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Abstract

In recent times, millet emerged as a gluten-free alternative cereal with
arich nutritional profile. However, the nutritional value is hindered by
antinutritional factors, like tannin and phytic acid, present in the grain. In the
current work, wet pre-processing methods, namely steeping, fermentation,
germination,and a combination of germination-fermentation were studied
for their effect on these antinutritional factors along with other functional
and chemical properties of millet flour. Starch hydrolysation due to these
wet pre-treatments was found to improve various aspects of the functional
properties of millet flour. Steeping and fermentation resulted in increased
protein and fat fraction in the treated flour with better water absorption
capacity and hygroscopicity. At the same time, germination improved the
protein and fibre content with better water solubility and oil absorption
capacity. The aqueous environment during these pre-treatments was also
found to reduce gelatinisation temperature and content of antinutritional
factors in the treated flour samples. The present study indicated that wet
pre-processing could be a good value addition to millet flour preparation
with better functional and nutritional properties.
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Introduction

Millets originated primarily in South-East Asia,
Eurasia, and East & West Africa. They are widely
variable, small seed plants belonging to the
Eragrostideae, Paniceae, and Andropogoneae tribe
of grasses of the Poaceae plant family. Apart from
sorghum (Sorghum bicolor), pearl millet (Pennisetum

glaucum) and finger millet (Eleusine coracana) are
considered significant millet in India. India is the
world's largest millet producer, followed by Nigeria
and China."

On the nutritional value, they are generally considered
nutritious cereal grains, rich in phytochemicals,
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especially polyphenols and trace elements.?3 With
the growing interest in gluten-free cereal diets among
people with celiac metabolic defects, the demand for
millet as a human food supplement has increased.*
The nutritional value of millets varies with variety
and cultivation conditions. The presence of various
anti-nutrients like tannins, phenolics, oxalates,
phytates, proteases, and amylase inhibitors further
inhibit the bioavailability of nutritious compounds.
The condensed tannins in millet are typically
associated with proteins and effects dietary protein
digestibility, enzyme activity and bioavailability
of minerals. Although most millets have high calcium
and iron content, their binding with oxalates and
phytates reduces their bioavailability.

Millets are utilised in the form of grounded flour as
porridges, fermented and non-fermented bread,
boiled products, snacks, and alcoholic and non-
alcoholic beverages. Various previous works have
reported that pre-treatment like dehulling and
decortication, germination, fermentation and heat
moisture treatment and other thermal processing
could decrease the level of anti-nutritional factors and
increase the bioavailability of nutritional elements.>¢”
One should keep in mind that majorities of these
operations are combined with other processes.

Dehulling is one of the most common practices
in millet processing, as dehulling and decortication
removes the tannin-rich outer layer of millet, the
final product exhibits improved digestibility and
reduced astringency with an overall decrease
in anti-nutritional factors.8 But it also reduces
fibre and polyphenolic content since they are also
present primarily in the outer layer. Steeping is one
of the predominant wet pre-treatment, generally
used before the flour milling process and is also
known as tempering or wet milling.® Water diffusion
during steeping creates an aqueous environment
which solubilises and facilitates the leaching
of the tannins, phytates and phenolic compounds.®
Similarly, during germination, tannins, phytates, and
other phenolic compounds leach out on the surface
because of the humid atmosphere and hydrated
grains. It is not only phenolic compounds which
migrate during the germination process, various
enzymes like polyphenol oxidase (PPO), which
utilise phenolic compounds, also get mobilised
during the germination process. This movement

affects the phenolic content, as the enzyme uses
the phenolic compounds as a substrate in the grains
and also increases the antioxidant activity.®

Fermentation and germination also affect the
amylose content and the structure of amylopectin
in sorghum. These treatments yielded more pores
in the granule surface and changed the crystallinity
of the flour. Changes in these structural properties
will affect the gelatinisation temperature and
application of the treated flour.'®"

Consequently, the present work's objective was
to examine the effect of the main wet- proces-
sing methods, namely steeping, fermentation,
germination, and combination of germination with the
fermentation of grains, on the physicochemical and
functional attributes of themillet flour. The structural
properties (particle size, X-ray diffraction pattern, and
gelatinisation) and chemical properties (proximate,
anti-nutrients, phenolic content, and antioxidant)
were studied.

