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Abstract !
Present study was undertaken for development of gluten free processed
products i.e. cookies and pasta by incorporation of gluten-free

ingredients in different proportions. Gluten free raw ingredients i. e. Article History
finger millet (FM), pearl millet (PM), soya bean (SB) and groundnut (GN) _
were assessed for their nutritional characteristics. Results of nutritional Received: 16 July 2019
. . . . Accepted: 13 September
analysis concluded that these ingredients are a rich source of crude 2019
fibre, protein, fat and ash or mineral content. Different formulations were
prepared depending on variation of ingredients in each formulation. In Keywords

case of cookies, the formulation containing all the four ingredients /. e.

. . . kies;
FM, PM, SB and GN in equal proportion (25% each) was liked most Cookies

Celiac Disease;

and scored highest on 9-point hedonic rating scale. Whereas, in case of Gluten Free; _
steamed pasta (PS) and steamed as well as fried pasta (PF) products, Ség?;o'ept'c Evaluation;

the most acceptable formulation was the one containing 30% PM,
35% FM and 35% SB flour. Also, PF was liked more than PS as frying
increased the palatability of fried products. Although, all formulations
of both products were moderately acceptable having organoleptic score
more than 7.0 as per assessment on 9 point hedonic rating scale but,
the formulations containing higher amount of pearl millet were scored
slightly lower as compared to other formulation mainly due to the lower
values for sensory parameters such as colour, flavour and texture
of such products. Incorporation of nutritious gluten free ingredients
increased the content of essential nutrients such as crude fibre, crude
fat, crude proteins and mineral or ash contents to a significant (P<0.05)
extent as compared to control.
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Introduction

Celiac disease is considered as chronic gut disorder
that can happen in genetically predisposed people
where the consumption of gluten in diet can damage
the lining of the small intestine. It is encouraged by a
protein known as “gluten” existing in cereals such as
wheat, barley, rye etc. It disturbs approximately one
per cent of persons in the world and dependence on
gluten-free diet throughout life is the single available
treatment.’

Main symptoms of this disease comprise prolonged
abdominal discomfort, diarrhoea, headache, growth
impediment in children, prolonged fatigue, dermatitis
herpetiformis, decreased fertility, osteoporosis, nerve
and brain disorders and threat of intestinal cancer .2
Several serological tests and bowel biopsy are main
tools for clinical identification of this disease.® The
only available harmless and effective management
for this disease is to ingest gluten-free foods
throughout the entire life.*

Most of gluten-free products available in market
are using starch or refined gluten-free flour, so
these products remained only the rich sources of
carbohydrates and fat if not fortified with essential
nutrients.® Absence of gluten in processed products
provides weak structure leading to mechanical and
organoleptic challenges during preparation of these
products.® A huge number of starches, flours and
other constituents (hydrocolloids, proteins, enzymes
etc.) are used to improve viscoelastic properties
analogous to that of gluten, for enhancement of
sensory and structural features and improving the
nutritional composition of gluten-free food products .”

Millets are distinctive among the cereals because of
their abundance in calcium, dietary fiber, polyphenol
and protein.® Millets are gluten-free and are therefore
an exceptional option for people suffering from
celiac diseases often irritated by the gluten content
of wheat and cereal grains containing gluten.®
Pearl millet have a great potential as food for humans
since they are gluten-free, have higher amount
of dietary fiber content, similar in lipid content
to maize and have higher amount of essential
amino acids (isoleucine, leucine and lysine) than
other traditional cereals, such as rye and wheat."°
Finger millet is a good sources of dietary fiber
(includingresistantstarch), minerals andtrace elements
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(especially calcium, potassium, iron and
phosphorous) as compared to commonly used
cereals such as wheat and rice." Soya bean is
an inexpensive source of macronutrients and can
be used in managing protein-energy malnutrition
among children and to improve the nutritional status
of the different sections of population in developing
countries.?

