
Food Sci. Technol, Campinas, 40(2): 408-414, Apr.-June 2020408   408/414

Food Science and Technology

DOI:D https://doi.org/10.1590/fst.02319

ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

1 Introduction
Celiac disease can be found in countries around the globe. 

Research indicates that 1 in every 236 people in the hispanic 
population suffers from this disease (Malalgoda & Simsek 
2016), compared to 1 in every 141 people in the United States 
or 1% in Europe (Rubio-Tapia et  al., 2012). In 1950, Dicke 
found wheat intake to be the main cause of celiac disease and 
currently about 1% of the world population suffers from this 
disorder (Malalgoda & Simsek 2016).

Celiac disease is a chronic digestive disease that leads 
to the malabsorption of nutrients. It is commonly caused 
by gluten intolerance (Malalgoda & Simsek 2016). Gluten is 
a protein found in wheat, rye, oat and barley (Karlin et al., 
2016). This disease has attracted the attention of different 
research fields that are developing products that can meet 
celiac people’s needs. Currently, the only gluten-free diet 
alternative is made up of foods such as rice, corn starch and 
sorghum, but unfortunately, all of them have a low nutritional 
value and content (Giuberti  et  al., 2015). For this reason, 
functional foods are being developed in order to increase 
the nutritional value of gluten-free foods.

In Andean countries, there is a great diversity of 
functional crops, among them Lupinus mutabilis (lupine bean). 
Consumption is found in several countries in Latin America, 
Ecuador being one of the largest producers (Polowick et al., 
2014). Its nutritional value is high due to the fact that proteins 
and oils constitute more than half of its weight. Based on a 
bromatological analysis, it has on average 35.5 g/100g of protein, 

16.9 g/100g of oils, 7.65 g/100g of fiber, 4.15 g/100g of ash and 
35.77 g/100g of carbohydrates. When compared to soybeans, 
this lupine comes very close in its nutritional components 
(Carvajal-Larenas  et  al., 2014). One negative characteristic 
is its high alkaloid content, which can cause poisoning in 
humans (Carvajal-Larenas et al., 2016). Also, alkaloids make 
the legume bitter, presenting a disadvantage with respect to 
the other grains (Jacobsen & Mujica, 2006). The bitter taste 
and toxic components must be removed before consumption, 
which is completed through chemical and biological methods. 
The most-used method is a continuous soaking of the legume 
in water (Carvajal-Larenas et al., 2016), which results in a grain 
suitable for human consumption.

Pasta is one of the most popular foods around the world 
(Sarawong et al., 2014). Pasta is a highly consumed food due 
to its low-fat content, low sodium and low levels of glucose in 
the blood (glycemic response). Traditional wheat-based pasta 
allows protein interaction with lipids and other components to 
form gluten, which is essential for cooking in water, as it avoids 
disintegration of the pasta. However, traditional pasta (wheat 
base pasta) is considered an unbalanced food due to its low 
amount of fat and dietary fiber and the low biological value of 
its protein (Granito et al., 2003).

Therefore, the main objective of this research was to develop 
new formulation of a gluten-free pasta base on rice and lupine 
bean flour (Lupinus Mutabilis) using a mixture-process design.
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2 Methods and materials
2.1 Materials and preparation of gluten-free pasta

Rice flour (Oryza Sativa), whole eggs and de-bittered lupine 
flour (Lupinus Mutabillis) were purchased at the local market 
(Quito and Ibarra, Ecuador). Guar gum was purchased from 
Toptrading Company (Quito-Ecuador). To obtain pasta, different 
formulations described in Table 1 were followed.

All the ingredients (lupine flour, rice flour, whole egg, guar 
gum) were mixed at low speed (1) for 300 seconds in the planetary 
mixer (Hobart, United States), while adding egg continuously. 
Then water was added and mixed for 648 seconds The mixture was 
passed through the extruder (La Parmigiana D45, Italy). The pasta 
was cut to 0.20m in length and allowed to dry for 14400 seconds 
at 60 °C in a drying chamber (Proingal SB100, Ecuador) until 
reaching a humidity level of 10% (Laleg et al., 2016).

