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ABSTRACT
Background: The Carbohydrate and dietary fibre quotients (CQ and DFQ) are an indication of total carbohydrate, dietary fibre and
its fractions viz. soluble and insoluble. Malting is a nutrition transition natural method having many benefits. Further, a resistant
starch (RS) is called a fraction of dietary fibre which forms on heating starch rich foods. Millets were malted and moist steamed in
order to improve CQ and DFQ and used in preparation of pizza base.
Methods: The moist steamed millets (MSM) malt was analyzed under Scanned Electronic Microscopic (SEM) to detect RS. The
developed pizza base was analyzed for proximate composition, in-vitro digestibility and Estimated Glycemic Index (EGI) etc.
Result: The SEM of moist steamed malt showed the retrograded starch molecules as an effect of moist steaming and cooling
process. The proximate composition of pizza base showed a significant change in all parameter on fortification. The microbial
parameters were slightly affected on fortification. The total starch, rapidly digestible starch (RDS), slowly digestible starch (SDS)
and resistant starch (RS) content were too reduced on fortification. The Hydrolysis Index (HI) and Estimated Glycemic Index (EGI)
were too decreased from 45.06 to 31.74 and 64.45 to 53.14 respectively on fortification. Hence, it is concluded that the MSM malt
utilization in pizza base has impact on overall quality of pizza base including physico-chemical properties, microbial and EGI. The
high fibre and RS millets malt could be utilized in the preparation of high fibre and low EGI pizza base.
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INTRODUCTION
The rising health complications are igniting the minds of
food technologist to shift the product development paradigm
towards fulfilling the consumer aspirations with respect to
prevention of disease or disorder. The millets are a known
source of dietary fiber and well known for minerals. The
millets are processed by different ways viz. milling, soaking,
germination, roasting, fermentation, popping, cooking,
extrusion and radiation (Anonymous, 2023). Millets are also
a great source of phytochemicals that serve as immune
system regulators, detoxifying agents, antioxidantsand
other roles, preventing age-related degenerative illnesses
like cancer, diabetesand cardiovascular diseases. The
millets are also reported to have anti-inflammatory,
hypolipidemic and low-glycemic index qualities (Rao et al.,
2017; Nitya and Keshavan, 2018; Chaturvedi, 2018).

Malting involves carefully regulating soaking and
germination under circumstances that produce the desired
chemical, biochemical and physical changes related to the
germination process. Additionally, malting has been shown
to enhance the amount of soluble sugars, lysine,
methionine, water-soluble proteinsand diastatic activity in
the malt (Kundai et al., 2023).

RS is a linear a 1,4-D-glucan molecule that primarily
comes from retrograded amylose in cooked starchy foods.
It was discovered that resistant starch (RS) produced when

rice and ragi were parboiled, expanded, popped, flaked,
dried on rollers, cooked in extrusions, maltedand autoclaved.
The RS has low calorie content (1.6-2.8 Kcal/g), it can
complement low-fat and low-sugar food formulations and
add distinctive qualities in addition to dietary fiber fortification
in high-fiber foods (Admajith et al., 2021).

The millets could be explored for the development of
low GI food products and many of scientists have produced
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various products including roti, dosa and dumpling (mudde)
from millets mix (Geetha et al., 2020; Narayanan et al.,
2016), Foxtail and Barnyard based biscuitsand many more.
Thus new products high in fibre and low GI pizza base are
apt for the present situation as the pizzas are popular among
all the groups.  Malting is a nutrition transition natural method
having many benefits. Millets when malted and moist
steamed improves Carbohydrate and Dietary fibre and can
be used in preparation of pizza base.

MATERIALS AND METHODS
Materials
Raw ingredients including millets, refined wheat flour, salt,
sugar, yeast and others were accessible at the Bakery Plant
of the MIT Art, Design and Technology University, Pune.

The presented research is a part of PhD research work
conducted during the year 2022 to 2023 at the School of
Food Technology, MIT Art, Design and Technology
University, Pune.

Preparation of moist steamed millets (MSM) malt
The selected millets namely finger, foxtail and barnyard
millets were initially malted and later on moist steamed
followed by cooling.

Scanning electronic microscopy (SEM) of raw, malted
millets and moist steamed millets malt
The SEM of samples was done by using model FEI Nova
NanoSEM NPEP303. The samples were observed at 3 to
10 kV at differential pressure and magnification up to 1000.

Carbohydrate quotient (CQ)
The CQ is a new term that was created and quantified as a
ratio of non-digestible (includes dietary fibers and RS) to
digestible carbohydrates (includes RDS and SDS). It was
determined using the equation (1).

