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ABSTRACT
This study describes the development of mixed flour 
added of maca for gluten-free bread (GFB) employing 
a Simplex Centroid Design. Four pseudo-components 
were evaluated in order to improve the GFB specific 
volume and texture profile analysis: maca (MC; 0.25 to 
0.75), potato starch (PS; 0.25 to 0.75), sweet manioc 
flour (SEM; 0 to 0.25), and sour manioc flour (SOM; 
0 to 0.25). The best GFB formulation – by desirability 
results - was evaluated regarding physio-chemical, 
microbiological aspects, and sensory acceptance. The 
responses specific volume and hardness were adjusted 
with a special cubic model (R2= 0.973 and 0.913), while 
cohesiveness, springiness and chewiness was adjusted 
with a linear model. The significant contribution of maca 
into GFB dough was evident in the models, and the 
desirability results indicated an appropriate mixed flour 
composed by MC (0.25), PS (0.5), and SEM (0.25). 
The GFB elaborated with this mixed flour generated 
a product well accepted (acceptability index higher 
than 73.9%) for attributes of aroma, colour, texture, 
flavour, and overall acceptance. The values of physio-
chemical parameters obtained in the present article 
was in the range described for GFB in the literature. 
In addition, the processing method applied allowed 
for obtaining a GFB that was microbiologically stable.
Keywords: Celiac disease; Maca Peruvian; Sensory 
acceptance; Specific volume; Texture profile analysis.

RESUMEN
Este estudio describe el desarrollo de la harina mez-
clada (MF) agregada de maca para la elaboración de 
pan sin gluten (GFB) empleando un Diseño Centroide 
Simplex. Se evaluaron cuatro pseudo-componentes 
para mejorar el volumen específico y el perfil de 
textura de GFB: maca (MC; 0,25 a 0,75), almidón de 
patata (PS; 0,25 a 0,75), harina de yuca dulce (SEM; 
0 a 0,25), y harina de yuca agrio (SOM; 0 a 0,25). La 
mejor formulación de GFB - por la deseabilidad - se 
evaluó en relación con los aspectos fisicoquímicos, 
microbiológicos, y sensoriales. El volumen específico 

y la dureza se ajustaron a un modelo cúbico especial 
(R2= 0,975 y 0,913). La cohesión, elasticidad y masti-
cabilidad se ajustaron a un modelo lineal. La contribu-
ción de la maca a la masa de GFB fue evidente en los 
modelos, y los resultados indican una MF apropiada 
compuesta por MC (0,25), PS (0.5) y SEM (0,25). 
El GFB elaborado con esta MF genera un producto 
aceptado (índice de aceptabilidad mayor que 73,9%) 
para aroma, color, textura, sabor y aceptación general. 
Los parámetros físico-químicos obtenidos estaban en 
el rango descrito para GFB en la literatura y GFB se 
mostró microbiológicamente estable.
Palabras clave: Aceptación sensorial; Enfermedad celíaca; 
Maca peruana; Perfil de textura; Volumen específico.
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INTRODUCTION
Celiac disease is an intolerance to gluten intake 

developed by genetically predisposed individuals, which 
causes inflammatory processes in the small intestine, 
atrophy of intestinal villi, a deficient absorption of nutrients 
(vitamins, iron and calcium), and symptoms such as 
abdominal distension, flatulence, iron deficiency anaemia 
and osteoporosis1,2. Gluten is divided into two fractions 
regarding solubility - glutenin and gliadin - that have the 
property of forming, together with water, a viscoelastic 
and water-insoluble substance, responsible for the texture 
of bread. Celiac disease is prevalent in 1% of the world’s 
population and the treatment includes the exclusion of 
gluten from the diet2,3. In this context, there is a growing 
interest among consumers for gluten-free products. Among 
all functional, natural or healthy-profile food categories, 
gluten-free products have the highest growth forecast in 
Brazil through 2022, with an estimated increase in sales 
between 35% and 40% per year4. 

Gluten-free bread (GFB) is recognized by its poor 
technological quality, showing low specific volume, high 
crumb hardness, crumbling texture, poor color, and a high 
staling rate, however, it is an alternative for consumption 
among individuals with celiac disease5,6. Thus, different 
flours, starches, enzymes, proteins and hydrocolloids 
have been tested in order to improve the structural 
acceptability of the product7. All technological advances 
in GFB production are welcome, although it is important 
to emphasize that the nutritional aspect improvement is 
also extremely recommended for celiac individuals. This 
specific group of consumers need to compensate for the 
deficient absorption of nutrients by eating foods rich in 
vitamins, iron and calcium1,2. Thus, the enrichment of 
flours and starches used as a GFB base can improve the 
health of celiac individuals, since these ingredients are not 
commonly enriched or fortified as is the case with wheat 
flour8. Additionally, carbohydrates consumed in the gluten-
free diet are mostly refined. During refining, the outer layer 
of grain - which contains the highest amount of fiber and 
minerals - is removed, leaving only the starchy inner layer, 
which is typically nutrient-poor9. 

