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EVALUACION DE SOLUCIONES DE EDULCORANTES DE BAJO APORTE CALORICO
COMO ALTERNATIVA PARA LA SUSTITUCION DEL AGLOMERANTE TRADICIONAL

EN BARRAS DE AMARANTO

Nayeli Martinez Garcia, M.C.

Colegio de Postgraduados, 2019

RESUMEN
El objetivo de este estudio fue analizar el efecto de reemplazar azucares aglutinantes por soluciones
de edulcorantes bajos en calorias en las caracteristicas fisicas, quimicas y los atributos dominantes
en el tiempo. Se realizé un andlisis de color, pH, aw, textura y proximal, asi como una evaluacion
sensorial de Dominancia Temporal de las Sensaciones (TDS) para identificar los atributos
dominantes en el tiempo. Los atributos dominantes elegidos por los panelistas fueron: crujiente,
seco, dulce y amaranto. Ademas, en esta evaluacidon los panelistas no percibieron el resabio amargo
que suelen dejar los edulcorantes al consumirlos. La formulacion con eritritol fue la mas parecida

a la barra comercial en términos de sus atributos dominantes.

Palabras clave: Amaranto, Dominancia Temporal de las Sensaciones, Steviol, Sacarosa,

Sucralosa, Eritritol.
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EVALUATION OF SOLUTIONS OF SWEETENERS OF LOW CALORIC INTAKE AS AN
ALTERNATIVE TO THE REPLACEMENT OF THE TRADITIONAL BINDER IN

AMARANTH BARS
Nayeli Martinez Garcia, M.C.

Colegio de Postgraduados, 2019

ABSTRACT
The objective of this study was to analyze the effect of replacing binder sugars with solutions of
low-calorie sweeteners in physical, chemical characteristics and dominant attributes over time. A
color, pH, aw, texture and proximal analysis was performed, as well as a sensory evaluation of
Temporal Dominance of Sensations (TDS) to identify the dominant attributes over time. The
dominant attributes chosen by the panelists were: crispy, dry, sweet and amaranth. In addition, in
this evaluation the panelists did not perceive the bitter taste that sweeteners usually leave when
consumed. The erythritol formulation was the closest to the commercial bar in terms of its dominant

attributes.

Keywords: Amaranth, Temporal Dominance of Sensations, Steviol, Sucralose, Erythitrol.
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INTRODUCCION GENERAL

En 2016, mas de 1900 millones de adultos tuvieron sobrepeso, por lo que, el gobierno, las
instituciones educativas y la industria de alimentos estan trabajando para generar nuevos productos
alimenticios que sean nutritivos, de bajo costo y que contengan minimas cantidades de azucar, sal
y grasas. Esto se suma a la difusion en la poblacion de tener buenos habitos alimenticios para
mejorar su salud a mediano plazo (Garcia-Garcia et al., 2008). Dentro de los principales usos del
amaranto estan: las bebidas, salsas, tortillas, totopos, tamales, tratamientos medicinales, botanas,
barras de cereal, entre otros (Matias et al., 2018). En la actualidad, las barras de amaranto
tradicionales en México se preparan con una elevada cantidad de azUcares, que puede alcanzar el

50% de la cantidad de amaranto utilizado en su elaboracion.

En enero del 2019, se incluyé el amaranto dentro de la canasta basica en México, formada de 40
productos (Diconsa S.A. de C.V ., 2019). Esta inclusion es debido a que forma parte de los cultivos
ancestrales de México, asi como también a que ha sido reconocido por organismos internacionales

como la FAO y OMS por su gran aporte nutricional.

En virtud de lo anterior, el presente estudio tuvo el objetivo de evaluar fisica, quimica y
sensorialmente cinco formulaciones de barras de amaranto elaboradas con diferentes soluciones de
edulcorantes bajos en calorias y valorar su impacto como sustitutos del aglomerante tradicional
(piloncillo y miel). Se espera que los resultados permitan ser una opcion de mejora para las barras
de amaranto, volviendolas mas nutritivas, saludables y de bajo costo. Asi como también, apoyar a
un segmento de poblacion que requiera tener mas opciones en el mercado de productos saludables

que les permitan mejorar su salud.



1. Justificacion

Las barras de cereales son productos obtenidos a partir de la compresion de los cereales tostados
que pueden contener frutos secos, oleaginosas, semillas y jarabes de azucar usados como agentes
aglutinantes, que constituyen una opcién de alimentos saludable. Sin embargo, las proporciones de
azucares utilizadas como agentes aglutinantes en su formulacién pueden ocasionar que el producto
final tenga un contenido cal6rico muy elevado. Dadas las estadisticas de sobrepeso en la poblacién,
la industria de alimentos requiere desarrollar productos con un bajo contenido en calorias. El uso
de sustitutos de azucar para formular barras de amaranto bajas en calorias puede ocasionar un
resabio amargo. El estudio de los atributos dominantes en el tiempo de diferentes barras de
amaranto, horneadas y formuladas con edulcorantes sustitutos de azUcar, puede ayudar a identificar

estrategias viables para la produccién de alimentos con bajo contenido calérico.

2. Problema de investigacion

En México, de acuerdo con informacion de los productores, actualmente las barras de amaranto
tradicionales se preparan con una elevada cantidad de azUcares, representando el 50% de la
cantidad de amaranto utilizado en su elaboracion con un contenido calérico que puede ser mayor a
275 Kilocalorias por cada 100 g. Por lo que, debido a que existe un grave problema de obesidad,
se requiere disminuir esa cantidad de azlcar y de otros endulzantes utilizados en su preparacién

para que los consumidores puedan tener una opcion viable baja en azlcares.



3. Hipotesis

El uso de soluciones de edulcorantes bajos en calorias como sustitutos del aglomerante tradicional

para la formulacion de barras de amaranto no impacta en las caracteristicas fisicoquimicas ni en la

percepcion de textura y sabor en el tiempo.

4. Obijetivos

4.1. Objetivo General

Evaluar el efecto del reemplazo de azucares aglutinantes tradicionales por soluciones de
edulcorantes bajos en calorias para el desarrollo de barras horneadas de amaranto (alegrias)

comerciales y su impacto en sus caracteristicas sensoriales durante el proceso de ingestion.

4.2.Objetivos especificos

e Comparar las caracteristicas fisicoquimicas de las barras de amaranto.
e Determinar los atributos sensoriales dominantes y su tiempo de duracion durante el

proceso de ingestion.
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CAPITULO I.REVISION BIBLIOGRAFICA

1.1. Barras de cereales

Por su conveniencia y nutricién, las barras de cereales tienen una creciente demanda por parte de
los consumidores (Jacobsen et al., 2010). Son productos elaborados a partir de la compresion de
los cereales tostados que pueden incluir: frutos secos, oleaginosas, semillas y jarabes de azucar o
miel utilizados como ingredientes ligantes (Zenteno, 2014). De acuerdo con Ifarritu y Vega,
(2001), las primeras barras de cereales fueron elaboradas para que los nifios las pudieran ingerir en
los desayunos escolares. Los principales componentes quimicos de las barras de cereal son hidratos
de carbono, principalmente almiddn, sacarosa, fructosa, glucosa y fibra alimentaria. Aportan entre

100 y 150 calorias, con un peso aproximado de 30 gramos

Los hidratos de carbono, en forma de glucosa y fructosa, son el ingrediente principal de las barras
de cereales, permitiendo recargar rapidamente los depdsitos de glucdgeno; ademas contienen
minerales y vitaminas esenciales para el organismo. Las vitaminas B1, B2 y B6 favorecen la
asimilacion de los hidratos de carbono para liberar energia; la vitamina C, ademas de su efecto
antioxidante (evita la oxidacion de los radicales libres), mejora la recuperacion y la absorcién de
hierro (mineral indispensable para el transporte de oxigeno, desde los pulmones a todos los tejidos)
(Espitia, 2012). Las barras de cereales presentan una actividad de aguade 0.4 a 0.8 (21°C), y niveles
de humedad de 5 a 13%. EIl porcentaje de proteinas en las barras cominmente varia entre 3 - 6%
(IRarritu & Vega, 2001). Las barras de amaranto son barras de cereal que han adquirido relevancia
en los ultimos 20 afios, por su ingrediente principal que es el amaranto. El amaranto al igual que el

maiz son cultivos ancestrales de México que fueron parte importante de la alimentacion de las



civilizaciones mayas, incas, y aztecas (Mapes, 2015). Los granos de amaranto eran combinados
con sangre de los sacrificios realizados. A esta mezcla se le denominaba “Tzoalli”, y era utilizada
para elaborar figuras de sus dioses, en sus rituales y finalmente era consumida por lo fieles

(Hernéndez & Herrerias, 1998).