          ...(eq 1)

Dietary fibre quotient (DFQ)
The DFQ is a ratio soluble dietary fibres (including RS) to
insoluble dietary fibres and calculated by following equation (2).

          ...(eq 2)

Preparation of moist steamed millets (MSM) malt fortified
pizza base
The MSM malt fortified pizza base was made in accordance
with the Table 1 formulas and Flowsheet 1 (NIIR, 2014).

Proximate composition of prepared products
According to the standard procedures, the proximate
composition of prepared pizza base were examined for
moisture, total carbohydrate, protein, crude fiber, crude fat,
ash contentand minerals content (AOAC, 2005a; AOAC,
2005b).

Starch digestibility (In vitro) and estimated glycemic index
(EGI) of moist steamed millets (MSM) malt pizza base
The standards technique and framework were employed
to evaluate the in vitro hydrolysis of starch. The starch
hydro lysis k inet ics was charac terized by using a
nonlinear equation which was adjusted to the digestion
curves by using a methodology given by (Mohamed
et al., 2017).

Microbial quality of moist steamed millets (MSM) malt
fortified pizza base
The pizza base was fetched for microbial examinations
like total plate count (TPC) and yeast and mold count (YMC)
after manufacturing for 4 days storage period to determine
its shelf life (Aneja, 2007).

Sensory evaluation
The sensory assessment of the developed pizza base was
carried using nine point hedonic scale (from dislike extremely
to like extremely in merit order) method (Sukanya and
Michael, 2014).

Statistical analysis
A triplicate of each measurement was made to determine
the level of significance (p0.05), the findings were examined
using one-way analysis of variance (ANOVA). Microsoft
Excel 2016 and IBM SPSS Statistics version 29.0.0.0 were
used to conduct the statistical analyses.

Table 1: Formulation for moist steamed millets (MSM) malt fortified pizza base.

Ingredients Maida Foxtail Finger Barnyard
Sugar Salt Soybean oil Yeast CP

(g) (g)  millet (g) millet (g) millet (g)

Control 100 - - -
FPB1 94 2 2 2
FPB2 91 3 3 3
FPB3 88 4 4 4
FPB4 85 5 5 5 3 g 2 g 2 ml 4 g 1 g
FPB5 82 6 6 6
FPB6 79 7 7 7
FPB7 76 8 8 8
FPB8 73 9 9 9
FPB9 70 10 10 10

Soluble dietary fibres
 Insoluble dietary fibres CQ=

Non digestible carbohydrate
 digestible carbohydrate

 CQ=
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RESULTS AND DISCUSSION
The impact of malting and moist steaming on the
microstructural characteristics of millets
Fig 1, 2 and 3 namely raw, malted and moist steamed millets
were examined at 2500X magnification. Fig 1 showed the
compact starch molecules without any distortion. In the Fig 2,
malted millets starch molecules were observed to be distorted
which could be due to the enzymatic (amylases) action on
starch molecules. Fig 3 of moist steamed malted millet flour
recorded presence of retrograded starch molecules due to
the cycles of moist steaming and cooling process.

Effect of malting and moist steaming on CQ and DFQ of
millets
The malting and moist steaming process alters the total
carbohydrates, dietary fibers and RS content which reflects
on CQ and DFQ of malted millets flour as shown in Table
2. The CQ of millets (raw, malted and moist steamed)
ranged from 0.08 to 0.50. Amongst the various samples
listed in Table 2, the moist steamed millet samples
showed significantly improved CQ (0.19, 0.21 and 0.50)
than raw (0.08, 0.15 and 0.29) and in the same context
moist steamed BM showed highest 0.50 and raw FM
showed lowest 0.08 CQ.

Sensory profile of moist steamed millets (MSM) malt
fortified pizza base
The sensory profile analysis results are as per Graph 1.
The sensory characteristics including overall acceptability
of pizza base was recorded in decreasing manner as
previous trend. On considering the scores of panelist it was
decided to take up the FPB8 sample for further study.

Proximate composition of moist steamed millets (MSM)
malt fortified pizza base
The proximate composition of pizza base was analyzed
and the results are depicted in Table 3. A significant
difference in moisture content (p0.05), was recorded.
Protein and carbohydrates were found to be significantly
decreasing from 9.21% to 8.73% and 57.37% to 52.20% in
control and FPB8 respectively. The fat content of FPB8
(1.07%) significantly reduced than control (1.30%). The
similar effect was observed in fiber (0.34% to 3.13%) and
crude ash content (0.81% to 2.26%) in control and FPB8
respectively. The superior mineral composition of millet
malt resulted in significant increase in minerals viz.
calcium (151 to 164 mg/100g), phosphorous (183 to 199
mg/100 g), magnesium (24.0 to 76.6 mg/100 g) and iron
(2.42 to 4.28 mg/100g) in FPB8 in comparison with control.
The theoretical energy value of pizza base was noted to be
decreased with fortification.

