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ABSTRACT

Tomato based carbonated beverage was developed using optimization techniques of response
surface methodology. Effect of carbonation on tomato-based beverage was also investigated.
Three independent variables were taken into account: tomato juice (A; 10—-30%), sugar solution (B;
12-18 9B), and carbonation concentration (C; 90-110 psi) for the optimization of tomato based
carbonated beverage. Twenty experimental runs were carried out to determine the impact of
independent variables, such as pH, acidity, vitamin C, and overall acceptability, on product
responses. The ideal conditions were determined to be 30% tomato juice, 18 °B sugar solution, and
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% to 0.39% during storage period.

100 psi carbonation concentration. Changes in physicochemical properties of tomato based
carbonated beverage during storage were also investigated. pH and vitamin-C content of the
tomato based carbonated beverage sample were gradually decreased from 4.50 to 4.10 and 17.91
mg/100 g to 12.40 mg/100 g, respectively whereas titratable acidity gradually increased from 0.28

Keywords: Carbonation; tomato; beverage; optimization; storage study.

1. INTRODUCTION

The Asia-Pacific region produces the most
tomatoes. Tomato production in 2021-2022 was
20300.19 tons, according to National Horticulture
Board data (APEDA Agri Exchange, 2024). The
worldwide tomato processing market is being
driven by the increasing production and
consumption of processed tomatoes. Globally,
processed tomato consumption was 82.54 million
tons in 2023; by 2032, consumption is expected
to rise to 115.46 million tonnes (Custom Market
Insights, 2024). Tomato juice does, however,
have a smaller worldwide market than other
goods derived from tomatoes.

Tomatoes are good source of Vitamin A and C
(Butu and Rodino, 2019), phytochemicals,
lycopene and carotenoids (Hadely et al., 2004),
calcium, magnesium, potassium, iron and folate
(Bhowmik et al., 2012). Many studies have
shown the health benefits of tomatoes and
tomato-based products, including their ability to
prevent prostate cancer (Rowles et al., 2018;
Rao and Agrawal, 1999), lower blood pressure
and heart disease (Song et al., 2017; Yoshimura
et al., 2010), treat diabetes (Zhu et al., 2020; Leh
et al., 2021), treat skin conditions (Grether-Beck
et al., 2017), and reduce neurodegenerative
disease (Cheng et al., 2019).

Carbonated beverages are defined as those that
have dissolved carbon dioxide gas, which gives
them their characteristic fizz and acidic flavor
(Chaudhary, 2018; Steen, 2005). Code of federal
regulations  acknowledges CO2as  safe.
According to the "custom market insights" study,
the market for carbonated beverages was valued
at USD 496.46 billion in 2024 and is expected to
rise at a compound annual growth rate (CAGR)
of 5.60% to reach USD 771.3 billion by 2033
(Expert Market Research, 2024).

The worldwide popularity of carbonated
beverages can be attributed to its pleasant
tingling sensation, thirst-quenching impact, and
acidic bite but there is more evidence to support
the recommendation to reduce the intake of soft
drinks due to research findings that indicate

these beverages provide energy without much
nutritional value, and are associated with a
number of serious health issues, including
obesity, overweight and diabetes etc. (French et
al., 201; Vartanian et al. 2007; Brownell and
Horgen, 2004).

Fruits and vegetables have antioxidant potential
because of having numerous bioactive
compounds (Navdeep et al., 2023). Therefore,
the pulp of abundantly available fruits and
vegetables should be used to make carbonated
beverages in order to address the issue of just
offering energy with little nutritional value.
Considering the benefits of carbonation i.e flavor
enhancement and refreshing sensation (Saint-
Eve et al., 2009), sparkling appearance (Sternini,
2013), bubbling effect (Descoins et al., 2006),
shelf life enhancement (Park et. al., 2020), the
carbonated fruit based nutritious juice will be a
better alternative than soft drink and energy
drink.

Optimization with multiple processing parameters
is crucial because of so many experimental runs
(Mogbali et al.,, 2023; Ramya et al., 2023).
Therefore, it is important to use such tool, which
minimizes the experimental runs to manage
possible. Processing parameter optimization can
be achieved with the Response Surface
Methodology (RSM) approach. RSM can also be
used to analyze the model's relevance and the
data's statistical accuracy (Dixit et al., 2024).