Materials and Methods

Pearl millet (PC612) and finger millet (VL146) utilised
for the current study were secured from the ICAR
- Indian Agricultural Research Institute, Pusa, New
Delhi. They were cleaned manually for the removal
of foreign matter. Further, they were screened
using a mechanical sieve to remove dust and other
lighter particles. Cleaned grains were kept in sealed
commercial polypropylene bags and stored at 4+1°C
until further use.

Flour Preparation

Aclean, untreated grain sample was used for control.
Steeping was performed by submerging grains
in water treated with double distilled water (DD)
in the ratio of 1:3 (w/v) for 16 hr at 28+1°C. After
the steeping, water was drained, and grains were
washed with fresh DD water and kept for drying.'
For natural fermentation, grains were submerged
in DD water (w/v: 1:3) for 72 hr at 28+1°C, and
water was not changed throughout the fermentation
process. Once the process was over, water was
drained, grains were washed with fresh DD water
and were kept for drying." For germination, grains
were steeped in DD water for 12 hr and then spread
on a tray covered with wet muslin cloth for 3 days at
30°C for sprouting.’® Once sprouting was achieved,
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grains were placed in a hot air circulating tray drier
at 55+2°C for 8 hr." After drying, rootlets were
removed from the grains. A portion of these dried
germinated grains was again fermented to prepare
germinated fermented samples. All grains were put
in a hot air circulating tray dryer at 55+2°C for 8 hr to
achieve uniform moisture content (8+1% dry basis)
before milling. Dried pearl millet and finger millet
samples were milled using a rotating hammer mill
at a feed rate of 6 kg/hr. The whole grain millet flour
samples were kept in commercial polypropylene
bags and stored at 4+1°C until further use. P1, P2,
P3, P4 and P5 and F1, F2, F3, F4 and F5 represent
untreated control, steeped, fermented, germinated,
and germinated fermented flour samples for pearl
millet and finger millet respectively.

Physical and Functional Properties

Particle Size Distribution

Particle size distribution of the millet flour samples
was calculated using #16, 30, 60, 100 and 200 BSS
standard sieves (1mm, 0.5mm, 0.25mm, 0.15mm,
and 0.075mm respectively) and 50 g sample size.™
Results were reported as percentage retention on
each sieve.

Density

The bulk density and the tapped density of the
control and pre-treated flour samples were estimated
by the method described by Mohite et al. and Adebiyi
et al. respectively.'81”

Absorption Capacity and Solubility Index

The absorption capacity of the flour sample was
determined by measuring the gain in weight per
gram after treatment with double distilled water
and oil, respectively. For water absorption capacity
(WAC), 1 g millet flour sample was vortex blended
with 10 mL DD water in a pre-weighted centrifuge
tube for 2 min. The tube was kept still for 30 min at
25°C, then centrifuged at 3000g for 30 min. The WAC
was expressed as a gain in weight after removing
the supernatant. For absorption capacity (OAC), 10
mL of sunflower oil was used instead of DD water."®
The correction was made for initial moisture content,
and the result was calculated on a dry basis.
The density of oil was determined (0.91g/mL),
while the density of water was assumed as
1g/mL at 25°C.""
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To determine water solubility index (WSI), 1 g
of millet flour sample was mixed with 10 mL DD
water and incubated at 25°C for 30 min, the
tube was graduallyagitated during this period.
After incubation, the tube was centrifuged at 3000 g
for 15 min, and the supernatant was decanted into
an evaporating aluminium dish of known weight. WSI
was calculated as the ratio of a dry solid present
in the supernatant to dry sample weight."

Gelation

The gelation was estimated using the method of
S. K. Sathe, with slight modifications by using 5, 10,
15, 20, 25 and 30% (w/v) millet flour suspensions
in 10 ml of distilled water. These water-flour
suspensions were mixed thoroughly and then
incubated for 1 hr in a boiling water bath. After
incubation, test tubes were rapidly cooled under
running cold tap water, followed by further cooling
at 4°C for 2 hr. Completely cooled test tubes were
inverted, and the least gelation concentration
was noted.?®

Hygroscopicity

The hygroscopicity of millet flour was determined
by placing a known amount of flour samples into
aluminium vials and equilibrating at around 75%
relative humidity and 30+£1°C in the humidity
chamber. Samples were weighted until they
reached equilibrium, and once it was achieved, the
hygroscopicity was expressed as g moisture /100 g
solids for equilibrium samples.2’