Regarding flour enrichment for GFB elaboration, 
researchers have demonstrated significant results using 
amaranth, buckwheat, chestnut, chia, linseed, soybean, 
and quinoa flours as a strategy to increase the fatty acids, 
fiber, protein and mineral content6,10,11,12,13,14,15. However, we 
have not found in the literature research reporting on the 
addition of maca to GFB.

Maca root (Lepidium meyenii) is a tuber native to 
the Andean region and grows exclusively above 4000 m 
altitude in the Peruvian Central Andes, which is why it is 
called Peruvian maca. Some researchers have reported on 
the medicinal properties of maca that can contribute to 
the treatment of osteoporosis, prostate disease including 
hyperplasia, fertility, spermatogenesis, in addition to 
depression, fatigue, anaemia, neuroprotective effects and in 

memory, and antioxidant activity16,17,18,19. Maca stands out for 
presenting antioxidant functions, presenting polysaccharides 
with potent free hydroxyl and superoxide radical scavenging 
activities20 and has an iron, phosphorous and calcium 
content of 14.7, 183, and 247 mg 100 g-1, respectively19,21. 
Maca consumption dates from 4000 BC and is used in its 
dehydrated form, cooked, raw or as flour18. Maca flour has 
6.6 g 100 g-1 moisture content, 8.7 g 100 g-1 proteins, 4.1 
g 100 g-1 lipids, 78.9 g 100 g-1 carbohydrates, 1.7 g 100 g-1 
ash, and 8.6 g 100 g-1 fiber21. Following this perspective, the 
aim of this study was to obtain a GFB using maca flour and 
evaluate the physio-chemical and sensory characteristics. A 
Simplex Centroid Design was employed in order to choose 
the ideal proportions of pseudo-components of maca, 
potato starch, sweet and sour manioc flour. 

MATERIALS AND METHODS
All ingredients –maca flour (Nutrigold, Jacarei, Brazil), 

rice flour (Vitão, Curitiba, Brazil), sweet manioc flour 
(Amafil, Cianorte, Brazil), sour manioc flour (Amafil), potato 
starch (Yoki, São Bernando do Campo, Brazil), sugar, salt, 
eggs, sunflower oil, Saccharomyces cerevisiae biological 
yeast, xanthan gum, and hydroxypropylmethylcellulose 
(HPMC)– were acquired in the local market of Foz do 
Iguaçu, Paraná, Brazil. 

Experimental mixture design
A Simplex Centroid Design was used to develop a 

mixed flour employed in GFB samples elaboration. The 
influence of the percentage of maca flour, potato starch, 
sweet manioc flour and sour manioc flour were evaluated 
in the pseudo-components and a centroid point (x’1*, x’2*, 
x’3* and x’4*, respectively). The responses were the specific 
volume and texture profile analysis (TPA) parameters (hardness, 
cohesiveness, springiness, and chewiness). The percentage 
of each variable was calculated relative to the proportion of 
mixed flour, composed of rice flour (52% fixed = 75.4 g), 
maca flour (12 to 36% = 17.4 to 52.2 g), potato starch (12 
to 36% = 17.4 to 52.2 g), sweet manioc flour (0 to 12% = 
0 to 17.4 g), and sour manioc flour (0 to 12% = 0 to 17.4 g) 
according to the statistical modelling of the mixtures (Table 
1). The mixed flour and GFB formulations were elaborated 
randomly, in duplicate, following the matrix described in 
table 1. The other GFB ingredients were calculated and fixed 
based on total mixed flour (145 g = 100% mixed flour), as 
following: sugar (15 g), sodium chloride (1.50 g), HPMC 
(0.88 g), xanthan gum (2.50 g), water (50 g), sunflower oil 
(18.8 g), egg (50 g), and dry yeast (2.50 g).