The aim of this study was to address the
nutritional issue with soft drinks by using tomato
juice in combination with carbonation. The effect
of carbonation on physicochemical and sensory
parameters of developed beverage was also
investigated. Carbonated fruit (tomato) based
beverage will open the new avenue for nutrious
sparkling, fizzy and pop drink.

2. MATERIALS AND METHODOLOGY

2.1 Raw Materials

The study was carried out in the Department of
Food Processing & Technology, College of Food
Technology,  Sardarkrushinagar =~ Dantiwada
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Agricultural University, Sardarkrushinagar,
Banaskantha, Gujarat, India. Tomatoes and
sugar (Madhur brand) were procured from local
market of Dantiwada, Gujarat, India. Sodium
benzoate and citric acid (Himedia) were procured
from Himedia Laboratories Pvt. Ltd., Mumbai,
India.

2.2 Preparation of Tomato Based
Carbonated Beverage

The method of making carbonated beverage is
shown in the below mentioned flow diagram

(Fig. 1).

2.3 Experimental Design for Optimization
of  Tomato Based Carbonated
Beverage

The experimental combinations were designed
using RSM. A central composite rotatable design

(CCRD) with three variables (five levels of each
variable) was used. The independent variables
considered for optimization of tomato based
carbonated beverage were tomato juice (A; 10—
30%), sugar solution (°B; 12-18) and
carbonation concentration (C; 90-110 psi). There
are twenty experimental runs in the design.
Every experimental run was carried out three
times.

2.4 Physico-Chemical Analysis of Tomato
Based Carbonated Beverage

A tomato-based carbonated beverage was
subjected to a physico-chemical analysis using
the Ranganna method (Ranganna, 2012).
Tomato based carbonated beverage was
analysed for, pH, titratable acidity and Vitamin-C
content. Overall acceptability of developed
beverage was determined using 9-point hedonic
scale.

Tomatoes (Fully ripe)

Washing

Sorting and trimming (Removing green portion and stem)

Cutting and chopping

Heating at 80 °C for 5 mins.

Extraction of tomato juice

Preparation of sugar solution

Mixing of sugar solution and tomato juice

Addition of sodium benzoate and citric acid (50 ppm +50 ppm)

Heating at 85 °C for a minute

Cooling at 5 °C

Carbonation at different concentrations

Filling in PET bottles and storage at refrigerated temperature 7+10 °C

Fig. 1. Flow diagram for preparation of tomato based carbonated beverage
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3. RESULTS AND DISCUSSION
3.1 Analysis of Data

To determine the impact of independent
variables on measured responses, experiment
data was analyzed. To investigate the statistical
significance of the model as presented in
equation 1, the second order polynomial
equation was utilized. The following equation
was fitted using the responses (pH, acidity,
vitamin C and overall acceptability) for the
various experimental conditions:

Y = Bo + Bixit Baxat+ Baxs + PuiXiz + BaaXez +
BaaXz2 + Pa2XaXz + PisXiXs + Pasxexs + € (1)

Where,
Y = response variable
Bo = constant

Bi, B2, Bz = linear effects of regression
coefficient

B11, B22, B33 = interaction effects of regression
coefficient

Bi2, B13, B23 = quadratic effects of regression
coefficient

€ =random errors
X1, X2, X3 = independent variables

The experimental data was analyzed using
response surface approach of design expert
software. At the 5% level of significance,
guadratic models were deemed adequate for all
responses based on their R?, F, and P values.