In-vitro digestibility and EGI of moist steamed millets
(MSM) malt fortified pizza base
The starch hydrolysis values for control and fortified pizza
base shows (Table 4 and Graph 2) that the starch hydrolysis
was consistently less in fortified samples from the

beginning to the end of hydrolysis process, i.e. control
(64.66 to 83.80) and fortified pizza base (61.89 to 78.10) 30
min and at 180 min respectively. The total starch content
was reduced from 73.25% (control) to 71.35% (FPB8). The
RDS was decreased from 47.90% (control) to 44.27%
(FPB8). The SDS and RS were found to be in an increasing

 
Fig 1: Microstructure of native starch molecules in millet.

 
Fig 2: Microstructure of starch molecules in malted millets.

 
Fig 3: Microstructure of starch molecules after steaming and

cooling cycles.
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order on fortification. The SDS and RS in pizza base were
found to be as from 23.22% (control) to 24.24% (FBP8)
and from 2.41% (control) to 4.34% (FPB8) respectively.

The HI for control and fortified (FPB8) were recorded
as 45.06 and 31.74, which clearly shows that CQ and DFQ

enhanced millets malt have significantly impacted HI of
pizza base. Simultaneously, the EGI of prepared products
shows the similar effect like HI. The EGI of prepared pizza
base was significantly affected as 64.45 and 54.14 for
control and FPB8 respectively.

Table 2: Effect of malting and moist steaming on CQ and DFQ of millets.

Sample CQ DFQ

Raw 0.08±0.00g 0.61±0.00b

Finger millet Malted 0.15±0.01f 0.51±0.01c

MS 0.19±0.01e 0.85±0.01a

Raw 0.15±0.01f 0.23±0.01h

Foxtail millet Malted 0.18±0.01e 0.26±0.02g

MS 0.21±0.01d 0.48±0.02d

Raw 0.29±0.01c 0.43±0.01e

Barnyard millet Malted 0.41±0.00b 0.39±0.01f

MS 0.50±0.00a 0.63±0.01b

Values followed by the different letters in the same column are significantly different (p<0.05).
*each value is a determination of 3 values.

Flowsheet 1: Preparation of moist steamed millets (MSM) malt fortified pizza base.

Graph 1: Sensory Evaluation of moist steamed millets malt fortified pizza base.
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Table 4: Starch fraction of moist steamed millets (MSM) malt fortified pizza base.

Sample Control FPB8

Total starch 73.25±0.04a 71.35±0.15b

Rapidly digestible starch (RDS) 47.90±0.15c 44.27±0.12d

Slowly digestible starch (SDS) 23.22±0.05b 24.24±0.03a

Resistant starch (RS) 2.41±0.01c 4.34±0.01a

C” 36.10±0.10c 34.60±0.02d

K 0.02±0.00a 0.01±0.00b

AUC 4742.32±3.14c 3339.93±2.00d

HI 45.06±0.12c 31.74±0.02d

EGI 64.45±0.07c 54.14±0.01d

Values followed by the same letters in the same row are not significantly different (p<0.05).
*each value is a determination of 3 values.

Table 3:  Proximate composition of moist steamed millets (MSM) malt fortified pizza base.

Parameter (%) Control FPB8

Moisture 30.54±0.01b 32.12±0.02a

Carbohydrate 57.37±0.02a 52.20±0.05b

Protein 9.21±0.01a 8.73±0.05b

Fat 1.30±0.01a 1.07±0.02b

Dietary fiber 0.34±0.01b 3.13±0.05a

Ash 0.81±0.01b 2.26±0.15a

Energy (Kcal) 278.12±0.19a 255.22±0.49b

Minerals (mg/100g)
Ca 151±1.00b 164±1.00a

P 183±1.00b 199±1.00a

Mg 24.0±2.00b 76.6±1.52a

Fe 2.42±0.03b 4.28±0.01a

Values followed by the different letters in the same row are significantly different (p<0.05).
*each value is a determination of 3 values.

Microbial quality of moist steamed millets (MSM) malt
fortified pizza base
The microbial quality evaluation results are recoded in the
following Table  5. The zero days recorded no bacterial and

fungal growth however, on subsequent storage days from
day 1 to 4 TPC and yeast and mold ranged from 0.35102

to 2.23103 and 0.54102 to 2.82103 for control sample
respectively. Similarly, for FPB8 sample, TPC and yeast

Graph 2: Starch digestibility (In vitro)/ Hydrolysis curve.
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Table 5: Microbial quality of moist steamed millets (MSM) malt fortified Pizza base.

