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ABSTRACT

The present work aims to optimize the foaming conditions for tomato juice using three level Box-Behnken Experimen-
tal Design of Response surface Methodology. In the following study three process parameters namely concentration of
egg albumin (EA) as foaming agent, carboxy methyl cellulose (CMC) as foam stabilizer and whipping time (WT) was
optimized. The levels for various input variables were EA: 5% - 15%, CMC: 0.10% - 0.60% & WT: 3 - 7 min. The re-
sponses measured were expansion volume (EV), foam density (FD) and drainage volume (DV) which is an indication
of foaming ability and foam stability. The predicted levels of responses as generated by software were EV: 91.49%, FD:
0.558 g/cc & DV: 10 ml, which on validation was found closer to experimental value.
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1. Introduction

Tomato is relished by humans all over the world in one
form or the other. Apart from its aesthetic appeal, it has
lot of nutritive value which adds on to its popularity.
Tomatoes are an important source of minerals, iron,
phosphorus, organic acids, essential amino acids, dietary
fibers, f-carotene pigments, antioxidants such as lyco-
pene, phenolics and vitamins (A & C) [1-3]. Owing to its
several advantages, the preservation of fruit is must to
increase its availability throughout the year. Several
methods are used for the preservation of tomatoes. The
most common one is dehydration of tomato into powder
which can be reconstituted into juice and used as a starter
for the preparation of products like sauce, ketchup, chut-
ney, soups, baby foods etc. The dehydration of tomato
can be done by several methods like air drying, spray
drying, freeze drying, microwave drying, foam mat dry-
ing etc. Foam mat drying is one method which is gaining
popularityand has been successfully applied to drying of
tomato juice [3]. The foam mat drying is a process where
a liquid or semi-solid food product like fruit juices,
vegetable puree or cereal pastes are converted into stable
foams by whipping air or an inert gas in the presence of
an edible foaming agent and/or stabilizer followed by
drying which decreases the product moisture to 2% -
2.5%. The stabilized foam is deposited as a uniform layer,

"Corresponding author.

Copyright © 2012 SciRes.

like a mat, and can be dried either by air drying, freeze
drying or any other type of drying method. The dried
product is scraped off from the drying surface in the form
of flakes which is then converted to fine powder and
sealed immediately to prevent any gain of moisture. The
process has advantages like lower drying time due to the
physical structure of foam (honeycomb structure) which
results in easy and quick removal of moisture from a
food and also reduces the nutritional losses. Apart from
this, the process results in a product which has a better
reconstitution and better quality as compared to non-
foamed product [4,5]. The advantages of foam mat dry-
ing are applicable only if the foam is thermodynamically
and mechanically stable. The unstable foamed products
are difficult to dry and remove from the drying surface
and have poor color, texture, flavor, and nutritive value
[6]. A number of factors are responsible for generating
stable foam like foaming agents (egg albumin, Milk,
GMS etc.), foam stabilizers (gelatin, carboxy methyl
cellulose, xanthan gum etc.), whipping time, method of
incorporation of air etc. Thus, in order to obtain stable
foam it is important to optimize the various process con-
ditions by selecting the appropriate concentration of
foaming agents, foam stabilizers, pulp concentrations,
whipping time etc. The concentration of the foam stabi-
lizer and/or agent should be optimized as below the critical
concentration in which the foam is unstable, whereas
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overdosed stabilizer can result in foam collapse [4]. The
optimization of process parameters can be done by vari-
ous techniques; one of the effective and commonly used
techniques for this purpose is Response Surface Method-
ology, which is a collection of statistical and mathemati-
cal techniques useful for developing, improving and op-
timizing processes [7]. This technique is a faster and
economical method for gathering research results than
classic one variable at a time or full factors experimenta-
tion [8]. The statistical tool has been successfully used in
optimization of foaming conditions of bael Pulp [6].
Thus, the present study aims to optimize the foaming
conditions of tomato juice using Response Surface
Methodology (RSM) which can be successfully dried by
the process of foam mat drying. This optimization method
can help in determining the favorable conditions for sta-
ble foam which doesn’t collapse during consecutive op-
erations of batch drying, which would ultimately help in
gaining economic advantages to the industries with in-
creased production and a high quality product.

