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Abstract
Response surface methodology was employed to optimize the levels of whey 

protein concentrate (WPC-70), brown rice flour, amaranth flour and flaxseed flour to 
formulate non-gluten pasta and also to envisage its sensory attributes, cooking quality 
and color values. The effect of amaranth flour (5-20%), flaxseed flour (5-20%) and 
WPC70 (1-5%) levels were studied on the sensory attributes, physical properties and 
gruel loss (%) of non-gluten, pasta keeping brown rice as base material. Non-gluten 
pasta with most desirable attributes (desirability, 0.899) was formulated at 67, 20, 10 and 
3% levels of brown rice, amaranth, flaxseed and WPC70, respectively. It had 12.06% 
protein, 16.28 % total dietary fibre, 1.42 and 16.11 (mg/100 g) iron and calcium contents; 
could be a better choice for celiac patients.

Keywords: Non-gluten pasta; Brown rice flour; Amaranth flour; Flaxseed flour; WPC-70; 
Response surface methodology.

Introduction
In terms of volume and value the market of pasta has grown up to US$28.46 and 

249.02 metric ton in year 2013-14 in India. It is expected to reach the value of US$ 70.80 
with 20 percent cumulative annual growth rate by 2019 [1]. Worldwide pasta is 
considered as most popular ready to eat and comfort food owing to its easy cooking, 
sensorial and nutritional attributes, affordable price, versatility as well as better storage 
stability [2]. It is being consumed as fresh just after cooking and also preserved by 
drying for future use. Durum wheat semolina [3] containing gluten protein is mostly 
preferred for high quality pasta preparation. Apart from conventional pasta, increasing 
consumers awareness towards nutritional foods has led the researchers towards 
incorporation of several natural compounds such as cereals bran, plant proteins, 
groundnut meal and capsicum juice, groundnut meal and beetroot, fenugreek [2], green 
gram semolina [3] and flaxseed [4,5] in order to enhance limiting amino acids and 
overall nutritional potential of pasta.

Hypersensitivity towards gluten present in wheat, rye and barley have increased the 
number of celiac patients (one of the genetic disorder). Effective treatment of celiac 
disease includes the adoption of gluten free diet for life-long [6]. Presently, gluten free 
products are being developed through the incorporation of easily available non-wheat 
flours such as rice, maize, soya, guar, legumes, and millets. Brown rice (oryza sativa), a 
potent source of vitamins (B1, B3 and B6), manganese, selenium and magnesium is 
considered as the best option for celiac patients [7]. Moreno et al. [8] reported that 
cereals (rice, corn and sorghum), minor cereals (fonio, teff, millet and job’s tears) or 
pseudo cereals (amaranth, buckwheat, quinoa) can be used for the formulation of gluten 
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free pasta. In last decade, research has been focused on 
processing and utilization of amaranth, a global nutrient 
supplying grain, delivering several health benefits due to 
presence of fiber, protein, tocols, squalene and other 
substances, which results in cholesterol reduction. Amaranth 
has been utilized for the production of gluten free pasta as its 
proteins are flexible enough to rearrange their organization 
or interaction with other components during processing [9]. 
Sakre et al. [10] has developed gluten free pasta using 
amaranth, oat and rice with better sensory attributes. Flaxseed 
(Linum usitatissimum), also called linseed, is a rich source of 
α-linolenic acid, lignan content, phenolic compounds and 
bioactive peptides delivers direct health benefits on 
cardiovascular disorders, obesity, and hormone-dependent 
cancers in its hydrolysates [11,12]. Different foods such as 
fresh [5] and refrigerated pasta [13] and extruded flaxseed-
corn puff have been developed with incorporation of flaxseed 
[5]. Good quality pasta with10-20% incorporation of whole 
ground flaxseed has been also manufactured [5]. Whey 
protein concentrate 70 (WPC-70) is a concentrated form of 
quality milk proteins with established nutritional and 
functional potential. Its incorporation results in the betterment 
of textural, nutritional and sensory characteristics of the food 
product and is also preferred by end users from the nutritional 
point of view. Addition of WPC improved nutritional value of 
macaroni like products without any adverse effect on sensory 
and textural properties as well as reduced the firmness and 
consistency of biscuit dough has been already reported.