All ingredients were weighed in a semi-analytical 
balance (BL 3200H, Shimadzu, Kyoto, Japan) and dry ones 
were manually mixed for 30 s. The mixture was added to 
the liquid ingredients (water was pre-heated to 38 ºC) and 
blending in a planetary mixer (400W, Arno, São Paulo, Brazil) 
at speed 5 for 1 min. The yeast (dissolved in 10 mL of water 
at 38 °C) was added to the dough and mixed at speed 1 for 
2 mins. The dough was moulded into square aluminium 
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Table 1. Matrix of mixture design with real and codified variables and responses analyzed for the gluten-free breads.

 Pseudo-components (g) Specific volume

Run MC (x’1) PS (x’2) SEM (x’3) SOM (x’4) (mL g-1) Hardness (g) Cohesiveness Springiness Chewiness

 1 0.500 (34.8) 0.250 (17.4) 0.125 (8.70) 0.125 (8.70) 1.96 ± 0.02 4317 ± 187 0.741 ± 0.011 0.421 ± 0.013 2709 ± 261

 2 0.500 (34.8) 0.250 (17.4) 0.000 (0.000) 0.250 (17.4) 2.05 ± 0.03 2846 ± 260 0.653 ± 0.020 0.350 ± 0.021 2571 ±233

 3 0.333 (23.3) 0.333 (23.3) 0.250 (17.4) 0.084 (5.90) 2.14  ± 0.03 2153 ± 163 0.774 ± 0.031 0.461 ± 0.032 1042 ± 34

 4 0.250 (17.4) 0.500 (34.8) 0.250 (17.4) 0.000 (0.000) 2.27 ± 0.03 2030 ± 119 0.753 ± 0.032 0.444 ± 0.033 1150 ± 87

 5 0.500 (34.8) 0.500 (34.8) 0.000 (0.000) 0.000 (0.000) 1.95 ± 0.03 4359 ± 430 0.689 ± 0.050 0.403 ± 0.023 2131 ± 166

 6 0.750 (52.2) 0.250 (17.4) 0.000 (0.000) 0.000 (0.000) 1.90 ± 0.08 4038 ± 270 0.643 ± 0.043 0.372 ± 0.021 2208 ± 35

 7 0.250 (17.4) 0.625 (43.5) 0.125 (8.70) 0.000 (0.000) 2.07 ± 0.03 2872 ± 87 0.902 ± 0.071 0.490 ± 0.020 1492 ± 111

 8 0.250 (17.4) 0.750 (52.2) 0.000 (0.000) 0.000 (0.000) 1.93 ± 0.03 3028 ± 262 0.751 ± 0.023 0.442 ± 0.021 1604 ± 142

 9 0.625 (43.5) 0.250 (17.4) 0.000 (0.000) 0.125 (8.70) 1.77 ± 0.08 4334 ± 336 0.689 ± 0.032 0.383 ± 0.032 1855 ± 155

 10 0.500 (34.8) 0.250 (17.4) 0.250 (17.4) 0.000 (0.000) 2.07 ± 0.03 1696 ± 116 0.831 ± 0.034 0.512 ± 0.031 1225 ± 125

 11 0.250 (17.4) 0.250 (17.4) 0.250 (17.4) 0.250 (17.4) 1.93 ± 0.04 2537 ± 139 0.792 ± 0.014 0.461 ± 0.014 1422 ± 87

 12 0.250 (17.4) 0.375 (26.1) 0.125 (8.70) 0.250 (17.4) 1.92 ± 0.02 1820 ± 153 0.800 ± 0.031 0.479 ± 0.022 881 ± 88

 13 0.500 (34.8) 0.250 (17.4) 0.000 (0.000) 0.250 (17.4) 2.04 ± 0.03 2978 ± 107 0.753 ± 0.010  0.443 ± 0.023 1581 ± 81

 14 0.750 (52.2) 0.250 (17.4) 0.000 (0.000) 0.000 (0.000) 1.80 ± 0.02 4134 ± 230 0.664 ± 0.044 0.384 ± 0.005 1994 ± 124

 15 0.500 (34.8) 0.500 (34.8) 0.000 (0.000) 0.000 (0.000) 1.91  ± 0.04 3992 ± 339 0.693 ± 0.022 0.381 ± 0.023 1981 ± 111

 16 0.625 (43.5) 0.250 (17.4) 0.125 (8.70) 0.000 (0.000) 1.88 ± 0.05 4731 ± 180 0.714 ± 0.033 0.382 ± 0.034 2749 ± 169

 17 0.250 (17.4) 0.250 (17.4) 0.250 (17.4) 0.250 (17.4) 1.91 ± 0.03 2750 ± 77 0.804 ± 0.023 0.473 ± 0.012 1468 ± 86