3.2 pH of Developed Beverage

pH is crucial, when it comes to carbonated
beverages. It explains how bioactive substances
in carbonated drinks stay stable (Sanchez-
Moreno et al, 2006). The tomato-based
carbonated beverage had a pH that ranged from
3.9 to 5.89 (Table 1). The combination of 3.18
percent tomato juice, 15° brix sugar solution, and
100 psi carbonation level resulted a tomato-
based carbonated beverage with a pH value of
5.89, while the combination of 36.82 % tomato
juice, 15° brix sugar solution, and 100 psi
carbonation level produced a tomato-based
carbonated beverage with a pH value of 3.9. The
statistical features of pH are displayed in Tables
2 and 6. The regression model's F-value of 7.39
indicates that the model is significant when fitted

to the pH experimental data. The 1.32 "Lack of
Fit F-value" indicates that the Lack of Fit is not
statistically significant in comparison to the pure
error. The coefficient of determination R?2
(0.8693), was also used to express the model's
fit and shows that the model could account for
86.93% of the response's variability. Table 6
shows that the signal was deemed sufficient with
an adequate precision of 10.18. This approach
can be utilized to navigate the design space
because a ratio larger than 4 is desirable. After
taking into account all of the aforementioned
factors, the model (Eq. 2) was chosen to depict
pH change.

According to the coded levels of the variables,
the quadratic model derived from regression
analysis for pH was as follows:

pH = 4.79 -0.45 A +0.016 B -0.10 C +0.010 AB -
0.032 AC +0.010 BC +0.032 A2 +6.14 x10* B2
+0.013 C2 @)

Where,

A= Tomato juice

B= Sugar solution

C= Carbonation level
3.3 Effect of Tomato Juice, Sugar
Solution Concentration and

Carbonation Level on pH of
Developed Beverage

Response surface 3D graphs (Fig. 2) illustrate
the interaction effect of process parameters
(tomato juice, sugar solution, and carbonation
concentration) on the pH of the developed
beverage. Equation (2) shows that, at a 95%
confidence level, the pH of the developed
beverage had a highly significant negative linear
effect of tomato juice (A). The interaction and
quadratic terms were determined to be not
significant. Fig 2 illustrates how the pH content of
the created beverage is significantly impacted by
the concentration of sugar, tomato juice, and
carbonation level. As tomato juice level
increased, the ph content was seen to gradually
drop, as shown in fig. 2. Low ph concentration in
tomato juice is the cause of this. As carbonation
concentration increased, Fig. 2 showed a little
reduction in pH. Scientists have also examined
the impact of carbonation on carrot juice and
have observed a drop in pH (Khuram, et al,
2014). The particular sugar solution had no
discernible impact on pH.
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Table 1. Experimental central composite design and result of responses for tomato based
carbonated beverages

Variables Responses
Run | Tomato Sugar Carbonation H Acidity | Vitamin C | Overall
juice (%) | Solution (°B) | (psi) P (%) (mg/100g) | Acceptability
1 10 12 90 5.21 0.13 0.7 5.37
2 30 12 90 458 0.28 2 4.5
3 10 18 90 534 0.11 0.7 6.66
4 30 18 90 468 0.24 2.1 7
5 10 12 110 5.03 0.15 0.5 5.75
6 30 12 110 4.2 0.38 15 5.5
7 10 18 110 5.13 0.16 0.5 7.3
8 30 18 110 4.41 0.31 1.7 8.29
9 3.18 15 100 5.89 0.09 0.2 5.3
10 36.82 15 100 3.9 0.4 2.7 6
11 20 9.95 100 4.9 0.2 11 4.2
12 20 20.05 100 471 0.28 1.2 7.83
13 20 15 83.18 495 0.2 1.8 5.33
14 20 15 116.82 473 0.22 0.9 7.33
15 20 15 100 499 0.17 11 6.66
16 20 15 100 485 0.22 1.35 7.1
17 20 15 100 458 0.29 1.13 7.33
18 20 15 100 473 0.23 1.17 7.25
19 20 15 100 456 0.28 1.27 7
20 20 15 100 5.01 0.18 1.3 6.9
Table 2. ANOVA for pH of tomato based carbonated beverage
Source Sum of DF Mean F- Value Prob> F

Squares Square

Model 2.978612 0.330957 7.391266  0.0022 significant
A-Tomato juice 2.802702 2.802702 62.59279 <0.0001

