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Abstract A grain based carbonated beverage premix with
adequate nutritional composition and fizzing effect in the
form of dry powder has been developed in the current
study. Maize and Bengal gram were roasted at temperature
160-180 °C while finger millet at 80-120 °C for
10-30 min. The optimized conditions for the roasting of
maize, Bengal gram and finger millet were 180 °C for
10 min, 180 °C for 27 min and 110 °C for 30 min,
respectively using face centred composite design and
response surface methodology (RSM). The formulation of
the beverage premix obtained using linear programming
was in the proportion of 30 g, 30 g, 10 g, 20 g and 10 g of
roasted maize, Bengal gram, finger millet flours, sugar
(powdered) and pea protein isolate, respectively. The effect
of carbonation was found to be best with 8% carbonation
powder concentration and 1:4 beverage premix to water
ratio which showed an overall acceptability of 7.7. The
developed carbonated beverage premix was light in color
with a positive L* value of 79.01 £ 0.12 and slightly
acidic with a pH of 5.56 £ 0.10. The nutritional compo-
sition of the final product comprised of 16% protein and
several minerals viz. Fe (11.67 mg/100 g), Ca (36.67 mg/
100 g) and Mg (86.26 mg/100 g).
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Abbreviations

% Percent

pm Micrometer

°C Degree Celsius

AAS Atomic absorption spectrophotometer

ANOVA Analysis of variance

AOAC Association of Official Analytical Chemists
BI Browning Index

BIS Bureau of Indian Standards

cm Centimeter

DSC Differential scanning calorimetry
et al. And others

FAO Food and Agriculture Organization
FCCD Face centred composite design

g Gram

1T Indian Institute of Technology
LP Linear programming

MC Moisture content

mg Milligram

min Minute

ml Milliliter

MS Microsoft

ns Non significant

p Probability

R Gelatinization range

R? Coefficient of determination
RDA Recommended dietary allowances
RSM Response surface methodology
SEM Scanning electron microscopy

T Temperature

To Onset temperature

T, End temperature

@ Springer


http://orcid.org/0000-0001-9402-3892
https://doi.org/10.1007/s13197-021-05175-5
https://doi.org/10.1007/s13197-021-05175-5
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-021-05175-5&amp;domain=pdf
https://doi.org/10.1007/s13197-021-05175-5

1638

J Food Sci Technol (April 2022) 59(4):1637-1648

T, Peak temperature

w/v Weight/volume

WAI Water absorption index
wb Wet basis

WSI Water solubility index
AHg Enthalpy of gelatinization
Introduction

Over the last few decades, the instant beverage premix
market has increased globally due to the changes in life-
style and eating habits of people. These premixes are
nutritious and can be easily prepared with water or milk in
less preparation time. Moreover, interest in non-alcoholic
drinks as more health-conscious nutrition is increasing
rapidly, creating a huge demand for such drinks. There is a
huge demand for carbonated drinks amongst consumers.
Most of the available carbonated drinks typically contain
artificial sweeteners, colors and harmful additives leading
to a set of diseases like diabetes, obesity, teeth & bone
damage, a decrease in metabolism etc. However, carbon-
ation can not only enhance the consumer acceptance
because of the fizzing and sparkling effect but also reduces
the growth of spoilage microorganisms and increases the
shelf life of the products to double fold (Suresha and
Jayaprakasha 2003). A range of dairy-based carbonated
beverages is already available in the market but due to
cholesterol content and lactose intolerance, there is a need
for a much healthier alternative. In recent years, cereal
grains have been investigated regarding their potential use
in developing functional foods and beverages. Cereal based
carbonated drinks are not very common currently, but they
are healthy as compared to the soft drinks available in the
market. Apart from the nutritional value, a higher shelf life,
easy handling, convenient packaging, etc., makes these
premixes popular among different age groups. The devel-
opment of a dry carbonated cereal-based beverage mix has
been in demand as it can combat the ecological drawback
associated with canned and bottled carbonated beverages.
There has been a changeover from a taste-based food
approach to a nutrient-based food approach, which can be
realized by the evidence found in recent research (Chavan
et al. 2018; Sharma et al. 2014). The demand for carbon-
ated beverages among people of all ages is rising owing to
various reasons such as taste, thirst-quenching, refresh-
ment, relaxation, pleasure, and sociability (Tiwari et al.
2011). Cereal based carbonated beverage is rarest among
all sorts of beverages available in the market and the use of
carbonation powder in a cereal-based beverage premix is a
new concept to enhance the acceptability and organoleptic
properties.
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Carbonated beverages use the impregnation of carbon
dioxide gas to boost flavor characteristics and to provide
palate stimulation. The use of edible carbonation powder
does not impart any off-taste but enhances the acceptability
and organoleptic properties of the grain-based beverage.
Grain-based beverages, due to their health and nutritional
benefits are forecasted to explode as a potential alternative
to harmful carbonated drinks with zero nutrition which is
realized by consumers of all age groups (Bagchi et al.
2018).