Colour Analysis

Colour analysis of ground millet flour was performed
using a handheld portable NS 810 Colour analyser
(M/s Shenzhen 3nh Technology Pvt Ltd, China).
The calibration of colour analyser was done using
a pair of standard black and white plate, one after
another. The lightness (L*), redness (a *) and
yellowness (b*) values were obtained for each
sample by filling the flour sample into provided
standard 1-inch sample dish. Lightness value
comes on the scale of 0 to 100, where 0 is for pure
black, and 100 is for pure white. A positive value
of redness indicates the red colour tint of the sample,
while a negative value indicates a green tint in the
sample. Similarly, a positive value of yellowness
defines a yellowish tint in the sample colour, while
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a negative value defines colour departure towards
a blue colour tint in the sample.?? Total colour change,
which summarises absolute colour deviation from
the control sample, is calculated using the following
equation.?

AE = J(L—Lo)? + (b—bo)? + (a — ap)? (1)

Differential Scanning Calorimetry

The impact of wet processing on the thermal
characteristics of the millet flour samples was
examined using a Setaram DSC 131 Evo thermal
analyser. Dry flour samples (2.0 - 3.0 mg) were
loaded into hermetically sealed aluminium pans
against an empty sealed pan as blank and then
progressively heated from 20°C to 120°C at a rate
of 10°C/min for the complete study.?

X-Ray Diffraction Analysis

The crystalline property of millet flour samples was
studied using X-ray powder diffraction analysis
(Rigaku XRD Ultimate IV) with scanning region
of the two (B) angles varying from 50 to 65°at a speed
of 2°/min for complete analysis.*

Chemical Properties

Proximate Composition

Standard AOAC (2006) procedures were used to
determine the proximate composition of the flour,
including the crude fibre, crude fat, ash, crude
protein and moisture content. Total carbohydrate
was calculated by difference, and the At water factor
was used to determine the total energy.?®

Antinutritional Factors

Tannin was extracted by the acidified methanol
method, as explained by Onyango et al. The vanillin-
hydrochloric acid reagent was mixed with the extract
and incubated for 20 min before measuring the
absorbance at 500 nm against a blank (vanillin-
hydrochloric acid reagent). 1% acidified tannic acid
is used as a standard solution at various dilutions
from 1:10 to 1:50 for making a standard curve.?

For the estimation of phytates, the extract was
prepared, as mentioned by Onyango et al.
The extract was later mixed with acidic ammonium
iron (lll) sulphate dodecahydrate and boiled over
a water bath for 30 min, followed by rapid cooling to
25°C. Further, 22 bipyridine solution was mixed in
the solution before taking the absorbance reading

at519 nm against DD water and phytate phosphorous
as standard.?®

Total Phenolic Content

The extract was prepared for determination of the
total phenolic content (TPC), as mentioned by
Pradeep et al. The acidic methanolic extract dilution
was mixed with Folin—Ciocalteu reagent, followed
by reaction neutralisation with the addition of 15%
sodium carbonate. The developed blue colour
absorbance was measured at 760 nm against the
Gallic acid standard after 30 min. TPC of samples
was stated as mg of gallic acid equivalent/100 g
of the sample.?

Antioxidant Properties

For determination of the antioxidant properties
of millet flour samples, the aqueous flour extract
was prepared by the process explained by Xu
et al. The know concentration of the aqueous extract
was used to estimate DPPH radical scavenging
activity and hydroxyl radical scavenging activity by
the method described by Du et al. and Xu et al.,
respectively. Ascorbic acid was used as the standard
for the assay.?®? Following formula was used for
calculation of the percentage scavenging activity.

%Scavenged = % X 100 ~(2)
o

Where, A is the absorbance value of the control
and A, is the absorbance value of samples and
ascorbic acid.

Statistical Analysis

All the measurements were done in triplicate,
and results were stated as the means + standard
deviation of three separate determinations.
Significant differences between mean values for
each parameter were determined by Duncan’s
multiple range tests carried out at a significance
level of 0.05 using the statistical (SPSS 21, USA).

