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RESUMO

A casca de banana € um residuo agroindustrial, rica do ponto de vista nutritivo e com
potencial para utilizagdo no desenvolvimento de um novo produto. Neste sentido, o
objetivo geral deste trabalho foi estudar o efeito da adigdo da farinha da casca de
banana na elaboragdo de barras de cereais. A metodologia de modelagem de
misturas foi utilizada para investigar os efeitos da farinha da casca de banana, flocos
de arroz e farinha de aveia na aceitagao sensorial e caracteristicas fisicas das barras
de cereais; as formulagdes mais e menos aceitas tiveram seus perfis sensoriais
avaliados por meio de analise descritiva; e o armazenamento das barras de cereais
foi estudado quanto aos compostos bioativos e propriedades de textura. Proporcdes
equivalentes dos trés componentes (farinha de casca de banana, flocos de arroz e
farinha da aveia) e a interagdo binaria de farinha de casca de banana e flocos de
arroz resultaram em barras de cereais com um grau de aceitagdo na regido de melhor
resposta do diagrama triangular. Ainda, a farinha da casca de banana interagiu com
flocos de arroz e a farinha de aveia, promovendo mudangas na cor, volume especifico
e adesividade das barras de cereais. O mapa de preferéncia externo mostrou que a
barra de cereal com 50% de farinha de casca de banana e 50% de flocos de arroz e a
barra de cereal com 17% de farinha de casca de banana/66% de flocos de arroz/17%
de farinha de aveia foram caracterizadas pela aceitacao pela aparéncia, textura, sabor
e aceitagao global, bem como maior volume especifico, forca de ruptura e dureza; a
formulacdo com iguais propor¢cées dos trés ingredientes foi caracterizada pela
aceitacado pelo aroma e baixas intensidades de vermelho, amarelo e croma. A adi¢ao
da farinha de casca de banana também mudou a intensidade dos termos descritores
das barras de cereais, resultando em diferentes perfis sensoriais em relagao a barra
comercial. Barras com maior quantidade de farinha de casca de banana adicionada
foram caracterizadas pela cor escura, aroma de banana e gosto amargo, enquanto
que a barra com adicdo de menor quantidade de farinha de casca de banana foi
caracterizada pela quantidade de flocos de arroz e crocéancia, pelo fato de possuir
maior quantidade de flocos de arroz. A barra de cereal comercial foi caracterizada
pela dureza, gosto doce, adesividade e sabor de aveia. Finalmente, durante o estudo
do armazenamento das barras de cereais, a quantidade de compostos fendlicos, bem
como a atividade antioxidante total pelos métodos ABTS e DPPH: de algumas barras

de cereais, reduziu do inicio ao final do estudo, embora tenha aumentado em outras



formulagdes. Houve modificacbes nas propriedades de textura durante o
armazenamento, com um incremento na forga de ruptura no quarto més e na dureza
no nono més. Este estudo mostrou ainda que as barras de cereais formuladas com
farinha de casca de banana apresentaram maior for¢a de ruptura no quarto més, o
que torna interessante seu consumo até o terceiro més. Por outro lado, os teores de
compostos fendlicos e atividade antioxidante diminuiram no sexto més, com isso seu
consumo se torna indicado até o quinto més de armazenamento. Apesar das
alteragbes, a analise de componentes principais mostrou que o tempo teve pouco
efeito nas principais caracteristicas das barras de cereais. Concluindo, a adi¢cao de
farinha de casca de banana na elaboracdo de barras de cereais € viavel do ponto de
vista sensorial e contribui para a incorporagdo de compostos bioativos, agregando

valor ao produto e diminuindo as perdas industriais.

Palavras-chave: aceitagcdo sensorial, textura, compostos fendlicos totais, atividade

antioxidante total, analise descritiva, armazenamento.



ABSTRACT

The banana peel is an agro-industrial residue, rich regarding to nutritive value and with
potential to be used in the development of a new product. In this way, the objective of
this work was to study the effect of addition of the banana peel flour in production of
cereal bars. The mixture modeling methodology was used to investigate the effects of
banana peel flour, rice flakes and oat flour on the sensory acceptability and physical
characteristics of the cereal bars; the most and least accepted formulations had their
sensory profiles evaluated through descriptive analysis; and the storage of the cereal
bars was studied regarding to bioactive compounds and texture properties. Equivalent
proportions of three components and binary mixtures of banana peel flour and rice
flakes resulted in bars with liking degree in the region of higher response in the
triangular diagrams. Yet, the interaction between banana peel flour with rice flakes or
oat flour promoted changes to the color, specific volume and adhesiveness of the
cereal bars. The external preference mapping showed that cereal bar with 50% of
banana peel flour and 50% of rice flakes and the cereal bar with 17% of banana peel
flour /66% of rice flakes/17% of oat flour were characterized by the acceptability by
appearance, texture, flavor and overall acceptability, as well as greater specific
volume, force of rupture and hardness; the formulation with equal proportions of the
three ingredients was characterized by acceptability by the aroma, and low intensities
of red, yellow and chroma. The addition of banana peel flour also changed the
intensity of descriptive terms of the cereal bars, resulting in different sensory profiles in
relation to the commercial bar. Cereal bars with higher quantities of banana peel flour
were characterized by dark color, banana aroma and bitter taste, while cereal bar with
lowest quantity of banana peel flour was characterized by amount of rice flakes and
crispness, because it had lower quantity of rice flakes. The commercial cereal bar was
characterized by hardness, sweet taste, adhesiveness and oat flavor. Finally, during
the storage study of the cereal bars, the quantity of total phenolic compounds, as well
as the total activity antioxidant by methods ABTS and DPPH in some cereal bars, was
reduced from beginning to end of this study, although had increased in others
formulations. The texture properties of the cereal bars were modified during storage
study, with increment of force of rupture from the fourth month and of hardness from
the ninth month. This study showed that cereal bars formulated with banana peel flour

showed higher rupture force in the fourth month, which makes it interesting



consumption until the third month. Moreover, the levels of phenolic compounds and
antioxidant activity decreased in six month, it becomes consumption indicated by the
fifth month of storage. However, the principal component analysis showed that time
had a little effect on the principal characteristics of the cereal bars. Concluding, the
addition of banana peel flour in formulations of cereal bars is feasible regarding to
sensory aspects and it contributes to the incorporation of bioactive compounds,

aggregating value to the product and reducing industrial losses.

Keywords: sensory acceptability, texture, total phenolic compounds, total antioxidant

activity, descriptive analysis, storage.
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1. INTRODUGAO GERAL

A banana é uma das frutas mais consumidas mundialmente, podendo ser
destinada ao consumo direto e para a industrializagdo na forma de compotas, doces,
geleias e sorvetes. No entanto, a sua casca constitui um residuo gerado pela
agroindustria sem finalidade industrial e, para valorizar a casca de banana, é
indispensavel o desenvolvimento de tecnologias que sejam capazes de utilizar
racionalmente os residuos gerados pelas industrias alimenticias, contribuindo para o
desenvolvimento sustentavel do pais.

Sabe-se que casca da banana é rica em fibras alimentares, proteinas, minerais,
além de compostos bioativos com potencial antioxidante. Com isso, esse residuo
gerado pode ser utilizado pela industria alimenticia e farmacéutica, como por exemplo
a farinha da casca de maracuja, com a finalidade de agregar valor aos produtos.

O consumo de alimentos saudaveis € uma tendéncia no mundo todo e a barra
de cereais esta associada a isso, pois além de ser um produto pratico, versatil e
conveniente, pode ser preparado de forma a aumentar o seu valor nutritivo. Em um
cotidiano em que as pessoas nao dispdem de tempo para preparar alimentos
nutricionalmente saudaveis, o crescimento do consumo deste tipo de alimento
aumenta a cada ano. Neste sentido, a farinha da casca de banana torna-se um
ingrediente em potencial para aplicagdo em barras de cereais.

Durante o preparo de alimentos, sabe-se que ocorrem interagdes entre os
ingredientes que podem afetar suas propriedades fisicas, quimicas e sensoriais. Para
que o controle dessas alteragbes ocorra de forma eficiente, garantido os melhores
parametros fisico-quimicos e sensoriais, € fundamental para ciéncia de alimentos a
utilizacao de técnicas de planejamento e analises estatisticas de forma a garantir um
produto com as melhores carateristicas. Além disso, alimentos sofrem diversas
alteragbes durante seu armazenamento ao longo do tempo, sendo que algumas delas
podem resultar em prejuizo no valor nutritivo e demais parametros de qualidade do
produto.

Diante do exposto, um estudo utilizando a farinha de casca da banana na
elaboragcdo de barra de cereal, que é um produto de grande consumo e aceitagéo
entre criangas e jovens, torna-se interessante do ponto de vista da saude humana e
da ciéncia e tecnologia de alimentos, ja que poder-se-a valorizar os residuos da

industria alimenticia na elaboragéo de um produto com valor agregado.
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Assim, foram elaboradas diferentes formulagdes de barras de cereais contendo
farinha de casca de banana por meio de modelagem de misturas, com o intuito de
investigar o efeito dessa adigdo na aceitagao sensorial € nas propriedades fisicas das
barras de cereais. O perfil sensorial de algumas barras de cereais foi caracterizado e
foi avaliado, ainda, o efeito do armazenamento na estabilidade dos compostos
fendlicos, atividade antioxidante e propriedades de textura das barras, com a
finalidade de viabilizar a elaboracado das barras de cereais com a adicao de farinha de
casca de banana e que sejam compativeis com as barras de cereais existentes hoje

no mercado.
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2. OBJETIVOS

2.1. Objetivo geral

Aproveitar a casca de banana na elaboragao de barras de cereais.

2.2. Objetivos especificos

Investigar o efeito da adicdo da farinha da casca de banana, flocos de arroz e farinha
de aveia na aceitagao sensorial e propriedades fisicas das barras de cereais por meio

da metodologia de modelagem de misturas (capitulo 2).

Caracterizar o perfil sensorial de diferentes formulagdes de barras de cereais por meio

de analise descritiva (capitulo 3).

Estudar o efeito do tempo de armazenamento na estabilidade dos compostos
fendlicos, atividade antioxidante total e parametros de textura das barras de cereais

(capitulo 4).
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1. A banana

De acordo com FAO (2014), o Brasil ocupa o quinto lugar em produgéo de
bananas, chegando a quase 7 milhdes de toneladas/ano. No Brasil, € a segunda fruta
em importancia, o que pode ser comprovado pela produgédo anual (Tabela 1) (IBGE,
2012). As regides de maior producao sao Nordeste e Sudeste que juntas representam

mais de 60% da producéo total de bananas no pais.

Tabela 1: Principais frutas produzidas no Brasil em 2012.

Frutas Area (ha) Producao (t)
Laranja 808.624 19.032.285
Banana 478.524 6.943.904
Uva 80.651 1.455.081
Abacaxi 90.833 3.176.593
Maca 38.491 1.338.270
Demais Frutas 1.489.035 11.982.518

Fonte: IBGE (2012).

A maior parte da produgcdo de bananas no Brasil destina-se ao mercado in
natura, sendo que o volume de comercializagdo, de um modo geral, é bem distribuido
ao longo do ano (IBGE, 2012).

As perdas pos-colheita sdo tidas como o principal agravante da bananicultura,
atingindo volumes expressivos. Almeida e Silva (2008) constataram perdas de 3,25%
em propriedades rurais, 1,66% no mercado livre do produtor e na faixa de 0 a 2,1% no
mercado varejista. Em regides mais quentes, como no Estado de Mato Grosso, essas
perdas podem chegar a 42%, desde a climatizagdo até o final da vida util dos frutos
(CAMPOS; VALENTE; PEREIRA, 2003).

N&o se conhece, exatamente, o numero de cultivares de bananas existentes no
mundo, mas estima-se entre 100 a 300 (SANSOM, 1980). No Brasil as cultivares mais
difundidas sé&o a Prata, Pacovan, Prata Ana, Nanicdo, Nanica e Grande Naine e, em
menor escala, sdo plantadas as variedades Figo Cinza, Figo Vermelho, Ouro, Caru
Verde e Caru Roxa (SILVA et al., 1999; SILVA; SANTOS-SEREJO; CORDEIRO,
2004).
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Desde a década de noventa, a bananicultura mundial encontra-se baseada em
um clone de banana do subgrupo Cavendish, a Grande Naine (JANICK, 1998). Esses
cultivares sao adequados tanto para a exportagdo do fruto in natura quanto para o
processamento. Talvez esse seja um dos motivos que justifica o0 amplo cultivo dessa
variedade (THOMPSOM, 1995). A banana Nanica, a mais disseminada das
Cavendish, tem o porte mais baixo que as demais, com frutos delgados, longos,
encurvados e de cor amarelo esverdeado.

N&o obstante as numerosas variedades de banana existentes no Brasil,
levando-se em conta fatores como a preferéncia dos consumidores, produtividade,
tolerancia as pragas e doengas, resisténcia a seca e ao frio e porte, poucas cultivares
apresentam potencial agroeconémico para fins comerciais (SILVA, et al., 1999).
Assim, a EMBRAPA — Empresa Brasileira de Pecuaria e Abastecimento, em parceria
com outras instituigdes nacionais e internacionais, dispde de um programa de
melhoramento genético com o objetivo de obter varios gendtipos resistentes as
principais doencas com diferentes niveis de aceitacdo pelo consumidor (SILVA,;
PEREIRA; RODRIGUES, 2008; SILVA; SANTOS-SEREJO; CORDEIRO, 2004).

A maturagao fisiolégica corresponde aquela em que o fruto atingiu o seu
tamanho e peso maximo, porém ainda ndo possui caracteristicas desejaveis de
comercializacdo. No entanto, evolui naturalmente para a maturagdo que o torna
préprio para o consumo humano (MAIA et al., 2009). Dentre os frutos climatérios, a
banana é um caso raro no que se refere a larga faixa de maturidade fisiolégica em
que pode ser colhida e induzida a amadurecer com excelente qualidade
(FERNANDES; LEAL; SANCHES, 2010). Assim, a banana é colhida ainda verde
(grau de maturacdo 1 — Figura 1) e induzida ao amadurecimento com excelente
qualidade, o que faz com que a maturagdo comercial seja uma operacao de rotina
para essa espécie (WILLS et al., 1981). A banana colhida na maturidade fisiolégica
apresenta-se verde, com textura rigida, pobre em aromas e acidos, baixo teor de
agucares e alto teor de amido e adstringéncia devido aos compostos fendlicos
presentes na polpa (MEDINA; PEREIRA, 2004).

A inducdo da maturagdo é conhecida por climatizagdo e tem por objetivo o
controle do amadurecimento de grandes volumes de produgado, a uniformizacdo da
coloragao amarela e o aumento da longevidade dos frutos. O gas recomendado para
essa finalidade é o etileno (SPOTO; GUTIERREZ, 2006; WENER, 1978). A

climatizagdo é feita em camaras frigorificas constando de exaustores, isolamento
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térmico, porta hermética, equipadas com controle de temperatura, umidade e
concentragao de gas (LICHTEMBERG,; VILAS BOAS; DIAS, 2008).

Os graus de maturacao dos frutos seguem a escala de maturagdo de Von
Loeseck (1949) (Figura 1).

Figura 1: Escala de maturagao de bananas.

1 - Totalmente Verde

2 - Verde com tracos amarelos

3 - Mais verde que amarelo

4 - Mais amarelo que verde

5 - Amarelo com a ponta verde

6 - Totalmente amarelo

(Ol

7 - Amarelo com manchas marrons

Fonte: Von Loesecke (1949).

A maturagao dos frutos envolve o aumento dos acucares soluveis, a diminuicdo
do amido e hemicelulose e uma suave queda no conteudo de lipideos e proteinas.
Também ocorre a degradacgao da clorofila, sintese e aparecimento de carotendides; o
amaciamento da polpa devido a acao das enzimas protopectinases e pectinesterases
e o desenvolvimento de aromas (MEDINA; PEREIRA 2004; MOHAPATRA et al.,
2010).

Sendo a banana um fruto bastante produzido, consumido e com quantidades
significativas de nutrientes, minerais e compostos bioativos, faz-se necessario um
estudo do seu residuo, a casca, como forma de valorizar o residuo gerado pela

agroindustria alimenticia no desenvolvimento de novos produtos.
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2. A casca da banana

A casca da banana representa de 35 a 50% em peso da fruta madura, podendo
ser utilizada em escala reduzida na forma direta, como em receitas, e na alimentacao
animal (TRAVAGLINI et al., 1993), mas geralmente é descartada (PACHECO-
DEHALAYE et al., 2008). Considerando a casca da banana como 35% em peso da
fruta madura, das 7 Mt de banana produzidas em 2012 no Brasil (IBGE, 2012), cerca
de 2,5 Mt sao referentes a casca da banana, sendo que sua maioria € destinada a
alimentagdo animal a um prego baixo. Dessa forma, durante o processamento de
produtos industrializados, a casca da banana se acumula como residuo, causando
sérios problemas ambientais (CHOOKLIN; MANEERAT; SAIMMARI, 2014).