Con la llegada de los espafioles y la imposicion de la religion catolica, se prohibi6 todo aquello que
fuera en contra de esta religion, incluyendo otras religiones o creencias, esto con el fin de que los
nativos no se resistieran a adoptar la religion catdlica. Esto ocasiond la prohibicion de la siembra
y uso del amaranto, con lo cual este cultivo dejo de producirse durante mucho tiempo y hasta fechas
recientes ha sido dificil retomar el auge que tuvo en la época precolombina. Los religiosos
encargados de erradicar el amaranto fueron Fray Bernardino de Sahagun y Ruiz de Alarcon

(Espitia, 2012).

El Amaranto es un pseudocereal que proveniente de la familia amaranthacea y al género
Amarhantus. Cientificamente es conocida como Amaranthus Spp. Existen 70 géneros y 85 especies
de amaranto cultivadas en América, Australia, Africa, Asia y Europa (Espitia, 2012). De acuerdo
a Academia Nacional de Ciencias de Estados Unidos (NAS) el amaranto es un pseudocereal que
no posee gluten y tiene un alto nivel nutritivo por su alto contenido en proteinas, vitaminas,

minerales, aminoacidos, entre otros (Asociacion Mexicana del Amaranto, 2003).

De la planta del amaranto se pueden utilizar las hojas y los granos en la elaboracion de: bebidas,
salsas, tortillas, totopos, tamales, tratamientos medicinales, botanas, barras de cereal (alegrias),
dulces, entre otros (Matias et al, 2018). La composicion quimica del amaranto en cada 100 g de

parte comestible se muestra en la Tabla 1.



Tabla 1.Composicion quimica del amaranto

Patron de
I Unidad de Contenido Aminoacido aminoécidos
medida esencial mg/ proteina
g FAO/OMS
Proteina g 12-19 Isoleucina 28
Carbohidratos g 71.8 Leucina 66
Lipidos ( g 6.1-8.1 Lisina 58
Fibra g 3.5-5 Metionina + cistina 25
Cenizas g 3.0-3.3 F-enqalanma ' 63
tirosina
Energia kcal 391 Treonina 34
Calcio mg 130-164  Triptofano 11
Fosforo mg 530 Valina 35
Potasio mg 800 Histidina 19
Vitamina C mg 1.5

Fuente: (FAO/OMS/UNU, 1985)

La FAO y la OMS consideran al amaranto como un alimento de alto valor para el ser humano. El
amaranto puede proporcionar todos los aminoacidos esenciales que el organismo humano no logra
producir como: lisina, leucina, entre otros. En la Tabla 1 se muestra el contenido de aminoacidos
del amaranto y de otros cereales mas conocidos (FAO, 2012). Ademas, se muestra en la Tabla 2

en contenido e proteina que contiene el amaranto comparado con otros cereales.



Tabla 2.Contenido de proteina del amaranto

Cultivo Proteina

Amaranto 13.6 -18.0
Trigo 140-17.0
Cebada 95-17.0
Maiz 94-14.2

Centeno 9.4-14.0
Arroz 7.5

Contenido de proteina de amaranto comparado con los cereales méas conocidos. Fuente:
(FAO/OMS/UNU, 1985).

Actualmente, los principales productos elaborados con amaranto que se venden son: alegrias,
tamales, atoles, tortillas, galletas, pan, panqués, pasteles, mazapanes, granola, aguas frescas, sopas,

guisados, complementos alimenticios, entre otros (Asociacion Mexicana del Amaranto, 2003).

A nivel mundial, China es el mayor productor de amaranto con 150,000 ha sembradas. El segundo
lugar lo ocupan India, Peru ocupa el tercero con 1,800 ha. México se ubica en cuarto lugar con 900

ha, seguido de Estados Unidos en el quinto lugar con 500 ha. (Gonzélez et al., 2016).

Los estados productores de amaranto en México en el 2017 fueron: Puebla (5025 ha), Tlaxcala
(1118 ha), Distrito Federal (871 ha), Estado de México (140 ha), Oaxaca (108 ha) y Morelos (7
ha). El valor total de la produccion de amaranto en Tlaxcala ese afio fue de 15 millones 854 mil y
de 15 millones 679 mil pesos en Puebla. En cuanto a produccion, Tlaxcala ocupa el primer lugar
en la produccion de amaranto con un 34.5%, seguido por Puebla con un 34.1% vy el Estado de
México con un 21.1%. De 2012 a 2017 la produccion de amaranto incremento un 3.3%. Cabe
mencionar que el mes en donde se registra mayor produccion de Amaranto es diciembre (SIAP,

2018).



Durante la época de cosecha, los precios del grano de amaranto se encuentran en su indice mas
bajo, el cual se paga al productor hasta 3.5 pesos el kilogramo de grano puesto en campo, pero
luego el precio empieza a recuperarse hasta alcanzar los 12 o 14 pesos el kilogramo, dependiendo

de la disponibilidad del producto (Primer Congreso Mundial de Amaranto, 2018).

En cuanto al comercio exterior, Estados Unidos es el principal pais importador de amaranto de
México con un 60.6%. En el periodo 2012-2017 se registré un aumento en el nimero de paises que
importan amaranto de México de 7 a 10. Esto origind un alza en el valor total de la exportacion

pasando de 39.7 miles de ddlares en 2012 a 241 miles de ddlares en 2017 (SIAP, 2018).

La demanda mundial de amaranto es abastecida por India, Corea, China, Francia, Alemania,
Estados Unidos, Italia y Canadé, pues son los principales paises productores de amaranto. Existen
varias clasificaciones del mercado del amaranto. La primera es de acuerdo al uso final que tenga el
amaranto, puede ser mercado de alimentos y bebidas, productos farmacéuticos o cuidado personal

y cosmética (Transparency Market Research, 2018).

Otra clasificacién del mercado del amaranto esta en funcién de la presentacion del producto, donde
el mercado puede ser de: semillas, aceite, hojas o harina. También existe la clasificacion del
mercado conforme a los canales de venta del amaranto, y puede ser hiper mercado / supermercado,
tiendas minoristas, tiendas en linea, tiendas especializadas u otros (Transparency Market Research,
2018). En México, la produccion de Amaranto utilizada para la elaboracion de diversos productos,
de los cuales el 79.9% es a base de grano reventado, el 17.2% es a base de harina y el 2.9% a base
de extruido. Del 79.9% que es a base de grano reventado, el 58.9% es utilizado para elaborar
alegrias, que son dulces tradicionales (Espitia et al., 2016). Cabe mencionar que el consumo per
capita anual de amaranto en México en el afio 2018 fue de 40 g (Secretaria de Agricultura y

Desarrollo Rural, 2019).



1.2. Sustentabilidad en barras de amaranto

El concepto de sustentabilidad surge en la Conferencia de las Naciones Unidas (ONU) sobre
ambiente humano que tuvo lugar en Estocolmo, Suecia en el afio 1972. En esa conferencia se
discutio sobre como relacionar los aspectos ambientales, econdmicos el crecimiento y el empleo
(Naciones Unidas, 2002). En 1983, la ONU fundé la Comision Mundial del Medio Ambiente y
Desarrollo (WCED). Esta comision cred la iniciativa de evaluar cualquier accion desde tres puntos
de vista o pilares de la sustentabilidad: el econémico, el ambiental y el social (Naciones Unidas,
1997). En 1987 en el Informe Brundtland sobre el futuro del planeta y la relacion entre el medio
ambiente y desarrollo econémico, se utilizé por primera vez el termino desarrollo sustentable,
establecido como aquel que cumple las necesidades del presente sin comprometer las necesidades
futuras (Comision Mundial del Medio Ambiente y Desarrollo, 1987). En las barras de amaranto de
este estudio se pretende, que sean una opcion para el consumidor que requiere de productos a bajo

costo y que sean de bajo aporte en azlcares.