Limited research has been reported on the physico-
chemical and functional properties of carbonated beverage
premix made from locally available grains using roasting,
colloidal milling, and freeze-drying (Khan and Saini 2016).
Processes like roasting and extrusion increase soluble
dietary fiber, improve digestibility, enhance nutrient den-
sity, and facilitate uniform formulation to obtain a nutri-
tionally balanced product (Singh et al. 2007).

The formulation of instant functional non-alcoholic
cereal-based carbonated beverage offers energy and nutri-
tional values. Some non-alcoholic beverages like Borde,
Kunun-Zaki, Mahewu, Pozol, Sattu are produced in dif-
ferent countries (Singh et al. 2013), but none have car-
bonation effects. So, by providing a dry carbonation
source, carbonated beverage premix can be made, which
will give a sparking effect when mixed with water with no
undesirable flavors.

The grains like maize (Zea mays), Bengal gram (Cicer
arietinum), and finger millet (Eleusine coracana) are
considered for their abundant sources of dietary fiber,
proteins, energy, minerals, and vitamins. Bengal gram is an
excellent protein source with acceptable levels of the most
essential amino acids (Jukanti et al. 2012). Finger millet is
a rich source of calcium, iron, phosphorous, vitamins (B
and E), and amino acids. The use of fermented and malted
finger millet flours in the formulation of weaning foods,
instant mixes, beverages, and pharmaceutical products
have been gaining popularity nowadays (Verma and Patel
2012). Pea protein is a very healthy protein substitute for
animal protein like whey protein, gluten-based protein
(wheat), and soybean proteins. It has high nutritional value,
low allergenicity, and low cost (Stone et al. 2015). Pea
protein contains a high level of lysine which is generally
deficient in cereals. So, it can be consumed along with
cereals for essential amino acid balance. Therefore, the
combination of maize, Bengal gram, finger millet flours,
pea protein isolate, and sugar would serve a unique,
nutrition-rich, and stable formulation with accept-
able organoleptic properties for the present invention case.
Balasubramanian et al. (2012) has developed a protein rich
low cost millet-soy blend formulation which comprised of
pearl millet (81.68%), finger millet (7.02%) and decorti-
cated soybean (11.29%) with the lowest possible cost.
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The present study was aimed to formulate a high energy
cereal-based carbonated beverage premix using roasted
maize, Bengal gram, and finger millet flour along with pea
protein isolate, sugar, and carbonation powder. The study
was divided into two parts, i.e. roasting and its effects on
the physicochemical and functional properties of the
roasted grain flours and formulation of the carbonated
beverage premix, its characterization, and sensory
evaluation.

Materials and methods
Raw materials and ingredients

Maize (Bio 22027 Cv.), Bengal gram (JG-62 Cv.), and
finger millet (Eleusine coracana Cv. VL Mandua-149)
were procured from the local market of Kharagpur, West
Bengal, India. Unflavoured pea protein isolate (My Protein
Brand) was procured from The Hut Group, Cheshire, UK.
The grains were subjected to preliminary cleaning for the
removal of dirt and debris; dried up to moisture content
(10 £ 0.50% wb). The grains having uniform whole-
someness were used for the roasting process. Raw and
roasted grains were ground in an attrition mill (M/s An-
napurna Domestic Flour Mill, Kolkata) and kept in airtight
containers at room temperature until use.