Some of the nutritious gluten-free grains including
cereals (rice, corn), millets (finger millet, pearl
millet, kodo millet and foxtail millet) pseudo-cereals
(quinoa, buckwheat and amaranth), nuts (groundnut,
coconut etc.) and pulses (pea, soyabean, Bengal
gram, chickpea etc.) can be utilized for preparation
of gluten free functional foods. Processes for
preparation of gluten free products such as cookies,
pasta etc. has already been optimised by several
workers'3-16

Keeping in view the numerous nutritional health
benefits of gluten free ingredients such as pearl
millet, soya bean, finger millet and groundnut,
present investigation was undertaken for the
development and nutritional evaluation of multigrain
gluten free cookies and pasta.

Material and Methods

Materials

Gluten free ingredient such as pearl millet, finger
millet, soy bean and wheat (control) etc. were
procured from experimental farms of Eternal
University, Baru Sahib. Other ingredients such as
hydrogenated vegetable oil, crystal sugar, NaCl
(food grade), groundnut seeds and baking powder
of standard manufacturers were procured from local
market.

Methods

Physico-Chemical Evaluation of Raw Ingredients
Physical parameters of grains such as 1000 grains
weight was determined as per method specified by
AACC." Bulk density was determined as per the
method described by Huang, Shiau.’® Tap density
was determined as per the method described by
Jones, Chinnaswamy.'® Water absorption capacity
(WAC) was determined using the centrifuge method
of Sosulski?® and water solubility index (WSI) was
determined using the supernatant obtained during
WAC estimation as per the method of Stojceska,
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Ainsworth.?" Raw ingredients were subjected to
chemical analysis using standard protocols. The
samples were analyzed for moisture content by
air-oven drying method.?? Crude fibre by Fibroplus
(Pelican), Crude fat using Soxoplus (Pelican),
crude proteins using Kjeloplus (Pelican) and ash
contents (%) were determined as per methods
described by Ranganna.?® Total carbohydrate
content of the samples was determined as total
carbohydrate by difference, calculated by subtracting
the measured crude protein, crude fat, ash, crude
fibre and moisture from 100.

Calorific Value

It was estimated based on the contents of crude
protein (N x 6.25), fats and carbohydrates using
the Atwater factors (energy conversion factors)
of 4.0, 9.10 and 4.2 K Cal/g of each component,
respectively.?*

Colour Measurement

The color of raw ingredients was determined using
Lovibond Tintometer (model F). Scale of Lovibond®
tintometer is based on calibrated glass colour
standards of variable densities of yellow, magenta
(red), blue and neutral, progressing from desaturated
to fully saturate resulting in a set of Lovibond® RYBN
units that define the colour.

Preparation of Gluten Free Cookies

Various formulations (Table 1) were prepared for
making cookies by incorporating flour of pearl millet
(PM), finger millet (FM), groundnut (GN) and soya
bean (SB). Grains were converted to fine flour in
a lab scale flour mill (SANCO) and sieved through
60- mesh sieve. Cookies prepared from whole
wheat flour were used as control for comparison
of nutritional and organoleptic characteristics. The
ingredients used for the preparation of gluten free
cookies (GFC) includes wheat flour/ blend of pearl
millet, finger millet soya bean, groundnut (100g),
sugar (50g), fat (40g), skimmed milk powder (SMP)
(1g), water (10-15 ml), glucose (1g), sodium
bicarbonate (1g), and ammonium bicarbonate (19).

Sugar was converted to a fine powder in a grinder
(Maharaja Whiteline) and sieved through 60- mesh
sieve. The powdered sugar, fat and vanillin were
mixed for 2-3 min. This mixture was then added to
the pre-mixed blend of pearl millet, finger millet, soya
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bean, groundnut flour, glucose, sodium bicarbonate
and ammonium bicarbonate. SMP was dissolved in
water and was used for dough making. Prepared
dough was sheeted on stainless steel platform using
a wooden rolling pin to obtain a uniform thickness
of 2.5 mm. Sheet was cut into circular pieces of 48
mm diameter with round cutter and 40 pieces were
equally distributed on baking tray. Tray was then
loaded in baking oven (SANCO) for baking at 205°C
for 7-8 min. Cookies so obtained were cooled to room
temperature and packed in polypropylene pouches
(100 gauge) and heat sealed (Fig. 1).