2.2 Experimental design

A mixture-process design (I-optimal) was conducted to 
develop this new formulation. Rice and lupine flour amount 
(g/100g) were selected as the mixture variables, as both must form 
100g/100g of the flour content in the formulation. The lupine 
flour amount varied from 10g/100g to 30g/100g. Whole egg and 
guar gum were selected as “process” variables because they are 
factors in the experiment that are not mixture components but 
could affect the blending properties of the mixture ingredients 
(Myers et al., 2016). Guar gum varied from 0.15g/100g to 1g/100g 

and whole egg from 8g/100g to 30g/100g. (Sarawong et al., 2014). 
A total of 20 trials were run that were generated using Design 
Expert version 10 (Table 1).

2.3. Characterization of the pasta

2.3.1 Color evaluation

To evaluate the color of the pasta, AACC method 
14-22.01 (American Association of Cereal Chemists, 2010) 
was performed using a colorimeter (Minolta C- 410 Chroma 
Meter). Four measurements for each sample were taken, and 
light absorbance intensities were recorded in comparison with 
a white background on the scale of L*, a*, b*. Chroma (C*) and 
hue (h) were calculated based on these results.

2.3.2 Amount of protein and ash

AACCI methods 46-13.01 and 08-12.01 (2010) were used 
to determine protein and ash content respectively.

2.3.3 Optimal cooking time

In order to determine the optimal cooking time of the pasta, 
the AACCI method 66-50.01 (2010) was used. 25g of pasta 
were placed in 0.3 L of distilled water at boiling temperature 
and atmospheric pressure. The optimum time in which the 
pasta was cooked was defined as the time until the white 
core of the pasta disappears after being pressed between two 
transparent plates.

Table 1. Results obtained using a mixture-process design.

Run #
Variables

La C*a ha Proteinb Ashb Weight Gainb Cooking 
LossbLupine* Whole egg Guar Gum

(g/100g) (g/100g) (g/100g)
1 20 8 0.15 71.93 ± 1.28 25.79 ± 0.30 1.50 ± 0.00 18.18 ± 0.29 1.30 ± 0.05 167.06 ± 0.01 12.90 ± 0.01
2 20 30 1.00 68.75 ± 1.16 28.40 ± 1.87 1.48 ± 0.00 23.32 ± 0.52 1.26 ± 0.05 168.11 ± 0.01 8.03 ± 0.01
3 20 30 1.00 69.94 ± 1.37 27.15 ± 0.57 1.49 ± 0.01 19.92 ± 0.29 1.15+0.05 184.18 ± 0.01 8.68 ± 0.01
4 30 30 0.15 70.23 ± 0.68 28.62 ± 0.29 1.48 ± 0.00 22.58 ± 0.52 1.30 ± 0.05 175.70 ± 0.01 9.92 ± 0.01
5 10 8 1.00 70.10 ± 0.24 22.80 ± 0.64 1.50 ± 0.00 14.28 ± 0.29 0.94 ± 0.02 285.47 ± 0.01 19.68 ± 0.01
6 30 8 0.11 68.38 ± 0.82 27.39 ± 0.16 1.48 ± 0.00 21.93 ± 0.52 1.37 ± 0.05 171.73 ± 0.01 15.76 ± 0.01
7 10 30 0.15 71.37 ± 0.52 28.09 ± 0.45 1.47 ± 0.00 16.07 ± 0.52 1.00 ± 0.05 200.34 ± 0.01 8.73 ± 0.01
8 20 30 0.15 69.57 ± 0.47 29.21 ± 0.23 1.47 ± 0.00 19.75 ± 0.52 1.19 ± 0.05 176.23 ± 0.01 10.00 ± 0.01
9 20 8 1.00 71.51 ± 0.18 26.05 ± 0.93 1.50 ± 0.00 18.12 ± 0.29 1.36 ± 0.05 170.51 ± 0.01 10.56 ± 0.01

