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Quinoa (Chenopodium wild) belongs to goosefoot family of “Chenopodiaceae”. Quinoa is
mostly useable and consumable grain in all over the world now a day because of their
excellent nutritional composition. Present study aims to develop fermented quinoa
incorporated snack items. Fermented quinoa flour was incorporated at 25%, 50%, 75% and
100% in snack items like namakpara and chekkalu. Incorporated snack items were
organoleptically evaluated by semi trained panel members. The mean sensory scores for
colour, texture and flavour of fermented quinoa incorporated namakpara were very near to
control. Namakpara incorporated with 25% fermented quinoa and chekkalu incorporated
with 50% were acceptable.

Introduction
Cereals and pseudocereals belong to the most
important primary food due to rich in proteins,
carbohydrates, amino acid composition,
vitamins and minerals.
These grains mostly consumed in the form of
breakfast cereals, bars and bread in developed
countries (Kockova et al., 2013).
Quinoa (Chenopodium wild) is consider as a
pseudocereal plants and it is cultivated all over
the world because of its wonderful sustainable
nature. The consumption of quinoa was
helpful in reduce the blood cholesterol level,

and maintains good health conditions due to
its excellent nutritional composition such as
dietary fiber, proteins, essential amino acids,
phytochemicals, vitamins and minerals (Elget
et al., 2014).
Fermentation is a food processing technique
used to enhance the distinctive flavour,
digestibility, nutrients and helps in reduce the
antinutritional factors present in food their by
availability of nutrients to the human being
was increased.
This is also is desirable process for
improvement of sensory quality of products by
producing aroma compounds like lactic acid
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bacteria and also extends shelf life of products
through the production of antimicrobial
compounds (Corsetti and Settanni, 2007).

Sensory evaluation of products

The objective of present study is to develop
fermented
quinoa
flour
incorporated
traditional snack items to increase the
consumption of quinoa as well as increase the
nutrient density of the products. Chekkalu (A
traditional snack item prepared with rice flour
and spices generally consumed in south India)
and namakpara were select for preparation of
fermented quinoa incorporated snacks because
these snacks are most popular and easy to
prepare crispy snack items preferred by all age
groups in south India.

Sensory evaluation of fermented quinoa based
south Indian breakfast items were carried out
by fifteen semi-trained panel members from
PGRC, PJTSAU using 9 point hedonic scale
(Meilgaard et al., 1999) evaluated for
attributes such as colour, texture, flavour, taste
and overall acceptability. The scale were
based on hedonic scale of 1 to 9 where: 1= I
dislike extremely (very bad) and 9= I like
extremely (excellent). The samples were
presented with pre-coding of three digit
numbers in individual booths in sensory
evaluation lab. Panellist rinsed their mouth
with water after testing each sample.

Materials and Methods

Statistical analysis

Procurement of raw materials

The results were statistically analysed
(Snedecor et al., 1983) the results were
presented as mean ± standard deviation.
Difference between the variables was tested
for significance by ANOVA using SAS
version 9.1. To select final best acceptable
combination of products the actual scores of
overall acceptability given by 15 panel
members were taken and box-plot diagram
was drawn. Boxplot descriptive statistics are
presented in Figures 2 and 4 and discussed in
the results.

Quinoa seeds were obtained from Department
of Agronomy, College of Agriculture, PJTS
Agricultural
University,
Rajendranagar,
Hyderabad. The other ingredients were
procured from local market of Hyderabad.
Processing of fermented quinoa flour
Wet milled quinoa flour was fermented by
fallowing the procedure of Carciochi et al.,
(2016).

Results and Discussion
Preparation of traditional snack items
All the traditional snack items prepared by
replacing major cereals and millet in the
different proportions of 25%, 50%, 75%,
100% as given in the Table 1 and 2. Snack
item without incorporation of fermented
quinoa flour served as control. While
preparing namakpara midha (refined wheat
flour) was kept constant where as in chekkalu
rice flour was replaced by fermented quinoa
flour. Both the snack items were prepared
fallowing the traditional procedures.

