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Physical-sensory evaluation of a cereal bar with quinoa: a preliminary study
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Abstract

The consumption of cereal bars has increased in recentyears because it is a quick and practical way to eat. Cereal
bars are products obtained by blending dry ingredients and binder components which complement each other by
conferring the sensory properties to the bars. Quinoa is considered a functional food, since in addition to providing
basic nutrition, it has attributes with a direct positive effect on health and well-being. This study focuses on the
evaluation of white quinoa and red quinoa bars, without added sugar or additives, suitable for use as healthy
snacks. The effect of quinoa type and processing conditions on sensory properties of cereal bars was studied. Five
different processing methods (gakin and/or drying and/or heating) were evaluated. Bars with higher preliminary
sensory scores were selected for further evaluation by a consumer panel and instrumental evaluation ofgcexture and
color (CIELab) . This work suggests that quinoa is an interesting functional ingredient to develop new cereal bars

as an alternative to the conventional commercial products, with desirable physical and sensory proprieties.
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Resumo

O consumo de barras de cereais tem aumentado nos tltimos anos devido a sua conveniéncia, ja que sdo alimentos
praticos e faceis de consumir. As barras de cereais sdo produtos obtidos pela mistura de ingredientes secos e
de aglutinantes, ciue se completam mutuamente conferindo as caracteristicas sensoriais as barras. A quinoa ¢
considerada um alimento funcional, ja que para além da funcdo nutricional tem também um impacto positivo na
saude humana. Este trabalho tem como objetivo o desenvolvimento de barras de quinoa branca e quinoa vermelha,
sem adicao de agucar e aditivos, adequada para a utilizacdo como snack saudavel. Estudou-se o efeito do tipo de
quinoa ¢ das condi¢des de processamento nas propriedades sensoriais e de textura das barras de cereais. Foram
avaliadas cinco diferentes metodologias (cozedura e/ou secagem e/ou aquecimento). Através de uma analise
sensorial preliminar foi possivel selecionar as barras a submeter a analise de um painel de consumidores e a
avaliagdo instrumental da textura e da cor (CIELab). Este trabalho sugere que a quinoa é um ingrediente funcional
interessante para o desenvolvimento de novas barras de cereais como uma alternativa aos produtos comerciais
convencionais, com propriedades fisicas e sensoriais desejaveis.
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Introduction

Cereal bars can replace snacks that are high in sugars,
sodium and/or lipids, and are found in the market under
different brands, flavours and nutritional compositions.
These products are obtained by blending dry ingredi-
ents and binders that taken together impart flavor, tex-
ture and physical properties to the bars [1]. The main
aspects to take into consideration in the development of
these type of products are the choice of cereals, selec-
tion of carbohydrates, along with enrichment with vari-
ous nutrients and their stability during processing. The
association between cereal bars and healthy foods is a
trend in the food industry, which brings positive results
to the market for these products [2].

Quinoa is the common name for Chenopodium qui-
noa, which originated in the Andean region. It is an
herbaceous plant grown as a grain crop primarily for
its edible seeds and is considered as a pseudocere-
al. The Food and Agriculture Organization of the Unit-
ed Nations (FAO) declared 2013 the International Year
of Quinoa.

It is known that quinoa has considerable positive effects
on metabolic, cardiovascular and gastrointestinal health
in humans [3-4]. High variations in nutrient contents of
quinoa are observed per 100 g edible portion on fresh
weight basis: protein (9.1 — 15.7 g), total fat (4.0 — 7.6
g) and dietary fiber (8.8 — 14.1 g) [5]. The main charac-
teristic of this grain is its high protein and essential ami-
no acids content, such as lysine, tryptophan, histidine
and valine, which could improve the immune system
of patients in several pathologies. Quinoa also contains
a high amount of healthy/beneficial phytochemicals
including saponins and phytosterols [3]. Betaxanthins
and betacyanins can explain the diversity of quinoa
colors. Not only color is modulated by The presence of
betalains in the grains modulates not only color, how-
ever, also the high antioxidant and free radical scaveng-
ing activities [6].

The use of quinoa as a functional ingredient in food has
been limited to a narrow niche market and the research
on food products with quinoa is scarce [7-8].

