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Andean grains, widely distributed in the high areas of the Andean Highlands,
can help to reduce malnutrition owing to their high content of protein and
balance of essential amino acids. Recently, their consumption has changed as
they are increasingly used for instant food mixtures. However, a better design
and formulation are necessary to maintain Andean grains’ nutritional value
and characteristics. In this study, we evaluated the physicochemical properties
and acceptability of three formulations containing extruded corn (Zea mays L.),
fava bean (Vicia faba L.), and quinoa (Chenopodium quinoa Willd) flours. Grain
samples were collected from Choclococha, Acobamba, Huancavelica, Peru, and
extruded at 95°C. Subsequently, three flour formulations were prepared. The
formulation comprising 30% fava bean flour, 58% quinoa flour, and 12% corn
flour consisted of 18.64% protein, 4.87% fat, 8.4% humidity, 2.99% ash, and
62.44% carbohydrates. This formulation with the highest quinoa flour content
presented the highest acceptability in terms of color odor and flavor, and the
highest protein content and digestibility (72.6%) of all analyzed formulations.
Thermal analysis and pasting testing indicated that the formulation with the
highest acceptability did not contain native starch; moreover, the proteins in
this formulation were denatured.

Keywords: Chenopodium; acceptability; Andean foods; instant foods; food
formulations.

RESUMEN

Extruded quinoa

Extruded corn
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Los granos andinos se encuentran ampliamente distribuidos en las zonas altas
delacordilleradelos andesy pueden ayudar a enfrentar la desnutricién debido
asu alto contenido de proteinas y a su balance de aminoacidos. Actualmente, el
consumo de estos granos ha cambiado y se ha incrementado el uso en forma de
mezclas alimenticias instantdneas. Sin embargo, un buen disefio y formulacién
son necesarios con el fin de mantener su valor nutricional y caracteristicas
sensoriales de los granos andinos. En este estudio, se evalué las propiedades
fisicoquimicas aceptabilidad de tres formulaciones alimenticias a base de
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harinas extruidas de maiz (Zea mays L.), haba (Vicia faba L.) y quinua (Chenopodium quinoa Willd). Los granos fueron
recolectados del centro poblado de Choclococha, Acobamba, Huancavelica, Perti y fueron extruidas a 95°C. Posteriormente,
tres formulaciones fueron preparadas. La mejor formulacién (30% de harina de haba, 58% de harina de quinuay 12% de
harina de maiz) presenté un contenido de proteinas de 18,64%; grasa de 4,87%; humedad de 8,4%; cenizas de 2,99%;
carbohidratos de 62,44%. Esta formulacion con el mas alto contenido en quinua mostrd la mayor aceptabilidad en relacién
al color, olor y sabor, ademas un alto contenido de proteina y digestibilidad (72,6%). El analisis térmico y la prueba pasting
indicaron que la formulacion con la mayor aceptabilidad no mostré la presencia de almidén nativo, asi mismo, las proteinas

de esta formulacion fueron desnaturalizadas.

Palabras clave: Chenopodium; aceptabilidad; alimentos andinos; comidas instantaneas; formulaciones alimenticias.

INTRODUCTION

Several new nutritional trends have focused on
products with health benefits such as Andean
legumes and seeds (Mendoza-Jiménez et al,
2018). Recent studies have confirmed that Andean
products are benefit for health because they
contain soluble and insoluble fibers, resistant
starch, proteins with bioactive properties, and
phenolic compounds. (Delgado-Andrade et al,
2016). Quinoa (Chenopodium quinoa Willd), an
Andean grain from Peru and Bolivia's Andean
areas, is an ancestral food owing to its nutritional
qualities (Tovar-Hernandez et al., 2017).

