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Millet grains are nutritionally comparable and even superior to major cereals with respect to protein, energy,
vitamins and minerals. Composite bread is gaining importance because of it’s high nutritional profile and
health benefits. Little millet flour prepared by applying various processing conditions like, washing, soaking,
roasting, steaming and popping and the blends of processed flour to refined wheat flour at 30% level were
studied for their proximate composition, physicochemical properties and physical and sensory qualities of
composite flour breads. The proximate composition, physicochemical properties of processed flour and their
blends differed significantly. Soaking, roasting and popping were the treatments which showed major changes
in the physicochemical properties of the flour. Similarly physical characteristics of composite flour breads
were also differed significantly and the specific volume of composite flour breads was lower (1.98 to 2.55
cm?/g) than refined wheat bread (3.46 cm®/g). The overall acceptability of composite breadswas not significantly
different. Popping significantly increased the nutritional composition of the flour and improved the texture of
bread.
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INTRODUCTION

Millets are indigenous small seeded cereals that, unlike
wheat or rice can be cultivated in semi-arid and subtropical
agronomic conditions throughout the world. These are
hardy crops and quiteresilient to avariety of agro-climatic
adversities, such as poor soil fertility and limited rainfall.
Millets have remained asthe staple food of the peoplefrom
lower economic strataand considered asfood security crop.
Millet grainsare nutritionally comparable and even superior
to major cereals with respect to protein, energy, vitamins
and minerals. Besides, they arearich source of dietary fibre,
phytochemicals and micronutrients and hence they are
rightly termed as ‘nutricereals’ (Chhavi and Sarita, 2012).

Although millets are nutritionally superior to cereals
their utilization in the country is not wide spread. They are
mostly used in preparation of traditional dishes and hence
they play animportant rolein thelocal food culture. Millets
are used in several traditional products like papad, upma,
rice, holgi, laddu, paddu, avalakki, idli, dosa, etc. by
applying common traditional processing technologies such
as soaking, fermentation, roasting, and popping. Some
previous studies have also been conducted in the
department of FSN, UAS Dharwad on the use of milletsfor
production of value added traditional products.

The ethnic millet papads, chakali, paddu, laddu; and
millet based novel foodslike biscuits, breads, flakes proved
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to have a good scope for enhancing nutrition security,
marketing andincome generation (Yenagi et al., 2010; Bdlalli
et al., 2014; and Mannuramath et al., 2015) Littlemilletis
one of the highly nutritious and suitable cereal cropsfor all
age groups.

In the present scenario, ready-to-eat food products of
millets are not available in the market. On the other hand
bread consumption is increasing throughout the world
and considered as most convenient staple foods in many
of the countries. An excellent way to increase the nutritional
content of wheat flour-based foods is through the use of
composite flours. The use of composite flours for bread
making isalso recent devel opment acrossthe globe owing
to some health, economic and social reasons as well as
increased demand for nutritious bread. Millet flour
incorporated breads had low glycemic indices and were
acceptable and nutritious. Replacement of refined wheat
flour with little millet flour will upgrade the nutritional
qudlity of bakery products (Chhavi and Sarita, 2012; Ballolli
et al., 2014; and Mannuramath et al., 2015). Finger millet
flour can be blended with wheat flour up to 30% for
preparation of bread (Beswa et al., 2010) Up to 50% of
foxtail millet flour and 30% little millet flour can be
incorporated in bread without affecting its sensory
qualities (Ballolli et al., 2014; and Mannuramath et al.,
2015 respectively).

One possible way of extending utilization of millets
could be by blending them with wheat flour after suitable
processing. On addition of millet flour to wheat flour,
there would be changes in physicochemical, nutritional
and functional quality of wheat flour. Such information
will be useful to food processors and nutritionist to
formulate commercial products based on wheat-millet
blends (Singh et al., 2005). Household processing
technologies may upgrade the functional properties of
the cereal floursand thereby quality of final product. So
these flours can be used in order to provide value added
products to meet the urban population demand for
traditional products. There is, however, limited
information on the functional properties of processed
little millet flours and this information is essential for
determining potential uses of these productsin new food
product or in conventional food.

Hence, the present study was undertaken to evaluate
thenutritional and physicochemical propertiesof processed
little millet flours in the development of composite flour
breads.

MATERIALS AND METHODS

Littlemillet grains and bread making ingredientsviz., sugar,
salt and vegetable oil was purchased from local market.
Refined wheat flour (Supermoti) and fresh yeast (Prestige)
was collected from bakery unit, Directorate of Extension,
UAS, Dharwad.