1.3. Factor salud

Desde el punto de vista social es recomendable para el ser humano mantener una dieta saludable
durante toda la vida con el fin de reducir varios problemas de salud como son: malnutricion,
diabetes, cardiopatias, cancer, accidentes cerebrovasculares, sobrepeso, hipertension arterial,
obesidad, gota, deterioro de cavidades dentales, higado graso, insuficiencia renal, disfuncion
cognitiva, alzheimer, entre otras (Organizacion Mundial de la Salud, 2018). Sin embargo, los malos

habitos alimenticios en las personas han generado que, en el mundo, el nimero de individuos con
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la enfermedad de diabetes haya pasado de 108 millones en 1980 a 442 millones en 2014, y que mas

de 1900 millones de adultos tuvieran sobrepeso en 2016 (Organizacion Mundial de la Salud, 2016).

La insulina es una hormona que regula el azucar en la sangre. La diabetes es una enfermedad
cronica que aparece cuando el pancreas no produce insulina suficiente, o cuando el organismo no
utiliza eficazmente la insulina que produce. El efecto de la diabetes no controlada es la
hiperglucemia (aumento del azucar en la sangre), que con el tiempo dafia gravemente muchos
Organos Yy sistemas, especialmente los nervios y los vasos sanguineos (Organizacion Mundial de la

Salud, 2018).

De los adultos en Meéxico, 9.1% ha recibido un diagnéstico de diabetes, con resultados
heterogéneos entre estados: de 5.6% en Chiapas a 12.3% en el Distrito Federal. Del total de
diabéticos, 46.9% reportd también diagndstico de hipertension, 4.4% antecedente de infarto del
corazén y 54.4%, antecedentes familiares de diabetes. De los adolescentes, 0.68% ha sido ya

diagnosticado con diabetes (Hernandez-Avila et al., 2013).

Investigaciones realizadas sugieren introducir en la dieta humana el amaranto, por su valor
nutricional y también porque contiene otras sustancias que pueden ayudar al mantenimiento del
homeostasis del sistema cardiovascular. EI amaranto se considera como fuente natural de péptidos
antihipertensivos (Barba, 2008). Por su alto valor nutritivo, el amaranto es recomendado como
complemento en el tratamiento de anemia, desnutricion y osteoporosis. Ademas de recomendarse
a mujeres embarazadas y nifios por su contenido en hierro, proteinas, minerales (Herrera &

Montenegro, 2012).

En investigaciones recientes se encontrd que el escualeno del amaranto utilizado en dieta alta en

colesterol de ratas logré reducir los niveles de colesterol y triglicéridos (Shin et al., 2016). Ademas,
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en investigaciones realizadas en ratas hiperglucémicas que fueron alimentadas con amaranto
reventado, se encontro una reduccidon en el colesterol total y en la actividad de DPP-IV en el plasma.
Estos resultados dan la pauta de que el consumo de amaranto en la dieta diaria de personas

hiperglucémicas puede ser beneficioso para su salud (Escobedo et al., 2017).

1.4. Innovaciones en barras de amaranto

En la Gltima década se han realizado investigaciones sobre la elaboracion de diversos productos a
base de amaranto que contribuyan a mejorar la salud humana. Como resultado, ha surgido una gran
variedad de productos tradicionales como son: pastas de harina de amaranto y tapioca (Garcia &
Veldzquez, 2017), mezclas de diferentes harinas, palanquetas con diferentes ingredientes
(Velazquez et al., 2016) y galletas. Ademas, se han obtenido formulaciones de barras de amaranto
con diferentes edulcorantes como sustitutos del aztcar empleado. En la Tabla 3 se enlistan los

estudios previos sobre el uso de endulzantes en productos alimenticios.
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Tabla 3. Estudios previos sobre el uso de endulzantes en productos alimenticios

Titulo de la investigacion

Autor (es) y
lugar de

publicacién

Reemplazo de grasa y azucar en magdalenas. Efecto sobre las propiedades reoldgicas,
térmicas, de textura y sensoriales. En esta investigacion se reemplazé el azlcar por
sorbitol o maltitol, polidextrosa y sucralosa en la elaboracion de magdalenas para evaluar
el efecto de tal reemplazo en las magdalenas.

Physicochemical profile and sensory evaluation of cakes with flaxseed and yacon flour
associated to sweeteners. El objetivo del estudio fue evaluar las caracteristicas quimicas,
fisicas y sensoriales de los pasteles elaborados con harina de yacén y linaza como una
alternativa para los pacientes con diabetes. Se prepararon cuatro pasteles: y se pudo
concluir que latorta con yacon y linaza asociada a sucralosa y acesulfamo-k es una buena
alternativa para pacientes con Diabetes mellitus debido a sus propiedades funcionales y
buen contenido de fibra.

Influencia de distintos polioles en las propiedades fisicoquimicas y sensoriales de
mermelada de fresa. El objetivo del estudio fu evaluar el efecto que tiene el uso de
diferentes edulcorantes artificiales en las propiedades fisicoquimicas y sensoriales de
confitura de fresa.

High-intensity sweeteners in espresso coffee: ideal and equivalent sweetness and time—
intensity analysis. Los objetivos de este estudio fueron determinar la dulzura ideal para
el café exprés y las concentraciones equivalentes en la dulzura de diferentes
edulcorantes, asi como caracterizar el perfil de intensidad de tiempo de cada edulcorante
en relacion con la dulzura. Los edulcorantes evaluados fueron: sucralosa, aspartamo,
neotamo, una mezcla de ciclamato / sacarina (2: 1) y stevia.

Desarrollo de chocolate blanco sin azlcar, apto para diabéticos, utilizando Stevia y
sucralosa como edulcorantes: Estudio de la cinética de degradacion térmica. El propdsito
de este estudio fue el desarrollo de formulaciones de chocolate blanco para diabéticos

con reemplazo de sacarosa por sucralosa (Su) y Stevia.

Martinez,
(2013),

Espana.

Almeida et al,
(2014),

Brasil.

Baixauli,
(2015),

Espana.

Acevedo et
(2015),
Estados
Unidos.

al.,

Rodriguez et
(2016),

Argentina.

al.,

Fuente: Elaboracion propia.
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1.5. Descripcion de los edulcorantes

Los edulcorantes son aditivos que brindan dulzura a los alimentos, estos se clasifican en caloricos
y acaldricos (Gonzélez, 2013). También existen otras clasificaciones como son: nutritivos, no
nutritivos y polimeros (Valencia et al., 2008). Ademas, se pueden clasificar en funcion de su
contenido caldrico, segln su origen, ya sea, natural o artificial, y por su estructura quimica. La

clasificacion actual de edulcorantes se presenta en la Tabla 4.

Tabla 4. Clasificacion de los edulcorantes

Caloricos Acaldricos

De origen natural : Sacarosa, Glucosa, Dextrosa, )
De origen natural: Luo Han Guo,
Fructosa, Lactosa, Maltosa, Galactosa vy ) ) )
o Stevia, Taumatina, Pentadina,
Trehalosa, Tagatosa, Sucromalat*, miel, jarabe de ]
) ) Monelina, Brazzeina.
arce, azUcar de palma o de coco y jarabe de sorgo.

) o ) De origen artificial : Aspartamo,
De origen artificial: Jarabe de Maiz de Alta )
) ] ] ] Sucralosa, Sacarina, Neotamo,
Fructosa, caramelo, azlcar invertido, Sorbitol, ]
- ) o ) Acesulfame K, Ciclamato,
Xilitol, Manitol, Eritritol, Maltitol, Isomaltulosa, o ]
) ) Nehosperidina DC, Alitamo,
Lactitol, Glicerol.
Advantamo.

*Valor calérico similar a la fructosa, si bien realmente se trata de un oligosacarido
artificial. Fuente: Garcia-Almeida et al., 2013.

Desde 1958, la Administracion de Alimentos y Drogas de los Estados Unidos (FDA) tiene la

responsabilidad de la regulacion de los endulzantes en Norteamérica. Los edulcorantes que estan
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autorizados para su uso en la industria de alimentos son: Acesulfame K, Aspartamo, Neotamo,
Sacarina, Estevia, Sucralosa y Luo han Guo (Garcia-Almeida et al., 2013). De acuerdo a la OMS
(2018) el aporte de energia proveniente de azucares debe ser menor al 10% del total de kilocalorias

consumidas por dia.