Roasting of grains for beverage preparation

The grains were roasted using a convective hot air roaster
(M/s S.D. Instruments and Equipment, Kolkata). Maize
kernels were subjected to roasting treatment for different
time and temperature combinations similar to the ranges
used by Raigar and Mishra (2018). Several preliminary
trials were conducted to set the levels of roasting condi-
tions for other two grains. The temperature (3 levels) and
time (3 levels) combinations for maize and Bengal gram
were 160-180 °C for 10-30 min while finger millet was
roasted at 80—110 °C for 10-30 min. The roasted grains
were ground into flours using an attrition mill and sieved
through a 250 pm screen for the determination of different
physicochemical and functional properties.

Experimental design for roasting process

A face-centered central composite design (FCCD) with two
factors was assigned to the experimental data to produce
thirteen experimental runs with five center points and eight
non-center points (Table S1 and Table S2). The center
points were used to check the reproducibility of the design
(Anderson-Cook et al. 2009). Response surface method-
ology (RSM) was used to frame the mathematical model to

establish the relationship between dependent and inde-
pendent parameters. The responses and independent vari-
ables were related by using the quadratic Eq. (1).

Y:ao+01X1 —|—a2X2—|—a12X1X2—|—a11X%+a22X% (1)

where, a is constant, a; and a, are linear coefficients, a;;
and a,, are quadratic coefficients and a;, are the interaction
coefficient. The regression coefficients were used to eval-
uate the statistical calculations and the interactive effect of
the factors on the dependent variables was visualized by
generating 3D response surface plots (Anderson-Cook
et al. 2009). Data were analyzed by regression analyses,
and the statistical significance of each term was investi-
gated by analysis of variance (ANOVA) for each response.
All statistical analyses were done using a statistical soft-
ware Design Expert 7.0 (Stat-Ease).

Physico-chemical properties of roasted grains
Browning index

The color parameters of maize, Bengal gram, and finger
millet flours (raw and roasted) were determined using a
hunter lab colorimeter (Model-CM-5, M/s Konica Minolta,
Japan). The values L*, a* and b* (lightness, redness,
yellowness) were noted down for the raw and roasted
samples. The average value of triplicate tests was taken for
each sample analysis. The instrument was set in reflectance
mode. Browning index (BI) was calculated by the method
of (Kahyaoglu and Kaya 2006) using (Eq. 2).

[100(X — 0.31)]

0.17
B (a* 4 1.75L")
 5.645L* + a* — 3.012b*

BI = (2)

Water absorption index and water solubility index
WALI and WSI were calculated as stated by Dalbhagat and
Mishra (2019) using Egs. (3) and (4).

WAI g\ _ Weight of residue after centrifugation 3)
g) Weight of the sample flour

_ Weight of the solid supernatant after drying
n Weight of the sample flour

WSI(%)
x 100
(4)
Microstructural characterization

Morphologies of both raw and roasted flours were inves-
tigated using SEM (ZEISS EVO 60) with Oxford EDS
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Fig. 1 Process flow chart for the preparation of grain based carbonated beverage

detector. A minute amount of dried grain flour (raw and
roasted) was spread on aluminum stubs and coated with
Gold-Palladium using a sputter coater (Model:
POLARON-SC7620). A microscope having tungsten fila-
ment was set at the maximum acceleration voltage of
30 kV and SEM images were captured at 500 X, 2000 X,
and 5000 X magnification.

Thermal characterization

The thermal properties of the raw and roasted grain flours
were studied using a Differential Scanning Calorimeter
(Pyris diamond DSC, USA). The calibration of the DSC
analyzer was done using indium, and an aluminum pan
without any sample was considered as the reference. The
heating rate was 10 °C/min starting from — 10 to 250 °C.
The thermal properties viz. onset temperatures (Tj), peak
temperature (T},), end set temperature (T,), and enthalpy of
gelatinization (AH,,.) were determined. The degree of
gelatinization (%) was determined as reported by Sharma
et al. (2011), and the results were represented in the percent
degree of gelatinization shown in Eq. (5).