The ingredients included in cereal bars are usually
grains, seeds and fruits. The cereals most used are
wheat, corn, oat and rice. Oats are rich in proteins and
soluble fiber and their consumption can bring several
health benefits [9]. Other ingredients, such as nuts, de-
hydrated fruits, bananas and honey can also be added
to cereal bars in order to optimize the nutritional value
and texture of the end product. Nuts are rich in nutrients
with a specific lipid profile, especially in oleic and lin-
oleic acid. They also have also a considerable content
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Introducao

As barras de cereais podem substituir os snacks ricos
em agucares, sodio e/ou lipidos, encontrando-se no
mercado sob diferentes marcas, sabores € composigao
nutricional. Estes produtos sdo obtidos pela mistura
de ingredientes secos ¢ aglutinantes que se completam
mutuamente conferindo o sabor, textura e propriedades
fisicas as barras [1]. Os principais aspetos a ter em con-
sideragdo na elaboragdo deste tipo de produtos sao a es-
colha dos cereais, selecdo dos hidratos de carbono, en-
riquecimento com varios nutrientes e a sua estabilidade
durante o processamento. A associagdo entre as barras
de cereais ¢ os alimentos saudaveis ¢ uma tendéncia no
setor alimentar, o que traz resultados positivos para o
mercado destes produtos [2].

Quinoa ¢ o nome vulgar para Chenopodium quinoa,
uma planta herbacea da regido dos Andes, cultiva-
da pelas suas sementes comestiveis ¢ considerada um
pseudocereal. A Organizagao das Nagoes Unidas para a
Alimentagdo e Agricultura (FAO) declarou 2013 como
0 ano internacional da quinoa.

Sabe-se que a quinoa tem efeitos positivos considera-
veis sobre a satide metabolica, cardiovascular e gas-
trointestinal em humanos [3-4]. Sdo observadas altas
variagdes nos teores de nutrientes da quinoa por cada
100 g de porgdo comestivel (peso fresco): proteina (9,1
- 15,7 g), gordura total (4,0 - 7,6 g) e fibra dietética (8,8
- 14,1 g) [5]. A principal caracteristica deste grao é o
seu elevado teor em proteina e aminoacidos essenciais,
tais como a lisina, triptofano, histidina e valina, que
melhoram o sistema imunoldgico de pacientes com di-
versas patologias. A quinoa também contém uma gran-
de quantidade de fitoquimicos benéficos para a satde,
incluindo saponinas ¢ fitoesterdis [3]. Betaxantinas e
betacianinas explicam a diversidade de cores, mas ndo
apenas a cor ¢ modulada pela presenca de betalainas nos
graos, também a elevada atividades antioxidante [6].
O uso de quinoa como ingrediente funcional nos ali-
mentos tem sido limitado a um nicho de mercado ¢ a
pesquisa sobre produtos alimenticios com quinoa ainda
¢ escassa [7-8]. Os ingredientes incorporados nas bar-
ras de cereais sdo geralmente graos, sementes ¢ frutos.
De entre os cereais os vulgarmente usados sdo o tri-
go, milho, aveia ¢ arroz. A aveia ¢ um cereal rico em
proteinas e fibras soluveis e o seu consumo pode trazer
beneficios para a satde [9]. Existem ainda outros in-
gredientes, como nozes, frutos desidratados, bananas e
mel, que podem ser adicionados as barras de cereais de
forma a otimizar o valor e textura do produto final. A
noz apresenta um perfil lipidico rico em acido oleico e
linoleico e possui um conteudo consideravel de fitoes-



of phytosterols, vitamin E and selenium [9]. The con-
sumption of this type of fruit can improve the symp-
toms of coronary heart disease and has also been asso-
ciated with the reduction of the risk of hypertension and
diabetes mellitus [ 10]. Banana is an important source of
minerals and vitamins and is composed of 70% water,
1.2% protein, 27% carbohydrates and calcium, iron, io-
dine, magnesium, cobalt, vitamin A, riboflavin, among
other components [11].

The incorporation of functional ingredients in cereal
products has serious implications on their structure and
therefore there are technological limitations. Studies
have been previously made regarding the incorporation
of Psyllium fiber in traditional biscuits [12, 13] and mi-
croalgae in pasta products [14].

This study aims to develop a cereal bar using two types
of quinoa, white and red, oatmeal flakes, prunes, raisins,
nuts, fresh banana and honey as ingredients, based on
a homemade recipe. The impact of two types of quinoa
(white and red) on sensory and physical properties was
studied as well as different processing conditions using
baking and/or drying and/or heating. Selected quinoa
bar samples were tested using sensory evaluation by a
consumer panel and subjected to texture and colour in-
strumental evaluation.