Gluten-free (GF) products are usually produced from 
refined flour or starch without nutrients fortification. Partial or 
complete substitution of semolina with non-conventional 
flours such as quinoa, amaranth, oat, soybean, maize etc 
results in a compromise between nutritional improvement of 
pasta and the desired sensory attributes. Hence, to obtain 
nutritionally rich gluten free pasta from other alternative 
cereals, several technological and processing challenges arise 
which can be counteracted by finding optimized ratio of 
different ingredients through suitable statistical tools and 
adopting sound processing technique. Response surface 
methodology (RSM) is a well-established statistical tool, 
widely reported to optimize the level of ingredients in gluten 
free pasta [6] and probiotics [4,14].

The present investigation was, therefore aimed to 
optimize the formulation of non-gluten pasta using brown 
rice (base material), amaranth flour, flaxseed flour and WPC-
70 by employing Central Composite Rotatable Design (CCRD) 
of Response Surface Methodology.

Methods
Materials

Brown rice (brand name-Maharani), flaxseed and amaranth 
flours were procured from local market of Karnal, while whey 
protein concentrate-70 (WPC-70) was procured from Modern 
Dairies Private Ltd. Karnal, Haryana, India. Brown rice was 
milled (Flour Mill-Jumbo Shree) and sieved to get particle size 
>72 mm, unsieved material was further steamed for 5 min. 

Flaxseed was ground in mixer and sieved to get flour particle 
<72 mm. RO water (obtained from Kent domestic RO unit) 
was used throughout the study. Packaging material (low 
density poly ethylene, LDPE bags) were also procured from 
local market. 

Preliminary trials
Preliminary trials were conducted for the selection of 

ingredients such as brown rice flour, amaranth flour, flaxseed 
flour and WPC. Brown rice flour was considered as base 
material (i.e. brown rice flour (%) + amaranth flour (%) + 
flaxseed flour (%) + WPC-70 (%) =100 percent) throughout 
the study. Initial experiments were performed to standardize 
the type and level of brown rice flour in combination with 
amaranth flour, flaxseed flour and WPC70. Steamed, roasted 
and soaked brown rice flour was used to prepare gluten free 
pasta. 

Pasta preparation
Flours of brown rice, amaranth and flaxseed as well as 

WPC-70 powder were weighed as per experimental run order 
of CCRD design and mixed before properly by passing three 
times through 20 mesh sieve. Blended dry ingredients were 
further mixed with optimum amount of water (final dough 
moisture up to 40%) in the mixing chamber of pasta extruder 
(Make: Pizzato CE, Model: A 13 FR1-90330 FR515, Italy) for 10 
minutes for uniform distribution of water. This machine was 
equipped with single screw with constant 50 round per minute 
(RPM). The moist mixture aggregates was placed in a metal 
extruder attachment of the pasta machine that was fitted with 
an adjustable die. The rotation speed of external knife was 
12 RPM to cut the extrudates. Wet pasta was dried in a 
fluidized bed dryer (SMST, SM Scientech, Kolkata; Machine 
no. 58) at 80°C / 45 min to attain a moisture content ≤ 8%. 
The resultant dried pasta samples obtained from different 
experiments were packed in low density polyethylene (LDPE) 
bags for subsequent analysis. The flow chart used for the 
manufacturing of gluten free pasta has been depicted in 
figure 1. All experiments were conducted at food technology 
laboratory, Dairy Technology Division, ICAR- National Dairy 
Research Institute Karnal, Haryana, India.

Experimental design and optimization of independent 
variables

Response surface methodology (RSM) was used to 
optimize the levels of amaranth flour, flaxseed flour and WPC-
70 with brown rice flour (base material) for the formulation of 
gluten free pasta. Total twenty experiments were conducted 
with three independent variables (i.e. amaranth flour, flaxseed 
flour and WPC-70) on three different levels (factorial, axial 
and central) using CCRD experimental design. The independent 
variables were amaranth flour (5-20%), flaxseed flour (5-20%) 
and WPC-70 (1-5%). Sensory attributes (color, glossiness, 
integrity, aroma, taste, gumminess, firmness, adhesiveness 
and overall acceptability), color (L*, a*, b*) values, water 
activity(aw) and gruel loss (%) were treated as responses/ 
dependent variables for the optimization of gluten free pasta.
Using RSM, a mathematical relations between independent 
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variables viz A, B, C and dependent variables were developed, 
called as ‘model’. In this developed model, dependent 
variables were the function of relevant independent variables. 
This model was fitted for all response and has been expressed 
in Eq.1, 

1. Where, β0 is the intercept; β1, β2, β3 are the first order 
coefficients; β12, β13, β23, are the interaction coefficients, 
whileβ11, β22, β33are the coefficients of quadratics terms. The 
optimized pasta sample was further subjected to chemical 
composition analysis, sensory evaluation and determination 
of color values (L*, a*, b*) and water activity. 