10 20 30 1.00 70.01 ± 1.90 28.50 ± 0.43 1.47 ± 0.00 18.83 ± 0.52 1.43 ± 0.03 158.34 ± 0.01 7.89 ± 0.01
11 30 8 1.00 69.39 ± 0.41 26.92 ± 0.16 1.48 ± 0.00 22.02 ± 0.52 1.50 ± 0.03 165.74 ± 0.01 10.55 ± 0.01
12 20 8 1.00 72.50 ± 1.69 25.53 ± 0.43 1.51 ± 0.00 17.37 ± 0.29 1.18 ± 0.05 172.70 ± 0.01 10.65 ± 0.01
13 10 19 0.36 74.53 ± 1.20 23.90 ± 0.18 1.51 ± 0.00 14.74 ± 0.29 0.94 ± 0.02 220.15 ± 0.01 9.29 ± 0.01
14 20 30 0.15 69.01 ± 0.31 29.03 ± 0.43 1.47 ± 0.00 19.69 ± 0.29 1.30 ± 0.05 187.51 ± 0.01 8.04 ± 0.01
15 25 19 0.57 53.34 ± 1.08 27.90 ± 0.19 1.48 ± 0.00 20.73 ± 0.52 1.55 ± 0.03 178.09 ± 0.01 7.92 ± 0.01
16 25 19 0.57 68.85 ± 0.95 27.51 ± 1.05 1.49 ± 0.00 20.80 ± 0.52 1.62 ± 0.03 180.93 ± 0.01 9.83 ± 0.01
17 20 8 0.15 72.03 ± 0.58 24.47 ± 0.57 1.52 ± 0.00 17.94 ± 0.29 1.31 ± 0.05 187.48 ± 0.01 14.27 ± 0.01
18 30 30 1.00 69.20 ± 0.92 21.69 ± 0.15 1.47 ± 0.00 21.92 ± 0.52 1.55 ± 0.03 161.23 ± 0.01 8.26 ± 0.01
19 10 30 1.00 73.19 ± 0.44 24.74 ± 0.70 1.51 ± 0.00 15.84 ± 0.29 0.65 ± 0.02 214.20 ± 0.01 7.41 ± 0.01
20 10 8 0.15 75.81 ± 0.27 21.54 ± 0.29 1.52 ± 0.00 13.63 ± 0.29 0.95 ± 0.02 198.47 ± 0.01 18.67 ± 0.01

*Partial substitution percentage over 100g/100g rice; aMean among four measurements; bMean among two measurements.
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2.3.3.1 Weight gain

To measure weight increase, the AACC method 66-50.01 (American 
Association of Cereal Chemists, 2010) was used with some 
modifications. Samples were cooked to their optimal point and 
were drained for 28.80 seconds. Difference between the weight 
of the pasta before and after cooking was obtained.

2.3.3.2 Cooking Loss

Cooking loss was determined by the AACC method 
66-50.01 (American Association of Cereal Chemists, 2010) 
with some modifications. The changes in pasta were analyzed 
quantitatively. Loss was evaluated after cooking 10g of pasta 
in 0.1 L of distilled water at boiling temperature during the 
optimum time. The resulting solution, after removing the cooked 
pasta from the water, was evaporated in a hot air oven at 105 °C. 
The residues, measured in grams, were taken as the weight of the 
original pasta that was lost during the cooking period.

2.4 Desirability function

In order to evaluate the results of the seven response variables 
simultaneously, a desirability function was used. The desired 
objectives were considered, to either maximize or minimize 
each of the response variables. This statistical analysis has 
two main parts, the individual and the composite desirability. 
The individual desirability ( id ) determines how the structure 
optimizes an individual response (Montgomery, 2012).