Quinoa is consumed as raw grain, cooked, or
processed into flour, bakery products, porridges,
drinks, and fermented products. The quinoa’s
nutritional value depends on its protein contents,
dietary fiber, minerals, and polyunsaturated fats.
The protein content of dry quinoa varies between
13.8 and 16.5%; however, it has been reported
to be 15% on average (USDA, 2015). Moreover,
quinoa is a valuable food source (Filho et al., 2017).
Corn (Zea mays L.) supplements a significant
amount of sulfur amino acids to the human diet
(Estrada et al, 2015). Miranda et al. (2015)
reported that the corn’s protein content was
8.80%; therefore, corn is an important food source.
Corn is used for bakery products and represents
an alternative for gluten-intolerant consumers.
Therefore, it is necessary to expand the quantity
and quality of corn-based products for consumers
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who adopt a gluten-free diet (Estévez and Araya,
2016).

Fava beans (Vicia faba L.) are a significant crop and
income source in Peru’s Andean areas. Fava beans
are rich in protein, carbohydrates, dietary fiber,
lecithin, minerals, and secondary metabolites
(Etemadi et al, 2018). The protein content of
fava beans ranges between 20 and 41%, and the
main proteins in fava beans are globulins (79%),
albumins (7%), and glutelins (7%) (Sathya and
Devi, 2018). Fava beans have traces of several
antinutritional factors, such as phytates, tannins,
proanthocyanidins, sucrose, condensed tannins,
protease inhibitors, and alkaloids. They are easily
degraded via heat treatment (Coda et al., 2015).

Extrusion is a thermomechanical process that can
alter the structure of starch, cause gelatinization
and change the structure of native starch, because
of the pressure and temperature used during the
process, increasing starch digestibility. Moreover,
other polymers, such as proteins, can change their
structural architecture and become denatured
during extrusion, facilitating their rapid
degradation by digestive enzymes (Jiangping et
al, 2017).

Alarge number of extruded products are processed
and sold; as example there are pasta, breakfast
cereals, breadcrumbs, cookies, croutons, baby
food, snacks, confectionery, chewing gum, textured
vegetable proteins, modified starch, pet food, dry
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soups, and dry drink mixes. Flours or grains, are
subjected to extrusion to obtain products with
particular sensory characteristics and functional
properties; such as water absorption, water
solubility, oil absorption indices, expansion
indices, apparent density, and mass viscosity
(Alama et al,, 2015).

Numerous Andean grains (legumes and cereals)
can help to reduce malnutrition in impoverished
Andean areas of Peru. For this, the Andean grains’
adequate industrial transformation with high
nutritional value and optimization of instant flour
formulations (food mixes) is required to improve
Andean residents’ nutritional status. Therefore,
in this study, we evaluated the physicochemical
characteristics and acceptability of three food
formulations comprising extruded corn, fava bean,
and quinoa flours.

MATERIALS AND METHODS

Characterization of raw materials. Fava beans,
quinoa, and corn were collected from Choclococha,
Acobamba, Huancavelica, Peru located at 3 383
masl. The following methods were used to analyze
the chemical composition of raw materials and
food formulations: UNE-EN ISO 5983-2 for
protein, UNE 64021-1970 for fat, UNE 64015-
1971 for humidity, UNE 64019-1971 for ashes, and
NMX-F-090-1978 for fiber; carbohydrates were
determined by difference. The pepsin digestibility
of the extruded mixtures was determined using
the NMX-Y-085-SCFI-2006 standard method.

Extrusion. Extrusion was performed at the
Technological Experimental Center of the National
University of Callao. First, 500g of sample (fava
beans and corn) were milled in a stainless-steel
disc mill to an average size of 5-6mm. The quinoa
grains were not ground owing to their small
size. The milled samples were conditioned to a
humidity of 9.32%. Extrusion was performed in
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a single screw extruder at 95°C, and a retention
time of 15s was used for all runs. Subsequently,
the extruded samples were milled again using a
hammer mill and were sieved using a Tyler N° 35
mesh, and stored on Kraft paper.

Formulation. The extruded formulations met
the standard for infants recommended by the
Food and Agriculture Organization/ World Health
Organization (FAO/WHO) (2016). The following
formulations were prepared: formulation 1 (F,):
38% extruded fava bean flour, 50% extruded
quinoa flour, and 12% extruded corn flour;
formulation 2 (F,): 36% extruded fava bean flour,
52% extruded quinoa flour, and 12% extruded
corn flour; and formulation 3 (F,): 30% extruded
fava bean flour, 58% extruded quinoa flour, and
12% extruded corn flour.

