
Advance Journal of Food Science and Technology 4(2): 103-111, 2012
ISSN: 2042-4876
© Maxwell Scientific Organization, 2012
Submitted: February 02, 2012 Accepted: March 10, 2012 Published: April 20, 2012 

Corresponding Author: Alak Kumar Singh, Biochemical Engineering and Food Technology Department, Harcourt Butler
Technological Institute, Nawabganj, Kanpur (U.P.) 208002 India

103

Utilization of Whey for the Production of Instant Energy Beverage by Using
Response Surface Methodology

Alak Kumar Singh and Karunakar Singh 
Biochemical Engineering and Food Technology Department, Harcourt Butler Technological

Institute, Nawabganj, Kanpur (U.P.) 208002 India

Abstract: Whey is obtained from dairy industries. It is generally disposed into sewage which creates major
problem of pollution besides the loss of valuable nutrients. The process of whey utilization involves higher
processing cost. Therefore, the aim of the present work was to develop low cost nutritious whey beverage for
hard working group of people. Instant energy Ready To Serve (RTS) whey beverage was prepared by
hydrolyzing lactose with immobilized $-galactosidase enzyme, isolated from yeast culture Kluyveromyces
marxianus. Sensory attributes, appearance, taste, aroma, overall acceptability and viscosity were the quality
control parameters employed for beverage evaluation. Mango pulp concentration, stabilizer and sucrose added
in beverage were optimized by the utilization of Response Surface Methodology (RSM). Based on contour plots
and variance analysis, optimum values for mango pulp, stabilizer and sucrose were found to be 17.72, 0.17 and
12.0% respectively. The final product exhibited viscosity 1.753 cp. The energy value of prepared beverage was
322±3.08 KJ per 100 mL of product. The electrolyte composition was also found to be almost similar to the
desired level. 

Key words: Hydrolyzed lactose beverage, instant energy beverage, mango fortified whey, RTS whey beverage,
sports drink, value added product

INTRODUCTION

Milk and dairy products represent one of main diet of
Indian people. As a sequel to white revolution, India has
surged ahead to become the largest milk producer in the
world. With growing urbanization, demand for processed
dairy foods has increased considerably, in particular
demand for different cheese varieties and low-lactose
milk due to increasing intolerance of human beings to
lactose in milk and other milk products. Whey is the
watery portion of milk remaining after milk coagulation
and removal of the curd. It is a greenish translucent liquid,
viewed until recently as one of the major problematic
disposal in the dairy industry. 

Whey is a valuable by-product obtained during
manufacture of cheese, chhana, paneer, casein and
shrikhand in dairy industries and usually dumped because
it has no value; on the other hand the whey presents
interesting nutritional value as food supplement and its
discard is increasingly frowned upon by environmentalists
(Jindal et al., 2004). It is produced mainly from cheese
industry. It contains precious nutrients like lactose, whey
protein, minerals, and vitamins. These nutrients have an
indispensable value in human dietary requirement
(Prendergast, 1985; Mathur et al., 1988). 

Currently, total world production of whey is
approximately 85 million tones in which India contributes

approximately 8 million tones of the total global
production (Shukla et al., 2004; Raju et al., 2005; Mishra,
2008)). About 40% of the total global production of whey
is disposed as raw whey (Reddy et al., 1987) causing
serious problems of environmental pollution due to high
organic matter content. It has been estimated by the Water
Pollution Research Laboratory that whey has a Biological
Oxygen Demand (BOD) of 38,000 to 46,000 ppm, even
in some cases it reaches up to 76000 ppm as compared to
200 ppm permissible limit for domestic sewage (NDRI,
1978; Mishra, 2008). Whey disposal is a serious problem
for dairy industry. In order to reduce pollution load, whey
should be treated to obtain commercial products (Gupte
and Nair, 2010). The Government of India has
promulgated the Environmental Protection Act-1986, that
makes it obligatory to pre treat whey before discharge in
inland water or rivers. 