2. Materials and Methods
2.1. Sample Preparation

Fully ripe, red colored tomatoes, free from blemishes or
cuts were obtained from local market of Ludhiana, India.
Tomatoes were washed manually under tap water to
clean the adhering dirt and sorted to obtain uniform and
good quality product. The tomatoes were blanched at
96°C for 3 - 4 min followed by immediate cooling. To-
mato pulp was made using tomato pulper (TNAU, Coim-
batore, India), which also separates skin and seeds. The
Physico-chemical analysis of tomato juice was carried
out as per AOAC (Association of Official Analytical
Chemists) [9] and the results are presented in Table 1.
Eggs were procured from local market of Ludhiana and
broken to separate egg albumin from yolk. The egg al-
bumin extract was homogenized and used as foaming
agent. Sodium salt of carboxymethyl cellulose laboratory
reagent (Central Drug House, New Delhi, India) was used
as foam stabilizer at different concentrations.

2.2. Foaming Trials

About 200 ml of tomato juice was foamed using a hand

Table 1. Physico-chemical analysis of tomato juice.

Physic chemical parameter Mean values + SD

Moisture (Y%owb) 95.31£0.10
TSS (‘Bx) 424020
pH 4.08 +£0.02
Total sugars (%) 32+0.15
Lycopene content (mg/100g) 6.67+0.12

TSS = total soluble solids.

Copyright © 2012 SciRes.

blender (ORPAT, model: HHB 100E WOB, Ajanta lim-
ited, Morbi, India) which was operated at (18,000) con-
stant rpm with three varying conditions i.e. foaming agent
(EA), foam stabilizer (CMC) and whipping time (WT).
The foam expansion volume, foam density and drainage
volume were studied as responses of various foaming
conditions.

2.3. Determination of Responses

2.3.1. Foam Expansion Volume (EV)
It is used to indicate the amount of air incorporated into
the juice during foaming and measures as percent in-
crease in volume of juice. It was calculated using the
following equation [10].

Foam expansion (%)= [%] x100 (1)

0

where, V7, = Initial volume (cc) and V; = Final volume

(cc).

2.3.2. Foam Density (FD)

FD was determined using the method described by La-
belle [11]. 100 ml of foam was transferred into a 250 ml
measuring cylinder and weighed. The foam transferring
was carried out very carefully to avoid destroying the
foam structure or trapping the air voids filling the cylin-
der.

Weight of foam (g)

Volume of foam (cc

Foam density = [ )Jx 100 (2)

2.3.3. Foam Drainage Volume (DV)

The foam drainage method, as described by Sauter and
Montoure [12] was used to check the strength of the
foam lamellae in terms of the volume of liquid drained in
a given time. In this method, the foam was filled into a
buchner filter (80 mm) and placed over a graduated coni-
cal or measuring cylinder. The sample was allowed to
drain under pressure and the sample collected after an
hour was measured [6].

2.4. Experimental Design

The Box-Behnken designs (BBD) of response surface
methodology with three levels were used for the study.
The process was optimized on the basis of three input
variables whose interactions were studied as three major
responses. On the basis of preliminary single factor ex-
periments the levels of input variables were determined.
The levels of various input variables selected were as
follows: concentration of EA: 5% - 15% (w/w), concen-
tration of CMC: 0.15% - 0.60% (w/w) and WT: 3 - 7 min.
All the responses were analyzed in triplicates and the
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average value was reported. The responses selected i.e.
expansion volume, foam density and drainage volume
was a measure of foaming capacity and foam stability of
tomato juice foam under various foaming conditions.
Seventeen runs were carried out to select the best com-
bination of input variables which could result in most
suitable foam. The test factors were coded according to
the following equation:

X - X,
X, = ('—O}loo ?3)
AX,

where, x; = dimensionless value of an independent vari-
able, X; = level or value of controllable factor i in original
units of measurement, X, = midpoint of the range of val-
ues for factor i, AX; = range of values over the factor i
will vary. Low and high levels of each factor were coded
as —1 and +1 keeping 0 as mid-point [6,13]. Since the
various responses were the result of various interactions
of independent variables, therefore the following second
order polynomial regression equation was fitted to the
experimental data of all responses, Equation (4).

y=5 +Zi:1ﬂij + Zl;:lﬁfy'xfz'
+ z,j:_]] Z’,Lz BiX.X; +e

where, y = predicted response, fy = a constant, 5; = linear
coefficient, §; = squared coefficient, and f; = interaction
coefficient, X; and X, are the independent variables and
& 1isnoise or error (6).

“)

2.5. Statistical Analysis

Regression analysis and analysis of variance (ANOVA)
was used for fitting the models represented by Equation
(4) and also to examine the statistical significance of the
model terms. The adequacy of the models were deter-
mined using model analysis and R? (coefficient of deter-
mination) analysis. F-Value was determined to check the
significance of all the fitted equation at 5% level of sig-
nificance [14,15]. In order to visualize the relationship
between the response and experimental levels of each
factors and to deduce the optimum conditions, the fitted
equations were expressed as contour plots which were
generated using statistical package, Design expert” soft-
ware (version 8.0.5.2, 2010, Minneapolis MN, USA).

3. Results and Discussion

The various combinations of independent variables gen-
erated by BBD of RSM are depicted in Table 2. The
combinations were tested in triplicates which resulted in
different values of various responses.

3.1. Evaluation of Fitted Model

The average of triplicate responses obtained for each

Copyright © 2012 SciRes.

Table 2. Experimental design for foam development from
tomato juice with experimental value of responses.

Process variables

(coded) Responses

Experimental

runs o, cMC %EA  WT EV (%) FD (g/cc) DV (ml)
(X1) X)) (X)) (¥3) (Y2)

1 -1 -1 0 4444 071 6.37
2 -1 +1 0 88.89° 060  63.33
3 +1 -1 0 6111 063 1.33°
4 +1 +1 0 7778 060 1.67
5 0 -1 -1 4444 073 4.73
6 0 +1 -1 7778 062  10.17
7 0 -1 +1 38.89°  0.73° 423
8 0 +1 +1 8333 0.60 5.77
9 -1 0 -1 8889 055  82.00°
10 +1 0 -1 7222 059 5.00
11 -1 0 +1 8333 053" 5033
12 +1 0 +1 6667  0.63 7.43
13 0 0 0 8333 057 6.83
14 0 0 0 8889 057 6.83
15 0 0 0 8889 0.6 7.00
16 0 0 0 8889 0.6 7.33
17 0 0 0 8889 057 7.00

*Maximum; "Minimum; CMC = carboxy methyl cellulose; EA = egg albu-
min; WT = whipping time; EV = expansion volume; FD = foam density; DV
= drainage volume.

experimental combination was fitted in the general form
of quadratic polynomial model (Equation (4)). Response
fit analyses, regression coefficient estimations and model
significance evaluations were conducted. The estimated
regression coefficients of the fitted quadratic equation as
well as the correlation coefficients for each model are
given in Table 3. The adequacy of the models was tested
using F-ratio and coefficient of determination (R?).

3.2. Analysis of Various Process Responses

3.2.1. Expansion Volume

It is used to indicate the amount of air incorporated into
the juice during foaming and measures in percentage the
increase in volume of juice. For the various combinations,
experimental expansion volume ranged from 38.89% to
88.89% (Table 2). Using the values of significant coeffi-
cients in the second order polynomial equation (Table 3),
the model for expansion volume was established as fol-
lows:

EV =-72.907 +18.58X, —0.0278X, —2.118X; (5)
The statistical significance of Equation (4) was checked

through Analysis of Variance (ANOVA) (Table 4). The
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Table 3. Estimated coefficients of second order polynomial
regression model.