 18 0.250 (17.4) 0.750 (52.2) 0.000 (0.000) 0.000 (0.000) 1.93 ± 0.03 2021 ± 159 0.812 ± 0.064 0.510 ± 0.043 1237 ± 73

 19 0.250 (17.4) 0.500 (34.8) 0.000 (0.000) 0.250 (17.4) 2.09 ± 0.05 2352 ± 80 0.773 ± 0.040 0.454 ± 0.030 1186 ± 92

 20 0.250 (17.4) 0.625 (43.5) 0.000 (0.000) 0.125 (8.70) 1.88 ± 0.04 4278 ± 210 0.619 ± 0.012 0.342 ± 0.012 2212 ± 61 

Pseudo-components: MC: maca; PS: potato starch; SEM: sweet manioc flour; SOM: sour manioc flour; x’1 + x’2 + x’3 + x’4= 100% of mixed flour.

baking pans (11 cm wide × 9.50 cm high), greased with pork 
lard, kept in a fermentation chamber (Vipão 1.9, Perfecta, 
Curitiba, Brazil) with controlled humidity (80 - 85% relative 
humidity) at 40 ºC (mass fermentation process) for 50 min. 
The baking was performed in a pre-heated industrial electric 
oven (Vipão 1.9, Perfecta) at 180 ºC for 25 min. GFB was 
removed from the pans after cool and stored in polythene 
packages inside polypropylene boxes until analysis.

Specific volume and texture profile 
analysis determination

Specific volume (mL g-1) of GFB was determined by 
the ratio between the volume (mL) and the mass of the 
bread (g) 1 h after cooking. The millet-seed displacement 
method was employed22. 

Texture profile analysis (TPA) tests were performed 
in a texturometer (TAXT2i Texture Analyzer, Stable Micro 
System, Godalming, UK) in order to obtain the parameters 
of hardness, cohesiveness, springiness, and chewiness of 
GFB crumb23. The American Association of Cereal Chemists 

(AACC) method 74-09 was employed24. GFB slices (25 mm 
thickness) were used and the outer slices of both ends were 
discarded. The sliced were placed on the center platform 
of the texturometer to perform a compression test with a 
cylindrical probe (36 mm in diameter) under the following 
conditions: pre-test speed 1.00 mm s-1, test speed 1.7 mm 
s-1 and post-test speed 10 mm s-1. The compression was 
40% of the height and trigger force was 5 g. The tests were 
carried out 1 h after baking.

 
Mixture design statistical analyses

The statistical modelling of mixtures was composed 
of 20 experimental points. As outlined in table 1, the 
following experiments are equivalent: experiment 2= 13; 
6= 14; 8= 18; and 11= 17. The responses evaluated were 
expressed by mean ± standard deviation (n= 4; 2 GFB 
elaborated and analyzed in duplicate). 

The present study applied the pseudo-components 
technique, due to the need to restrict the proportions of the 
four components that comprised the mixture in the production 
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of GFB with maca. These intervals were justified by technical 
reasons, inside a closed interval between 0 and 1. In this way, 
an experimental space was obtained, through a sub-region 
of that initially investigated. In the experimental data of each 
response were fitted a mathematical representation of the 
special cubic model for four pseudo-components (Equation 
1). The upper and lower limits of pseudo-components were 
estimated according to Equation 2.
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Where: y is the expected response, and b*
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*
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the regression terms. 

0 ≤ Li ≤ xi ≤ 1; i = 1,..., q  Eq. (2)

Where: Li is the lower limit, and Ui is the upper limit 
of the ratio of component i. 

The coefficients and special cubic model adjustment were 
obtained by analysis of variance (ANOVA) for all investigated 
responses (p < 0.05) using the software Statistica 8.0. In order to 
define the best GFB formulation, the responses were optimized 
using the Response Desirability Profiling procedure. The goal was 
to maximize the specific volume and minimize hardness. The 
procedure computed a desirability value (di) of each response 
with significant special cubic model with di value ranges from 
0 to 1; di= 1is the ideal case and di= 0 means that at least one 
response falls outside the desirable limits.