El edulcorante mas conocido es la sacarosa, mejor conocida como azUcar de mesa. ES un
edulcorante procedente de la cafia de azUcar y la remolacha. Es el azicar mas abundante que se
encuentra en los alimentos, es s un disacarido formado por una glucosa cuyo carbono aldehido se
conecta al cetdnico de la fructosa formando un enlace glucosidico que imposibilita que este
disacérido sea reductor por estar falto de grupos aldehido o cetona libres. Proporciona 4Kcal/g.
Provee propiedades funcionales a los alimentos, por ejemplo: sabor dulce, cristalizacion,

viscosidad, preservacion, fermentacion, caramelizacion, entre otros (Valencia et al., 2008).

Estevia rebudiada es un edulcorante acal6rico, es natural porque proviene de una planta selvética
subtropical del Alto Parand, nativa del noroeste de la Provincia de Misiones, en Paraguay. El
botéanico suizo Moisés Santiago Bertoni fue el primero que la detalld, en 1887. En 1900, el quimico
paraguayo Ovidio Rebaudi, logro aislar los principios activos responsables del dulzor. Es anti-
hipertensivo y anti-hiperglucémico. La planta de estevia produce en las hojas un edulcorante
natural llamado esteviol. Su sabor es lento al principio y tiene una duracion mas prolongada que el
del azucar (sacarosa). Es estable en el calor, adecuado para cocinar y se utiliza en alimentos
procesados. La cantidad recomendada de su consumo al dia en una persona con un peso de 70 kg

es de 280 mg (Dduran et al., 2013).

El eritritol es un edulcorante caldrico, artificial, polialcohol. Se forma de manera natural en

pequerias cantidades en las plantas y cereales. La cantidad recomendada de su consumo al dia en
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una persona con un peso de 70 kg es de 50g ya que, si se consume una mayor cantidad, puede tener

un efecto laxante (Duran et al., 2013).

La sucralosa es un edulcorante acaldrico, artificial que fue descubierto en 1976. No proporciona
energia, es muy soluble en agua. También es estable bajo condiciones normales de proceso y
almacenamiento de bebidas. Es pobremente absorbida a través del tracto gastrointestinal y tiene un
sabor diferente, de forma considerable, con respecto al azlcar. La cantidad recomendada de su

consumo al dia en una persona con un peso de 70 kg es de 1050 mg (Ddran et al., 2013).

Algunos edulcorantes pueden presentar un resabio amargo después de ingerirse el producto. Por
ejemplo, el steviol suele dejar un resabio amargo, el eritritol y la sacarosa un resabio dulce y la
sucralosa no tiene resabio amargo. La relevancia del sabor y los resabios de los edulcorantes esta
en que el sabor es el atributo mas importante para los consumidores al grado de determinar la
eleccion de los alimentos. Los edulcorantes son importantes porque pueden ser utilizados para
enmascarar los gustos amargos y acidos, para aportar cuerpo y para participar en la estructura del

alimento y en la sensacion en la boca (Palacio et al.,2017).

1.6. Evaluacion de los atributos sensoriales de los alimentos en el tiempo

La evaluacion sensorial y la ciencia sensorial suelen confundirse frecuentemente. Por ello, es
necesario identificar las principales diferencias de cada una. La ciencia sensorial comprende: el
sabor, olor, cinética y diversas técnicas de escalas y andlisis estadisticos. La evaluacién sensorial
es la aplicacion de conocimientos y el desarrollo de métodos de evaluacion discriminativa,

descriptiva y afectiva de productos alimenticios en la solucion de un problema. Estos métodos son
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estaticos (Howard, 1998). Con el paso del tiempo fueron surgiendo nuevas técnicas que permiten
evaluar la naturaleza dinamica de las sensaciones que percibimos al probar un alimento. Y asi
surgié la Dominancia Temporal de las Sensaciones (TDS), siendo su antecesor la metodologia de

tiempo-intensidad (TI) (Varela & Ares, 2014).

La técnica TDS fue creada en 1999 en el Centro Europeo de Ciencias del Gusto en el laboratorio
LIRIS (Pineau et al., 2009). El panelista debe seleccionar de inmediato el primer atributo que
percibe y evaluar su intensidad. Es posible seleccionar diferentes atributos en diversos intervalos
de tiempo (Lawless & Heymann, 2010). La recaudacion de los datos de las evaluaciones se realiza
mediante un software, debido a que las evaluaciones no son por escrito, son en computadora.
Existen en el mercado varios softwares a la venta y SensoMaker que es de libre acceso (Pinheiro
etal., 2013). El conjunto de atributos elegidos para la evaluacion TDS esta conformado de atributos
de diferentes modalidades sensoriales, por ejemplo: sabor y textura (Albert et al., 2012). Se pueden
utilizar diversos enfoques para elegir el conjunto de atributos a evaluar o se puede obtener de
estudios preliminares con el panel evaluador (Albert et al., 2012). TDS es recomendado cuando se

requiere comparar mas de dos atributos.
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2.1. ABSTRACT

The objective was to determine the effect of replacing binding sugars with commercial low-calorie
sweetener solutions in the physicochemical and temporal dominance of sensations in amaranth
bars. Five baked amaranth bar formulations (Swetener-Solution-Formulated Amaranth Bars:
SSFABs) were prepared using solutions of: erythritol, sucralose, steviol and two sucrose
concentrations (50% and 25%). A commercial bar (COMM) was used as a control. Proximal, pH,
water activity, texture and color was measured. Temporary Dominance of Sensations (TDS) was
used to determine dominant attributes in time. Moisture, ash and protein was higher in SSFABs
than in COMM (4.02%, 1.43%, 5.27%, respectively). Carbohydrates and total crude fat were lower
in SSFABs than in COMM (9.44%, 1.14%, respectively). Dominant attributes were crispy, dry,
sweet, and amaranth. Erythritol formulation was similar to the commercial bar in terms of dominant
attributes. Using sweetener solutions is adequate for developing crunchy amaranth bars with low

sugar and higher protein content.

Running Head: Sweetener solutions for amaranth bars

Keywords: amaranth, commercial sweeteners, Temporary Dominance of Sensations, caloric

content, obesity.

Highlights:

* Protein content in the SSFABs was higher than in control bar.

» dominant attributes over time in bars formulated with erythritol were more similar to those in the

commercial bar.

* Baking impacts the color characteristics of SSFABs.
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* Sensory characteristics with the highest dominance rate were: crispy and amaranth.

2.2. INTRODUCTION

Cereal bars are a product that has increased its popularity internationally for its ease of preparation
and transportation (Jacobsen, Bau, & Alves da cunha, 2010). These bars are prepared with a variety
of grains and binders such as honey, sugar, and chocolate, among others. In Mexico, amaranth has
been used for the preparation of “alegrias” that are a type of traditional cereal bars that are prepared
with a mixture of brown sugar and sugar (Zenteno, 2014). In the formulation of these products, the
amount of sugar used can reach up to 50% of the amount of amaranth used in the preparation of
these bars. Different low-calorie sweeteners that can be used to replace sugar are currently available
in the market. The use of sweetener solutions together with a baking process to bind popped
amaranth grains could help reformulate these amaranth bars to reduce their caloric intake by

replacing binder sugars used in traditional commercial amaranth bars.

The excessive use of sugar generates two problems in the population: 1) amaranth bars are not
adequate for people with overweight and diabetes problems. In this sense, in 2016, more than 1,900
million adults were overweight while the number of people with diabetes increased from 108
million in 1980 to 442 million in 2014 (World Health Organization, 2016). 2) increase in taxes for
products called “Non-Basic Foods with High Caloric Density”. For example, the Revenue Law of
Mexico’s Federation (“Ley de Ingresos de la Federacion de México”), includes a tax of 8% for
amaranth bars with 275 Kilocalories per 100 g of weight (SHCP, 2014 and SHCP, 2016). Similar
taxes have been reported in more than 30 European countries, United Arab Emirates, Chile, the

United States and Mexico (Kerry, 2018) that aim to reduce obesity and diabetes problems in these
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countries. However, such an increase directly affects the main actors involved in the production

chain, marketing and consumption of amaranth bars.