A casca de banana é rica em fibras e diversos nutrientes, entre eles, minerais
com atividade antioxidante como o magnésio, manganés e zinco (PEREIRA, 2007),
que em associagdo com enzimas sdo denominados antioxidantes exogénos nao
enzimaticos (Halliwell & Gutteridge, 1985). O teor de alguns micronutrientes, como
ferro e zinco, € maior na casca do que na polpa e, assim, a casca € considerada boa
matéria-prima alimenticia (DAVEY et al., 2009; EMAGA et al., 2007; EMAGA et al.,
2008). A casca da banana (base seca) também é rica em fibra alimentar total (43,2-
49,7%), lipidios (3,8-11%), proteina (6-9%), amido (3,0%) e micronutrientes (K, P, Ca,
Mg) (MOHAPATRA; MISHRA; SUTAR, 2010) e nao foram encontrados trabalhos na
literatura a respeito da presenca de substancias toxicas na casca de banana.

A quantidade de compostos fendlicos presentes na casca de banana varia entre
0,90 a 3,0 g/100 g de matéria umida (NGUYEN; KETSA; VAN DOOR, 2003), sendo
que Someya et al (2002) identificaram galocatequina a uma concentracdo de 160
mg/100 g de matéria umida. A casca de banana madura possui dopaminas e
catecolaminas (KANAZAWA; SAKAKIBARA, 2000) e carotendides, tais como o -
caroteno, a-caroteno e diferentes xantofilas, tém sido identificados na casca da
banana (BORGES et al., 2014), bem como esterois e triterpenos, tais como o [3-
sitosterol, estigmasterol e campesterol (GONZALEZ-MONTELONGO; LOBO;
GONZALEZ, 2010; KNAPP; NICHOLAS, 1969).

Em trabalho realizado por Lee et al. (2010), ao desenvolverem geleia de casca
de banana, foi observado o aumento do teor de compostos fendlicos e da capacidade
antioxidante do produto final, devido ao rompimento da parede celular durante o
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processo de coccdo. Assim, as cascas das frutas podem ser consideradas como
alternativa de compostos bioativos, sendo necessario evitar seu desperdicio.

Neste sentido, cascas de frutas e vegetais vém sendo utilizadas no
processamento de produtos tendo como finalidade o aproveitamento integral do
alimento, bem como a incorporagcdo de compostos bioativos naturais. Dentre esses
produtos temos a barra de cereal que é considerado um alimento pratico e

conveniente quando se trata da ingestéo de nutrientes.

3. Barras de cereais

O conceito de snacks saudaveis foi introduzido inicialmente nos Estados Unidos,
na forma de barra de granola desenvolvida como um alimento matinal, e a legislacéo
brasileira define os produtos de cerais aqueles obtidos a partir de partes comestiveis
de cereais, podendo ser submetidos a processos de maceragao, moagem, extragao,
tratamento térmico e/ou outros processos tecnoldégicos considerados seguros para a
producéo de alimentos (BRASIL, 2005).

Barras de cereais s&o alimentos nutritivos compostos por multiplos ingredientes,
incluindo cereais, frutas e agucar. Existem diversos tipos de barras de cereais, entre
elas estdo as com alto teor proteico, alto teor de fibras e alto teor de calorias. Além
disso, estdo disponiveis outros tipos de barras como barras salgadas, com baixa
caloria, barras dietéticas, com frutas e/ou castanhas, com flocos de arroz, com
sementes, dentre outras (SARANTOPOULOS; OLIVEIRA; CANAVESI, 2001). Elas
também podem receber recheios ou coberturas, como de chocolate, e propriedades
funcionais adicionadas, como prebitticos (LOBATO et al., 2012).

A mudancga no estilo de vida da populagcdo, bem como seu interesse em
alimentos saudaveis, estimula o interesse dos pesquisadores e da industria
alimenticia em desenvolver novas formulagdes e ingredientes de forma a aumentar o
valor nutricional dos alimentos. Assim, outros tipos de barras de cereais sao
encontrados na literatura, como as com polpa de mac¢a, de marolo, de linhaga, com
semente de uva, entre outras (DUTCKOSKY et al., 2006; LOBATO et al., 2012;
LOVEDAY et al., 2009; OZILGEN, 2011; SILVA, et al., 2013; SUN-WATERHOUSE et
al., 2010).

Sdo ainda considerados alimentos praticos, convenientes e de facil

processamento e, dependendo dos ingredientes utilizados, podem ser
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comercializados por um baixo custo. Todavia, por ser de um processamento
relativamente simples, a incorporagcdo de altas quantidades de componentes
funcionais pode se tornar dificil uma vez que ocorre a interagdo das caracteristicas
individuais desses componentes com outros ingredientes utilizados. Com isso, a
incorporagado desses componentes funcionais pode determinar as caracteristicas
sensoriais, tais como a textura e sabor, além de propriedades fisicas do produto
(LOBATO et al., 2012; SILVA et al., 2013).

A barra de cereal € um produto obtido da compactagao de cereais. Trés grupos
de ingredientes compdem-na: sélidos (mistura de cereais, frutas secas e castanhas),
ligantes (xarope de milho, mel, agucar e seus substitutos, como edulcorantes, fibras e
colageno) e aromas como baunilha, banana, (PALLAVI et al, 2015;
SARANTOPOULOS; OLIVEIRA; CANAVESI, 2001), sendo que sua adicdo ocorre no
final do processamento. Além disso, agentes estabilizantes, como a lecitina, também
podem ser adicionados. Dentre os cereais utilizados, a aveia é a mais amplamente
utilizada na formulacdo de barras de cereais, podendo ser utilizada na forma de
farinha ou flocos. Segundo Karam, Groosmann e Silva (2001), a aveia destaca-se
devido ao seu teor e qualidade proteica, predominancia de acidos graxos insaturados
e composicao de fibras alimentares. Os flocos ou farinha de cereais, dentre eles os
flocos de arroz, também sdo bastante utilizados e podem alterar a aparéncia e a
textura do produto final (KARAM; GROOSMANN; SILVA, 2001). Como as barras de
cereais sao alimentos multicomponentes € necessaria a aplicagdo de um

planejamento experimental baseado na modelagem de misturas.

4. Modelagem de misturas

Quando variaveis de mistura estdo envolvidas em uma otimizagao, o resultado
depende da proporgcao em que esses componentes se encontram e seus niveis nao
podem ser variados sem levar em conta os outros componentes. Em outras palavras,
misturas sdo sistemas cujas propriedades dependem das proporcdes relativas dos
seus componentes e nao de suas concentragbes (BARROS NETO et al, 2007,
COSCIONE et al., 2005). Se uma proporg¢ao individual x; € unica, entdo a mistura é
chamada pura, se forem dois, € chamada binaria, e assim por diante (CORNELL,
2002).
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O modelo mais simples para uma mistura de trés componentes € o modelo

aditivo ou linear, dado por:
Yi=Bo+ B1X1 + P2X2 + B3Xs + €

onde Yi € um valor experimental da resposta de interesse, Po, 1, f2 € B3 sdo os
parametros do modelo e € representa o erro aleatorio asociado a determinagdo do

valor de Yi. Ja o modelo quadratico é dado por:

Y = B1X1 + B2X2 + B3X3 + f12X1X2 + B13X1X3 + P23XaX3 + €

sendo que X1, X2, X3 sdo componentes da mistura e X1+X2+X3 = 1. E para o modelo

cubico especial tem-se a seguinte equagao:
Y = B1X1 + B2X2 + BaXz + B12X1X2 + B13X1X3 + P23X2X3 + $123X1X2X3 + €

A modelagem de misturas consiste em ajustar um modelo matematico polinomial
a uma superficie de resposta obtida segundo um planejamento experimental
especifico, conhecido como planejamento estatistico de misturas. Neste tipo de
delineamento, sdo utilizadas técnicas de analises para examinar o comportamento de
superficies de respostas quadraticas hiperdimensionais, com a finalidade de
determinar a regido 6tima local e geral. Quando ocorre uma curvatura na superficie da
mistura devido a n&o linearidade (frequentemente chamada sinergismo e
antagonismo) da mistura entre os pares dos componentes, a equacao polinomial
candnica de grau dois ou mais € tida como representagao da superficie. Se o sinal for
positivo, os componentes sdo sinergisticos e se forem negativos eles sao tidos como
antagonisticos (CORNELL, 2002). Dessa forma, a modelagem de misturas tem
grande importancia industrial, sendo muito utilizado na obtengcdo de diversos
produtos, como alimentos, farmacos e polimeros (COSCIONE et al., 2005), e diversos
autores tém estudado o comportamento de misturas em diversos tipos de alimentos
(BRAGA; CONTI-SILVA, 2015; FERREIRA, et al. 2014; MATSAKIDOU,;
MANTZOURIDOU; KIOSSEOGLOU, 2015).

Quando se trata do processamento de alimentos, ocorrem muitas alteracoes
quimicas nos ingredientes, entre elas, mudangas no comportamento dos compostos

bioativos.
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5. Compostos bioativos

Os compostos bioativos, representados principalmente pela vitamina C e
polifendis, tais como antocianinas, acidos fendlicos, flavondides e taninos, sao
conhecidos como antioxidantes naturais e, quando estdo presentes nos alimentos,
podem conferir, aos mesmos, propriedades de saude (SZAJDEK; BOROWSKA,
2008).

Antioxidantes em sistemas biolégicos tém multiplas fung¢des, as quais incluem
protecdo aos danos oxidativos nas principais vias de comunicacao celular. A maior
acao dos antioxidantes nas células é prevenir os danos causados pela acdo de
espécies reativas de oxigénio, tais como radical superéxido (Oz2), radical hidroxil (OH")
e radical peroxil (ROO-) que sdo gerados nos organismos vivos durante o estresse
oxidativo (KANNAN et al., 2013). Os radicais livres tém sido identificados como a
causa de algumas doengas crénicas, entre elas o cancer.

Estudos epidemioldgicos recentes sugerem que um consumo regular ou o seu
aumento em frutas e vegetais pode auxiliar na reducao do risco de doencgas cronicas,
e esses beneficios a saude sao atribuidos principalmente aos seus antioxidantes
naturais e conteudo de fibra dietética (LEE et al., 2003; SEERAM et al., 2005; SUN-
WATERHOUSE et al., 2010).

Diversos métodos tém sido desenvolvidos para avaliar a capacidade
antioxidante de extratos de plantas baseadas em diferentes mecanismos, entretanto,
ndo existe uma metodologia padrdo aceita universalmente (TSAO; DENG, 2004).
Diferentes ensaios sao aplicados ao investigar a atividade antioxidante, incluindo os
métodos ORAC, Folin-Ciocalteu, por Trolox-equivalente (TEAC), 2,2-di(4-terc-
octilfenil)-1-(picrilhidrazil) (DPPH) e poder antioxidante de redugao férrica (FRAP)
(APAK et al.,, 2013; CELLI; GHANEM; BROOKS, 2014). Esses diferentes métodos
sao aplicados para avaliar a atividade antioxidante de oxidantes biologicamente
relevantes, incluindo o oxigénio singlete, anion superodxido e radicais hidroxil (HUANG
et al., 2005).

Compostos fendlicos sao importantes na qualidade sensorial e nutritiva de frutas,
hortalicas e outras plantas. Sdo o de maior ocorréncia no grupo dos fitoquimicos,
além de serem muito importante fisiologicamente e morfologicamente para as plantas,
pois possuem fungbes bioldgicas. Os fendis podem atuar como fitoalexinas,

pigmentos das plantas, antioxidantes e agentes protetores contra a luz ultravioleta
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(UV), entre outros (NACZK; SHAHIDI, 2006; POPA et al., 2008). Essas propriedades
bioativas fazem com que estes compostos desempenhem importante papel no
crescimento das plantas e sua reprodugdo, proporcionando uma protecao eficaz
contra os agentes patdgenos, além de contribuir para as caracteristicas de cor e
sensoriais de frutas e hortalicas (ALASALVAR et al., 2001; IGNAT; VOLF; POPA,
2011).

Estudos cientificos tém relatado que os fendis naturais tém excelentes
propriedades como conservantes dos alimentos, bem como tem um papel importante
na protegdo contra um numero de disturbios patologicos tais como aterosclerose,
disfuncdo no cérebro e cancer (GORDON, 1996; VALENZUELA et al., 1992).

Entretanto, esses compostos tém poucas aplicagdes industriais.

6. Atividade antioxidante total pelo método (DPPH-) 2,2-di(4-terc-octilfenil)-1-
(picrilhidrazil)

O método do DPPH- é rapido, barato, conveniente além de ser preciso para
avaliar a atividade antioxidante (BRAND-WILLIANS, et al., 1995; SHARMA; BHAT,
2009). Quando uma solugéo de DPPH: & misturada com um composto redutor, a sua
cor muda de purpura para amarelo, correspondente ao hidrazina (Figura 2). A
capacidade de reduzir os antioxidantes por DPPH- pode ser avaliada por meio do
monitoramento da diminuicdo da sua absorbancia a 515-528 nm, com a formagao do
composto hidrazina e a presenga de uma solugdo amarela (PYRZYNSKA; PEKAL,
2013).

Figura 2: Estrutura quimica do radical DDPH e sua reagdo com um captador de
radicais livres indicado por AH.

H
@ MOz Q | )%
N/N©\ + AH —» N + A
NO
O === O
2,2-difenil-1-picrilhidrazil 2,2, -difenil-1-picrilhidrazina

Originalmente, acreditava-se que método do DPPH:- envolvia a reacédo de

transferéncia de hidrogénio, mas Foti et al.,, (2004) sugeriram um mecanismo
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diferente. A transferéncia inicial de elétrons ocorre muito rapidamente e a
transferéncia subsequente de hidrogénio ocorre mais lentamente e isto depende da

ligacao de hidrogénio formada no solvente utilizado, como o metanol ou etanol.

A concentragcdo de antioxidante necessaria para diminuir a concentragao inicial
de DPPH: em 50% (denominada concentragao de inibigdo 1Cso ou concentracdo de
eficiéncia ECsp) é também utilizada para a comparagdo das capacidades
antioxidantes de diferentes compostos. O menor valor de ECso indica uma maior
capacidade antioxidante. Os valores de ECso s&o expressos em diferentes unidades:
em g de antioxidante por Kg de DPPH-, como pmol de um antioxidante ou em uma
unidade de concentragdo como mg. L' (PYRZYNSKA; PEKAL, 2013).

7. Atividade antioxidante total pelo método ABTS

Neste método, o ABTS é oxidado pelo cation deste radical, ABTS*, o qual é
intensamente colorido e a capacidade antioxidante € medida como a habilidade dos
compostos teste em diminuir a cor, reagindo diretamente com o radical ABTS
(GULCIN, 2012). O cation do radical ABTS constitui a base do método
espectrofotométrico aplicado para medir a atividade antioxidante total de substancias
puras, misturas aquosas e bebidas (GULCIN et al., 2009). A forma mais apropriada
para a realizacao deste método € a técnica de descoloragdo, na qual o radical é
gerado diretamente em sua forma estavel pela reacdo com antioxidantes conhecidos
(MILLER et al., 1993).

O ABTS* reage rapidamente com antioxidantes nos componentes alimenticios,
normalmente com 30 minutos de reagdao. Esse método pode ainda ser usado sobre
uma vasta gama de valores de pH e, dessa forma,, pode ser utilizado para estudar os
efeitos do pH sobre os mecanismos antioxidantes. Além disso, o ABTS é soluvel em
solventes aquosos e organicos e nao é afetado pela forga idnica. Assim, ele pode ser
utilizado em variados meios para determinar a atividade antioxidante, tanto em

extratos hidrofilicos e lipofilicos, além de fluidos corporais (AWIKA et al., 2003).
8. Textura

Textura é definida como uma manifestacdo sensorial da estrutura alimentar e a
maneira pela qual esta estrutura reage as forgas aplicadas, e representa a juncao de

todos os atributos mecanicos, geométricos e superficiais de um produto detectados
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através de receptores tateis, visuais e auditivos (SZCZESNIAK, 1963a). Além disso, a
textura pode estar relacionada com a deformacgado, desintegracdo e o fluxo do
alimento quando ¢é aplicada uma for¢ga (BOURNE, 2002).

A textura pode ser medida através de testes instrumentais e sensoriais. Entre os
testes instrumentais, tem-se o texturébmetro, que imita as condi¢gdes de mastigagao e
apresenta excelentes correlagbes com as avaliagcbes sensoriais de textura
(SZCZESNIAK, 1963b). Os métodos instrumentais tém ainda a vantagem de serem
mais rapidos, praticos e mais baratos (KIM et al., 2009).

Métodos instrumentais tém sido desenvolvidos para medir as propriedades de
textura de diversos produtos alimenticios, incluindo ervilhas congeladas, arroz,
queijos, batatas, tomates processados, pescados e paes, onde os resultados sao
correlacionados com os dados sensoriais (KIM, et al., 2009). Além disso, uma grande
variedade de métodos tem sido utilizada, os quais fornecem séries temporais de
dados de deformagéo do produto, permitindo assim uma vasta gama de atributos de
textura que podem ser calculados a partir de dados da forga-tempo ou forcga-
deslocamento (CHEN; OPARA, 2013).

Os perfis de textura sdo curvas que monitoram e registram eventuais
caracteristicas espaciais ou temporais das amostras durante as medi¢cdes de textura
dos alimentos. A Analise do Perfil de Textura (TPA) estabelece uma ‘ponte’ da medida
objetiva a sensacao subjetiva, tornando as caracteristicas de textura dos alimentos
mais previsivel (CHEN; OPARA, 2013). A Analise do Perfil de Textura € um teste de
dupla compresséo, desenvolvido por Szczesniak e colaboradores (SZCZESNIAK;
BRANT; FRIEDMAN, 1963), que tem sido usada como ‘padréo’ para a avaliagdo das
caracteristicas de textura de alimentos sdlidos. O teste imita a mastigacao e fornece
uma serie de parametros de textura, como dureza, coesividade, elasticidade,
adesividade, mastigabilidade, dentre outros, que sdo relevantes para comparagao
com atributos de textura avaliados durante a mastigagao (CHENG et al., 2014; KIM et
al., 2009).