2.5 Consumer testing

A consumer test was performed to measure acceptance 
attributes that might affect product consumption (Lawless 
& Heymann, 2010). An affective test was developed using 
a 4-question survey (overall, appearance, flavor and texture 
preferences) where a 9-point hedonic scale was used for each 
question (Lim, 2011). 112 consumers (50 women, 62 men) 
evaluated 20 g of three samples that were identified with random 
numbers (Hough et al., 2006). Two of these samples were those 
with the highest values in the desirability function (first sample: 
30% lupine flour, 70% rice flour, 30% whole egg, 0.15% guar gum; 
second sample: 20% lupine flour, 80% rice flour, 30% whole egg, 
0.15% guar gum) while the third sample, unlike the other two, 
was chosen with the aim of minimizing the taste of the lupine 
(third sample: 10% lupine flour, 90% rice flour, 30% whole 
egg, 0.15% guar gum). Serving order was sequential monadic, 
based on a mutually orthogonal latin square design, in order to 
minimize context effects (Demirkale et al., 2016). The test was 
performed in a controlled environment in the sensory laboratory 
at Universidad San Francisco de Quito. Statistical analysis was 
performed using Minitab 16.

A completely randomized block design was carried out to 
analyze the results of the consumer test. The following is the 
resulting model:

        ij i j ijy µ τ β ε= + + +  { , , .  , , ,  i 1 2 3 j 1 2 112= = … 	 (2)

Where:

 ijy = response variable

μ = average

iτ  = effect of the i-th treatment

jβ  = effect of the i-th block

 ijε = error

2.6 Proximal analysis of samples

Based on the consumer testing results, the best sample was 
selected, and a proximal analysis was performed on this sample 
and compared with a control (100g/100g rice).

2.7 Statistical analysis

Statistical analysis for the seven response variables was 
performed using Design Expert 10 with α = 0.05. The complete 
model, assuming that all its terms are significant, is presented 
in Equation 1 (Myers et al., 2016).

1 1 2 2 12 1 2 1 1 2 2 2 2 3 1 2 1 1 1 2

2 2 1 3 1 2 1 1 1 2 2 2 1 2 3 1 2 1 2

y x x x x x x x z x x z x z
x z x x x z z x z z x x z z
β β β a a a a

a a δ δ δ ε
= + + + + + + +

+ + + + +
	 (1)

Where:

y = response variable

ix = mixture variables

iz = process variables

 iβ = linear and non-linear properties of the components of each 
mixture

αi = main effects and interactions of the process variables

δi = mixture components and process variables

 ijε = error

3 Results and discussion
3.1 Color evaluation

One of the most important factors consumers consider 
when buying pasta is the color of the product (Giuberti et al., 
2015). Luminosity results vary from 53.34 to 75.81 (Table 1). 
A high variation in the measurements can be attributed to the 
lupine flour’s original color. This data also indicates the Munsell 
value, which represents the lightness or darkness of the samples 
(Nielsen, 2009). The resulting model presented a hierarchical 
model with linear, quadratic and cubic terms for the mixture 
variables. The process variables were not significant (p<0.05). 
The most significant factor was the cubic term with a negative 
coefficient of -105.98, followed by the rice and lupine flours 
with very close coefficients of 73.00 and 69.54, respectively 
(Table 2). Gluten-free pasta that has gone through the cooking 
process is expected to have a decreased level of luminosity 
(Flores-Silva et al., 2014).

For the chroma value (C*), results varied from 21.54 to 29.20, 
which present a lower variation than the results found for 
luminosity. The resulting model presented quadratic terms 
for the mixture variables and two-factor interaction terms for 
the process variables. The most influential term was rice flour 
content with a positive coefficient of 24.11 (Table 2).
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A similar behavior was reported in the results for hue (h). 
This variable adjusts to a model with linear terms for the mixture 
variables and two-factor interaction terms for the process variables. 
(p<0.05). The range of the results varies from 1.47° to 1.52°, much 
closer to each other in comparison to the results for luminosity 
and chroma. Both lupine and rice flour were the most important 
factors in the model.