Processing of Little Millet and
Preparation of Composite Flour

Cleaned little millet grains were subjected to different
processing technologies for preparation of processed little
millet flour.

Washing: Little millet grains were washed with tap water
and shade dried. Soaking: Little millet grains were soaked
three days by changing water at every 24 hours and shade
dried. Roasting: Littlemillet grainswereroasted till flavour
develops (8 minutes) at 80 °C. Popping: Popping of little
millet grainswasdone at 220 °C. Differently processed little
millet grains and raw little millet grains were milled from
commercial millingmachine. Seaming: Raw littlemillet flour
was tied in muslin cloth and steamed for 10 minutes at
120°C. All these processed little millet flourswere blended
at 30% level with refined wheat flour individually.

Breadmaking Procedure

A standard method of preparation of bread was followed
(Mannuramath et al., 2015). For the control bread, 250 g
refined wheat flour, 3 g fresh yeast, 15 g sugar, 12.5 g ail,
4 g salt and an adequate amount of water to obtain dough
of optimum consistency was used. Yeast was allowed to
rise with warm water and sugar for ten minutes prior to
incorporation intheflour. The flour was mixed thoroughly
with all the other ingredients. A Kitchen Aid brand
kneading machine was used to prepare the dough. The
dough was mixed until it leaved the sides of the vessel
and allowed to first proofing in an oil smeared vessel for
2 hours at room temperature. Then the dough was
separated into parts weighing around 105 g and put into
the baking bread moulds (12 x 4.5 x 5.5 cm), and was
allowed to rest for the second proofing for an hour. The
breads were baked at 220 °C for 15-20 min or till light
brown colour appears and cooled. The processed little
millet composite flour breads were developed by
replacing refined wheat flour by 30%.

Technological Parameters

Proximate compositionviz; moisture, protein, fat, crudefibre,
and ash content of flour samples was analyzed by using
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standard methods (AOAC, 1990). Carbohydrate content of
bread samples were calculated by difference method.

Bulk Density

10 g of flour was put into a 25 ml graduated measuring
cylinder and tapped ten times from a height of 8 to 10 cm.
the bulk density (g/ml) was calculated using the formula:
Bulk density = weight of flour (g)/flour volume (ml). Incase
of popped little millet flour weight of sampletakenwas5 g.

Water Absorption Capacity (WAC)

WAC capacity was assessed by the method of Quin and
Paton (1983). To estimate WAC, 5 g of flour wasweighedin
a50 mL centrifuge tube and 30 mL of water was added and
gtirred withaglassrod for 5 min. After allowing the contents
to stand for 30 min at ambient conditions, it was then
centrifuged at 11 000 g for 25 min. Thevolume of freeliquid
was measured and the retained volume was expressed as
per cent of water absorbed on a dry basis.

Gluten Content

AACC method No. 10-11 (AACC, 1984) wasused for gluten
estimation in plain and blended flours. A weighed sample
(25 g) wastransferred into aclean dry mixing bowl and 13.5
mL of water was added. The contents were formed into a
stiff dough ball. The dough ball was dipped into water for
half an hour and then washed by hand under tap water until
freefrom starch. The wet gluten thus obtained was weighed
and its weight expressed as a percentage of the original
flour sample (25 g). The wet gluten was then transferred
into a dish and placed in a hot air oven at 100 °C for 2 h.
After cooling in a desiccator the dry gluten was weighed
and its weight expressed as a percentage of the original
flour sample.

Sedimentation Value

The sedimentation value was determined according to the
procedure given by Misraet al. (1998). A weighed sample
(5 9, 14% moisture) was transferred into a 100 mL
stoppered graduated cylinder. Distilled water (50 mL) was
added and the cylinder shaken horizontally for 15 s. The
contents of the cylinder were again shaken for 15 s at 2
and 4 minintervals. Immediately after thelast shake, 50 mL
of sodium dodesyl sulphate-lactic acid reagent was added
and mixed by inverting the cylinder four times. Inversion
was repeated four times at 6, 8 and 10 minintervals. The
contents of the cylinder were then allowed to settle for 20
min before the sedimentation values were read and
expressed in millilitre,

Oil Absorption Capacity

A method given by Sosulski et al. (1976) was used to
determine oil absorption capacity. Sample (1 g) was mixed
with 10 ml of vegetable ail in pre-weighed centrifuge tubes.
Thetubeswerestirred for 1 min for complete dispersion of
sample in the oil. After 30 min of holding time at room
temperature, the samplewas centrifuged at 3000 rpmfor 25
min. The separated oil was then removed and tubes were
inverted on oil absorbent paper for 25 min to drain the oil
prior to reweighing. The oil absorption capacity was
expressed asgrams of oil absorbed per gram of the sample.

