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ABSTRACT

The impact of pituca flour (Colocasia esculenta L.) content on the physicochemical properties and acceptability of
Chachapoyan-type bread was examined. The bread formulation involved the substitution of wheat flour with
pituca flour at 15/85, 20/80 and 25/75 and a control group 0/100 pituca flour/wheat flour (PF/WF).
Physicochemical, farinographic and alveographic analyses were performed on the different flour formulations,
while the resulting bread was evaluated in terms of physicochemical properties and sensory quality, including
aroma, color and texture. A complete randomized design (CRD) was used to obtain the chachapoyano bread with
pituca flour. The comparison between treatments was made using Student's t-test at a significance of 0.05. In
addition, aCompletely Randomized Block Design (CRBD) was used to evaluate the acceptability variable, usingthe
Tukey test, with a significance level of 0.05. According to the farinographic results, pituca flour was classified as
non-bakeable. However, in alveographic terms, the 15/85 flour blend showed close similarities to the control
group, both in the flour and in the final bread.
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RESUMEN

Se examind el impacto del contenido de harina de pituca (Colocasia esculenta 1..) en las propiedades fisicoquimicas
y aceptabilidad del pan tipo chachapoyano. La formulacidn del pan implic6 la sustitucién de harina de trigo con
harina de pitucaen 15/85, 20/80 y 25/75 y un grupo de control 0/100 harina de pituca/harina de trigo (HP /HT).
Se realizaron analisis fisicoquimicos, farinograficos y alveograficos en las diferentes formulaciones de harina,
mientras que el pan resultante fue evaluado en términos de propiedades fisicoquimicasy calidad sensorial,
incluyendo aroma, colory textura. Enla obtencién del pan chachapoyano con harina de pituca se emple6 un disefio
completo al azar (DCA). Serealiz6 la comparacién entre tratamientos se hizo mediante la prueba t de Student a
una significancia del 0,05. Ademas, se empled un Disefio de Bloques Completamente al Azar (DBCA) para evaluar
la variable aceptabilidad, utilizando la prueba Tukey, con un nivel de significancia del 0,05. Segtn los resultados
farinograficos, la harina de pituca fue clasificada como no panificable. No obstante, en términos alveograficos, la
mezcla de harina 15/85 mostro6 similitudes cercanas al grupo de control, tanto en la harina como en el pan final.

Palabras clave: andlisisalveografico; analisis farinografico; evaluacion sensorial; formulacién; pan chachapoyano
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1. INTRODUCTION

Bread is one of the oldest foods, with its origin dating back to Mesopotamia around 6000 B.C., widely
consumed in all its presentations worldwide (Vasquez-Lara etal., 2021). Although there are thousands of
recipes with alternative inputs to obtain different types of bread, the raw material is relatively simple,
primarily wheat flour (Cao et al,, 2023; Pico et al., 2015).

Wheat flour is the main cereal used in bread making due to its unique gluten proteins that, when combined
with starch, form structures that facilitate gas retention for an elastic, porous product with favorable
digestion characteristics after baking (Parenti et al., 2020). In Peru, Chachapoyano bread, also known as
“popular Chachapoyas bread,” is a traditional food in the Amazon region, primarily made with wheat flour,
water, yeast, and lard, often processed in wood-fired ovens, enhancing its flavor.

In recent decades, bread consumption has rapidly increased in developing countries due to urbanization
and industrialization. This, along with climate crises and violent conflicts in wheat-producing regions, has
led to an increase in wheat flour prices (Araujo-Enciso and Fellmann, 2020; Queiroz et al.,, 2021).
Consequently, there is a gradual trend to partially or totally replace wheat flour with composite flours from
native seeds, cereals, or tubers (Alshawi, 2020; Olagunju et al., 2020; Vasquez-Lara et al., 2021). Some
substitutes used are rye (Oest et al., 2020), oats (Carocho et al., 2020; Krochmal-Marczak et al., 2020),
sorghum (Ari Akin et al., 2022; Mtelisi Dube et al., 2020), and millet (Sarabhai et al., 2021; Tomi¢ et al.,
2020), which have also influenced product characteristics by improving fiber content, rigidity, elasticity,
and final product structure (Torbica et al., 2019).