Acceptance test and ethical aspects
For acceptance tests, four GFB samples were selected 

and prepared 24 h before analysis. Based on the desirability 
results, run 4 (0.25 MC, 0.5 SP, 0.25 SEM, and 0 SOM) was 
chosen as the best option. Additionally, run 1 (centroid 
point), run 7 (lower level of maca), and run 14 (greater level 
of maca) were also sensory evaluated in order to compare. 
Tests were conducted in individual booths, under white light. 
GFB slices were cut in 4 similar portions (≅̰30 g) and served 
in a white plastic plate codified with three randomized digits 
in a monadic way. Consumers were instructed to clean 
the palate with water before and between samples. The 
participants were university students, teachers and employees, 
of both genders, all above 18 years of age and regular bread 
consumers. The panel of 112 consumers evaluated the GFB 
samples using a 9-point hedonic scale anchored with verbal 
terms (1= extreme dislike, 5= neither liked, nor disliked, 9= 
extremely liked), regarding the attributes of color, aroma, 
texture, flavor, and overall acceptance. The acceptability 
index was calculated according to Teixeira et al.25. The 
present study was authorized by the Ethics Committee 
of UTFPR (Certificate of Ethical Evaluation Presentation 
013192/2016). The acceptance data were expressed as 
mean ± standard deviation and evaluated by a main effects 

ANOVA and Tukey test procedure using the Statistica 8.0 
software (p< 0.05). 

Proximate composition, caloric value 
and microbiological analysis

Four GFB formulations (1, 4, 7 and 14) selected for sensory 
tests were analyzed regarding proximate composition and 
microbiological analysis. The moisture and volatile matter 
content (method no. 925.10), crude protein (method no. 
920.87; nitrogen-converting factor of 5.7) and ash (method no. 
923.3) were determined in GFB according the Association of 
Official Analytical Chemists26. Total lipids were extracted and 
determined according to Bligh & Dyer27 and total carbohydrate 
was calculated by difference. The caloric value of GFB was 
determined using a calorimeter with isoperibolic measurement 
(C-200, Ika Works, Staufen, Germany).

The count of coliforms at 45 °C (method 08101) and 
coagulase-positive staphylococci (method 997.02) in GFB 
were determined according AOAC26. The absence or presence 
of Salmonella sp. was determined according International 
Organization for Standardization (ISO 6579)28. The cited analyses 
were performed in order to attend the parameter stipulated by 
Resolution RDC n. 1229. The data were expressed by mean ± 
standard deviation (n= 4) and evaluated by a one-way ANOVA 
and Tukey test (p<0.05) using Statistica 8.0.

RESULTS 
All formulations resulted in GFB with golden, bright, 

homogeneous, thin, consistent and well-defined crusts as 
described in figure 1. All the formulations presented a consistent 
and homogeneous crumb without holes that compromised 
bread structure. Formulations 6, 14, 9 and 16 (with 0.75 and 
0.625 maca proportions) presented crumbs with fewer alveoli 
compared to other GFB formulations. Among these formulations, 
run 9 had a more homogeneous core, which can be correlated 
to dough fermentation. 

Figure 1: Appearance of the internal and external structure 
of the gluten-free bread.
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Simplex Centroid Design and desirability response
The matrix of GFB elaborated and the responses of specific 

volume, hardness, cohesiveness, springiness, and chewiness 
are presented in table 1. The specific volume varied between 
1.77 and 2.27 mL g-1. The hardness ranged from 1696 and 4731 
g, cohesiveness from 0.619 and 0.902, springiness between 
0.342 and 0.512 and chewiness from 881 to 2709 (Table 1). 
The experimental results obtained by the special cubic model 
for all responses were statistically evaluated, and the calculated 
regression coefficients are shown in table 2.

The special cubic model provided the best adjustment for 
the specific volume data with a R2= 0.975 and adjusted R2= 
0.932. All pseudo-component studied generated a significant 
increase in the specific volume (p < 0.05). The interaction 
MC/SEM, MC/SOM, PS/SOM, SEM/SOM and PS/SEM/SOM 
had negative influence in specific volume, while the ternary 
interaction MC/SEM/SOM was the only one with a positive 
effect in the variable studied (p<0.05). 

The special cubic model provided the best adjustment for 
the hardness data with a R2= 0.913 and adjusted R2= 0.765. For 
hardness, the pseudo-components MC and PS had positive 

coefficients, while the SEM and SOM had negative coefficients 
(p<0.05). All binary interactions of pseudo-components were 
positive and only the MC/PS was not significant. The ternary 
interaction PS/SEM/SOM was also significant, with a negative 
coefficient (p<0.05). 

However, in the range studied for pseudo-components 
the responses of cohesiveness, springiness and chewiness were 
influenced by all other GFB ingredients. This was evidenced by 
the significant lack of fit of the special cubic model. All three 
responses were adjusted with a linear model; however, the R2 
and adjusted R2 were lower, < 0.5 and < 0.4 respectively, for 
all responses (Table 2). Thus, the cohesiveness, springiness and 
chewiness were not considered in the desirability function.