Swelling Power and Solubility

The swelling power and per cent solubility was determined
according to the method used by Schoch (1964). 500 mg
(W,) of sample was added to a centrifuge tube, weight of
centrifuge tube and test sample was noted (W,). After
addition of 20 ml (V) distilled water, the centrifuge tube
was placed inthe water bath at 100 °C for 20-30 mintill the
contentswere cooked. Then it was centrifuged at 5000 rpm
for 10 min. The supernatant was transferred to a test tube
and the inner side of the centrifuge tube was dried well and
weighed (W,). The swelling of flour was calculated as
follows.

W -W, y
W

For per cent solubility, weight of dried moisture dish
was noted (W,) and after pouring 10 ml aliquot (V,) in a
dish, dried at 110 °Cfor 4-5 h. The moisture dish was cooled
and weighed (W,).

Swelling power (g/g)= 1

Solubility(95) — (e —e)Ve 100
Va W

pH Determination

The pH of the samples was determined according to the
method of AOAC (1998). 10 g of samplewasmixed in100 ml
of CO, freedistilled water. The mixture wasallowed to stand
for 15 min, shaken at 5 min interval and filtered with
Whatman No. 14 filter paper. The pH of the filtrate was
measured using apH meter.

Total Titratable Acidity (T.T.A)

10 ml aliquots (triplicates) were pipetted and titrated against
0.1 M NaOH to phenol phthal ein end-point and the acidity
wascalculated asg lactic acid/100 (Mbataet al., 2009).
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Particle Size Distribution of Processed
Little Millet Flour

Hundred grams of processed little millet flour was taken
and passed through different meshes of BSS standardsfrom
60, 85, 100, 150, 200 and 240 with sieve opening of 0.250,
0.180, 0.150, 0.106, 0.075 and 0.063 mm respectively. The
sample was passed from bigger to smaller mesh size. The
sample above the sieve was weighed and recorded.

Physical Characteristics

Processed little millet flour breads were studied for loaf
weight, loaf height, loaf volume and specific volume. L oaf
volumes were measured by the rapeseed displacement
method. Specific loaf volumeswere calculated by dividing
theloaf volume by the loaf weight by following thisformula
loaf volume (cm?)/loaf weight (g) = Cmd/g.

Sensory Characteristics

Sensory evaluation of breads was carried out by using nine
point hedonic scale by semi-trained panel members.

Statistical Methods

The data were statistically analysed in a completely
randomized design. SPSS software (version 16.0) was used
to analyze the differencesin the sensory quality of breads.

RESULTS AND DISCUSSION

Proximate Composition of Processed
and Composite Flour Blends

Proximate composition of differently processed little millet
flour (Table 1) showed that the moisture content of
processed flour was significantly lower than the refined
wheat flour. Among all the processed flours soaked little
millet flour has got highest moisture content (11.40%) and
popped little millet flour exhibited least (5.75%). Protein
content of processed little millet flour ranged from 6.13 to
8.81 g/100 g and significantly lessthan refined wheat flour.
Differently processed little millet flours had significantly
higher fat, crude fibre and ash content than refined wheat
flour. Results of proximate composition after blending of
processed little millet flour in refined wheat flour at 30%
level showed similar trend as observed in the proximate
composition of individual flour (Table 1). Refined wheat
flour had significantly less fat, crude fibre, ash and higher
protein content than all the processed little millet composite
flours. This is probably a reflection of gluten content in
wheat flour as reported by (Ogunlakin et al., 2014) who
observed significantly less protein content in composite