Compositional and mineral analysis ingredients and gluten 
free pasta

Moisture, ash, protein, fat, total dietary fiber, iron, calcium 
and phosphorus contents of the raw ingredients and optimized 
pasta were determined adopting approved standard methods 
i.e. 925.10, 925.03, 920.87, 920.85, 991.43, 948.08, 944.03 and 
948.09, respectively as reported by Emmanuel et al. [15].

Cooking quality
Cooking quality of pasta was evaluated adopting the 

protocol reported by Jyotsna et al. [3] as per the Indian 
Standards Institution (ISI) method IS: 1485 [16] and cooking 
loss was expressed as percent (g/100 g) of dry pasta.

Determination of physical (colour and water activity) 
properties of gluten free pasta

The instrumental colour of gluten free pasta samples were 
measured using Color flex colorimeter supplied by Hunter lab 
(Hunter Associated Laboratory, Inc., VA, USA) with the software 
version 4.10. Data was recorded in terms of L* (lightness; 
0-black, 100-white), a* (redness; +60-red, -60-green) and b* 
(yellowness, +60-yellow, -60-blue) values of the international 
color system. The water activity of the samples were measured 
using an Aqua lab water activity meter (Decagon Devices, 
Pullman, WA).

Sensory evaluation
Pasta samples (25 g) were first properly cooked in 250 ml 

boiling water with the addition of 2.5 g of salt and 5 mL of 
edible soya bean oil and subsequently served to the sensory 
panel. Trained panel of ten sensory judge’s consisting faculty 
of Dairy Technology Division, ICAR-National Dairy Research 
Institute, Karnal, evaluated the coded gluten free pasta 
samples for sensory attributes (color, glossiness, integrity, 
aroma, taste, gumminess, firmness, adhesiveness and overall 
acceptability) on a 10- point scale. 

Statistical analysis
Results obtained during the optimization of the levels of 

independents variables were statistically analyzed adopting 
the method reported by [6] using Design Expert statistical 
software (version, 9.0.6). The statistical significance at p<0.05 
between predicted and experimental values was analyzed by 
t-test using Microsoft Excel, 2010. 

Figure 1. Manufacturing process of gluten free pasta.

Results and Discussion
Composition of ingredients

Brown rice flour, amaranth flour, flax seed flour and WPC-
70 powder were analyzed for their composition as shown in 
table 1. The composition of brown rice, amaranth flour and 
flaxseed flour were in the good agreement with the earlier 
published values by Babu et al. [7], while WPC-70 composition 
was at par with the supplier specifications.

Table 1. Raw materials composition.

Constituent 
(%)

Raw materials
Brown rice flour Amaranth flour Flaxseed flour WPC-70

Moisture 7.33 ± 0.01 8.47 ± 0.02 5.01 ± 0.02 3.01 ± 0.08
Protein 5.58 ± 0.02 15.43 ± 0.4 19.93 ± 0.05 68.97 ± 0.01

Fat 1.69 ± 0.04 6.27 ±0.05 40.15 ± 0.04 5.06 ± 0.07
Ash 1.96 ± 0.01 2.44 ± 0.06 2.83 ± 0.04 3.29 ± 0.05

Selection of ingredients 
Brown rice was subjected to three heat treatments i.e. 