Currently, different low caloric sweeteners are available in the market that can be used as sugar
substitutes for the production of amaranth bars. These sweeteners can be natural or artificial and
caloric or non-caloric. (Valencia, Millan, & Ramirez, 2008). Some of the most commonly used
sweeteners are: erythritol, stevia and sucralose that can have a sweetening power of 300 to 700
times higher than sucrose, a low caloric intake (0.2 to 0 Kcal / g) and a low glycemic index (0)
(Durén et al, 2013). However, some sweeteners, such as steviol, may leave a bitter aftertaste that
can be a determining factor in the choice of amaranth bar consumers (Palacio-Vasquez et al., 2017).
The technique known as Temporal Dominance of Sensations (TDS) in conjunction with
multivariate techniques such as Principal Component Analysis (ACP) or Canonical Variate
Analysis (CVA) (Pineau, Schlich, & Cordelle, 2009; Albert et al., 2012) allows to analyze how
sensory attributes are dominant (attributes that dominate and the catch attention of the panelist
during the ingestion of a food product) in amaranth bars made with sweeteners (Lawless &

Heymann, 2010).

The objective of the study was to determine physicochemical characteristics and the dominant
attributes of amaranth bars made with different sweeteners as a substitute for the mixture of brown

sugar and sugar commonly used in the manufacture of commercial amaranth bars.
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2.3. MATERIALS AND METHODS

2.3.1. Materials

Fresh popped amaranth grains were obtained from Abastos MAG S.A. CV in Cordoba Veracruz,
Mexico. As a control treatment (COMM), a commercial amaranth bar (Aires del Campo, Miguel
Hidalgo, Mexico City) was used and purchased at the local market in Coérdoba, Ver. The
commercial amaranth bar was selected according to the following criteria: 1) registered trademark;
2) be prepared with amaranth and traditional binder sugars and 3) comply with the aspects of
hygiene practices for the food process of NOM-251-SSA1-2009. The sweeteners sucrose (Refined
sugar brand Chedraui® Mexico), erythritol (Livana® Jardines de San José, Puebla, Puebla: 1 g
Livana® =5 g sugar), sucralose (Splenda®, Carmel, Indiana, USA, 2.5% sucralose, 0.5 ml
Splenda® =5 g sugar), and steviol (Stevia, Splenda® brand, Carmel, Indiana, USA, 6.6% steviol,
0.625 ml Stevia = 5 g sugar) were purchased at the local supermarket, in Cordoba Ver. Mexico.

Purified water was used for the preparation of the solutions (Purezza®. Cérdoba Ver. Mexico).

2.3.2. Methods

For sweetener solutions preparation, a 50% sugar solution was taken as an initial reference
according to preliminary experimental tests. Additionally, a 25% sucrose solution was included as
a minimum concentration. The concentrations of the erythritol, sucralose and steviol sweeteners
were adjusted to be equivalent to the 50% sucrose concentration considering that this sucrose
concentration contains 25 times the amount corresponding to a 250 mL cup (5 g sugar). To prepare
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250 ml of erythritol solution, 25 g of Livana® were weighed on a Scout®Pro digital scale (Ohaus
Corporation, 194 Chapin Road. NJ07058, USA) and mixed with 225 ml of purified water. To
prepare 250 ml of sucralose solution, 12.5 ml of Splenda® were measured and mixed with 237.5
ml of purified water. To prepare 250 ml of steviol solution, 15.62 ml of liquid Stevia® were
measured and mixed with 234.38 ml of purified water. The solutions were stirred for 5 min to

ensure homogenization.

2.3.2.1. Preparation of amaranth bars

Five baked amaranth bar formulations were prepared using the previously prepared solutions of
erythritol (ERYT), sucralose (SCRA), steviol (STEV), 25% sucrose (SCRO25) and 50% sucrose
(SCROA50). These formulations were referred to as Swetener-Solution-Formulated Amaranth Bars
(SSFAB). An amount of 150 g popped amaranth and 60 ml of each sweetener solution were placed
in a stainless steel container. The sweetener solution was added by spraying the popped grain to
ensure proper distribution. The ingredients were mixed and distributed in circular polyvinyl
chloride (PVC) molds of 5 cm in diameter and 2 cm in height to obtain 10 amaranth bars weighing
approximately 15 to 16 g. Amaranth bars were placed in stainless steel trays and baked in a
convection oven (HEC5 model, Hobart, Ohio, 45374 USA) at 100 ° C for 10 min. Baking time and
temperature was determined in preliminary work. Finally, the SSFABs were allowed to cool for 20

min before packing them into four-ounce disposable cups with lid.
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2.3.2.2. Physicochemical properties

The proximal chemical composition of amaranth bars was performed according to the
methodologies of the Official Association of Analytical Chemistry (AOAC). Moisture content:
925.09 method (AOAC, 1980); ash: 923.03 method (AOAC, 1980); protein: 984.13 method
(AOAC., 2000); crude fat: 922.06 method (AOAC, 1980); crude fiber: 985.29 method (AOAC,
2000). Carbohydrates were calculated by difference. The pH was determined according to the
methodology 14.002 of the AOAC. (2000), using a 3-star Orion potentiometer (Thermo Scientific,
Waltham, Massachussett, USA). Water activity determination (aw) was performed using a dew
point hygrometer at 25 © C Pawkit (Decagon Devices, Inc 2365 NE Hopkins Ct. Pullman, WA

99163 USA).

Compression and puncture analyzes were performed using a Texture Analyzer (Model Ez-5,
Shimadzu®, Kyoto, Japan) equipped with a 500 N load cell at a test speed of 5 mm/s. Each
amaranth formulation was evaluated using a 5 cm diameter by 2 cm height circular sample with an
average weight of 15 g. Compression test was performed using 11.5 cm diameter by 1 cm height
circular stainless steel platforms (upper and lower) were used. Amaranth bar samples were placed
between these platforms. A 50% compression was used. Puncture test was performed using a 10
mm diameter by 15.25 cm long penetration probe. Texture data was recorded using Trapezium

software version 2.

The color of amaranth bars was determined with the parameters L *, a* and b *, on CIELAB scale,
using with an R-400 colorimeter (Konica Minolta, Williams Drive, Ramsey, NJ, 07446, USA) with

a 2nd observer and a D65 illuminator.
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2.3.2.3. Temporary Dominance of Sensations (TDS): Panel development and procedure

A total of 150 people were recruited, the availability, motivation, non-aversion to the product and
no allergies to amaranth were verified. Subjects were evaluated using sensory tests: Triangular
(ISO 4120: 2004), Duo-Trio (ISO 10399: 2004), detection and ranking of basic tastes (ASTM
E679-04:2011) in order to determine their ability to discrimination. Results of the discriminative
tests were analyzed using a sequential analysis (1SO016820: 2004). A number of 20 subjects were

selected (7 men and 13 women between 18 and 54 years old) for the TDS panel.

The sensory procedure for sensory evaluation of amaranth bars included the following stages: 1)
selected panelists were trained in four sessions in: the concept of dominant attribute (attribute that
captures attention in a defined time) and the use of TDSCC-V1 software (a data collector for TDS
owned by Colegio de Postgraduados, Campus Coérdoba, registration number: 03-2019-
061812164700-01, México) for tablets. 2) panelists analyzed each sample (samples were 7 to 8 g
in weight, approximately half of an amaranth bar was provided) using the following TDS analysis
settings: a 10 s delay time (the time for the panelist to take the sample from the packaging and
place it near his/her mouth) and 45 s for the evaluation of the samples during product ingestion.
During these 45 s, the panelists were free to select the attributes they perceived as dominant.
Attributes that panelists had available for selection were: texture attributes: crispy (Crispy), dry
(Dry), sandy (Sandy) and hard (Hard); taste: sweet (Sweet) and bitter (Bitter); and flavor: amaranth
(Amaranth) and earthy (Earthy). These attributes were selected during a consensus session with the
panel. The order of evaluation of samples was randomized and served sequentially and monadically

according to a completely randomized experimental design with a factorial arrangement in order
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to reduce the potential bias by sample position (Pineau et al., 2012). Samples of 7 to 8 g were
presented to panelists in white plastic cups previously coded with a three-digit code randomly
obtained. The TDS test was carried out in the Sensory Evaluation Laboratory of Colegio de

Postgraduados, Campus Cdérdoba.