Consumption of the whey can supplement much of
the lost organic and inorganic nutrients to the extra
cellular fluid and utilization of these fluids can be targeted
to the people working with strenuous occupation like
sportsman, body builders, competitive athletes, exercising
for pleasure and other people with similar kind of activity
(Prendergast et al., 1985; Singh et al., 2009). Presence of
electrolytes is very important before going for healthy
whey drink because it can be used as a source of
replenishment for the loss minerals (Goyal and Ghandhi,
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2009). Most of the work regarding utilization of whey has
been carried out worldwide in the production of Whey
Protein Concentrate (WPC), whey powder, lactose, lactic
acid, whey paste etc. (Coton, 1985; Kosaric and Asher,
1985). Many attempts have been done on utilization of
whey in the formulation of various dairy products but, still
there is a lot of scope to explore the possibilities for its
utilization in beverage particularly in health based energy
drink production industries (Singh et al., 2009). 

Lactose on hydrolysis gives glucose and galactose
which are instant energy providing constituents. At
present little work has been found in literature on
hydrolyzed lactose beverages or drinks from whey. The
manufacture of high energy, nutritious and mineral rich
drink from whey to be used by hard working group of
people, in order to meet instant energy requirement and
compensate electrolytic loss, is an useful approach. The
utilization of whey as a beverage production is more
economical and value addition than other methods of
treatment and disposal. Therefore, the present research
work was performed to optimize the beverage formulation
of instant energy Ready to Serve (RTS) beverage. The
levels of mango pulp, stabilizer and sucrose were
optimized by applying Central Composite Rotatable
Design (CCRD) and response surface methodology. Three
factors; mango pulp, stabilizer and sucrose were selected
as process (independent) parameters while viscosity,
appearance, taste, aroma and overall acceptability of the
prepared product as response (dependent) parameters. The
data were analyzed through SYSTAT (version 11-Systat
Software INC, 2005) software. Addition of mango pulp,
stabilizer and sucrose was necessary to obtain desirable
properties, improved palatability and met energy
requirement of beverage for the people involved in
strenuous occupation. 

MATERIALS AND METHODS

Materials: Pasteurized toned milk brand name ‘Parag’
procured from local market Kanpur, was used in the
preparation of whey in laboratory. Whey was used as base
material for preparation of beverage. Mango pulp was
prepared in laboratory from Dashehri mango (Mangifera
indica) a very popular variety of mango generally found
in North India. Sucrose, Rock salt, Carboxy methyl
cellulose, Pectin, Salt stabilizer (sodium citrate & di
sodium hydrogen phosphate) and Chelating agents
(aspartate and glutamate) were of food grade or equivalent
and purchased from standard companies of India like
Ranbaxy and S. D. Fine chemicals Ltd. India.

Need to develop instant energy beverage: The beverage
is to be utilized by the hard working group of people like
sportsman, body builders and competitive athletes,
exercising for pleasure and other people with similar kind
of activity. During strenuous work and sports activity

about 20 to 30 KJ per min energy is lost so the total
energy required during 30 min of hard working will be
600 to 900 KJ. Considerable loss of body fluid through
sweating mainly electrolytes of Na and K salts also take
place during such activities. Therefore, it is proposed to
develop a beverage that can provide energy 300 KJ/100
mL of drink or 900 KJ/ 300 mL. Therefore, a 300 mL
quantity of beverage is enough for the required activity at
definite time interval of 30 minutes duration of work.

Formulation for development of beverage: The
optimization was performed through RSM with Central
Composite Rotatable Design (CCRD) using SYSTAT
software (version 11-Systat software INC, 2005). Three
factors; mango pulp, stabilizer and sucrose were selected
as process parameters (independent) while viscosity,
appearance, taste, aroma and overall acceptability as
response parameters (dependant). 

The concentrations of mango pulp, stabilizer and
sucrose in beverage formulation were optimized by
Central Composite Rotatable Design (CCRD). These
ingredients influence the viscosity, appearance, taste,
aroma and overall acceptability of beverage up to major

Fig. 1:  Flow chart-preparation of instant energy whey beverage
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extent and their ranges were selected in accordance with
literature and preliminary experiments carried out in the
laboratory.