Pituca (Colocasia esculenta 1.) is a root and tuber species (corm) with great agro-food potential (Pua et al,,
2019), resistant to pests and diseases, with high conservation power in natural conditions (Torres-Rapelo
et al,, 2014). Pituca is a unique food due to its digestibility and hypoallergenic properties provided by its
small starch granules, constituting 73-80% of the tuber (Patel and Singh, 2023). Regarding its proximal
content, 100 g of dry-weight pituca has approximately 1430 kcal, 9% protein, 26.5% carbohydrates, 2.24%
ash, 4.25% fiber, and 0.43% fat (Lépez et al., 2021). In our country, it can be found abundantly in jungle
areas, though its local consumption is mainly observed in Amazonian populations, especially in native
communities or those knowledgeable about its use (Quispe et al., 2020).

Considering the fluctuating price of wheat grain according to international market management, it is crucial
to consider the savings that could benefit from the partial use of pituca flour to obtain Chachapoyano bread
with good organoleptic characteristics and consumer acceptability, lowering raw material costs. The study
aimed to evaluate the effects of replacing wheat flour with pituca flour on consumer acceptability.

2. MATERIALS AND METHODS

The research was conducted in the pilot plant of the Academic School of Agroindustrial Engineering,
Faculty of Agricultural Sciences, National University Toribio Rodriguez de Mendoza of Amazonas, located
in the city of Chachapoyas. Pituca samples were sourced from Buenos Aires annex, Bongara province,
Amazonas department.

To obtain pituca flour, the tuber was carefully selected and washed before cutting into approximately 1 cm
thick pieces, which were boiled for 45 minutes. Then, it was manually peeled using a knife, followed by
dehydration in a tray dryer at 65°C for 4 hours with an air velocity of 2 m/s. Finally, it was milled and sieved
using a hand mill and sieves of sizes No. 250, 150, and 100. The result of this process is pinkish cream-
colored pituca flour.
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2.1. Formulation

Table 1 shows the formulation of Chachapoyano bread based on 1000 g of composite flour (wheat and
pituca flour).

Table 1.
Formulation of bread substituted with pituca flour
Amount (g)
Ingredient Control T1 T2 T3
(0/100 pr/wr) (15/85 pr/wr) (20/80 pr/wr) (25/75 pr/wr)

Wheat flour 1000 850 800 750
Pituca flour 0 150 200 250
Sugar 125 125 125 125
Yeast 3 3 3 3
Salt 183 183 183 183
Lard 208 208 208 208
Dough improver 8 8 8 8
Water 570 570 570 570

For bread preparation, wheat flour and pituca flour were initially dry-mixed according to the
corresponding treatment along with yeast (3 g), salt (183 g), and sugar (125 g). The homogenized mixture
was placed in the kneading machine (INTEC model A-C50), where dosed amounts of water (570 ml), dough
improver (8 g), and lard (208 g) were added. This process was carried out for 10 minutes to develop the
gluten.

The resulting dough was formed into a ball and allowed to rest for 5 minutes. Then, using a dough divider
machine, small balls were created and rested for 20 minutes. They were shaped into Chachapoyano bread
and fermented for approximately 4 hours ata temperature between 35 and 37 °C. Subsequently, the breads
were baked at 200 °C for 20 minutes and then cooled for 1 hour at room temperature. Afterward, they were
taken to the laboratory for their respective analyses, and the remaining breads were used for the hedonic
scale test.

2.2. Physicochemical Analysis

Physicochemical analyses were carried out on pituca flour and Chachapoyano bread samples to determine
ash content (AOAC 930.05), fat (AOAC 930.04), protein (AOAC 930.04), and carbohydrates (AOAC 930.09).
Additionally, a pH meter (Hanna model, USA) was used to measure pH, and moisture was evaluated using
a moisture balance.

2.3. Physicoplastic Characterization

Farinographic (AACC 54-21 method) and alveographic (AACC 54-10 method) analyses were performed at
Industrias TEAL S.A. Farinographic analysis evaluated dough consistency from formation, with indices such
as water absorption (%), development time (min), dough stability (min), and degree of weakening (BU).
Alveographic analysis determined flour behavior in breadmaking, evaluating indices such as dough
tenacity (mm), extensibility (mm), work (joules), and gluten characteristics.

2.4. Sensory Evaluation

The sensory evaluation involved 100 untrained panelists aged 25 to 40 years. Participants conducted a 9-
point hedonic test to evaluate the attributes of odor, color, taste, and sweetness of each bread treatment
substituted with pituca flour. The scale ranged from "dislike extremely” (1) to "like extremely" (9).
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Samples were presented in pre-coded plastic bags labeled as: 187 (0/100), 492 (15/85), 314 (20/80), and
521 (25/75). Each bag contained three bread samples for each substitution level and the respective control
bread.