Materials and methods

Preparation of the bars

All the ingredients, white real quinoa and red quinoa
(Cem porcento), oatmeal flakes (Salutem), black prunes
(Continente), black raisins (Continente), nuts (Conti-
nente), fresh bananas and honey (SerraMel) were pur-
chased in a local market.

The formulation (Table 1) of the quinoa bars was adapt-
ed from a homemade recipe. The dry ingredients were
crushed in a kitchen grinder and mixed with the binder
solution formed by banana and honey (Figures 1 and
2). The use of an electric oven (Tecnoeka Sri KF 912)
and/or a drier at 70°C was tested according to the flow-
chart in Figure 1. After mixing, the mass was shaped
in two bars with a rectangular form (10 cm long x 4
cm wide x 1 cm high) and different preparation condi-
tions were tested: (i) baking (180° C — 25 minutes), (ii)
baking (180°C — 25 minutes) with subsequent drying
(70°C — 24h) and (iii) drying at 70°C for 24 hours. In
alternative, bars were prepared by heating on an electric
stove, with or without subsequent drying, as represent-
ed in Figure 2. In this case, ingredients were mixed and
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terois, vitamina E e selénio [9]. O consumo deste tipo
de fruto esta associado a beneficios no que diz respeito
a doenga coronaria e parece estar associado a redugado
do risco de hipertensdo e diabetes mellitus [10]. A ba-
nana constitui uma fonte importante de minerais e vita-
minas e € composta por 70% de agua, 1,2% de protei-
na, 27% de hidratos de carbono, contendo calcio, ferro,
iodo, magnésio, cobalto, vitamina A, riboflavina, entre
outros [11].

A incorporagdo de ingredientes funcionais em produtos
alimentares a base de cereais pode ter impacto na estru-
tura do material, tendo por isso limita¢des tecnoldgicas.
Anteriormente foram desenvolvidos trabalhos sobre a
incorporagdo de fibra de Psyllium em bolachas [12, 13]
e microalgas em massas alimenticias [14].

No presente trabalho, pretende-se desenvolver uma
barra de cereais, usando como ingredientes dois tipos
de quinoa, branca e vermelha, flocos de aveia, amei-
xas secas e passas de uva, nozes, banana fresca e mel,
baseada numa receita caseira. Avaliou-se o impacto do
uso de dois tipos de quinoa (branca e vermelha) nas
propriedades fisicas e sensoriais, assim como o impac-
to de diferentes condigdes de processamento, usando a
cozedura no forno e/ou secagem e/ou aquecimento. Os
produtos selecionados serdo submetidos a avalia¢ao por
um painel de consumidores e a analise instrumental da
textura e da cor.

Materiais e métodos

Preparagdo das barras

Todos os ingredientes, quinoa real branca e quinoa
vermelha (Cem porcento), flocos de aveia (Salutem),
ameixas pretas desidratadas (Continente), passas de uva
preta (Continente), nozes (Continente), bananas frescas
e mel (SerraMel) foram adquiridos no comércio local.
A formulagao das barras de quinoa (Tabela 1) foi adap-
tada de uma receita caseira. Os ingredientes secos fo-
ram misturados com a solucao aglutinante formada pela
mistura de banana e mel (Figuras 1 e 2).

A utilizagdo do forno elétrico (Tecnoeka Sri KF 912) e/
ou do secador a 70°C foi testada conforme o esquemati-
zado na Figura 1. Apds a mistura, a massa foi moldada
em barras de forma retangular (10 cm comprimento x 4
cm largura x 1 cm altura) e seguidamente foram testadas
varias condi¢des de processamento: (i) cozedura (180°
C — 25 min), (ii) cozedura (180°C — 25 min) seguida de
secagem (70°C — 24h) e (iii) secagem a 70°C durante
24h. Em alternativa, as barras foram preparadas com
aquecimento num fogdo elétrico, com ou sem secagem
posterior, conforme representado na Figura 2. Neste
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heated until reaching a temperature of 70°C. Thereafter
the mixture was molded in a rectangular form and im-
mediately stored at ambient temperature (iv) or dried at
70°C for 24h (v). In this way, ten distinct samples were
produced, five of white quinoa and five of red quinoa,
corresponding to the five production methods. After
cooling, all the bars were stored in plastic bags at room
temperature.