Selection of stabilizer: In current study Carboxy Methyl
Cellulose (CMC), pectin and salt stabilizer (sodium
citrate: disodium hydrogen phosphate : 1:1) were used as
stabilizer in beverage preparation to give desirable
characteristics like to control sedimentation of residual
whey protein during thermal processing and storage and
to exhibit minimum cloudiness or turbidity to the prepared
beverage. Among these three, the performance of salt
stabilizer was found to be the best. Additionally, salt
stabilizer is also beneficial in maintaining the level of
electrolyte in beverage. 

Preparation and storage of beverages: Initially whey
was prepared in laboratory with skimmed milk. It was
analyzed for its proximate constituents. It was heated to
900C for 10 min to remove protein from it. The lactose
hydrolysis in whey was carried out in two different ways
to prepare instant energy beverage products, the purified
enzyme $-galactosidase, previously isolated in laboratory
from yeast culture Kluyveromyces marixianus was used in
hydrolysis of lactose in whey. The reaction time was one
hour and 2.0 mL of enzyme was enough to hydrolyze
approximate 80% of lactose in whey, the enzyme $-
galactosidase was immobilized in 5.0% sodium alginate
gel for their subsequent use in hydrolysis of lactose in
whey. The immobilized enzyme was found beneficial in
reducing the cost of the product and increase reusability
of enzyme. Maximum yield of the lactose hydrolysis was
found 81.2% with microbial cells immobilized in 10.0%
CaCl2 solution with a bead size of 2.20 mm. Beverage
was prepared as shown in the Flow Chart in Fig. 1, using
whey as base material. Ingredients mango pulp, stabilizer
and sucrose as optimized through RSM were mixed with
whey. Chelating agents and rock salt were added in fixed
quantity of 0.10 and 0.5% (w/v) respectively and these
levels were chosen from literature survey study. The
prepared beverage is called Ready to Serve (RTS)
beverage and was stored below 10ºC. Finally the prepared
product was analyzed for various chemical constituents.

Analytical techniques:  The beverage prepared samples
were analyzed for various proximate constituents like
total soluble solids, moisture, lactose, fat, protein and ash
content. The ‘Total soluble solids’ content of sample was
determined by evaporating definite quantity of sample by
Infra-Red Moisture Analyzer (Model: IR-30) at 110ºC.
Percentage of fat was determined by Roese-Gottlieb
method (AOAC, 2000). Protein content was determined
with the help on automatic protein analyzer (Foss Tecator
Model 2300) by the Kjeldahl’s method as described in
Ranganna (1995). Glucose, galactose and lactose contents
were estimated by the standard methods as described in
AOAC (1985). ‘Automatic Cyber Scan digital pH meter’
was used to measure pH of the samples. Total sugar was

estimated by Lane and Eynon method as described by
Ranganna (1995). Various micro nutrients in the samples
were  determined by Atomic Absorpt ion
Spectrophotometer. Viscosity was determined by Rapid
Visco Analyzer. The energy value of product was
determined by Microprocessor based Automatic Bomb
Calorimeter.

Design of experiments: In order to ascribe the effect of
factors on response surface in the region of investigation,
a Central Composite Rotatable Design (CCRD) with three
factors were performed. Investigated factors which were
considered to have the greatest influence on response
parameters were mango pulp, stabilizer and sucrose.

The Central Composite Rotatable Design was applied
using SYSTAT (version 11-Systat software INC, 2005)
software. The total number of experiments with three
factors was 20 (= 2k + 2k + 6), where k = 3, is the number
of factors. Fourteen experiments were augmented with six
replications at the centre points to evaluate the pure error.
The Table 4 show run number and experimental
conditions of the runs arranged by CCRD. Beverage
formulation was optimized by analyzing the response.