2.5. Data Analysis

To evaluate the formulation of Chachapoyano bread substituted with pituca flour, a complete randomized
design (CRD) was used. Differences between treatments and control were determined using mean
differences under a Student's t-distribution at a 0.05 significance level. For acceptability, a Completely
Randomized Block Design (CRBD) was employed, with mean comparison using the Tukey test at a 0.05
significance level.

Experimental data were analyzed using Statgraphics software, and organoleptic analysis was performed
using SPSS 15.0.

3. RESULTS
3.1. Proximal Physicochemical Analysis

The physicochemical characterization of the pituca flour used in the experiment yielded results of pH= 6.1
+ 0.01, moisture = 13.23 + 0.21%, protein = 9.92 + 0.03%, fat = 1.42 + 0.01%, carbohydrates = 63.84 +
0.02%, ash =2.00 + 0.01%.

Tables 2 and 3 present the average proximal physicochemical composition, including moisture, protein, fat,
carbohydrates, and ash, for flours with different percentages of pituca flour substitution and the resulting
breads.

Table 2.
Proximal physicochemical characterization of wheat flour substituted with pituca flour
Parameter Control T1 T2 T3 F-ratio  p-value
(0/100 prjwr)  (15/85pr/wr)  (20/80 prywr)  (25/75 pr/wr)
pH 6.56 + 0.01 6.54 +0.01 6.49 + 0.02 6.20 £ 0.03 12.24 <0.001
Moisture (%) 14.68 + 0.07 14.31+0.19 14.01 £ 0.15 13.8 +3.31 0.39 0.7607
Protein (%) 12.33+0.17 10.47 £ 0.05 10.31 +£0.02 10.23 £ 0.02 37.39 <0.001
Fat (%) 2.55 % 0.02 2.40 £ 0.01 2.33+0.01 2.33+£0.01 15.264 <0.001
Carbohydrates (%) 579+0.1 61.39 + 0.09 62.12+0.12 62.17 £ 0.02 15.0046 <0.001
Ash (%) 0.55 +0.03 0.70 £ 0.03 0.74 + 0.02 0.75 £ 0.02 36.35 <0.001

Moisture levels in flour mixtures with 20/80 (T2) and 25/85 (T3) PF/WF substitution were considered
appropriate according to guidelines established by Quezada et al. (2019), suggesting that moisture content
in flour should be between 10% and 14%. Additionally, the protein content shows a decreasing trend,
possibly due to the low protein content inherent to this tuber.

Determining ash content is valuable for assessing the purity and yield of cereal flours, as minerals are
unevenly distributed across all their layers (Cardoso etal., 2019). The outer layer, comprising the aleurone
and pericarp, contains approximately 68%, the starchy endosperm 20%, and the embryo 12% of the total
minerals. Therefore, the ash content in breadmaking flour ranges between 0.3% and 0.65%, with higher
ash levels indicating less purification and more fine bran and endosperm particles adjacent to the bran
(Czaja etal., 2020). The wheat flour used in the research meets breadmaking flour requirements; however,
higher substitution levels with pituca flour show an increase in ash content attributed to the higher ash
percentage in pituca flour (2%).
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Table 3.
Proximal physicochemical characterization of bread with partial substitution of pituca flour
Parameter Control T1 T2 T3 F-ratio p-value
(0/100 PF/WF) (15/85 PF/WF) (20/80 PF/WF) (25/75 PF/WF)
pH 6.52 +0.01 6.58 + 0.01 6.00 + 0.18 5.86 + 0.12 2.28 <0.001
Moisture (%) 19.48 + 0.50 19.17 + 1.55 16.97 £ 0.86 12.75 +5.75 3.17 0.0853
Protein (%) 10.07 £ 0.06 8.45 +0.01 8.37 +0.02 8.25+0.01 188.491 <0.001
Fat (%) 1.09 + 0.05 1.107 + 0.07 1.136 + 0.03 1.178 + 0.03 19.772 <0.001
Carbohydrates (%) 57.2 £0.05 58.44 + 0.04 60.49 + 0.06 61.35+0.04 462.305 <0.001
Ash (%) 1.01 +0.01 1.45 £ 0.02 1.55 + 0.04 1.61 +0.02 35.376 <0.001

Regarding fat content in the control and treatment groups of the breads, an increase attributable to the
addition oflard during the process was recorded (Garcia-Cisneros et al., 2023).

