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RESUMO

A utilizacdo racional de espécies frutiferas do Cerrado e a pesquisa de suas
potencialidades nutricionais sdao de grande importadncia para o desenvolvimento
socioecondmico de regides nativas deste ecossistema. O uso da améndoa de baru e do
caju-do-cerrado em produtos mais saudaveis, como a granola, incentiva a inclusao de
alimentos regionais saudaveis a dieta. O objetivo deste trabalho foi avaliar as
caracteristicas fisicas e nutricionais, a qualidade microbiolégica, a aceitabilidade e a
estabilidade de granola elaborada com passas de caju-do-cerrado e améndoa de baru.
Os pedunculos de caju-do-cerrado foram submetidos a desidratacdo osmoética e a
secagem em estufa a 65 °C por 6 horas, para a obtengcdo de cajus passas. Foram
elaboradas granolas com proporcdes de 5%, 10% e 15% de cajus passas e 10% de
améndoa de baru, em substituicio as uvas passas pretas, castanha-de-caju e
castanha-do-Brasil da granola controle. As granolas foram submetidas as analises
microbiolégicas e de aceitacdo em laboratério. A granola considerada mais aceita foi
avaliada quanto a composicao centesimal, minerais (Ca, Fe, Zn, Na, Mg, K e P),
atividade de agua e textura, durante 100 dias de armazenamento. As condicdes
microbiol6gicas das granolas estavam em conformidade com a legislacao. A granola
com 10% de cajus passas obteve a maior aceitacdo. Além disso, teve maiores teores
protéicos (11,74 g/100 g), de fibra alimentar (11,53 g/100 g) e de ferro (3,21 mg/100 Q),
e menores concentracdes de umidade (5,70 g/100 g), atividade de agua (0,31), sodio
(57,77 mg/100 q), lipideos (15,02 g/100 g), acucares totais (33,09 g/100 g) e menor
valor energético total (395,22 kcal/100 g), comparada a controle. Durante 100 dias de
armazenamento, a granola com 10% de cajus passas foi considerada aceita por 85,54 a
95,24% dos provadores, e manteve a textura crocante mesmo com alteragcées de
umidade e de atividade de agua. O elevado potencial nutritivo da granola com frutos do
Cerrado e a sua estabilidade poderao incentivar o consumo de frutos nativos e atender

a demanda crescente por alimentos mais saudaveis e naturais.

Palavras-chave: granola; Anacardium othonianum Rizz; Dipteryx alata Vog; Cerrado;

caracteristicas nutricionais



ABSTRACT

The rational use of fruit species from Cerrado and the research about their nutritional
potential are important to the socioeconomic development of the native regions from this
ecosystem. The use of baru almond and caju-do-cerrado in healthier foods like granola
encourages the inclusion of healthy regional foods into the diet. The aim of this study
was to evaluate the physical and nutritional characteristics, microbiological quality,
acceptability and stability of granola made with dried caju-do-cerrado and baru almonds.
The caju-do-cerrado was subjected to osmotic dehydration and drying at 65 °C for 6
hours to obtain dried fruits. Granolas were prepared with 5%, 10% and 15% dried caju-
do-cerrado and 10% of baru almonds, replacing the black raisins, cashew nuts and
Brazil nuts of the control granola. The granolas were submitted to microbiological
analysis and acceptance in laboratory. The most acceptable granola was evaluated by
its proximate composition, minerals (calcium, iron, zinc, sodium, magnesium, potassium
and phosphorus), water activity and texture, during 100 days of storage. The
microbiological conditions of granolas were in accordance to the law. The granola with
10% dried caju-do-cerrado obtained the highest acceptance. Moreover, it had higher
protein content (11.74 g/100 g), dietary fiber (11.53 g/100 g) and iron (3.21 mg/100 g),
and lower concentrations of moisture (5.70 g/100 g), water activity (0.31), sodium (57.77
mg/100 @), lipids (15.02 g/100 g), total sugar (33.09 g/100 g) and total energy value
(395.22 kcal/100 g) compared to control. During 100 days of storage, the granola with
10% dried caju-do-cerrado was considered acceptable to 85.54 to 95.24% of the
consumers, and kept the crunchy texture even with changes of moisture and water
activity. The high nutritional potential of granola with Cerrado fruits and its stability may
encourage consumption of native fruits and deal with the growing demand for healthier
and more-natural foods.

Keywords: granola; Anacardium othonianum Rizz; Dipteryx alata Vog; Cerrado;

nutritional characteristics
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CAPITULO 1

1 INTRODUCAO

O Brasil é o pais de maior biodiversidade do mundo, pois abriga cerca de 14%
das espécies do planeta. Neste panorama, destaca-se o Cerrado, o segundo maior
ecossistema brasileiro, que ocupa aproximadamente 2 milhdes de km2, correspondendo
a 20% do territério nacional. Esta localizado na Zona Tropical do Planalto Central,
distribui-se na regido Centro-Oeste e nos Estados de Minas Gerais, Tocantins, Bahia,
Piaui e Maranhao (SANO et al., 2008).

A biodiversidade do Cerrado é expressiva pela sua heterogeneidade de
ambientes, com abrangéncia de 20% a 50% das espécies brasileiras e 5% das
espécies mundiais, dependendo do grupo taxonémico considerado (MACHADO et al.,
2004). A flora deste bioma € a mais rica dentre as savanas do mundo, com cerca de
1000 espécies de arvores, 3000 espécies de ervas ou arbustos e quase 500 trepadeiras
(CHAVES, 2003; ROESLER et al., 2007).

A variedade vegetal do Cerrado abriga diversas espécies frutiferas, que
produzem frutos comestiveis de formas variadas, cores atrativas e sabores
caracteristicos. Destacam-se quanto ao potencial agricola, pois podem se desenvolver
tanto em solos pobres em nutrientes e com déficit hidrico quanto em pomares
domésticos e comerciais. Contribuem também nutricionalmente como fontes de
vitaminas, proteinas, minerais e carboidratos na alimentagdo humana, sendo
consumidas in natura ou como ingredientes em diversas preparacdes e pratos tipicos
(RIBEIRO; RODRIGUES, 2006).

Entretanto, a ocupagédo demogréfica, econémica e expansao agricola no Cerrado
tém ocorrido sem planejamento adequado, sendo que nas ultimas décadas mais da
metade de sua darea original foi ocupada com pastagens, lavouras e outros tipos de

usos, 0 que contribui para a degradagdo do solo e dos ecossistemas nativos e




representa uma séria ameaga a biodiversidade de um ecossistema ainda pouco
conhecido (PARTELLI et al., 2010).

Nesta perspectiva, a valorizacdo das possibilidades de utilizagdo racional de
espécies frutiferas deste ecossistema e a pesquisa de suas potencialidades nutricionais
e funcionais sdo de grande importancia para o desenvolvimento econémico, industrial,
tecnolégico e sustentavel da regido. Além disso, contribuem para o incentivo a
promog¢ao da saude por meio da inclusdo de alimentos regionais mais saudaveis na
dieta, com maiores quantidades de fibra alimentar, vitaminas e minerais, € menores
teores de gorduras e agucares (RIBEIRO et al., 2000; SILVA et al., 1994).

O consumo de alimentos regionais é recomendado pela Organizagdo Mundial da
Saude (WHO, 2004) e pelo Ministério da Saude no Guia Alimentar para a Populagao
Brasileira (MINISTERIO DA SAUDE, 2006), como uma das estratégias para a
promocao da alimentacdo saudavel e reducdo do risco de doencgas crdnicas nao-
transmissiveis (DCNT). A insercao de alimentos regionais na alimentacdo habitual
também contribui para a aplicacdo do conceito ampliado de seguranca alimentar e
nutricional, que envolve o abastecimento e acesso universal aos alimentos, somado aos
seus aspectos nutricionais e de qualidade, e ao manejo sustentavel dos recursos
naturais (MINISTERIO DA SAUDE, 2003). Desse modo, a preservacdo da
biodiversidade dos recursos vegetais € considerada uma estratégia de seguranca
alimentar, nutricional, econémica e ecolégica para a populacdo (RIBEIRO;
RODRIQUES, 2006; TOLEDO; BURLINGAME, 2006).

Apesar do evidente potencial econdmico do Cerrado, as informagdes cientificas
sobre o cultivo e producdo de frutiferas nativas, bem como suas caracteristicas
quimicas, valor nutritivo e utilizacdo destes frutos na alimentagdo humana ainda sao
escassos (PARTELLI et al., 2010). Assim, ressalta-se a necessidade de pesquisas
cientificas nesta area, uma vez que o conteudo nutricional € um importante fator para o
estimulo ao consumo dos alimentos (SILVA et al., 2008).

Dentre os frutos produzidos no Brasil, destaca-se o caju, nativo do nordeste do
Brasil e espalhado pela América Tropical. O nome da fruta € oriundo da palavra
indigena acaiu, que em tupi quer dizer "noz que se produz" (MELO FILHO, 2002).
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Pertence a familia Anarcadiaceae, constituida por arbustos tropicais e subtropicais, e
por arvores de até 20 m de altura com a copa arredondada (ALVES, 2002; MELO,
2002). Sua castanha (fruto verdadeiro) é comercializada torrada, e o pseudofruto
(pedunculo carnoso) € amplamente utilizado na industria para fabricagdo de sucos,
polpas, aguardente, rapadura, licores, doces, sorvetes, cereais matinais, produtos
lacteos, de confeitaria e padaria (TORREGGIANI; BERTOLO, 2001). Em Goias
destaca-se a espécie Anacardium othonianum Rizz (Anexo A), conhecida como caju-
do-cerrado, cajuzinho-do-cerrado ou cajui, que frutifica de setembro a outubro
(BARROS, 2002).

Os pseudofrutos do caju-do-cerrado, que variam de cor amarelada ao vermelho
vivo, possuem polpa branco-amarelada e contém 86% de agua, 7% de carboidratos,
além de vitamina C (36,92 mg/100 g) e de fibras (4,26 g/100 g) (SILVA et al., 2008;
SILVA; SILVA; OLIVEIRA, 2004).