2.3.3. Statistical analysis

Physicochemical data, was arranged in a completely randomized experimental design (DCA) with
6 treatments and 3 repetitions. Results were evaluated with a one-way analysis of variance and a
Tukey test for means comparison. A level of significance of 5% was used to identify the effect of
treatment and significant differences between means. The data was analyzed using the R®
statistical program version 3.3.1 (R Core Team, 2016) and the RStudio® 1.2.1 environment

(RStudio Team, 2018).

The TDS curves of all sensory attributes for a particular sample were included in the same chart.
TDS curves were processed using Sensomaker® software version 1.91 (Pinheiro et al., 2013) using
data collected with TDSCC-V1. In these charts two lines were included for chance level and
significance level. The level of chance is the dominance rate that an attribute would obtain if the
attributes were selected by chance. The level of significance line indicates the minimum dominance
rate required to consider a specific attribute as significant. The level of significance was obtained
using the confidence interval of a binomial proportion based on a normal approximation according

to Pineau et al. (2009):
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Po(1 — Po)
Ps = Po + 1.645 —

Where Ps = lowest value of the significant proportion in time for the TDS curve (o = 0.05), Po =
1/ p, where p is the number of attributes, and n = number of subjects per replicate. In this study Po
= 0.16; To obtain the minimum number of observations, n =6 / (0.16 x (1-0.16)) = 46. This is the
reason why each of the 20 panelists performed 3 evaluations for each treatment. The total number
of evaluations was 60 which was higher than the minimum required (46 evaluations) as indicated
by Pineau et al., (2012). A two-factor analysis of variance was used for the analysis of the
maximum dominance rate (Vmax) and the time (Tmax) in which it took Vmax to appear from the
beginning of the evaluation. Vmax results were used to generate the sensory map from principal
component analysis (PCA). The stability of the sensory map was defined using confidence ellipses
(at 90% and with 500 re-sampling) and the Hotelling T2 test. The trajectory analysis was also
performed to visualize the evolution of the amaranth bar sequences in the sensory space. This
analysis was performed on a covariance PCA using the values of the dominance rates of the sensory
attributes at times t5, t10, t15, t20, t25, t30, t35, t40 and t45, equally spaced representing 0 to 100%

of the ingestion period (Lenfant et al., 2009).
2.4. RESULTS AND DISCUSSION
2.4.1. Physicochemical characteristics of amaranth bars

The SSFABs bars had moisture, ash, protein, fat and carbohydrates (Table 5) contents similar to

each other. The moisture percent values of the SSFABs were on average 4.02% higher than the
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COMM bar. Ash percent of the SSFABs bars was higher than that of the COMM bar by 1.43%.
The protein percent of the SSFABs was higher than that of the COMM bar by 5.27%. The fat
percent of the SSFABs was lower than that of the COMM bar by 1.14%. The percent of
carbohydrates of the SSFABs was lower than that of the COMM bar by 9.44%. According to NOM-
247-SSA1-2008, cereal-based foods shall comply with a maximum of 15% moisture. In this regard,
SSFABs amaranth bars met this requirement. On the other hand, Zenteno (2014) mentions that
cereal bars have a protein content of approximately 12.2%. Thus SSFABs bars also complied with
the protein content. With respect to raw fiber, the consumption of fiber from seeds or cereals

reduces the risk of obesity by 30% (Sanchez Almaraz et al., 2015).

Table 5. Proximal analysis of amaranth bars

Treatment % % % % % %
Moisture Ash Raw protein Raw fat Raw fiber Carbohydrates

SCRO25 11.03+1.24a 2.59+0.03a 12.00+0.11a 4.12+0.34b 2.61+0.59b 67.66+£1.59b
SCRO50 11.33+0.08a 2.6910.14a 12.38+0.10a 3.64+0.01b 2.78+0.56b 67.88+1.48b
ERYT 11.44+0.17a 2.60+0.01a 12.23+0.24a 4.16x0.20b 4.05+0.17a 65.53+£0.13b
SCRA 11.91+0.17a 2.54+0.01a 11.69+0.96a 3.74+0.38b 3.32+0.54ab  66.11+0.73b
STEV 11.62+0.19a 2.63£0.01a 12.30+0.19a 4.21+0.37b 3.46+0.31ab  66.11+0.13b
COMM 7.44+0.07b 1.18+0.04b 6.85+0.26b 5.12+0.02a 3.3240.32ab  76.09+0.63a

* Average values * standard deviation. Different literals in the same row indicate that there is a
statistically significant difference between treatments P <0.05. ERYT = amaranth bar with an
erythritol solution, SCRO25 = amaranth bar with a sucrose solution, SCRO50 = amaranth bar with
a sucrose solution, STEV = amaranth bar with a steviol solution, SCRA = amaranth bar with a
solution of sucralose and COMM = commercial amaranth bar.
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The pH (Table 6) of the SSFABs bars was similar between them and higher than that of the control
bar (COMM). There are differences in pH of amaranth bars with respect to the COMM bar,
however, all are considered within the range (pH 4.6 to 7) of low acid content (Alves & Finco,
2008; Aramouni & Abu-Ghoush, 2010; Casaubon-Garcin et al., 2018). In general, SSFABs are

considered to be within a range similar to that reported by these authors.

The SSFABsS bars had similar water activity (Table 6). Water activity values of the SSFABs were
on average 0.26 units of aw and higher than the COMM bar. Regarding water activity Medina et al,
(2006) obtained similar values in cereal bars. The differences in water activity in the SSFABs with
respect to the COMM bar may be due to the higher proportion of amaranth used in the formulation
of these bars. Amaranth is a source of protein that can increase water retention in the product

(Medina, 2006).

No differences were found (Table 6) for compression force in all amaranth bars. Sucrose bars
(SCRO25, SCRO50) and sucralose bars (SCRA50) had a resistance to penetration similar to the
COMM bar. The bar formulated with erythritol (ERYT) had the highest penetration resistance
value. Amaranth bar formulated with steviol solution (STEV) had the lowest penetration resistance.
Regarding to the high variability in the readings of resistance to compression and penetration, this
is related to the same structure of the bar, and the position and size of the accessories used for the
measurement. Castro and Hombre (2007) mentioned that it is difficult measuring texture using
instruments when the property being measured is unknown, as different parameters may arise that
can be misinterpreted. Additionally, various factors influence texture measurements such as the
gelatinization of starches, the reduction of the moisture content of amaranth bars during baking,
the denaturation of proteins and the crystallization of sugar with the baking temperature (Torres et

al., 2015; Salazar et al., 2015).
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Regarding the color (Table 7) in the amaranth bars, lower luminosity values (L *) were found for
the SSFABs compared to the COMM bar with an average difference of 9.56 units. Values for a*
in amaranth bars were similar and were located on the red side of the a* scale. Values for b *
indicated that the color of the amaranth bars was on the yellow side of the scale and only the
SCRO50 and STEV treatment were different from the COMM bar. The result observed in color of
amaranth bars may be due to the development of the Maillard reactions that occur when products
are baked, these reactions being the ones that induce the formation of melanoidins, causing a visible
color change (roasted color) (Quitral et al, 2017). Gupta & Bhattacharya, (2017) evaluated the color
in amaranth snacks by finding reddish and brown tones (L * 36 to 64, a* 8 to 19 and b * 17 to 42)

due to the drying and baking of the bars, these values are similar to those found in this study.