Preparation of Gluten Free Pasta

Different formulations of pearl millet, finger millet
and soya bean flour were prepared by incorporating
them in different proportions (Table 2). Dry mixing
of pearl millet, finger millet, soya bean flour and salt
was done to prepare a homogeneous mixture. Dough
was then prepared with water and was allowed to rest
for 1 h. Pasta was prepared in noodle/pasta making
machine (SANCO). Prepared pasta was subjected to
steaming for 5 min and dried in hot air oven at 50°C.

To study the effect of frying, a part of steamed pasta
was fried in refined soya bean oil for 30 sec. It was
then cooled and packed in polypropylene pouched
and heat sealed (Fig. 2).

Evaluation of Gluten Free Products

Average Diameter (D) and Thickness (T) of cookies
were measured with the help of vernier caliper.
Spread ratio was then determined by dividing the
diameter with thickness (D/T) as per the method
of [17]. Same protocols were utilized for chemical
evaluation as well as calorific value of products as
that utilized for raw ingredients.

Organoleptic Evaluation

The organoleptic evaluation of products prepared
by different formulations was conducted by a semi-
trained panel (a panel consisting of people capable
of discriminating differences and communicating
their reactions, though they may not have been
formally trained) for appearance, aroma, colour,
texture and taste by a semi trained panel of 15
people. The judges scored quality characteristics as
per 9-point hedonic rating scale.?® For evaluation of
pasta products, 100 g pasta was cooked for 18 minin
1 L unsalted water and drained. Sensory tests were
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applied after 10 min of draining. The sensory test of
the pasta was also performed with a semi-trained
panel of 15 people.

Statistical Analysis

Statistical analysis using one way analysis of
variance (ANOVA) was done to assess data using
SPSS 16.0 software. Values were expressed
as + Standard Deviation and differences were
considered significant at level of p < 0.05.

Table 1: Ingredients used in different
formulations for preparation of
gluten free cookies

Ingredients Formulations

(9) co C1 C2 Cc3
Finger millet - 25 15 35
Pearl millet - 25 35 15
Soya bean - 25 25 25
Ground nut - 25 25 25
Wheat flour 100 - - -

Co Cl c2 Cc3

Fig. 1:Gluten free cookies prepared from
different formulations of gluten free

Ingredients

C, (100% WF); C1(25% FM + 25% PM + 25% SB
+ 25% GN); C2(15%FM + 35% PM + 25% SB + 25
% GN); C3 (35 % FM + 15% PM + 25 % SB + 25%
GN) C,-Control, WF-Wheat flour, FM-Finger millet,
PM-Pearl millet, SB-Soyabean, GN-Groundnut

Table 2: Ingredients used in different
formulation for preparation of gluten free pasta

Ingredients Formulations

(9) PSO PS1 PS2 PS3
Pearl millet - 30 45 20
Finger millet - 35 20 45
Soya bean - 35 35 35
Wheat flour 100 - - -

Fig. 2: Gluten free pasta prepared from
different formulations of gluten free
ingredients

PSO0 (100% WF); PS1 (25% FM + 25% PM + 25% SB

+25% GN); PS2 (15%FM + 35% PM + 25% SB + 25
% GN); PS3 (35 % FM + 15% PM + 25 % SB + 25%
GN). PS -Control, WF-Wheat flour, FM-Finger millet,
PM-Pearl millet, SB-Soyabean, GN-Groundnut

Results and Discussions
Raw ingredients as well as processed products were
subjected to physico-chemical and organoleptic
evaluation. The results obtained are presented under
the following subheadings.

Physico-Chemical Characteristics of Raw
Ingredients

Physical Characteristics

Data pertaining to Physical parameters of raw
ingredients is presented in Table 3. Data shows that
thousand grain weights varied significantly (P<0.05)
from 3.19g to 541.489g. Values were lowest for finger
millet (3.19 g) and highest for groundnut (541.489).

There was significant difference in bulk density and
tap density of different raw ingredients and it varied
from 58.83 to 79.17 g/ml and 60.53 to 88.37g/ml,
respectively. Values for bulk density and tap density
were lowest for pearl millet (58.83 and 60.53g/ml)
and highest for groundnut (79.17 and 88.37g/ml).