O baru (Dipteryx alata Vog.), também conhecido como cumbaru, barujo, coco-
feijdo ou cumarurana, é outra espécie frutifera de destaque no Cerrado (Anexo B). Esta
presente especialmente nos solos areno-argilosos dos cerradées e matas secas, com
destaque para Minas Gerais, Goias e centro do Mato Grosso. E originado de arvores
hermafroditas da familia Fabaceae, com cerca de 15 m de altura, floracdo de outubro a
dezembro e frutificagdo de agosto a outubro. O fruto comestivel € uma drupa da familia
das leguminosas, marrom-claro, ovéide, com pericarpo lenhoso e peso aproximado de
30 g, com 4 a 5 cm de comprimento (CORREA et al., 2008; SANO; RIBEIRO; BRITO,
2004; TAKEMOTO et al., 2001).

O baru esta entre os dez frutos mais promissores do Cerrado para cultivo, devido
ao seu elevado potencial econémico. O fruto ja é comercializado com sucesso por
comunidades locais, contribuindo para a preservagao das espécies frutiferas regionais e
valorizacao turistica local. Além disso, este fruto tem usos medicinais, industriais, para
paisagismo e recuperacao de areas degradadas (VALLILO; TAVARES; AUED; 1990).

A polpa do baru contém amido, fibra insoluvel, agicares e minerais. Na améndoa
(semente comestivel) predominam proteinas (25,81 @/100 @), destacando-se o
consideravel conteudo de aminoacidos essenciais (403,2 mg/g de proteina), e lipideos
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(41,97 g/100 g), com énfase aos acidos graxos insaturados, especialmente o acido
oléico (48,37 g/100 g de lipideos), além de fibras, vitaminas e sais minerais, como
célcio, ferro e zinco. Ao contrario da polpa, a améndoa de baru tem elevado valor
energético, de 476 a 560 kcal/100 g (ALMEIDA et al., 1998; FERNANDES et al., 2010;
FREITAS; NAVES, 2010; SANO; VIVALDI; SPEHAR, 1999; TOGASHI; SGARBIERI,
1995).

As améndoas de baru tém sabor agradavel, semelhante ao amendoim, sendo
consumidas como aperitivo, preferencialmente torradas, para inativacdo de fatores
antinutricionais (KALUME; SOUSA; MORTHY, 1995). Em geral, sdo utilizadas como
ingrediente de pé-de-moleque, pacoca, bombom, cajuzinho, rapadura, barra de
chocolate, bolos, molhos, cereais matinais, biscoitos e licor (TAKEMOTO et al., 2001).

A diversidade de aplicagdes do caju-do-cerrado e do baru na alimentacéo
humana contribui para a insercao destes frutos como ingredientes de varios produtos.
Entretanto, sdo necessarias mais pesquisas para o0 uso destes alimentos em
preparacdes mais saudaveis, que possam contribuir na promocao da saude.

Considerando-se a estreita relacao entre saude e alimentagao, a introducao de
preparacdes mais saudaveis a dieta auxilia na manutengdo da saude (BLANCO-
METZLER; MONTERO-CAMPOS; FERNANDEZ-PIEDRA, 2000; MENDONGCA; ANJOS,
2004). Neste contexto, destacam-se os alimentos fontes de fibras, com caracteristicas
funcionais e componentes essenciais para uma dieta saudavel, pois desempenham
inumeros beneficios na promogéao da saude e reducao do risco do desenvolvimento de
DCNT (GIUNTINI; LAJOLO; MENEZES, 2003; JENKINS et al., 2000; MATTOS;
MARTINS, 2000).

Pesquisas evidenciam os efeitos positivos do consumo de fibras, tais como:
aumento do bolo fecal e do transito intestinal, redugao dos niveis lipidicos e de insulina
no sangue, promogao de maior saciedade, redugéo do risco de cancer de intestino e de
doencas cardiovasculares, auxilio no controle do peso corporal e no tratamento de
portadores de diabetes insulino-dependentes (HENRIQUES et al., 2008; LIU, 2002;
SALAS-SALVADO et al., 2006; SARTORELLI; CARDOSO, 2006).
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A granola € um produto fonte de fibras, elaborada pela mistura de cereais (aveia,
soja, farelo de trigo, gérmen de trigo, flocos de arroz, flocos de milho), graos integrais
(amendoim, linhaga, gergelim), frutas secas (uva, banana, maca), castanhas, nozes e
pode conter mel ou agucar. Esta combinacdo de ingredientes confere ao produto
quantidades elevadas de fibra alimentar, energia, vitaminas e minerais, o equilibrio de
fibras solUveis e insolluveis, proteinas, carboidratos e &cidos graxos insaturados. A
insercao balanceada deste alimento na dieta pode contribuir para a promog¢ao da saude
por causa das suas propriedades nutricionais e funcionais comprovadamente benéficas
a salde humana (AMAYA-FARFAN; MARCILIO; SPEHAR, 2005; INSTITUTO DE
TECNOLOGIA DO PARANA, 2006; LIU, 2002; WATERHOUSE et al., 2008).

Além destes beneficios, a granola € um alimento versatil, de diversas
possibilidades de consumo, tem elevada aceitacdo, baixos teores de umidade e de
atividade de agua, e vem apresentando crescente consumo mundial, especialmente na
refeicdo matinal (ARNDT, 2006; GRANADA et al., 2003; ZIND, 2007).

No Brasil, ndo existe ainda legislacdo especifica que defina a composicao de
granola. Assim, este produto pode ser elaborado com diferentes elementos, em
quantidades variadas (INSTITUTO DE TECNOLOGIA DO PARANA, 2006).

Considerando-se as caracteristicas nutricionais e a versatilidade de uso do caju-
do-cerrado e da améndoa de baru, e a possibilidade de contribui¢cdo para a preservagao
e utilizacdo sustentavel destes frutos do Cerrado, justifica-se o desenvolvimento de um
produto mais saudavel que inclua estes alimentos. A granola com passas de caju-do-
cerrado e améndoa de baru pode valorizar espécies nativas, contribuir para agregar
valor ao produto, estimular a insercdo de alimentos regionais nutritivos a dieta e o
desenvolvimento socioecondmico local. Além disso, a iniciativa de elaboracdo da
granola com frutos do Cerrado e o estudo de suas caracteristicas microbiolégicas,
sensoriais, fisicas, quimicas, nutricionais e de estabilidade, acompanha a demanda
crescente por alimentos processados de qualidade, mais saudaveis e naturais.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a qualidade microbioldgica, a aceitabilidade, as caracteristicas fisicas,
nutricionais e a estabilidade de granola elaborada com passas de caju-do-cerrado e

améndoa de baru.

2.2  Objetivos especificos

e Elaborar passas de caju-do-cerrado por meio de desidratagédo osmdtica;

e Testar formulas de granola com a adi¢do de passas de caju-do-cerrado e améndoa
de baru em substituicdo as uvas passas pretas, castanha-de-caju e castanha-do-
Brasil;

e Analisar a qualidade microbiolégica de ingredientes e dos produtos elaborados;

e Avaliar a aceitabilidade das granolas por meio de teste afetivo em laborat6rio;

e Analisar as caracteristicas fisicas, quimicas e nutricionais das granolas com maior
nivel de aceitacao;

e Avaliar a crocancia das granolas por meio das andlises de umidade, atividade de
agua e textura instrumental;

e Avaliar a estabilidade das granolas com maior nivel de aceitagdo durante o

armazenamento por 100 dias.
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3 MATERIAIS E METODOS

3.1 Materiais

Os cajus-do-cerrado foram adquiridos nos municipios de Corumba e Faina,
Goias, Brasil, em setembro de 2009. Estes municipios possuem elevada producao
extrativista de caju, principalmente durante a estacdo chuvosa, destacando-se a
comercializagdo de castanhas-de-caju (IBGE, 2010). Os cajus-do-cerrado recém
colhidos foram acondicionados em sacos plasticos, armazenados em caixas de isopor
com gelo e levados para imediata selegéo, higienizagdo e armazenamento.

As améndoas de baru foram adquiridas na cidade de Goiania, Goias, Brasil, e
sdo originarias de barus do municipio de Jussara, Goias, Brasil. A producao
agroextrativista deste fruto no municipio é favorecida por fazendas, cooperativas e
empresas da regido, que contribuem no plantio, beneficiamento e comercializagdo do
baru e de seus subprodutos para além do nivel local (SANO; RIBEIRO; BRITO, 2004).
As améndoas de baru foram obtidas torradas do fabricante, e a torrefacdo ocorreu a
100 °C por 20 minutos, em torrador giratério com queimador a gas.

Os outros ingredientes para a elaboracéo das granolas (aveia em flocos, gérmen
de trigo, flocos de milho, castanha-de-caju torrada, castanha-do-Brasil, uvas passas
pretas, gergelim, semente de linhaga, agucar mascavo, mel e 6leo de milho) e o agucar
refinado comercial, utilizado no processamento do caju-do-cerrado em passas, foram

adquiridos no comércio da cidade de Goiania, Goias.

3.2 Processamento do caju-do-cerrado em passas

A desidratacao dos pseudofrutos de caju-do-cerrado para a obtencdo de passas
foi realizada por desidratacao osmética, método que promove a dissolucao de solutos e
remogao da agua por meio da membrana celular, influenciados pela concentragao da

solucao desidratante, tempo, temperatura e outras condicdes (RASTOGI et al., 2002).
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Os cajus passas (Apéndice A) foram elaborados conforme metodologia descrita

por Martins, Cunha e Silva (2008), no Laboratério de Dietética da Faculdade de

Nutricdo da Universidade Federal de Goias (FANUT/ UFG), conforme fluxograma:

Selecao manual dos cajus-do-cerrado in natura considerando-se tamanho, cor, estado de
maturacao e textura uniformes, e auséncia de manchas e defeitos

A 4

Descarte das castanhas, sanitizagao (solugao de hipoclorito a 150 ppm/15
minutos) e enxagle dos pseudofrutos em agua corrente

A 4

Armazenamento dos pseudofrutos em sacos de polietileno de baixa densidade e
congelamento em freezer a -18 °C até o processamento

A 4

Descongelamento em refrigeracdo a 4 °C por 10 horas e corte
dos pseudofrutos em cubos médios com faca inox

A 4

Preparo de solugao osmética com 40 °Brix utilizando-se agucar refinado
comercial e 4gua destilada

A 4

Adicéo de benzoato de sddio 0,1% a solugao osmoética e
correcao para pH 3 adicionando-se &cido citrico

A 4

Insercao dos pseudofrutos na solugdo osmotica na proporgao 2:1
(solucdo:amostra) e tratamento osmético em banho-maria a 50 °C por 4 horas

A 4

Drenagem da solugdo osmética utilizando-se peneira de
malha plastica (30 mesh) e papel toalha

A 4

Secagem dos pseudofrutos em estufa de circulagdo de ar a 65 °C por 6 horas,
resfriamento e armazenagem em potes de vidro & temperatura ambiente

Figura 1. Fluxograma de processamento do caju-do-cerrado em passas, conforme

metodologia descrita por Martins, Cunha e Silva (2008).
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3.3 Elaboracao das granolas

As granolas foram elaboradas no Laboratorio de Dietética da FANUT/ UFG, de
acordo com metodologia descrita pelo Ministério da Ciéncia e Tecnologia (2004), com
modificagdes. As granolas foram preparadas com 5%, 10% e 15% de cajus passas e
10% de améndoa de baru (Apéndice B), e na granola controle foram utilizadas 10% de
uvas passas pretas, 5% de castanha-de-caju e 5% de castanha-do-Brasil (Tabela 1).