Coefficient EV (%) FD (g/cc) DV (ml)
B ~72.9077" 1.174 81.840°
yis 58.7608 —0.13440 -308.871"
B, 18.5858" -0.0780" +13.875
B 17.710 —0.060 -30.321
Vs —24.444" -0.0280 335.088"
B —0.7278 0.00328" -0.390
yin -2.1182" 0.0055 22482
B, -5.556 0.0160 —11.324"
B, 0.005 —0.0005 18.55
i -0.277 0.030 —0.0975

EV = expansion volume, FD = foam density, DV = drainage volume, "terms
significant at 5% significance level.

Table 4. ANOVA for the response surface quadratic model.

Response  Source SS DF MS F-value P-value R?

Model  4555.02 9 506.11 13.42° 0.0012 0.945
EV Residual 26391 7 37.70

Cor. Total 4818.93 16

Model  0.053 9 0.0584 536 0.0188 0.873"
Residual  0.0076 7 0.0011

FD  Cor. Total 0.060 16

*

Model  8887.36 9 987.48 8.59
Residual 80491 7 114.99
DV Cor. Total 9692.27 16

0.0049 0.917

EV = expansion volume, DV = drainage volume; FD = foam density; “Terms
significant at 5% level of significance.

model F-value of 13.42 implies that the model is signifi-
cant. There exists a 0.12% chance. For the model fitted,
the coefficient of determination (R* = 0.945) which indi-
cates the goodness of a model [16]. It means that the
foam volume was significant as a response for varying
foaming conditions. From the above data, it can be inter-
preted that the selected model can help us to optimise the
foaming conditions with significant relationship among
the parameters chosen. The response surface plot show-
ing effect of varying EA and CMC concentration with
constant whipping time of 5 min on expansion volume
(Figure 1). From the plot it can be seen that the increas-
ing EA concentration increases the expansion volume
whereas with increasing CMC concentration till 0.35%
the expansion volume increased but there after the ex-
pansion volume showed a decreasing trend. The reason
for increase in EV may be the presence of proteins in EA,
when EA is whipped, the proteins denature at the inter
phase and interacts with one another to form a stable,
visco-elastic interfacial film thereby resulting in foam
formation and increasing the volume of tomato foam [17].
The possible reason for decrease in EV with increasing

Copyright © 2012 SciRes.
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Figure 1. Response surface plot showing the effect of vary-
ing concentration of egg albumin (EA, %) and carboxy
methy! cellulose (CMC, %) on expansion volume (%0).

CMC can be that CMC stabilises the foam by increasing
viscosity. At higher concentration the solution becomes
too viscous and it has been suggested that high viscosity
liquid would prevent the trapping of air during whipping

[6].

3.2.2. Foam Density

Foam density is commonly used to evaluate the whipping
properties. The more air incorporated during whipping,
the lower the foam density; the more air present in the
foam, the higher the whippability [6,18]. The experi-
mental values for foam density were ranged from 0.53 to
0.73 g/cc (Table 2). The second order polynomial equa-
tion foam density with significant equation coefficients
(Table 3) is as follows:

FD = -72.907 - 0.0780X, +0.00328X>  (6)

From Table 4, it can be inferred that the F-value of
5.36 is significant. There is only a 1.88% chance that a
Model F-value this large could occur due to noise. The
coefficient of determination (R?) of 0.8734 was also found
to be significant. From the response surface plot (Figure
2), it can be seen that EA and CMC concentration had a
similar effect on foam density as that of expansion vol-
ume as both the responses are related to each other, less
foam density results in greater expansion and vice versa.