B- Sugar solution 0.003559 0.003559 0.079479 0.7838

C- Carbonation level 0.145574 0.145574 3.251108  0.1015

AB 0.0008 0.0008 0.017866  0.8963

AC 0.00845 0.00845 0.188714  0.6732

BC 0.0008 0.0008 0.017866  0.8963

B2 5.43E-06 5.43E-06 0.000121 0.9914

Cc? 0.002431 0.002431 0.054295 0.8205

Residual 0.447768 0.044777

Lack of Fit 0.255234 0.051047 1.325663 0.3823 not significant
Pure Error 0.192533 0.038507

o

9
1
1
1
1
1
1
A2 0.01516 1 0.01516 0.338568 0.5735
1
1
1
5
5
1

Cor Total 3.42638

©

pH

C: Carbonation

" = 1500 1 ™ o P " .
B: Sugar Soltion - A Tomato juice B o A Tomato juce C: Carbonation =~ B: Sugar Soution

Fig. 2. 3-D surface graph showing the effect of process variables on pH of developed beverage
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3.4 Titratable
Beverage

Acidity of Developed

Developed beverage had titratable acidity in the
range of 0.09 to 0.4 (Table 1). The combination
of 36.82 % tomato juice, 15° brix sugar solution,
and 100 psi carbonation level produced a high
acidic tomato-based carbonated beverage (0.09),
whereas the combination of 3.18 % tomato juice,
15° brix sugar solution, and 100 psi carbonation
level produced a low acidic tomato-based
carbonated beverage (0.4). Table 3 and 6 show
the statistical attributes of acidity. The acidity
experimental results were fitted with a regression
model, and the model's F-value of 6.08 indicates
significance. The "Lack of Fit F-value" of 0.66
suggests that there is no statistical significance
between the pure error and the Lack of Fit. The
model's fit was further demonstrated by the
coefficient of determination R? (0.8456), which
shows that the model could account for 84.56%
of the response's variability. Table 6 shows that
the signal was deemed sufficient with an
adequate precision of 9.112. This approach can
be utilized to navigate the design space because
a ratio larger than 4 is desirable. After taking into
account all of the aforementioned factors, the
model (Eq. 3) was chosen to depict the variance
in acidity.

Regression analysis yielded the following
quadratic model for titratable acidity in terms of
coded levels of the variables:

Titratable Acidity = 0.23 + 0.087 A +1.065 x 10-
3 B +0.020 C -0.012 AB +0.013 AC +0.000 BC
+3.388 x 102 A2 +1.620 x 103 B2 -8.986 x 103 C?

A= Tomato juice
B= Sugar solution
C= Carbonation level

3.5 Effect of Tomato Juice, Sugar
Solution and Carbonation
Concentration on Titratable Acidity of
Developed Beverage

Response surface three-dimensional graphs
(Fig. 3) illustrate the interaction effect of tomato
juice, sugar solution, and carbonation
concentration on the titratable acidity of the
generated beverage. According to
equation (3), tomato juice (A) had a
significant positive linear effect on the titratable
acidity of the generated beverage at a 95%
confidence level. It was determined that the
interaction and quadratic terms were not
significant. Titratable acidity rose significantly as
tomato juice was added, as shown in
Fig. 3. Increased acidity with rising
carbonation is also shown in Fig. 3. Similar
findings were also reported by Ryu et al.,
2018.

Table 3. ANOVA for Titratable Acidity of tomato based carbonated beverage

Source Sum of DF Mean F- Value Prob>F
Squares Square
Model 0.11168552 9 0.01241 6.0847343  0.0046 significant
A-Tomato juice 0.10219055 1 0.102191 50.1069558 < 0.0001
B- Sugar solution 1.5488E-05 1 1.55E-05 0.00759399 0.9323
C- Carbonation level 0.00548271 1 0.005483 2.6883302 0.1321
AB 0.00125 1 0.00125 0.61291082 0.4518
AC 0.00125 1 0.00125 0.61291082 0.4518
BC 0 1 0 0 1.0000
A? 0.00016541 1 0.000165 0.0811076 0.7816
B2 3.7829E-05 1 3.78E-05 0.01854868 0.8944
Cc2 0.0011638 1 0.001164 0.5706429 0.4674
Residual 0.02039448 10 0.002039
Lack of Fit 0.00811115 5 0.001622 0.66033793 0.6700 not significant
Pure Error 0.01228333 5 0.002457
Cor Total 0.13208 19
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Acidity
Acidity