A quantidade de aveia da granola controle foi de 40%, com variagdes para as
granolas com frutos do Cerrado, conforme as concentragdes de cajus passas. Como a
aveia € o ingrediente predominante, este foi escolhido para sofrer alteragbes de
quantidade entre as granolas, a fim de equilibrar a proporcao final das formulagdes.

Tabela 1. Ingredientes e proporgdes utilizadas nas formulagdes das granolas controle e
com 5%, 10% e 15% de cajus passas.

Formulacées de Granola

Ingredientes (g/100g) Controle Granola 5%* Granola10%* Granola 15%*
Aveia em flocos 40 45 40 35
Gérmen de trigo 8

Flocos de milho 8 8 8

Castanha-de-caju torrada 5 - - -
Castanha-do-Brasil 5 -
Améndoa de baru torrada - 10 10 10
Cajus passas - 5 10 15
Uvas passas pretas 10 - - -
Gergelim 2,5 2,5 2,5 2,5
Linhaca (semente) 2,5 2,5 2,5 2,5
Acgucar mascavo 8 8 8 8
Mel 5 5 5 5
Oleo de milho 6 6 6 6
Total (g) 100 100 100 100

* Porcentagem correspondente a proporgao de cajus passas, segundo tipo de granola.
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A aveia em flocos e os flocos de milho foram torrados separadamente em forno
elétrico, a 180 °C, por 40 minutos, com agitagdo manual de dez em dez minutos. A
castanha-do-Brasil, fragmentada em pedacos médios com faca inox, e o gergelim foram
torrados por dez minutos, a 180 °C, com agitacdo manual de cinco em cinco minutos.
As cascas das améndoas de baru torradas foram retiradas manualmente, e as
améndoas foram picadas com faca inox em pedagos médios, bem como as castanhas-
de-caju torradas.

Apobs o processo de torrefacdo, foi preparada uma calda com aglcar mascavo,
mel e agua, com concentracao de 45 a 47 °Brix, ajustada por refratdmetro manual, para
ser incorporada aos ingredientes.

Todos os ingredientes, exceto a linhaga e 0s cajus passas ou uvas passas, foram
misturados a calda ainda quente. A mistura homogénea (calda e ingredientes) foi
distribuida em camada com espessura de cerca de 1 cm, em férmas de aluminio e
submetida a temperatura de 180 °C em forno elétrico, com agitacdo manual em
intervalos de dez minutos. A mistura foi retirada do forno apds 40 minutos, quando ficou
dourada e formou grumos, indicadores de crocancia. A linhaca e os cajus passas ou
uvas passas pretas foram incorporadas por ultimo na mistura ainda quente.

Apés atingirem temperatura ambiente (cerca de 25 °C), as granolas foram
embaladas em sacos de polietileno, de 0,7 mm de espessura, com capacidade de 1 kg,
fechadas e acondicionadas em caixa de papeldao e, posteriormente, submetidas as

analises microbioldgicas, fisicas, quimicas e aos testes de aceitagéo.

3.4 Analises microbiolégicas

Para o controle higiénico-sanitario do processo de elaboracao das granolas, foi
realizada a andlise microbiolégica do caju-do-cerrado in natura, apds sanitizacdo e dos
cajus passas, além das uvas passas pretas, agucar mascavo e mel. Estes alimentos

foram analisados quanto a presenca de Salmonella sp, contagem de coliformes totais e
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a 45 °C, conforme a Resolucdo (RDC) n° 12 da Agéncia Nacional de Vigilancia
Sanitaria do Ministério da Saude (BRASIL, 2001).

A granola controle e as trés granolas com frutos do Cerrado foram analisadas
quanto a presenca de Salmonella sp, contagem de Bacillus cereus, Staphylococcus
coagulase positiva, coliformes totais e a 45 °C, microrganismos especificos a categoria
de misturas de cereais (BRASIL, 2001). Considerando-se a alta suscetibilidade da
granola a contaminacao fungica, em decorréncia das caracteristicas especificas de
misturas de cereais e frutas, também foi realizada a analise de bolores e leveduras
(VECCHIA; CASTILHOS-FORTES, 2007).

Todas as analises microbioldgicas foram realizadas em triplicata, no Laboratério
de Controle Higiénico Sanitario de Alimentos da FANUT/ UFG, segundo os
procedimentos descritos pelo Compendium of Methods for the Microbiological
Examination of Foods (DOWNES; ITO, 2001).

3.5 Analises sensoriais

O teste de aceitacdo das granolas foi realizado no Laboratério de Andlises
Fisicas e Sensoriais (LAFISE) da FANUT/ UFG. Os atributos sensoriais analisados
foram a aceitacdo global (sabor, aroma e textura) e aparéncia. A qualidade
microbiolégica das granolas foi avaliada antes do teste de aceitagéo.

Participaram do teste, por meio de recrutamento via convite oral, e-mail e
divulgacdo em cartazes, 73 consumidores potenciais de granola, dentre servidores e
alunos adultos de ambos os sexos, das Faculdades de Nutricdo e de Enfermagem da
UFG, conforme interesse e disponibilidade em participar da pesquisa. Foram excluidos
os analfabetos, gestantes, idosos (a partir de 60 anos), fumantes, diabéticos, celiacos e
portadores de defeitos visuais ou de patologias que interferem na absorcao intestinal e
na sensibilidade gustativa e olfativa. A autorizacdo por escrito dos provadores para
participagdo da pesquisa foi obtida pela assinatura do Termo de Consentimento Livre e
Esclarecido, antes do teste de aceitacao (Apéndice C).
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Para avaliar a aceitagdo global, as granolas foram servidas em por¢oes de dez
gramas, com temperatura ambiente, em copos plasticos descartaveis codificados com
nameros de trés digitos, em cabines individuais com luz vermelha. As amostras foram
apresentadas de forma monadica, sequencial e casualizada, em blocos completos.

A aparéncia das granolas foi julgada independente das caracteristicas de sabor,
aroma e textura e avaliada em blocos completos. As amostras foram dispostas em
pratos de fundo branco codificados com numeros de trés digitos, a luz natural, nas
dependéncias do LAFISE.

Para determinar a aceitabilidade das formulacdes, foi utilizada escala hedénica
estruturada de nove pontos (Apéndice D), com extremos de termos “gostei muitissimo”
(nota 9) e “desgostei muitissimo” (nota 1) (STONE; SIDEL, 1985). Foram consideradas
aceitas as granolas que obtiveram nota igual ou superior ao ponto de corte “gostei
levemente” (nota 6).

A pesquisa foi submetida ao Comité de Etica em Pesquisa da UFG e aprovada
sob o protocolo numero 109/2009 (Anexo C).

3.6 Analises fisicas e quimicas

Apés o teste de aceitagdo, a granola controle e a granola com frutos do Cerrado
mais aceita pelos provadores, além dos ingredientes castanha-do-Brasil e castanha-de-
caju, uvas passas pretas, cajus passas e améndoas de baru, foram submetidos as

analises fisicas e quimicas.

3.6.1 Composicao centesimal e valor energético total

Para as analises de composi¢cao centesimal, as granolas, castanhas e cajus
passas foram triturados em microprocessador doméstico e em moinho (Marconi, MA-
090 CFT, Piracicaba) utilizando-se a tela de 20 mesh. As uvas passas foram trituradas

em microprocessador doméstico, até a obtencdo de uma massa homogénea.
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As analises da composicdo centesimal foram realizadas em triplicata, no
Laboratério de Nutricao e Anélise de Alimentos da FANUT/ UFG, com excecéao da fibra
alimentar, feita em quadruplicata.

A umidade das granolas e das castanhas foi determinada pelo método de
dessecagao em estufa de esterilizacao (Fanem, 315 SE, Sao Paulo), a 105 °C,
até peso constante. Para as frutas desidratadas, a umidade foi determinada em estufa a
vacuo (Tecnal, TE-395 Piracicaba) a 70 °C (lIAL, 2005).

A determinagdao de proteinas foi realizada conforme método semimicro de
Kjeldahl, utilizando-se o fator 6,25 para conversao do teor de nitrogénio em proteina
bruta (AOAC, 1998).

As amostras foram homogeneizadas com uma mistura de cloroférmio e metanol,
para extracdo de lipideos segundo metodologia descrita por Bligh e Dyer (1959) e em
seguida determinacao dos lipideos totais por gravimetria.

Para a determinacdo das cinzas, as amostras foram incineradas em chapa
aquecedora, seguindo-se de incineracao em mufla, a 550 °C, até peso constante
(AOAC, 1998).

A fibra alimentar das granolas foi determinada pelo método enzimico-
gravimétrico de Prosky et al. (1988). Apds diluicdo em tampao fosfato pH 6, as
amostras foram submetidas a acdo de a-amilase, protease e amiloglicosidase. O
hidrolisado foi precipitado com etanol a 98%, filtrado com etanol e acetona, e
posteriormente seco em estufa de esterilizacdo a 105 °C. Apds a secagem, o material
foi corrigido de acordo com as concentragdes de proteinas e cinzas do residuo.

A quantidade de carboidratos foi calculada pela diferenca entre 100 g e a soma
das médias das porcentagens de umidade, proteinas, lipideos, cinzas e fibra alimentar.