steaming, roasting and soaking in hot water and analysed for 
its cooking quality in terms of gruel loss. The observed gruel 
loss in steaming, roasting and soaking were 4.08 ± 0.01, 5.67 
± 0.02 and 9.87 ± 0.03 %, respectively. Moreover, better 
integrity was observed in steamed brown rice than roasted 
and soaking treatments, therefore, steaming was selected as 
efficient cooking treatment for brown rice. Using brown rice 
as base material, levels of amaranth flour (5, 10, 15, 20 and 25 
%), flaxseed flour (5, 10, 15, 20 and 25 %) and WPC-70 (1, 3 
and 5%) were varied and gruel losses were determined. The 
gruel loss at 5, 10, 15, 20 and 25 % addition of amaranth flour 
and flaxseed flour were 3.79 ± 0.03, 4.22 ± 0.08, 4.67 ± 0.09, 
6.50 ±0.05, 8.99 ± 0.02 and 2.89 ± 0.06, 3.94 ± 0.06, 4.59 ± 
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4.95 ± 0.08, 6.79 ± 0.01%, respectively. At 1%, 3%, and 5% 
addition of WPC-70, the observed gruel loss were 5.67 ± 0.02, 
6.70 ± 0.03, and 10.79 ± 0.08 percent, respectively. Hence, it 
was evident from the preliminary trials that gluten free pasta 
samples prepared with the higher addition of amaranth flour, 
flaxseed flour and WPC-70 in base brown rice resulted in 
marked increase in gruel loss. Therefore, levels of amaranth 
flour, flaxseed flour and WPC-70 were fixed in the range of 
5-20; 5-20 and 1-5 percent for their optimization. 

Response surface analysis of sensory attributes and physical 
properties of the gluten free pasta

To optimize the levels of independent variables for the 
manufacture of gluten free pasta, total twenty samples were 
manufactured as per standard runs of experimental design 
(Table 2) using the process outlined in figure 1. The effect of 
amaranth flour, flaxseed flour and WPC-70 on all responses 
(either on sensory attributes or on physical properties) were 
recorded and same is described in table 2. The developed 
second order polynomial models were regressed for all the 
responses for the manufacture of non-gluten pasta. 

Response surface analysis for color
Average color score for gluten free pasta varied in the 

range of 3.1-7.7 (Table 2). The minimum color scores were 
given to pasta produced as per experimental number 13, 
containing 12.5 % amaranth flour and 3% WPC-70, while 
maximum scores were obtained by the product formulated as 
per experiment number 6 consisting 20% amaranth, flaxseed 
flour each and 1% WPC-70. It is clear from the model summary 
statistics (Table 3) that the value of coefficient of determination 
(R2) for color was 0.88 with non-significant lack of fit, showing 
the fitness of model for acceptable sensory data. Further, the 

calculated adequate precision value (22.30) was also higher 
than 4. Moreover, model F value (7.86), indicated that 
developed model was satisfactory as the model was significant 
based on calculated F value which was less than 0.01. Further, 
positive significant (P<0.01) effect of flaxseed flour in linear 
terms, while significant (P<0.01) effect of amaranth flour and 
flaxseed flour in interaction terms, but negatively significant 
(P<0.01) effect of flaxseed flour in quadratic terms was 
observed on the color of gluten free pasta. The three-
dimensional graphs (Figure 2a) indicated that when WPC was 
kept at center point, increasing level of amaranth flour and 
flaxseed flour, improved the colour scores. The levels of either 
amaranth flour or WPC-70 individually or amaranth flour and 
WPC-70; flaxseed flour and WPC-70 in combination did not 
showed any significant effect on color scores of gluten free 
pasta. The final regression equation in terms of coded 
variables for colour of gluten free pasta mentioned below.

Colour = +6.47+0.19*A + 0.66*B -0.10*C +1.20*AB +0.38*AC 
+0.10*BC -0.19*A2 -0.62*B2 +0.037*C2

Response surface analysis for glossiness
Glossiness scores of the gluten free pasta varied in the 

range of 6.2-7.9. The minimum and maximum glossiness 
scores were given to pasta prepared as per experimental 
number 2, 14 and 13 and 18, respectively (Table 2). The 
obtained R2 value for glossiness was 0.78 with non-significant 
lack of fit, showing the fitness of model for acceptable sensory 
data. Further, the calculated adequate precision value (5.760) 
was also higher than 4. Moreover, model F value (3.93), 
indicated that developed model was satisfactory as the model 
was significant based on calculated F value which was less 
than 0.05. Further, there was positive significant (P<0.01) 

Table 2. Experimental data of non-gluten pasta for RSM analysis (CCR design) using three factor and three levels.