3.2 Protein and ash content

The protein and ash content of the gluten-free pasta are 
presented in Table  1. Protein content of the samples were 
explained by a model with linear terms for both the mixture 
and process variables (p<0.05). On the other hand, ash content 
adjusts to a hierarchical model with linear, quadratic and cubic 
terms for the mixture variables but non-significant terms for 
the process variables.

Protein results vary from 13.64 g/100g to 23.31 g/100g 
and, based on the statistical analysis, lupine flour is the most 
important factor in the mathematical model. Lupine flour 
used in this study is characterized by a high protein content 
(32.00-52.60 g/100g dw) (Carvajal-Larenas et al., 2014). Therefore, 
the addition of lupine flour in gluten-free products improves the 
protein content and the nutritional value of the product. It is 
important to note that lupine has a high level of lysine (Lys), one 
of the 10 essential amino-acids for the human body (Guyton, 
2006). The protein efficiency ratio (PER) of the lupine has been 
reported between 0.83 and 1.00 (Carvajal-Larenas et al., 2016). 
As shown in Figure 1D, the response surface indicates that 
the higher the level of lupine and egg, the higher the protein 
content. These results confirm findings from previous studies. 
Whole lupine and its derivatives, such as flour, have been 
used to improve the nutritional properties of food products 
(Güémes-Vera et al., 2008).

Several authors reported that lupine can improve the 
biological quality of proteins when combined with other cereals 
(corn, rice, etc.). (Martínez et al., 2003).

The most significant term in the mathematical model for 
the increase in ash content is the cubic term that involves both 
lupine and rice flours. Lupine contains approximately 3.30 g/100g 
of minerals in its composition (Jacobsen & Mujica, 2006), while 
rice is a source of proteins and minerals that are distributed 
equally for its iron, phosphorus, calcium manganese, selenium 
and zinc (Pastorelli et al., 2018).

3.3 Quality of gluten-free pasta (weight gain and cooking loss)

After evaluating the ideal cooking time of the 20 samples, 
a time of 450 seconds was standardized to measure weight 
gain and loss of solids for all runs. Values found were between 
158.35 g/100g to 285.47 g/100g and 7.41 g/100g to 19.68 g/100g, 
respectively.

The mathematical model obtained for weight gain is a 
quadratic model for the mixture variables and an interaction 
model for the process variables. The factors that most affect 
the model are the lupine and rice flour, which can be explained 
by the fact that lupine has a high-water absorption rate 
and because lupine flour can increase up to three times the 
water absorption value. Certain stages of processing, such 
as soaking, elimination of alkaloids (process of de-bittering 
of the grain) and cooking, improve the capacity of water 
absorption due to the elimination of components such as lipids 
and polyphenols (Carvajal-Larenas et al., 2014). At the same 
time, starch obtained from lupine (2.99 g/100 g) and from 
rice is gelatinized. The molecular order is destroyed, breaking 
hydrogen bridges gradually and irreversibly, and the granules 
lose their crystallinity by absorbing a large quantity of water 
(Hernández- Medina et al., 2008). In the same way, rice has 
a low lipid content, 2.2 g/100 g (Kitta et al., 2005), allowing 
a high-water absorption capacity. This is confirmed by the 
response surface (Figure 1F) where, with a greater substitution 
of lupine in the formulation, this response increases.

On the other hand, the loss of solids is explained by the 
mathematical model with quadratic terms for the mixture variables 
and linear terms for process variables (Table 2). The factors with 

Table 2. Mathematical models for each response variable.

Response Variable Coded Model R-Squared 
adjusted P Value

Luminosity (color) ( ). . . .1 2 1 2 1 2 1 2y 69 54x 73 00x 1 88x x 105 98x x x x= + − − − 0.48 0.0062

Chroma (C*) 
(color)

. . . .1 2 1 2 1 1 1 2y 26 21x 24 11x 8x x 1 09x z 1 83x z= + + − − +
. . . .2 1 2 2 1 2 1 1 2 22 12x z 0 49x z 4 27x x z 4 33x x z− + + − . . .1 1 2 2 1 2 1 2 1 21 71x z z 1 22x z z 3 64x x z z− +