Results and Discussion

Physical properties of flour

Results of particle size distribution are represented
in Figure 1 for all pre-treatments. The alteration
in particle size distribution is directly related
to the change in starch structure due to various pre-
treatments. The prevailing aqueous environment
during the wet treatment hydrolyses the starch,
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resulting in decreased average particle size upon
milling. The smaller particle size also improves
the nutrient digestion rate, as more surface area
is available for enzyme reaction.' In the case of pearl
millet,germination, and germination-fermentation
resultedin much more refined flour with a significant

Flour Fraction (%)
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fraction of smaller particles with particle size less
than 0.15 mm. For finger millet, all four pre-treatment
resultedin a higher fraction of smaller particle size,
though germination had more impact on it, a similar
trend was also reported by Li et al."°
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Fig. 1: Particle size distribution of pearl millet and finger millet flour

As indicated by particle size distribution, all pre-
treatment results in a relatively high fraction
of smaller particle size flour. Due to this, bulk density
and tapped density decrease for each pre-treatment
(Figure 2). Bulk density help in designing the
application of flour as low bulk density flour is more
suitable for weaning food preparation while high
one is suitable for general food.* Steeping has the
least effect, while fermentation and germination have

Bulk Density
Tapped Density

Q00 4

a00 o

700 o

B00 o

o
2
=

Diensity (ofl)

w
=}
=

200 4

Sam ples

maximum impact on bulk density and tapped bulk
density. For pearl millet flour, bulk density reduces
by 6%, 11% and 15%, respectively, for fermentation,
germination, and germination-fermentation. While
for finger millet flour, germination and germination-
fermentation reduce bulk density by 9% and 16%,
respectively. Similar results have been reported
in previous similar work. Pearl millet reported a 9%
decrease during the same germination period.®'
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Fig. 2: Bulk and tapped density of pearl millet and finger millet flour
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Functional Properties of Flour

Steeping and fermentation pre-treatment results
in higher water absorption capacity for all three
grains. Germination and germination-fermentation
pre-treatment resulted in higher oil absorption
capacity for both grains (Figure 3). For pearl millet,
fermentation causedan 8% and 17% increase
in water absorption, and oil absorption capacity,
respectively and germination causedan 8% and 19%
increase, respectively. In the case of finger millet,
fermentation causeda 14% and 9% increase in water
absorption and oil absorption capacity, respectively
and germination-fermentation causedan 8% and
20% increase, respectively.
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There is no significant change in the water solubility
index for steeping and fermentation pre-treatment
(Figure 4). But germination and germination-
fermentation pre-treatment resulted in a significantly
higher increase in water solubility index. For pearl
millet flour, there was 83% and 151% increase
due to germination and germination-fermentation,
while for finger millet, there was a 177% and 281%
increase. For pearl millet, no significant change
in water absorption capacity has been reported,
but in the case of germination, an increase of 6%
has been reported.?'
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Fig. 3: Water absorption capacity and Oil absorption capacity of pearl millet and finger millet flour

All pre-treatment results in relatively high
hygroscopicity (Figure 4). For finger millet, all pre-
treatment shows significantly high hygroscopicity.
For pearl millet, steeped, fermented, and
germinated flour samples show significantly higher
hygroscopicity. For pearl millet, fermentation, and
germination resulted in a 25% and 15% increase
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Samples

in hygroscopicity. While for finger millet, the increase
has been 71% and 33% for fermentation, and
germination respectively. Ocheme et al. reported
a 5% decrease for steeped pearl millet flour while
a 14% increase in hygroscopicity for germinated flour
compared to control pearl millet flour.®!
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Fig. 4: Water solubility index and hygroscopicity of pearl millet and finger millet flour
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There is a significant difference in least gelation
concentration between germinated, germinated
fermented and other samples. Control, steeped
and fermented samples exhibited a high level of a
gel consistency with least gelation concentration
of 20%,while germinated flour required 30% for
gel formation for both milletflour samples.Further
germinated-fermented flour samples failed in
producing the gel. It may be due tothe denaturation
of protein induced by germination, as it accelerated
the aggregation of protein.18 In the case of pearl
millet 100% raise in the least gelation concentration
has been reported for germinated flour3"