Degree of gelatinization(%)

AH, of roasted sample (5)

=1|1- x 100

AHg of control sample

Formulation of beverage premix using linear
programming

Several trials have been done to formulate a final compo-
sition of the grain powder mix. The formulation was done
using linear programming (LP) in MS Excel giving the
required amount of protein, carbohydrates, and moisture as
constraints. Keeping the minimum cost as an objective
function (Z) and assigning the values of protein,
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carbohydrates, and moisture content, the following for-
mulation was done (Table S5). The formulation of the
beverage mix before carbonation obtained using linear
programming was 30 g, 30 g, 10 g, 20 g, and 10 g of
maize, Bengal gram, finger millet flours, sugar, and pea
protein isolate, respectively.

Preparation of carbonated beverage premix

Raw grains (maize, Bengal gram, and ragi) were roasted at
optimized conditions; ground and sieved to obtain the grain
flours. All the ingredients were mixed well to obtain the
beverage mix as per the formulation obtained in LP. The
beverage mix was milled in a homogenizer (colloidal mill),
with a clearance of 150 pm to avoid settling and make the
beverage instant. The smooth and homogeneous beverage
paste was kept in the deep freeze overnight and freeze-
dried in Lyodel freeze dryer at (— 40 °C, 10~ mbar). The
freeze-dried beverage mix was ground and sieved through
150 pm sieve. The process flow chart for the preparation of
grain-based carbonated beverage has been depicted in
Fig. 1. The carbonation powder was formulated by using
food grade sodium bicarbonate and citric acid as the major
ingredients. The prepared carbonation powder of 0.8 g per
10 g of the beverage mix was added and mixed well to
obtain the effective synergistic blend of the carbonated
cereal beverage mix. The beverage mix to the water ratio
was kept 1:2, 1:3, 1:4, 1:5, and 1:6.

Properties of carbonated beverage premix
Proximate analysis
The proximate analysis viz. (moisture, protein, fat, miner-

als, and ash content) was carried out using standard AOAC
(2005) methods.
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pH

Twenty milliliters (20 ml) of distilled water was added to a
sample of 5 g of carbonated beverage mix and stirred for
30 min to homogenize the mixture. The reconstituted car-
bonated beverage was examined for its pH by using a
calibrated digital pH meter (Systronics p pH system, 361)
using the method suggested by Rangnna (2007).

Acidity (% citric acid)

Total titratable acidity of the reconstituted carbonated
beverage was determined by titration with 0.1 m NaOH
solution as described by Wakil and Kazeem (2012) and
expressed as percentage citric acid equivalent.

Mineral estimation

Atomic absorption spectrophotometer (Perkin Elmer,
Analyst 700) was used to determine the Fe, Ca, Mg, Zn,
Mn, and Cu in carbonated beverage mix. The samples were
acid digested using a mixture of nitric acid, perchloric acid,
and sulphuric acid (3:2:1). The amounts of minerals in the
digested samples were determined by atomic absorption
spectrophotometer following the method described by
Hemalatha et al. (2007). The calibration curve was gener-
ated using standards obtained from Merck Company
(Germany). All the measurements were carried out using
standard flame operating conditions. The reproducibility
values were within 2.0% for all the minerals.

Sensory analysis of beverage mix

The sensory evaluation of the reconstituted carbonated
beverage mix was done in the Agricultural and Food
Engineering Department, IIT Kharagpur, India. The anal-
ysis was done by a trained panel consisting of fifteen
judges who carried out a subjective evaluation of the
quality of the reconstituted beverage samples. Ethical
assessment and consent prior to be enlisted in the consumer
and descriptive panel, members were briefed about the
study to enable them to make an informed decision. Those
who agreed to participate had to sign consent forms.
Members were free to withdraw from the study at any time.
Five reconstituted carbonated beverage samples were pre-
pared by mixing 0, 0.4, 0.6, 0.8, and 1.0 g of carbonation
powder per 10 g of formulated beverage mix with 25% (w/
v) reconstitution in fresh drinking water. The beverage was
stirred well to dissolve every particle of the beverage mix
in water. The judges were familiarized with the definitions
of quality attributes such as color, aroma, taste, and
mouthfeel of carbonated beverage before sensory evalua-
tion. The judges were requested to give their preference for

quality attributes of reconstituted carbonated beverage in
general to the respective scale factors, viz. not at all
Important, somewhat important, important, and extremely
important. Sensory factors and their numerical values were
based on a 9-point hedonic scale (BIS 1971) and the results
are depicted in Table S3.