A partir dos dados de composicao centesimal, foi determinado o Valor Energético
Total (VET) das granolas, considerando-se os fatores de conversao de Atwater de 4, 4
e 9 kcal/g para proteina, carboidrato e lipideo, respectivamente (MERRIL; WATT, 1973).
O VET foi obtido a partir da soma da energia proveniente dos macronutrientes e
expresso em quilocalorias (kcal).
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3.6.2 Acucares redutores, ndo-redutores, totais e amido

As granolas foram submetidas a analise de agucares redutores (glicose/ frutose),
por meio do método de determinagado de glicidios redutores em glicose. As amostras
foram clarificadas pela adicdo de ferrocianeto de potédssio e sulfato de zinco. Apds
filtracdo das amostras, o filtrado foi adicionado as solu¢cdes de Fehling A e B e foi
realizada titulacdo a quente com agitagao, utilizando-se azul de metileno. Para estimar
a concentracdo dos agUcares nao-redutores (sacarose), o filtrado foi acidificado,
submetido a banho-maria para hidrélise da ligacao glicosidica, neutralizado e titulado a
quente com as solugdes de Fehling. Os agucares totais foram estimados a partir dos
acucares redutores e nao redutores (AOAC, 1998).

Para a determinagé@o do amido, o residuo do filtrado foi acidificado e submetido a
autoclave, a 121 °C, para hidrélise da ligacao glicosidica. A solucéo foi neutralizada e
adicionada das solugdes de ferrocianeto de potassio e sulfato de zinco. A solugao foi
filtrada, adicionada das solu¢gdes de Fehling e titulado a quente (IAL, 2005).

As andlises de acucares redutores, nao-redutores, totais e amido foram
realizadas no Centro de Pesquisa em Alimentos da Escola de Veterinaria/ UFG.

3.6.3 Minerais

As andlises de calcio, ferro, zinco, sddio, magnésio, potassio e fésforo das
granolas foram realizadas no Laborat6rio da Empresa Metais de Goias S.A. (METAGO -
GO). Os minerais, exceto fésforo, foram quantificados por espectrofotometria de
absorcdo atémica (espectrobmetro Perkin Elmer, Analyst 200, USA). Foram utilizados
parametros instrumentais (lampada, comprimento de onda, corrente da lampada e
largura da fenda) especificos para cada nutriente. O fésforo foi analisado por
colorimetria (AOAC, 1998).

3.6.4 Atividade de agua

A atividade de agua das granolas foi determinada em ftriplicata, utilizando-se o
higrometro AqualLab, modelo CX - 2 (Decagon Devices Inc., Pullman, USA). A leitura do
resultado foi feita apds equilibrio das amostras a temperatura de 25 °C.
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3.6.5 Textura

A textura das granolas foi determinada em sextuplicata, com amostras de 100 g,
no Laboratério de Analises Fisicas e Quimicas da Escola de Agronomia e Engenharia
de Alimentos/ UFG. Foi utilizada a geometria HDP KS5 (Kramer Shear Cell 5 blades),
acoplada ao texturdmetro TA XTplus Texture Analyser (Stable Microsystems, Surrey,
UK), com célula de carga de 50 kg e velocidade de compressdo de 2 mm/s, até atingir
30% de deformacao em relacdo a altura inicial da amostra. Os parametros associados a
textura, forca (aplicada a amostra para deforma-la em até 30% da sua altura inicial) e
trabalho (energia gasta para esta mesma deformagéo), foram obtidos a partir do pico
maximo da curva forga versus altura de compressao. Estes parametros foram divididos
pela quantidade de amostra retida na célula de compresséo. A crocancia foi avaliada
considerando-se o0 comportamento desta curva, aliado aos teores de umidade e
atividade de agua das amostras (TAKEUCHI; SABADINI; CUNHA, 2005).

3.7 Avaliacao da estabilidade

A granola controle e a granola com frutos do Cerrado mais aceita foram
submetidas a avaliagdo da estabilidade, realizada no periodo de 100 dias,
considerando-se a validade de 60 dias para granolas comerciais, somado a margem de
seguranga de 40 dias. Durante o periodo de armazenamento, foram realizadas analises
microbioldgicas, testes de aceitacdo com 84 consumidores potenciais de granola e
determinagdes de umidade, atividade de agua e textura, com intervalos de 20 dias,
totalizando seis tempos de analises, do tempo zero ao tempo cinco, de acordo com 0s
procedimentos descritos nos itens 3.4, 3.5, 3.6.1, 3.6.4 e 3.6.5, respectivamente.

As granolas utilizadas para cada tempo foram acondicionadas e fechadas
separadamente, em sacos de polietileno, a temperatura ambiente (cerca de 25 °C) e
colocadas em caixa de papelao. As avaliacdes microbiolégicas foram realizadas para a
obtencao do perfil microbiolégico das amostras antes dos testes de aceitacdo. Ja as
determinacgdes de textura, umidade e atividade de agua foram realizadas apés os testes
de aceitacao.
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3.8 Analise estatistica

A aceitabilidade da granola controle e das trés granolas com frutos do Cerrado foi
avaliada utilizando-se andlise de variancia (ANOVA) e teste de Tukey (p < 0,05), além
da frequéncia dos escores dos atributos sensoriais. Para avaliacdo da estabilidade das
granolas, em cada tempo de andlise sensorial, foi aplicado o teste t de Student (p <
0,05) e avaliada a frequéncia dos escores dos atributos sensoriais. Os resultados das
caracteristicas fisicas e quimicas também foram analisados por meio do teste t de
Student (p < 0,05).

Os dados de aceitagao global e aparéncia, umidade, atividade de agua e textura
foram submetidos a analise de regressdo. Os calculos estatisticos foram realizados
utilizando-se o programa STATISTICA, versao 7.0 (StatSoft Inc., Tulsa, USA).
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CAPITULO 2 - Artigo cientifico

O artigo a seguir foi submetido ao periédico Journal of the Science of Food and
Agriculture, de classificagdo B1 segundo o Qualis Medicina Il. As normas para a

publicacdo neste periddico estdo no Anexo D.

31



Quality of granola prepared with dried caju-do-cerrado (Anacardium

othonianum Rizz) and baru almonds (Dipteryx alata Vog)

Quality of Granola with Cerrado fruits

Priscila Lais C Souza®, Mara R Silva®
®Nutritionist, Faculty of Nutrition, Federal University of Goias (Faculdade de

Nutricdo, Universidade Federal de Goias), Goiania, GO, Brazil

®Professor, Dr., Laboratory of Nutrition and Food Analysis, Faculty of Nutrition,
Federal University of Goias (Laboratério de Nutricdo e Anadlise de Alimentos,

Faculdade de Nutricdo, Universidade Federal de Goias) Goiania, GO, Brazil

* Correspondence to: Priscila Lais Coelho de Souza, Laboratério de Nutricdo e
Analise de Alimentos, Faculdade de Nutricao, UFG, Rua 227, Quadra 68, 74605-

080, Goiania, GO, Brasil. E-mail: priscilalaismoon@hotmail.com

32



ABSTRACT

BACKGROUND: The use of Brazilian Cerrado fruits and research into their
nutritional potential are important for socioeconomic development and the
sustainable preservation of the environment. The use of these fruits in products
such as granola encourages the inclusion of healthier and more-natural foods in
the diet. The aim of this study was to evaluate acceptability, microbiological,
physical and nutritional characteristics and the stability of granola made from dried
caju-do-cerrado and baru almonds.

RESULTS: Granola containing Cerrado fruits had high levels of protein content
(117.40 g kg™, dietary fiber (115.27 g kg') and iron (32.07 mg kg") and had lower
moisture (56.98 g kg'), water activity (0.31), sodium (577.67 mg kg'), lipids
(150.23 g kg™), total sugars (330.89 g kg') and energy value (3952.24 kcal kg™
than did the control. After storage for 100 days, the granola presented adequate
microbiological conditions, with acceptability scores higher than 7 assigned by
85.54% t0 95.24% of the judges and a crunchy texture.

CONCLUSION: The high nutritional potential of granola containing Cerrado fruits,
coupled with its stability over 100 days of storage, may contribute to the
appreciation and consumption of these fruits and meet the growing demand for

healthier, more natural foods.

Keywords: Brazilian fruit; Granola; Anacardium othonianum Rizz; Dipteryx alata

Vog; Cerrado; nutritional characteristics
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INTRODUCTION

The Cerrado, the second largest ecosystem in Brazil, is home to the world’s
richest savanna flora, with several species producing edible fruits that stand out in
terms of agricultural, economic and nutritional potential." Among these species are
the caju-do-cerrado and baru. The caju-do-cerrado (Anacardium othonianum Rizz),
composed of a nut (true fruit) and a pseudo-fruit (fleshy peduncles), is a species of
cashew apple whose pseudo-fruit is about 86% water and contains 369 mg kg™ of
vitamin C and 43 g kg of fiber.?®

The baru (Dipteryx alata Vog) contains an almond (seed) in which proteins
predominate (258.10 g kg'), with considerable essential amino acid content
(403.20 g kg of protein). The almond is also high in lipids (419.70 g kg™), with an
emphasis on unsaturated fatty acids, especially oleic acid (483.70 g kg of lipids),
as well as fiber, vitamins and minerals."*’ The almonds have a pleasant taste
similar to that of peanuts and are roasted and eaten in sweets, cakes, sauces,
breakfast cereals, cookies and liqueurs.®

The nutritional potential of the caju-do-cerrado and the baru almond would
encourage a greater inclusion of these Cerrado fruits in the human diet. However,
it is necessary to investigate these foods as components of health-promoting food
preparations.®

Granola is a fiber-rich product that is made by mixing cereals (oats,
soybeans, wheat bran, wheat germ, rice flakes and corn flakes), whole grains
(peanuts, linseed and sesame), dried fruit (grapes, bananas and apples) and nuts,

and may contain honey or sugar. The heterogeneity and the combination of these
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foods makes it possible to include other ingredients, thus providing granola with
large amounts of dietary fiber, energy, vitamins and minerals as well as a balance
of soluble and insoluble fiber, proteins, carbohydrates and unsaturated fatty

acids. 0"

Native fruit species of Brazil are of potential interest in the agroindustry and
given the nutritional characteristics, variety of uses and the possible contribution to
conservation and the sustainable use of the caju-do-cerrado and baru, the
objective of this study was to evaluate the microbiological quality, acceptability,

physical and nutritional characteristics and stability of granola made with dried

caju-do-cerrado and baru.'?