Sensory analysis. Sensory analysis at the
San Francisco de Asis Educational Institution,
Acobamba was carried out based on the guidelines
by the Peruvian Technical Standards (2008) (ISO
4121,2008). For this, samples of the three extruded
formulations were added to hot water, and equal
amounts of sugar were added to each formulation.
The color, taste, and odor acceptability of the
formulations were evaluated by 30 panelists using
a three-point hedonic scale (1 - I like ita lot, 2 - I
like it, and 3 - I don't like it).

Thermal analysis. The Paredes-Lopez et al
(1994) method was used to determine The flours’
thermal properties and best extruded formulation
(F,). In brief, after 2mg of starch was weighed in
an aluminum cell and 7 pL of water was added
to it, the cell was closed. Subsequently, the cell
was placed in a differential scanning calorimeter
(Q20, TA Instruments, New Castle, NJ, USA) and
was heated in the temperature range of 30-120 °C
(heating rate of 10°C/min). The data and graphs
were obtained using the calorimeter software.
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Pasting. The flours’ pasting propeand best
extruded formulation (F,) were analyzed using
a rheometer (Ar-1500ex, TA Instruments, New
Castle, NJ, USA) equipped with a starch cell.
Suspension of the flours and best extruded
formulation (F,) with concentrations of 12%
(w/w) were prepared using the method of Pérez-
Gallardo et al. (2012). The prepared suspensions
were stirred at 500s™. Next, the suspensions were
warmed and maintained at 40°C for 600s followed
by heating to 95°C (heating rate of 7.5°C/min).
Subsequently, the suspensions were maintained at
95°C for 600s followed by cooling to 50°C (cooling
rate of 7.5°C/min). Lastly, the suspensions were
maintained at 50°C for 120s.

Statistical analysis. A completely randomized
design with five repetitions was used to evaluate
The extruded formulations’ effect on their
chemical composition parameters. Analysis of
variance was performed to detect the differences
between the formulations’ average chemical
composition parameters (p < 0.05). The least
significant difference test was used to compare
the chemical composition parameters of the
grains and formulations. The acceptability of the
extruded formulations was analyzed using the
Friedman test, and statistical analysis of the data
was performed using the SPSS 18.0 software.

RESULTS Y DISCUSSION

Chemical composition of raw materials. Table 1
summarize the chemical compositions of fava
beans, corn, and quinoa. The protein content of
fava beans (32.46%) was higher than those of
corn and quinoa and higher than that reported by
Hernandez-Bolivar et al. (2015), confirming that
fava beans are an important source of protein
(Kotue et al, 2018). Quinoa presented a high
content of carbohydrates (74.26%), it was higher
than those of fava beans and corn; this value was
slightly higher than those reported by Ceron-
Fernandez et al. (2016) (70.30%) and Bergesse et
al. (2015) (68 - 74%).

The fat content of corn (5.98%) was higher than
fava beans and quinoa. This value was lower than
that reported by Miranda et al. (2015) (6.58%) but
was in the range reported by Ai and Jane (2016)
(3 - 6%). The difference was attributed to the
difference in the size of the corn germs (Ai and
Jane, 2016). The ash contents of quinoa (5.49%)
and corn (4.96%) were higher than fava beans. The
ash content of quinoa was higher than reported by
Arzapalo et al. (2015) for white quinoa (4.40%)
but was in the range reported by Bergesse et al.
(2015) (2.22 - 9.80%).

Table 1. Energy content and chemical composition of raw materials.