flour compared to wheat flour. Moisture content of the
processed composite flour ranged from 10.86 to 12.90
percent. However fat, crude fibre and ash content of
processed composite flour were significantly higher than
refined wheat flour. Little millet composite flours showed
fat content in the range of 0.46 to 0.75 g/100 g. Crudefibre
and ash content of composite flours were in the range of
0.51t00.98and 0.43t00.91 ¢/100 g respectively. A significant
decreasein theprotein, crude fibre and ash content of soaked
little millet flour was observed (Table 1). These changes
could be attributed due to the leaching of nutrients during
soaking (Chiang and Yeh, 2002; and Srilaxmi, 2006). A similar
decrease in the protein, lipid and ash content of rice grain
after soaking was also noticed by (Chiang and Yeh, 2002).
Roasting technology resulted in the decrease in the protein
content of the flour. The change in the protein content of
roasted flour could be due to loss of amino acids (Sade,
2009). Popping is a simplest, inexpensive and quickest
traditional method of dry heat application, wherein whole
grainswill be exposed to High Temperature for Short Time
(HTST) and super heated vapour will be produced inside
the grains by instantaneous heating, which cooks the grain
and expand the endosperm while escaping with great force
through the micropores of the grain structure. The
enhancement of all the nutrients was observed in popped
composite flour. The presence of bran in popped grains
could be thereason for higher proportion of fat, crudefibre
and ash content of popped little millet composite flour.
Similarly increase in the protein, fat, crude fibre and
carbohydrate content of popped grains was observed by
(Zeenath, 2007; Chaturvedi and Srivastava, 2008; and
Shaheen, 2010).

Particle Size Distribution of Processed
Little Millet Flour

Theflour particle sizedistribution of processed little millet
floursis presented in Table 2. Flour particle size of refined
wheat flour wasvery |esswith maximum per cent (40.61 and
28.55) of flour distribution onthesieve size 200 to 240 mesh
(0.075t00.063 mm). Fifty per cent weight of raw little millet
flour had particle size more than 0.180mm. Washing and
soaking of grains reduced the flour particle size and per
cent retention was morein the sieve of 100 and 150 meshes
(0.150 and 0.106 mm). Whereas roasting and steaming
affected the flour particle size distribution and maximum
percentage was retained on sieve of 85 mesh (0.180 mm). In
case of popping the particle size retention was more on
seve 60 and 85 (0.250 and 0.180 mm).
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Tablel: Proximate Composition of Processed LittleMillet Flour and Composite Flour Blends(g/100 g)

Processed Little Millet Flour Composite Flour Blends
S Moisture | Protein Fat (i;;::': Ash Carbohydrate | Moisture | Protein Fat (FT::: Ash Carbohy drate

Control RWF | 13.82+0.85 | 10.73£0.20 | 0.23+003 | 0.29£007 | 0.49£0.01 T4.46+£093 13.82:085 | 1073020 [ 023014 | 029000 | 049004 7446093
Raw LMF | 1050013 [ 7.41=010 | 121020 | 190005 | 1.00=0.03 T7.98+£0.06 12465036 | 9732001 | 055004 | 0582006 | 0.68:0.09 T6.02+038
Washed LMF| 10.77£0.12 | 7.82+0,10 1734017 1754003 141002 76.52+028 1267+0.18 | 9.86:£0.19 | 039003 053007 | 0.81=0.01 75,74+027
Soaked LMF | 11.40=0.35 | 6.13=0.18 | L17+0.11 170004 | 0.49=0.03 T9.12+0.12 1290£023 | 935018 | 046001 | 0512000 | 0534007 76.25+041
Roasted LMF| 9832029 | 667020 1.23+0.13 2532006 1.15+0.01 T8.59+0,10 TLT1=0.18 | 954028 | 0524003 077004 | 0.71=0,10 76,77+040
SIE:F:C] 1118023 | 811010 | 154012 | 188008 | 1.49=0.02 75.79+040 12665008 | 994£0.19 | 063004 | 0572004 | 0.82:0.04 75.38+033
Popped LMF| 5752010 | 881020 | 208+010 | 3.30+005 | 175010 T8.31+025 10.86£0.10 | 1015020 [ 075003 | 098006 | 091002 76.35+025

SEM 0.22 0.09 0.07 0.04 0.03 028 022 012 006 004 0.05 027

CD (5%) 0.67 026 022 012 0.09 0.86 066 0.35 0.19 0.12 014 0.81

flour blend = RWF: processed LMF; 70:30.

Note: RWF-Refined wheat flour; LMF-Little Millet flour; MeantSD, Carbohydrate content was calculated by difference method, Composite