Loredo e Guerrero (2011) encontraram forte correlagdo positiva entre os
parametros de adesividade, coesividade, dureza e fraturabilidade e a viscosidade
sensorial para cinco alimentos (duas geleias, margarina, queijo e manteiga de
amendoim), enquanto que Kim et al. (2009) encontraram correlagdes que variaram de

0,741 a 0,948 ao avaliarem barras de cereais.
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9. Avaliacao sensorial

A avaliagado sensorial toma cada vez mais sua posi¢gao de importancia dentro
dos centros produtores e vendedores de alimentos. Nestes, o objetivo final dos
trabalhos realizados nas areas de desenvolvimento, producdo e marketing é o
consumidor, cuja avaliagdo se baseia, principalmente, na aceitabilidade e custos dos
produtos (SANCHES; ZOCCHlI, 2010).

A industria alimenticia moderna utiliza a analise sensorial como ferramenta para
a avaliagcao das caracteristicas sensoriais dos produtos como componente essencial
no desenvolvimento, manutencio, otimizacao, controle de qualidade e avaliacdo do
potencial de mercado de um determinado alimento (MEILGAARD; CIVILLE; CARR,
2007; PIGGOT, 1995; STONE; SIDEL, 1993).

Os testes sensoriais sdo importantes por serem uma medida multidimensional
integrada que possuem importantes vantagens, como serem capazes de identificar a
presenca ou auséncia de diferengas perceptiveis, definirem caracteristicas sensoriais
importantes de um produto, serem capazes de detectar particularidades dificilmente
detectadas por outros procedimentos analiticos, além de avaliarem se um produto é
aceito pelo consumidor (MUNOZ; CIVILLE; CARR, 1992). Piggot (1995) acrescentou
ainda que os testes sensoriais sdo usados para entender as reagdes do consumidor a
um produto. O sucesso da aplicagdo dos testes sensoriais em problemas reais da
industria de alimentos e pesquisas depende da adequada correlagdo entre a
utilizacdo do método e a informagado desejada ao final da sua aplicagao, isto €, o
objetivo a ser alcangado (PIGGOT, 1995).

As técnicas sensoriais podem ser divididas em testes discriminativos, afetivos e
descritivos.

Os testes discriminativos determinam se duas ou mais amostras séo diferentes,
ou seja, se existem diferengas percebidas entre eles. Esses métodos sao aplicados
em amostras que tém componentes da formulacao alterados ou processos diferentes.
Essas pequenas diferencas podem ser percebidas pelo consumidor ou por uma
equipe sensorial de pessoas treinadas na avaliagao. Alguns exemplos de testes
discriminativos sdo o duo-trio, triangular e R-index (SANTOS et al., 2005).

Nos testes afetivos, a proposta é avaliar a resposta pessoal (preferéncia e/ou
aceitagao) dos consumidores, habituais ou potenciais, em relagdo a um produto ou a

caracteristicas especificas do produto. Nos testes de aceitacdo, a escala hedbnica é
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utilizada para indicar graus de aceitabilidade dos avaliadores (MEILGAARD; CIVILLE;
CARR, 2007).

As técnicas descritivas sao também chamadas de técnicas de perfis e séo
amplamente aplicadas para a caracterizagao de atributos sensoriais individuais, como
perfil de sabor e perfil de textura, e de varios atributos simultaneamente, como a
Anadlise Descritiva (AD). Os testes descritivos s&o utilizados para a obtengédo da
descricao detalhada do aroma, sabor e textura de alimentos e bebidas e também na
area de pesquisa e desenvolvimento MEILGAARD; CIVILLE; CARR, 2007).

9.1. Métodos descritivos

O primeiro método descritivo proposto foi o Perfil de Sabor (CAUL, 1957) e todos
os demais métodos descritivos desenvolvidos até hoje derivaram de alguma maneira
deste método pioneiro (DUTCOSKY, 2011). Outros métodos que se destacam na
analise sensorial descritiva sao: o tradicional Perfil de Textura, por meio do qual é
realizada a descrigcado completa da textura de um alimento, desde a primeira mordida
até a completa mastigacdo, em termos de suas caracteristicas mecanicas,
geométricas, gordura e umidade (BRANDT et al., 1963); Analise Descritiva
Quantitativa, que avalia todos os atributos sensoriais (aparéncia, aroma, sabor e
textura) presentes no produto alimenticio (STONE et al., 1974); Perfil Livre (Free-
Choice Profiling), que se baseia no principio de que as pessoas percebem as mesmas
caracteristicas nas amostras, mesmo que se expressem de forma diferente
(WILLIANS; LANGRON, 1984); método Tempo-Intensidade, que envolve o
monitoramento de determinados atributos e suas intensidades com o passar do tempo
(MEILGAARD; CIVILLE; CARR, 2007); CATA (catch all that apply), no qual se utiliza
avaliadores nao treinados para descrever o perfil sensorial das amostras; e Perfil
Descritivo Otimizado, no qual cada termo descritor € avaliado individualmente e as
referéncias sdo apresentadas juntamente as amostras avaliadas (SILVA et al., 2012).

Quase todos os métodos descritivos requerem que os avaliadores tenham algum
grau de treinamento. Com excecédo do Perfil Livre e Perfil Descritivo Otimizado, os
avaliadores s&o obrigados a ter um nivel razoavel de acuidade sensorial (MURRAY;
DELAHUNT; BAXTER, 2001). Alguns autores proporam diferentes metodologias para
a descricdo rapida dos alimentos, onde os avaliadores passam por um rapido

treinamento e utilizando referéncias, atingiram uma concordéncia com o painel
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treinado (RICHER et al., 2010, SILVA et al., 2012), tornando essas metodologias
viaveis para a industria de alimentos.

Segundo Meilgaard, Civille e Carr (2007), a selegdo dos termos descritivos
importantes e significativos de um alimento deve ser baseada em conhecimento
técnico sobre o produto e nos principios da percepcédo sensorial. De acordo com
Stone e Sidel (1993), as vantagens da ADQ sobre outros métodos de avaliagdes s&o:
(1) confianga no julgamento de uma equipe composta de 10 a 12 avaliadores
treinados, ao invés de alguns poucos especialistas, (2) desenvolvimento de uma
linguagem descritiva objetiva, mais proxima a linguagem do consumidor, (3)
desenvolvimento consensual da terminologia descritiva a ser utilizada, o que implica
em maior concordancia de julgamentos entre os avaliadores e (4) os produtos sao
analisados ‘a cega’ em repeticbes por todos os participantes e, em seguida, os
resultados s&o analisados estatisticamente.

O mapa de preferéncia € uma importante ferramenta utilizada para investigar os
dados de testes afetivos através de métodos estatisticos multivariados, como a
Analise de Componentes Principais (ACP) ou a Regressdo dos Minimos Quadrados
Parciais (PLS-R) (HELGESEN; SOLHEIM; NAES, 1997). No mapa de preferéncia
externo, a aceitacdo dos consumidores por determinados produtos pode ser
correlacionada ao perfil sensorial dos mesmos, assim como as caracteristicas fisicas
e quimicas. Dessa forma, o mapa de preferéncia externo é identificado como
vantajoso para os setores de marketing e de desenvolvimento de novos produtos, ja
que essa técnica revela as principais direcbes de preferéncia que separam os
consumidores, com diferentes padrdes de gosto, ligando-os as caracteristicas fisicas,
quimicas e até sensoriais do produto (VARELA; BELTRAN; FISZMAN, 2014). Ja o
mapa de preferéncia interno permite a avaliagao da preferéncia dos consumidores em
relagdo ao conjunto, sendo que o mesmo pode complementar a analise de aceitagao
de um produto, explicando as preferéncias dos consumidores e tornando as
informagdes obtidas mais valiosas (ROUSSEAU; ENIS; ROSSI, 2012). Diversos
estudos tém sido realizados com sucesso utilizando essa técnica para varios produtos
(BRAGA; CONTI-SILVA, 2015; PAIXAO, et al., 2014; GOMES, et al., 2014; VIDAL, et
al., 2014).
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Abstract

The mixture design was used to investigate the effects of banana peel flour (BPF), rice
flakes (RF) and oat flour (OF) on sensory acceptability and physical characteristics of
cereal bars. Bioactive compounds of bars were also evaluated. Equivalent proportions
of three components and binary mixtures of BPF and RF resulted in bars with liking
degree in the region of higher response in the triangular diagrams. Interaction between
BPF with RF or OF promoted changes to the color of bars; incorporation of only BPF
reduced specific volume, and joint addition of BPF and OF increased adhesiveness of
bars. Cereal bars with 50% BPF/50% RF and 17% BPF/66% RF/17% OF in the
mixture can be considered to be the best formulations to be produced, regarding to
sensory acceptability. Finally, banana peel flour contributed to incorporation of total
phenolic compounds and total antioxidant activity in cereal bars, and thus allowed for

development of products with aggregated functional property.

Keywords: agro-industrial residue; Musa acuminate L., cv cavendshii; rice flakes; oat

flour; total antioxidant activity; external preference mapping.
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1. Introduction

The feasibility of using agro-industrial residues and by-products in foods and
incorporating them in human nutrition has been investigated by several authors
(BABBAR et al., 2011; MOHAPATRA, MISHRA, SUTAR, 2010; PAIVA et al., 2012).
Industrial waste includes seeds, bark, stems, and leaves, which largely contain a
variety of biologically active species. These active species include antioxidant
polyphenols, which have applications in the pharmaceutical and food industries
(BUCIC'- KOJIC" et al., 2009).

Banana is one of the most extensively consumed fruits in the world and
represents approximately 40% of world fruit trade. The world production of bananas
was 102 Mt in 2012, and Brazil was the fifth most important banana-producing country,
with a total production of 6.9 Mt (FAO, 2014). The banana peel represents 30-40% of
the total weight of the fruit. Consequently, the residue generated through traditional
banana consumption is important and has a significant effect on the environment.

The banana peel is rich in minerals (EMAGA et al., 2008), and its quantity of the
total dietary fiber reaches 43.2 to 49.7% (MOHAPATRA; MISHRA; SUTAR, 2010). In
addition, Gonzalez-Montelogo, Gloria Lobo, & Gonzalez (2010) reported that banana
peels contain large amounts of dopamine and I-dopamine, catecholamines, which
have antioxidant activity. Therefore, the use of banana peels in food products is useful
because of the peel’s nutritive value and also as an aid in reducing waste.

The substantial growth of the cereal bar market in recent decades is due to the
development of innovative products that have been fortified with vitamins and
minerals, as well as to the incorporation of bioactive compounds. In addition,
consumers consider cereal bars to be healthy products (BOWER e WHITTEN, 2000;
PALAZZOLO, 2003). Cereal bars have gained an acceptability in the consumers eyes
as being “better for you,” because they are considered good in nutritional term and
also because of their contribution of dietary fiber (DUTCOSKY et al., 2006).

Optimization techniques can be applied to a product in development in an
attempt to find the ideal formulation for the desired products, or even to investigate
how the independent variables affect one or some dependent variables. Thus, the
mixture modeling methodology is suitable for food products that require a composition
or a blend of key ingredients, since proportions of the ingredients in the mixture, and

their levels, are dependent on each other, and the sum of all of the components is
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always 1 or 100% (HARE, 1974). In these cases, the ingredients are the independent
variables or factors, and the objectives to be optimized or investigate are the
dependent variables (CASTRO et al., 2003).

Therefore, we aimed to investigate the effect of the addition of the banana peel
flour, rice flakes and oat flour in sensory acceptability and physical properties of the

cereal bars, using the mixture modeling methodology.

2. Material and Methods
2.1. Material

Samples of the Cavendish variety of banana (Musa acuminate L., cv
cavendshii), provided directly by the producer of Sdo José do Rio Preto, SP, Brazil,
were matured in an ethylene chamber while still at the production site. The bananas
were then stored at the Laboratory of Sensory Analysis of the Food Engineering and
Technology Department of the Institute of Biosciences, Literature and Exact Sciences
of UNESP — Univ Estadual Paulista. The samples were stored in a cool, dry place until
they reached the advanced stage of ripeness (when the peels had yellow and brown
spots), stage of maturity in which most bananas are processed by the industry. The
fruits were washed in running water and then the peel was separated from the pulp.

Approximately 2.2 kg of banana peels were arranged in trays provided with
small perforations to facilitate the passage of hot air. Then the trays were placed in a
Pasiani oven with air circulation (Classic Model Turbo 240).The oven was preheated
(20 min) at 60 °C, according to Gonzaléz-Montelongo, Lobo and Gonzalez (2010),
and, the trays were then left inside overnight. The dried peels were crushed in a food
process until the banana peel flour was obtained, and the flour was then stored in
polypropylene plastic bags at room temperature and in the dark. After drying, 100 g of
banana peel flour contained 6.8 g of moisture, 6.5 g protein, 2.2 g fat, 11.8 g of ash,
62.8 g of total dietary fiber (9.8 g of soluble fiber and 53 g of insoluble fibers) and 9.9 g
of available carbohydrate (analyses performed at laboratory).

The banana pulp was used to obtain dried banana, which was used then in the
formulation of cereal bars. Approximately 1.8 kg of banana pulp were cut longitudinally
using stainless steel knives, and the pieces were placed on perforated trays and dried
in a Pasiani oven with air circulation (Classic Model Turbo 240). After the oven was

preheated (20 min) at 60 °C, the trays were left inside for 24 h.
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The other ingredients used to prepare the cereal bars (rice flakes, oat flour,
palm oil, maize glucose, and candied bananas) were purchased in a local market and

only one brand of each product was purchased.

2.2. Experimental design

The simplex centroid design for three components was used in order to
evaluate the individual and binary effects of banana peel flour, rice flakes and oat flour
on the following dependent variables: sensory acceptability, such as appearance,
aroma, texture, flavor, and overall acceptability, and the physical properties resulting
from the texture, color, and specific volume of the cereal bars. Three replicates of the
centroid point and three axial points were considered in the design, totalizing twelve
formulations (Table 1) that were prepared at the same sequence presented in the

table. The cereal bars can be seen at Anexo 1.

Table 1. Simplex centroid design for mixtures of banana peel flour (X1), rice flakes
(X2) and oat flour (X3) in the cereal bars.

component proportion of each component
proportion’ in the cereal bar (g/1009)
formulation X1 X2 X3 banana rice flakes  oat flour
peel flour
1 0 0 42 0
2 0 0 42
3 0 1 0 42
4 0.5 0.5 0 21 21 0
5 0.5 0 0.5 21 0 21
6 0 0.5 0.5 0 21 21
7 0.33 0.33 0.33 14 14 14
8 0.33 0.33 0.33 14 14 14
9 0.33 0.33 0.33 14 14 14
10 0.66 0.17 0.17 27.72 7.14 7.14
11 0.17 0.66 0.17 7.14 27.72 7.14
12 0.17 0.17 0.66 7.14 7.14 27.72

X1+X2+X3 = 1 (equivalent to 100% of the mixture).
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The rice flakes and oat flour were choosen for the model because they are
ingredients that are commonly used in cereal bar production (RYLAND et al. 2010;
SILVA et al. 2013). The highest level of each component represents 42 g/100 g of the
total formulation of cereal bar (Table 1), what it corresponds to the quantity of dry

ingredients in the cereal bars.
2.3. Cereal bar processing

The binders (30 g corn syrup, 18 g candied bananas, and 5 g palm oil) were
heated to a boiling temperature and mixed. Subsequently, the dry ingredients (42 g of
a mixture of banana peel flour, rice flakes and oat flour and 5 g dried banana), which
had been previously mixed, were added to a mixture of the binders, and the mass was
mixed using a scoop during 4 min. The resulting mass was spread in a stainless steel
baking sheet that was 30 mm in height, and it was then baked in a Pasiani oven
(Turbo Classic model 240); the oven was preheated (20 min) at 100 °C and the dough
was cooked for 20 min. The resulting product was cooled at room temperature for 15
min. While still in the pan, the product was cut into bars of 31 + 2 mm (width) x 63 + 3
mm (length). The cereal bars were covered with film polyvinyl chloride (PVC) and
stored at room temperature until the sensory analysis was performed 24 h later. The
samples to be used for the physical, chemical and bioactive compounds analyses
were vacuum packed and stored at room temperature and in the dark for 48 h after the

bars were prepared.
2.4. Sensory acceptability of the cereal bars

The sensory analysis was performed at the Sensory Analysis Laboratory. This
study was approved by the Research Ethics Committee of the Institute of Biosciences,
Literature and Exact Sciences (Opinion Report 99.422; Anexo 2).

First, the consumers completed a questionnaire of demographic questions to
specify their degree of liking and frequency of consumption of cereal bars in general.