Analysis of data: The second order polynomial response
models were fitted for each response variables (Y) with
the independent variable (x):

(1)Y x x x xi i
i

k

ii i
i

k

ij i j
j i

k

i

k

= + + +
= = = +=

−

∑ ∑ ∑∑β β β β0
1

2

1 11

1

where Y is the response, k = 3, $0 is the constant
coefficient, xi (i = 1-3) are non-coded variables, $i are
linear, $ii are the quadratic and $ij (i and j = 1-3) are the
second order interaction coefficients. The mathematical
models were evaluated for each response by means of
multi linear regression analysis. The significant terms in
the model were found by Analysis of Variance (ANOVA)
for each response with 95% of confidence (p<0.05).
Significance was judged by determining the probability
level that the F-statistic calculated from the data is less
than 5%. The adequacy of the model was determined
using model analysis, lack of fit test, coefficient of
determination R2 (Myers and Montgomery, 1995). The
model generally considered adequate when the calculated
F-value is more than significant value. Maximization and
minimization of the polynomials thus fitted was
performed by desirability function method and mapping
of the fitted response was achieved using SYSTAT
(version 11-Systat software INC, 2005) software.

RESULTS AND DISCUSSION

Whey preparation and its composition: Whey was
prepared in laboratory by coagulating pasteurized toned
milk by using 2.0% citric acid solution. Prepared whey
was analyzed for important proximate constituents like
moisture, fat, lactose, protein, ash and total soluble solid
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Table 1: Proximate composition of prepared whey
Constituents Percentage (%)
(Mean±S.D)
Water 94.05±0.0071
Fat 0.20±0.0109
Protein 0.60±0.0114
Lactose  4.50±0.0148
Ash  0.65±0.0100
pH 5.2
Total solids 6.0±0.1581

Table 2: Proximate composition of dashehari mango pulp
Composition (%) w/v

Constituents (Mean±S.D)
Total soluble solids 20.36±0.03
Protein 0.44±0.03
Fat 0.35±0.02
Total sugars 19.20±0.02
Ash content 0.34±0.02
Acidity as citric acid 0.26±0.02

Table 3: Coded and non-coded values of variables and their levels for
preparation of beverage

Coded level
Independent Non-coded ----------------------------------------------------
variables levels -" -1 0 +1 +"
Mango pulp A 6.59 10 15 20 23.41
Stabilizer B 0.07 0.10 0.15 0.20 0.23
Sucrose C 3.95 6.0 9.0 12.0 14.05

contents. These results have been presented in Table 1. In
the results it can be seen easily that it contains significant
amount of lactose 4.50%.

Enzyme assay: Crude enzymes were prepared in
laboratory from four microbial strains named
Kluyveromyces marxianus, Kluyveromyces fragilis,
Saccharomyces marxianus and Saccharomyces fragilis.
Out of these four cultures, Saccharomyces fragilis showed
lowest activity of 155 units as against highest value of
177 units for the strain Kluyveromyces marxianus.
Therefore, Kluyveromyces marxianus was selected for the
further study for  bulk production of enzyme. The crude

enzyme was purified and the enzyme activity of purifies
enzyme was found to be 622±4.30 ONPG unit per mL.

Mango pulp processing and its proximate analysis: In
order to make the beverage more attractive, nutritious,
delicious and palatable, it was proposed to fortify the
beverage with mango pulp as this region of India is the
major producer of mango and it is having wide
acceptability. Therefore, the mango pulp was processed in
laboratory and preserved by thermal processing. The
mango pulp was analyzed for various proximate
constituents and results are shown in Table 2. It is
observed from this analysis that it contains total sugar
19.20±0.02%, which is the significant amount that can be
used to fortify the beverage in order to make it delicious,
palatable and to meet the required energy value of the
product.

Coded and non-coded values of variables: Coded and
non-coded values of variables and their levels for
preparation of beverage are shown in Table 3. The (+")
values for mango pulp, stabilizer and sucrose were found
to be 23.41, 0.23 and 14.05 respectively while (-") values
for these were 6.59, 0.07 and 3.95 respectively.

