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Beetroot peel contained higher antioxidant compounds thus promising a more intense utilization
of the peels in food and nutraceuticals. The betalains and phenolics found in beetroot peel.
Osmotic dehydration is used as a pretreatment for many processes which is used to improve
nutritional, sensorial and functional properties of food without changing its integrity. Hence, the
study was undertaken with the objective, to optimize the osmotic dehydration of beetroot peel
using Response Surface Methodology (RSM) and analyze the beetroot peel waste for its chemical
composition .The physical characteristics such as (rehydration ratio, water absorption capacity,

Key w.ords: ) oil absorption capacity, and bulk density) and nutrient content were analyzed. The independent
Osmotic dehydration, process variables for osmotic dehydration process, temperature (25 - 45°c), processing time (30 -
g:ﬁtzgit’tion 150 minutes), salt Concentration (5-25% ) and Solution to sample to ratio (5:1 - 25:1 w/w).The

osmotic dehydration process was optimized for water loss, weight reduction and solute gain. The
optimum conditions were found to be for salt solution: Temperature (30%), Processing Time (60
min), Salt concentration (10%) and Solution to sample ratio (10:1) and for salt solution. At this
optimum point, V1 got maximum water loss, weight reduction and minimum solute gain were

Response surface methodology.

found to be respectively. Further, peel powder can be used to incorporate in food products.
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INTRODUCTION

In recent years increased attention has been focused on the
utilization of by-product and wastes from food processing.
Such utilization would contribute to maximizing the available
resources and result in the production of various products for
food. .At the same time, a major contribution to waste disposal
problems could be made. [1]. A considerable amount of
vegetable can be wasted in the peeling. Through value
addition a product can be produced from the peelings that
would otherwise have been discarded [2]. Peel has been found
to be a good source of polyphenols, carotenoids, vitamin E,
dietary fiber and it also exhibited good nutritional quality,
availability in different tastes good antioxidant properties the
processes were evaluated by characterization and
quantification of the pectins and phenolic compounds in the
peels and in the polyphenol-enriched eluates [3].The
polyphenolics from waste materials, being derived from agro-
industrial production, may be used as functional food
ingredients and as natural antioxidants to replace their
synthetic equivalents that have experienced growing rejection.
During the peeling process, 30.40% of the beetroot and
vegetables become waste. In addition to this, some of the
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vegetables and beetroot are rejected during sorting. Waste
generated by peeling commonly called peeling waste is very
wet, with about 90% water content. There are different
methods of handling waste generated during the peeling
process. [4]. Osmotic dehydration is a process that entails the
partial removal of water of food items such as vegetables and
fruits. The water then passes through the food into the
concentrated solution under the osmotic pressure gradient
influence. This process is done because fruits and vegetables
are generally 75 percent water, and as a result spoil rapidly.
Osmotic dehydration enables fruits and vegetables to be stored
for a longer period of time [5]. Osmotic dehydration (OD) of
food got attention due to its importance in food processing
industries. It is used for partial removal of water from
materials such as fruits and vegetables by immersing in
aqueous solutions of high osmotic pressure such as sugar and
salts. The most commonly used osmotic agents are sucrose for
fruits and sodium chloride for vegetables. OD can be
conducted at low temperature and is less energy intensive than
convective drying or freezing. The main advantages of OD
include better colour, texture and flavour retention along with
minimum heat damage [6]. It is effective around ambient
temperatures, so heat damage to texture, colour and flavour
can be minimized [7]. The other major application is to reduce
the water activity of food materials so that microbial growth
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will be inhibited. Since most food materials contain large
amount of water, they are cost intensive to ship, pack and store
[8]. Osmotic dehydration is acknowledged to be an energy
efficient method of partial dehydration, since there is no need
for a phase change. There are numerous studies on osmotic
dehydration of vegetables [9]. The Response Surface
Methodology (RSM) was developed to overcome those
disadvantages by reduction of the number of experimental
trials needed to evaluate multiple parameters and their
interactions, thus, less time consuming compared to other
approaches. RSM has been widely applied in optimization
processes in food industries [10]. In RSM, several factors are
simultaneously varied. The multivariate approach reduces the
number of experiments, improves statistical interpretation
possibilities, and evaluates the relative significance of several
affecting factors even in the presence of complex interactions.
It is employed for multiple regression analysis using
quantitative data obtained from properly designed experiments
to solve multivariable equations simultaneously. Hence, the
purpose of this study was to optimize the osmotic dehydration
of beetroot peel using Response Surface Methodology (RSM)
and to analyze the beetroot peel for its chemical composition.