The cereal bar formulations were then evaluated on sensory 9-point hedonic
scales to measure sensory acceptability. The scales ranged from "dislike extremely" to
"like extremely" (MEILGAARD; CIVILLE; CARR, 2007). The attributes of appearance,
aroma, texture and flavor, and overall acceptability were the sensory parameters that

were measured.
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The test was conducted with sixty-seven consumers in individual booths, that
proved all the samples, under white light, at a temperature of 22 °C and in the morning
and the afternoon. The samples were coded with three-digit random numbers and
were presented in a monadic manner (MACFIE e BRATCHEL, 1989), and it was
asked that consumers drink water between samples. Sensory analysis was performed

divided in two sessions for each consumer because of the high number of samples.
2.5. Physical analyses of the cereal bars

The color of the cereal bars was analyzed using a Hunterlab colorimeter, Color
Flex 45/0 model (Reston, USA), with D65 iluminant and a 100 observer and using the
Spectra Magic Nx software (version CM-S100W 2.03.0006, Virginia, USA). The
parameters L* (luminosity), a* (opposition between red and green), b* (opposition
between yellow and blue), C* (chroma) and h (hue) were obtained.

The texture of the cereal bars was analysed through two tests using the
TA.XT/Plus/50 texturometer (Stable Micro Systems, Godalming, England) and the
Texture Exponent 32 software (Stable Micro Systems, Godalming, England) and with
the following procedures:

1) Force of rupture: a three-point bending probe was used with a distance of 3.8 cm
between the axles and a test speed of 1.0 mm.s-'. For this test, three cereal bars that
were 31 £ 2 mm (width) x 63 £ 3 mm (length) were cut completely and the maximum
force, in Newton, was considered as the force of rupture;

2) Texture of Profile Analysis: ten cereal bar samples, cut into of 20 x 20-mm pieces
with the aid of a stainless steel knife, were used in the test. The test conditions were
as follows: a cylindrical aluminum probe that was 25 mm in diameter and which
operated at a speed of 1.0 mm.s™'; time of 5 s between the two compressions, and a
compression of 50% of the height of the sample. The hardness, cohesiveness,
springiness, adhesiveness and chewiness parameters were obtained (SZCZESNIAK,
2002). Fracturability was not obtained because it is not a texture parameter found in
cereal bars.

Three entire cereal bars were weighed, and the length, width and height were
measured with the aid of a digital caliper (Digimess IP54). The specific volume (cm?3.g
') of the bars was calculated using the following formula: specific volume = (height x

length x width) / weight.
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2.6. External preference mapping

The principal component analysis was applied using the Statistica 10.0 software
(StatSoft Inc., Oklahoma, USA) in order to identify the correlations between sensory
acceptability and physical characteristics of the cereal bars. The analysis resulted in
an external preference mapping. For the mapping process, only the dependent
variables that were influenced by the three components were considered (Table 2).

The average scores for sensory acceptability and the physical characteristics of
the cereal bars were placed into the columns (variables), while the formulations were
placed in the rows (cases). The formulation of the central point of the experimental
design was calculated as the mean of formulations 7, 8 and 9. The data was
standardized in the columns and analyzed using the correlation matrix without factor
rotation. A percentage of explanation above 70% for the two first principal components
indicates a strong correlation among the variables and that principal component
analysis is an appropriate multivariate analysis for this data (MARDIA; KENT; BIBBY,
1979).

2.7. Analysis of bioactive compounds of banana peel flour and cereal bars

The bioactive compounds were analyzed to evaluate the banana peel flour and

the cereal bars made with banana peel flour (formulations 1/4/5/7/10/11/12 in Table 1).

2.7.1. Extraction of antioxidants

The procedure developed by Rufino et al. (2010) was employed and, briefly, is
as follows: fresh samples from the pre-testing stage were weighed in centrifuge tubes
and the extract was obtained sequentially with 40 mL of methanol/water (50:50, v/v) in
a magnetic stirrer at room temperature for 1 h. The tubes were centrifuged at 25,4009
(BR4i multifunction, Chanteau-Gontier, France) for 15 min, and the supernatant was
recovered. Then, 40 mL of acetone/water (70:30, v/v) were added to the residue at
room temperature, extracted for 1 h in a magnetic stirrer and centrifuged. The
methanol and acetone extracts were combined, made to reach 100 mL using distilled
water, and then used to determine extract able polyphenol contents and antioxidant

capacity.

2.7.2. Estimation of total phenolic content
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The total phenolic content of the extract was determined using the colorimetric
method with the Folin-Ciocalteu reagent according to an adapted version of the
method used by Waterhouse (2002). The extracts (0.25 mL) were mixed with 0.25 mL
of the Folin-Ciocalteu reagent, 0.25 mL of a sodium carbonate solution (7.5:92.5, v/v)
and 2 mL of distilled water. After 30 min in a water bath at 37 °C, the absorbance of
the sample was read at 750 nm in a spectrophotometer (Beckman Coulter DU 640,
UV-vis, Fullerton, USA), and the results were expressed as mg of gallic acid

equivalents per g of fresh weight (mg GAE. g-'f.w.).

2.7.3. Total antioxidant activity measured by TEAC (Trolox equivalent antioxidant

capacity)

The ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical was
generated by the reaction of 5 mL of aqueous ABTS 7mM with 0.88uL of potassium
persulphate (140 mM). The mixture was kept in the dark for 16 h and then diluted with
ethanol until a solution with absorbance of 0.7 + 0.05 at 734 nm was obtained
(RUFINO et al., 2010). Next, 30 yL of either the sample or the trolox standard at 100
MM- 1500 pmol was added to 3 mL of diluted ABTS radical solution and the
absorbance was recorded using a spectrophotometer after 6 min of reaction in the
dark (Beckman Coulter DU 640, UV-vis, Fullerton, USA). The ethanolic solutions of
known trolox concentrations were used for calibration, and the results were expressed

as pumol trolox equivalent per g of fresh weight (umol TE.g"'f.w.).
2.8. Statistical analyses

The averages of the tests for each response variable were subjected to multiple
regression analysis using the quadratic model Y = B1X1 + B2X2 + B3Xs + B12X1X2 +
B13X1X3 + P23X2X3, since there was not interaction among the three components for all
the special cubic models. In the final equation of the model, only the coefficients with a
significance level of 0.05 were considered. The quality of fit of the model was
evaluated through an analysis of variance, and the regression was considered
significant and without lack of fit at significance level of 0.05. Finally, the triangular
diagrams for each dependent variable were generated. All of these analyses were
performed using the Statistica 10.0 software (StatSoft Inc., Oklahoma, USA).

The Kruskal-Wallis (nonparametric ANOVA) followed by Dunn’s test were

applied to compare the average of total phenolic compounds and antioxidant activity of
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the cereal bars, using the Statistica10.0 software (StatSoft Inc., Oklahoma, USA). A
simple linear regression analysis was performed using the quantities of banana peel
flour added to the cereal bar (independent variable) and the average total phenolic
compounds and antioxidant activity (response variables), in software Microsoft Excel

version 2013 (Microsoft Corporation, Santa Rosa, USA).

3. Results and Discussion
3.1. Sensory acceptability of the cereal bars

Of the sixty-seven consumers who participated in the sensory analysis, 58%
were female, and 62.7% were from 18 to 25 years old (with a total variation from 17 to
56 years old). Their pre-test questionaires revealed that 54% considered themselves
to be “very fond of cereal bars” and that 63% “consume a cereal bar at least once a
week”.

The average sensory acceptability scores of the cereal bars ranged from 3.3 to
7.0 for appearance, from 4.9 to 6.8 for aroma, from 3.2 to 7.4 for texture, from 3.8 to
6.8 for flavor, and from 3.7 to 6.9 for overall acceptability (Anexo 3).

Each individual component had a significant effect, as did all of the binary
interactions between components (p < 0.05), except for the interaction between
banana peel flour and oat four when it was evaluated for its appearance; therefore, the
significant coefficients were used in the equation of the model obtained (Table 2).

The models that explain the effects of the three components on the acceptability
of appearance, texture, flavor, and overall acceptability are similar (Table 2); therefore,
only the triangular diagram for the overall acceptability is presented, and the
discussion is the same for the four dependent variables. An increasing in the
proportion of rice flakes enhanced the liking by the appearance, texture, flavor, and
overall acceptability of the cereal bars, while an increasing in the proportions of
banana peel flour and oat flour, or a binary mixture of these two components, reduced
the liking (Fig. 1A). However, equivalent proportions of the three components and the
binary mixtures of banana peel flour/rice flakes and rice flakes/oat flour resulted in
cereal bars with a degree of liking that was still in the region of greater response in the

triangular diagram.



Table 2. Models and goodness of fit for the dependent variables of the cereal bars.

dependent variable equation’ R?(%) p-value lack of fit
appearance acceptability Yapa = 4.24X1 + 6.68Xz + 3.32X5 + 3.03X1 Xz + 8.77X2X3 98.3 <0.001 0.085
aroma acceptability Yan = 5.72X4 + 5.83X2 + 4.86X3 + 2.18X1 X2 + 2.97X1 X3 + 3.38X2X3 84.4 0.003 0.777
texture acceptability Y1a = 3.93X1 + 6.67X2 + 3.25X3 + 6.51X1X2 + 5.40X1 X3 + 7.47X2X3 98.5 <0.001 0.089
flavor acceptability Yea = 3.79X1 + 6.09X2 + 4.04X3 + 6.69X1X2 + 5.52X1X3 + 5.65X2X3 97.4 <0.001 0.073
overall acceptability Yoa = 3.94X1 + 6.16Xz + 3.63X3 + 6.15X1 X2 + 5.03X1 X3+ 6.89X2X3 99.6 <0.001 0.369
a* (red intensity) Yar = 2.53X1 + 11.38X, + 8.79X3 - 8.61X1Xz - 10.00X1X3 95.1 <0.001 0.994
b* (yellow intensity) Yo = 2.51X1 + 36.00X> + 30.28X5 - 40.15X1 X3 91.6 <0.001 0.300
C* (color saturation) Ycr =3.17X1 + 35.34X; + 29.56X3 - 38.38X1X3 92.1 <0.001 0.374
h (hue) Yn =40.07 X4 + 70.78 X2 + 72.95 X3+ 57.25 X1 X2 82.1 0.005 0.073
force of rupture (N) Yrr = 0.85X1 + 5.45Xo+ 0.56X3 — 0.40X1X2 — 2.24X1X3 -7.41X2X3 81.9 0.005 0.217
hardness (N) Yu =10.51X1 + 42.2X5 - 1.23X3 + 107.4X1 X2 + 154.5X1X3 + 316.98X2X3 69.5 0.025 0.548
adhesiveness (N.s) Ya = 1.20X; + 0.50X; + 3.09X5 + 7.8X1 X2 + 13.27X4X3 + 9.90X2X3 61.8 0.046 0.691
specific volume (cm3.g™") Ysv = 11.15X1 + 21.27X, + 9.54X5 + 6.30X1X2 + 2.0X1X3 — 11.4X2X3 90.1 <0.001 0.722

7 X1 = banana peel flour, X2 = rice flakes, X3 = oat flour.
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Fig. 1. Triangular diagrams for the overall acceptability (A) and aroma acceptability
(B) of the cereal bars containing banana peel flour (BPF), rice flakes (RF) and oat
flour (OF).
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The cereal bar produced exclusively with banana peel flour was very dark
visually and lacked the characteristic texture of cereal bars, while the cereal bar
produced exclusively with oat flour was soft, sticky, and yellowish. The presence of
rice flakes made the bars more similar to commercial cereal bars, since this
ingredient is commonly used for this type of product (RYLAND et al, 2010; GARCIA
et al, 2012; SILVA et al., 2013), and may have thus increased the cereal bars liking.
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The positive effect of the mixture of the three components in the sensory
acceptability may be related to the fact that cereal bars are formulated with a mixture
of various dry ingredients, such as rice flakes, oats, dried fruit, and binders such as
glucose syrup and honey (PADMASHREE et al., 2012;. SILVA et al., 2013). All of
these findings suggest that banana peel flour is a potential ingredient to be used in
cereal bars.

The addition of the three components resulted in a wide region of high liking
approval for the aroma of the cereal bars (scores higher than 6 that means “like
slightly”), regardless of their proportions. Only the increase in the proportion of oat
flour reduced the liking score (Fig. 1B). The decomposition of unsaturated fatty acids
is one of the unfavorable reactions that take place in oat flakes during heat
processing, and it highly influences the formation of volatile compounds
(KLENSPORF e JELEN, 2008). This change may have been perceived by the

consumers.
3.2. Physical characteristics of the cereal bars

The average color scores of the cereal bars ranged from 17.9 to 46.1 for
luminosity (L*), from 2.5 to 11.5 for red intensity (positive values for a*), from 2.5 to
35.7 for yellow intensity (positive values for b*), from 3.3 to 35.1 to color saturation
(C*), and from 39.1 to 73.1 for hue (h) (Anexo 4).

All of the isolated components affected only on red intensity and hue of the
cereal bars, and the exclusive addition of banana peel flour did not affect yellow
intensity or color saturation (Table 2). The banana peel flour interacted with the other
two components only in the case of red intensity, and this interaction is antagonistic
due to the negative signs of the equation coefficients, i. e., the increase in the
quantities of rice flakes or oat flour, along with the reduction of banana peel flour,
increases the red intensity of the cereal bars (Fig. 2A). Likewise, the increased
incorporation of oat flour and the decrease in banana peel flour increased the yellow
intensity and color saturation of the cereal bars (Table 2). Finally, the joint addition of
banana peel flour and rice flakes results in a hue increase. The model for luminosity
(L*) showed lack of fit (p < 0.05).

The average scores for the texture of the cereal bars ranged from 0.3 to 5.2 N
for force of rupture, from 5.8 to 110.9 N for hardness, from 0.11 to 0.73 for

cohesiveness, from 0.23 to 0.95 for springiness, from 0.9 to 6.6 N.s for
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adhesiveness, and from 0.6 to 12.3 N for chewiness. The means for the specific
volume ranged from 9.6 to 20.8 cm3.g™! (Anexo 5).

The isolated addition of banana peel flour influenced the specific volume of the
cereal bars, but its combination with the oat flour influenced the adhesiveness of the
bars (Table 2). The incorporation of banana peel flour reduced the specific volume
(Fig. 2B), while the joint addition of banana peel flour and oat flour increased the
adhesiveness of the bars (Fig. 2C). The model for cohesiveness had a lack of fit to (p
< 0.05), whereas the models for springiness and chewiness were not significant (p >
0.05).

The banana peel flour, as described at item 2.1, had 62.8 g of total dietary
fiber — a value much higher than those in rice flakes and oat flour, which the
manufacturers declare to contain 4-6% and 13-15% of dietary fiber, respectively. The
high fiber content may have caused the decrease in the specific volume and the
increase in the adhesiveness of the cereal bars, since these effects were found in
studies on other kinds of food products (WANG, ROSELL e BARBER, 2002; GOMEZ
et al., 2003; VOLPINI-RAPINA, SOKEI e CONTI-SILVA, 2012). Another factor
considered is the diversity of the geometry of the ingredients, mainly due to the rice
flakes, resulting in different accommodation of the ingredients and consequently in

different specific volume of the cereal bars.
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Fig. 2. Triangular diagrams for the red intensity (A), specific volume (B) and
adhesiveness (C) of the cereal bars containing banana peel flour (BPF), rice flakes
(RF) and oat flour (OF).
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3.3. External preference mapping

The first principal component explained 49.0% of the data variation and the
second principal component explained 30.2%, totalizing 79.2% of the total variation
data (Fig. 3).

The first principal component is explained by the liking for appearance,
texture, flavor, overall acceptability, specific volume and hardness (bold variables
with factor charges = 0.7 in the principal component 1), and all these variables are
positively correlated (Fig. 3A). The formulations 4, 6 and 11 were characterized by
the liking for appearance, texture and flavor and the overall acceptability, which is
related to their higher specific volume and hardness (Fig. 3B). These cereal bars
have a high amount of rice flakes (50, 50 and 66% in the mixture, respectively),
which coincides with the results shown in the triangular diagram (Fig. 1A), although
the cereal bars 4 and 11 also have banana peel flour in the formulation (50% and
17% in the mixture, respectively). Moreover, the cereal bars 1, 5 and 10, which are
formulations with high amounts of banana flour (100%, 50% and 66% in the mixture,
respectively), had low sensory liking (scores lower than 6 that means indifference
and rejection), specific volume and hardness, since they are positioned in the

opposite quadrant in relation to these characteristics (Fig. 3B).
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Fig. 3. External preference mapping for the cereal bars (A - projection of the
variables: bold variables correlate to principal component 1 and underlined variables
correlate to principal component 2; B - projection of the formulations).
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The second principal component is explained by the liking score for aroma and
the color parameters a*, b* and C* (underlined variables with factor charges = 0.7 in
principal component 2), since color parameters are positively correlated among them,
but negatively correlated with the aroma liking (Fig. 3A). Formulations 7, 8 and 9 (the
center point of the experimental design) was characterized by a high aroma liking
score and low red and yellow intensities and color saturation, while formulation 3,
which incorporated only oat flour, was characterized by its low aroma liking (Fig. 3B).
These results coincide with the triangular diagram for aroma (Fig. 1B). In addition,
formulation 2 (100% rice flakes) was characterized by high red and yellow intensities
and color saturation.