B: Sugar Soksion : A Tomato pice C: Carbanation

Acidity

A: Tomato juice © Carbonation U5 g Sugar Sokfon

Fig. 3. 3-D surface graph showing the effect of process variables on titratable acidity of
developed beverage

Table 4. ANOVA for Vitamin C of tomato based carbonated beverage

Source Sum of DF Mean F- Value Prob>F
Squares Square
Model 6.806727 9 0.756303 41.06935 <0.0001 significant
A-Tomato juice 6.069596 1 6.069596 329.5959 < 0.0001
B- Sugar solution 0.01605 1 0.01605  0.871557 0.3725
C- Carbonation level 0.579667 1 0.579667 31.4775 0.0002
AB 0.01125 1 0.01125  0.610906 0.4526
AC 0.03125 1 0.03125 1.696962 0.2219
BC 0.00125 1 0.00125 0.067878 0.7997
A? 0.048644 1 0.048644 2.641498 0.1352
B2 0.033159 1 0.033159 1.800631 0.2093
c? 0.007454 1 0.007454 0.404776 0.5389
Residual 0.184153 10  0.018415
Lack of Fit 0.133353 5 0.026671 2.625053 0.1565 not significant
Pure Error 0.0508 5 0.01016
Cor Total 6.99088 19
3.6 Vitamin C content of Developed vitamin-C model equation was 0.9736. The
Beverage model could account for 97.36% of the
response's variability. There exists a satisfactory
According to Table 1, the tomato-based agreement between the "Adj R-Squared” of

carbonated beverage's estimated vitamin C
content ranged from 0.2 to 2.7. By mixing 3.18
percent tomato juice, 15° brix sugar solution, and
100 psi carbonation level, the tomato-based
carbonated beverage yielded the lowest value of
vitamin C content (0.2 mg/100g). Conversely, the
tomato-based carbonated beverage with 36.82
percent tomato juice, a 15° brix sugar solution,
and a 100-psi carbonation level vyielded the
highest value of vitamin C content (2.7 mg/100g).
The statistical characteristics of Vitamin-C are
displayed in Tables 4 and 6. The regression
model fitted to the experimental results for
vitamin-c indicates that the model F-value of
41.07 is significant. The "Lack of Fit F-value" of
2.62 implies that the Lack of Fit is not significant
relative to the pure error. The R? value for

0.9499 and the "Pred R-Squared" of 0.8446. The
Adequate Precision was 23.36 (Table 6).
Considering all the above criteria, the model (Eq.
4) was selected for representing the variation of
Vitamin C. Regression analysis vyielded the
following quadratic model for vitamin C in terms
of coded values of the variables:

Vitamin-C =1.22 +0.67 A +0.034 B -0.21 C
+0.038AB -0.062 AC +0.013 BC +0.058 A2 -
0.048 B2 +0.023 C? 4)
Where,

A= Tomato Juice

B= Sugar Solution

C= Carbonation
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3.7 Effect of Tomato Juice, Sugar
Solution and Carbonation
Concentration on Vitamin C Content
of Developed Beverage

Response surface 3D graphs, as shown in Fig. 4,
illustrate the interaction effect of tomato juice,
sugar solution, and carbonation concentration on
the vitamin C content of the developed beverage.
The developed beverage's vitamin-C had a very
significant positive linear influence of tomato
juice (A) and a negative significant linear effect of
carbonation concentration (C) at a 95%
confidence level, as can be shown from equation
(4). The interaction and quadratic terms were
determined to be not significant. Because citrus
fruits are an excellent source of ascorbic acid,
the developed beverage's vitamin C content
increased when the amount of tomato juice
increased (Fig. 4) (Hadley et al., 2004; Kadam, et
al., 2014).