caso, os ingredientes foram misturados e aquecidos até
atingirem a temperatura de 70°C. Seguidamente, a mis-
tura foi moldada na forma retangular e armazenada a
temperatura ambiente (iv) ou desidratada a 70°C duran-
te 24h (v). Deste modo, foram produzidas 10 amostras
distintas, cinco de quinoa branca e cinco de quinoa ver-
melha, correspondentes aos cinco métodos de produ-
¢do. Apos o arrefecimento todas as barras foram arma-
zenadas em sacos de plastico a temperatura ambiente.

Table 1/ Tabela 1 - Formulation of quinoa bars (white and red).
Formulag@o das barras de quinoa (branca ou vermelha).

Ingredients/Ingredients

Quantity/Quantidade

Quinoa

Oatmeal flakes/Flocos de
aveia

Prunes /Ameixa preta
desidratada

Black raisins/ Passa de uva
preta

Nuts/ Noz
Banana

Honey/Mel

7259
145.0 g
36.3g
96.0 g
725¢
25009

80 mL
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White quinoa/ Quinoa branca

+ Oatmeal/+Aveia

Crush/Trituragdo

+ Prunes + Raisins +
Nuts/+Ameixas+Passas+Nozes

Crush/Trituracio

+ Banana/+Banana
+ Honey/+Mel

Mixture/Mistura

Mass modulation/Moldagem

Baking/Cozedura 180°C-25 min
prage/Armazenamento Tambient

(i) Baking/Cozedura 180°C-25 min
Drying/Secagem 70°C-24h
Storage/Armazenamento
Tambient

(iii) Drying/Secagem 70°C-24h

Storage/Armazenamento Tambient

Red quinoa/ Quinoa vermelha

+ Oatmeal/+Aveia

Crush/Trituragdo

+ Prunes + Raisins +

Nuts/+Ameixas+Passas+Nozes

Crush/Trituracio

+ Banana/+Banana

+ Honey/+Mel

Mixture/Mistura

Mass modulation/Moldagem

(i) Baking/Cozedura 180°C-25 min
Storage/Armazenamento Tambient

(i) Baking/Cozedura 180°C-25 min
mmmm Drying/Secagem 70°C-24h
Storage/Armazenamento Tambient

(iii) Drying/Secagem 70°C-24h

Storage/Armazenamento Tambient

Figure 1/ Figura 1 - Preparation of quinoa bars using baking at 180°C and/or drying at 70°C.
Preparacdo das barras de quinoa usando a cozedura a 180°C e/ou secagem a 70°C
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Wash/Lavagem

White quinoa/Quinoa Red quinoa/Quinoa
branca vermelha

+ Oatmeal/+Aveia + Oatmeal/+Aveia

Crush/Trituracgo Crush/Trituracio

+ Prunes/Ameixas + + Prunes/Ameixas +
Raisins/Passas + Raisins/Passas +
Nuts/Nozes Nuts/Nozes

Crush/Trituracdo Crush/Trituragio

+ Banana + Honey/+Mel + Banana + Honey/+Mel

Heating/Aquecimento 70°C Heating/Aquecimento 70°C

Mass Mass
modulation/Moldagem modulation/Moldagem

(iv)
mm  Storage/Armazenamento
Tambient

(iv) Storage/Armazenamento
Tambient

30

(v) Drying/Secagem 70°C-24h

Storage/Armazenamento
Tambient

(v) Drying/Secagem 70°C-24h
Storage/Armazenamento
Tambient

Figure 2/ Figura 2 - Preparation of quinoa bars using heating and/or drying at 70°C.
Preparagao das barras de quinoa usando o aquecimento e/ou secagem a 70°C.