MATERIALS AND METHODS
Materials

Raw caju-do-cerrado was bought in the cities of Corumba and Faina, Goias,
Brazil. These municipalities have a high extractivist cashew production and
substantial sales of cashew nuts.

The roasted baru almonds were obtained in Goiania, Goias, Brazil and
came from the municipality of Jussara, Goiés, Brazil. Agro-extractivist production of
this fruit is assisted by agricultural associations in the region, which contribute to
the planting, processing and marketing of baru and its products beyond the local

level.
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Processing of Dried Caju-do-cerrado

Dried caju-do-cerrado was obtained through the osmotic dehydration of the
pseudo-fruits, which promoted the dissolution of solutes and the removal of water
through the cellular membrane.'?' For this purpose, a 40 °Brix osmotic solution of
refined commercial sugar, distiled water and 0.1% sodium benzoate was
prepared. The pH of this solution was adjusted to 3 by the addition of citric acid.
The cashew apples were manually cut into cubes with a stainless steel knife and
placed in an osmotic solution in the proportion of 2:1 (sample solution) at 50 °C for
4 hours in a water bath. After osmotic treatment, the solution was drained using a
30 mesh plastic sieve and the pseudo-fruits were dried in an air circulation oven at

65 °C for 6 hours.

Granola Preparation

The granola was made according to methodology described by the Ministry
of Science and Technology,'* with modifications. The formulations were prepared
with 5%, 10% and 15% dried caju-do-cerrado and 10% baru almonds, and the
control was prepared with 10% black raisins, 5% cashew nuts and 5% Brazil nuts
(Table 1). Oats made up 40% of the control granola, and their quantity varied in the
Cerrado nut granolas depending on the concentrations of dried caju-do-cerrado. It
was decided to vary the percentage of oats, the predominant ingredient in the
granolas, to balance the final proportions of the formulations.

The oat flakes and corn flakes were toasted separately in an electric oven at

180 °C for 40 minutes with manual agitation every ten minutes. The Brazil nuts and
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the sesame seeds were roasted for ten minutes at 180 °C with manual agitation
every five minutes. After the roasting process, a syrup consisting of brown sugar,
honey and water, with a concentration of 45 to 47 °Brix as adjusted by a manual
refractometer, was prepared.

All of the ingredients other than the linseed, dried caju-do-cerrado and black
raisins were mixed into the syrup while it was still hot. A homogeneous mixture
(syrup and ingredients) was distributed in layers about 1 cm thick into aluminum
pans and placed in a 180 °C electric oven, with manual agitation every ten
minutes. The mixture was removed from the oven after 40 minutes when it was
golden and formed lumps, indicators of crispness. Finally, the linseed and dried
caju-do-cerrado or black raisins were added to the mixture while it was still hot.

After reaching room temperature (approximately 25 °C), the granolas were

packed in 0.7 mm thick polyethylene bags, closed and placed in cardboard boxes.

Microbiological Analyses

The control and the test—formula granolas were analyzed for the presence of
Salmonella sp., Bacillus cereus count, coagulase-positive staphylococci and total
coliforms at 45 °C."™ Yeasts and molds were also analyzed. Analyses were
performed in triplicate using the procedures described in the Compendium of

Methods for the Microbiological Examination of Foods.®
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Sensory Analyses

The granolas were evaluated for overall acceptability (flavor, aroma and
texture) and appearance in a laboratory acceptability test. The microbiological
quality of the granola was assessed before the acceptance test.

Seventy-three untrained judges of both sexes signed the free and informed
consent form and took the test. A 9-point hedonic scale was used to evaluate the
samples, with a score of 1 representing the attributes most disliked and a score of
9 for the most liked.'” Scores of approximately 6 were considered acceptable.

The study was submitted to the UFG Research Ethics Committee and

approved under protocol number 109/2009.

Physical and Chemical Analyses
Proximate Composition and Total Energy

The Cerrado fruit granola that enjoyed the greatest acceptance among the
testers and controls, the nuts and the dried caju-do-cerrado, underwent a
proximate composition analysis performed in triplicate, with the exception of dietary
fiber, which was performed in quadruplicate.

The moisture content of nuts and granolas was determined in a 105 °C
oven. For dried fruits, which are considered sugary foods, the moisture was
determined in a vacuum oven at 70 °C."® The protein was analyzed by the semi-
micro Kjeldahl method, using a factor of 6.25 for the conversion of nitrogen content
into raw protein.’® Lipids were determined according to the method of Bligh and

Dyer.?2° For ash analysis, the samples were incinerated in a 550 °C oven.'® The
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dietary fiber in the granolas was estimated using the enzymatic-gravimetric method
of Prosky et al.?' Total carbohydrates were calculated by subtracting the sum of the
average percentage of moisture, protein, fat, ash and dietary fiber from 100.

The total energy of the granolas was calculated on the basis of the Atwater
conversion factors of 4, 4 and 9 kcal g for protein, carbohydrate and lipids,

respectively. 22

Reducing, Non-reducing and Total Sugars and Starch

For the determination of reducing sugars (glucose and fructose), granola
samples were clarified, filtered, added to Fehling solutions A and B and titrated hot.
To determine non-reducing sugars (sucrose), the filtrate was acidified, placed in a
water bath and neutralized with subsequently titrated hot. Total sugars were
estimated from the reducing and non-reducing sugars.'® To determine starch, the

filtrate residue was acidified, autoclaved at 121 °C, neutralized and titrated hot.'®

Minerals

The granolas were analyzed for calcium, iron, zinc, sodium, magnesium,
potassium and phosphorus in triplicate. Except for phosphorus, the minerals were
quantified by atomic absorption spectrophotometry (Perkin Elmer Analyst 200
spectrometer, USA). Specific instrumental parameters (lamp, wavelength, lamp
current and slit width) were used for each nutrient. Phosphorus was analyzed using

colorimetry.®
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Water Activity
The water activity (Aw) of the granolas was analyzed in triplicate, using an
Aqualab CX — 2 hygrometer (Decagon Devices Inc., Pullman, USA). The reading

was made after balancing the samples at a temperature of 25 °C.

Texture

The texture of the granola was determined in sextuplicate, using 100 g
samples. We used a Kramer HDP KS5 5-Blade Shear Cell coupled to a TAXTplus
Texture Analyzer (Stable Microsystems, Surrey, UK) with a 50 kg load cell and a
compression speed of 2 mm/s until reaching a deformation of 30% in relation to the
initial height of the sample. The parameters associated with texture, force (applied
to the sample to deform it as much as 30% from its initial height) and work (the
energy expended for this deformation) were obtained from the highest peak of the
force versus compression height curve. These parameters were divided by the
amount of sample retained in the compression cell. Crispness was evaluated by
considering the behavior of this curve, together with the moisture content and the

water activity of the samples.?*?*

Evaluation of Stability

The Cerrado-fruit granola that was most acceptable to the judges and the
control was evaluated for stability over a period of 100 days including the 60-day
shelf life for commercial granola plus a 40-day safety margin. During the storage

period, microbiological analyses, acceptance tests with 84 participants and
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moisture, water activity and texture determinations were performed at 20-day
intervals, for six analysis periods from time zero (0 days) to time 5 (100 days), in

accordance with the procedures described above.

Statistical Analysis

The acceptability of the control granola and of the three Cerrado-fruit
granolas was assessed by analysis of variance (ANOVA) and the Tukey test (p <
0.05) as well as by the frequency of the sensory attribute scores. To evaluate the
stability of the granolas, Student’s t-test (p < 0.05) was used, and the frequency of
the sensory attribute scores was calculated at each sensory analysis point.
Physical and chemical characteristics were also analyzed using Student’s t-test (p
< 0.05). The data for overall acceptance and appearance, moisture, water activity
and texture were subjected to regression analysis. Statistical calculations were
performed using tre program STATISTICA Version 7.0 (StatSoft Inc., Tulsa,

USA).25

RESULTS AND DISCUSSION
Microbiological Quality

The control and test granolas met microbiological standards established by
Resolution (DRC) No. 12."°, indicating that ingredient quality was adequate and
that good hygiene and food handling practices were followed during the

preparation of the formulation.
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Acceptability

All of the granolas were accepted by consumers. These results were
confirmed by the frequency of the scores assigned by the judges. From 78% to
96% of the judges gave the overall acceptance of the granolas a grade of 6 or
higher. For appearance, the frequency of acceptability with scores above the cutoff
point was 78 to 93%. Only the granola with 15% dried caju-do-cerrado had an
average overall acceptance lower than that of the control. However, the
appearance averages of the test granolas were lower than that of the control
(Table 2). Intensification of fruit flavors due to dehydration might have enhanced
the sensory characteristics of the granolas. Furthermore, the combination of
Cerrado fruits with traditional granola ingredients may have contributed to the
acceptance of the formulations with Cerrado fruits.

In line with the parameters obtained in the sensory analysis of the four
granola preparations, the granola with 10% dried caju-do-cerrado was selected for
physical and chemical analysis since the fruit concentration is similar to that of the
control, and there was no significant difference in the acceptability of the granolas

with 5% and 15% dried caju-do-cerrado.

Physical and Chemical Characteristics

Compared with the control, the granola containing 10% dried caju-do-
cerrado and baru almond had higher protein and dietary fiber levels and lower
moisture, water activity, minerals (except iron), lipids, sugars, sodium, sucrose and

total energy content (Table 3).
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The use of ingredients with low water content, the roasting of some
ingredients and the use of dry heat in the preparation of the granolas contributed to
the low moisture content and water activity. The moisture values corresponding to
the total water contained in food were similar to those reported by Granada et al,?®
who found moisture levels ranging from 52.3 to 82.7 g kg™ in seven commercial
brands of granola. The levels of water activity related to the available water in the
food were lower than 0.6, the maximum recommended for cereal-based foods to
increase shelf life.?’

Baru almond influenced the protein and lipid content of Cerrado-fruit granola
(CFQG) due to the higher protein and lower fat content of these almonds (257.60 +
1.65 and 403.05 + 7.08 g kg, respectively), compared with cashew nuts (229.29 +
0.22 and 465.38 + 5.88 g kg™') and Brazil nuts (164.52 + 0.16 and 635.23 + 17.03 g
kg ") in the control granola (CG). Freitas and Naves’ reported higher protein
content and reduced lipid content in baru almonds (262.2 and 410.4 g kg,
respectively), compared with cashew nuts (188.1 and 420.6 g kg™') and Brazil nuts
(141.1 and 649.4 g kg'").