Run 
order

Independent 
variables (%) Responses (sensory attributes) Responses (Physical properties)

Color
B

Glo.
C Int. Aroma Taste Gum. Firm. Adhe. O.A.

Color values aw
a*

G.L. (%)
b*A L*

1 5 20 5 4.3 7.4 8.5 7.9 7.7 7.1 5.4 6.9 8 57.19 4.41 16.05 0.424 3.07
2 12.5 12.5 3 6.2 6.2 7.3 7.3 7.5 6.8 6.5 6.9 7.7 63.4 3.58 16.36 0.427 4.26
3 5 5 5 5.1 6.8 8.4 7.3 7 7.9 7 6.2 7.4 64.57 3.9 17.11 0.706 3.29
4 5 5 1 7.2 7.1 7.6 7.1 7.9 5.1 6 6.5 7.3 64.94 3.54 17.37 0.381 4.45
5 25.1134 12.5 3 6 6.3 7.7 7.4 7.5 6.9 6.7 7.7 7.7 57.82 4.61 16.83 0.373 3.27
6 20 20 1 7.7 7.2 7 6.8 7.8 6.9 6.8 7.1 7 60.18 4.42 15.78 0.347 5.39
7 12.5 12.5 3 6.2 7 7.9 7.6 7.4 6.2 6.1 6.7 8 59.42 4.20 16.62 0.373 3.39
8 12.5 12.5 3 6.4 7.3 7.4 7.3 7.6 7 7 6.6 8 54.57 4.59 15.27 0.401 4.03
9 12.5 12.5 3 6.2 6.4 7 7.4 7.3 5.6 6.5 8 7.6 60.69 4.06 15.46 0.410 10.06
10 5 20 1 4.9 8.1 7.9 7.9 7.9 6.8 7.7 7.9 7.7 57.46 4.45 17.35 0.311 4.37
11 12.5 12.5 3 7.3 6.9 7.7 7.8 7.6 7 6.9 7.3 7.8 62.53 3.85 16.34 0.388 3.36
12 12.5 12.5 3 6.5 6.2 6.4 7.5 7.4 7.3 6.5 7.3 7.9 59.25 3.82 16.16 0.398 4.55
13 12.5 0 3 3.1 7.9 7.7 7.8 7.9 6.5 6.1 6.5 8.1 60.97 4.22 16.58 0.360 4.94
14 12.5 25.1134 3 6.4 7.6 7.8 7.9 7.2 7 6.9 7.1 7.8 70.95 2.83 18.23 0.421 9.53
15 12.5 12.5 6.36359 6.9 7.2 8.3 8.3 7.6 6.2 7.1 6.2 8 56.28 4.36 14.65 0.364 6.62
16 20 5 5 4.6 7.4 7.6 8 7.8 6.4 4.7 5.1 7.6 63.79 4.16 18.47 0.439 5.58
17 20 20 5 7.5 7.5 6.8 7.4 7.5 7 6.1 6.8 8.1 60.59 4.96 18.58 0.371 5.24
18 12.5 12.5 0 6.3 7.9 7.9 8 7.8 5.1 6.1 6.5 7.9 53.28 4.83 15.42 0.335 3.12
19 20 5 1 4.1 7.8 7.6 8.1 7.6 6.7 7.5 6.7 7.8 64.92 4.00 16.83 0.323 2.34
20 0 12.5 3 5.9 6.3 7.4 7.6 7.3 6.4 6.4 7 7.8 55.23 4.35 15.44 0.385 3.29

Amaranth flour, B-Flaxseed flour, C-WPC-70, Glo.-Glossiness, Int. – Integrity, Gum. - Gumminess, Firm.-Firmness, Adhe.- Adhesiveness, 
O.A.-Overall acceptability, G.L.-Gruel loss
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effect of flaxseed flour and WPC-70 in quadratic terms only. 
The effect of amaranth flour, flaxseed flour and WPC-70 levels 
were non-significant in linear and interaction terms on 
glossiness of the developed gluten free pasta. The final 
regression equation in terms of coded variables for glossiness 
of gluten free pasta is given below: 

Glossiness = +6.66 +0.037* A +0.044 *B -0.17* C -0.26* AB 
+0.11* AC+ 0.038* BC - 0.092* A2 +0.42* B2 +0.35* C2

Response surface analysis for aroma
Aroma scores for gluten free pasta varied in the range of 