Experimental trials: A Central Composite Rotatable
Design (CCRD) with three factors was performed to
optimize the beverage formulation and the results are
shown in Table 4. Twenty trials were performed to
optimize the levels of mango pulp, stabilizer and sucrose.
The experiments were carried out in random order as
required in many design procedures. In experimental
design, the optimum conditions sought were the
maximizing response parameters. The mango pulp,
stabilizer and sucrose levels in beverage formulation were
varied in the ranges 10-20, 0.10-0.20 and 6.0-12.0%
respectively  and  response   parameters   viz., viscosity,

Table 4: Experimental Central Composite Rotatable Design (CCRD) runs in SYSTAT (VER. 11) and corresponding results (the response)
S. No. Mango pulp (%) Stabilizer(%) Sucrose (%) Viscosity(cp) Appearance Taste Aroma O.A.
1 10.00 0.10 6.00 1.476 7.24 7.14 7.28 7.22
2 20.00 0.10 6.00 1.49 7.26 8.1 8.28 7.88
3 10.00 0.20 6.00 1.823 7.29 7.12 7.2 7.2
4 20.00 0.20 6.00 1.87 7.65 8.12 8.1 7.95
5 10.00 0.10 12.00 1.48 7.17 7.5 7.68 7.45
6 20.00 0.10 12.00 1.5 7.38 8.62 8.66 8.22
7 10.00 0.20 12.00 1.828 7.4 7.75 7.81 7.65
8 20.00 0.20 12.00 1.89 8.1 8.93 8.73 8.58
9 6.59 0.15 9.00 1.675 6.94 6.79 6.91 6.88
10 23.41 0.15 9.00 1.73 7.52 8.57 8.56 8.21
11 15.00 0.07 9.00 1.33 6.8 7.76 7.94 7.5
12 15.00 0.23 9.00 1.95 7.42 7.98 7.94 7.78
13 15.00 0.15 3.95 1.668 8.12 7.59 7.67 7.79
14 15.00 0.15 14.05 1.68 8.42 8.55 8.56 8.51
15 15.00 0.15 9.00 1.678 8.5 8.32 8.44 8.42
16 15.00 0.15 9.00 1.685 8.64 8.4 8.53 8.52
17 15.00 0.15 9.00 1.686 8.6 8.42 8.55 8.52
18 15.00 0.15 9.00 1.682 8.68 8.32 8.45 8.48
19 15.00 0.15 9.00 1.677 8.54 8.45 8.48 8.49
20 15.00 0.15 9.00 1.68 8.6 8.5 8.55 8.55
OA: Overall acceptability
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Table 5: ANOVA results showing the variables as a linear, quadratic and interaction terms on each response variable and coefficients for the
prediction models

Viscosity Appearance Taste Aroma O.A.
------------------------- ------------------------- ------------------------ ------------------------- --------------------------

 p-value p-value p-value p-value p-value
Source df F-value Prob>F F-value Prob>F F-value Prob>F F-value Prob>F F-value Prob>F
Model 9 4826.4 <0.0001 296.48 <0.0001 171.51 <0.0001 199.21 <0.0001 405.10 <0.0001
A(Mango pulp) 1 375.34 <0.0001 126.54 <0.0001 939.90 <0.0001 1032.3 <0.0001 1400.50 <0.0001
B(Stabilizer) 1 42560.42 <0.0001 145.91 <0.0001 15.45 0.0028 0.086 0.7754 57.24 <0.0001 
C(Sucrose) 1 23.70 0.0007 30.63 0.0002 276.54 <0.0001 295.34 <0.0001 400.96 <0.0001
AB 1 64.99 <0.0001 29.00 0.0003 0.30 0.5929 1.04 0.3311 5.23   0.0453 
AC 1 5.10 0.0476 11.82 0.0063 3.53 0.0899 0.00 1.0000 7.03   0.0242 
BC 1 1.40 0.2644 10.95 0.0079 9.56 0.0114 8.63 0.0149 21.75   0.0009 
A2 1 66.48 <0.0001 1163.54 <0.0001 203.61 <0.0001 306.22 <0.0001 1045.47 <0.0001
B2 1 301.00 <0.0001 1373.89 <0.0001 105.81 <0.0001 157.01 <0.0001 843.07 <0.0001
C2 1 12.08 0.0060 72.20 <0.0001 37.13 0.0001 68.70 <0.0001 128.38 <0.0001
Residual 10  
Lack of fit 5 0.61 0.7015 0.39 0.8363 0.60 0.7081 1.47 0.3406 0.48 0.7833 
Pure
Pure error 5
R-squared  0.9998 0.9963 0.9936 0.9945 0.9973
Adj R-squared 0.9996 0.9929 0.9878 0.9895 0.9948
Pred R-squared 0.9991 0.9876 0.9760 0.9718 0.9905 
Adeq precision 265.549 46.830 45.710 44.560 60.752
C.V.% 0.20 0.70 0.80 0.68 0.48
Press 4.226E-4 0.098 0.15 0.16 0.052
p-value<0.05 is significant