L, a, and b-values calculated for control and different
pre-treatment are shown in Table 1(a) and 1(b).
In pearl millet germination resultedin a significant
increase in L* value from 77.66 for untreated pearl

millet to 80.39 for germinated pearl millet flour.
The slight loss in lightness in fermented pearl
millet might be due to non-enzymatic browning that
occurred during the drying of grains.® Germination
also resulted in a high positive change in a* value,
b* value. In finger millet, all pre-treatments resulted
in a slight better-improved L* value with 74.00
for untreated, 76.14 for fermented and 77.97 for
germinated finger millet flour. There has been
a minordecline in the a-value or redness of the
flour. These changes could be due to a loss in
tannins during different pre-treatments. During
steeping and fermentation, the a-value and b-value
also decreased significantly from 1.64 to 1.01 and
1.03; and 14.13 to 12.23 and 12.17, respectively.
This resulted in overall colour improvement of the
flour in case of steeping and fermentation.

Table 1 (a): Colour properties (L* a* b* coordinates) and total colour
difference of pearl millet flour.

Samples L* a* b* AE

P1 77.66+0.29, 0.77+0.13, 10.57£0.45, 0.00a

P2 75.39+0.40, 0.77+0.03, 10.34£0.30, 2.31£0.34,
P3 73.08+0.58, 0.71£0.01, 10.12£0.10, 4.63£0.82,
P4 80.40+0.33, 2.11£0.17, 13.58£0.50, 4.32+0.50,
P5 80.12+0.11, 1.63£0.06, 11.430.35, 2.80+0.08,

Means followed by the same letter in a column do not differ significantly from one another (P > 0.05).

difference of finger millet flour.

Table 1(b): Colour properties (L* a* b* coordinates) and total colour

Samples L* a* b* AE

F1 74.00£1.16, 3.760.06, 7.87+0.84, 0.00,

F2 76.86+1.15, 3.160.06, 6.89+0.54, 3.08+0.11,
F3 76.14£2.15 3.20£0.19, 6.79+0.29, 2.46+0.12,
F4 77.98+0.49, 3.43+0.98, 8.67+0.31, 4.53£0.47
F5 77.25£1.95, 3.01+0.02, 6.37+0.37, 3.66+0.44_,

Means followed by the same letter in a column do not differ significantly from one another (P > 0.05).

The X-ray diffraction pattern and crystallinity of
native and pre-treated flours exhibited an A-type
polymorphic form (Figure 5), which has been
similar to other cereal flour with no significant

difference in the pattern.’®'” This may be due to
no substantial change in the crystalline structure
of flour starch during wet processing. Raw pearl
millet flour exhibited 4 high-intensity peaks
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at15.10, 17.10, 22.92 and 47.9 26°, with the highest
at 17.10 26°. Steeped and fermented pearl millet
flour shows 2 peaks each at 17.68 and 23.18, and
17.63 and 23.18, respectively. While germinated
and germinated-fermented flour samples showed
three intensity peaks at 15.180, 17.96, and 23.42;
and 15.140, 17.21 and 23.04, respectively. Finger
millet flour showed peaks at 15.04, 17.84, 23.38
and 47.36 26°, respectively. Steeped finger
millet has three peaks at 18.04, 23.32 and 33.9
26°, respectively, fermented finger millet flour
gave the peak at five different positions at 15.08,
17.81, 23.38, 34.10, and 47.01 26° respectively.
Germinated and germinated-fermented flour gave
three and five peaks, respectively (14.971, 17.85
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T T T T T T 1
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and 23.18; and 15.03, 17.57, 19.94, 22.83 and
47.2 26°, respectively). All pre-treatment resulted
in a significant decrease in onset, offset and
peak temperature for pearl millet and finger millet
(Figure 6). Due to partial solubilisation of starch,
germinated and germinated-fermented samples
exhibited a maximum decrease in the case of pearl
millet. In contrast, for finger millet,the steeped
sample has a minimum value. The peak temperature
decreasedfrom around 3°C to 8°C for different
pre-treatment for pearl millet and finger millet.
For finger millet, germinated flour showed the highest
enthalpy change, it may be attributed to an increase
in crystallinity.’ While in the case of pearl millet,
it showed the lowest enthalpy change.
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Fig. 5: X-ray diffraction patterns of pearl millet and finger millet flour
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Fig. 6: Thermal Properties of pearl millet flour and finger millet flour