6.8-8.3, minimum and maximum scores were given to the 
pasta samples produced from experimental number 6 and 15 
consisting 20, 20, 1 and 12.5, 12.5 and 6.37 % of amaranth 
flour, flaxseed flour and WPC-70, respectively (Table 2). The R2 

value, lack of fit and calculated adequate precision value for 
aroma were 0.77, non-significant and 6.662 (more than 4), 
respectively. Moreover, model F value (3.81), indicated that 
developed model was satisfactory as the model was significant 
based on calculated F value which was less than 0.05. In 
interaction terms, amaranth flour and flaxseed flour had 
negatively significant effect (P<0.01), but in quadratic terms 
WPC-70 expressed significant (P<0.05) effect on aroma of 
gluten free pasta. The three-dimensional graphs (Figure 2b) 
indicated that when WPC was kept at center point, increasing 
level of amaranth flour and flaxseed flour, decreased the 
aroma scores. The final regression equation in terms of coded 
variables for aroma of gluten free pasta is mentioned below:

Aroma = +7.49 -0.017* A -0.024* B +0.088* C -0.41* AB 
+0.038* AC +0.063* BC -0.056* A2 +0.068* B2 +0.17* C2
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Figure 2. Response surface curve relating (a) colour scores of 
gluten free pasta as influenced by the level of amaranth flour and 
flaxseed flour, (b) aroma scores of gluten free pasta as influenced 

by the level of amaranth flour and flaxseed flour.

Table 3. Coefficients of full second-order polynomial model for coded sensory responses to different level of independent variables.

Partial 
coefficients

Responses (sensory attributes) Responses (Physical properties)

Color Glo. Int. Aroma Taste Gum. Firm. Adhe. O.A.
Color values

aw G.L. (%)
L* a* b*

Intercepts 6.47 6.66 7.29 7.49 7.46 6.64 6.59 7.14 7.84 59.89 4.02 16.00 0.40 4.97
A-Amaranth 

flour (%) 0.19ns 0.037ns -0.21ns -0.017ns 0.039ns 0.069ns -0.036ns -0.046ns -4.992E-003ns 0.71ns 0.12ns 0.31ns -0.027ns 0.25ns

B- Flaxseed 
flour (%) 0.66** 0.044ns -0.061ns -0.024ns -0.042ns 0.19ns 0.16ns 0.38* 0.014ns -0.44ns 0.022ns 0.060ns -0.021ns 0.74ns

C- WPC-70 
(%) -0.10ns -0.17ns 0.14ns 0.088ns -0.11ns 0.35ns -0.23ns -0.27ns 0.11ns 0.27ns 0.017ns 0.12ns 0.046* 0.48ns

A×B 1.20** -0.26ns -0.22ns -0.41** -0.100ns -0.012ns 0.075ns 1.552E-015ns -0.16ns 0.87ns -0.024ns 8.750E-003ns 0.036ns 0.39ns

A×C 0.38ns 0.11ns -0.20ns 0.038ns 0.13ns -0.41ns -0.27ns -0.075ns 0.063ns -1.000E-002ns 0.048ns 0.74* -0.037ns 0.69ns

B×C 0.10ns 0.038ns -0.050ns 0.063ns 0.025ns -0.26ns -0.15ns 0.075ns 0.19ns 0.21ns -2.500E-003ns 6.250E-003ns 0.038ns -0.43ns

A2 -0.19ns -0.092ns 0.061ns -0.056ns -3.535E-003ns 0.086ns -0.043ns 0.042ns -0.87ns -0.66ns 0.17ns 0.24ns 1.480E-003ns -0.78ns

B2 -0.62** 0.42** 0.13ns 0.068ns 0.049ns 0.12ns -0.061ns -0.15ns -0.017ns 2.68* -0.17ns 0.69* 5.545E-003ns 0.61ns

C2 0.037ns 0.35** 0.26ns 0.17* 0.10ns -0.27ns -0.025ns -0.31ns -0.017ns -1.27ns 0.21ns -0.15ns -8.950E-003ns -0.22ns

Model F 7.86** 3.93* 1.26ns 3.81* 1.16ns 1.7ns 0.31ns 1.65ns 1.28ns 0.97ns 0.71ns 1.89ns 2.11ns 0.86ns