3.8 Overall Acceptability of Developed
Beverage

The overall acceptability values of tomato based
carbonated beverage varied from 4.2 to 8.29
(Table 1). Combining 20 percent tomato juice,
9.95° brix sugar solution, and 100 psi
carbonation level produced the tomato-based
carbonated beverage with the lowest overall
acceptability value (4.2). On the other hand,
beverage containing 30 % tomato juice, 18° brix
sugar solution, and 110 psi carbonation level had
the highest overall acceptability value (8.29). The
statistical features of overall acceptability are
displayed in Tables 5 and 6. The overall
acceptability of the regression model fitted to the
experimental data indicates that the model's F-
value of 26.77 is significant. The 2.18 "Lack of Fit
F-value" indicates that the Lack of Fit is not
statistically significant in comparison to the pure
error. The R? value for overall acceptability
model equation was 0.9601. The model could
account for 96.01% of the response's variability.
There exists a satisfactory agreement between
the "Adj R-Squared" of 0.9242 and the "Pred R-
Squared" of 0.7754. The Adequate Precision
was 18.36 (Table 6). Considering all the above
criteria, the model (Eq. 5) was selected for
representing the variation of overall acceptability.
Regression analysis yielded the following
guadratic model for overall acceptability in terms
of coded values of the variables:

Overall Acceptability =7.03 +0.10 A +1.04 B
+0.49 C +0.31 AB + 0.16 AC+ 0.069 BC -0.42 A2
-0.29 B2 -0.17 C? 5)

Where,
A= Tomato Juice
B= Sugar Solution

C= Carbonation

3.9 Effect of Tomato Juice, Sugar
Solution and Carbonation
Concentration on Overall

Acceptability of Developed Beverage

Response surface 3D graphs (Fig. 5) illustrate
the interaction effect of tomato juice, sugar
solution, and carbonation concentration on the
overall acceptability of the developed beverage.
Equation (5) shows that, at a 95% confidence
level, the overall acceptability of the developed
beverage had a highly significant positive linear
effect of the carbonation concentration (C) and
sugar solution (B). Tomato juice (A2) and sugar
solution (B2) had a negative quadratic effect, and
their quadratic term was extremely significant.
The tomato juice and sugar solution interaction
term significantly improved the developed
beverage and showed a concave form fluctuation
with the variable values changing. Figure 5
illustrates how the overall acceptability rises
when tomato juice and sugar solution
concentrations rise. Carbonation has a major
impact on the created beverage's overall
acceptance when it comes to flavored
carbonated milk drinks (Lederer et al., 2004).

3.10 Compromised Optimum Conditions
for Development of Tomato Based
Carbonated Beverage

A numerical multi response optimization
technigue was wused to optimize process
parameters in order to develop a tomato based
carbonated beverage. To achieve market
acceptability, attempts were made to create a
healthy fizzy drink with the highest possible
sensory acceptability score. Goals were set for
all the independent variables to optimize the
ingredients. The uncoded optimum ingredients
for development of tomato based carbonated
beverage were, 26.75 % of tomato juice, 18 %
brix of sugar solution and 100 psi of carbonation.
The responses predicted by the design expert
software for these optimum ingredients resulted
in 452 of pH, 0.25 of Acidity, 7.87 of overall
acceptability with desirability of 0.877.
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Fig. 4. 3-D surface graph showing the effect of process variables on vitamin-C of developed
beverage

Table 5. ANOVA for Overall Acceptability of tomato based carbonated beverage

Source Sum of DF Mean F- Value Prob> F
Squares Square
Model 22.76972 9 2.529969 26.76995 < 0.0001 significant
A-Tomato juice 0.140917 1 0.140917 1.491057 0.2501
B- Sugar solution 14.83743 1 14.83743 156.9969 < 0.0001
C- Carbonation level 3.261128 1 3.261128 34.50645 0.0002
AB 0.750313 1 0.750313 7.939161 0.0182
AC 0.201613 1 0.201613 2.13329 0.1748
BC 0.037813 1 0.037813 0.400099 0.5412
A? 2.484826 1 2.484826 26.29229 0.0004
B2 1.180357 1 1.180357 12.48952 0.0054
C2 0.440444 1 0.440444 4.660403 0.0562
Residual 0.945078 10 0.094508
Lack of Fit 0.647678 5 0.129536 2.1778 0.2066 not significant
Pure Error 0.2974 5 0.05948
Cor Total 23.7148 19