MATERIAL AND METHODS

Materials

Fresh beetroot peels were collected from hostel and hotels.
They thoroughly washed with water to remove adhering soil
and other debris. Then, they were cut into small pieces (3-
Scm) using clean knife. Salt, the osmotic agent, was purchased
from a local supermarket. The osmotic solution is prepared by
mixing the salt with proper amount of pure water.

Experimental Design and Statistical Analysis

Response surface methodology (RSM) was used to estimate
the main effects of osmotic dehydration process on water loss
(WL) and solid gain (SG) in beetroot peel. A central
composite design was used with temperature (25 — 45°C),
processing time (30 -150 minutes), salt concentrations (5 -
25% w/w) and solution to sample to ratio (5:1 — 25:1) being
the independent process variables (Table I). For the generated
30 experiments, RSM was applied to the experimental data
using design expert 7.1.5.

Osmotic dehydration Procedure

The osmotic dehydration was conducted in a 500 ml
Erlenmeyer flask, which is placed in a thermostatically
controlled water bath shaker. Beetroot peel was cut into small
pieces and weighed and then placed into dehydrating vessel
containing salt and sugar solution of varying concentrations
(5-25%). The vessel was placed into the water bath at a
constant temperature. The solution to sample ratio is varied
between 5:1-25:1. At each sampling time (0.5-2.5 h), the
beetroot peel were taken out and then gently blotted with
adsorbent paper and weighed. The effect of temperature was
also investigated and the experiments were conducted between
temperatures of 25 - 45°C. The average moisture and dry
matter content of the samples were determined by tray drying
at 70°C. In each of the experiments fresh osmotic syrup was
used. All the experiments were done in triplicate and the

average value was taken for calculations. Agitation was
necessary to improve mass transfer, maintain uniform
concentration, temperature profile and prevent the formation
of a dilute solution film around the samples.

Physical parameters of beetroot peel powder

The rehydration ratio, water absorption capacity, oil
absorption and Bulk Density (BD) were determined by using
Ige, (1984).

Experimental design for optimization of osmotic
dehydration of beetroot peel

Response surface methodology was applied to the
experimental data using a commercial statistical package
(Design expert, Trail version 7.0, State Ease Inc.,
Minneapolis, IN statistical software) for the generation of
response surface plot and optimization of process variables.
The experiments were conducted according to Central
Composite Rotatable Design (CCRD) (11). A  factorial
experiment was used to study the effects of temperature (X;),
processing time (X,) salt concentration (X;3) solution to
sample ratio (X4) on the response variables such as water loss
(Y1), Weight reduction (Y2), solute gain (Y3) of the beetroot
peel.

Table 1. Process variables and their levels of experimental design

Range and Levels

Symbol  Independent Variables

-2 -1 0 +1 +2
X Temperature ("C) 25 30 35 40 45
X5 Processing time (min) 30 60 90 120 150
X5 Salt concentration (%) 5 10 15 20 25
X4 Solution to sample 5:1 10:1 15:1 20:1 25:1

ratio (w/w)

Table 2. Observed values of dependent variables for different runs of optimization