Water Absorption Capacity (WAC) of different
raw ingredients ranged from 1.35 ml/g (wheat) to
3.07ml/g (SB). Values for Water Solubility Index
(WSI) ranged from 0.07 g/ml (FM) to 0.78 g/ml (GN).

Chemical Characteristics

The chemical composition of raw ingredients is
presented in Table 3. Moisture content of raw
ingredients varied significantly between 9.30 and
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11.60%. Wheat (11.60%) has highest value whereas
groundnut (9.30 %) had lowest moisture content.
There was significant difference in crude fat contents
of raw ingredients and values ranged from 1.90 to
34.89%. It was highest for groundnut (34.89%) and
the lowest in wheat (1.90%).

Raw ingredients contained crude fibre content
ranging from 1.73 to 4.73%. Values were finger millet
contained highest content (4.73%) and it was lowest
for wheat (1.73%). Crude protein contents in raw
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ingredients varied significantly and were reported
between 11.03% (wheat) to 35.30% (soya bean).
Also, the values for ash contents varied significantly
from 1.80 to 5.76%. The values were highest for
soya bean (5.76%) and lowest for wheat (1.80%).
Carbohydrates ranged from 23.06% (groundnut) to
71.90% (wheat). Calorific values of raw ingredients
varied from 352.09 to 519.37 Kcal/100 g. The values
were highest for soya bean (519.37 Kcal/100 g) and
lowest for wheat (352.09 Kcal/100 g).

Table 3: Physico-chemical and optical characteristics of raw ingredients

Parameters Wheat Pearl Millet Finger Millet Soya Bean  Groundnut
1000 kernel WH. (g) 45.28+1.93° 12.40+1.01¢  3.19+0.04° 143.03+1.83" 541.48+5.872
Bulk density (g/cm?®) 64.50+1.30° 58.83+1.26° 67.67+1.53° 62.10+1.15¢ 79.17+1.16°
Tap Density (g/cm?) 69.43+0.83° 60.53+0.25° 68.60+1.11° 68.50+0.87° 88.37+1.96°
WAC (ml/g) 1.35+0.10° 1.43+0.10° 1.84+0.10° 3.07+0.25° 1.77+0.25°
WSI (g/ml) 0.15+0.03%° 0.14+0.04° 0.07+0.02¢ 0.20+0.02° 0.78+0.03?
Values for red 5.63+0.15¢ 6.47+0.12° 8.40+0.20° 5.63+0.15¢ 14.77+0.382
(Lovibond®RYBN units)

Values for Yellow 14.90+0.26° 25.67+0.61¢ 54.93+0.78% 32.60+0.60° 48.03+0.64°
(Lovibond®RYBN units)

Values for Blue 3.47+0.15¢ 7.53+0.25° 8.83+0.15° 4.53+0.31¢ 82.23+1.292
(Lovibond®RYBN units)

Values for Neutral 0.67+0.15° 0.53+0.15° 3.77+0.25° 1.47+0.25° 3.57+0.312
(Lovibond®RYBN units)

Moisture (%) 11.60+0.782 10.13+0.99° 10.64+0.88%® 9.30+0.44° 9.84+0.25°
Fat (%) 1.90+0.13¢ 4.63+0.62° 2.47+0.28¢ 20.03+0.87° 34.89+0.36
Protein (%) 11.07+0.78° 12.13+0.15° 11.03+0.91° 35.30+0.85% 26.25+1.39°
Ash (%) 1.80+0.26¢ 2.13+0.14¢ 3.16+0.30° 5.76+0.70? 3.83+0.12°
Fibre (%) 1.73+0.43+ 3.43+0.38° 4.73+0.26° 4.72+0.322 2.12+0.35°
Carbohydrate (%) 71.90+0.93+ 67.55+1.29° 67.97+1.98° 24.89+1.50° 23.06+1.33°
Calorific Value (Kcal/100g) 363.57+4.06% 374.32+8.42° 352.09+3.40° 428.01+5.82° 519.37+0.682

Values in the table are presented as mean+SD; Values with in rows sharing the same letters are not
significantly different according to Duncan’s LSD post hoc analysis at P<0.05

Colour Characteristics

Value of red (R) colour varied significantly from 5.63
(wheat) to 14.77 (groundnut). That for blue (B) and
yellow (Y) colour ranged from 3.47 (wheat) to 82.23
(groundnut) and 14.90 (wheat) to 54.93 (finger millet)
respectively. Values for neutral (N) ranged from 0.53
(pearl millet) to 3.77 (finger millet).