3.2.3. Drainage Volume

It reflects the water holding capacity of the foam. It is an
efficient way to determine the stability of foam as it meas-
ures the rate at which the liquid drains from it [19].
Minimum Foam drainage volume was found to be 1.33
ml whereas maximum was 82 ml (Table 2). DV as high
as 82 ml signifies lower water holding capacity of foam,
thus increased chances of foam collapse as drainage is
accompanied by a progressive thinning of the lamellae
and may, therefore, enhance the probability of film col-
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lapse [10]. For drainage volume the second order quad-
ratic model with significant coefficients is as follows:

DV =81.840—308.871.X, +335.088X —11.324.X,, (7)

The negative coefficient of CMC and WT indicates
that with increase in these parameters the drainage vol-
ume decreases, which was observed experimentally too.
However, too high concentration of CMC can also not be
selected as it has limiting action on foam density and
expansion volume. From ANOVA table it can be seen
that the F-value of 8.59 is significant and there is only a
0.49% chance that a model F-Value this large could oc-
cur due to noise. The R? value was also found to be sig-
nificant. The response surface graph for drainage volume
at constant whipping time is shown in Figure 3.

3.3. Optimization and Validation of Process

After the development of models for various responses
i.e. EV, FD and DV, the optimization of the process pa-
rameters depending upon the results was done. From the
various data obtained and by their statistical analysis, the
appropriate range or values for various process parame-

[ oz 77
AL 74
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g 0.6 58:331?“* 7 '4‘
2 (SXKF
= B SIS
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Figure 2. Response surface plot showing the effect of egg
albumin (EA, %) and carboxy methyl cellulose (CMC, %)
on foam density (g/cc).

drainage volume

Figure 3. Response surface plot showing effect of Egg albu-
min (EA, %) and carboxy methyl cellulose (CMC, %) on
foam drainage volume (ml).
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ters were selected like minimum value for DV and FD
was selected whereas a high value for EV was used. The
criteria used for optimization along with predicted value
of responses have been presented in Table 5. The opti-
mum conditions for best product quality in terms of ex-
pansion volume and foam density can also be determined
by intersection zone of minimum foam density and maxi-
mum expansion volume as presented in the overlay plot
of EA and CMC (Figure 4). Once the optimum condi-
tions have been determined, to validate those conditions
and predictive models was used in decision making only
after subjection to validation [20,21]. Based on the range
selected, the predicted outcome of output variables which
would result in most stable foam was established. The
combination with highest desirability was selected and
validated for efficacy. The results are presented in Table
5. The expansion volume was found little bit less than the
predicted value, however it is within the acceptable limits,
foam density was similar to predicted value and drainage
volume was found lesser than predicted value, which is

Table 5. Criteria used for optimization along with predicted
and actual value of responses.

Lower Upper Predicted Actual

Constraints  Goal limit  limit Importance values  values
CMC (%) Inrange 0.1 0.6 3 0.33 -
EA (%) Inrange 5 15 3 11.45 -
WT (min) Inrange 3 7 3 5.21 -
EV (%) Maximize 38.89 88.89 3 91.4956 86.66
FD (g/cc) Minimize 0.53  0.73 3 0.5581 0.567
DV (ml) Inrange 5 10 3 10.002 7.2

CMC = carboxy methyl cellulose; EA = egg albumin; WT = whipping time,
EV = expansion volume; FD = foam density; DV = drainage volume.

20.00 Overlay Plot
\ﬁfoam density: 0.730]
16.60— .
expansion vol: 91.495
drainage vol  10.003
foam density: 0.558
13.20— X1 0.33
< X2 11.45
s
o [drainage volume: 10.000)|
9.80 — |drainage volume: 5.000]
6.40 —
expansion vol: 38.890|[foam density: 0.730
3.00 T T T T
0.10 0.18 0.26 0.34 0.42 0.50

A: CMC

Figure 4. Overlay plot showing the level of input variables
and predicted values of responses.
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an indication of more stable foam.

4. Conclusion

Response Surface Methodology was successfully used in
optimization of foaming conditions of tomato juice. The
Box behnken design of RSM was found effective in de-
termining the optimum zone within the experimental
region. The optimized conditions of various input vari-
ables i.e. % EA, %CMC and WT were found to be 11.45%,
0.33% and 5.21 min respectively which on validation
was found to give a stable foam structure. Thus, we can
conclude that using this optimized combination we can
get thermodynamically and mechanically stable foam
which can be successfully dried using foam mat drying
which provides advantages of quick drying, lower drying
temperature, reduced loss of nutrients etc.
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