Parameter Fava beans Corn Quinoa
Energy (kcal/100 g) 369.49 + 0.94° 369.98 + 0.23? 355.06 + 0.42°
Humidity (%) 7.73+0.47° 10.02 £ 0.312 8.92 +0.53¢
Protein (%) 3246 +1.12° 9.76 + 0.932 8.79 + 1.32¢
Fat (%) 2.13+0.65° 5.98 + 0.242 2.54+0.33
Carbohydrates (%) 55.12 + 2.36° 69.28 + 2.042 74.26 +1.23¢
Ash (%) 2.56 £ 0.65° 496 £0.372 5.49 +0.742

Data presented as means * standard deviations. Different letters in the same row indicate significant

differences (p < 0.05).
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Chemical compositions of extruded formulations.
The chemical compositions of the extruded
formulations showed the variability for the
characteristics studied (Table 2). Formulation F,
presented the highest energy content, which agrre
with the energy recommendations of the FAO/WHO
(2016) of 60-70 kcal/100mL. However, no significant
differences were observed in the formulations’
energy contents. The protein content of formulation
F, was higher than formulations F, and F, and was
attributed to its fava bean content being the highest
of all formulations. Cereals, legumes, and grains are
vegetal protein sources. Moreover, extrusion was
reported to increase the protein content of legume-
containing formulations by 1-1.5% (Patil et al, 2016).

The formulation of F1's carbohydrate content
was the highest (62.69%) of all analyzed
formulations. The water content of the
formulations was low (Table 2), guarantying the
stability of extruded products during storage
(Tovar-Hernandez et al., 2017). The fat contents of

the extruded formulations showed no significant
differences. This behavior agreed with Cerén-
Fernandez et al. (2016). However, extrusion was
reported to increase legume-based products’
digestibility by 37-62%, depending on the
extrusion technique (Patil et al, 2016).

Sensory analysis of extrudates. Table 3 shows
outcomes of the characteristics analyzed. The
panelists reported significant differences in
the taste and odor acceptability of the samples,
and the sample with the highest odor and taste
acceptability was formulation F.. No significant
differences were observed in the color acceptability
of the formulations. This was attributed to The
formulations’ quiona content”. Jiangping (2017)
mentioned that extrusion significantly affected
the organoleptic characteristics of color and
bouquet because of the high temperature used
during the process. However, to maintain these
characteristics is advisable to add colorant
additives to formulations.

Table 2. Energy content, chemical composition, and digestibility of extruded formulations.

Formulation
Parameter F, F, F,
Energy (kcal/100 g) 366.74 £ 3.40° 369.88 +2.80° 368.15 £3.90°
Proteins (%) 18.24£0.03° 19.17+ 0.04° 18.64 £ 0.08°
Fat (%) 478 +0.21° 4.88+0.19° 487 +£0.32°
Humidity (%) 7.80 £ 0.04° 8.00+0.13" 8.40 1 0.05°
Ash (%) 3.15+0.01° 3.11£0.06° 299+0.01°
Fiber (%) 3.3440.01° 2.52+0.02° 2.6610.03¢
Carbohydrates (%) 62.69 +0.08° 62.32+0.23? 62.44 +0.16
Digestibility (%) 72.80 + 1.28° 71.9 +0.98° 72.60 +1.08°

F.: 38% extruded fava bean flour, 50% extruded quinoa flour, and 12% extruded corn flour; F: 36% extruded fava
bean flour, 52% extruded quinoa flour, and 12% extruded corn flour; F.:30% extruded fava bean flour, 50% extruded quinoa

flour, and 12% extruded corn flour.

Data presented as means * standard deviations. Different letter in the same row indicate significant differences (p < 0.05).
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Table 3. Sensory acceptability of the extruded formulations.

Formulation Color Taste Odor
F, 1.90 + 0.712 2.70 £ 0.46° 243 +0.57°
F, 1.93 + 0.69° 2.53 +0.68 2.33+£0.71°
F 1.47 £ 0.512 1.73 £ 0.522 1.63 £ 0.612

3

Data presented as means * standard deviations. Different letters in the same column indicate

significant differences (p < 0.05).

The extruded formulation with the highest
odor and taste acceptability was F.. It was
attributed to the quinoa content because
Cerén-Fernandez et al. (2016) reported that
quinoa grains contributed to the sweetness of
extruded formulations. The taste acceptability
of the formulations was attributed to the
extrusion process, affecting the characteristics
of fava beans, quinoa, and corn; improving the
texture and reducing the quinoa and fava beans’
bitter taste (Patil et al, 2016). Formulation
F, presented a better sweet taste in the final
product. The panelists favored formulation
F, and indicated that this sample presented a
pleasant color and sweet taste; Cerén-Fernandez
et al. (2016) reported similar results. The
extruded formulations’ quiona content did not
affect the color or appearance of the formulations.