experiments
Design X, Xp X3 X4 X, X X X4
1 30 60 10 10:1 1 -1 1 1
2 40 60 10 10:1 -1 1 -1 -1
3 30 120 10 10:1 0 0 0 -2
4 40 120 10 10:1 0 0 0 0
5 30 60 20 10:1 0 0 2 0
6 40 60 20 10:1 0 2 0 0
7 30 120 20 10:1 0 -2 0 0
8 40 120 20 10:1 -2 0 0 0
9 30 60 10 20:1 0 0 0 2
10 40 60 10 20:1 -1 -1 1 -1
11 30 120 10 20:1 -1 -1 -1 -1
12 40 120 10 20:1 0 0 0 0
13 30 60 20 20:1 1 -1 1 -1
14 40 60 20 20:1 1 1 -1 -1
15 30 120 20 20:1 -1 1 1 1
16 40 120 20 20:1 0 0 0 0
17 25 90 10 15:1 1 1 1 -1
18 45 90 10 15:1 1 1 -1 1
19 35 30 10 15:1 0 0 2 0
20 35 150 15 15:1 0 0 0 0
21 35 90 15 15:1 0 0 0 0
22 35 90 15 15:1 1 -1 -1 1
23 35 90 15 5:1 0 0 0 0
24 35 90 5 25:1 1 -1 -1 -1
25 35 90 25 15:1 -1 1 -1 1
26 35 90 15 15:1 1 1 1 1
27 35 90 15 15:1 2 0 0 0
28 35 90 15 15:1 -1 -1 1 1
29 35 90 15 151 -1 -1 -1 1
30 35 90 15 15:1 -1 1 1 -1

Xi-Temperature, X,-Processing time, X3-Salt concentration, X4-solution to sample ratio

In order to follow adequately the osmotic dehydration kinetics,
individual analysis for each sample were carried out and from
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these water loss (WL), weight reduction (WR), and solid gain
(SG) data were obtained, according to the expressions

WR = [(M()-M)/Mo]

(Wo-W,) +S-So) x 100

WL=
W,
S-S, x 100
SG= W,
Where M, - initial mass of sample (g), M - mass of sample
after dehydration (g), W, is the initial weight taken for
osmotic dehydration (g),W, is the weight of after osmotic
dehydration at any time (g),S, is the initial dry matter(g),S; is
the dry matter of after osmotic dehydration for any time(g).
Each design point consists of the replicates. For the
statistical analysis the numerical levels are standardized to -2,
-1, 0 and +1, +2. The experiments were carried out in
randomized order (Gacula and Singh, 1984) [12]. The
relationship between standardized variables values is given as
follows

X, = Temperature -35

Xy= Processsing time-90

X53= Salt cjncentration- 15

X4= Solutiosn to sample ratio-15
5

The standard scores were fitted to a quadratic polynomial
regression model for predicting individual Y responses by
employing at least square technique (Wanasaundara and
Shahidi, 1966). The second order polynomial equation was
fitted to the experimental data of each dependent variable as
given. The model proposed to each response of Y was

3 3
Y= ﬁo +ZﬁiXi +ZﬁiiXi2 + ZﬁyXin

i=1 i=1 i<j=1
Where B0, Bi, Bij are intercepts, quadratic regression
coefficient terms. Xi and Xj are independent variables. The
model permitted evaluation of quadratic terms of the
independent variables on the dependent variable. The response
surface and contour plot were generated for different
interactions of any two independent variables, where holding
the value of third variables as constant at central level. The
optimization of the process was aimed at finding the optimum
values of independent variables [12].

RESULTS AND DISCUSSION

The Result indicate that Rehydration ratio(40g), Water
absorption capacity(5.1ml), Oil absorption capacity(7.4ml),
Bulk density(7.2g) in beetroot peel powder. The nutritive
value and such as, Total ash (18.7), Fiber (6.7), Protein (12.7),
Fat (2.3), Calcium (0.37), Phosphorus (0.9) in osmotic
dehydrated beetroot peel powder.

Fitting Models

Experiments were performed according to the CCD
experimental design given in Table 2 in order to search for the
optimum combination of parameters for the osmotic
dehydration of beetroot peel. A Model F-value of 1.52, 1.29
and 1.29 for WL, SG and WR implies respectively that the

model is not significant. There is only a 31.52 % chance that a
"Model F Value” this large could occur due to noise. The Lack
of Fit Fvalue of 0.4, 0.97 and 0.97 for WL, SG and WR
implies the Lack of Fit is not significant. There is only a 97.81
% chance that a "Lack of Fit F-value" this large could occur
due to noise. The goodness of fit of the model is checked by
the determination coefficient (Rz). The coefficient of
determination (R?) was calculated to be 0.5859, 0.5461 and
0.5859 for WL, SG and WR respectively. The R* value is
always between 0 and 1, and a value >0.75 indicates aptness
of the model. For a good statistical model, R? value should be
close to 1.0. The adjusted R? value corrects the R value for the
sample size and for the number of terms in the model. The
value of the Adj R* (0.1994 for WL, 0.1225 for WR, 0.1994
for SG). The Pred R* for WL - 0.8245, WR -0.2643 and SG -
0.2643 indicate that negative value for WL, WR, and SG. The
experimental results are analyzed through RSM to obtain in
empirical model for the best response. The results of
theoretically predicted response are shown in Table II. The
mathematical expression of relationship to the response with
variables are shown below