Physico-Chemical and Organoleptic Evaluation
of Gluten Free Products

Gluten Free Cookies

Physico-Chemical Characteristics

The physical parameters like weight, diameter,
thickness and spread ratio of cookies were evaluated
and compared with control (C0) cookies prepared



RADHIKA et al., Curr. Res. Nutr Food Sci Jour., Vol. 7(3) 842-853 (2019) 847

from whole wheat flour. The weight of cookies ranged
from 7.33g (CO) to 8.33g (C1). The diameter and
thickness of cookies varied from 55.33 mm (C2) to
62.33 mm (C0) and 5.70 mm (C3) to 6.27 mm (CO0),
respectively. The spread ratio of cookies was found
in range of 8.84 (C2) to 10.22 (CO0). Spread ratio of
gluten free cookies was lower than control cookies
prepared from wheat flour. It was mainly because

of lack of gluten content in all formulations except
control, resulting in escape of CO, generated during
baking process thereby, decreasing the spread ratio
of gluten free cookies. Giri and Sakhale® reported
decrease in spread ratio of sweet potato flour based
high protein and low calorie gluten free cookies
and Hooda and Jood?¢in fenugreek supplemented

biscuits.

Table 4: Physico-chemical analysis of cookies prepared by different formulation

Parameters Formulations

Cco C1 Cc2 C3
Diameter (D) (mm) 62.33+0.582 60.17+0.76° 55.33+0.58° 56.33+0.58°
Thickness (T) (mm) 6.10+0.102 6.07+0.06%° 6.27+0.25%° 5.70+0.35°
Spread ratio (D/T) 10.22+0.107° 9.91+0.232 8.84+0.45° 9.91+0.642
Wi. /cookie (Q) 7.33+£0.23° 8.33+0.512 8.04+0.142 8.25+0.222
Moisture content (%) 3.02+0.502 3.66+0.372 3.21+0.292 3.16+0.322
Ash content (%) 1.66+0.15°¢ 2.21+£0.29° 2.56+0.41° 3.16+0.25°2
Crude fat (%) 23.06+0.64° 25.19+0.98° 26.54+0.582 24.06+0.53%
Crude fibre (%) 2.12+0.35° 4.28+0.35% 4.08+0.18° 4.72+0.322
Crude protein (%) 8.50+0.22° 11.66+0.35° 12.07+0.06° 13.22+0.222
Carbohydrate (%) 61.65+1.40° 53.00+1.22° 50.91+0.86° 52.32+0.58*
Calorific Value (Kcal/1009) 502.73+2.682 498.47+4.67° 503.56+2.47 491.54+2.41°

Values in the table are presented as mean+SD; Values with in rows sharing the same letters are not
significantly different according to Duncan’s LSD post hoc analysis at P<0.05

Gluten free cookies were subjected to chemical
analysis for different parameters and results obtained
are presented in Table 4. There was significant
difference in chemical composition of different
formulations of gluten free cookies. The moisture
content ranged from 3.02 to 3.66 % but changes
were non-significant. The values for ash content
varied significantly from 1.66 to 3.16 % in different
formulations. Due to incorporation of mineral rich
ingredients (PM, FM, SB and GN), the ash content
was highest in C3 (3.16%) as compared to control CO
(1.66%). Values for Crude fibre contents were highest
in C3 (4.72%) and lowest in control cookies (2.12%).
Crude fibre content of gluten free formulations was
higher than control because of incorporation of fibre
rich ingredients. Crude fat contents were highest in
C2 (26.54%) and lowest in C0O (23.06%). Rai, Kaur?”
reported moisture content ranging between 3.0-
4.1% ash content 1.6%, crude protein 7.4%, crude
fat 19.2% and calorific value of 481.7 Kcal/100g in
cookies prepared from pearl millet and sorghum.