Run 4 was considered, by desirability response, the best 
mixed flour added to GFB formulation regarding the higher specific 
volume and lower hardness values predicted by models (Figure 
2). To the GFB was added 0.25 of MC, 0.5 of PS, 0.25 of SEM 
and 0 of SOM. This mixed flour composition (run 4) presented 
the most expected interactions between pseudo-components in 
the elaboration of the GFB, according to the convenience of the 
factors investigated in the statistical modelling of the mixtures. 

Table 2. Regression models for specific volume and TPA parameters of gluten-free breads.

 Dependent variable

Independent variable Specific volume Hardness Cohesiveness Cohesiveness Springiness Springiness Chewiness Chewiness

MC (x’1) 1.85* 4112* 0.649* 0.661* 0.375* 0.371* 2076* 2396*

PS (x’2) 1.93* 2498* 0.781* 0.756* 0.475* 0.440* 1446* 1534*

SEM (x’3) 2.89* -9318* 0.445 0.890* 0.645 0.533* -4557 949*

SOM (x’4) 3.49* -8357* 1.247* 0.719* 0.883* 0.411* -701 1616*

MC/PS (x’1/ x’2) 0.160 3481 -0.100  -0.140  1181 

MC/SEM (x’1/ x’3) -1.20* 18640* 0.939  -0.121  10788 

MC/SOM (x’1/ x’4) -2.52* 19626* -0.902  -0.874  4889 

PS/SEM (x’2/ x’3) -0.559 20316* 0.741  -0.359  9896 

PS/SOM (x’2/ x’4) -2.45* 22148* -1.16  -1.04  4584 

SEM/SOM (x’3/ x’4) -5.08* 45924* -0.204  -1.19  16295 

MC/PS/SEM (x’1/x’2/ x’3) 8.20 9248 2.98  -0.253  868 

MC/SEM/SOM (x’1/x’3/ x’4) 7.17* -31163 0.016  1.58  237 

PS/SEM/SOM (x’2/x’3/ x’4) -1.79 -66411* -0.198  1.94  -39016 

Model type Special cubic Special cubic Special cubic Linear Special cubic Linear Special cubic Linear

R² 0.975 0.913 0.689 0.495 0.678 0.473 0.760 0.423

Adjusted R² 0.932 0.765 0.158 0.401 0.124 0.374 0.349 0.316

p-value (Model) <0.000* 0.012* 0.378 0.010* 0.412 0.015* 0.211 0.028*

p-value (Lack of fit) 0.751 0.081 0.026* 0.139 0.101 0.382 0.110 0.195

Pseudo-components: MC: maca; PS: potato starch; SEM: sweet manioc flour; SOM: sour manioc flour; * p < 0.05.
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Sensory analysis
All GFB formulation were sensorially accepted, with 

an acceptability index greater than 72.4%, with sensory 
scores varying between 6.52 and 7.42 (Table 3). The aroma, 

color, flavour and overall acceptance had similar grades 
for all GFB evaluated (p < 0.05). However, for texture, run 
14 was more accepted than run 4 and 7 (p<0.05) and had 
similar a grade to run 1. 

Figure 2: Desirability graph of the statistical modelling of mixtures for gluten-free bread elaboration. 
Pseudo-components: MC: maca; PS: potato starch; SEM: sweet manioc flour; SOM: sour manioc flour; the dotted vertical 
line represents global convenience.

Table 3. Sensory acceptance of gluten-free breads.

 Attributes Run 1 Run 4 Run 7 Run 14

Sensory Aroma 6.66 ± 1.83a 6.71 ± 1.78a 6.60 ± 1.82a 6.70 ± 1.76a

mean Color 7.37 ± 1.41a 7.22 ± 1.43a 7.26 ± 1.43a 7.27 ± 1.41a

 Texture 7.08 ± 1.64ab 6.65 ± 1.80b 6.52 ± 1.89b 7.42 ± 1.67a

 Flavor 7.02 ± 1.80a 6.75 ± 1.77a 6.92 ± 1.62a 7.09 ± 1.80a

 Overall acceptance 7.17 ± 1.59a 6.83 ± 1.59a 6.87 ± 1.43a 7.32 ± 1.51a

 
Acceptability Aroma 74.0% 74.6% 73.3% 74.4%
index Color 81.9% 80.2% 80.7% 80.8%
 Texture 78.7% 73.9% 72.4% 82.4%
 Flavor 78.0% 75.0% 76.9% 78.8%
 Overall acceptance 79.7% 75.9% 76.3% 81.3%

Mean ± standard deviation (n= 112); different letters in the same line indicate significant differences by Tukey test (p<0.05).
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Physio-chemical and microbiological parameters
All GFB elaborated had similar values of moisture, 

ash, protein, lipid and caloric value (p>0.05) and only 
the carbohydrate value was lower in run 4 compared to 
run 14 (with 0.75 of maca) (p>0.05) (Table 4). Thus, an 
increase in the maca content (from 0.25 to 0.75) improved 
carbohydrate content. 