Table 6: Regression coefficients for response variables
Factors Viscosity Appearance Taste Aroma O.A.
Intercept 1.68 8.59 8.40 8.50 8.50
A-mango pulp 0.017 0.17 0.53 0.48 0.39
B-stabilizer 0.18 0.18 0.068 -4.393E-003 0.079
C-sucrose 4.333E-003 0.082 0.29 0.26 0.21
AB 9.375E-003 0.10 0.013 -0.020 0.031
AC 2.625E-003 0.066 0.043 0.000 0.036
BC 1.375E-003 0.064 0.070 0.058 0.064
A2 7.065E-003 -0.49 -0.24 -0.26 -0.33
B2 -0.015 -0.53 -0.17 -0.18 -0.30
C2 -3.012E-003 -0.12 -0.10 -0.12 -0.12

appearance, taste, aroma and overall  acceptability were
desired to be maximum in the range 1.33-1.95, 6.80-8.68,
6.79-8.93, 6.91-8.73 and 6.88-8.58 respectively.

Regression analysis and diagnostic checking of fitted
model: The ANOVA results of the second order
polynomial response model in Table 5 indicated that the
model equation derived by Systat (version 11-Systat
software INC, 2005) software could adequately be used to
describe the influence of response parameter on process
parameters under the desired operating conditions. The
regression coefficients of response variables are shown in
Table 6. The estimated regression coefficients of the
quadratic polynomial models for the response variables,
along with the corresponding R2, adj-R2, Pred-R2,
Coefficients of Variation (CV) and PRESS values are
shown in Table 5.Analysis of variance showed that the
models were highly significant (p#0.001) for all the
responses. The lack of fit which measures the fitness of
the models did not result in a significant F-value in all
response parameters, indicating that these models were
sufficiently accurate for predicting those responses. The
coefficient of determination (R2) values of all responses
are quite high (p>0.9936) and approaching to unity,
indicating a high proportion of variability was explained

Table 7: Constraints selected in the range for optimization of beverage
formulation

Name Goal Lower limit Upper limit
Mango pulp is in range 10 20
Stabilizer is in range 0.10 0.20
Sucrose is in range 6.0 12.0
Viscosity is in range 1.33 1.95
Appearance maximize 6.8 8.68
Taste maximize 6.79 8.93
Aroma maximize 6.91 8.73
Overall acceptability maximize 6.88 8.58

Table 8: Optimized levels and predicted optimum values of responses
Optimum Predicted

Variables value Responses  value
Mango pulp (%) 17.72 Viscosity 1.75314

Appearance 8.57668
Stabilizer (%) 0.17 Taste 8.85407

Aroma 8.8163
Sucrose (%) 12.00 O.A, 8.74611

Desirability 0.977

by   the  data  and  RSM  models   were   adequate.  The
Coefficient of Variation (CV) should not be greater than
10% but in this study, it was found in the range of 0.20-
0.80% for all the responses, which indicates better
precision and reliability of  the  experiments  carried out.
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(a)