Table?2: Flour Particle SizeDigtribution of LittleMillet Flour

§S Sieve ,. W , -
60 025 0000 15.87°£0.26 | 0.46°£0.03 | 0.293°£0.04 | 5.97°40.05 | 20.06°£0.28 | 20.78°£0.03 | 0.09 [ 0.26
85 0.18 0.910.04 | 50.47°£0.69 | 46.00°£0.43 | 43.48°£0.65 | 62.86°20.76 | 62.47°0.51 | 44.92°20.14 | 03 | 0.92
100 0.15 2.84%041 | 20.74°£0.62 | 34.29%£1.09 | 31.05°£1.26 | 16.45°£0.99 | 12.01°40.29 | 16.33%x0.11 | 046 | 139
150 0.106 28.55"£0.53 | 10.18°20.42 | 14.97°£0.68 | 17.48°<1.55 | 9.50°0.19 | 4.73°20.08 | 9.05°+0.08 04 | 1.21
200 0075 | 40.61°£0.33 | 2.32%0.20 | 3714020 | 7.10°%1.13 | 5.22°:0.5 | 0.625£0.03 | 8.24°+0.21 | 029 | 088
240 0063 | 27.08%£0.39 | 0.42°20.10 |0.57°°£0.04 [ 0.67°20.07 | 00°£00 0000 | 0.72°x0.02 | 0.28 | 0.86

Note: Means with the same superscript letters within a row are not significantly different at 5% level, RWF-Refined wheat flour, LMF-
Little Millet Flour, Mean+SD, Composite flour blend = RWF: processed LMF; 70:30.

Physicochemical Properties of
Processed Flour

The data on physicochemical properties of processed little
millet flour ispresented in Table 3. All the physicochemical
properties of processed and composite flour blends were
differed significantly. The most significant changes were
observed with the soaking, roasting and popping
technology. These changes could be due to the changesin
the flour particle size (Table 2) and chemical composition
(Tablel). Bulk density of littlemillet flour ranged from 0.28
to 0.61 g/ml. Refined wheat flour showed significantly
highest bulk density than all processed little millet flours.
WAC of raw and processed littlemillet flour wassignificantly
higher than refined wheat flour. Among the millet flours

significantly higher and lower WAC was found in popped
(376%) and steamed (69.31%) flour respectively. Swelling
power and solubility of refined whest flour was7.50 g/g and
10.20% respectively. Swelling power of soaked little millet
flour was highest (9.86 g/g); whereas popped little millet
flour showed lowest (5.44 g/g) swelling power among all
processed littlemillet floursand significantly different than
raw little millet flour. However, solubility of popped little
millet flour was highest (16.95%) and it wasleast for soaked
littlemillet flour (11.33%). Qil absorption capacity of refined
wheat flour was on par with the oil absorption capacity of
raw, washed, soaked and steamed littlemillet flour. Roasted
and popped little millet flour had significantly higher (0.85
and 1.47 g/g respectively) oil absorption capacity than all
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£ = |alglslslsl8l 3 Table4: Physical Characteristicsof BreadsDeveloped from
§: [5l3 MEEEEHEE Differently Pretreated Composite Flour Bread
EE  [2ezle]ele ==
A - R = e e B Specific
2] — Treatments | 02f Weight | Loaf Height Loaf Volume | @ e
_ g @ |29 21315 o = (2) (cm) (cmjj 3
£E8 jﬁﬁgaﬁlima (em’/g)
iR~ F = E e B

2 [Z[E ]2 =] Control RWF | 9522+1.35 | 540+0.20 | 330.83+2.89 | 3.46+0.1
= |3(3[5]535)2 Raw LMF | 9202198 | 420010 | 224174202 | 244004
= r 4 41 H HlH]IA]| + :‘;\' r;.
PO - = S | £ B Bl B e Y Washed LMF | 92544173 | 420%0.10 | 21954229 | 237+0.02
o | E 2 2 e s slsl=|=
=] - — e

g E N NEEEEEE Soaked LMF 92.5941.95 4.63 £0.15 236.33£3.21 | 2.55x0.07

s 8| 2 St e e S Roasted LMF | 91.33+1.53 | 4.63+021 [ 22833289 | 2.50+0.05

©o | & = d ] s e Bl el 3 el

ol - I =ls|z|s[=[2]= Steamed LMF | 91874338 | 4072012 | 21033252 | 2.29+0.06

g o — e | (=] ﬁ . [

g gs [5]3 2 S| i 3lule Popped LMF | 104.67+1.53 | 4.17+021 | 207.67+2.52 | 1.98+0.02

= EX- I Y 1 et Y e - -

£ - o A 1 e e 8 SEM =+ 1.17 0.09 1.53 0.03

O - ~

5 EPREEEEEEE 0 CD (5%) 3.54 0.28 4.63 0.1
g 2S5 ~|=l=l=I=I1Z] "= \

© R é % % § g § 3 g : 3 Note: RWF-Refined wheat flour, LMF-Little Millet Flour, Mean+SD, Composite

5 =23 [Z|d|2|2El 22 ’g flour blend = RWF: processed LMF; 70:30.

o - wil=|=r =]+ |

po <22 |Z|EIEIE[5|E|E|2|a| 8 | other processed ittiemillet flours. Per cent of total solidsin all processed
= = HlH] H] HlHI A & 4 s . . . .