GFB elaborated samples (run 1, 4, 7 and 14) had 3 
MPN g-1 for coliforms at 45 °C and absence of Salmonella 
sp. as described in table 4. The microbiological parameter 
evaluated attested to the satisfactory hygienic and sanitary 
conditions of GFB elaboration. 

DISCUSSION
The appearance of GFB (Figure 1) demonstrated that 

the interaction between the ingredients was positive for 
the formation of this type of crust. Maca has between 54.6 
and 60% of total carbohydrates, among them, 23.4% is 
sucrose19. This information may suggest that the maca and 
sugar present in the dough contributed to the caramelization 
that defined the expected crust characteristics of the bread 
by consumers. Additionally, the homogeneous core of run 
9 should be correlated to the fermentation of the dough. 
The bread fermentation step represents a decisive factor 
in the constitution of the alveoli, with carbon dioxide 
(CO2) bubble retention in the dough22. The presence of 
SOM in the GFB may also contribute to the formation of 
a quality crumb in the absence of a leavening agent, since 
it is a modified starch with expansion property30. As it is 
a fermented starch, the SOM is more water-soluble, with 

a greater property of water adsorption and less viscosity 
relative to SEM. Bakery products expansion is compromised 
by the addition of starch in its natural state31.

Simplex Centroid Design and desirability response
Regarding the specific volume, hardness, cohesiveness, 

springiness and chewiness, no data have been reported in 
the literature regarding the adding of maca flour to GFB. 
However, GFB described in the current article had values 
of specific volume, hardness, cohesiveness, and chewiness 
(Table 1) in the range observed for GFB produced by adding 
different vegetal products. Data available in the literature 
for the specific volume ranged from 1.28 and 2.87 mL g-1 
for GFB elaborated by a combination of two or more base 
ingredients, including rice flour, corn starch, potato starch, 
buckwheat, sorghum, and quinoa3,13,15,32,33. Hardness ranges 
between 810 and 6000 g for GFB elaborated with corn 
starch or rice flour as the main ingredient, while chewiness 
varies from 700 and 2600 in rice flour based GFB13,34. The 
cohesiveness values of GFB are in the range described for 
GFB (0.24 to 0.82) based on corn starch, rice flour, potato 
starch and/or sorghum flour13,32,33,34,35. The GFB elaborated 
samples that had lower springiness values compared to 
data reported for GFB with rice flour, corn starch, and/or 
potato starch, described in the range from 0.72 to 13,32,34,35. 
The lower springiness of GFB elaborated indicates that, 
although the texture is initially firmer, a single compression 
significantly destroys its structure preventing any spring-
back. In practice, the GFB does not recover its structure 
well after it is compressed36.

Table 4. Proximal composition (dry basis), caloric value, and microbiological parameters for gluten-free breads.

Parameter Run 1 Run 4 Run 7 Run 14

Moisture (g 100 g-1) 27.4 ± 1.30a 30.92 ± 2.16a 30.79 ± 1.06a 27.13 ± 1.09a

Ash (g 100 g-1) 1.69 ± 0.141a 1.50 ± 0.052a 1.50 ± 0.103a 1.77 ± 0.613a

Protein (g 100 g-1) 14.2 ± 0.482a 15.3 ± 0.734a 13.9 ± 1.063a 14.3 ± 0.522a

Lipids (g 100 g-1) 12.2 ± 0.695a 12.8 ± 0.632a 12.3 ± 0.931a 11.1 ± 0.381a

Carbohydrates (g 100 g-1) 72.0 ± 0.652ab 70.4 ± 0.863b 72.3 ± 1.11ab 72.8 ± 0.284a