Combining the two statistical analyses used in this work, mixture modeling
methodology and principal component analysis, it is possible to reach conclusions
about different samples, which contains banana peel flour, and response variables.
In general, the cereal bars with 17, 33.3 and 50% of banana peel flour in the mixture
(formulations 11, 7/8/9 and 4, respectively) are located in regions of high sensory
liking in the triangular diagrams (Fig. 1). The formulations 4 and 11 also can be
considered as having high sensory liking for appearance, texture, flavor and overall
according to external preference mapping (Fig. 3), while formulation 7/8/9 has high
sensory liking for aroma. Therefore, the cereal bars with 50% banana peel flour/50%
rice flakes (formulation 4) and 17% banana peel flour/66% rice flakes/17% oat flour
(formulation 11) in the mixture of the three components can be considered to be the
best formulations to produce regarding to sensory acceptability. Which makes these
two ideals formulations technological point of view, because in them is the addition of
up to 21 g of the banana peel flour. With this addition, it is possible to reduce the cost
of cereal bars through substitution of cereals by banana peel flour, besides

aggregating commercial value to the industrial waste.
3.4. Bioactive compounds from banana peel flour and cereal bars

The total phenolic compounds in the banana peel flour extract was 2.42 mg
GAE. g-1f.w. (Table 3), different from the value of 3.8 mg GAE. g' f.w. of total
phenolic compounds found in methanol extracts from bananas (BABBAR et al.,
2011) and from values of 12 to 19 mg GAE. g™ f.w. found in methanol extracts from
two different banana varieties of banana, using different extraction times and
temperatures (GONZALEZ-MONTELONGO et al., 2010).



Table 3. Bioactive compounds and antioxidant capacity in banana peel flour and in cereal bars formulated with banana peel flour.

total phenolic content (mg GAE. g-'f.w.) total antioxidant activity (umol TE.g 'f.w.)
minimum median maximum minimum median maximum

banana peel flour 2.38 243 2.44 1.05 1.06 1.10
formulation 1 4.16 4.182 4.20 3.34 3.372 3.52
formulation 4 1.75 1.75° 1.77 1.40 1.45¢ 1.52
formulation 5 212 2.14¢ 217 1.91 1.97° 2.00
formulation 7 1.87 1.924 1.98 1.00 1.169 1.16
formulation 10 2.33 2.37¢ 243 2.09 2.14b 2.21
formulation 11 1.38 1.41f 1.44 1.07 1.08¢ 1.17
formulation 12 0.86 0.879 0.88 0.55 0.58¢ 0.68

Different letters in the column indicate significantly different means according to Dunn’s test (p < 0.05).
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Different extract concentrations and different procedures adopted for the
analysis of total phenolic compounds, even when gallic acid is used as reference, are
likely to result in different values (BABBAR et al., 2011). Formulation 1 had higher
quantity of total phenolic compounds than banana peel flour, suggesting that this
ingredient is not the only one responsible for the levels of total phenolic compounds,
but the interaction among ingredients used in the preparation of cereal bars (SUN-
WATERHOUSE et al., 2010; NOJARIT, GU e RYU, 2011).

The antioxidant capacity measured by ABTS, express in TEAC, in the case of
banana peel flour was 1.07 ymol TE.g"'f.w. (Table 3), different from value of 5.67 mg
TE.g'd.w. found in another work, but these values depend on both the cultivar and
the stage of ripeness of the fruit (BABBAR et al., 2011).

Total phenolic compounds were statistically different for all formulations,
indicating that different proportions of banana peel flour addition confer different
compositions of these compounds, whereas the antioxidant activity were statistically
equal in formulations 5 and 10 and in formulations 7 and 11. Moreover, total phenolic
compounds and antioxidant activity in extracts from the cereal bars are directly
proportional to the amount of added banana peel flour (Fig. 4), and it is important to
mention that the high fit of the data to the model obtained by regression analysis (R?)
indicates that Folin-Ciocalteu reagent did not reacted with ascorbic acid and reducing

sugars, that may be present at the cereal bars (GEORGE et al., 2005).

Fig. 4. Total phenolic content (A) and total antioxidant activity (B) as a function of the
amount of banana peel flour added to the cereal bars.
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Anyway, the banana peel flour contributes to the insertion of total phenolic

compounds and antioxidant activity in cereal bars, aggregating functional property to
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the products, since when an antioxidant substance is present at low concentration, it
delays or inhibits significantly the substrate oxidation (KANNAN et al., 2013).

4. Conclusions

We conclude that it is feasible to produce cereal bars with banana peel flour.
Equivalent proportions of the three components and the binary mixtures of banana
peel flour and rice flakes result in cereal bars with degree of liking in the region of
greater response in the triangular diagrams. The banana peel flour interacts with rice
flakes and oat flour, promoting changes on the color of the cereal bars, while the
incorporation of only banana peel flour reduces the specific volume and the joint
addition of banana peel flour and oat flour increases the adhesiveness of the cereal
bars. Regarding to sensory acceptability, cereal bars with 50% banana peel
flour/50% rice flakes (formulation 4) and 17% banana peel flour/66% rice flakes/17%
oat flour (formulation 11) in the mixture of the three components can be considered
to be the best formulations to be produced. Finally, the banana peel flour contributes
to the inclusion of total phenolic compounds and total antioxidant activity in cereal
bars, and its use allows for the development of products with aggregated functional
property, because it can reduce the cost of the product besides aggregating

commercial value to a residue generated by the food industry.
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ABSTRACT

Cereal bars were prepared with different proportions of banana peel flour, rice flakes
and oat flour, and had their sensory profiles evaluated through descriptive analysis
and hedonic scale, respectively, in comparison to a commercial cereal bar. Cereal
bars with intermediate and highest amounts of banana peel flour were characterized
by banana aroma, dark color and bitter taste, while the cereal bar with lowest
quantity of banana peel flour was described by amount of rice flakes and crispness.
On the other hand, the commercial cereal bar was described by hardness,
adhesiveness, sweet taste and oat flavor. Based on sensory studies, that the addition
of the banana peel flour is feasible in the development of new sustainable food

products with value-added.

Keywords: rice flakes, oat flour, external preference mapping, descriptive analysis.
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1. Introduction

The banana peel is a household and industrial food waste discarded in large
quantities in nature. It represents about 35% of the total fresh mass of ripe fruit
(EMAGA et al., 2008) and there is not further involved in remarkable industrial
applications (AURORE, PARFAIT, FAHRASMANE, 2009; QIU et al., 2010). Brazil
was the second world producer of banana over the last two decades, accounting for
overall production of 6.9 million tons per year (FAOSTAT, 2014). Around 53% of
Brazilian production of banana is industrially processed, thus representing a potential
generation of 1.4 million tons of banana peel waste (IBGE, 2012).

Bananas are one of the fruits most produced and consumed worldwide and
the potential use of the peel would be of great relevance. Some researchers have
revealed that the banana peel has compounds and nutrients important for food and
for food industry. The banana peel is rich in dietary fiber, protein, essential amino
acids, polyunsaturated fatty acids and potassium (EMAGA et al., 2007), besides
bioactive compounds (GONZALEZ-MONTELONGO, GLORIA LOBO, GONZALEZ,
2010), which it may contribute to enhance the nutritive quality of several foods.
Furthermore, the banana peel flour has high soluble fiber content, water holding
capacity and swelling, low oil-holding capacities and could be used in fried products
to provide a non-greasy sensation making it a potential ingredient for use in food
products (JACOMETTI et al., 2015).

According to Freitas and Moretti (2006), the tendency to associate cereal bars
with healthy food has already been remarked in food industry. Nevertheless, such
food is not always beneficial once their amount in some essential nutrients is not as
significant as recommended. In this way, the application of banana peel flour in
cereal bars is interesting, because this ingredient is rich is dietary fiber and bioactive
compounds.

However, it is well known that incorporation of agro-industrial by-products,
besides the ingredients rich in dietary fibers, may cause changes on sensory
characteristics of products. Therefore, we developed cereal bars containing banana
peel flour, through variation of the ingredients rice flakes and oat flour, and we aimed

to determine the sensory profile of the cereal bars, comparing with a commercial one.


http://www.sciencedirect.com/science/article/pii/S0963996913006480#bb0065
http://www.sciencedirect.com/science/article/pii/S0963996913006480#bb0130
http://www.sciencedirect.com/science/article/pii/S0963996913006480#bb0070
http://www.sciencedirect.com/science/article/pii/S0963996913006480#bb0060
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2. Material and methods
2.1. Material

Samples of the Cavendish variety of banana (Musa acuminate L., cv
cavendshii), provided directly by the producer, in Sdo José do Rio Preto, SP, Brazil.
Were matured in an ethylene chamber while still at the production site. The bananas
were then stored at the Laboratory of Sensory Analysis of the Food Engineering and
Technology Department of the Institute of Biosciences, Literature and Exact
Sciences of Sdo Paulo State University (UNESP). The samples were stored in a cool,
dry place until they reached the advanced stage of ripeness (when the peels had
yellow and brown spots). The fruits were washed in running water and the peel was
then separated from the pulp.

Approximately 2.2 kg of banana peels were arranged in trays that had small
perforations in order to facilitate the passage of hot air. The trays were then placed in
a Pasiani oven with air circulation (Turbo 240 Classic Model). The oven was
preheated for 20 min at 60 °C in according Gonzaléz-Montelongo, Lobo and
Gonzalez (2010) and, the trays were then left inside overnight. The dried peels were
crushed in a food processor until the banana peel flour was obtained, and the flour
was then stored in polypropylene plastic bags at room temperature and in the dark.
After they were dried out, 100 g of banana peel flour contained 6.8 g of moisture, 6.5
g protein, 2.2 g fat, 11.8 g of ash, 62.8 g of total dietary fiber (9.8 g of soluble fiber
and 53 g of insoluble fiber), and 9.9 g of available carbohydrates.

The banana fruit was used to obtain dried banana, which was then used in the
formulation of cereal bars. Approximately 1.8 kg of banana pulp were cut
longitudinally using stainless steel knives, and the pieces were placed on perforated
trays and dried in a Pasiani oven with air circulation (Turbo 240 Classic Model). After
the oven was preheated for 20 min at 60 °C, the trays were left inside for 24 h.

The other ingredients used to prepare the cereal bars (rice flakes, oat flour,
palm oil, maize glucose, and candied bananas) were purchased in a local market,
and only one brand of each product was purchased.

One commercial cereal bar, banana flavor, was purchased in local market
(Carrefour Comércio e Industria Ltda, Sdo José do Rio Preto, Brazil) for comparison

of the sensory profile and acceptability with the developed cereal bars. The list of the
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ingredients of this cereal bar is: rice flakes, corn flakes, maltodextrin, salt and malt

extract, glucose syrup, honey, invert sugar, dyestuff and flavoring.
2.2. Cereal bar formulations

The cereal bar formulations investigated were the result of the mixture
modeling methodology used in a previous study by this same research group. In the
previous study, the simplex-centroid design for ternary mixtures was used in order to
evaluate the effects of the interaction between the banana peel flour, rice flakes, and
oat flour on the sensory acceptability and physical characteristics of the cereal bars.
The highest level of each component represented 42 g.100g™" of the total formulation
of each cereal bar. Four formulations (two with high acceptability by the consumers,
and two with low acceptability; Table 1) were chosen to have their sensory profile
described, in order to identify the sensory characteristics that describe these samples

and that may be responsible in the influence of sensory acceptability.

Table 1. Proportions' of banana peel flour, rice flakes and oat flour in the cereal bar
formulations.

Proportion of each component in the cereal bar (g.100g™")

formulation banana peel flour rice flakes oat flour
1 7.14 27.72 7.14
9 14 14 14
3 21 21 0
4 27.72 7.14 7.14

'banana peel flour + rice flakes + oat flour =42 g.

2.3. Cereal bar processing

The binders (30 g corn syrup, 18 g candied bananas, and 5 g palm oil) were
heated to a boiling temperature and mixed. Next, the dry ingredients (42 g of a
mixture of banana peel flour, rice flakes and oat flour and 5 g dried banana), which
had been previously mixed, were added to a mixture of the binders, and the mass
was mixed using a scoop during 4 min. The resulting mass was spread in a stainless
steel baking sheet that was 30 mm in height, and it was then baked in a Tedesco
oven (Turbo FTT 300 G Model); the oven was preheated for 20 min at 100 °C and
the dough was cooked for 20 min. The resulting product was cooled at room
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temperature for 15 min. While still in the pan, the product was cut into bars of 31 + 2
mm (width) x 63 £+ 3 mm (length). The cereal bars were covered with polyvinyl
chloride film (PVC) and stored at room temperature until the sensory analysis was

performed 24 h later.
2.4. Descriptive analysis of the cereal bars

The descriptive analysis conduction was approved by the Research Ethics
Committee of the Institute of Biosciences, Literature and Exact Sciences of UNESP
(Opinion Report 948.487 — Anexo 2).

Panelists were recruited from the students of Instituto Federal Goiano —
Campus Morrinhos and the descriptive analysis was based on an adaptation of
Stone and Sidel (1993). Thirteen panelists, out of the 40 recruited, were preselected
through a basic taste recognition (minimum of 6 correct responses in a total 8
solutions; MEILLGAARD; CIVILLE; CARR, 1999); odor recognition test (minimum of
3 correct responses in total 4 odors: vanilla, “banana passa”, oat and banana dry;
MEILLGAARD; CIVILLE; CAR, 1999); and difference-from-control test to hardness
parameter, due to its importance to cereal bars. The difference-from-control test was
applied in three repetitions, using a scale of nine points ranging from “extremely less
hard than standard” to “extremely harder than standard, and the panelists were
preselected considering their capacity to discriminate samples (psampe < 0.50) and
capacity to reproduce judgments (prepeition > 0.05) (ASTM, 1981; DAMASIO;
COSTELL, 1991). Most of the thirteen panelists were female (61.5%), aged between
18 and 27 years (77%), who like cereal bars very much (84.6%) and consume cereal
bars weekly (50%). Was used a structured scale of nine points where the parameter
used is the hardness.

The sensory attributes were generated by the thirteen panelists, using a Kelly
Repertory Grid method (MOSKOWITZ, 1983). After discussions to reach a
consensus, the descriptive terms that were most important for characterizing the
appearance, aroma, texture and flavor of the cereal bars were selected. The sensory
panel also defined the attributes and the references for each of these (Fig. 1),
besides the product evaluation form.
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Fig. 1. Definitions and references for descriptive terms of the cereal bars.

Definition

References

Appearance

Amount of rice
flakes

Dark color

Amount of grain of the rice
flakes identified on a 10g of
portion

Characteristic color of the
cereal bar

Low: Cereal bar, banana flavor (KELLOGS)
High: 100% rice flakes (HARALD)

Weak: Oat flakes (TAEQ)
Strong: Prune (QUERO)

Aroma

Banana aroma

Characteristic aroma of
banana

Weak: Banana sweet creamy (AUREA)
Strong: “Banana passa”

Flavor

Banana flavor

Sweet taste

Oat flavor

Bitter taste

Characteristic flavor of
banana

Intensity of the characteristic
sweet taste associated with
the presence of sugars

Intensity of oat flavor

Intensity of bitter taste

Low: Banana sweet creamy (AUREA)
High: “Banana passa”

Low: Rice flakes (HARALD)
High: Soft candy (ARCOR)

Low: Cereal bar, banana flavor (KELLOGS)
High: Oat flakes (TAEQ)

Low: Mixture of rice flakes and 20% of
glucose syrup

High: Mixture of rice flakes, 20% of glucose
syrup and 0.06% of caffeine

Texture

Hardness

Chewiness

Crispness

Adhesiveness

Force necessary to
compress the sample
between the teeth

Ease of chewing and
dissolve the food in the
mouth to be swallowed

Intensity of noise heard
during mastication of the
product

Product’s ability to adhere to
the tooth while chewing

Low: Candy bar, banana flavor (GOIANAO)
High: Hard candy (ERLAN)

Low: “Suspiro”, strawberry flavor
(MARANATA)
High: Caramel candy (ERLAN)

Low: Cereal bar, banana flavor (TAEQ)
High: Breakfast cereal (CORN FLAKES)

Low: Cereal bar, banana flavor (NESTLE)
High: Caramel candy (ARCOR)




76

After the training stage, which took seven sessions, the panelists were
selected according to their capacity to discriminate samples (psample < 0.50), capacity
to reproduce judgments (prepetiion > 0.05) and consensus with the panel (ASTM, 1981;
DAMASIO e COSTELL, 1991), and all of the thirteen panelists were selected to
conduct analysis on the sensory profile of the cereal bars.

The sensory analysis was performed in individual booths, under light and
temperature at 22 °C. The cereal bars were presented on plastic plates coded with
three-digit random numbers and were evaluated in three repetitions by the thirteen
panellists. The sample presentation was balanced with complete blocks that were
randomized and monadic and an unstructured linear intensity scale of 90 mm lenght
was used for each descriptor (MACFIE; BRATCHEL, 1989).

2.5. Statistical analysis

The means for the descriptive terms were compared using variance analysis
followed by the Tukey test (significant difference when p < 0.05). Moreover, the
principal component analysis was applied to the data of descriptive terms. In this
way, the average scores of the descriptive terms were placed into the columns
(variables) and the formulations were placed in the rows (cases). The data was
standardized in the columns and analyzed using the correlation matrix without factor
rotation. A percentage of explanation above 70% for the two first principal
components indicates a strong correlation among the variables and that principal
component analysis is an appropriate multivariate analysis for this data (MARDIA;
KENT; BIBBY, 1979).

All statistical analyses were performed using the Statistica 10.0 software
(StatSoft Inc., Oklahoma, USA).

3. Results and discussion

The formulation with lowest quantity of banana peel flour (formulation 1) stood
out in amount of rice flakes, chewiness and crispness, while the formulation with
highest quantity of banana peel flour (formulation 4) stood out in dark color, banana
aroma and bitter taste (Fig. 2). Formulations 2 and 3, which have intermediate
quantities of banana peel flour, stood out in dark color/banana aroma and dark

color/banana aroma/banana flavor, respectively. On the other hand, the commercial
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bar stood out in sweet taste, oat flavor, hardness, chewiness and adhesiveness. The

same results may be observed at Table 2.