The physicochemical data obtained from the flour mixtures and Chachapoyano bread, including ash, fat,
protein, carbohydrates, and pH, show statistically significant differences between treatments and the
control group with a 95% confidence level.

3.2. Farinographic and Alveographic Analysis

Table 4 presents the results of the farinographic analysis carried out in the laboratories of Industrias TEAL
S.A. for both wheat flour and each level of pituca flour substitution. This analysis evaluated dough
consistency through the force required for its mixing at a constant speed and the water absorption
necessary to reach a standard force of 500 BU in farinographic tests.

Table 4.
Farinographic characteristics of wheat and pituca flour mixtures for different levels of substitution
I Water - Weakenin
Treatment S::sgln(lot/“;n Absorption D;i\llﬁleo(pl:;lli;lt St(?;)ll:)ty (Brabende%‘
° (%) Units)
TO (0/100 pr/wr) 0 64.8 12.5 8.7 40
T1 (15/85 pr/wr) 15 64.6 5.1 3.7 80
T2 (20/80 pr/wr) 20 67.6 4.9 3.3 95
T3 (25/75 pr/wr) 25 68.4 4.7 3.1 105

According to the table above, water absorption in the dough treatments TO and T1 showed medium
hydration levels between 58% and 65%, ideal for forming viscoelastic doughs. It is important to note that
water absorption is related to the water requirement for gluten to reach a standard force of 500 BU in
farinographic tests (Vasquez-Lara et al., 2021). Additionally, water absorption percentage increases
proportionally to the substitution level, indicating that pituca flour has a higher water absorption capacity
than wheat flour, possibly due to the increased carbohydrates from pituca starch (75% amylopectin and
25% amylose), which have equal or higher values of hydrophilic constituents (amylose) (Morales, 2012).
According to Solarte-Montufar et al. (2019), amylose content in starch is the determining factor for the
quality of finished foods, as high values favor greater solubility, higher viscosity, better paste clarity, and
greater gel retrogradation tendency.

According to Pantanelli (2009), the time required to reach maximum dough consistency ranges from 10 to
20 minutes. The evaluated wheat and pituca flour mixtures presented short development times (< 5.1
min.). Similarly, dough stability plays an important role in better fermentation development and tends to
be stronger. According to Hernandez et al. (2023), the minimum stability time required in the baking
industry is 8 minutes, which is higher than the times obtained in the evaluated partial substitution
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treatments. Lastly, the weakening index of the substitution treatments decreased between 40 and 105
Brabender Units (BU), reflecting low quality in breadmaking flours.

According to Sandoval et al. (2012) and Islas et al. (2005), the farinographic analysis results for
development time, stability, and dough weakening in wheat and pituca flour mixtures indicate a deficient
gluten network or damaged starch presence that could be linked to the protein quantity and gluten
formation in the doughs due to substitution flour, making the flour unsuitable for breadmaking. The
obtained results align with research conducted on bread production with the addition of tuber flours
(Vazquez-Chavez and Hernandez-Loépez, 2023), cassava (Hernandez et al., 2023), and potato (Miranda,
2023), showing a decrease in farinographic dough characteristics with increased tuber flour in the flour
mixture.

Table 5 presents the results of the alveographic analysis of wheat and pituca flour mixtures for different
substitution levels. Regarding tenacity (P), representing the maximum pressure the dough can withstand
before deforming, treatment T1 exhibited the best performance with an acceptable value of 987 mm. In
contrast, values for treatments T2 and T3 were above the minimum suitable value for bread production (P
<100).

Table 5.
Alveographic characteristics of wheat and pituca flour mixtures for different substitution levels
Treatment P (Tenacity) L (Extensibility) P/L W (Work) Gluter_l _
mm mm Characteristics
TO (0/100 pr/wr) 103 84 1.22 192 Weak
T1 (15/85 pr/wr) 87.8 80.0 0.9 230 Strong
T2 (20/80 pr/wr) 98.7 82.8 1.19 202 Weak
T3 (25/75 pr/wr) 102.2 83 1.21 196 Weak

Flour quality is also measured by its balance between resistance to deformation (P) and extensibility (L) as
this favors obtaining bread with maximum volume and well-proportioned internal structure. Therefore, a
P/L ratio <1.5 is considered suitable for breadmaking according to Calaveras (1996). Compared to the
obtained test results, the P/L ratio was less than 1.5, indicating that it is breadmaking flour.