Caloric value (kcal 100 g-1) 329 ± 8.55a 316 ± 8.10a 315 ± 11.75a 326 ± 7.22a

Salmonella sp. (in 25 g) Absence Absence Absence Absence

Coliforms at 45 °C (MPN g-1) 3.0 3.0 3.0 3.0

Staphylococcus positive

coagulase (CFU g-1) <101 <101 <101 <101

Mean ± standard deviation (n= 4); MPN: most probable number; CFU: colony forming unit; different letters in the same line indicate 
significant differences by Tukey test (p<0.05).
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Higher specific volume predicted by a special cubic 
model (Table 2) is appropriate for sensory acceptance of 
breads. However, GFB presents difficulties in the expansion 
of the dough, as GFB does not retain the gas formed during 
the fermentation period, which compromises the specific 
volume of the product6. However, the addition of starches, 
such as maca, which, due to the high amount of sucrose, 
contributes to the increase in the fermentation. The SEM fulfils 
the role of gum in the interaction between the components 
of the bread, and the expansion contributed by the SOM, 
helps in the retention of CO2 gas in the amplification of 
the specific volume37.

Hardness represents the force necessary to attain a given 
deformation23. Breads with lower hardness were considered 
more accepted by consumers; GFB had up to 10 times the 
hardness than that obtained by wheat flour, which relates 
to high density and reduced compressibility36. According to 
the special cubic model obtained for hardness (Table 2), the 
high content of fiber of MC and PS can explain the hardness 
increase6, while the SEM and SOM, with lower fiber content 
and different effects in the dough –gelatinization at lower 
temperatures in GFB related other starch sources38– had a 
negative impact for hardness. 

Cohesiveness, springiness and chewiness are important 
parameters for GFB, but isolated, were not considered 
criteria for an increase or decrease in quality. Cohesiveness 
was an indicator of internal cohesion of the material. 
Generally, breads with low cohesiveness are susceptible 
to fracture and crumble6. Springiness represents the rate 
at which a bread is deformed and the product goes back 
to its undeformed condition after the deforming force is 
removed23. Chewiness gives an indication of the energy 
required to masticate a solid food and therefore the time 
required masticating a bread piece prior to swallow6. In the 
present study, considering the range studied for pseudo-
components, the cohesiveness, springiness and chewiness 
suffer influence from other GFB ingredients and had only 
a linear significant model (p<0.05) (Table 2). 

Sensory analysis
The result of the sensory test (Table 3) demonstrated that 

the higher amount of maca (0.75 and 0.5 for run 14 and 1) 
in the GFB positively influenced texture acceptance. Lower 
hardness is associated with higher sensory acceptance, as 
lower hardness correlates with bread freshness15. The high 
sucrose content of maca can contribute to the improvement 
of texture acceptance19, because, according to Morais et 
al.39, sweetener can influence the softness acceptance of 
GFB. However, it important to emphasize that the panel was 
composed of all consumers (not only those who ate gluten-
free), thus consumers were not necessarily accustomed to 
the texture of gluten-free products.

Physio-chemical and microbiological parameters
The values of the physio-chemical parameters obtained 

in the present article (Table 4) was in the range described 

for GFB in the literature. The data reported by other 
authors range from 1.36 and 2.86 g 100 g-1 for ash10,11,14,15, 
between 6.5 and 13.6 g 100 g-1 for lipids10,11,14, from 3.3 
to 14 for protein11,12,15, and between 62.9 and 83.9 g 100 
g-1 for carbohydrates10,11,12,14. The exception was moisture 
that was lower than the range described by literature data 
(35.4 to 48.5 g 100 g-1)12,13,15 and the caloric value that was 
higher (158 to 262 kcal 100 g-1)10,12,13,40. According to Hager 
et al.40, a lower moisture content implies a higher caloric 
value in breads.

Table 4 shows the microbiological parameter results 
attesting the satisfactory hygienic and sanitary conditions 
of GFB elaboration, according to the limit tolerated of 100 
NMP g-1 for coliforms at 45 °C and absence of Salmonella 
sp.29. The Staphylococcus coagulase positive counts were < 
101 CFU g-1, indicating that the processing method applied in 
the present study allowed the formulation of a GFB suitable 
for human consumption.

CONCLUSION
The responses specific volume and hardness were well 

adjusted using a special cubic model considering the Simplex 
Centroid Design with the pseudo-components MC, PS, SEM 
and SOM in GFB elaboration. The significant contribution 
of maca to the GFB dough was evident in the models and 
the desirability results indicated an appropriate mixed flour 
composed by 0.250 of MC, 0.500 of PS, 0.250 of SEM and 
0.00 of SOM. The GFB elaborated with this mixed flour 
generated a product well accepted (acceptability index 
higher than 73.9%) for all attributes evaluated. The values 
of physio-chemical parameters obtained in the present 
article was in the range described for GFB in the literature 
and the processing method applied in the present study 
allowed for microbiological stability.
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