Table 6. Model statistical attributes for different responses of tomato based carbonated

beverage
Responses

pH Titratable Vitamin C Overall
Parameters Acidity Acceptability
Std. Dev. 0.211605 0.04516 0.135703 0.307421
Mean 4.819 0.226 1.246 6.43
CV% 4.39106 19.98241 10.89108 4.781045
R2 0.869318 0.079979 0.973658 0.960148
Adj R? 0.751703 0.84559 0.94995 0.924282
Pred R? 0.352161 0.706621 0.844628 0.77535
Adeq Precision 10.18367 0.394467 23.36862 18.36409
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3.11Changes in Physicochemical
Properties of  Tomato Based
Carbonated Beverage during Storage

Table 7 shows that the produced beverage's pH
dropped slightly from 4.50 on the first day to 4.10
at the end of storage. Ascorbic and citric acids
may have affected the product's protein and
sugar components, causing a pH drop that was
noticed during storage. Numerous investigators
have likewise documented a similar drop in pH
during the storage duration. (Khurdiya et al.,
1996; Sandhan et al., 2009).

Titratable acidity of the tomato based carbonated
beverage samples gradually increased from the
first day (0.28 %) to the end of storage (0.39 %)
(Table 7). The presence of carbon dioxide and
acidity regulators in beverages, as well as the
chemical interactions and enzymatic reactions
between organic constituents, could all contribute
to an increased acidity during storage (Yadav et
al., 2013). Similar observations were also
reported by various researchers in different
carbonated beverages (lamaran and Amutha,
2007; Omokpariola, 2022).

Vitamin-C content of tomato based carbonated
beverage samples gradually decreased from the
first day (17.91 mg/100 g) to the end of storage
(12.40 mg/100 mL) (Table 7). Vitamin C content
of tomato juice and wheatgrass-pomegranate

Overall Acceptability

B: Sugar Solution A: Tomato juice C: Carbonation

blended juice was found to be lost by 30.35%
and 26.31%, respectively, during storage,
according to studies conducted by Pavlovic et al.,
2019 and Kashudhan et al., 2016. The oxidation
of ascorbic acid is the cause of a significant
decrease in the concentration of vitamin C.
Dehydroascorbic acid is the oxidative byproduct
of ascorbic acid. As soon as dehydroascorbic
acid is hydrolyzed, it loses its vitamin
characteristics (Adeola and Aworh, 2013, Al Fata
et al.,, 2018). When exposed to heat, vitamin C
rapidly deteriorates (Leoni, 2002).

3.12Changes in Microbial Load of tomato
based carbonated beverage during
storage

A microbiological assessment of tomato based
carbonated beverage was also conducted. There
was no bacterial load seen throughout the
duration of the storage. The bacteria were
eliminated by heat and the preservatives
activity. Throughout the course of storage, no
fungus development was noted in the
developed beverage. Throughout the
course of storage, no growth of indicative
organisms, such as coliforms, was seen
in the samples. Preservatives' inhibitory
effects and heat treatment both prevented the
growth of coliforms (Frazier and Westhoff,
1978).

Overall Acceptability

A Tomato pice

T g S Souton

C: Carbonation

Fig. 5. 3-D surface graph showing the effect of process variables on overall acceptability of
developed beverage

Table 7. Effect of storage on physico-chemical changes of tomato based carbonated

beverage
pH Acidity (%) Vitamin C (mg/100g)

0 day* 4.50 + 0.01 0.28 £ 0.02 17.91 £ 0.02

10" day* 4.42 +0.02 0.31+0.01 15.70 £ 0.02

20" day* 432 +0.04 0.34 £ 0.02 14.80+ 0.04

30" day* 4.10 £ 0.05 0.39+0.01 12.40 £ 0.02

CV (%) 3.99 14.21 14.99

SE(d) 0.087 0.023 1.14

*Values represent the mean + standard deviation of 3 replicates (n = 3)
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4. CONCLUSION

The tomato based carbonated beverage with
highly acceptable quality can be prepared using
26.75 % tomato juice, 18 °Brix sugar syrup
solution, and 100 psi carbonation. The responses
predicted by the design expert software for these
optimum ingredients resulted in 4.52 of pH, 0.25
of Acidity, 7.87 of overall acceptability with
desirability of 0.877.
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