Onweluzo and lwezu 28 reported increase in crude
fibre content of cookies with addition of cassava
and soybean flour. Similar results were obtained
by Chappalwar, Pete?® in cookies prepared from
oats and finger millet based composite flour. Crude
protein content of cookies ranged from 8.50%
(Control) to 13.22% in C3 (formulation containing
protein rich ingredients j e. FM, PM, SB and GN). The
content of carbohydrates ranged from 50.91% (C2)
to 61.65% (CO0). Calorific values of cookies varied
from 352.09 to 519.37 Kcal/100 g. The values were
highest for C3 (491.54 Kcal/100 g) and lowest for
C2 (503.56 Kcal/100 g).

Organoleptic Evaluation

Organoleptic evaluation of gluten free cookies after
processing is given in Fig. 3. Cookies were subjected
to organoleptic evaluation by a semi-trained panel.
The overall acceptability score for CO, C1, C2 and
C3 was 8.0, 8.17, 7.25 and 7.67. There was slight
decrease in overall acceptability of multigrain gluten
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free cookies (C1, C2, and C3) as compared to
control (C0). Cookies containing higher proportion
of pearl millet scored less for colour, flavor, texture,
taste and overall acceptability as compared to other
formulations. It was mainly due to some unpleasant
sensory attributes of pearl millet as compared to
other gluten free ingredients. However, the cookies

m Colour m Flavour

10.00
9.00 -
8.00
7.00 -
6.00
5.00
4.00
3.00
200 -
1.00
0.00 +

Organoleptic Scores

co 1

w Texture
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were moderately acceptable on 9 point hedonic
rating scale. Similar results have been obtained
by Ciacci, Maiuri® in wheat-free sorghum cookies.
Rodrigues, Luparelli®' prepared gluten free cookies
from sorghum, rice and corn starch with satisfactory
sensory characteristic

m Taste m Overall acceptability

c2 c3
Cookies Formulations

Fig. 3:0rganoleptic characteristics of different formulations of gluten free cookies

C, (100% WF); C1(25% FM + 25% PM + 25% SB + 25% GN); C2(15%FM + 35% PM + 25% SB + 25 % GN); C3 ( 35
% FM + 15% PM + 25 % SB + 25% GN) C-Control, WF-Wheat flour, FM-Finger millet, PM-Pearl millet, SB-Soyabean,

GN-Groundnut

Gluten Free Pasta

Physicochemical Characteristics

Gluten free pasta of both types i. e. steamed (PS)
and steamed as well as fried (PF) were subjected to
physico-chemical analysis for different parameters
and results obtained are presented in Table 5
and 6. In case of gluten free pasta that was only
steam treated, the moisture content ranged from
8.93 to 9.57% and was statistically non-significant.
Moisture content of pasta products must be equal
to or less than 12.5% after drying so as to avoid
microbial contamination.® The values for ash content
varied significantly from 4.07 to 5.01% in different
formulations. The ash content was highest in PS1
(5.01%) and lowest in PSO0 (4.07%). Values for Crude
fibre contents were highest in PS2 (3.77%) and
lowest in control (PS0) (2.36%). It was mainly due
to high crude fibre content of gluten free ingredients.
Crude fat contents varied significantly and were
highest in PS2 (6.72%) and lowest in PS0O (1.64%).
High fat content in PS2 may be due to incorporation
of higher pearl millet (45%) as compared to other
formulations. The content of carbohydrates ranged
from 63.56% (PS2) to 74.66% (PS0). Calorific values

of pasta varied from 352.09 to 519.37 Kcal/100 g.
Due to high fat content in PS2, The calorific value
was highest for PS2 (375.86 Kcal/100 g) and lowest
for PSO (361.84Kcal/100 g) (Table 5). Therefore it
has been observed that gluten free pasta prepared
from gluten free ingredients has higher amount of
nutritional ingredients as compared to control (pasta
prepared from whole wheat flour). Similar results
have been observed by Jalgaonkar, Jha%® during
quality evaluation of pearl millet based pasta.