3.2.Sensory Evaluation

Figure 1 shows the sensory evaluation results applied to breads made with wheat and partial pituca flour
substitution. Consumer preferences for new products can provide valuable information about the studied
product (Thompson et al., 2004), allowing the observation of individual variations among them along with
the descriptive sensory relationship (Issanchou, 1996).
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Textura Sabor

Testigo T1(15%) T2 (20%) T3 (25%)

Figure 1. Analysis of sweetness, aroma, and flavor attributes of bread made with wheat flour (control) and
breads made with partial pituca flour substitution

Regarding Chachapoyano bread made from flours substituted with pituca, while the evaluated attributes
decreased in their rating with increased pituca flour, treatment T1 (15/85 PF/WF) showed higher
acceptance in the analyzed parameters among the evaluated substitution formulations, obtaining a rating
of "like moderately" (7.3) in the flavor and aroma attribute and a rating of "slightly soft" (5.9) in the texture
attribute.

Table 6 shows the averages of the sensory evaluations and Tukey test results (P<0.05) applied to breads
made with wheat flour and partial pituca flour substitution. According to this, treatment T1 (15/85 PF/WF)
presents significant differences concerning the other treatments in the flavor attribute and significant
differences concerning the control treatment (TO, 0/100 PF/WF) in the aroma and texture attributes.

Table 6.

Mean comparison by Tukey method in evaluated attributes in breads made with partial pituca flour
substitution and wheat flour (control)

Treatment Aroma Flavor Texture
TO (0/100 pr/wr) 7.7 £ 1.5698a 7.9 £ 1.0825a 6.9 £ 0.7035a
T1(15/85 pr/wr) 7.3 +2.0201b 7.3 +£2.0201b 5.9 £ 1.6697b
T2 (20/80 pr/wr) 7.1 £1.8963b 6.9 + 1.6697c 5.8 +1.3333b
T3 (25/75 pr/wr) 7.0 £1.7978b 6.6 £ 1.3333d 5.7 £1.3521b

*Treatments with the same letter are not significantly different according to Tukey test (P<0.05).

CONCLUSIONS

From the physicochemical profile, alveographic analysis, and sensory analysis of Chachapoyano breads
obtained with partial wheat flour substitution, treatment T1 (15/85 PF/WF) presents better conditions
compared to wheat flour. However, in farinographic evaluation terms, it indicates non-breadmaking
characteristics.

The present research results show that using pituca flour is a good alternative for breadmaking, especially
in the Amazon where wheat is not produced, allowing value addition to pituca with minor substitutions to
diversify its use.

7 Rev. Agrotec. Amaz. 4(2): e652; (Jul-Dec, 2024). e-ISSN: 2710-0510




Valqui-Pérez, F. M. etal. >l A

FINANCING

The authors did not receive sponsorship to carry out this study-article.

CONFLICT OF INTERESTS

There is no conflict of interest related to the subject matter of the work.

CONTRIBUTION OF THE AUTHORS

Conceptualization: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Data curation: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Formal analysis: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Funding acquisition: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Research: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Methodology: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Project administration: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Resources: Valqui-Pérez, F. M. and Tafur-Becerra, R. P.

Software: Valqui-Pérez, F. M. and Tafur-Becerra, R. P. Supervision: Huayama-Sopla, P. M. Validation:
Valqui-Pérez, F. M., Tafur-Becerra, R. P. and Huayama-Sopla, P. M. Visualization: Valqui-Pérez, F. M., Tafur-
Becerra, R. P. and Huayama-Sopla, P. M. Writing - original draft: Valqui-Pérez, F. M. and Tafur-Becerra , R.
P. Writing - review and editing: Valqui-Pérez, F. M., Tafur-Becerra, R. P. and Huayama-Sopla, P. M.