Storage period (Days)
          Total plate count(cfu/g)                                                    Yeast and mold count(cfu/g)

Control FC3 Control FC3

Fresh Not detected Not detected Not detected Not detected
15 0.5±0.00d 0.53±0.01d 0.22±0.01d 0.24±0.01d

30 1.5±0.02c 1.62±0.01c 0.41±0.01c 0.44±0.01c

45 1.31×102±0.01b 1.34×102±0.00b 0.63×102±0.00b 0.67×102±0.00b

60 2.47×102±0.01a 2.54×102±0.01a 0.89×102±0.01a 0.92×102±0.01a

Values followed by the different letters in the same row are significantly different (p<0.05).
*each value is a determination of 3 values.
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and mold count was increased from 0.36102 to 2.28103

and 0.58102 to 2.84103 respectively.

Microstructural characterization of raw and malted millet
flour
The repeated heating and cooling cycle dissolved and
recrystallized the amylose molecules as well as made the
surface rough. Thus, hypothesized that the distortion during
malting process split the amylopectin molecules into amylose
fraction which got retrograded (turned to RS3) on moist
steaming and cooling cycle. A similar effect on starch molecules
was reported by group of scientist (Yunzhan et al., 2020).

Effect of malting and moist steaming on CQ and DFQ of
millets
It was observed from the present study that the malting and
moist steaming process altered the total carbohydrates,
dietary fibers and RS content which reflects on CQ and DFQ
of malted millets flour, the moist steamed millet samples
showed significantly improved CQ than raw and in the same
context moist steamed BM showed highest and raw FM
showed lowest CQ. The moist steaming process shows a
significant influence to alter the CQ. The increased dietary
fibre and RS content on malting and moist steaming are the
prime factors in increasing the CQ and DFQ. The improved
CQ in millets showed its probable utilization as a source of
dietary fibres in human diet (Banusha et al., 2013).

Sensory profile of moist steamed millets (MSM) malt
fortified pizza base
The fall in sensory score for fortified millets pizza base
was due to increased content of millets (which has a dark
colour and makes the product less appealing) in the
formulation. The similar effects were noted in foxtail millet
millets fortified pizza base. The taste was changed due to
the fortification of millet malt which imparts slightly malty
and sweet taste in the product. This shift in texture
parameter could be attributed to increased soluble dietary
fibre content that holds more moisture causing softness in
pizza base texture (Veena et al., 2020).

Proximate composition of moist steamed millets (MSM)
malt fortified pizza base
The rise in moisture attributed to the tendency of increased
dietary fibers to absorb and retain water in the malt fortified

pizza base. The fortified pizza base recorded lower
carbohydrates and fat content than control and it was due
to utilization multi-millets malt which depicts lower
carbohydrates and fat content than refined wheat flour
(Takawale et al., 2021; Samson et al., 2023). The reason
behind elevated contents in said minerals was solely due to
fortification of mineral rich millets malt. The equivalent results
pertaining enhancement in above nutrients were noted by
(Priyadarshana et al., 2021; Samson et al., 2023).

In vitro digestibility and EGI of moist moist steamed millets
(MSM) malt fortified pizza base
The fortification of MSM malt significantly impacted the
starch hydrolysis and it was due to enhanced dietary fibre
content especially RS3 in the pizza base. The clear change
in total starch, SDS and RS was due to fortification of moist
steamed millets malt. There was a strong correlation
between the HI of the pizza base and the starch fractions.
The index of starch hydrolysis and ultimately the EGI was
observed to be affected by amylose/amylopectin ratio, the
kind of starch, the physical entrapment of starch molecules
within food, food processingand other food matrix elements
such as sugars, fat, protein, dietary fiberand anti-nutrient
content (Ferrer et al., 2012; Faviola et al., 2013; Edith et al.,
2012; Jan et al., 2011).

Microbial quality of moist steamed millets (MSM) malt
fortified pizza base
The rate of microbial deterioration was found to be
significantly more in FPB8 sample compared to the sample
prepared from refined wheat flourand this might be due to
more moisture content held by fortified pizza base and the
packaging material used. The microbial count is within the
safe limit of specifications laid down by FSSAI and Codex
(Sagar and Pareek, 2020).

CONCLUSION
The low calorie and high dietary fibre pizza base was made
by using thermally treated millets malt. The moist steamed
millets malt was analysed for SEM, CQ and DFQ and the
product was evaluated for proximate composition, in-vitro
digestibility and Estimated Glycemic Index (EGI) etc. Based
on the net outcome of the above analysis, it has noted that
the good quality pizza base could be made with such a
moist millets malt with minimum effect on quality.
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