Sensory evaluation

A group of 27 potential consumers aged between 19
and 26 years old carried out a preliminary sensorial
evaluation of the ten samples produced, having select-
ed three of the quinoa bars, based on texture, colour
and taste. These three selected bars - white quinoa bar
baked at 180°C for 25 minutes (i), white quinoa bar
heated at 70°C with subsequent drying at 70°C for 24
hours (v) and red quinoa bar processed at the same con-
ditions (v), were then subjected to consumer tests. An
untrained panel of 43 individuals, mainly composed of
university students, tested quinoa bars for the overall
impression on a scale with nine assement levels from
(1) I disliked it very much, (2) I disliked it a lot, (3) I
disliked it, (4) I slightly disliked it, (5) I did not like
or dislike, (6) I did not like it very much, (7) I liked
it, (8) I liked it a lot, to (9) I liked it very much. In or-
der to verify the differences between the three selected
bars, the obtained data were evaluated by the method of
analysis of variance (ANOVA) with means comparison
by Tukey Test, (a=0.05), using SPSS 21.

Instrumental analysis of texture

Texture was measured in a texturometer TA.XT plus
(Stable MicroSystems, UK), performing cutting tests
using the Craft Knife Blade probe (1 mm/s speed and 5
mm of penetration).

Firmness was considered as the maximum resistance to
the penetration of the probe and was calculated as the
height of the force peak in N. Measurements were re-
peated six times for each sample (three measurements
per bar).

Colour analysis

The colour of quinoa bars samples was measured instru-
mentally using a Minolta CR-400 (Japan) tristimulus
colorimeter with standard illuminant D65 and a visual
angle of 2°. The results were expressed in terms of the
CIELab uniform colour system [15]. L* corresponds to
lightness ranging from 0% (dark) to 100% (bright). The
chromaticity coordinates a* and b* indicate the colour
direction, increasing the saturation until £60 from the
dull/achromatic center (a*=0, b*=0) to +a* (red), -a*
(green), +b* (yellow) or —b* (blue). The measurements
were conducted under the same light conditions, using
a white standard (L* = 94.61, a* = —0.53, b* = 3.62)
under artificial fluorescent light at room temperature,
replicated six times for each formulation sample.

Preliminary study of a cereal bar with quinoa
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Andlise sensorial

Um grupo de 27 potenciais consumidores com idade
compreendidas entre 19 e 26 anos fez a avaliacao sen-
sorial preliminar das dez amostras de barras de cereais,
tendo em consideracdo a textura, cor e sabor da barras,
e selecionou trés das barras de quinoa para dar continui-
dade ao estudo. As barras selecionadas — barra de qui-
noa branca cozida a 180°C durante 25 min (i), barra de
quinoa branca aquecida a 70°C e com secagem poste-
rior a 70°C durante 24h (v) e barra de quinoa vermelha
processada nas mesmas condicdes (v), foram avaliadas
por um painel de consumidores. Quarenta e trés indivi-
duos nao treinados, na sua maioria estudantes universi-
tarios, classificaram as barras de quinoa em termos de
impressao global, usando uma escala com 9 niveis, de
(1) desgostei muitissimo, (2) desgostei muito, (3) des-
gostei, (4) desgostei pouco, (5) ndo gostei nem desgos-
tei, (6) gostei pouco, (7) gostei, (8) gostei muito, to (9)
gostei muitissimo. Para verificar as diferencas entre as
trés barras selecionadas, os dados obtidos foram avalia-
dos pelo método de analise de variancia (ANOVA) com
comparacao de médias pelo Teste de Tukey, utilizando
o SPSS 21.

Avaliacdo instrumental da textura

A textura foi avaliada num texturometro TA.XTplus
(Stable MicroSystems, UK), utilizando testes de corte
com a sonda Craft Knife Blade (1 mm/s velocidade e 5
mm de penetracao).

Considerou-se a firmeza como a resisténcia maxima a
penetracdo da sonda, calculada como o pico maximo
da forca em N. As medicdes foram repetidas seis vezes
para cada amostra (trés medidas em cada barra).

Avaliacdo da cor

A cor das barras de quinoa foi medida instrumental-
mente usando um colorimetro Minolta CR-400 (Japao),
munido de um iluminador standard D65 e um angulo
de fase de 2°. Os resultados foram expressos usando o
sistema de cor CIELab [15]. L* corresponde a lumi-
nosidade, variando de 0% (escuro) a 100% (claro). As
coordenadas cromaticas a* e b* indicam a dire¢ao da
cor, aumentando a saturacao até +60 desde o centro
acromatico (a*=0, b*=0) a +a* (vermelho), -a* (verde),
+b* (amarelo) ou —b* (azul). As medi¢des foram con-
duzidas sob as mesmas condigoes de luz, usando um
padrao branco e luz fluorescente artificial, a temperatu-
ra ambiente, e cada amostra foi testada seis vezes.
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Results and discussion