= MR EIREIEE E little millet flours were on par with refined wheat flour. pH and TTA of

[=3 == el S ol el =] . . . .

% T = e S S § refined whest flour was 6.13 and 0.47 respectively. Processed little mill et

= ESL 2222222 . o

b= EE - S B ] flour had pH and titratable acidity in the range of 5.53 t0 6.27 and 0.33 to

= E%Eq%‘-;ﬁ%%a:’locg 0.67 respectively.

- =3 R} fl= Bl el Rl Rl > . .
@ SEEEEEERRE Even the blends of the processed little millet flour showed the bulk
e EEEERE ven the blends of the proc ittle mi our show e bu

DS_ 3 e bl R ] e e ) density significantly lower than refined wheat flour (Table 3). Between

5 SN ECEEEEE 8 | the composite flour popping showed lowest (0.50 g/ml) bulk density

B EE e et = = § E g followed by washed and soaked little millet flour (0.59 g/ml respectively).

= = P Sl S B == (&} . . . . .

o 2 [S=[2]SlE]E]5 . |  Whereassteamed littlemillet flour reveled highest bulk density. Highest

o = . .

O |z £z _[31g818(5]8]8|8 guli @ bulk density for wheat flour was reported by (Ogunlakin et al., 2014)
R L S L . . .

% g g g R EE PR E =] = é compared to composite flours produced from wheat and rice/plantain/

= S By [l ) el B B . ..

S |2 <2 I=ie|=|=|=le] - - cassava at 20% level. Increase in the bulk densities of blanched flours

o - wry =} .

§ A 3 % g %‘ ; 2 .| 2 | than untreated Cocoyam flour was noticed by James et al. (2013). A
= 2 1 o] o0 . . . . . . .

§ A IR bl 3 R B % 2ls|=s| 8 | smilarincreasewasfound in bulk density by Ajewole and Ozo (1994) in

i —_—el ==L _ .. . . .

o | i~ il el Rl Bl il = regelatinized tanniacocoyam flour. Bulk density in therange of 0.59to

> | 2 Y y

g 15| 28 [ZI218121E14]5| || 2 | 0.80g/ccforwholeand milled; foxtail and barnyard millet flour wasnoticed

& 2t (21312121212]315(2| 7 | bysinghetal. (2005

p 2E |7[E[R|E[5[2[3|7|T L | By Sineneal (2009).

E F g [elelel=[=]=]c - Thewater and oil binding capacity of food protein depend upon the
ger g 7| 7|z|Z|3|Z|=|=2| 3 | intrinsicfactorslike amino acid composition, protein conformation and
=5 2 =l R e G R B S S . -

2 5|z BB B 5 surface polarity or hydrophobicity (Chandra and Samsher, 2013) WAC
ez EEE s | of flourisclosely linked to both amount of amino acidsin different flours
EEE § % § §. %’I 3 § =|2| | andavailability of proteins functional groupsin flour (Kouakou et al.,
Il B4 B] ] b e e & | 2013). WAC capacity of roasted (58.67%) and popped (80.00%) composite
) el elela|=]e u little millet flour blend was significantly higher than all other processed
= ey B |3 § g y g p
s |2)3|2 =E 2|5|2|| & | composite flours. This could be due to partial gelatinization of starch
£ 2 Z| 3| BI2| 2| ElE| 5] © . L .
g HE LR 48l 8 due to dry heat processing (Njoki et al., 2014). Same processing
o = on - =z i ap e . e . . . . .
Gl s sl 8 conditions exhibited significant increase in the oil absorption capacity
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of little millet floursthan other processed little millet flours
aswell asrefined wheat flour. This may be due to changes
in the chemical composition of roasted and popped little
millet flour (Table 1). Severity of heat treatment during
popping might cause structural changes in starch and
protein resulting in increased water absorption (Addis
et al., 2013). Increase in the oil absorption capacity and
water absorption capacity of roasted millet flour was also
reported by Sade (2009).