Results and discussion

Effect of roasting on properties of maize, Bengal
gram, and finger millet flours

Browning index

Browning index of the food products represents the
extension of brown color. It is also used for controlling the
processes and optimization of parameters apart from its
importance in consumer acceptability. The degree of color
formation especially helps in controlling the roasting pro-
cess because of the increase in the brown-colored pigments
with the advancement of reactions like non-enzymatic
browning (Maillard reaction) and caramelization. The
response surface graphs (Fig. 2a) present the effect of
roasting time and temperature for BI of maize, Bengal
gram, and finger millet flours. The results revealed that the
BI value was increased as roasting temperature and time
increased, but the temperature was the most influential
factor. BI value was significantly (p < 0.001) affected by
the quadratic term of roasting temperature and linear terms
of both time and temperature (p < 0.001) for each flour,
however insignificant (p > 0.05) quadratic effect of time
and interaction effect of both roasting time and the tem-
perature was observed (Table 1). An increase in BI of the
flour is attributed to discoloration of yellow pigment and a
decrease in the value of lightness of the kernels due to
heating could be as a result of Maillard reaction, and it can
be controlled by roasting process variables (Zzaman and
Yang, 2014). Similar effects were also reported by Shittu
et al. (2007) for a baked loaf of composite cassava-wheat
flour-based bread.

Water absorption index

The values of WAI varied from 1.025 to 1.456, 1.025 to
1.515, and 1.059 to 1.235 for maize, Bengal gram, and
finger millet flours, respectively. For all the grain flours,
WAL increased slightly with time, but it followed an
increasing trend up to a certain temperature and thereafter
decreased gradually (Fig. 2b). A similar result was
described by Dalbhagat and Mishra (2019). The increase in
WALI of the roasted maize flour can be ascribed by the
disorganization of starch granules causing increased
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«Fig. 2 Effect of roasting time (t in min) and temperature (T in °C) on in maize and Bengal gram could be attributed to the dis-
a Browning index (BI), b Water absorption index (WAI), ¢ Water ruption in the grain structure which might have led to the
solubility index (WSI), d Moisture content (MC) of maize, Bengal . . .. . . .
gram and finger millet flours (left to right) increase in the solubility and attains maximum solubility

index after a certain period. Roasting at high temperatures
decreases the moisture content of grains that led to dry heat
gelatinization. Moreover, roasting damages some of the
starch granules leading to their enhanced water absorption

capacity (Kumar and Saini 2016).

interaction of hydrogen in water due to the release of the
hydroxyl groups from amylose and amylopectin. The
released hydroxyl groups can react with other groups that
could cause polymerization and hence cause a reduction in
hydrophobicity.

Moisture content

The effect of roasting time and the temperature was also
evaluated on moisture content (Fig. 2d) for maize, Bengal
gram, and finger millet flours. The changes in the moisture
content of the grain flours during the process of roasting are
) explained by a quadratic model (R*> > 0.95) as shown in
ﬂ01'1rs, respectively. The result rev'ealed that WSI values for  popie | The values of MC (% wh) varied from 2.01 to 8.18
maize and Bengal gram flours increased with both the and 0.75 to 1.96 over the temperature range of 160—180 °C

independent variables i.e. time and temperature, while ¢ ... o4 Bengal gram respectively, and 3.89 to 9.51
increased gradually with time and decreased abruptly with oo temperature range of 80—120 °C for finger millet.

temperatl.lre for ﬁnger. millet flour (Fig. 2c). .Roasting The results obtained by the experimental analysis con-
resulted in a decrease in WSI of the finger millet flour firmed that both roasting temperature and time were the

supported by earlier study on buckwheat (Christa et al. iy parameters influencing the moisture content. As time
2009). The decrease in WSI might be accountable for the 4 temperature increased, MC of the all the grains

structural changes within the endosperm and starch gran- decreased. The model was found significant at p < 0.001
ules (Olayinka et al. 2008) of the finger mlllet.gram for all the flours. The squared term for temperature and
because of more fiber content as well as the formation of time was significant (p < 0.001), whereas the interaction
amylase-lipid complexes within the grain during roasting was not significant. This finding is supported by the work