0.89 0.0018

Hue (h) (color) . . . .1 2 1 1 1 2y 1 48x 1 50x 0 0096 x z 0 000138x z= + − − −
. . . .2 1 2 2 1 2 2 1 1 20 016 x z 0 00416 x z 0 0053x x z 0 012x z z+ − +

0.71 0.0005

Protein . . .  1 2 1 1y 22 46 x 15 18x 0 44x z= + + + . . .1 2 2 1 2 20 29x z 1 31x z 0 11x z+ + 0.88 <0.0001

Ash ( ). . . .1 2 1 2 1 2 1 2y 1 44x 0 91x 0 40x x 2 35x x x x= + + + − 0.81 <0.0001

Cooking loss . . . . .1 2 1 2 1 1 1 2y 10 64x 12 65x 4 96 x x 2 29x z 1 02x z= + − − −
. . . .2 1 2 2 1 2 1 1 2 25 55x z 0 21x z 8 96 x x z 1 92x x z− + + −

0.82 0.0008

Weight gain . . . .1 2 1 2 1 1y 169 76 x 225 00x 75 71x x 3 65x z= + − − − . . . .1 2 2 1 2 2 1 2 17 89x z 17 35x z 23 69x z 51 93x x z− + +
. . . .1 2 2 1 1 2 2 1 2 1 2 1 242 22x x z 5 64x z z 24 57x z z 45 58x x z z− − − +

0.88 0.0026

1x = Lupine flour; 2x =Rice flour; 1z = Whole egg; 2z = Guar gum.
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the highest influence were lupine and rice. The loss of solids is an 
important factor to measure the quality of cooked pasta. To obtain 
a good quality pasta, it is important to have less than a 12 g/100 g 
loss of solids when made with wheat (Delcour & Hoseney, 2010). 
However, for gluten-free pasta, because of the lack of gluten, starch 
polymers are less efficiently entrapped in the matrix, resulting in 
a product with high cooking loss and low firmness (Marti et al., 
2014). In this study, an average of 10.85 g/100 g was obtained, 
which shows that this pasta is within the recommended standards.

3.4 Desirability function

For the desirability analysis, each response variable received 
a weight on a discrete scale (5 highest, 1 lowest) based on their 
importance of pasta: luminosity =1; C=3; h=3; protein content=5; 
ash content=5; weight gain=5; loss of solids=5.

The desirability algorithm gave 37 possible ideal answers, 
with the highest D-value of 0.58. The formulation with the 
highest desirability function consisted of 30 g/100 g lupine 
flour, 70 g/100 g flour rice, 30 g/100 g egg and 0.15 g/100g 

Figure 1. Response Surface; Chroma (A), ash (B), h (C), luminosity (D), protein (E), Weight gain (F), Cooking loss (G).
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guar gum formulation. The second best product consisted of 
19.93 g/100 g lupine flour, 80.06 g/100 g rice flour, 30 g/100 g 
egg and 0.15 g/100g guar gum in its formulation (D = 0.53).

3.5 Consumer tests

Results showed that appearance and flavor preferences 
were statistically different among the three samples, while 
overall liking and texture liking were not statistically different 
(Figure  2). These results could be explained because drying 
the lupine grain before grinding improves its organoleptic 
characteristics. This is because it causes the flour to have a neutral 
taste or tends to a light bitter taste (Carvajal-Larenas  et  al., 
2014). Overall results showed that the sample with the highest 
level of acceptability was the one with 20 g/100 g lupine flour, 
30 g/100 g egg, 0.15 g/100 g guar gum (Ch20).

3.6 Proximal analysis of samples

The results of the proximal analysis are presented in Table 3.