Sensory
evaluation
of
namakpara
incorporated with fermented quinoa flour
Mean sensory scores of namakpara
incorporated with fermented quinoa flour was
stated in Figure 1. Mean sensory scores of
namakpara for colour QN3 (7.73±0.23) had
maximum mean sensory score whereas QN1
(6.47±0.40) had minimum mean sensory
score. Results showed that there was no
significant difference (p≤0.05) between TCN
and QN2 where as other were having
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significant difference. The mean sensory score
of namakpara for texture were ranged from
6.47±0.40 (QN1) to 7.53±0.32 (QN3). QN3
sample got better score for texture than the
control sample. The results showed that there
was no significant difference (p≤0.05)
between QN1 and QN4 as well as QN2 and
TCN (p≤0.05).

Highest mean sensory scores for flavour
(7.40±0.21)
and
overall
acceptability
(7.67±0.27) was given to QN3. Lowest mean
sensory scores for flavour was given to QN1
(6.60±0.27), where as in overall acceptability
QN2 scored low (7.00±0.24). Results showed
that there was no significant difference
(p≤0.05) between QN3 and TCN.

For taste mean sensory scores of namakpara
was decreased from 7.47± 0.26 (TCN) to
6.67±0.21 (QN1). The mean score for taste
was highest for control sample (TCN). But
within the fermented quinoa incorporated
namakpara QN4 (7.40±0.19) had highest score
whereas QN2 (6.67±0.21) was given lowest
mean sensory score for taste. The results
clearly show that there was no significant
difference (p≤0.05) between TCN and QN4 as
well as QN3 and QN1 (p≤0.05).

To select final best acceptable combination of
namakpara the actual scores of overall
acceptability given by 15 panel members were
taken and box-plot diagram was drawn.
Boxplot descriptive statistics of namakpara are
presented in Figure 2. The box plot diagram
clearly shows that the median (8) and
maximum (9) values of overall acceptability
of control QN2, QN3, QN4 had same median
value where asQN3 had equal maximum value
with control which shows that QN3 equal
acceptable as control.

Table.1 Ingredients used in preparation of namakpara incorporated with fermented quinoa flour
Combinations Wheat flour (g)
QN 1
QN 2
QN 3
QN 4
TCN

Midha (g)

25.00
37.50
50.00
75.00

Fermented
flour (g)

25.00
25.00
25.00
25.00
25.00

quinoa

75.00
50.00
37.50
25.00
-

Table.2 Ingredients used in preparation of chekkalu with fermented quinoa flour
Combinations

Rice flour (g)

Fermented quinoa flour (g)

TC 1
TC 2

25.00

100.00
75.00

TC 3

50.00

50.00

TC 4

75.00

251.00

TCC

100.00

-
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Fig.1 Mean sensory scores of namakpara incorporated with fermented quinoa flour

TCN (Control) – Namakpara prepared with wheat flour and maidha (75:25)
QN1 – Namakpara prepared with maidha and fermented quinoa flour (25:75).
QN2 – Namakpara prepared with wheat flour, maidha and fermented quinoa flour (25:25:50)
QN3 – Namakpara prepared with wheat flour, maidha and fermented quinoa flour (37.5:25:37.5)
QN4 – Namakpara prepared with wheat flour, maidha and fermented quinoa flour (50:25:25)

Fig.2 Box and whisker plots displaying median, inter quartile range (box) and range (whiskers)
of overall acceptability of fermented quinoa incorporated namakpara

TCN (Control) – Namakpara prepared with wheat flour and maidha (75:25)
QN1 – Namakpara prepared with maidha and fermented quinoa flour (25:75).
QN2 – Namakpara prepared with wheat flour, maidha and fermented quinoa flour (25:25:50)
QN3 – Namakpara prepared with wheat flour, maidha and fermented quinoa flour (37.5:25:37.5)
QN4 – Namakpara prepared with wheat flour, maidha and fermented quinoa flour (50:25:25)
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Fig.3 Mean sensory scores of chekkalu incorporated with fermented quinoa flour

TCC (Control) – Chekkalu prepared with rice flour only
QC1 – Chekkalu prepared with fermented quinoa flour only
QC2 – Chekkalu prepared with rice flour and fermented quinoa flour (25:75)
QC3 – Chekkalu prepared with rice flour and fermented quinoa flour (50:50)
QC4 – Chekkalu prepared with rice flour and fermented quinoa flour (75:25)