(Gujral et al. 2011). The Ipodel was fou.nd to be .signiﬁcant of Shakerardekani et al. (2011). Kahyaoglu and Kaya
(p < 0.001) for all the grain flours. The increase in the WSI

Water solubility index

The WSI varied from 2.801 to 4.654, 12.168 to 21.409, and
2.708 to 3.733 for maize, Bengal gram, and finger millet

Table 1 Regression coefficients for each response surface equation and model fit parameters for Maize, Bengal gram and Ragi flours

Model Flour Intercept X, X, X2 X,? X; X, R?> Adj pmodel Lack %
parameter R? of fit (6\%
BI Maize  73.25 5.90%* 1.55% 1.68%%  —0.081™ —0.08"™ 099 0976 <0.0001 0.939 0.92
Bengal  43.21 5.90% 3.16%%  —1.92% 038" —022™ 097 0951 <0.0001 0.124 2.57
gram
Ragi 16.36 0.56% 0.14% 0.16% —0.11"™ 0.083™ 097 0949 <0.0001 0.067 0.58
WAI (g/g) Maize 1.38 0.18%*  — 0015 —0.17# 0049  0022™ 096 0924 <0.001 0669 322
Bengal 1.38 0.21%% 0.047#% —0.10%* —0.012™ —0.003™ 099 0982 <0.0001 0.078 1.67
gram
Ragi 1.08 0.044%%  0.042%%  0.025%* 0.02%* 0.025%* 098 0961 <0.0001 0.177 09
WSI (%)  Maize 4.05 0.45% 0.076 ™ —0.39% 0.074™  —046** 098 0957 <0.0001 0231 248
Bengal  15.83 1.36%%  — 2.88%* 0291 123w 0.48 1 0.97 0956 <0.0001 0.184 3.05
gram
Ragi 3.39 — 0.38%* 0.12%%  —025%  0.043™  —0.023™ 098 0963 <0000l 0414 1.81
MC (%wb) Maize 5.4 — 2.014%%  —102%%  —097%* 023" 0.39 1 098 0962 <0.0001 0.863 6.85
Bengal 1.09 — 0.18%%  — (.48%* 0117 0.26%* —008™ 096 0937 <0000l 0293 8.14
gram
Ragi 6.66 — 1.39%%  — 1.59%%  _ (045" (.81%* —027™ 097 0945 <0000l 0667 538

X,: Temperature, X,: Time, *p < 0.01, **p < 0.001, "*Non-significant
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(2006) discovered that moisture content is not the main
parameter during roasting of sesame seeds.

Optimization of the roasting process

The roasting parameters (temperature and time) were
optimized using the graphical method of RSM to obtain
flours with acceptable properties. The main criteria for
optimization were to minimize MC, maximize WAI and
WSI, and BI to be in the range. Table 1 shows the
regression coefficients for each response surface equation
and model fit parameters for maize, Bengal gram, and
finger millet flours. The predicted optimized conditions
were validated by conducting the experiments in triplicates
(Table 2). The closeness between predicted and experi-
mental values and percentage error of less than 10% rep-
resented the model well fit for the experiments. The
desirability of the predicted data for maize, Bengal gram,
and finger millet flour given by the Design-Expert software
were 0.89, 0.77, and 0.76, respectively.

Characterization of raw and roasted flours
Microstructure

Microstructural properties of the raw and roasted grain
flours were investigated by SEM analysis. In the raw
maize, Bengal gram, and finger millet flours, uniform and
homogeneous microstructures were observed. Figure 3a
(1-3) and 3(a) (4-6) depict the SEM images of raw and
roasted maize flour, respectively at 500 X, 2000 X, and
5000 X magnifications. In raw maize flour samples, starch
granules could be observed differing in shape from oval to
polyhedral, along with smooth and porous surface (Liu
et al. 2011). The roasted maize flour had closer micro-
graphs to the raw flour, although the starch granules were

