating of whey based drink (Fig 2e).  

The optimum solution from this package was emerged out as ohmic process time (A) – 7.609  min, applied voltage 

(B) – 49.499 V and product thickness (C) – 40.0 mm  in order to obtain optimized yield as temperature (T) – 73.795 0C;  

microbial count (C) – 20.553 cfu/mL;  colour index (La) – 14.976; and overall acceptability (OA) - 7.550 with desirability of 

0.863.  

In practice, however, it is difficult to maintain the recommended conditions during processing and some deviation in 

responses were observed. Therefore, optimum conditions were varied as processing time 7.609  ± 0.25, applied Voltage 
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49.499  ± 0.5 V, and product thickness 40.0 ± 1.0 mm which were predicted by using second order polynomial. 

The validation of optimized condition was done to test and compare the prediction performance with experimental 

results. Among the 5 best solutions, first solution was selected for validation experiments. The observations recorded with 

respect to the optimum responses are summarized below in table 8.  

 
 

Figure 2a. Effect of  processing time and applied voltage  on 
Temperature (T) at product thickness 50 mm 

 

Figure 2b. Effect of  processing time and applied voltage  on 
Microbial count at product thickness 50 mm 

 
Figure 2c. Effect of processing time and applied voltage  on 
Colour index (La) at product thickness 50 mm 

 

Figure 2d. Effect of  processing time and applied voltage  on 
Overall Acceptability (OA) at product thickness 50 mm 

 

 
Figure 2e. Effect of  processing time and applied voltage  on desirability at product thickness 50 mm 

 
Figure 2.  Response surface plots showing effects of process variables. 
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Table 6. Considerations for optimization of the process variables and responses during ohmic heating with Box Behnken Design 
Matrix. 

Constraints   
Goal 

  
Lower Limit 

  
Upper limit 

  
Importance 

Name 

A= Time  
is in range 4.00 8.00 3 

B= Voltage is in range 30.00 50.00 3 

C = Thickness is in range 40.00 60.00 3 

T maximize 42.20 73.10 3 

C minimize 10.45 83.09 3 

La maximize 17.59 58.57 3 

OA maximize 4.55 7.45 4 

 

Table 7. Solution for optimum condition obtained from Box Behnken Design Matrix. 

Solutions  

Number 

Coded 
T C La OA Desirability 

Time  Voltage Product thickness 

1.  7.609 49.499 40.000 73.795 20.533 54.832 7.550 0.863 

2.  7.629 49.410 40.001 73.822 20.534 54.905 7.450 0.860 

3.  7.573 49.652 40.003 73.746 20.438 54.101 7.450 0.856 

4.  7.649 49.324 39.982 73.848 20.428 54.836 7.450 0.853 

5.  7.551 49.748 39.988 73.714 20.333 54.180 7.400 0.844 

 

Table 8. Comparison of responses at recommended condition between theoretical and practical 

Condition Time , s Voltage, V Product thickness, mm T C La OA 

Theoretical RSM)  7.60 49.49 40.00 73.795 20.533 54.832 7.550 

Experimental 7.6 49.50 40.00 72.550 22.765 53.520 7.320 

 

It was seen that the experimental data for the responses were in close agreement with solution obtained from RSM 

and hence the condition can be recommended for ohmic heating of whey drink at its best effectiveness.  
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CONCLUSION 

Response surface analysis was effectively used to determine the effect of process time, applied voltage and 

thickness during ohmic heating whey based drinks for pasteurization. Ohmic heating experiments were conducted employing 

Box-Bohenken Design for three independent variables with three levels each (Processing time -  4, 6, 8 min; Applied voltage – 

30, 40, 50 V; Product thickness – 40, 50, 60 mm ). The optimum solution from this package was emerged out as ohmic 

process time – 7.6  min, applied voltage – 49.5 V and thickness– 40 mm  in order to obtain optimized yield as colour index – 

54.83; temperature  – 73.80 0C; microbial count 20.53 cfu/mL and overall acceptability - 7.55 with desirability of 0.863. 

Nomenclature 

SD Standard deviation 

ANOVA  Analysis of variance 

PRESS Predicted error sum of squares  

OH Ohmically heated 
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