BIBLIOGRAPHIC REFERENCES

Alshawi, A. H. (2020). The use of irradiated potato flour as a partial replacement of wheat flour in
producing biscuits. Czech Journal of Food Sciences, 38(6), 397-403.
https://doi.org/10.17221/170/2020-CJFS

Araujo-Enciso, S. R., & Fellmann, T. (2020). Yield Variability and Harvest Failures in Russia, Ukraine and
Kazakhstan and Their Possible Impact on Food Security in the Middle East and North Africa. Journal
of Agricultural Economics, 71(2), 493-516. https://doi.org/10.1111/1477-9552.12367

Ari Akin, P., Demirkesen, I, Bean, S. R., Aramouni, F., & Boyaci, I. H. (2022). Sorghum Flour Application in
Bread: Technological Challenges and Opportunities. Foods,11(16).
https://doi.org/10.3390/foods11162466

Cao, H,, Gao, F,, Shen, H,, Su, Q., Guan, X,, Sun, Z., & Yu, Z. (2023). Influence of partial substitution of wheat
flour with sprouted oat flours on physicochemical and textural characteristics of wheat bread.
Journal of Cereal Science, 110. https://doi.org/https://doi.org/10.1016/j.jcs.2023.103649

Cardoso, R. V. C,, Fernandes, A., Heleno, S. A., Rodrigues, P., Gonzaléz-Paramas, A. M., Barros, L., & Ferreira,
I. C. F. R. (2019). Physicochemical characterization and microbiology of wheat and rye flours. Food
Chemistry, 280,123-129. https://doi.org/10.1016/j.foodchem.2018.12.063

Carocho, M., Morales, P., Ciudad-Mulero, M., Fernandez-Ruiz, V., Ferreira, E., Heleno, S., Rodrigues, P.,
Barros, L., & Ferreira, 1. C. F. R. (2020). Comparison of different bread types: Chemical and physical
parameters. Food Chemistry, 310. https://doi.org/10.1016/j.foodchem.2019.125954

Czaja, T., Sobota, A., & Szostak, R. (2020). Quantification of ash and moisture in wheat flour by Raman
spectroscopy. Foods, 9(3). https://doi.org/10.3390/foods9030280

Garcia-Cisneros, M. A., Garcia-Rivero, A. E., De La Cruz-Fernandez, E., & Bardales-Azafiero, J. R. (2023).
Effect of partial substitution of wheat flour by pituca (Colocasia esculenta) puree on the quality of

8 Rev. Agrotec. Amaz. 4(2): e652; (Jul-Dec, 2024). e-ISSN: 2710-0510



https://doi.org/10.17221/170/2020-CJFS
https://doi.org/10.1111/1477-9552.12367
https://doi.org/10.3390/foods11162466
https://doi.org/https:/doi.org/10.1016/j.jcs.2023.103649
https://doi.org/10.1016/j.foodchem.2018.12.063
https://doi.org/10.1016/j.foodchem.2019.125954
https://doi.org/10.3390/foods9030280

Valqui-Pérez, F. M. etal.

french type bread. Agroindustrial Science, 13(1), 23-31.
https://doi.org/10.17268/agroind.sci.2023.01.03

Hernandez, G., Alvarez, M., Nuifiez De Villavicencio, M., & Ochoa, M. (2023). Empleo de la harina de yuca en
panificacién. Ciencia y Tecnologia de Alimentos, 33(2), 56-62.
https://revcitecal.iiia.edu.cu/revista/index.php/RCTA/article /view /452

Islas, A., MacRitchie, F., Gandikota, S., & Hou, G. (2005). Relaciones de la composicién proteinica y
mediciones reoldgicas en masa con la calidad panadera de harinas de trigo. Rev. Fitotec. Mex., 28(3),
243-251. https://doi.org/10.35196/rfm.2005.3.243

Issanchou, S. (1996). Consumer Expectations and Perceptions of Meat and Meat Product Quality. Meat
Science, 43. https://doi.org/10.1016/0309-1740(96)00051-4

Krochmal-Marczak, B., Tobiasz-Salach, R., & Kaszuba, . (2020). The effect of adding oat flour on the
nutritional and sensory quality of wheat bread. British Food Journal, 122(7), 2329-2339.
https://doi.org/10.1108/BF]-07-2019-0493

Lopez, F., Arboleda, L., & Gonzalez, V. (2021). Evaluation of the metformin effects on Anti-Miillerian
Hormone in women with polycystic ovarian syndrome: A double-blind randomized clinical trial.
ESPOCH Congresses: The Ecuadorian Journal of S.T.E.A.M, 1(1),411-429. https://doi.org/10.18502/8

Miranda, A. R. (2023). Evaluacién de cinco mezclas de harina de papa y trigo para elaboracién de pan.
Revista de Investigacion Proyeccion Cientifica, 5(1), 35-50. https://doi.org/10.56785 /ripc.v5i1.97

Morales, A. (2012). Fitogeografia e industrializacion del almid6n de pituca (Colocasia esculenta). Espacio y
Desarrollo, 24,97-117.
https:/ /revistas.pucp.edu.pe/index.php/espacioydesarrollo/article /view /7587