slightly smaller than that of the raw flour. That might be
due to the disorganization of starch granules after grinding
and heat treatment in the process of roasting (Raigar et al.
2017). SEM images of raw and roasted Bengal gram flour
are depicted in Fig. 3b (1-3) and 3(b) (4-6), respectively
for 500 X, 2000 X, and 5000 X magnifications. For raw
Bengal gram flour, the presence of large oval to small
spherical shaped granules distributed randomly over the
matrix was observed in 2000 X magnification. Roasted
Bengal gram flour microstructure in Fig. 3b (4-6) illus-
trates that the granules had been fragmented, and the size
of the starches had been reduced during the temperature
and time treatment of roasting. The size reduction might be
due to the interrelated processing conditions rather than
relating it to a single parameter. Similarly, the SEM images
of raw and roasted finger millet flours are shown in Fig. 3c
(1-3) and 3 (c) (4-6), respectively. A study of
microstructure for raw finger millet flour revealed that
starch granules are visible with no pores at the surface;
these are polygonal in shape with edges (Gull et al. 2016).
However, the roasted finger millet flour was appeared to be
fragmented, probably due to the denaturation of the pro-
tein. Moreover, the physical and compositional variations
of the grains can be considerable (Oikonomou and Krokida
2011).

Thermal analysis

The thermal properties of the raw and roasted grain flours
were investigated using differential scanning calorimetry
method and the thermal curves for raw and roasted maize,
Bengal gram, and finger millet flours are represented in
Fig.S1 (a), (b), and (c), respectively. During the processing
of cereal foods in the presence of heat, starch gelatiniza-
tion, and protein denaturation takes place. When thermal-
treated cereals are examined on DSC, the value of AHg

Table 2 Predicted and

Experimental values for Maize, Model parameter Flour Predicted values Experimental values % Error
Bengal gram and Ragi flours BI Maize 79.28 + 0.16 72.19 + 0.21 8.94
Bengal gram 49.07 + 0.54 46.35 + 0.92 5.54
Ragi 16.78 £+ 0.23 15.77 £ 0.29 6.02
WAI (g/g) Maize 1.42 + 0.39 1.31 £ 0.14 7.74
Bengal gram 1.51 £ 0.72 1.48 £ 0.18 1.98
Ragi 4.85 + 0.09 5+ 0.11 3.09
WSI (%) Maize 457 £ 0.25 4.67 £ 0.38 2.18
Bengal gram 16.39 £+ 0.82 15.02 £ 0.59 8.35
Ragi 1.18 + 0.56 1.16 £ 0.41 1.69
MC (%wb) Maize 339 £ 043 3.66 £+ 0.54 7.96
Bengal gram 0.75 £ 0.71 0.69 + 0.04 8
Ragi 3.26 £ 0.62 3.2 £0.06 1.84

All the values are expressed as mean + SD
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Fig. 3 Scanning electron
micrographs of a maize,

b Bengal gram, c¢ finger millet
flours (raw denoted by 1,2,3)
and (roasted denoted by 4, 5, 6)
at 500 X, 2000 X and

5000 X magnifications (left to
right)
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tends to decrease and the values of T, T, and T. tend to
increase depending upon the extremity and type of heat
treatment (dry heat or moist heat) and raw material com-
position (Table S4). Heat treatment during roasting had
decreased the AH,, values for all the flours. The decrease
in AHgel values were 27.76, 38.44, and 3.95 J/g for roasted
maize, Bengal gram, and finger millet flours, respectively.
The reduction in AHg values were attributed to gelatiza-
tion of starch during the process of roasting. Similar trends
were observed for different barley cultivars after roasting
by Sharma et al. (2011) and Gujral et al. (2011). Granfeldt
et al. (2000) also reported a decrease in T, and AHg
values for roasted oats and steamed barley flakes. The
degree of gelatinization was 39%, 31.27%, and 4.01% for
roasted maize, Bengal gram, and finger millet flours,
respectively. Factors affecting starch gelatinization might
be the heating rate, moisture content, amount of amy-
lopectin and amylose, a method of heat-processing, and
source of starch (Altay and Gunasekaran 2006).