Chemical Properties

The proximate composition (percentage dry
basis) of controlled and treated flour samples is
given in Table 2(a) and 2(b). There has been a

significant increase by 5%, 25% and 38% in crude
protein content during steeping, fermentation, and
germination, respectively. For finger millet, there
has been not much significant change in protein



PALIWAL et al., Curr. Res. Nutr Food Sci Jour., Vol. 10(3) 980-993 (2022)

content, with an increase of 2.5% and 7% during
fermentation and germination. This increase could
be credited to the increase in protein solubility due
to wet pre-treatments.*? During germination, a 28%
increase in protein content has been reported for
finger millets and a 22% increase in pearl millet.®
For fat content, there has been a slight increase of 8%
and 1% in pearl millet and finger millet, respectively,
during fermentation. For the all-grain samples,
fat content reduced by 7% to 11% during germination.
Fat content also reduced as fat is utilised for fulfilling
energy requirements during germination.®** With
a 5% to 6% decrease, crude fibre content decreased
significantly during fermentation. At the same time,
it increased considerably during germination,
21% and 22%, respectively, for pearl millet and

988

finger millet. As reported in previous work, during
germination, new cell wall structure development
might increase the amount of crude fibre slightly.3s
After germination, a 5% increase in crude fibre has
been reported in pearl millet flour.?! Also, a slight
decrease in fibre content was reported, possibly
due to the enzymatic solubilisation of fibre during
fermentation. Ash content reduced significantly
for all pre-treatmentswith 5% and 25% reduction
during fermentation and 7% and 35% reduction
during germination for pearl millet and finger millet,
respectively. There has been a report of a slight
decrease in ash content during germination of millet
which may be attributed to the utilisation of minerals
at the start of sprouting.®

Table 2(a): Proximate composition of pearl millet flour (% dry basis)

Samples Protein Fat Ash Crude Fibre Carbohydrate
P1 9.43+0.10, 4.50£0.12, 1.32£0.05, 2.17+0.04, 82.59+0.76,
P2 9.93+0.10, 4.98+0.04, 1.37£0.05, 2.16+0.05, 81.56+0.87
P3 11.8420.12 4.86+0.09, 1.26+0.04, 2.03+0.04, 80.02+0.76,
P4 13.06£0.13, 4.21£0.07, 1.23£0.05, 2.63+0.07, 78.88+0.86,,
P5 13.30£0.12, 5.06+0.12, 1.15£0.04, 2.52+0.03, 77.98+0.53,

Means followed by the same letter in a column do not differ significantly from one another (P > 0.05).

Table 2(b): Proximate composition of finger millet flour (% dry basis)

Samples Protein Fat Ash Crude Fibre Carbohydrate
F1 8.460.09, 2.76+0.04, 2.22+0.03, 1.67£0.03, 84.89+0.68,
F2 8.500.09, 2.59+0.03, 1.99£0.04, 1.80£0.04, 85.11£0.64,
F3 8.66+0.08, 2.80+0.06, 1.67£0.04, 1.59£0.04, 85.28+0.84,
F4 9.07+0.10, 2.52+0.04, 1.44£0.05, 2.03+0.06, 84.94+0.92,
F5 9.09+0.10, 2.65+0.08, 0.94+0.03, 1.84£0.04, 85.48+0.68,

Means followed by the same letter in a column do not differ significantly from one another (P > 0.05).

Bioactive Properties

Pre-treatment for both millet samples resulted in
a significant reduction in phytic acid content and
tannin content compared to the control sample
(Figure 7). The phytic acid reduced by 42% and 24%
during steeping, 54% and 34% during fermentation,
and70% and 75%, during germination, for pearl
millet and finger millet respectively. For pearl millet,
tannin reducedby 20% and 38%, and for finger millet,

by 13% and 37%, respectively, during fermentation
and germination. Tiwari et al. (2014) stated
a significant decline in the phytic acid content of pearl
millet seed with an increase in fermentation time.
In previous work, 8.92% and 45.32% reductions
in phytic acid content during steeping and fermentation
have been reported.3®° Apart from leaching, this
reduction could be due to better phytase activity
at lower pH as pH goes down during fermentation.
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Mahajan et al. also stated a similar results where
endogenous phytase causesa reduction of phytate
content in pearl millet during natural fermentation.®”
In other work, 44.18% to 52.84% reduction in
phytic acid content during germinating has been
reported for pearl millet.?8% In another similar work,
a 34.21% reduction in tannins has been reported
due to the sprouting of pearl millet.® For finger millet,
up to 55.8% reduction in phytic acid content during
fermentation and up to 80.12% reduction during
germination has been reported. In comparison,
tannin reduced around 13.2% and 35%, respectively,
during fermentation and germination.*’ The collective
effect of germination and fermentation result edina
reduction up to 88.8% and 90.1%, respectively,
for phytic acid and tannins, has been reported
with a decrease of 44 to 52% in tannins during the
fermentation of finger millet flour.*!