Thermal properties. The thermograms of the
non-extruded fava beans, quinoa, corn flours and
extruded formulation with the highestacceptability
(F,)arein Figure 1. The gelatinization temperatures
of the non-extruded flours were higher than the
extruded formulation. These differences were
attributed to the non-extruded flours containing
native starch (Velasquez-Barreto et al, 2019). This
did not occur for the extruded formulation because
the starch had already been gelatinized during
extrusion. Ye et al. (2018) mentioned that, starch
granules gelatinized and proteins were denatured
during extrusion, improving their digestibility,
texture, and organoleptic properties.
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Moreover, the drinks prepared for sensory
analysis presented a good dispersion due to starch
gelatinization. Conversely, the extruded products
presented high or complete gelatinization of native
starch, indicating that extrusion was efficient, due
to the absence of a gelatinization temperature
from the thermogram of formulation F, (Figure 1).

Fava bean flour

%

Quinoa flour

. Corn flour

Heat flow (W/g)

0.5W/g

Extruded formulation

/r Exo

T T T T T T

30 40 50 60 70 80 90 100
Temperature (°C)

Figure 1. Thermograms of non-extruded fava bean,
quinoa, and corn flours, and extruded formulation (F,).

Pasting. Pasta obtained from non-extruded
fava beans, quinoa, and corn presented similar
comportments (Figure 2), and differed from
the extruded formulation with the highest
acceptability (F,). This behavior was attributed
to the native starch swelling upon heating non-
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extruded flours owing to heating and mechanical
agitation (Velasquez-Barreto et al, 2019). But it
was not observed for the F, formulation because
the starch had already been gelatinized and lost its
integrity. These results were consistent with the
thermograms. Quinoa flour presented the highest
peak viscosity followed by fava bean and corn
flours. The gelatinization temperatures of the non-
extruded corn, quinoa, and fava bean flours were
72.1, 64.5 and 68.7°C, respectively. These results
were similar to those reported by Bustillos-
Rodriguez et al. (2018), ranging between 70.6 and
72.2°C. Moreover, Arzapalo et al. (2015) reported
that the gelatinization temperature of quinoa
starch was 66°C, and Wani et al. (2016) indicated
that fava beans’ starch gelatinization temperature
ranged between 66.6 and 70.59°C. Formulation
F, did not present a pasting temperature or peak
viscosity, indicating that the native starch in this
formulation was highly or completely gelatinized
and confirmed that extrusion was efficient. These
results were in agreement with the thermal
properties of the analyzed flour samples.
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F 90
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- 80
—~
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%] S
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& 70 &
=
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= &
e 60 2
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=2 £
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Figure 2. Behavior of non-extruded fava bean,
quinoa, and corn flours and extruded formulation

(F,)
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CONCLUSIONS

The chemical compositionand energy of favabeans,
corn, and quinoa in this study agreed with the data
reported in the literature. Extruded formulations of
corn, fava beans, and quinoa presented the following
chemical compositions: protein (18.24 - 19.17%),
fat (4.78 - 4.88%), humidity (7.8 - 8.4%), ash (2.99 -
3.15%), fiber (2.52 - 3.34%), carbohydrates (62.32
- 62,69%) and digestibility (71.9 - 72.8 %).

The extruded formulation with the highest
acceptability consisted of fava bean (30%), quinoa
(58%) and corn (12%) flours; the odor, taste,
and, color parameters of this formulation were
1.63, 1.73, and 1.47, respectively. The extruded
formulation’s thermal and pasting properties with
the highest acceptability indicated that the entire
amount of native starch present in the flours was
gelatinized during extrusion.

This extruded formulation could be used as instant
breakfast food for children and adults owing to its
chemical composition and acceptability. Future
studies should focus on the in vivo digestibility of
these formulations and determining their amino
acid balance to obtaining optimal formulations of
extruded corn, fava bean, and quinoa flours.
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