Fig.4 Box and whisker plots displaying median, inter quartile range (box) and range (whiskers)
of overall acceptability of fermented quinoa incorporated chekkalu

TCC (Control) – Chekkalu prepared with rice flour only
QC1 – Chekkalu prepared with fermented quinoa flour only
QC2 – Chekkalu prepared with rice flour and fermented quinoa flour (25:75)
QC3 – Chekkalu prepared with rice flour and fermented quinoa flour (50:50)
QC4 – Chekkalu prepared with rice flour and fermented quinoa flour (75:25)
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Plate.1 Preparation of namakpara
incorporated with fermented quinoa
flour

Plate.2 Preparation of chekkalu
incorporated with fermented quinoa
flour

Sensory
evaluation
of
chekkalu
incorporated with fermented quinoa flour

and chekkalu incorporated with fermented
quinoa flour.

Mean sensory scores of chekkalu was stated
in Figure 3. Means sensory scores of chekkalu
for colour, TCC (7.80±0.22) was given
highest
mean
sensory.
Score
than
incorporated chekkalu with fermented quinoa
flour. QC1 (7.80±0.22) had lowest mean
sensory score for colour. Acceptability of
colour was decreased by increasing the
incorporation of fermented quinoa flour to the
chekkalu from QC1 to QC4. Results showed
that there was significant difference (p≤0.05)
between TCC and chekkalu incorporated with
fermented quinoa flour, and there was no
significant difference (p≤0.05) between QC1
and QC2 and between QC3 and QC4.

Highest mean sensory scores of chekkalu for
taste (7.80±0.24) and flavour (7.80±0.22)
were given to TCC than incorporated
chekkalu with fermented quinoa flour. Within
the fermented quinoa incorporated chekkalu
QC4 got highest scores in the taste (7.53±
0.26) and flavour (7.73± 0.20). Based on
results taste and flavour of chekkalu was
decreased by increasing the incorporation of
fermented quinoa flour to the chekkalu. The
results showed that there was significant
difference (p≤0.05) between TCC and
incorporated chekkalu with fermented quinoa
flour.

Acceptability of chekkalu for texture mean
sensory scores was decreased from QC1 to
QC4 by increasing the incorporation of
fermented quinoa flour. Control (7.40±0.29)
had highest score than chekkalu incorporated
with fermented quinoa flour, and QC1
(6.07±0.27) had lowest score. Mean sensory
scores of chekkalu were raged from 7.40±0.29
to 6.07±0.27. Results showed that there was
significant difference (p≤0.05) between TCC

Overall
acceptability
of
incorporated
chekkalu was decreased from 7.93± 0.26
(TCC) to 6.33±0.29 (QC1). Chekkalu
prepared with control (TCC) (7.93±0.18)
scored highest for overall acceptability. In the
experimental chekkalu with fermented quinoa
flour QC4 (7.53± 0.26) had maximum score
as compared with QC2 (6.87±0.22), QC3
(6.87±0.22) and QC1 (6.33±0.29) for overall
acceptability. Results showed that there was
no significant difference (p≤0.05) between
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QC2 and QC3. Compared to TCC and
chekkalu incorporated with fermented quinoa
flour there was significant difference (p≤0.05)
between them.

encouragement to carry out this research
work.

To select final best acceptable combination of
chekkalu the actual scores of overall
acceptability given by 15 panel members
were taken and box-plot diagram was drawn.
Boxplot descriptive statistics are presented in
Figure.4. The box plot diagram clearly shows
that the median (8) and maximum (9) values
of overall acceptability of control sample was
equal to the QC4. And even minimum (7)
value of overall acceptability was highest for
control.
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Quinoa is excellent nutritious grain but
digestibility was low because of antinutrients.
Traditional food processing technique like
fermentation was used to improve the
digestibility, nutrient content and enhance the
flavour of products their by decreasing the
antinutritional factors. Present study revealed
that acceptability of snack items such as
namakpara
and
chekkalu
were
organoleptically like moderately.
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