R2 0.88 0.78 0.53 0.77 0.51 0.60 0.22 0.60 0.53 0.46 0.39 0.63 0.65 0.4374
APV 10.658 5.760 3.690 6.662 4.056 4.788 2.464 3.833 4.973 4.039 3.212 4.158 6.676 3.937

Adequacy 
Press 22.30 5.23 9.93 3.60 4.23 17.08 56.61 17.34 4.66 1125.02 17.46 54.69 0.32 137.01

Lack of fit NS NS NS NS Significant NS Significant NS NS NS NS NS Significant NS

** Significant at 1% level (p<0.01); * Significant at 5% level (p<0.05); ns: Non-significant (p>0.05)
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Response surface analysis for other sensory attributes 
and physical properties

Average scores of integrity, taste, gumminess, firmness, 
adhesiveness and overall acceptability varied in the range of 6.4-
8.5, 7-7.9, 5.1-7.9, 5.4-7.5, 5.1-8 and 7.0-8.1, respectively. Minimum 
and maximum scores of these attributes were obtained on the 
different experiments numbers are shown in table 2. The 
developed models for these sensory attributes were non-
significant (Table 3). Similarly, the L*, a* and b* values of the 
prepared samples varied in the range of 53.28-64.94, 2.83-4.96 
and 14.65-18.58, respectively. The minimum and maximum values 
of L*, a* and b* were obtained on experiments number 18, 14, 15 
and 4, 17, 17 consisting 12.5, 12.5, 0; 12.5, 25.11, 3.0; 12.5, 12.5, 6.36 
and 5, 5,1; 20, 20, 1 and 20, 20, 1 % amaranth flour, flaxseed flour 
and WPC-70, respectively. The minimum and maximum scores of 
aw of gluten free pasta samples were obtained on experiments 
number 10 and 3 which includes 5, 20, 1 and 5, 5, 1 % addition of 
amaranth flour, flaxseed flour and WPC-70 in base brown rice 
flour. The minimum and maximum values of cooking quality as 
determined in terms of gruel loss varied in the range of 2.34- 
10.06%. Maximum gruel loss was obtained in the pasta sample 
produced from 12.5, 12.5 and 3 % (experiment number 9) addition 
of amaranth flour, flaxseed flour and WPC-70, while minimum 
gruel loss was obtained in the sample produced as per experiment 
number 19 consisting of 12, 5 and 1% addition of above mentioned 
ingredients. However, the developed statistical models for these 
sensory attributes and physical properties were non-significant. 

Optimization of gluten free pasta formulation
Goals for both independent variables and for dependent/

responses (sensory attributes and physical properties) were 
selected for optimization purpose. On the basis of published 
literature, the goal of amaranth flour was kept to be maximum, 
while for flaxseed flour and WPC-70, goal were targeted at 10 
and 3%, respectively. Overall acceptability was kept as maximize, 
while gruel loss was kept as minimize, but other all sensory 
attributes (color, glossiness, integrity, aroma, taste, gumminess, 
firmness, adhesiveness) and physical properties (L*,a*, b* values 
and water activity) were kept in range as shown in table 4. 

Table 4. Selection criteria for the optimization of levels of 
independent variables 

Constraints Goal Lower limit Upper limit
A: Amaranth Flour Maximize 5 20
B: Flaxseed flour Target = 10 5 20

C: WPC-70 Target = 3 1 5
Color In range 3.1 7.7

Glossiness In range 6.2 8.1
Integrity In range 6.4 8.5
Aroma In range 6.8 8.3
Taste In range 7.0 7.9

Gumminess In range 5.1 7.9
Firmness In range 4.7 7.7

Adhesiveness In range 5.1 8
Overall acceptability Maximize 7 8.1

Water activity In range 0.311 0.706
L* value In range 53.28 70.95
a* value In range 2.83 4.96
b* value In range 14.65 18.58