Swelling power of composite flours was significantly
higher than refined wheat flour except for popped
composite flour (7.48 g/g). High swelling of millet flour
could be due to high content of starch and low protein
and fat content (Kouakou et al., 2013). Swelling power of
soaked little millet flour was significantly high even after
blending with refined wheat flour than other flours. This
wasin agreement with the Ocheme and Chinma (2008) and
Ocheme et al. (2015) who observed an increase in the
swelling power of millet flour and sorghum respectively as
aresult of germination. The increase in swelling power
was probably due to an increase in soluble solids brought
about by the breakdown of lipid, fiber and larger amount
of amylose-lipid complex in flour that could inhibit the
swelling of starch granules. Among all composite flours
popping was the only processing which had significantly
higher (13.70%) solubility than refined wheat flour
(10.20%). Pop sorghum showed less swelling power and
higher solubility than raw sorghum irrespective of cultivars
(Rajdakshmi, 2015).

Wet gluten content, dry gluten content and
sedimentation value of refined flour was 34.77 g/100 g, 11.73
¢/100 gand 50.67 ml respectively. Compositefloursexhibited
significantly lower gluten content and sedimentation values
irrespective of processing. Raw composite flour had wet
gluten, dry gluten and sedimentation value 18.59 g/100 g,
7.85 ¢/100 g and 36.67 ml respectively. Soaked composite
flour had significantly high wet and dry gluten (20.44 and
8.35 ¢/100 g respectively) content followed by roasted
composite flour. However popped composite flour showed
significantly higher (42.73 ml) sedimentation value than
other processed little millet composite flours. Wheat isthe
grain of choice in bread preparation due to its high gluten
level, whichiscombination of gliadinand glutenin. Gliadin
is very sticky when wet and very extensible and imparts
adhesive propertiesto gluten. Gluteninisalarge and complex
protein which gives dough strength and elasticity. The dry
gluten content is a direct indicator of flour strength and

bread making potentialities. The quantity and quality of
glutenisresponsiblefor better gasproduction and retention
capacity and formsace lular network of crumb whichimparts
desirable characteristics to bread (Anjuman and Walkar,
2000; and Belderok, 2000). The sedimentation test is used
to assess the gluten quality and bread-making potential of
the flour (Belderok, 2000). In the processed little millet
composite flours there was significant reduction in the
gluten content and sedimentation values which could be
dueto the dilution of gluten of refined wheat flour with the
addition of 30% processed little millet flour. These results
are in close agreement with the results found by Dhingra
and Jood (2004) for composite flour. Similar decreaseinthe
wet gluten content with the increment of wheat flour
substitution in the composite flour was observed by
Malomo et al. (2011). Decrease in gluten content and
sedimentation value with increase in the addition of ragi
flour in composite flour blend was noticed by Choudhary
and Jood (2013).