(b)

(c)

Fig. 2: Response surfaces for the effect of (a) Mango pulp and
stabilizer (b) Mango pulp and sucrose (c) Stabilizer
and sucrose on the viscosity of the beverage

Optimization data of beverage formulation: The levels
of ingredients in beverage formulation were optimized by
numerical optimization technique with the help of
SYSTAT (version 11-Systat software INC, 2005)
software. The constraints were selected for optimization
of ingredients as shown in Table 7. The independent
variables mango pulp, stabilizer and  sucrose were
selected in the range of 10-20, 0.10-0.20 and 6.0-12.0%

Fig. 3: Response surface for the effect of mango pulp and
stabilizer on the sensory characteristic-appearance of
the beverage

respectively. By applying desirability function, the levels
of beverage ingredients were obtained for the optimum
covering criteria and the results of optimized levels and
predicted optimum values of responses are shown in
Table 8. The optimum values of the beverage ingredients
mango pulp, stabilizer and sucrose were found to be
17.72, 0.17 and 12.0%, respectively in order to obtained
desired viscosity and sensory attributes like appearance,
taste, aroma and overall acceptability of the beverage. The
desirability was found to be 0.977.

Response surfaces developed to observe the effect of
process parameters on response parameters: In the
beverage production process mango pulp, stabilizer and
sucrose are taken process parameters while viscosity,
appearance, taste, aroma and overall acceptability are
taken as response parameters.

Effect on viscosity of beverage: Regression model
explained the high value of R2 = 0.9998 of the total
variability in viscosity of the beverage. The variation of
viscosity of beverage with different ingredients was
shown in 3-D surface plot Fig. 2 (a-c). Increase of mango
pulp with stabilizer caused little or no increase, while
stabilizer caused linear increase on viscosity of the
beverage (Fig. 2a). Increase of mango pulp with sucrose
caused exponential increase while sucrose caused very
little linear increase on viscosity (Fig. 2b). Increase of
stabilizer with sucrose caused linear increase while
sucrose caused no change on viscosity (Fig. 2c).

Effect on appearance of beverage: Regression model
explained the high value of R2 0.9963 of the total
variability in appearance of the beverage. The variation of
appearance of beverage with different ingredients was
shown in 3-D surface plot Fig. 3. Increase of mango pulp
and stabilizer both simultaneously, caused first
exponential increase and reached up to maximum and
then exponential fall. Both the ingredients were followed
similar kind of trend. The maximum level for mango pulp
and stabilizer were found to be 17.72 and 0.17%
respectively.
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Fig. 4: Response surface for the effect of mango pulp and
sucrose on the sensory characteristic-taste of the
beverage

Fig. 5: Response surface for the effect of mango pulp and
sucrose on the sensory characteristic-aroma of the
beverage

Effect on taste of beverage: Regression model explained
the high value of R2 0.9936 of the total variability in taste
of the beverage. The variation of taste of beverage with
different  ingredients  was   shown  in 3-D surface plot
Fig. 4. It was found in the study that variation in the levels
of stabilizer caused no significant effect on the taste of
beverage. Increase of mango pulp and sucrose both
caused significant effect on taste of the beverage and
more increase in taste was found with mango pulp than
sucrose. The increase in both the cases was found to be
exponential.

Effect on aroma of beverage: Regression model
explained the high value of R2 = 0.9945 of the total
variability in aroma of the beverage. The variation of
aroma of beverage with different ingredients was shown
in 3-D surface plot Fig. 5. Increase of mango pulp and
sucrose both caused significant effect on aroma of the
beverage and more increase in aroma was observed with
mango pulp than sucrose. The increase in both the cases
was found to be exponential and similar as it was found in
case of taste of the beverage. 