Table 6. pH, aw, texture and of amaranth bars

Treatment pH aw Compression Pricking
SCRO25 6.56 = 0.10a 0.72+0.00a 528.30+26.63a 19.37 + 11.04ab
SCRO50 6.53 £ 0.06a 0.71£0.0la 350.09 +100.45a 30.23 £ 7.71ab
ERYT 6.57 £ 0.07a 0.74+0.01a 508.92+62.63a 32.11+3.09a
SCRA 6.49 £ 0.07a 0.74£0.0la 299.38 +178.82a 12.84 + 4.63ab
STEV 6.50 £ 0.11a 0.72+£0.0la 489.45+94.87a 11.17+5.22b
COMM 5.15+ 0.49b 0.46 +£0.05b  540.05+2.06a 21.44+9.82ab

* Average values * standard deviation. Different literals in the same row indicate that there is a
statistically significant difference between treatments P <0.05 according to the Tukey test. L * =
luminosity, a * = + indicates red and - is green; b * = + indicates yellow and - is blue. ERYT =
amaranth bar with an erythritol solution, SCRO25 = amaranth bar with a sucrose solution, SCRO50
= amaranth bar with a sucrose solution, STEV50 = amaranth bar with a steviol solution, SCRA50
= amaranth bar with a solution of sucralose and COMM = control amaranth bar.
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Table 7. Color amaranth bars

Treatment L* a* b*

SCRO25 56.95 + 4.46b 6.42 + 0.88a 26.15+0.71ab
SCRO50 56.87 + 3.85b 6.46 + 1.18a 25.52 £ 1.52b
ERYT 58.69 + 2.48b 6.67 £1.21a  26.18 + 1.90ab
SCRA 57.49 £ 1.70b 6.56 + 1.13a 26.15 % 1.72ab
STEV 56.97 £ 3.67b 6.33+0.91a 24.81 + 1.00b
COMM 66.96 + 0.49% 5.65 = 0.35a 28.12 + 1.45a

* Average values + standard deviation. Different literals in the same row indicate that there is a
statistically significant difference between treatments P <0.05 according to the Tukey test. L * =
luminosity, a * = + indicates red and - is green; b * = + indicates yellow and - is blue. ERYT =
amaranth bar with an erythritol solution, SCRO25 = amaranth bar with a sucrose solution, SCRO50
= amaranth bar with a sucrose solution, STEV50 = amaranth bar with a steviol solution, SCRA50
= amaranth bar with a solution of sucralose and COMM = control amaranth bar.

2.4.2. Dominant Attributes in Time

In Figure 1 a 6, the TDS curves by treatment are presented. Temporal dominance curves allowed
to identify the proportion of panelists who chose an attribute as dominant at a given time based on
their dominance rate. Amaranth bar SCRO25 (Figure 1) was perceived with a dominant Crispy
texture from 4 to 15 s (Vmax = 42% and Tmax = 8.7 s), and a dominant Amaranth flavor from 16

to 45 s (Vmax 46% and Tmax=26.5 s).
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Figure 1. SCRO25 amaranth bar TDS curve. The dominant attributes are: Crunchy and Amaranth.
X axis indicates the time in seconds. Y axis indicates the dominance rate. N = 60 evaluations.

Opportunity = 0.12 Level of significance = 0.2

The SCRO50 amaranth bar (Figure 2) was perceived primarily with a dominant Crunchy texture
from 5 to 18 s (Vmax = 48% and Tmax = 9.3 s), a dominant Dry texture of 23 s and 38 to 43 s

(Vmax = 25% and Tmax = 41.5 s) and a dominant Amaranth flavor from 19 to 22 s and from 23

to 39 s (Vmax = 39% and Tmax = 32.2 s).
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Figure 2. TDS curve of amaranth bar SCRO50. The dominant attributes are: Crispy, Amaranth
and Dry. X axis indicates the time in seconds. Y axis indicates the dominance rate. N = 60
evaluations. Opportunity = 0.12 Level of significance = 0.2

The ERYT amaranth bar (Figure 3) was perceived primarily with a dominant Crunchy texture
from 4 to 15 s (Vmax = 19% and Tmax = 10.8 s), a dominant Dry texture from 40 to 45 s (Vmax

= 5% and Tmax = 32.5 s), a dominant Amaranth flavor at 34 s (Vmax = 40% and Tmax = 44.5 s)
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and a dominant Sweet taste from 16 to 33 s and 35 to 40 s (Vmax = 45% and Tmax = 9.3 s).
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Figure 3. ERYT Amaranth bar TDS curve. The dominant attributes are: Crispy, Sweet, Amaranth
and Dry. X axis indicates the time in seconds. Y axis indicates the dominance rate. N = 60

evaluations. Opportunity = 0.12 Level of significance = 0.2

The SCRA amaranth bar (Figure 4) was perceived with a dominant Crispy texture from 6 to 15 s
(Vmax = 33% and Tmax = 8.1 s), a dominant Dry texture from 18 to 30 s (Vmax = 26% and Tmax

= 20.8 s), a dominant Amaranth flavor from 23 to 45 s (Vmax = 30% and Tmax = 45 s) and
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dominant Sweet taste from 16, 17 and 31 to 35 s (Vmax = 25% and Tmax = 17.3 s).

40




— Crunchy
Sweet
08} 1 | — Earthy
o Sandy
m — Hard
e 06} -
2 Amaranth
5 Bitter
C
E 047 {1 |— Dy
a | oA~ ] e Chance
— — Sig. Level
02— — £ A e e e e
0

i | |
0 5 0 1B 2 2 N ¥ 4 4
Time (sec.)

Figure 4. TDS curve of SCRA amaranth bar. The dominant attributes are: Crispy, Sweet, Amaranth
and Dry. X axis indicates the time in seconds. Y axis indicates the dominance rate. N = 60
evaluations. Opportunity = 0.12 Level of significance = 0.2

The STEV amaranth bar (Figure 5) was perceived with a dominant Crunchy texture from 7 to 13
s (Vmax = 28% and Tmax = 9.5 s), a dominant Dry texture from 17 to 45 s (Vmax = 29% and

Tmax = 32 s) and a dominant Sweet taste from 20 to 28 s (Vmax = 26% and Tmax = 28.2 s).
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Figure 5. TDS curve of STEV amaranth bar. The dominant attributes are: Crispy, Sweet and Dry.
X axis indicates the time in seconds. Y axis indicates the dominance rate. N = 60 evaluations.

Opportunity = 0.12 Level of significance = 0.2

The COMM amaranth bar (Figure 6) was perceived with a dominant Sweet flavor from 4 to 19 s

(Vmax = 45% and Tmax = 9.3 s), and a dominant Amaranth flavor from 20 to 45 s (Vmax = 40%

and Tmax = 44.55s).
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Figure 6. TDS curve of COMM control amaranth bar. The dominant attributes are: Sweet and
Amaranth. X axis indicates the time in seconds. Y axis indicates the dominance rate. N = 60

evaluations. Opportunity = 0.12 Level of significance = 0.2

The maximum dominance rate (Vmax) of the attributes of each treatment is observed in Table 8.
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This table concentrates the percentage of panelists who detected each attribute as dominant.

43



Table 8. Maximum dominance rate (Vmax) of the attributes

Treatment Crispy Sweet Earthy Sandy Hard Amaranth Dry

(%) (%) () (%) () (%) (%)

SCRO25 42 1.6 15 22 6.6 46 23
SCRO50 48 8.3 1.5 15 93 39 25
ERYT 19 45 6.6 18 7.7 40 5
SCRA 33 25 8.3 21 25 30 26
STEV 28 26 9.5 21 16 23 29
COMM 19 45 6.6 18 7.7 40 5

The bitter attribute was not included since it was not perceived by the panelists.

Biplot constructed with results from PCA using average Vmax data is presented in Figure 7. In
this representation, it was observed that there was a positive relationship between the Hard and
Sandy attribute. The Crispy attribute had a positive relationship with the Earthy attribute. The
Amaranth attribute had a negative relationship with the Hard and Sandy attributes. The Sweet
attribute had a negative relationship with the Crispy and Earthy attributes. On the other hand,
SCRA and STEV amaranth bars were perceived with higher dominance in the Hard and Sandy
attributes. The ERYT and COMM amaranth bars were perceived with higher dominance in the
Sweet attribute. The amaranth bars SCRO25 and SCRO50 were perceived with higher dominance

in the attributes Crunchy, Earth and Amaranth.
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Figure 7. (A) Analysis of main components with Vmax data. SCRO25 = Amaranth
bar with a sucrose solution; ERYT = Amaranth bar with an erythritol solution;
SCRO50 = Amaranth bar with a sucrose solution; SCRA = Amaranth bar with a
sucralose solution; STEV = = Amaranth bar with a steviol solution, COMM =
Amaranth control bar. Attributes: Crunchy, Sandy, Hard, Dry, Sweet, Bitter,
Amaranth and Earth. The bitter attribute was not included since it was not perceived

by the panelists

Confidence ellipses (Figure 8) showed that all treatments were perceived as different from each

other in terms of Vmax. However, STEV and ERYT were located close to each other, as well as,

SCRO25 and COMM.
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Figure 8. Ellipses of trust. Confidence ellipses (90% and 500 resampling) performed with the 0/1
data. SCRO25 = Amaranth bar with a sucrose solution; ERYT = Amaranth bar with an erythritol
solution; SCRO50 = Amaranth bar with a sucrose solution; SCRA = Amaranth bar with a sucralose
solution; STEV = Amaranth bar with a steviol solution, COMM = Amaranth control bar.