Physical Characteristics of Processed
Little Millet Composite Flour Breads

The physical quality characteristics of bread were
sgnificantly differed with the different processed little millet
composite flour and refined wheat flour (Table 4 and Plate
1). Loaf height, volumeand specific volumeof refined wheat
flour bread were 5.4 cm, 330.83 (cm®) and 3.46 cm®/g
respectively. Specific volumeof bread isoneof theimportant
parameter used to assess the bread quality. Refined wheat
flour had highest (3.46 cm®/g) specific volumethan al other
composite little millet flour breads. Wheat gluten could be
responsible for high specific volume of refined wheat flour
bread (Dhingra and Jood, 2004; and Choudhary and Jood,
2013). Similar findingswerereported by (Balolli et al., 2014,
and Mannuramath et al., 2015) who noticed higher specific
volumes of wheat breadsthan foxtail millet and little millet
composite breads respectively. Littlemillet composite flour
bread had weightsranging from 91.33 g (roasted) to 104.67
g (popped). Weight of popped little millet flour bread was
significantly higher than all other breads. In the present
study specific volume of little millet composite flour breads
was improved by 2 to 4% (Table 4) with the addition of
roasted and soaked compositeflour. Improved flour particle
size and water absorption capacity could be the reason for
improvement in the specific volume of soaked and roasted
composite flour breads. Whereas reduction in the specific
volume of popped bread is due to the presence of bran as
fibre(Tablel).
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Plate1: CompositeFlour BreadsPrepared from Different Processed LittleMillet Flour
e -
J . P
g ™™ P oahndh i
L &
Control Raw L M F W ashed LM F Soaked LM F Roasted LMF  Steamed LMF Popped LM F
Bread Bread Bread Bread Bread Bread Bread
Table5: Sensory Quality Characteristicsof Composite Flour Bread
Parameters | Appearance |Crust Color (!‘umb Taste . ( rust '(‘.rumb Flavour | Mouth Feel Owral‘l.
Color lexture lexture Acceptability
Control RWF | 846a+0.66 | 7.85a+1.14 | 8.15a£0.99 | 7.85ab+0.55 | 8.08a=1.04 | 8.15a+0.80 | 7.85a+£0.38 | 7.92a+0.76 8.15a+0.69
Raw LMF 7.46b+£0.52 | 7.38ab=1.19 | 7.23b=1.01 | 7.92a+x095 | 6.69bx0.85 | 6.85c+0.88 |7.38ab=+0.96 |7.38ab+0.87| 7.46bx0.78
Washed LMF | 7.38bx0.87 | 7.31ab+0.63 | 7.38bx0.65 | 7.46ab=x0.52 | 7.62a+0.51 |7.77abx0.44|7.15ab=0.80 | 7.08bcx0.64| 7.38bc+0.65
Soaked LMF | 7.23b+£0.93 | 7.08b=0.64 | 7.38b=0.65 | 7.30b=0.48 | 6.77b+0.73 | 7.54ab+0.66 | 6.85b=0.99 | 6.62c¢+0.77 | 6.92bcd+0.76
Roasted LMF | 7.31b+0.48 | 7.23ab=0.73 | 6.62bc=1.33 | 7.62ab=0.51 | 6.31b+1.18 | 7.46b+0.78 [ 7.23ab=0.83 [7.15bc+0.69| 7.38bc+0.51
Steamed LMF | 7.31b£0.75 | 7.31ab=048 | 7.31b20.63 | 7.54ab£0.78 | 6.85b£0.69 | 6.77c£0.83 | 7.00b£0.82 |7.00be+0.71| 6.77cd+0.73
Popped LMF | 6.46¢c=1.33 | 554c=0.88 | 6.00c=0.82 | 7.38ab=0.65| 8.00a=0.82 | 8.15a=0.80 | 6.85b=1.07 |6.92bcx1.26| 6.62d=1.12
SEM 0.23 0.24 0.25 0.18 0.24 0.19 0.24 0.23 0.21
CD (5%) 0.65 0.66 0.7 (0.51) 0.67 0.54 (0.67) (0.65) 0.6
Note: Means with the same superscript letters within a column are not significantly different at 5% level, RWF-Refined wheat flour, LMF-
Little Millet Flour, Mean+SD.

Sensory Quality of Composite Flour
Breads

Data on sensory quality attributes of processed little millet
flour breads is presented in Table 5. Though the
physicochemical propertiesof compositefloursand physical
characteristics of breads differed significantly, the results
of sensory evaluation for overall acceptability was not
significant except for the popped bread. Thisis due to the
non significant differences for the sensory scores for
appearance, crust colour, crumb colour, flavor and mouth
feel (Table5). Appearance scoresof compositeflour breads
ranged from 6.46 to 7.46 and were significantly lower than

the refined wheat flour bread. Crust colour of some
composite flour breads were on par with the refined wheat
flour bread. Taste eval uation data of composite flour breads
reveled that all the composite flour breads had taste scores
on par with refined wheat flour bread except for the soaked
composite little millet flour bread. The sensory scores of
texture for composite bread of popped flour were
significantly higher (8.15) than other composite breads and
equal to refined wheat bread. | mprovement in the texture of
popped composite flour bread may be dueto theincreasein
the soluble dietary fibre content during popping of millet
(Table 1). Increase in total dietary fibre, insoluble dietary
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fibre and soluble dietary fibre content of popped finger
millet compared to raw finger millet grainswas reported by
Krishnan et al. (2012). Overall acceptability of all the
processed composite flour breads was on par with each
other and significantly less than refined wheat flour bread.

CONCLUSION

Processing of little mill et has been found to bring significant
changes in the nutritional composition of differently
processed little millet composite flours. Incorporation of
littlemillet flour enhanced the nutritional qudity of composite
flour irrespective of processing. However protein content
of soaked and roasted flour was significantly decreased.
Physicochemical properties of the composite little millet
flourswere significantly different than refined wheat flour.
Soaking roasting and popping were the treatments which
showed major changes in the physicochemical properties
of the flour. Specific volume of composite flour bread was
improved with soaked and roasted little millet composite
flour and popping showed significant positive effect onthe
texture of bread. However sensory quality of all processed
little millet compositeflour was not really far from each other.
Popped flour representsfeasibleingredient in bread making
with improved texture and can be used for value addition as
functional ingredient with better nutritional quality. Hence
popping found to be an interesting area for research and
further studiesare under investigation on popped little millet
composite bread with respect to its nutritional benefits.
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