(a)

(b)

(c)

Fig. 6: Response surfaces for the effect of (a) Mango pulp and
stabilizer (b) Mango pulp and sucrose (c) Stabilizer
and sucrose on the Overall Acceptability (OA) of the
beverage

Effect on overall acceptability of beverage: Regression
model explained the high value of R2 0.9973 of the total
variability in Overall Acceptability (O.A.) of the
beverage. The variation of OA of beverage with different
ingredients was shown in 3-D surface plot Fig. 6a-c.
Increase  of  mango  pulp and stabilizer, and mango pulp
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(a)

(b)

Fig. 7: (a) Contour plots and (b) Response surface for the effect
of mango pulp and stabilizer on desirability of the
product

and sucrose, as shown in Fig 6a-b followed similar
increasing exponential trend. The increase in both the
cases was found to be similar as it was found in case of
aroma and taste of the beverage. Although in Fig. 6c,
Increase of stabilizer levels with sucrose leads to first
exponential increase then reaching at extreme after that
exponential decrease was observed.

Desirability of the product: The contour plots and 3-D
surface  plot for mango pulp and stabilizer is shown in
Fig. 7a-b. The predicted optimum values of responses for,
viscosity, appearance, taste, aroma and overall
acceptability were found to be 1.753, 8.577, 8.854, 8.816
and 8.746. The desirability of the product was found to be
0.977 to meet the desired characteristics of the beverage.

Chemical composition of prepared beverage: The
beverage was prepared from the ingredients optimized in

Table 9: Chemical composition of prepared instant energy RTS
beverage

Constituents Per 100 mL of ORS
(Mean±S.D.) prepared Beverage (mg/100 Ml)
Energy value (KJ) 322±3.08 -
Total solids (g) 19.94±0.03 -
Fat (g) 0.20±0.03 -
Total protein (g) 0.24±0.01 -
Total sugar (g) 18.80±0.03 -
Total ash (g) 0.70±0.03 -
Sodium (mg) 194 204
Potassium (mg) 82 76
Calcium (mg) 108 Nil
Aspartate (mg) 0.10 -
Glutamate (mg) 0.10 -
Chloride (mg) 272 260
Citrate (mg) 165 184
Ascorbic acid (mg) 7.2±0.19 -
pH 5.7 5.8

this study. The prepared beverages and ORS (Oral Re-
hydration Solution, also used as standard), approved by
World Health Organization (WHO), were analyzed for its
chemical composition. Because the prepared product’s
usability is to the strenuous and hard working personnel
and in such activities there is major loss of energy and
electrolytes from human body. Therefore, to compensate
the energy and electrolyte, ORS was taken as standard
because the ORS is approved by world health
organization for such kind of activities. The results are
shown in Table 9. From results, it is clear that 100 mL of
prepared beverage contained 322±3.08 KJ energy. The
minerals sodium, potassium, calcium, chloride, citrate etc
contents were almost in the range of ORS. The final
product exhibited pH 5.7 and viscosity 1.753 cp. The
chemical composition of the prepared beverage was
almost similar to that of required level and well within the
acceptable limit. 

CONCLUSION

Response Surface Methodology (RSM) was applied
successfully for the optimization of beverage formulation
for production of instant energy beverage, using whey as
base material. The mango pulp, stabilizer and sucrose
were taken as process parameters and viscosity,
appearance, taste, aroma and overall acceptability were
taken as response parameters. The effect of mango pulp,
stabilizer and sucrose on response parameters were also
analyzed through SYSTAT (version 11-Systat software
INC, 2005) software. The second order polynomial
response models were fitted for each response variables,
RSM and ANOVA tests were performed. The correlation
coefficients for all the response models were found to be
quite high (>0.9936). Optimum values for mango pulp,
stabilizer and sucrose were found to be 17.72, 0.17 and
12.0%, respectively. The prepared beverage was highly
palatable and nutritionally adequate to balance the loss of
energy, electrolyte and water during the performance of
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strenuous work. The energy value of prepared beverage
was 322±3.08 KJ/100 mL. The minerals sodium,
potassium, calcium, chloride, citrate etc contents were
almost in the range of Oral Rehydration Solution (ORS).
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