It is important to point out that the baru almond can contribute to the protein
quality of foods. According to Freitas and Naves,’ proteins from these almonds
satisfy most of the essential amino acid needs of schoolchildren and adults, except
for the amino acid lysine and the sulfur amino acids methionine and cysteine. In
their assessment of the amino acid content of baru almonds from different plants in

southeastern Goias state, Fernandes et aP reported amino acid contents that met
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an average of 92% of the daily requirement. This is higher than the amino acid
content of beans, a staple food in many countries, including Brazil.

Another nutritional characteristic that would recommend the use of baru
almonds is their possible contribution to the concentration of mono and
polyunsaturated fatty acids in CFG compared to CG because Brazil nuts have
higher levels of saturated fatty acids.” Unsaturated fatty acids improve the lipid
profile by reducing the lipoproteins responsible for increasing serum cholesterol.?®

A lower lipid concentration, in addition to a higher fiber content, contributed
to the lower energy value of CFG, compared with GC. However, the energy levels
of these granolas were close to those found by Granada et af® in commercial
brands (3733.2 to 4232.8 kcal kg'. The granolas under study may be considered
high-fiber foods (above 60 g kg')? because of the predominance of ingredients
with high fiber content, such as oat flakes (7 to 12% fiber),*® baru almond and
Brazil nuts (14% and 5% fiber, respectively),” in addition to the use of dehydrated
fruits. The higher fiber content of CFG was enhanced by the addition of baru
almond and dried cashew. The baru almond contains more fiber than do cashew
nuts or Brazil nuts.”*? According to Silva et al,® raw caju-do-cerrado contains 42.6
+1.6 g kg -1 of fiber and raw grapes contain less than 10.0 g kg™ of dietary fiber.®

With regard to mineral content, the blend of cashew nuts, Brazil nuts and
raisins may have been related to the higher amount of ash in CG because these
ingredients contained higher levels of this component (24.26 + 0.38; 33.44 + 0.04
and 17.12 + 0.05 g kg', respectively) than the baru almonds or the dried caju-do-

cerrado (28.62 + 0.40 and 4.74 + 0.31 gkg™).
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The ash content of the CG was possibly influenced by the higher calcium
content of the Brazil nut** and the higher amounts of sodium and zinc in the

t°, compared with the baru almond in the CFG.® The different mineral

cashew nu
contents of the nuts and dried fruit used in each of the granolas was probably also
reflected in the higher levels of phosphorus, magnesium and potassium in the CG.
Both granolas had considerable amounts of iron (> 30 mg kg™'). However, the
bioavailability of the iron in these foods needs to be investigated because plant-
derived iron is less well absorbed than iron from meat and viscera.®®

The importance of these minerals for the maintenance of health is worth
noting. Calcium and iron can help to prevent nutritional deficiencies; zinc has
antioxidant and regulatory functions; magnesium participates in the metabolism of
nutrients and the mechanisms of neural conduction and muscle contraction;
phosphorus has structural functions, composes the genetic code, acts in the
metabolism of carbohydrates and contributes to the acid-base balance of the
organism; and keeping low sodium levels in balance with higher levels of
potassium in the body favors hydroelectrolytic control and control of blood pressure
levels.

The levels of total sugars and sucrose were higher for the CG, but glucose
and starch were similar among the granolas. The total sugar content of the
granolas was higher than the amounts found by Granada et a”® (108.9 to 314.8 g
kg") and the glucose values of the granolas were consistent with those found in

the Granada et al study. These variations may have occurred due to the absence

of specific Brazilian legislation defining the composition of granola.
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Stability

The microbiological conditions of the CG and CFG were adequate' during
the 100 days of storage. This was a reflection of the quality of raw materials and
the application of good hygienic practices during the preparation of the
formulations, combined with their low moisture content (from 56.98 to 85.80 g kg™
and water activity (between 0.30 and 0.45) during storage.

The mean scores for overall acceptability and appearance of granola were
higher than 6 (Table 4). These results were confirmed by the frequency of sensory
analysis scores assigned by the judges at all analysis points during storage: 94.05
to 95.24% and 78.57 to 83.34% of the judges gave overall acceptance scores that
were higher than 7 for both the CG and CFG, with a predominance of grades of 8
and 9 for the CG and 8 for the CFG. For appearance, grades higher than 7 were
assigned by 90.48 to 92.86% and 65.48 to 73.82% of the judges for the respective
granolas, with a predominance of grade 8 for the CG and grades 7 and 8 for the
CFG.

There were also no significant linear or quadratic effects (p > 0.05) for
overall acceptance and appearance during the product storage period. Thus, the
judges found no significant sensory changes in the granolas during this period.

In the CG, there was a linear increasing trend in moisture (p < 0.05) with
storage time (R? = 69%). However, for the CFG, this relationship was more
tenuous because the model explained 61% of the variation in moisture data.

For the CG and CFG, the moisture values increased over time with levels of

72.21 and 56.98 g kg" at time zero and 85.80 and 75.55 g kg' at time 5,
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respectively. The polyethylene bags that were used may have contributed to these
moisture changes during storage. Furthermore, the low initial moisture content of
the products may have been related to moisture gain over time, although changes
during storage were not very large. According to the Goiania office of the National
Meteorological Institute, environmental humidity during this period varied between
19% and 73%, with values below 57% predominating. This may have contributed
to the small changes in moisture value.

During storage, water activity (Aw) varied from 0.39 to 0.44 in the CG and
from 0.31 to 0.40 in the CFG. However, the model failed to explain these variations
consistently (29% < R? < 37%).

Although small changes occurred in granola Aw, the behavior of Aw during
storage was similar to that of moisture, which tended to increase. However, Aw
levels were low even during the storage period, which indicates a limited amount of
water susceptible to microbe development and the occurrence of degradation
reactions, with a resulting positive effect on the maintenance of an acceptable
microbiological and sensory profile.

As far as texture during storage was concerned, there was little variation in
mean force per gram of sample applied to granola for a 30% deformation, although
this behavior was not explained by linear or quadratic effects. The values for work
per gram of sample remained stable in most of the periods, with only a slight
variation from 20 to 60 days of storage. There were no significant linear or

quadratic effects (p > 0.05).
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Regarding the force and work parameters, the changes in granola moisture
and Aw content did not cause much change in sample texture (Figure 1). This is
because the changes in moisture content and Aw were not sufficient to trigger
softening of the ingredients, especially of the starches, thus avoiding a decrease in
stiffness during storage of the granolas.?®

The performance of moisture and Aw over time is closely related to the
susceptibility of the sample to loss of crispness.®’*® The granolas had many
deformation peaks in the force per gram of sample vs. compression height curve
over the whole storage period (Figure 1). This result may indicate a noticeable
sensation of crispness when the granolas begin to be chewed, even after the 60-
day shelf life of commercial granola. Thus, the small changes in moisture during
storage and Aw probably contributed to the maintenance of granola crispness at
desirable levels.

Texture is a prominent attribute among the acceptability parameters for
crispy-type food because it is associated with freshness and product quality. The
loss of crispness, characterized by softening, causes immediate rejection by the
consumer, even when that consumer likes the other attributes.®*#° It is likely that
the maintenance of the crunchy texture during the 100 days of storage positively

affected the acceptance of these products during this period.
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CONCLUSIONS

Given its considerable protein, fiber and iron content, the granola made with
10% dried caju-do-cerrado and 10% baru almond has high nutritional potential. It is
also characterized by lower moisture, water activity, sodium, fat, and total sugar
levels than the control.

During the storage period, the concentration of moisture and water activity of
cerrado-fruit granola remained low, with little variation over 100 days of storage.
This had a positive effect on microbiological quality, maintenance of a crisp texture
and acceptability.

These characteristics may contribute to the inclusion of Cerrado-fruit granola
in the marketplace as consumer interest in more-natural foods and healthier food
increases. This may also contribute to the rational use and sustainable

preservation of the Brazilian Cerrado.
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LIST OF TABLES AND FIGURES

Table 1. Ingredients and proportions used in the control granola and the 5%, 10%

and 15% dried caju-do-cerrado and 10% baru almond granolas.

Ingredients (g kg™

Granola Formulations

Control Granola Granola Granola

5%* 10%* 15%*
Oat flakes 400 450 400 350
Wheat germ 80 80 80 80
Corn flakes 80 80 80 80
Roasted cashews 50 - - -
Brazil nuts 50 - - -
Roasted baru almond - 100 100 100
Dried caju-do-cerrado - 50 100 150
Black raisins 100 - - -
Sesame 25 25 25 25
Linseed (seed) 25 25 25 25
Brown sugar 80 80 80 80
Honey 50 50 50 50
Corn oil 60 60 60 60

* Percentage of dried caju-do-cerrado by granola type.
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Table 2. Mean scores for overall acceptance, appearance and frequency of
acceptance for scores higher than 6 given to the control and 5%, 10% and 15%

dried caju-do-cerrado and 10% baru almond granolas.

Granolas Ovetrall Acceptance %  Appearance Acceptance%
acceptance (scores > 6) scores (scores > 6)
score
Control 7.50 95.83 270 93.05
b b
With 5% dried caju-do-cerrado 7.1 oa 87.50 7.08 80.56
b b
With 10% dried caju-do-cerrado 7'00a 83.33 6.86 84.73
b b
With 15% dried caju-do-cerrado 6.51 77.77 6.82 77.78

The same letters in the same column indicate statistical similarity by the Tukey Test (p < 0.05).
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Table 3. Physical and chemical composition and Total Energy Value (VET) of the

control and cerrado-fruit (10% dried caju-do-cerrado and baru almond) granolas.