The results of panel's performance when choosing each attribute in the evaluation of each treatment
in time are shown in Table 9. The attributes considered for TDS allowed to differentiate the
treatments of amaranth bars. There was a significant difference (p <0.05) between panelists when

evaluating the attributes in each product over time. Factor time and interaction time x product
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demonstrated that attributes were perceived as dominant differently over the course of sample

evaluation.

Table 9. Effect of panelists performance

Attribute Product Time Product x Time
Crispy <0.0001 <0.0001 0.011

Sweet <0.0001 <0.0001 <0.0001

Earthy <0.0001 <0.0001 0.0007

Sandy <0.0001 <0.0001 <0.0001

Hard <0.0001 <0.0001 0.0068
Amaranth <0.0001 <0.0001 0.0119

Dry <0.0001 <0.0001 <0.0001

Probability values (Pp) of the ANOVA for the determination of the attributes that allow
differentiating the amaranth bar. ERYT = amaranth bar with an erythritol solution, SCRO25 =
amaranth bar with a sucrose solution, SCRO50 = amaranth bar with a sucrose solution, STEV =
amaranth bar with a steviol solution, SCRA = amaranth bar with a solution of sucralose and COMM
= brand control amaranth bar.

The use of sweetener solutions (erythritol, sucralose and sucrose) in the preparation of amaranth
bars as substitutes for the traditional binder caused differences in the detection of perceived sensory
attributes compared to the COMM amaranth bar. During the oral processing, a solid food is
fractured by chewing. The food fragments are covered with saliva and again fragmented or a bolus
is formed. In this process the structure of the food changes due to the applied forces, heat and
enzymatic effects (Pascua et al., 2013).

In the study by Fiszman & Tarrega (2017) carried out with solid products and analyzed with TDS,

the hard, soft, firm and crunchy attributes were found as dominant in the first third of the time (0
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to 15 s) and for the evaluation of products with Amaranth, the hard and crunchy attribute have been
dominant (Ramos-Diaz, Rinnan, & Jouppila, 2019). In this study, the Crunchy attribute was the
one that was observed as dominant in the first third of the time as amaranth bars are solid products
where the crunchy attribute is a characteristic attribute. According to Chen (2015) after the first
chewing stage, solid foods (such as cookies or nuts) tend to undergo a high breakage. Regarding
the perception of the dry dominant attribute, this agrees with Fiszman & Tarrega (2017) who
mentioned that in dry foods one of the main attributes is dry since dry foods require the addition of
enough saliva to swallow them (Fiszman & Tarrega, 2017).

Cardoso & Bolini (2008); DuBois & Prakash (2012); Kinghorn et al. (2010) and Pawar et al.
(2013), mention that the steviol sweetener has a characteristic bitter taste. However, this flavor was
not perceived by the panelists in any TDS curve of the SSFABs. Furthermore, taking into account
the dominance of the sensory characteristics evaluated in TDS, the ERYT amaranth bar was the
closest to the COMM bar in terms of the maximum dominance rate. Amaranth flavor was not
masked by the taste of sweeteners, rather it was perceived by panelists.

The pattern of evolution of the trajectories was different between the treatments. The trajectory
graphs show the route the sample follows throughout the sensory space from the first bite (0%) to
swallowing (100%) (Lenfant et al., 2009). These results coincide with the study conducted by Le
Calvé et al. (2019), who found differences in the trajectories of temporal perception in biscuits.
The first two components of trajectory PCA accounted for 59.21% of the total variance observed
among samples (Figure 9). The treatments could be divided into three groups. The first group
included SCRO25 and SCRO50 treatments that followed similar trajectories going from crunchy
to Earthy and Amaranth. The second group included SCRA, ERYT and STEV treatments that
followed similar trajectories going from crunchy to Hard, Sweet, Dry and Sandy. COMM followed

a different trajectory from the others. The COMM bar went from Hard, Sweet, Earth and Amaranth.
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Figure 9. PCA with trajectory of dominance rates from time t5 (5 s) to time t45 (45 s) of amaranth
bars. SCRO25 = Amaranth bar with a sucrose solution; ERYT = Amaranth bar with an erythritol
solution; SCRO50 = Amaranth bar with a sucrose solution; SCRA = Amaranth bar with a sucralose
solution; STEV = Amaranth bar with a steviol solution, COMM = Amaranth control bar. t5 =5
seconds and t45 = 45 seconds.

According to Pineau et al., (2012) the panelists chose specific attributes at specific stages of the
chewing process during the evaluations. Two sensory modalities were included for this
investigation: texture and flavor. It was found that texture attributes appeared in the first third of
the evaluation, given that the crispy attribute was found dominant. In the last third of the evaluation
time the flavor attributes appeared where the Amaranth flavor was dominant. This trend was also
presented in the research of Lenfant et al. (2009), Le Calvé et al. (2019) and Beaton & Meyners

(2018), in which they mention that the attributes belonging to the texture modality were perceived
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in the first third of the evaluations, and the attributes belonging to the flavor and smell modality

are perceived in the second and third of the evaluation.

2.5. CONCLUSION

The use of sweetener solutions for the formulation of amaranth bars impacted the physical,
chemical characteristics and the generation of dominant attributes. In the proximal analysis,
amaranth bars met the standards established by NOM-247-SSA1-2008 and even the amount of fat
and carbohydrates was reduced. Based on the results of the dominance rates over time, the bar
prepared with erythritol was more similar to the commercial bar. The dominant attributes in time
were crispy, dry, sweet and amaranth. The use of sweetener solutions allowed to obtain amaranth
bars with higher protein content and lower sugar content that may be suitable for consumers who

require products with lower caloric content.
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CONCLUSIONES GENERALES

Fue posible elaborar barras de amaranto con soluciones de edulcorantes como sustituto del
aglomerante tradicional como alternativa para la elaboracion de barras de amaranto bajas en
calorias, logrando un menor porcentaje de grasa, carbohidratos y un mayor porcentaje de proteina
en el analisis proximal, ademas, las barras de amaranto cumplieron con los estandares establecidos
por NOM-247-SSA1-2008. También, se obtuvieron resultados similares con respecto a
investigaciones previas de otros autores en cuanto al tipo de atributos percibidos por los panelistas
en las evaluaciones, estos fueron crujiente en la primera etapa del proceso de masticaciéon como
textura, dulce y amaranto, los cuales fueron percibidos en la segunda y tercera etapa de masticacion
como atributos de sabor. La técnica de Dominancia Temporal de las Sensaciones (TDS) fue de
gran utilidad en este estudio para verificar que los panelistas no percibieran el sabor amargo que
suelen dejar los edulcorantes. Las barras de amaranto formuladas con soluciones de edulcorantes
lograron preservar sus caracteristicas basicas de crujiente y sabor a amaranto, con base en los
resultados de las tasas de dominancia a lo largo del tiempo, la barra preparada con eritritol fue mas
similar a la barra comercial. Esta innovacion se recomienda ser implementada por los productores
de barras de amaranto que requieran de hacer mejoras en sus productos para llegar a nuevos

segmentos de mercado.
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Software TDSCC-V1 para captura de datos de la Evaluacion de Dominancia Temporal de
las Sensaciones.

( o‘ Colegio de INGENIEROS
| Postgraduados o e
. 8 Instituto Tecnologico
Campus Cordoba Laboratorio de .

Apaitia z Superior de Zongolica
Analisis Sensorial

Sistema de Captura de Datos para la Metodologia Dominancia Temporal de Sensaciones

Ingrese los datos que se solicitan

Panelista: v
Tiempo de espera: v
Codigo : v
Tiempo Total : v
Sesion : v
Continuar
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Datos registrados en software TDSCC-V1.
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