Physicochemical properties of beverage mix

The proximate composition, physicochemical properties
like color, pH, titratable acidity, and mineral contents were
investigated and the results are shown in Table 3. The
produced carbonated beverage mix was sparkling in nature,
light in color, slightly acidic and rich in protein and min-
erals. It was observed that the L* value (79.01 £ 0.12) of
carbonated grain beverage mix found to be positive, indi-
cating that the product was light in color. The value of a*
indicates the level of redness (positive) and greenness
(negative) and was measured to be 3.26 £ 0.43 and the b*
value (positive-yellowness and negative-blueness) was
found to be 22.52 £ 0.38, which indicates a slight tinge of
yellowness to the product. The color of the beverage mix
can hence be defined as sandalwood color. The high protein
content (16%) of the product was due to the components
like Bengal gram and pea protein isolate. The mineral
values for Fe, Ca, Mg, Zn, and Mn were 11.67, 36.67,
86.26, 5.63, and 2.91 mg/100 g, respectively and were
within the ranges of RDA.

Sensory analysis

The reconstituted (1:4 w/v) cereal-based carbonated bev-
erage was analyzed for its sensory acceptability using a
9-point hedonic scale (Table S6). The beverage was anal-
ysed for its color, aroma, appearance, taste, mouthfeel,
carbonation and overall acceptability. Fig. S2 shows the
mean scores for color, aroma, appearance, taste, mouthfeel,
carbonation, and overall acceptability of the samples S1
(Cp or 0% carbonation powder), S2 (Cy), S3 (Cg), S4 (Cy)
and S5 (Cyp). All the concentrations were within the

@ Springer

Table 3 Physicochemical properties and mineral contents of the
developed carbonated cereal beverage mix

Parameters Contents/values”
pH** 5.56 £ 0.10
Acidity (%)** 0.25 £ 0.04
L* 79.01 £ 0.12
a* 326 + 0.43
b* 22.52 + 0.38
Protein (%) 16 + 0.07
Fat (%) 3.00 &£ 0.11
Ash (%) 2.13 + 0.04
Carbohydrates (%) 73.17 £ 0.22
Moisture (%) 5.70 + 0.17

Fe (mg/100 g)
Ca (mg/100 g)
Mg (mg/100 g)
Zn (mg/100 g)
Mn (mg/100 g)

11.67 (RDA: 8-18 mg/day)
36.67 (RDA: 1000-1300 mg/day)
86.26 (RDA: 200-400 mg/day)
5.63 (RDA: 3-11 mg/day)

291 (RDA: 2.5-3 mg/day)

#Average of two determinations

**Analysis done for reconstituted beverage mix

acceptable range. From the graph, it can be clearly seen
that the sample S4 got the highest overall acceptability of
7.7. The effect of carbonation on the S4 (8% carbonation)
showed the highest scores in appearance, mouthfeel and
carbonation. Sample S5 did not show the highest score in
carbonation though it contained the highest concentration
that might be due to the early bubble formation and quick
disappearance which left the fizzing carbonation effect for
a lesser time. The other sensory parameters such as color
and aroma were found quite similar to that of sample S4
which was the highest in the overall acceptability. Hence,
the best sample was S4 having less carbonation than S5 but
gave a quite stable result.

Conclusion

In this study, FCCD is proposed to obtain the optimum
roasting conditions for maize, Bengal gram and finger
millet. The optimally roasted grain flours were utilized for
the beverage formulation using LP. Some conclusions can
be summarized as follows.

a. The optimized conditions for maize, Bengal gram and
finger millet were 180 °C for 15 min, 180 °C for
27 min and 110 °C for 30 min, respectively. The
increase in temperature and time positively affected
the properties viz. WAI, WSI, MC and BI significantly
at p < 0.001.
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b. The formulation obtained using LP comprised 30 g
roasted maize, 30 g Bengal gram, 10 g finger millet
flours, 20 g sugar powder, and 10 g pea protein isolate.

c. The concentration of carbonation powder affected the
consumers’ perception of the final product by altering
the sensory attributes of the product. The carbonated
beverage mix with 8% carbonation powder showed the
highest overall acceptability. The carbonated beverage
mix prepared was rich in protein, i.e. 16% and minerals
viz. Fe, Ca, Mg 11.67, 36.67, 86.26 mg/100 g
respectively.

d. In addition, the proposed work can be easily applied
for the value addition, instant food and beverage
formulation using other grains also. Hence, the present
invention of cereal/ grain based carbonated beverage
mix serves the unique way to be used as a healthy and
nutritious drink when mixed with water provides for
fizzing and sparking effect of carbonation. Further-
more, carbonation can be an effective way to reduce
the microbial stability, shelf life enhancement and
improve overall acceptability.
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