Gruel loss Minimize 2.34 10.06

Three solutions with different values were obtained for 
independent and dependent variables/responses (Table 5). 
First solution was selected on the basis of maximum desirability 
(0.889). This final formulation consisted 20.00% amaranth flour, 
10.00% flaxseed flour and 3.00% WPC-70. The predicted scores 
of sensory attributes and physical properties were obtained as 
shown in table 6. Three trials were conducted adopting selected 
solution (solution 1) to verify the quality of optimized 
formulation and the results (average of 3 trials) are shown in 
table 6. The predicted scores of sensory attributes and physical 
properties were compared with their actual scores using t-test 
to find out any existing difference between them. The observed 
difference was statistically non-significant. Thereafter, the 
optimized gluten free pasta was subjected to its compositional 
analysis as shown in table 7. It had 12.06% protein, 5.61% fat, 
1.52% ash, 16.28% total dietary fibre. The iron, phosphorus and 
calcium contents were 1.42, 111.11 and 16.11 (mg/100 g), 
respectively. Moreover, the developed product strictly met 
Food Safety and Standards Rule (FSSR) of India and Codex 
standards in terms of its gluten content as all the ingredients 
did not have any gluten content. Cabrera-Chavez et al. [9] 
reported that best formulation of gluten free pasta contained 
addition of 25% extruded cooked amaranth flour with 75% 
extruded cooked parboiled rice flour, consisting 1.29% ash, 
12.65% protein, 2.97% fat, 5.89% total dietary fiber, 28.8 and 
7.5 (mg/100 g), calcium and iron contents, respectively. 
According to Rajiv et al. [17] reported that conventional pasta 
produced from semolina contain 1.1% ash, 11.3% protein, 
1.38% fat and 4.2% dietary fiber. The gluten free pasta 
optimized in the current investigation had higher dietary fibre, 
protein and minerals (calcium, iron and phosphorus) than 
conventional pasta which might be attributed to the 
incorporation of brown rice, amaranth flour, flaxseed flour and 
WPC-70. Thus, the optimized pasta could meet the needs of 
celiac patients in terms of free from gluten content and also 
provide higher contents of dietary fibres and minerals for their 
better health.

Table 5. RSM suggested levels of independent variables. 

Solution 
number

Suggested formulation
Desirability

A : Amaranth Flour B : Flaxseed Flour C : WPC-70
1 20 10 3 0.889 (Selected)
Table 6. Comparison of RSM predicted and experimentally 

observed values of responses.
Attributes Predicted values^ Observed values# (t0.05)

Color 5.776 5.444 0.292ns

Glossiness 6.726 6.667 0.933ns

Integrity 7.248 8.067 0.059ns

Aroma 7.573 7.401 0.570ns

Taste 7.552 7.891 0.407ns

Gumminess 6.747 5.881 0.068ns

Firmness 6.425 6.123 0.491ns

Adhesiveness 6.991 5.833 0.193ns

Overall acceptability 7.797 7.967 0.673ns

L* value 60.098 58.176 0.451ns

a* value 4.289 4.111 0.581ns

b* value 16.606 17.069 0.529ns

Water Activity (aw) 0.368 0.253 0.817ns

Gruel Loss (%) 4.131 3.888 0.556ns

Values predicted by design expert software, # Means (n=3), NS : 
non-significant, s : Significant tcrit (one-tail) = 2.92, tcrit (two-tail) = 4.37
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Table 7. Chemical composition* of optimized non-gluten free. 
Constituent (%) Optimized non- gluten pasta

Protein 12.06 ± 0.01
Fat 5.61 ± 0.06
Ash 1.52 ± 0.08

Moisture 8 ± 0.00
Total Dietary Fiber 16.28 ± 0.05

Iron content (mg/100 g) 1.42 ± 0.02
Phosphorus content (mg/100 g) 111.11 ± 0.04

Calcium content (mg/100 g) 16.11 ± 0.08

*Mean± S.E., (n=3) 4.37 

Conclusion
During studied steaming, roasting and soaking operations 

of brown rice, minimum gruel loss were obtained with 
steaming. Using brown rice flour as base material, formulation 
of gluten free pasta was successfully optimized with best 
selected combination (desirability-0.889) consisting 20.00% 
amaranth flour, 10.00% flaxseed flour and 3.00% WPC-70 
levels. The final product had 12.06% protein, 5.61% fat, 1.52% 
ash, 16.28% total dietary fibre and 1.42, 111.11 and 16.11 
(mg/100g) iron, phosphorus and calcium contents, 
respectively. Optimized gluten free pasta also had higher 
amount of protein, dietary fibres and phosphorus than 
conventional pasta and may deliver better health benefits to 
celiac patients. 
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