Y, = y1=12.66+0.13x1-0.14x2-0.40x3-5.76x4-
8.33x1%=8.79x2>

Y, = 0.74+3.50x1-5.27x2-3.50x3+6.50x4-7.50x1%+3.472x2>
Y5 = 9.75-0.35x 1+0.052x2+0.350x3-0.650x4+7.50x 1 -
3.472x2?

where Y1,Y,, Y; are water loss (%), solid gain (%) and weight
reduction (%) respectively, and X;,X,,X; and x4are the coded
values of the test variables, temperature (°C), processing time
(min), salt concentration (%w/w), and solution to sample ratio
(%w/w) respectively. The results of multiple linear regressions
conducted for the second order response surface model are
given in Table 2. The significance of each coefficient was
determined by Student’s #-test and p-values, which are listed
in Table 3 - 5. Values of "Prob > F" less than 0.0500 indicate
model terms are significant. Values greater than 0.10 indicate
the model terms are not significant. In this case, X;, X,, X,
X4, XIXQ, X1X4, X12, X32 and Xla Xz, X}, X4, XIXQ, X1X4,
X% X2 X3 are non significant model terms for WL and
WR,SG respectively .This implies that the linear and square
effects of temperature, processing time, salt concentration and
solution to sample ratio are more non significant than the other
factors.

Response Surfaces and Contour Plots

Response surface plots as a function of two factors at a time,
maintaining all other factors at fixed levels are more helpful in
understanding both the main and the interaction effects of
these two factors. These plots can be easily obtained by
calculating from the model, the values taken by one factor
where the second varies with constraint of a given Y value.
The response surface curves were plotted to understand the
interaction of the variables and to determine the optimum level
of each variable for maximum response. The response surface
curves for WL, SG and WR are shown in Figures (1-
3). The nature of the response surface curves shows the
interaction between the variables. From figures it was
observed that the elliptical nature of the contour in 3D-
response surface graphs depict the mutual interactions of all
the variables.
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Water Loss

The magnitude of P and F values in Table 3 indicates the
maximum positive contribution of temperature, process time
and negative contribution of salt concentration and solution to
sample ratio on the water loss during osmotic dehydration. It
implies decreased water loss with increase in temperature,
processing time and solution to sample. The quadratic terms
of, processing time and concentration have positive effect and
solution to sample ratio, Temperature have negative effect on
water loss. Further, the interactions of X;-X,, X;-X4, X,-Xy,
and X;-X; have positive effect, whereas the interactions of Xj-
X3, and X3-X, have negative effect on water loss.

of all the process variables have not significant effect on water
loss. The effect of on water loss has been shown in 3D effect.

Weight Reduction

The magnitude of P and F values in Table 4 gives the
maximum positive contribution of temperature, processing
time, and negative contribution of salt concentration and
solution to sample ratio on the water loss during osmotic
dehydration. It implies decreased weight reduction with
decrease of temperature, process time, salt concentration and
solution to sample ratio. This is clearly shown in Figures 2.
The quadratic terms of processing time and salt concentration
have negative effect and temperature have positive effect on
weight reduction and temperature.

Table 3. Analysis of variance (Anova) for response surface quadratic Model for the osmotic dehydration of
beetroot peel-water loss