Figure 3 shows the results for the sensory evaluation
of the quinoa bars by a group of 43 consumers. No sig-
nificant difference between sensory evaluation results
between bars was observed. Bick and co-workers [7]
studied the substitution of wheat flour for quinoa flour
in biscuits. At 10, 20 and 30% quinoa contents did not
obtain great differences in sensory evaluation, although
the firmness of the cookies decreased with the increase
of quinoa flour. Stikic et al [8] studied the incorporation
of quinoa seeds in wheat bread formulations with up
20% and a positive effect on the rheological behaviour
of dough and bread was obtained.

38

N
o

30

23

15

N. responses/N. respostas

Red quinoa/Quinoa vermelha
Heating + Drying/Aquecimento+Secagem

- Liked it/Gostei

N
o

White quinoa/Quinoa branca
Heating + Drying/Aquecimento+Secagem

r | did not like it or dislike it/Nao gostei nem desgostei

Resultados e discussao

Na Figura 3 estdo apresentados os resultados da ava-
liagdo sensorial das barras de quinoa por parte de um
grupo de 43 consumidores. Nao foram encontradas
diferengas estatisticamente significativas na avaliagdo
sensorial entre as trés barras.

Bick e colaboradores [7] estudaram a substituicdo de
farinha de trigo por farinha de quinoa em biscoitos.
Para teores de 10, 20 ¢ 30% de quinoa ndo obtiveram
grandes diferencas na avaliagdo sensorial, embora a fir-
meza dos biscoitos tenha diminuido com o aumento da
farinha de quinoa. Stikic et al [8] estudaram a incorpo-
racdo de sementes de quinoa em formulagdes de pao de
trigo e obtiveram um efeito positivo no comportamento
reoldgico das massas e dos paes para teores de 20% de
uinoa.

Q

w
o

White quinoa/Quinoa branca
Baking/Cozedura

w Disliked/Desgostei

Figure 3/ Figura 3 - Results of the sensorial evaluation of the white and red quinoa bars processed
at different conditions (only the scored levels of the scale are indicated)/ Resultados da avaliacao
sensorial de barras de quinoa branca e vermelha processadas em diferentes condi¢des. Verde — gostei;
Azul claro — ndo gostei nem desgostei; Azul escuro — desgostei (apenas sdo indicados os niveis da
escala que tiveram respostas).
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The use of a new ingredient in food products may pre-
sents nutritional advantages when it is rich in biologi-
cally active compounds. However, the incorporation
of that ingredient can impart some modifications on
the food structure, reflected by texture and sensorial
changes. Food texture is an important quality attribute
which can be defined as a group of physical characteris-
tics deriving from the structural elements that constitute
the food product [16] (e.g. polysaccharides, proteins).
These properties are sensorially detected, but some in-
strumental methods enable to determine food texture
properties, with good correlation with sensory analysis
tests. Considering the high costs associated to training a
sensory panel, this can be advantageous. The texturom-
eter (Figure 4) is composed by a dynamometer which
provides mechanical energy to a probe that will contact
the sample (at a constant rate) causing a deformation.
The response of the material is recorded in force vs.
time curves (Figure 5).

The bars texture was evaluated performing cutting tests
(Figure 4) and firmness was calculated from the tex-
turograms. White quinoa bars baked in the oven, the
product preferred by the consumer panel, showed great-
er firmness (21.8 N + 6.1 N) when compared with the
white quinoa bars heated at 70°C and dried at 70°C for
24h (14.9 N + 5.5 N). However, due to its higher firm-
ness, it was not possible to analyse the bar samples with
red quinoa prepared by heating and drying.