Mtelisi Dube, N., Xu, F., & Zhao, R. (2020). The efficacy of sorghum flour addition on dough rheological
properties and bread quality: A short review. Grain & Oil Science and Technology, 3(4), 164-171.
https://doi.org/10.1016/j.gaost.2020.08.001

Oest, M., Bindrich, U., Vof, A,, Kaiser, H., & Rohn, S. (2020). Rye bread defects: Analysis of composition and
further influence factors as determinants of dry-baking. Foods, 9(12).
https://doi.org/10.3390/foods9121900

Olagunju, A. L., Ekeogu, P. C., & Bamisi, O. C. (2020). Partial substitution of whole wheat with acha and
pigeon pea flours influences rheological properties of composite flours and quality of bread. British
Food Journal, 122(11), 3585-3600. https://doi.org/10.1108/BF]-10-2019-0773

Pantanelli, A. (2009). Pardmetros Industriales de la Calidad del Trigo.
http://www.roagro.com.ar/upload/varios/Par%C3%Almetros%20Calidad %20del%20Trigo.doc

Parenti, O., Guerrini, L., & Zanoni, B. (2020). Techniques and technologies for the breadmaking process
with unrefined wheat flours. Trends in Food Science and Technology, 99, 152-166.
https://doi.org/10.1016/j.tifs.2020.02.034

Patel, A., & Singh, J. (2023). Taro (Colocasia esculenta L): Review on Its botany, morphology, ethno
medical uses, Phytochemistry and pharmacological activities. The Pharma Innovation, 12(3), 05-14.
https://doi.org/10.22271/tpi.2023.v12.i32.18908

Pico, ]., Bernal, J., & Gémez, M. (2015). Wheat bread aroma compounds in crumb and crust: A review. In
Food Research International, 75, 200-215. https://doi.org/10.1016/j.foodres.2015.05.051

9 Rev. Agrotec. Amaz. 4(2): e652; (Jul-Dec, 2024). e-ISSN: 2710-0510



https://doi.org/10.17268/agroind.sci.2023.01.03
https://revcitecal.iiia.edu.cu/revista/index.php/RCTA/article/view/452
https://doi.org/10.35196/rfm.2005.3.243
https://doi.org/10.1016/0309-1740(96)00051-4
https://doi.org/10.1108/BFJ-07-2019-0493
https://doi.org/10.18502/8
https://doi.org/10.56785/ripc.v5i1.97
https://revistas.pucp.edu.pe/index.php/espacioydesarrollo/article/view/7587
https://doi.org/10.1016/j.gaost.2020.08.001
https://doi.org/10.3390/foods9121900
https://doi.org/10.1108/BFJ-10-2019-0773
http://www.roagro.com.ar/upload/varios/Par%C3%A1metros%20Calidad%20del%20Trigo.doc
https://doi.org/10.1016/j.tifs.2020.02.034
https://doi.org/10.22271/tpi.2023.v12.i3a.18908
https://doi.org/10.1016/j.foodres.2015.05.051

Valqui-Pérez, F. M. etal.

Pua, A. L., Barreto, G. E., Zuleta, ]. L., & Herrera, O. D. (2019). Nutrient analysis of taro root (Colocasia
esculenta Schott) in the dry tropics of Colombia. Informacion Tecnologica, 30(4), 69-76.
https://doi.org/10.4067/S0718-07642019000400069

Queiroz, C., Norstrém, A. V., Downing, A., Harmackov4, Z. V., De Coning, C., Adams, V., Bakarr, M., Baedeker,
T., Chitate, A., Gaffney, O., Gordon, L., Hainzelin, E., Howlett, D., Krampe, F., Loboguerrero, A. M., Nel,
D., Okollet, C., Rebermark, M., Rockstrom, J., ... Matthews, N. (2021). Investment in resilient food
systems in the most vulnerable and fragile regions is critical. Nature Food, 2(8), 546-551.
https://doi.org/10.1038/s43016-021-00345-2

Quezada, Lady, Contreras, 0., Martinez, E., Mero, F., & Gonzalez, H. (2019). Efecto de la sustitucién de
harina de trigo por harina de papa china (Colocasia esculenta) sobre las propiedades reolégicas de la
masa y sensoriales de galletas dulces. Revista Alimentos Hoy, 27(47), 49-63.
https://alimentoshoy.acta.org.co/index.php/hoy/article /view /528