Physical and chemical
composition (g kg™')

Control Granola

Cerrado-fruit Granola

Moisture

Proteins

Lipids

Ash

Dietary fiber

Total carbohydrates
VET (kcal kg™
Glucose

Sucrose

Total sugars

Starch

Calcium (mg kg™)
Iron (mg kg™

Zinc (mg kg™
Sodium (mg kg™)
Phosphorus (mg kg™
Magnesium (mg kg™)
Potassium (mg kg™')

Water activity

72.2140.73
105.82+ 1.89
173.22+1.99
19.07+0.13
87.02+12.85
539.31 + 15.40
4139.45 + 45.41°
12474+ 4.07
206.52+0.72
342.13+3.81
384.25 + 27.47
409.66 +5.51
35.13+1.98
29.03 +0.49
674.33 +27.30
3076.67 + 11.55
1093.33 + 23.09°

a
3940.00 + 101.49

0.4140.01

56.98 +3.86
117.40 +1.46
150.23 +2.36
16.60 +0.07
115,27 +3.12°
532.64 +5.61
3952.04 + 45.88
129.95 +0.36
190.89 + 4.66
330.89 +5.26
424.71 +556
368.33 +2.31
32.07 +0.57
26.67 £ 0.1
577.67 +2.89
2670.00 + 34.64
868.33 +37.82

b
3270.00 +117.90

b
0.31 £0.01

The same letters on the same line indicate statistical similarity by Student’s t-test (p < 0.05).
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Table 4. Mean scores of overall acceptance, appearance and frequency of
acceptance for scores higher than 6 given to the control granola and the cerrado-

fruit granola (10% dried caju-do-cerrado with baru almond).

Overall acceptance Appearance
Sensory CG CFG CG CFG
analysis " %A A A
ons A . E  onas T A
TO(day0)  g1o 9758 711 9037 783 9759 705  85.54
a b a b

T1 (day 20) 7.98 97.62 7.30 95.24 7.96 97.62 6.96 88.10

T2 (day40) 790 9881 740 9524  7g7  100.00 705  86.91

T3 (day60) 794 9881 733 9405 g5 10000 go3  86.91

T4 (day80) 795 10000 733 9286 gos  97.62 7009  86.91

T5(day 100) goi 9881 707 9286 799 9881 715  88.10

CG: Control granola; CFG: Cerrado-fruit granola; OAS: Overall acceptance score; AS: Appearance scores % A
(S > 6): % of acceptance with scores above 6.

Different letters in the same score line indicate a significant difference by Student’s t-test (p < 0.05).
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Control granola

Force'g (N/g)
Lad

0,00 : X 0,06 0,08 0,12
Compression hight (m)

Cerrado-fruit granola

Forcefg (Mg

1 0,02 0,04 0,06 0,08 0,1 0,12
Compression hight {m)

Figure 1. Force/gram application curves of sample and consequent deformation of
the control and cerrado-fruit granolas for different compression heights over 100
days of storage.

Legend: Storage times - T0: 0 days; T1: 20 days; T2: 40 days; T3: 60 days; T4: 80 days; T5: 100

days.
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CAPITULO 3 - Consideracdes finais

A utilizacao de passas de caju-do-cerrado e améndoa de baru para a elaboracao
de granola possibilitou a obtencdo de um produto com caracteristicas nutricionais
consideraveis, que podera contribuir para o uso racional da biodiversidade do Cerrado
brasileiro.

A combinacdo destes frutos do Cerrado com a mistura de cereais e graos
integrais da granola agregou propriedades nutritivas ao produto final. Isto pode ser
confirmado pelos elevados teores de proteinas, fibras e ferro, além dos menores teores
de sdédio, lipideos, acucares totais e valor energético da granola com 10% de passas de
caju-do-cerrado e 10% améndoa de baru, comparada a granola controle com uvas
passas pretas, castanha-de-caju e castanha-do-Brasil.

A obtencdo de matérias primas de qualidade, emprego de boas praticas de
fabricacdo e de métodos de conservagao contribuiram com a manutencao da qualidade
microbiolégica dos produtos elaborados. As caracteristicas higiénico-sanitarias
favoraveis, aliadas ao desenvolvimento de produto com qualidade sensorial similar ao
convencional, permitiram uma estabilidade superior a trés meses de armazenamento.

Os resultados obtidos com o estudo da qualidade da granola com cajus passas e
améndoa de baru indicam a elaboracao promissora de um produto com valor agregado,
que pode contribuir para o uso sustentavel de frutos do Cerrado, como estratégia de
valorizagdo do consumo de alimentos nativos, fonte de nutrientes e com potencial
funcional. Além disso, o beneficiamento de frutos do Cerrado para a producdo de
granola se configura como alternativa de geracao de renda e de novas oportunidades
de trabalho e incentivo a preservacao do Cerrado brasileiro.

O presente estudo pode contribuir para a ampliagdo do acervo da literatura
especializada em aproveitamento alimentar de frutos do Cerrado, ainda bastante
escassa. Neste sentido, sugere-se mais pesquisas sobre o aproveitamento de outros
frutos do Cerrado em alimentos convencionais ou novos alimentos. Esta iniciativa
podera auxiliar a valorizagdo destes frutos e o desenvolvimento social, econdémico e

sustentavel de regides predominantes deste ecossistema.
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APENDICES

APENDICE A — Pedunculos de caju-do-cerrado apés desidratacdo osmatica
e secagem em estufa de circulagao de ar.

Figura A1. Pedulnculos de caju-do-cerrado enxutos apds desidratacdo osmoética.

Figura A2. Caju-passa obtido ap6s secagem dos pedinculos em estufa de circulacdo de ar.
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APENDICE B - Granola com passas de caju-do-cerrado e améndoa de baru
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APENDICE C - Termo de Consentimento Livre e Esclarecido

UNIVERSIDADE FEDERAL DE QOIAS
FACULDADE DE NUTRICAO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta convidado (a) a participar, como voluntario (a), em uma pesquisa.
Apoés ser esclarecido (a) sobre as informagdes a seguir, se vocé aceitar fazer parte do
estudo, assine ao final deste documento, que esta em duas vias: uma delas é sua e a
outra € do pesquisador responsavel. Em caso de recusa, vocé ndo sera penalizado(a)
de forma alguma. Nao havera nenhum tipo de pagamento ou gratificagdo financeira
pela sua participacdo. Em caso de dlvida vocé pode procurar o Comité de Etica em
Pesquisa da Universidade Federal de Goias pelo telefone 3521-1215 ou 3521-1076.

INFORMACOES SOBRE A PESQUISA:

Titulo do Projeto: Qualidade da Granola Elaborada com Passas de Caju-do-Cerrado e
Améndoa de Baru

Pesquisadora Responsavel: Priscila Lais Coelho de Souza (nutricionista)

Orientador (a): Prof? Dr2 Mara Reis Silva

Telefones para contato (inclusive ligacbes a cobrar): 32290832 / 96472680
(pesquisadora); 3209-6270 / 81419080 (orientadora)

A pesquisa tem por objetivo avaliar a qualidade nutricional e aceitagdo da granola
com passas de caju-do-cerrado e améndoa de baru.

Sera realizado teste de aceitagcdo com a participacdo de pessoas adultas (acima
de 19 anos) de ambos os sexos, que tenham interesse e disponibilidade para participar
da analise. Nao poderdo participar da pesquisa gestantes, fumantes, analfabetos,
idosos (a partir de 60 anos), diabéticos, celiacos e pessoas com doencas que
interferem na digestao de alimentos, visdo, sensagao de sabor e odor.

A aceitacao global (sabor, odor e textura) sera avaliada em cabines individuais
com luz vermelha. Serdo servidas cerca de 10 g de cada tipo de granola, servidas a
temperatura ambiente, em copos descartaveis codificados com trés numeros. Também

serd avaliada a aparéncia das granolas, colocada em pratos de fundo branco, a luz
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natural. Cada provador avaliara o quanto gosta das granolas usando uma escala que
varia de 1 (desgostei muitissimo) a 9 (gostei muitissimo).

A degustacao da granola ndo oferece risco para os participantes da pesquisa.
Além disso, os provadores ndo sao obrigados a engolir as amostras de granola. Para
maior seguranca dos participantes, a granola serd avaliada quanto a qualidade
higiénica antes do teste de aceitacdo. A participacdo dos provadores no teste de
aceitagdo pode incentivar a adocdo de habitos alimentares mais saudaveis, pois
estimula o consumo de alimentos com frutos do Cerrado e ricos em fibras.

Os resultados das avaliagdes serdo sigilosos e os participantes terdo o direito de
recusar ou abandonar a pesquisa a qualguer momento sem prejuizo ou 6nus. O tempo
de participagao na pesquisa de cada individuo sera de cerca 10 minutos.

Se forem comprovados problemas de saude dos provadores por causa da
degustacdo da granola, a pesquisadora Priscila Lais Coelho de Souza se
responsabilizara pelo ressarcimento de qualquer prejuizo.

Pesquisadoras:

Priscila Lais Coelho de Souza

Mara Reis Silva

CONSENTIMENTO DA PARTICIPACAO NA PESQUISA

Eu, , RG/CPF ,
abaixo assinado, concordo em participar do estudo Qualidade da Granola Elaborada

com Passas de Caju-do-Cerrado e Améndoa de Baru como sujeito. Fui devidamente
informado(a) e esclarecido(a) pela pesquisadora Priscila Lais Coelho de Souza sobre a
pesquisa, os procedimentos nela envolvidos, assim como 0S possiveis riscos e
beneficios decorrentes de minha participacao. Foi-me garantido que posso retirar meu

consentimento a qualquer momento, sem que isto leve a qualquer penalidade.

Local e data:

Nome e Assinatura:
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APENDICE D - Ficha da andlise sensorial para avaliacdo global

Nome: Data: /]

Por favor, prove as amostras de granola, da esquerda para a direita, e avalie 0
quanto vocé gostou de cada uma utilizando a escala abaixo. Lave a boca com agua
antes de provar as amostras e entre uma amostra e outra.