In respect to colour results (Table 2), all quinoa bars
showed positive a* values, i.e. in the red domain, and
positive b* values, correspondent to yellow tonality.
The product which had higher sensory scores given
by the consumer panel presented higher a* and b*
values and also higher luminosity (L*=34.7%; a*=
9.4; b*=16.7 for white quinoa bars baked at 180°C).
Comparing the bars processed by heating and drying
at 70°C, with white or red quinoa as ingredient, it can
be conclude that red quinoa contributes to higher a*,
b* and L* values. However, red and yellow tonalities
are more intense (superior a* and b* values) after the
baking process at 180°C-25 minutes, even when white
quinoa is used, and these bars are lighter (superior L*
value).
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A incorporagdo de um novo ingrediente no alimento
pode trazer vantagens nutricionais quando este € rico
em compostos bioativos. No entanto, a incorporagdo
desse ingrediente pode implicar a alteragdo da estrutura
do material, refletindo-se em alteragdes sensoriais ¢ de
textura. A textura ¢ um importante atributo da qualida-
de de um produto alimentar e pode ser definido como
o grupo de caracteristicas fisicas que derivam dos ele-
mentos estruturais que constituem o alimento [16] (ex.
polissacaridos, proteinas). Estas propriedades sdo ava-
liadas sensorialmente, mas alguns métodos instrumen-
tais permitem determinar as propriedades de textura,
tendo boa correlagdo com os testes sensoriais. Tendo
em conta os elevados custos de treino e manutengao de
um painel de provadores, o uso deste tipo de equipa-
mento apresenta vantagens.

O texturémetro (Figura 4) € composto por um dinamo-
metro que fornece energia mecanica a uma sonda que
contacta com a amostra (a uma velocidade constante),
deformando-a. A resposta do material ¢ registada em
curvas de forca vs. Tempo (Figura 5). A textura das bar-
ras de quinoa foi avaliada usado testes de corte (Figura
4), calculando o parametro firmeza a partir dos texturo-
gramas obtidos. As barras de quinoa branca cozidas no
forno, o produto preferido pelos consumidores, apre-
sentou um valor mais alto de firmeza (21,8 N £ 6,1 N)
do que o das barras de quinoa branca produzidas por
aquecimento a 70°C e secagem posterior a 70°C durante
24h (14,8 N £ 5,5 N). Contudo, devido a sua elevada
firmeza, ndo foi possivel medir as barras de quinoa ver-
melha preparadas por aquecimento e secagem a 70°C.
No que respeita a cor (Tabela 2), todas as barras de qui-
noa apresentaram valores positivos de a*, correspon-
dentes ao vermelho, e valores positivos de b*, corres-
pondentes a tonalidade amarela. O produto com melhor
avaliag@o do painel apresentou maiores valores de a* e
b* e também maior luminosidade (L*=34,7%; a*= 9,4,
b*=16,7 para a barra de quinoa branca cozida a 180°C).
Comparando as barras processadas com aquecimento
e secagem a 70°C, com quinoa branca ou vermelha,
conclui-se que a quinoa vermelha produz barras com
valores mais elevados de a*, b* e L*. Contudo, as tona-
lidades vermelha ¢ amarela sdo mais intensas (valores
superiores de a* e b*) quando as barras sao produzidas
por cozedura a 180°C-25 min, mesmo quando se usa
quinoa branca, barras estas que também sao mais claras
(valor superior de L*).
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Figure 4/ Figura 4 - Instrumental analysis of texture of red quinoa bar,
using a texturometer attached with a Craft Knife Blade probe.
Avaliacdo instrumental da textura de uma barra de quinoa vermelha,
usando o texturémetro com uma sonda de corte.
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Figure 5/ Figura 5 - Examples of texturograms obtained from cutting tests.
Firmness is recorded as the maximum peak of force.
Exemplos de texturogramas obtidos nos testes de corte. A firmeza corresponde
ao pico maximo da forca.
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Conclusion

This work suggests that quinoa is an interesting func-
tional ingredient to develop new cereal bars as an alter-
native to the conventional commercial products, with
desirable physical and sensory proprieties. The nutri-
tional evaluation should be made in future studies.
Although there is no statistical significance in the dif-
ferences on evaluation results between the three bars,
the processing conditions tested in this study are prom-
ising for the production of those white or red quinoa
bars in future studies.
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Conclusao

Este trabalho sugere que a quinoa ¢ um ingredien-
te funcional interessante para o desenvolvimen-
to de novas barras de cereais como uma alternativa
aos produtos comerciais convencionais, com pro-
priedades fisicas e sensoriais desejaveis. Em estu-
dos futuros, a avaliacdo nutricional deve ser feita.
Embora ndo exista significado estatistico nos resultados
da avaliagdo entre as trés barras, as condigdes de pro-
cessamento testadas neste estudo sdo promissoras para
a produgdo destas barras de quinoa branca ou vermelha,
em futuros estudos.
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