Pasta with lupine flour (Ch20) had better nutritional 
characteristics than the control pasta. The protein level of 
pasta with lupine flour increased by 38 g/100 g due to its high 
protein content: 33.9-43.3 g/100 g dw. Also, mineral content 
increased by 27 g/100g due to its high calcium and phosphorus 
content: 320 mg /100g dw and 753 mg/100 g dw, respectively 
(Carvajal-Larenas et al., 2014). Also, lupine contains a high level 
of fiber (8.2 g/100 g) (Carvajal-Larenas et al., 2016). For this 
reason, pasta with lupine flour increased its fiber content by 

56 g/100 g. Finally, lupine has approximately 80 g/100 g of 
unsaturated fatty acids (Carvajal-Larenas et al., 2014), which 
causes a 53 g/100 g increase of lipids in the pasta.

Moreover, the experimental value of each response 
was compared with those predicted by the equations of the 
model to obtained the relative deviation (Table  4). When 
comparing the experimental values with those predicted 
by the obtained equations it was observed low values for 
the relative deviation (< 20%), validating the mathematical 
models obtained in this study.

4 Conclusions
This study showed that Lupinus Mutabilis flour is 

a useful ingredient for the nutritional improvement of 
gluten-free products. Due to its higher nutritional quality, 
substituting lupine flour in rice pasta increases ash content 
(37.5 g/100 g), protein content (63.15 g/100 g), unsaturated 
fats (112.12 g/100 g) and fiber content (126.66 g/100 g), which 
increase pasta quality. In regards to pasta, lupine flour is the 
variable that most affects the weight gain due to its water 
absorption capacity. Pasta sensory characteristics such as 
color were influenced by the addition of lupine flour. This 
study also provides a scientific approach to general consumer 
acceptance, where the preferred level of lupine in gluten-free 
pasta is 20 g/100 g, with a formulation of 30 g/100 g egg and 
0.15 g/100 g guar gum.

Figure 2. Consumer testing results (Means with different letters indicate 
statistical difference between samples (p<0.05)).

Table 3. Proximal analysis of control and optimal pasta

Component CP Ch20
Ash (g/100g) . . a0 8 0 001± . . b1 1 0 007±
Protein content (g/100g) . . a11 4 0 042± . . b18 6 0 014±
Unsaturated Fat (g/100g) .   . a3 3 0 049± .  b7 0 127±

Fiber Content (g/100g) . . a0 3 0 001± . . b0 68 0 001±
Humidity . . a5 5 0 049± . . b9 8 0 057±
Carbohydrates . . a78 7 0 057± . . b62 7 0 092±
CP = Gluten-free control pasta (100g/100g rice); Ch 20 (D = 0.536) = 20g/100g lupine 
flour, 30g/100g egg, 0.15g/100g guar gum; Means with different letters in the same row 
indicate statistical difference between samples (p<0.05).

Table 4. Predicted and Experimental values obtained in the models validation.

Parameter

Lupinus 30% Lupinus 20% Lupinus 10%

Predicted 
value

Experimental 
value

Relative 
deviation 

(%)

Predicted 
value

Experimental 
value

Relative 
deviation 

(%)

Predicted 
value

Experimental 
value

Relative 
deviation 

(%)
Luminosity* 80.47 70.23 ± 0.68 12,73 82.18 71.93 ± 1.28 12.47 80.11 71.37 ± 0.52 10.90
Chroma* 26.46 28.62 ± 0.29 0.56 27.10 25.79 ± 0.30 4.83 26.67 28.09 ± 0.45 5.32
Hue* 1.50 1.48 ± 0.00 1.33 1.50 1.50 ± 0.00 0.00 1.50 1.47 ± 0.00 2.00
Protein** 17.68 22.58 ± 0.52 21.7 16.73 18.18 ± 0.29 8.66 16.27 16.07 ± 0.52 1.22
Weight Gain** 191.83 175.70 ± 0.01 8.40 201.34 167.06 ± 0.01 17.02 209.28 200.34 ± 0.01 4.31
Weight Loss** 10.10 9.92 ± 0.01 1.78 11.16 12.90 ± 0.01 15.59 10.64 8.73 ± 0.01 17.95
*Arithmetic means of four replicates; **Arithmetic means of two replicates.
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