Quispe, W., Esenarro, E., Rodriguez, C., Alvarado, K., Ruiz, C., & Alvarez, W. (2020). Physicochemical
quality of honey bee (Apis mellifera) in three bioclimatic zones in Apurimac Peru. International
Journal of Advanced Science and Technology, 29(7), 268-275.
http://sersc.org/journals/index.php/IJAST /article /view/13219

Sandoval, G., Alvarez, M., Paredes, M., & Lascano, A. (2012). Estudio reolégico de las mezclas de harinas:
trigo (Triticum vulgare), cebada (Hordeum vulgare) y papas (Solanum tuberosum) para la
utilizacién en la elaboracién de pan. Scientia Agropecuaria, 3(2), 123-131.
https://doi.org/10.17268/sci.agropecu.2012.02.03

Sarabhai, S., Tamilselvan, T., & Prabhasankar, P. (2021). Role of enzymes for improvement in gluten-free
foxtail millet bread: It’s effect on quality, textural, rheological and pasting properties. LWT, 137.
https://doi.org/10.1016/j.Ilwt.2020.110365

Solarte-Montufar, J. G., Diaz-Murangal, A. E., Osorio-Mora, 0., & Mejia-Espana, D. F. (2019). Rheological
and functional properties of the starch from three varieties of Creole potato. Informacion
Tecnologica, 30(6), 35-44. https://doi.org/10.4067/S0718-07642019000600035

Thompson, |. L., Drake, M. A,, Lopetcharat, K., & Yates, M. D. (2004). Preference Mapping of Commercial
Chocolate Milks. S406 Journal Of Food Science, 69(9). www.ift.org

Tomi¢, J., Torbica, A., & Belovié, M. (2020). Effect of non-gluten proteins and transglutaminase on dough
rheological properties and quality of bread based on millet (Panicum miliaceum) flour. LWT, 118.
https://doi.org/10.1016/j.lwt.2019.108852

Torbica, A., Belovi¢, M., & Tomi¢, J. (2019). Novel breads of non-wheat flours. Food Chemistry, 282, 134-
140. https://doi.org/10.1016/j.foodchem.2018.12.113

Torres-Rapelo, A., Margarita Montero-Castillo, P., & Julio-Gonzalez, L. (2014). Utilizacién de almid6n de
malanga (Colocasia esculenta L.) en la elaboracién de salchichas tipo Frankfurt. Biotecnologia En El
Sector Agropecuario y Agroindustrial, 12(2), 97-105.
https://revistas.unicauca.edu.co/index.php/biotecnologia/article /view/333

Vasquez-Lara, F., Verdd-Amat, S., Islas-Rubio, A. R., Barat-Baviera, J. M., Grau-Mel§, R., Granados-Nevarez,
M. del C., & Ramirez Wong, B. (2021). Efecto del tratamiento térmico en harina de avena utilizada en
la sustitucion de harina de trigo para la elaboracién de pan. Revista de Ciencias Bioldgicas y de La
Salud, 23(2), 55-64. http://biotecnia.unison.mx

10 Rev. Agrotec. Amaz. 4(2): e652; (Jul-Dec, 2024). e-ISSN: 2710-0510



https://doi.org/10.4067/S0718-07642019000400069
https://doi.org/10.1038/s43016-021-00345-2
https://alimentoshoy.acta.org.co/index.php/hoy/article/view/528
http://sersc.org/journals/index.php/IJAST/article/view/13219
https://doi.org/10.17268/sci.agropecu.2012.02.03
https://doi.org/10.1016/j.lwt.2020.110365
https://doi.org/10.4067/S0718-07642019000600035
http://www.ift.org/
https://doi.org/10.1016/j.lwt.2019.108852
https://doi.org/10.1016/j.foodchem.2018.12.113
https://revistas.unicauca.edu.co/index.php/biotecnologia/article/view/333
http://biotecnia.unison.mx/

Valqui-Pérez, F. M. etal.

Vazquez-Chavez, L., & Hernandez-Lopez, C. (2023). Produccién de Harina de Camote y su uso en Pan de
caja. Investigacién y Desarrollo En Ciencia y Tecnologia de Alimentos, 8, 1-6.
https://doi.org/10.29105/idcyta.v8il1.5

11 Rev. Agrotec. Amaz. 4(2): e652; (Jul-Dec, 2024). e-ISSN: 2710-0510



https://doi.org/10.29105/idcyta.v8i1.5