Fig. 2. Spider-graph for sensory profile of the cereal bars.

The increase on the addition of banana peel flour increased the dark color of
the cereal bars (Table 2), what may be explained by the Maillard’s reaction that
occurred during the production of banana peel flour, besides the enzymatic browning
reaction. In the same way, slightly dark brown color was found in cereal bars
prepared with sugar and sugar substitutes, although intensity of color brown
decreased during storage of the cereal bars (PALLAVI et al., 2015). Moreover, cereal
bars fortified with iron (NaFeEDTA and aminoquelato iron in the proportions of 45 to
60% of the recommended daily intake for adults, respectively) had the dark brown
color identified as a descriptive term by panelists who participated of a descriptive
quantitative analysis (SAMPAIO; FERREIRA; CANNIATTI, 2009), similar descriptive
term found in this work.

The formulations 2, 3 and 4 had described as having similar intensities of
banana aroma, while the formulation 1 had lower banana aroma, followed by the
commercial bar (Table 2). Higher intensities of banana aroma in formulations 2, 3
and 4 may be due to the presence of banana peel flour in higher proportions in these
formulations. However, the cereal bars did not show the same intensities of banana
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flavor as to banana aroma. The highest intensity of banana flavor was observed to
formulation 3, and it was followed by formulation 2 and the commercial bar (Table 2).
This may have happened because modifications on sugar composition of the cereal
bars may affect the volatile compounds responsible for the aroma (HEENAN et al.,
2012), and, probably, different quantities of glucose syrup were used for commercial

cereal bar and the developed cereal bars.

Table 2. Intensity of the descriptive terms for the cereal bars (means + SD, n = 39).

formulations

descriptive terms 1 2 3 4 commercial
amount of rice flakes 8.0+0.52 3.3+0.8° 6.0+0.9° 2.2+1.4¢ 3.241.3¢
dark color 2.7£1.0° 7.4+1.0° 7.6+£0.7%* 8.1+0.52 0.9+0.6¢
banana aroma 2.6+0.6° 4.8+0.6 5.2+0.82 5.2+0.6° 1.4+0.8°
banana flavor 1.9+0.8° 3.1+0.6> 5.2+0.62 2.3+0.6° 3.0+0.4°
sweet taste 2.9+0.5b¢ 2.5+0.5¢ 3.2+0.6° 2.5+0.4¢ 4.2+0.42
oat flavor 1.5£0.7¢ 2.1+0.6° 1.4+0.8° 2.0%£1.1° 3.6+0.62
bitter taste 0.8+0.7¢  1.6+1.0° 2.4+0.7° 4.4%1.0° 0.4+0.2¢
hardness 1.9+0.4°> 1.6+£0.4°> 2.1+0.6°> 1.6+0.3° 6.0+1.02
chewiness 5.0£1.22 4.0+1.0° 3.8+1,1° 4.2+1.2° 4,8+0.52
crispness 6.9+0.52 2.8+0.5° 3.0+0.6°° 2.4+0.6° 2.4+0.9°
adhesiveness 2.3+0.3° 2.1+0.3° 2.1+0.7° 1.9+0.4° 5.9+0.72

Different letters in the same line indicate different means (p < 0.05).

The commercial cereal bar had higher intensity of sweet taste than the other
formulations, but all the formulations did not show the same intensity of sweet taste
(Table 2), which implies that other ingredients (banana peel flour, rice flakes and oat
flour) may have contributed to sweet taste. Some works show that “intensity of sweet
taste” is not an obvious effect from the ingredients used in formulations: no difference
on sweetness of cereal bars developed with sugar and sugar substitutes was found
(Pallavi et al., 2015), in contrary of results found by Sampaio, Ferreira and Canniatti
(2009), who observed differences on the sweet taste in cereal bars developed with
addition of different quantities of NaFeEDTA and aminoquelato iron.

Intensities of oat flavor were higher for commercial cereal bar, but very similar

among developed cereal bars (Table 2). Moreover, the average scores for oat flavor
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of the cereal bars was very lower than those found for “cereal flavor” of cereal bars
fortified with iron (average scores ranging from 6.2 to 7 in an unstructured linear
intensity scale of 100 mm length; SAMPAIO; FERREIRA; CANNIATTI, 2009).

Bitter taste was higher for developed cereal bars in relation to commercial
cereal bar (Table 2). Moreover, it can be observed that formulations with high
amounts of banana peel flour had higher intensities of bitter taste, descriptor that
may be related to addition of banana peel flour. However, no relevant studies were
found in literature for comparison with our results.

The hardness, chewiness and adhesiveness were higher for commercial
cereal bar, while were similar for all cereal bars with banana peel flour, excepting
chewiness of formulation 1 (Table 2). This was not expected, because addition of
fibers ingredients influence texture of foods in general, enhancing hardness,
chewiness and adhesiveness (DUTCOSKY, et al. 2006; VOLPINI-RAPINA; SOKEI,
CONTI-SILVA, 2012). However, differences on the ingredient compositions between
the commercial cereal bar and those with banana peel flour may also explain
differences on texture. Higher chewiness was found to cereal bars prepared with
sugar substitutes, descriptive term that had an important influence on the overall
quality, i.e., lower overall quality scores were due to reduced chewiness (PALLAVI et
al., 2015). Moreover, similar to this work, cereal bars developed with micronized
flakes lentils had the adhesiveness values increased in relation to the product without
micronized flakes (RYLAND et al., 2010).

The cereal bar 1 was characterized by amount of rice flakes and crispness,
which was expected since this formulation was added of greatest amount of rice
flakes. The rice flakes are obtained through extrusion process, process that causes
changes on the molecular structure of the rice and on water absorption index and
water solubility index (HAGENIMANA; DING; FANG, 2006), enhancing the sense of
crispness in the product. Dutckosky et al. (2006) found greater crispiness in cereal
bars with higher amount of oligofructose, and this descriptive term decreased with
the addition of gum acacia.

Principal component analysis showed that first and second principal
components explained, respectively, 56.2 and 27.9% of the data variation (84.1% in
total) (Fig. 3).

The first principal component is explained by “bitter taste, dark color and

banana aroma” (factorial charges = 0.7 in the principal component 1) and “oat flavor,
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hardness, adhesiveness, sweet taste and chewiness (factorial charges < -0.7 in the
principal component 1) (Fig. 3A). The hardness was correlated positively with
intensities of oat flavor, adhesiveness, sweet taste and chewiness, but were
correlated negatively with bitter taste, dark color and banana aroma. In this way, the
cereal bars 2, 3 and 4, that have intermediate and highest quantities of banana peel
flour (Table 1), were described by high intensities of bitter taste, dark color and
banana aroma (Fig. 3B). Still in relation to these samples, they showed low
intensities of oat flavor, hardness, adhesiveness, sweet taste and chewiness. In the
same way, the commercial cereal bar was described by high intensities of oat flavor,
hardness, adhesiveness and sweet taste, but low intensities of bitter taste, dark color
and banana aroma. Similar results were found to cereal bars added of micronized
flakes lentils, which had highest sour taste and fruit flavor, in contrast to a commercial
bar, which was characterized by high degree of hardness (RYLAND et al., 2010).

The second component principal is explained by “amount of rice flakes and
crispness” (factorial charges = 0.7 in the principal component 2) (Fig. 3A), terms that
described formulation 1 (Fig. 3B) that have higher proportion of rice flakes (Table 1).

The banana flavor did not contribute to any principal component, and,

therefore, did not describe any cereal bar.
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Fig. 3. External preference mapping to descriptive terms (A — projection of the
variables; B — projection of the samples).
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Considering the total dietary fiber found in the banana peel flour (62.8 g; item
2.1), we may estimate that 100 g of cereal bars, containing 7.14 and 14 g of banana
peel flour, presents 4.48 and 8.79 g of total dietary fiber, respectively. According to
Brazilian legislations, a food can be considered as “good source of dietary fiber” if
contains 2.5 g of fiber per serving size (BRASIL, 2012) and a serving size for cereal
bar is 30 g (BRASIL, 2003). Consequently, the cereal bar containing 14 g of banana

peel flour can be considered “good source of dietary fiber”.

4. Conclusion

The addition of different proportions of banana peel flour, rice flakes and oat
flour changes the intensities of descriptive terms of the cereal bars, besides resulting
in different sensory profiles in relation to a commercial cereal bar. Cereal bars with
intermediate and highest amounts of banana peel flour were characterized by
banana aroma, dark color and bitter taste, while the cereal bar with lowest quantity of
banana peel flour was described by amount of rice flakes and crispness, because it
was also produced with higher proportion of rice flakes. On the other hand, the
commercial cereal bar stood out in hardness, adhesiveness, sweet taste and oat
flavor. Therefore, we can conclude, based on sensory studies, that the addition of the

banana peel flour is feasible in the development of new sustainable food products.
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CAPITULO 4

Longitudinal study of storage of cereal bars formulated with banana peel flour:

bioactive compounds and texture properties
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Abstract

The storage of cereal bars formulated with banana peel flour was investigated to
evaluate the bars’ bioactive compounds and texture properties. The cereal bars were
produced and stored during eleven months, under vacuum and protected from the
light. In general, total phenolic compounds decreased during storage; although the
total antioxidant activity (ABTS method) increased during the fifth month, it reduced
during storage; and the total antioxidant activity (DPPH- method, ECs0) was not
modified in many formulations, though it decreased in other formulations during
storage period. The force of rupture began to increase in the fourth month, and
hardness began to increase in the ninth month. A principal component analysis
showed that time had little effect on the most important characteristics considered in
description of the cereal bars. Finally, the presence of bioactive compounds in cereal
bars depends on the addition of banana peel flour, which it contributes to the
insertion of total phenolic compounds and total antioxidant activity in cereal bars,

aggregating functional properties in these products.

Keywords: total phenolic compounds, DPPH:, ABTS, force of rupture, texture profile

analysis.
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1. Introduction

Because of the growing consumer demand for healthy, natural and convenient
foods, attemps are being made to improve snack foods nutritional values by
modifying their nutritive composition (BHASKARAN; HARDLEY, 2002; GRAY;
ARMSTRONG; FARLEY, 2003). Cereal bars are a popular and convenient food and,
therefore, would be an ideal food format to deliver fruit-derived phenolic antioxidants
(SUN-WATERHOUSE et al., 2010).

Phenolics compounds, e.g., flavonoids and phenolics acids, belong to an
important class of secondary metabolites and own recognized antioxidant activity
(AMORIM et al., 2011). Antioxidant compounds neutralise free radicals and inhibit
the initiation chain or interrupt the chain of propagation of oxidative reactions,
converting free radicals into less harmful molecules and repairing the oxidative
damage in human cells (BORGES et al., 2014). This class of compounds is also
relevant to insertion in the elaboration of cereal bars.

The banana is one of the most extensively consumed fruits in the world and
represents approximately 40% of the world fruit trade. World banana production was
102 Mt in 2012, and Brazil was the fifth most important banana-producing country
with a total production of 6.9 Mt (FAO, 2014). The banana peel represents 30%-40%
of the total weight of the fruit. It is rich in minerals (EMAGA et al., 2008), and its
quantity of total dietary fiber reaches 43.2% to 49.7% (MOHAPATRA; MISHRA,;
SUTAR, 2010). In addition, Gonzalez-Montelogo, Gloria Lobo, & Gonzalez (2010)
reported that banana peels contain large amounts of dopamine and I-dopamine,
catecholamines that exhibit antioxidant activity. Moreover, the banana peel has from
3.1 to 380 mg GAE.g™', depending on the variety and ripeness, as well as on the type
of phenolic compound extraction used (GONZALEZ-MONTELONGO; LOBO;
GONZALEZ, 2010; REBELLO et al., 2014). Therefore, the use of banana peels in
food products is beneficial because of the peel’s nutritive value, and their use is a
way to reduce the residue generated through traditional banana consumption.

Many processed foods are multicomponent heterogeneous systems that are
far from thermodynamic equilibrium (MEZZENGA, 2007), and there is often a
considerable time between its manufacture and consumption, during which a product
is transported and stored. During this storage time, multiple chemical, physical and
biological reactions occur serially and simultaneously, and some of these reactions

can cause negative effects on the nutritional quality of foods (LOVEDAY et al., 2009).
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Likewise, the texture of cereal bars is affected along the shelf life (IMTIAZ; KUHN-
SHERLOCK; CAMPBELL, 2012), which can cause losses for manufacturers of cereal
bars. Ozilgen (2011) studied the behavior of cereal bars added of dried fruits,
because the hardening of these ingredients caused complaints by consumers during
storage, and at the same time that some dried fruits maintained the optimum quality
of texture of the cereal bars, others dried fruit became harder during storage.

Since time can affect physical and chemical characteristics of foods, we aimed
to study the shelf life of cereal bars formulated with banana peel flour regarding to

bioactive compounds and texture properties.

2. Material and Methods
2.1. Material

Samples of the Cavendish variety of banana (Musa acuminate L., cv
cavendshii), provided directly by the producer of Sdo José do Rio Preto, SP, Brazil,
were matured in an ethylene chamber while still at the production site. The bananas
were then stored at the Laboratory of Sensory Analysis of the Food Engineering and
Technology Department of the Institute of Biosciences, Literature and Exact
Sciences of UNESP — Univ Estadual Paulista. The samples were stored in a cool, dry
place until they reached the advanced stage of ripeness (when the peels had yellow
and brown spots), it is at this stage of maturity that most bananas are processed. The
fruits were washed in running water and then the peel was separated from the pulp.

Approximately 2.2 kg of banana peels were arranged in trays provided with
small perforations to facilitate the passage of hot air. Then the trays were placed in a
Pasiani oven with air circulation (Classic Model Turbo 240).The oven was preheated
(20 min) at 60 °C in according Gonzaléz-Montelongo, Lobo and Gonzalez (2010)
and, the trays were then left inside overnight. The dried peels were crushed in a food
process until the banana peel flour was obtained, and the flour was then stored in
polypropylene plastic bags at room temperature and in the dark. After drying, 100 g
of banana peel flour contained 6.8 g of moisture, 6.5 g protein, 2.2 g fat, 11.8 g of
ash, 62.8 g of total dietary fiber (9.8 g of soluble fiber and 53 g of insoluble fibers)
and 9.9 g of available carbohydrate (analyses performed at laboratory).

The banana pulp was used to obtain dried banana, which was used then in the
formulation of cereal bars. Approximately 1.8 kg of banana pulp were cut

longitudinally using stainless steel knives, and the pieces were placed on perforated



90

trays and dried in a Pasiani oven with air circulation (Classic Model Turbo 240). After
the oven was preheated (20 min) at 60 °C, the trays were left inside for 24 h.

The other ingredients used to prepare the cereal bars (rice flakes, oat flour,
palm oil, maize glucose, and candied bananas) were purchased in a local market and

only one brand of each product was purchased.
2.2. Cereal bar formulations and processing

Seven cereal bar formulations were investigated, resulting of the mixture
modeling methodology used in a previous study by our research group (Table 1). In
the previous study, the simplex-centroid design for ternary mixtures was used in
order to evaluate the effects of the interaction between the banana peel flour, rice
flakes, and oat flour on the sensory acceptability and physical characteristics of the
cereal bars.

The binders (30 g corn syrup, 18 g candied bananas, and 5 g palm oil) were
heated to a boiling temperature and mixed. Next, the dry ingredients (42 g of a
mixture of banana peel flour, rice flakes and oat flour and 5 g dried banana), which
had been previously mixed, were added to a mixture of the binders, and the mass
was mixed using a scoop during 4 min. The resulting mass was spread in a stainless
steel baking sheet that was 30 mm in height, and it was then baked in a Pasiani oven
(Turbo 240 Classic Model); the oven was preheated for 20 min at 100 °C and the
dough was cooked for 20 min. The resulting product was cooled at room temperature
for 15 min. The product, still in the pan, was cut into bars of 31 + 2 mm (width) x 63 £

3 mm (length).
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Table 1. Proportions’ of banana peel flour, rice flakes and oat flour in the cereal bar
formulations.

proportion of each component in the cereal bar (g/100 g)

banana peel flour rice flakes oat flour
formulation
1 42 0
2 21 21 0
3 21 0 21
4 14 14 14
5 27.72 7.14 7.14
6 7.14 27.72 7.14
7 7.14 7.14 27.72

'banana peel flour + rice flakes + oat flour = 42 g.

2.3. Longitudinal study of effects of cereal bars storage

The processed cereal bars were stored for eleven months and were evaluated
monthly in order to examine their bioactive compounds and texture properties.

At zero time, three of the thirty-six cereal bars of each formulation that had
been produced were evaluated. Three cereal bars of each formulation were then
vacuum-packed into low-density polyethylene bags (LDPE), that were 195 mm
(width) x 350 mm (length) x 10 pm (thick). A total of eleven bags of each formulation
were packaged (one bag per month). The bags were kept in the dark at room
temperature for eleven months; each month, one bag was randomly collected for
analysis.