In case of gluten free steamed and fried pasta
(PF), the moisture content varied significantly
and it ranged from 8.25 to 9.54%. Ash content of
different formulations varied from 4.07 to 5.01%.
It was highest in PF1 (5.01%) due to incorporation
of mineral rich ingredients (FM, PM and SB) as
compared to control PFO (4.07%) prepared from
whole wheat flour only. There was significant
difference in crude fibre content and it was highest
in PF2 (3.55%) and lowest in control (PFO0) (2.09%).
Crude fat content varied significantly and was
highest in PF2 (9.19%) and lowest in PFO (4.53%).
The content of carbohydrates ranged from 61.35%
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lowest for PFO (380.04 Kcal/100 g) (Table 6). Due
to frying PF retained had higher amount of fat than
PS resulting in higher calorific value.

(PF2) to 72.83% (PFO0). Calorific values of pasta
varied from 380.04 to 391.14 Kcal/100 g. The values
were highest for PF3 (391.14 Kcal/100 g) and

Table 5: Proximate analysis of steamed pasta (PS) prepared by different formulations

Parameters Formulations
PS0 PS1 PS2 PS3

Moisture content (%) 8.93+0.56° 9.35+0.45° 9.57+0.192 8.94+0.36°
Ash content (%) 4.07+0.14° 5.01+0.262 4.45+0.44% 4.24+0.32°
Crude fat (%) 1.64+0.38° 5.58+0.43° 6.72+0.922 5.21+0.24°
Crude fibre (%) 2.36+0.22° 2.83+0.31% 3.77+0.20 2.94+0.25°
Crude protein (%) 8.33+0.17¢ 11.23+0.29° 11.93+0.14° 12.82+0.542
Carbohydrate (%) 74.66+0.712 66.00+0.36° 63.56+0.81° 65.86+0.88°

Calorific Value (Kcal/

100g) 361.84+2.17°

372.87+2.982

375.86+5.452

375.28+1.542

Values in the table are presented as mean+SD; Values with in rows sharing the same letters
are not significantly different according to Duncan’s LSD post hoc analysis at P<0.05

Table 6: Proximate analysis of steamed and fried pasta (PF)
prepared by different formulations

Parameters Formulations

PFO PF1 PF2 PF3
Moisture content (%) 8.25+0.41° 8.77+0.40° 9.54+0.152 8.92+0.36%
Ash content (%) 4.07+0.14° 5.01+0.282 4.44+0.43% 4.24+0.30°
Crude fat (%) 4.53+0.37° 8.54+0.29° 9.19+0.412 8.18+0.19°
Crude fibre (%) 2.09+0.18° 2.63+0.46° 3.55+0.062 2.64+0.30°
Crude protein (%) 8.23+0.12¢ 11.23+0.29¢ 11.93+0.14°>  12.82+0.542
Carbohydrate (%) 72.83+0.67¢ 63.82+0.28° 61.35+0.33° 63.21+0.91°
Calorific Value (Kcal/100g) 380.04+1.95° 390.65+1.292  389.02+3.212 391.14+1.632

Values in the table are presented as mean+SD; Values with in rows sharing the same letters
are not significantly different according to Duncan’s LSD post hoc analysis at P<0.05

PSO

PS1

PS2

PS3

Fig. 4: Gluten free steamed pasta after cooking

PS0 (100% WF); PS1 ( 25% FM + 25% PM + 25% SB + 25% GN); PS2 (15%FM + 35% PM + 25% SB
+25 % GN); PS3 (35 % FM + 15% PM + 25 % SB + 25% GN). PS -Control, WF-Wheat flour, FM-Finger
millet, PM-Pearl millet, SB-Soyabean, GN-Groundnut
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Organoleptic Evaluation

Gluten free steamed (PS) pasta after boiling
(Fig. 4) was subjected to organoleptic evaluation
and results obtained are presented in Fig. 5. Pasta
was subjected to organoleptic evaluation by a
semi-trained panel. The overall acceptability score
for PS0O, PS1, PS2 and PS3 was 8.0, 8.42, 6.75 and
7.67. Overall acceptability score of PS shows that

W Colour W Flavour W Texture

850

formulations PS1 and PS3 were desirable (8.42)
and moderately desirable (7.67) as per 9 point
hedonic rating scale respectively. Whereas overall
acceptability scores of PS2 (6.75) shows that these
were slightly desirable and most probable reason
was that high level of pearl millet in this formulation
decreased the score for colour, texture, taste and
overall acceptability.