Coefficient Sum of P-value
Source Estimate squares Df Mean square  fvalue Prob > f
Model 5.0 63.2 14 4.5 1.5 0.2
Significant 0.00 0.00 1 0.00 0.00 1.00
Xy 0.6 10.6 1 10.6 35 0.27
X5 -0.50 6.00 1 6.00 2.01 0.1762
Xs -0.50 6.00 1 6.00 2.01 0.1762
X4 0.25 1.00 1 1.00 0.34 0.5709
XX, 0.50 4.00 1 4.00 1.34 0.2646
X1 X3 0.000 0.000 1 0.000 0.000 1.0000
XoX; -0.50 4.00 1 4.00 1.34 0.2646
XXy 0.000 0.000 1 0.000 0.000 1.0000
X3Xy -0.75 9.00 1 9.00 3.02 0.1026
X2 -0.21 1.19 1 1.19 0.40 0.5367
X2 0.79 17.19 1 17.19 5.77 0.1297
X3 0.29 233 1 2.33 0.78 0.3900
X4 0.29 233 1 2.33 0.78 0.3900
Residual 44.67 15 2.98 1.10
Lack of fit 30.67 10 3.07 0.4899™8
R? 0.5859
Adj r-squared 0.1994
Pred r- 0.8245
Squared 4.644

Adeq precision

DF = Degree of Freedom, SS = Sum Square; * = 5% level of significant, ** = 1% level of significant, NS = Not Significant
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The magnitude of P-values indicates that is not significant.
The quadratic terms of all the process variables have not
significant effect on water loss. Where as the interaction terms

(T — i ———

[T e ey

Further, the interactions of X1-X2, X1-X3, X2-X3 have a
positive effect, whereas the interactions of X1-X4 ,X2-X4and
X3-X4 have negative effect on weight reduction.
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Fig.1. 3D Effect of RSM on Osmotic dehydrated Beetroot peel on Water
loss
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Fig. 2. Effect of RSM on Osmotic dehydrated Beetroot peel on
Weight reduction

The magnitude of P-values indicates that is not significant.
The quadratic terms of all the process variables have not
significant effect on Weight reduction. =~ Where as the
interaction terms of all the process variables have not
significant effect on weight reduction. The effect of on water
loss has been shown in 3D effect.

Solute gain

The linear effects of variables show positive effect on salt
concentration and solution to sample ratio and temperature,
processing time, shows negative contribution on solid gain. It
implies increased solid gain with increase of process variables.

Design-Expertd Sofware
Facor Coding: Actual
Solute gain

o

Xt = A Temperature
X2.= B: Processing Time

Actual Factors
C:SaltConcentaion = 18.95
D:Soluton to Sample Ratio = 10.00

Solute gain

3%.00

A: Temperature

Fig. 3. Effect of RSM on Osmotic dehydrated Beetroot peel
on solute gain

Solute gain

The linear effects of variables show positive effect on salt
concentration and solution to sample ratio and temperature,
processing time, shows negative contribution on solid gain. It
implies increased solid gain with increase of process variables
.The quadratic terms of processing time and concentration,
sample ratio have negative effect on solid gain and
temperature has positive effect. The interactive effects of X1-
X4, X2-X4and X3-X4 have positive effect on solid gain,
whereas the interactive effects of X1-X2, X1-X3, and X2-X3
have negative effect. The magnitude of P-values indicates that
is not significant. The quadratic terms of all the process
variables have not significant effect on solute gain. Where as
the interaction terms of all the process variables have not
significant effect on solute gain. The effect of on water loss
has been shown in 3D effect.

Optimum Condition for Osmotic Dehydration

Optimum condition for osmotic dehydration of beetroot Peel
was determined to obtain maximum water loss, weight
reduction and minimum solid gain. Second order polynomial
models obtained in this study were utilized for each response
in order to determine the specified optimum conditions. The
sequential quadratic programming in using design expert 7.1.5
is used to solve the second-degree polynomial regression
equation. The optimum values obtained by substituting the
respective coded values of variables are: temperature — 30°C,
processing time — 60 min, salt concentration — 10% w/w,
solution to sample ratio — 10:1w/w. At this point, water loss,
solid gain and weight reduction was achieved in osmotic
dehydration processes.

CONCLUSION

In this study, RSM was used to determine the optimum
operating conditions that yield maximum water loss and
weight reduction and minimum solid gain in osmotic
dehydration of beetroot. Analysis of variance has shown that
the effects of all the process variables including temperature
processing, time, salt concentration and solution to sample
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ratio were statistically significant. Second order polynomial
models were obtained for predicting water loss, solid gain and
weight reduction. Among 30Ovarablies, V1 has got the
optimum conditions for temperature — 30°C, processing time —
60 min, salt concentration — 10% and solution to sample ratio
10:1 respectively.
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