At zero time and after each bag was opened, the rupture force of the three
types of cereal bars were evaluated (item 2.6); next, ten pieces of the cereal bars
were cut for the texture profile analysis (item 2.6); and finally, the remaining pieces
were used in the bioactive compound analysis (item 2.5.). Lights were maintained

turned off during the bioactive compound analysis.
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2.4. Analysis of bioactive compounds of cereal bars

2.4.1. Antioxidant extraction

The procedure employed was as follows: the extract of three fresh samples of
each formulation from the pre-testing stage was obtained with 40 mL of
methanol/water (50:50, v/v) in a magnetic stirrer at room temperature for 1 h. The
samples were centrifuged at 25,400g (BR4i multifunction, Chanteau-Gontier, France)
for 15 min, and the supernatant was recovered. Next, 40 mL of acetone/water (70:30,
v/v) were added to the residue at room temperature, extracted for 1 h in a magnetic
stirrer and centrifuged. The methanol and acetone extracts were combined, made to
reach 100 mL using distilled water, and were then used to determine the quantity of

total phenolic compounds and the antioxidant activity (RUFINO et al., 2010).
2.4.2. Estimation of total phenolic compounds

The quantity of total phenolic compounds of each extract was determined
using the colorimetric method with the Folin-Ciocalteu reagent (WATERHOUSE,
2002) and results were expressed as mg of gallic acid equivalents per g of fresh
weight (mg GAE. g'f.w.).

2.4.3. Total antioxidant activity measured using TEAC (Trolox Equivalent Antioxidant

Capacity)

The ABTS [2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical was
generated by the reaction of 5 mL of aqueous ABTS 7mM with 0.88uL of potassium
persulphate (140 mM). The mixture was kept in the dark for 16 h and then diluted
with ethanol until a solution with absorbance of 0.7 £ 0.05 at 734 nm was obtained
(RUFINO et al., 2010). The ethanolic solutions of known Trolox concentrations were
used for calibration, and the results were expressed as pmol of Trolox equivalent per

g of fresh weight (umol TE.g"'f.w.).
2.4.4. Total antioxidant capacity measured using free radical scavenging via DPPH'

Free radical scavenging activity was measured in triplicate using the method
described by Rufino et al. (2010), with modifications. A 0.06-mM solution of 2,2-di (4-
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tert-octylphenil)-1-picrylhidrazyl (DPPH") in methanol was prepared, and an aliquot of
100 pL of the antioxidant or the cereal bar extract solution was added to 3.9 mL of
the DPPH-" solution. The antioxidant capacity was expressed as the concentration of
the antioxidant present in the sample required to reduce the original amount of free

radicals by 50% (ECso), and the values were expressed as g of fruit per g of DPPH"
(g fruit.g”' DPPH").
2.5. Analysis of texture properties of cereal bars

Two analyses were employed to measure cereal bar texture, using the TA.XT
Plus Texture Analyser (Stable Micro Systems, Godalming, England):
1) Force of rupture: a three-point bending probe was used with a distance of 3.8 cm
between the axles and a test speed of 1.0 mm.s™'. For this test, three cereal bars
were cut completely, and the maximum force (in newtons) was considered as the
force of rupture (KIM et al., 2009);
2) Texture Profile Analysis (TPA): ten cereal bar samples, cut into of 20-x-20-mm
pieces with the aid of a stainless steel knife, were used in the test. A cylindrical
aluminum probe that was 25 mm in diameter and which operated at a speed of 1.0
mm.s" was used; a time of 5 s was established between the two compressions; and
the sample was compressed to 50% of its original height. The hardness,
cohesiveness, springiness, adhesiveness, and chewiness parameters were obtained
(SZCZESNIAK, 2002).

2.6. Statistical analyses

Analysis of variance at a significance level of 0.05 was applied with the factors
“formulation” and “time” in order to investigate the influences of these factors on
bioactive compounds and texture properties during the entire storage period of the
cereal bars. Pearson’s correlation was also applied to discuss some results
(significance level of 0.05).

Principal component analysis (PCA) was applied in order to identify
correlations between the bioactive compounds and the physical properties of the
cereal bars at both the beginning and the end of this storage study. Average
quantities of bioactive compounds and of physical properties were placed in columns
(variables), and the different formulations of the cereal bars were placed in rows
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(cases). The data was standardized before analysis. The PCA analysis was
performed with a correlation matrix and without factor rotation.

All statistical analyses were performed using Statistica 10.0 software (StatSoft
Inc., Oklahoma, USA).

3. Results and Discussion

3.1. Bioactive compounds of cereal bars

The quantity of total phenolic compounds ranged from 4.19 to 0.87 mg GAE.g
'f.w. in formulations 1 and 7, respectively, and at time zero (Fig. 1A). Sun-
Waterhouse et al. (2010) found values ranging from 2.87 to 0.60 mg CtE.g" in cereal
bars with inulin, phenolic extracts, and dietary fiber from apples, and similar values
were also found in some raw fruits (RUFINO et al., 2010; IGNAT; VOLF; POPA,
2011; SOUZA et al., 2012). There was variation in the quantity of total phenolic
compounds in all formulations during storage (Fig. 1A). In general, the variation
profile of all of the formulations over the eleven-month period was similar to the
average profile of the formulations as a group (bold line in Fig. 1A). Moreover, the
“formulation” and “time” factors influenced the variation of total phenolic compounds
in the cereal bars (both p-values were less than 0.001).

The total antioxidant activity was measured using the ABTS method. It ranged
from 3.41 to 0.60 ymol TE.g'f.w. in formulations 1 and 7, respectively, at time zero
(Fig. 1B). Yu et al. (2002) also found similar values: 2.32 to 3.22 ymol TE.g'f.w. in
four samples of commercial cereal bars. During storage, a slight decrease in total
antioxidant activity was observed until the fourth month; however, an increase in total
antioxidant activity was observed in all of the formulations during the fifth month, with
another subsequent reduction (Fig. 1B). This tendency was observed in almost all of
the formulations, and also in the average profile of the formulations as a group (bold
line in Fig. 1B). An increase in total antioxidant activity is usually considered to be a
product of the Maillard reaction (KLIMCZAK et al., 2007), which may have occurred
when the cereal bars were heated. The “formulation” and “time” factors influenced
the variation in total antioxidant activity in the cereal bars (both p-values were less
than 0.001).
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Fig. 1. Total phenolic compounds (A), antioxidant activity by ABTS method (B) and
antioxidant activity by DPPH method expressed in ECso (C) of the cereal bars during
storage study.
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ECso ranged from 1,858.68 to 10,244.05 g fruit.g" DPPH- at time zero in

formulations 1 and 7, respectively (Fig. 1C), and ECso varied in all formulations
during the storage period; however, this variation was influenced only by the
“formulation” factor (p-value less than 0.001). The variation profile of the formulations
over the eleven-month period differed from the average profile of the formulations as
a group (bold line in Fig. 1C). ECso value is defined as the concentration of
antioxidant that causes a 50% decrease in DPPH- absorbance (CHEN; BERTI,
FROLDI, 2013); thus, the higher the value, the lower the antioxidant activity.

Although formulations 2 and 3 contained the same quantity of banana peel
flour (21 g/100 g), as did formulations 6 and 7 (7.14 g/ 100 g) (Table 1), the quantity
of total phenolic compounds and total antioxidant activity differed between these
samples in almost every month of storage (Fig. 1). This difference indicates that the
other ingredients (rice flakes and oat flour) may have some effect on bioactive
coumpounds, since they also exhibit antioxidant activity (KILCI; GOCMEN, 2014;
WANYO; MEESO; SIRIAMORNPUN, 2014).

When measured using ABTS, formulation 1 (which included a higher quantity
of banana peel flour) was found to have a higher quantity of total phenolic
compounds, and formulations 6 and 7 (which included lower quantities of banana
flour) had less total antioxidant activity. Additionally, formulation 1 had lower ECso
values, while formulations 6 and 7 had higher ECso values (Fig. 1). Over the entire
course of the storage period, the correlation coefficients between the quantities of
banana peel flour and total phenolic compounds in the cereal bars ranged from 0.88
to 0.99 (p < 0.05). They ranged from 0.84 to 0.98 (p < 0.05) between the quantity of
banana peel flour and the total antioxidant activity measured using the ABTS method
(except for months 7 to 10, in which correlations were weak), and they ranged from -
0.78 to -0.88 (p < 0.05) between the quantity of banana peel flour and ECso values in
some months (with weak correlations in other months). This finding indicates that the
presence of bioactive compounds in cereal bars depended on the addition of banana
peel flour, which contributes to total phenolic compounds and total antioxidant activity
in cereal bars and which enhances the functional properties of the products.

A strong positive correlation was found between ABTS values and the quantity
of total phenolic compounds from the beginning of the storage period (r = 0.971; p <

0.05) to the end of the storage period (r = 0.874; p < 0.05). This correlation occurs
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because phenolic compounds are the main precursors of total antioxidant activity
(THAIPONG et al.,, 2006; FLOEGEL et al., 2011). There was a strong negative
correlation between ECso and the quantity of total phenolic compounds and between
ABTS values and the quantity of total phenolic compounds at time zero (r = 0.806

and r = 0.802, respectively, p < 0.05). Floegel et al. (2011) also found a strong
correlation between the DPPH- and ABTS methods in several fruits, but the
correlation was positive since the authors expressed both antioxidant activities as mg
of vitamin C. The correlation between the DPPH" and ABTS methods decreased as

the study progressed. This decrease likely occured as a result of interactions
between free radicals and other components present in the cereal bars (SUN-
WATERHOUSE et al., 2010).

3.2. Texture properties of cereal bars

At beginning of the storage period, the average texture properties of the cereal
bars ranged from 0.45 to 3.70 N for force of rupture, from 12.2 to 81.7 N for
hardness, from 0.10 to 0.24 for cohesiveness, from 0.31 to 0.75 for springiness, from
1.85 to 6.50 N.s for adhesiveness, and from 1.01 to 10.16 N for chewiness. The
“formulation” and “time” factors influenced only hardness, springiness, and the force
of rupture (p-values less than 0.001).

The force of rupture began to increase in all of the samples in the fourth month
(Fig. 2A), particularly formulations 2 and 6, which had higher proportions of rice
flakes in the composition (Table 1). A higher force of rupture of cereal bars with rice
flakes was not expected, because the rice flakes are voluminous, which makes
compacting the cereal bars more difficult and which therefore is likely to reduce the
force of rupture. Despite the increase in force of rupture values starting in the fourth
month, the values in the tenth month were similar to those at zero time. Moreover,
over the course of the eleven-month period, the variation profile of almost all of the
formulations was similar to the average profile of the formulations as a group (bold
line in Fig. 2A). It is important to note, however, that the opposite result occured in
formulations 2 and 6 from the fourth month to the seventh month.

The hardness of the cereal bars changed less over time than the force of
rupture values, though its increase was more apparent in the ninth month, especially
in formulations 3, 4, 6 and 7 (Fig. 2B). These formulations had higher amounts of oat
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flour (Table 1), and the high capacity of oat to absorve water (SHARMA et al., 2014)
may have led to the increased hardness of the cereal bars. The hardness of all
formulations changed similarly over the elevent-month period, as did the average
profile of all formulations.

Chemical and physical interactions among the ingredients in cereal bars can
occur over time and begin to affect the taste and texture of the product. The shelf life
of a cereal bar is substantially determined by its texture. Moreover, the time from
manufacturing to consumption of the snack bars may be influencied by the lack of a
thermodynamic equilibrium, which is common in heterogeneous multicomponent
systems in processed foods (MEZZENGA, 2007; LOVEDAY et al.,, 2009; SUN-
WATERHOUSE et al., 2010). Figure 2 helps to establish a cut-off point at the eighth
month in terms of the texture properties, since, until this point, the hardness of the
cereal bars is still similar to the beginning of the storage period, and the force the

rupture is not significantly different from the initial values of some formulations.
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Fig. 2. Texture properties of the cereal bars during storage study.
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3.3 Description of the cereal bars through principal component analysis

When the data from the beginning of the storage period was considered, the
first principal component explained 46.6% of the data variation and the second
principal component explained 39.5%, totaling 86.1% of the data variation (Fig. 3A).
The first principal component is explained by the antioxidant activity (which was
measured using the ABTS method) and by total phenolics compounds; it was also
explained by hardness, adhesiveness and ECso. This result indicates that ABTS and
total phenolic compounds themselves are positively correlated, but they are
negatively correlated with hardness, adhesiveness and ECso. The second principal
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component is explained by the force of rupture, as well as by springiness, chewiness
and cohesiveness. As was noted in the case of principal component 1, springiness,
chewiness and cohesiveness themselves are positively correlated, but they are
negatively correlated with the force of rupture.

At beginning of the storage period, formulation 1 is described by a high
quantity of total phenolic compounds and antioxidant activity, which was measured
using the ABTS method, as well as by low values for ECso and hardness (Fig. 3A).
The description of formulation 7, however, was the opposite of formulation 1: it is
described by a low quantity of total phenolic compounds and by antioxidant activity
measured using the ABTS method, as well as by high values of ECso and hardness.

Formulation 4 is described by high chewiness and a low force of rupture, and
formulations 2 and 6 are described as the opposite: by a high force of rupture and

low chewiness, springiness and cohesiveness.
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Fig. 3. Principal Component Analysis for the cereal bars. (A) Beginning of shelf life
study; (B) Ending of storage study.
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When measured at the end of the storage period, the first principal component
explained 49.9% of the data variation and the second principal component explained
26.9%, totaling 76.8% of the data variation (Fig. 3B). Principal component 1 is
explained by force of rupture, which is negatively correlated with hardness,
springiness, adhesiveness and chewiness. Principal component 2 is explained by the
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quantity of total phenolic compounds and the antioxidant activity measured using
ABTS, which are negatively correlated with ECso. Formulation 1 is still described by a
high quantity of total phenolic compounds and the antioxidant activity measured
using the ABTS method, as well as by low ECso values. Low hardness, however, did
not describe formulation 1 by the end of the storage period. Formulation 7 is also
described in a slightly different manner, with high hardness and chewiness values
and a low force of rupture. Formulation 2 also differed, with a high force of rupture
and low adhesiveness, cohesiveness and springiness.

Although time was found to have an effect on the averages of many variables
at the beginning and the end of the storage period, principal component analysis
showed that time had little effect on the principal characteristics of the cereal bars:
the formulations were described by almost the same variables at the beginning and

at the end of the storage period.

4. Conclusion

Effects of time on phenolics compounds, antioxidant activity and texture
properties were not the same for all formulations of cereal bars formulated with
banana peel flour. The quantity of total phenolic compounds in some cereal bars
decreased over the period of storage, though it increased in another formulation.
Antioxidant activity, which was measured using the ABTS method, increased in the
fifth month, but it then decreased until the last month. In addition, antioxidant activity

decreased in almost all of the formulations over the course of the storage period. The
antioxidant activity measured using the DPPH* method was not modified in many

formulations, though it decreased in some formulations. The texture properties of the
cereal bars changed during storage, with an increased force of rupture starting in the
fourth month and with increased hardness starting in the ninth month. Although time
did affect total phenolic compounds, antioxidant activity and texture properties of
cereal bars during storage, the principal component analysis showed that time had
little effect on the most important characteristics used to describe cereal bars: the
formulations were described by almost the same characteristics at the beginning and
at the end of the storage period. Considering the parameters evaluated, we can
observe that the cereal bar with the addition of banana peel flour can be consumed
up to the third month of storage, due to the high increasing on the force of rupture at

the fourth month, although studies about sensory acceptability should be performed
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to evaluate this increment. However, considering the bioactive compounds,
consumption of the cereal bars can be done up to the fifth month, based on results
for total phenolic compounds and total antioxidant activity measured through ABTS
method. Finally, the presence of bioactive compounds in cereal bars depends on the
addition of banana peel flour, which contributes to the insertion of total phenolic
compounds and the antioxidant activity in cereal bars and therefore aggregates

functional properties in the products.
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3. CONCLUSAO GERAL

Nesse trabalho foi avaliado o aproveitamento da casca da banana, um residuo
agroindustrial, na elaboragdo de barras de cereais por meio da metodologia de
modelagem de misturas, bem como a avaliagdo de suas propriedades fisicas,
quimicas e sensoriais.

Propor¢des equivalentes dos trés componentes que sofreram variagdo na
modelagem de misturas (farinha de casca de banana, flocos de arroz e farinha da
aveia) e a interacdo binaria de farinha de casca de banana e flocos de arroz
resultaram em barras de cereais com um grau de aceitagdo na regiao de melhor
resposta do diagrama triangular. A farinha da casca de banana também interagiu
com a farinha de aveia e flocos de arroz, promovendo mudancgas na cor das barras
de cereais e no volume especifico. Em relagcado a aceitagao sensorial, as barras que
apresentaram a adicdo de 50% de farinha de casca de banana e 50% de flocos de
arroz e as barras com 17% de farinha de casca de banana/66% de flocos de
arroz/17% de farinha de aveia foram consideradas as formulacdes mais aceitas.

Ainda, as diferentes propor¢cdes de adicdo dos trés componentes resultaram
em mudangas nos perfis sensoriais das barras desenvolvidas e também em relagéo
a uma barra de cereal comercial. Barras com maior quantidade de farinha de casca
de banana adicionada foram caracterizadas pela cor escura, aroma de banana e
gosto amargo, enquanto que barras com adigcdo de menor quantidade de farinha de
casca de banana foram caracterizadas pela quantidade de flocos de arroz e
crocancia, pelo fato de possuirem maior quantidade de flocos de arroz. Enquanto
isso, a barra comercial foi caracterizada pela dureza, gosto doce, adesividade e
sabor de aveia.