Change in total phenolic content due to steeping,
germination and fermentation are inconsistent
in pearl millet and finger millet. For pearl millet, total
phenolic content decreased significantly during
steeping (14%) and further during fermentation

227 P hytic Acid C ontent
Tannin Content
P henol C ontent

Concentration (mg/g)

Samples

(43%). Germination resulted in a total 57%
reduction in total phenolic content. Similar results
have been reported with a decrease up to 15% and
21%, in polyphenol content during steeping and
fermentation respectively.®*® While in another work,
polyphenol content reduced by 40.88% to 46.54%
during germination of pearl millet.®33 This reduction
might be attributed to the activity of polyphenol
oxidase, which got activated during fermentation
and germination, and due to the leaching of phytate
ions during fermentation and germination due
to a simple concentration gradient.®® For finger millet,
germination reduced the total phenolic content
significantly with a 36% reduction but remaining
all pre-treatments did not show much effect on
the total phenolic content. A 26 to 29% decrease
has been reported during the natural fermentation
of finger millet flour.*' In another work, a 19 to 21%
decrease in phenolic content has been reported
during steeping and germination, respectively.*?
At the same time,Chethan et al. reported a 40%
reduction in polyphenols during 72 hr of germination
in finger millet.*3
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Phencl Content

Concentration (mg/g)
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Fig. 7: Phytic acid, tannin and phenolic content of pearl millet and finger millet flour

Antioxidant properties of flour were mentioned in
terms of EC, values, which define the minimum
effective concentration to achieve 50% free radical
scavenging activity (Figure 8). For all samples,
steeped flour samples exhibited better DPPH free
radical scavenging activity than untreated flour
samples. For pearl millet, steeping and germination
resulted in better DPPH scavenging activity with the
maximum for germinated flour followed by steeped
flour. While for finger millet, both steeped flour and
germinated flour display better DPPH scavenging
activity compared to the untreated sample with

the same activity level. For pearl millet, all pre-
treatments resulted in decreased radical scavenging
activity of hydroxyl radical, although fermented
pearl millet flour expressed maximum scavenging
activity among all pre-treatments. For finger millet,
steeping demonstrated maximum scavenging
activity of hydroxyl radical. Rest all pre-treatments
resulted in decreased antioxidant activity for finger
millet. The total phenolic content reduction during
prolong hydration could be attributed to decrease
in antioxidant activity after fermentation.?”
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Fig. 8: Antioxidant/ Free radical scavenging activities of pearl millet and finger millet flour

Conclusion

Due to hydration of starch and activation of enzymes,
all the wet pre-treatments affect the macro structure
of the flour samples. The impact is more severe
during germination and germination-fermentation
compared to steeping and fermentation as visible
inreduction of average particle size of flour. Due
to a decrease in average particle size, pre-treatments
also resulted in reduced density. While steeping and
fermentation, both pre-treatments improved water
absorption capacity, and gel consistency of the
flour, germination and germination-fermentation
resulted in improved oil absorption capacity, water
solubility index and hygroscopicity. Gelatinisation
peak temperature was also reduced due to different
pre-treatments. For finger millet, germination caused
the increase in enthalpy change of gelatinisation.
The prevailing agueous environment during wet pre-
treatment not only mobilised various enzymes but
also assisted in leaching of anti-nutritional factors like
tannins and phytates. Due to the reduction in tannin,

all pre-treatment also improved the flour’s colour.
Germination and germination-fermentation were
found to reduce total phenolic content significantly,
and so antioxidant capacity. Although antioxidant
properties of the flour were found to be improved
significantly due to steeping. All pre-treatments
improve the flour’s protein content. Germination
caused a significant reduction in fat and ash content,
while it improved the fibre content of the flour.
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