M Taste W Overall acceptability

10.00
9.00

8.00
7.00 -
6.00 -
5.00 -
4.00
3.00 -
2.00 -
1.00
0.00

Organoleptic Score

PSO PS1
Steamed Pasta formulations

PS2 PS3

Fig. 5:0rganoleptic characteristics of different formulations of gluten free steamed pasta

PS0 (100% WF); PS1 (25% FM + 25% PM + 25% SB + 25% GN); PS2 (15%FM + 35% PM + 25% SB
+25 % GN); PS3 (35 % FM + 15% PM + 25 % SB + 25% GN). PS -Control, WF-Wheat flour, FM-Finger

millet, PM-Pearl millet, SB-Soyabean, GN-Groundnut

In case of gluten free steamed and fried pasta
(PF) (Fig. 6 and 7), score was slightly higher than
PS as frying increased the palatability. The overall
acceptability score for PFO, PF1, PF2 and PF3
was 8.08, 8.08, 7.00 and 8.08 respectively. Overall
acceptability score of PF shows that formulations
PF1 (8.08) and PF3 (8.08) were desirable and PF2

was moderately desirable (7.67) as per 9 point
hedonic rating scale. Whereas overall acceptability
scores of PF2 (7.00) was slightly lower as in case
of PS2 due to high level of pearl millet leading
to decreased score for texture, taste and overall
acceptability.

PFO PF1

PF2 PF3

Fig. 6:Gluten free steamed and fried pasta after cooking

PFO (100% WF); PF1 (25% FM + 25% PM + 25% SB + 25% GN); PF2 (15%FM + 35% PM + 25% SB + 25
% GN); PF3 (35 % FM + 15% PM + 25 % SB + 25% GN). PF -Control, WF-Wheat flour, FM-Finger millet,

PM-Pearl millet, SB-Soyabean, GN-Groundnut
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1
I]
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Fried Pasta formulations

Fig. 7: Organoleptic characteristics of different formulations of gluten
free steamed and fried pasta

PFO (100% WF); PF1 (25% FM + 25% PM + 25% SB + 25% GN); PF2 (15%FM + 35% PM + 25% SB + 25
% GN); PF3 (35 % FM + 15% PM + 25 % SB + 25% GN). PF -Control, WF-Wheat flour, FM-Finger millet,

PM-Pearl millet, SB-Soyabean, GN-Groundnut

Conclusions

Gluten free ingredients i. e. pearl millet, finger millet,
soya bean and groundnut flour were incorporated
successfully for preparation of value added gluten
free food products like cookies and pasta. It has
been observed that incorporation of nutritious gluten
free ingredients in these products increased the
contents of essential nutrients such as crude fibre,
crude fat, crude proteins and mineral or ash contents.
Allformulations were desirable as per results of sensory
evaluation except for formulation containing higher
proportion of pearl millet and considered moderately
desirable as per 9-point hedonic rating scale.
All these nutrients are potentially deficient in gluten
free products available in market which mainly
consist of starch and other synthetic additives.

Gluten free food products available in the market are
costly and not affordable by all sections of society.
Due to incorporation of low-cost underutilized
millets, soya bean and groundnut in these products,
these can be affordable by every section of society.
Processing the underutilized gluten free raw
ingredients using techniques mentioned in present

investigation for the development of gluten free food
products would be the possible solution for promotion
and commercialization of these products. These food
products can serve as a good carrier for transferring
the nutritional properties of underutilized millets and
can help in improving the nutritional status of not only
the celiac patients but also other people suffering
from various lifestyle disorders.
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