O estudo do armazenamento das barras de cereais ao longo de 11 meses
mostrou que o tempo causa mudangas nas propriedades de texturas e compostos
bioativos das barras de cereais formuladas com farinha de casca de banana. Os
compostos fendlicos totais diminuiram em algumas amostras e em outras
aumentaram ao longo do tempo. A atividade antioxidante avaliada pelo método
ABTS aumentou até o nono més e entdo teve uma diminuicdo no restante do
periodo. Ja pelo método DPPH:- ndo houve modificagbes em algumas formulagdes
enquanto que para outras houve diminuicdo. Um aumento na forga de ruptura das
barras foi observado no inicio do quarto més e a dureza aumentou no inicio do nono

més de armazenamento das barras de cereais. O estudo longitudinal do
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armazenamento mostrou que as barras de cereais formuladas com farinha de casca
de banana apresentaram um aumento na for¢ca de ruptura no quarto més, fazendo
com que elas possam ser consumidas até o terceiro més. Por outro lado,
considerando os compostos bioativos presentes, o estudo mostrou a queda desses
compostos no sexto més, indicando seu consumo até o quinto més de
armazenamento. Pela analise de componentes principais verificou-se que as
formulacdes foram descritas quase que pelas mesmas caracteristicas do inicio e do
final do periodo de armazenamento.

Finalmente, conclui-se que a elaboracido de barras de cereais contendo farinha
de casca de banana € viavel do ponto de vista sensorial e importante para a saude
humana devido a incorporacdo de compostos bioativos e atividade antioxidante,
favorecendo, também, a valorizagdo deste residuo agroindustrial por meio do

desenvolvimento de um alimento sustentavel.
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ANEXO 1 — Barras de cereais elaboradas com farinha de casca de banana,
farinha de aveia e flocos de arroz por meio de modelagem de misturas.
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Legenda — formulagdes das barras de cereais com adi¢ao de farinha de casca de banana (FCB),
flocos de arroz (FA) e farinha de aveia (FAv) nas seguintes proporgbes: F1 =42 g FCB; F2=42¢
FA; F3=42gFAv; . F4=21gFCB+21gFA;F5=21gFCB +21gFAv; F6 =21 gFA +21gFAy;
F7 = 14 g FCB, FA, FAv; F10 =27,72 g FCB + 7,14 FA + 7,14 g FAv; F11 = 7,14g FCB + 27,72 FA
+7,14 gFAv; F12=714gFCB + 7,14 g FA + 27,72 FAv.
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Impacto amolental. A bama de cereal @ um desses almentos, pois ganhou 3 aceltacdo dos consumidores
gevido 30 seu 3pelo funclond, como fomecimento de flbras Amentares & contribulgdo para uma dleta
s3udavel. Alem diSs0, © JESEVOMENTD 02 NOVOS DIOAUINS 2613 3550Cia00 3 aceitaco sensonal & tambem, 3
3nalse 0o perfll S2n50na devido 3 Incorporagdo 02 ingredientss dferemes dos Tadidonds.

Objetivo da Pesquisa:

Objstivo genal
Aproveltar o residuo industrial 02 c35C3 02 banana Jravés o2 5U3 utlizacdo na elaboracdo de barras o2

Objetivos especicos

Avaliar 3 composigio cemesimal, 05 compostos fendilcos € 3 alividade antionidants 03 £35C3 02 Danana In
NIWra € da farinha de casca o2 banana.

Elaborar barras ge cereds contendo farinha o2 ¢asca de banana atraves da metodolog'a de modeiagem o
misturas.

Avalar 35 propriedaces Msicas 03s bamas o2 C2raals, como 12XLr3, COF & VOIUME SSpEciico.

Caractenzar o perfil sensona das Damas de cereals alraves a3 Analise Descritva Quantitaiva.

Avaliar 3 acetacio sensond & 3 Im2ncdo 02 CoMpra das bamas de caraals atraves de tesies Fethvos, além o3
construgo de mapas oS prefersncla

Avallar 3 composicdo cenesimal, 05 compostos Tendiicos & 3 atvidace antiodante 035 Damas de cersals
SCE13s sensonaimente.

Avallag3o dos Riscos 8 Bansficlos:

A p=6quisa OfEfECera Mscos MINIMos 3 5ua S300e, POis 05 3 serem Sxpenmentatos s30 02 consumo
comum & de Marcas comercials, 3lém dagueles que manipulados utilizanao-se 35 B0as Praticas oe
ManiputagidaFabricacdo. Os banficios 550 multos CoNSINErando que bama o8 cereal 3 s&7 produzida com 3
farinha de ¢3sc3 02 Danana, por s£7 1'c3 &m compostos bioativos, pode ser

Enderegec  CRIZTOVAD COLOMED 16078000

Babrror  JAADIM NAZARETH CEP: 15 0500
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Telefone: (17152012450 Fax: (122230500 E-mail. soraid @lacn Utwme B,

111



INSTITUTO DE BIOCIENCIAS
LETRAS E CIENCIAS W
EXATAS/CAMPUS DE SAQ
utilzada na efaboragdo o2 almentos com alegacdo de propriedades luncionais, além de reouzir o Impacto
ampiental. Esta & um tpo de Jlimento que gannou 3 aceltacdo dos CONSUNYAoTes Cevito 30 seu apelo
funcional, como fomeacimento ge fibras aimentarss & para uma deta saudavel 3¢ do f3lo que 0

gesenvonvimento de aimentos funcionals & uma oportunidade dnica para contribulr para 2 menona da
qualidade dos alimentos e para 2 salde e bem-2star do consumidor.
Comentarios & Conslderagies sobrs 3 Pesquisa:
A pasquisa & relevants para 3 &rea Iem o2 contribur para 3 melhora da quaidads oe um tipo de IImento oe
boz aceltagdo pela popuagdo, quer pelo balxo custo quer pela praticidade, de contribulr com uma dieta
meammuwmmwzw&m A ntraugdo e6ta multo bem
referandada Fpresenta cosnincla entre 05 ObJStVOS proposios £ 3 metodniogla.
O projeto esta apresentado adequadamente, 0s objetivos estdo claramente colocados, 3 metodologla 3 ser
utiiza03 & 30EqUA0a PIr3 08 CLIETVOE Proposios, 06 MsCos &/0u eneficios justificam 3 execugdo do projetn. Ha
Nira-estrutra NECSsSANa para exscuga0 00 projeto & concordanda cocumentada da Insituic3o em que send
gesemvolvida. N3o fol apresentado, no projeto, o orgamento financeiro detalnaco da pasquisa, porem fol
3presentado 0 b e UtDrga da FAPESP, 308nca 3 qual 0 Projeto fol submatido & 3provadd, que descreve
08 ltens 3 serem Mnanciados.
Am@ummemmuaummmmeMImmmm

apresentado contempla SUQET0as pelo CEP.
AS MEA3S Para proteco dos Indviduos QuUantD 3 qualQuar isco eventud de S300E & MONitorEmento 43

Consideragtes sobrs 08 Termos de apressntago obrigatoria:
Todos o5 Termos o2 apresentacio 0DNgII0Na ©ram apresentaos 2 o TCLE 263 devidamants fomulaco.

Rscomendagdes:
Nenhuma

Concluedes ou Pendéncias & Lista de Inadequagdes:
Aprovado

Situag3o do Parscar:
Aprovado

Nacassita Apreciag3o da CONEP:
NS

ConsideragOss Finals a critério do CEP:
Nada 3 acrescentar.
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ANEXO 3 — Médias da aceitagao sensorial (desvio-padrao; n = 67) pelas barras de cereais segundo os niveis de farinha de
casca de banana (X1), flocos de arroz (X2) e aveia (X3) na mistura.

Proporgao de cada

componente na Aceitacao
Formulagao mistura
X1 X2 X3 Aparéncia  Aroma Textura Sabor Aceitacao

Global
1 1 0 0 4,3 (2,3) 5,7 (1,9) 3,9 (2,1) 3,8 (2,3) 3,9 (2,0)
2 0 1 0 6,5 (1,7) 5,8 (1,5) 6,7 (1,7) 6,1 (1,9) 6,2 (1,6)
3 0 0 1 3,3 (1,8) 4,9 (1,7) 3,2 (2,1) 4,1 (2,4) 3,6 (2,0)
4 0,50 0,50 0 6,1 (1,7) 6,2 (1,4) 6,8 (1,6) 6,6 (1,6) 6,5 (1,4)
5 0,50 0 0,50 4,2 (1,9) 6,0 (1,3) 4,8 (2,1) 5,4 (1,9) 5,0 (1,7)
6 0 0,50 0,50 7,0 (1,6) 6,2 (1,6) 6,8 (1,6) 6,5 (1,8) 6,6 (1,7)
7 0,33 0,33 0,33 6,2 (1,9) 6,8 (1,2) 6,7 (1,6) 6,8 (1,7) 6,6 (1,5)
8 0,33 0,33 0,33 6,2 (1,7) 6,4 (1,4) 6,7(1,6) 6,7 (1,7) 6,6 (1,5)
9 0,33 0,33 0,33 6,3 (1,5) 6,4 (1,4) 6,8 (1,4) 6,8 (1,6) 6,7 (1,4)
10 0,66 0,17 0,17 4,9 (1,9) 6,2 (1,6) 6,1 (1,6) 5,6 (2,2) 5,7 (1,8)
11 0,17 0,66 0,17 6,9 (1,3) 6,4 (1,3) 74 (1,1) 6,8 (1,4) 6,9 (1,3)
12 0,17 0,17 0,66 5,2 (1,8) 5,7 (1,5) 5,7 (2,0) 5,5 (2,0) 5,5 (1,8)




114

ANEXO 4 - Médias das variaveis de cor (desvio-padrao; n = 4) das barras de cereais segundo os niveis de farinha de

casca de banana (X1), flocos de arroz (X2) e aveia (X3) na mistura.

Proporgao de cada

Cor
Formulaggio componente na mistura
X1 X2 X3 L* a* b* Cc* h
1 1 0 0 17,9 (0,4) 2,5(0,7) 2,5(0,3) 3,2 (0,1) 39,1 (0,2)
2 0 1 0 46,1(1,3) 11,5(3,1) 357(1,9 351(0,2) 70,1(0,0)
3 0 0 1 37,1 (1,1) 8,8 (2,6) 26,8(1,6) 28,7(0,6) 70,9(0,1)
4 0,50 0,50 0 30,9(0,7) 4,7(1,6) 16,2(1,0) 155(0,4) 72,5(0,6)
5 0,50 0 0,50 20,4 (0,7) 2,9 (0,9) 6,3 (0,6) 6,4 (0,4) 62,8 (0,4)
6 0 0,50 0,50 35,4 (1,3) 9,8 (2,6) 26,7 (1,8) 26,7(1,00 67,3(0,2)
7 0,33 0,33 0,33 26,9(0,5 4,2(1,3) 9,8 (0,8) 9,9 (0,4) 64,2 (0,4)
8 0,33 0,33 0,33 27,0 (0,9) 6,1 (1,7) 13,0(1,0) 13,3(0,4) 61,8(04)
9 0,33 0,33 0,33 26,5 (0,7) 6,0 (1,7) 139(1,1) 14,1(0,6) 64,0 (0,6)
10 0,33 0,33 0,33 23,2 (0,4) 3,1(0,9) 6,1 (0,5) 6,3 (0,1) 60,4 (1,4)
11 0,66 0,17 0,17 36,3 (0,9) 7,9 (2,3) 254 (1,4) 24,8(0,3) 71,1(0,1)
12 0,17 0,66 0,17 27,3 (0,8) 6,8 (2,1) 248 (1,3) 241(0,4) 73,1(0,3)
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ANEXO 5 — Médias da Analise do Perfil de Textura (desvio-padrao; n = 10), for¢ga de ruptura e volume especifico (desvio-
padrdo; n = 3) das barras de cereais segundo os niveis de farinha de casca de banana (X1), flocos de arroz (X2) e aveia (X3)

na mistura.
Proporcgao de cada
componente na Analise do Perfil de Textura Volume
~ . Forca de

Formulagao mistura Especifico

_ _ Ruptura (N) .

X1 X2 X3 Adesividade Elasticidade Coesividade Mastigabilidade (cm’.g™)

Dureza (N)
(N.s) (N)

1 1 0 0 15.7 (7.9) -1.3 (1.0) 0.4 (0.3) 0.3(0.3) 1.7 (1.1) 0.8 (0.1) 11.1 (1.0)
2 0 1 0 40.0 (20.3) -0.8 (0.3) 0.2 (0.0) 0.6 (0.2) 0.6 (0.3) 5.2 (0.5) 20.7 (0.8)
3 0 0 1 5.7(1.9) -2.8 (1.1) 0.9 (0.1) 0.7 (0.1) 3.9 (1.5) 0.2 (0.1) 9.5 (0.5)
4 0,50 0,50 0 37.1(23.1) -2.5(0.6) 0.3 (0.0) 0.1 (0.0) 1.4 (1.0) 3.7 (1.7) 15.2 (0.8)
5 0,50 0 0,50 36.2 (7.2) -4.53 (1.1) 0.7 (0.2) 0.2 (0.4) 5.9 (1.6) 0.8 (0.1) 11.2 (0.8)
6 0 0,50 0,50  85.0(20.7) -3.5(1.3) 0.3 (0.1) 0.1 (0.0) 3.2(0.9) 0.7 (0.1) 12.4 (0.2)
7 0,33 0,33 0,33 74.3(16.3) -5.3(2.2) 0.7 (0.3) 0.2 (0.0) 9.7 (4.6) 1.5 (0.8) 13.4 (1.1)
8 0,33 0,33 0,33 89.8(17.9) -3.9(1.4) 0.6 (0.3) 0.1 (0.0) 8.0 (4.6) 0.4 (0.3) 14.2 (0.1)
9 0,33 0,33 0,33 110.8(30.9) -6.5 (1.6) 0.7 (0.2) 0.1 (0.0) 12.3 (4.5) 0.3(0.4) 11.6 (0.3)
10 0,33 0,33 0,33  45.8(14.9) -4.1 (1.6) 0.4 (0.1) 0.2 (0.0) 4.0 (1.8) 0.6 (0.2) 13.4 (1.5)
11 0,66 0,17 0,17  98.0 (15.5) -2.8 (1.0) 0.3(0.2) 0.1 (0.0) 3.1(2.1) 3.2 (0.7) 18.7 (2.5)
12 0,17 0,66 0,17  51.9(11.1) -6.5 (0.9) 0.5(0.1) 0.2 (0.0) 5.0 (1.8) 0.8 (0.2) 10.9 (0.7)
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ANEXO 6 — Parecer do Comité de Etica em Pesquisa

INSTITUTO DE BIOCIENCIAS

LETRASECIENCIAS  GREIaA -
EXATAS/CAMPUS DE SAO

Mﬁmnnn:umnewm:nwumaummw@nemm

Pesquisador: VANIA SILVA CARVALHO
Asea Tematica:

Verssa: 3

CAAE: 06087312 3.0000 2400

nsBtuico Proponente: instiuts de Sooencias Letras e Ciencas Exatas’ Campus de 540 Josea 65
Patrocinador Principal; FUNDACAD DE AMPARD A PESOLISA DO ESTADO DE SAD PAULO

Numero do Parecer: 543 487
Data da Relatoria: 01022013

Agressniacao do Projeto:
Trata-se g emenda em atendioenid as solctagtes 0o CEF por ccasiso oa uitma nottcacio
Objetivo da Peaquisa:
O
Avallacoo dos Riscos e Beneficios:
Os

et goes sobre a Pesquisa:
O CEP hav ® cas a0 penodo de 122013 2 1072094,
. paaa do ol de de projio
« Projeto sefonmuado e,

- AnuSnga c onermadoa. ViSiD asy-se de projets Oe oocatrameno

Consideractes sabre 03 Termos de apresentagdo cbrigatora:
Em conformidade

Recamendacoes:
Naga 2 retatar

Bndersgo.  CHETOVAD COLOMSC oo

Besra: JARDM MAZASETH CeP: raniom
ur: = Masricpie:  BAQ JOGZ DO A0 PRETD
Telatare: 170221 S0 Pas: [TT00 20 Comul Maretiss cremp b
INSTITUTO DE BIOCIENCIAS
LETRASECIENCAS  QREvam
EXATAS/CAMPUS DE SAQ
Temraacie 3n Pewcs W8T
ou P e Lista de quag
A pesqusadon agr | paraa ©0 local ae do projeto a sater:
Insthuto Federai Goano, Campus MOrTinhoR. por ler SII0 3poVac 811 CONCUISD fublico para © camo de
protessor
AL L] das Oo pencdo ce 122013 a 102014, tendo apresentado pans dos
&m 3 cong! ca 2rea Oe atuacdo, o om ingita. Ge G0l artigos para pubiicacso

&m revista centfica da e 3enco quE, LM M ol sutimetido £ Ieatzacho do exame de quAifcacas em
setombro de 2014

Embora ndo lenco apresentads nem O peojelo reformuiado nem a anoéncia da onenladora scbre &
cantruidace @ ¢ p se do g criginal e cos resuttados apresentados At ©

momento, QuE restam apenas a redagdo da fece & 2 sud defesa, condu-se que 3 coentadomn deve estar
clente e d= acordo.

Bituagho do Parecer:

Aprovads

Necessita Agreciagso da CONEP:

Nio

ConsideracOes Finais 3 oriterio do CEP:

O CEP nprova © parecer do mialor

SA0 JOSE DO RID PRETD. 08 de Feversro o 2013

Assinado por:
Cuoda Regina Boninl Dominges
(Coordenador)