. Gostei muitissimo

. Gostei muito

. Gostei moderadamente

. Gostei levemente

. Indiferente

. Desgostei levemente

. Desgostei moderadamente
. Desgostei muito

. Desgostei muitissimo

= N WA OIO OO

Amostra n?. Nota

Comentérios:
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ANEXOS

ANEXO A — Cajus-do-cerrado (Anacardium othonianum Rizz): pseudofruto
(pedunculo carnoso) e castanha (fruto verdadeiro)

Fonte: http://www.deliciasdocerrado.com/
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ANEXO B - Baru (Dipteryx alata Vog.), com sua polpa amarelada e améndoa

Fonte: http://www.centraldocerrado.org.br/
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ANEXO C - Protocolo de aprovagao do Projeto de Pesquisa pelo CEP/ UFG

SERVICO PUBLICO FEDERAL
UNIVERSIDADE FEDERAL DE GOIAS .;.3
FRO-REITORIA DE PESOUISA F PFOS-
GRADUACAD UFG

COMITE DE ETICA EM PESQUISA

Gocdirma, 08072000

PARECER CONSUBSTANCIADO REFERENTE AQ PROJETO
PESQUISA, PROTOCOLADO NESTE COMITE SO8 O N*: 10909 o8

= Irastuscla onde serd realado o estuda
Faculdade de Nubicho Ursersidacn F odersl de Gosds

~ Cata de agresontagio so CEPUFG: 10/06/2009
- Area Temdtca: CHncias da Sadide — Mutriclo (4 05)

Il - Estrutura do Protocolo (verficacso dos documentos solicitasos)

m1ﬁ.1n11ﬁﬂiﬂmﬁm - :
Aubshterd 03 catandias oe cou @ do MMMM;;;“ -,I__'D_.::.H_
Uantc & presenca de Baciius conmus, STaphPocOccus CORgUINGS POBRvE, Salmoned,
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pesle de aceischs Com mlacho aos beneficios da paricipadho dos provadones na

i=n, o estimuls & consuma de produio elaborado oom frubcs 9o cermado ¢ allo

teoe di fibras pode propiciern & RcoporBcEs de hibidos aimeniares mals sauddnams, O

slaborads Mends Bod DIAFOS prevsios, considerands o Ithmbe do projeta

ne CEPUUFG. Os cwmculm wiss do pesquisacdor respormdnel & do cnanisdorn

COMTINOVET experkncia na deed de claome dos almenios D progets s encoriracda
bern fundamentado pela referdéncias bebboQrahcas aprasentadas.

IV — Termo de Consentimento Livre ¢ Esclarecido

O TCLE foi elaborado com wrid inguagem objetiva ¢ acessivel facilitands swa
compresnsdo pelos parbcipantes 4o teste oo acoitacio ¢ produto (grancla) a
ser avaliado Agresania o8 objetvcs da pesquisa, o crilénos de inclusao @
exciusdc dos partcpantes, of beneficos e odos o3 aspecios frente aos
procedementos a semem ublizados na pesqusa, como Bochca do teste oe
actachs A ausAncia de NScos, & garania de siglo & privacidade ¢ & iberdade
de recuas $0s sujedcs am participas independente da fase da pesquisa.
conforrmg solicitado na Resolucio CNS 108786, item IV,
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V- Parecer do CEP
» Prohocoin ARFGldc
Obs. Observar datas de entrega tos retminos parcses. @ fnal

Substir @ ondlse  mecrobsckGgIca de  Snphyoooccus
Siaphylococcis coaguiase positiva

V] = Data da reunido: 08072009

Assinatura dola) relator(a) ’

Assinatura dola) Coordenadona) CEPIUFG:

éi.r o i L
F:l-':i [eesl l".|:"-r:\l-l| B

L 1
e e, &
e

aursus  por

L
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ANEXO D — Normas para publicacao no periédico

Journal of the Science of Food and Agriculture

GENERAL

Journal of the Science of Food and Agriculture publishes original research,

Reviews, Mini-reviews, Perspectives and Spotlights, with particular emphasis on
interdisciplinary studies at the agriculture/food interface. The Journal covers
fundamental and applied research in many areas including:

Food - Health and Nutrition: Human and animal nutrition. Enhancing health and
wellness with novel and functional foods, nutraceuticals (but not pharmaceuticals)
or food supplementation. Evaluation, including chemical tests, animal models and
in vitro, in vivo testing systems.

Food Science and Technology: Development, production and processing of
human food, animal food, and beverages. Measurement of food and ingredient
characteristics and functionalities. Papers reporting simply antioxidant activity and
those reporting the composition of foods that are not widely eaten outside a small
geographical area will not generally be considered for publication.

Food Safety: Microbiological food safety, including on-farm safety management,
epidemiology of food-borne iliness, novel process and packaging, and detection
of food-borne pathogens. Food toxicology and safety evaluation of genetically
modified organisms. Application of risk assessment and risk management
techniques.

Biotechnology: Applications of biotechnology to plants, animals and
microorganisms as they relate to agriculture, food production and processing, and
fermentation technology.

Molecular Biology: Applications of genetic modification and molecular biology,
bioinformatics and ‘omics’ technology to plants, animals and microorganisms as
they relate to agriculture, food production and processing, and fermentation
technology.

Biochemistry: Novel insights into the chemistry and biochemistry of foods, feeds,
ingredients and components, including macro-, micro- and non-nutrients, and also
enzymes and other processing aids and functional ingredients. Research that
addresses current issues within the agri-food area, for example functional foods
in relation to health claims and safety.

Materials and Processing: Food raw materials and quality. Food structure and
physical properties. Physical description of processing and product properties of
raw materials. Food process engineering.

Sensory and Consumer Sciences: Perception and evaluation of characteristics of
foods and beverages including flavor, appearance and texture. Consumer
behavior issues, including acceptability, preference and other factors related to
cultural cues and product image.
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e Agriculture - Production: Plant and animal husbandry including precision
agriculture and aquaculture and mariculture. Impact of scientific and technological
developments on yields and quality.

o Agriculture - Utilization: Plants, plant products, animals, animal products, fish and
marine products as human food or animal feed. Industrial applications for plants,
plant products, animal products and marine products.

e Agriculture - Environment: The interaction of agriculture and environment,
including safety and sustainability of agricultural practices; protection of natural
resources (quality of air, water and soil); mitigation of environmental effects
through improved farming methods; assessment of organic farming and
alternative production systems; management of nutrients, pathogens or other
potential contaminants; impacts and mitigation of climate change.

« Biomass and Bioenergy: Biomass production and utilization, feedstocks,
biodegradation methodologies, potential products.

Many studies are likely to overlap several subject areas. Manuscripts will be
allocated to the editor whose primary interests are appropriate to the main subject of the
paper.

Concise contributions on experimental or theoretical investigations of the science
of food and agriculture are invited for publication.

FRONT MATTER

Front-end content articles are commissioned, but the Journal also warmly
welcomes ideas. Please contact the Journals Manager with your proposal; once a
proposal is accepted or commissioned, detailed format guidelines will be provided. In
general, the Journal prefers lively pieces of interest to a wider audience. All articles are
subject to peer review.

Spotlight

A Spotlight is a brief, lightly referenced article about an outstanding area,
newsworthy advance or event in the field. Spotlights may report on the contemporary
significance of new or established experimental methodologies and discoveries. These
articles should be written in a lively and accessible style, be accompanied by a one-
sentence abstract, a provocative image and caption and generally should not exceed 6
double-spaced manuscript pages (including tables and figures).
Perspective

A Perspective is a lightly referenced scholarly opinion piece about current or
future directions in a field. A Perspective can serve to assess the science directly
concerned with a particular topic or report on relevant issues that may arise from the
discipline (for example, policy, effects on society, regulatory issues and controversies).
Perspectives that address interdisciplinary research areas or experimental results with
significance to a broader audience are of particular interest to the Editors. The
Perspective should be accompanied by an abstract and generally range from 6 to 12
double-spaced manuscript pages (including tables and figures).
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Mini-review

A Mini-review is a sharply focused summary and assessment of the relevant
literature concerning any topic covered within the Aims and Scope of the Journal. These
reviews are particularly effective when discussing cutting-edge advancements in the
discipline. Mini-reviews should be accompanied by an abstract, are generally no longer
than 14 double-spaced manuscript pages (including tables and figures) and are
selectively referenced.
Review

A full-length critical Review provides a summary and discussion of the relevant
literature about any topic covered within the Aims and Scope of the Journal. Reviews
should be accompanied by an abstract and generally be about the same length or
slightly longer than a primary research paper.
In Focus

The In Focus section presents a collection of articles (full papers and/or other
article types) by different research groups on a theme of interest to the Journal's
readership. These themes will be linked to the Journal’s Aims and Scope, as well as to
novel subjects or techniques. In Focus themes and articles are generally solicited by the
Journal's Editors or by a guest editor with particular expertise, but ideas are also
welcome.

SUBMISSION OF PAPERS

JSFA operates an online submission system. Details of how to submit online and
full author instructions can be found at: http://mc.manuscriptcentral.com/jsfa-wiley .
Referees may ask to see hard copies of electronic figures for clarification; these must be
available immediately on request.

For enquiries regarding submissions, please contact the Editorial Office at
jsfa@wiley.com

All papers must be in English. Non-English speaking authors who do not have a
good command of English are advised to seek assistance from someone who has.

Authors for whom English is a second language may choose to have their
manuscript professionally edited before submission to improve the English language. A
list of independent suppliers of editing services can be found at
http://www.blackwellpublishing.com/bauthor/english language.asp Japanese authors
can also find a list of local English improvement services at
http://www.wiley.co.jp/journals/editcontribute.html All services are paid for and arranged
by the author, and use of one of these services does not guarantee acceptance or
preference for publication.

Inadequately or incorrectly prepared typescripts may be rejected. Authors will
receive an immediate acknowledgement of receipt of their paper followed, normally
within four months, by a decision.

When preparing a manuscript, authors should refer to a recent (2004 onwards)
issue of the Journal and follow the detailed instructions given below. The corresponding
author must obtain the consent of all the co-authors to the submission of the paper.
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Papers will only be accepted on the understanding that their contents have neither been
published, nor are being offered for publication, elsewhere.

In order to expedite the manuscript review process, authors can indicate the
subject area they believe to be most appropriate to the topic of their manuscript (from
the subject headings listed above, which are described in more detail in the Aims and
Scope).

Note to NIH Grantees: Pursuant to NIH mandate, Wiley-Blackwell will post the
accepted version of contributions authored by NIH grant-holders to PubMed Central
upon acceptance. This accepted version will be made publicly available 12 months after
publication. For further information, see www.wiley.com/go/nihmandate.

MANUSCRIPT PREPARATION

Length

Papers should not normally exceed 6000 words, including relevant data. Any
manuscript submitted that, in the opinion of the Editor, is too long will be returned to the
corresponding author for redrafting within a suggested maximum wordage.

Typescript

Type papers in double spacing on A4 or 8'2" x 11" paper with 30 mm wide left
and right margins. Underlining to indicate italicized type should be restricted to genera
and species names, chemical descriptors (e.g. cis , trans , etc.) and journal and book
titles. Do not underline any headings. Footnotes should be kept to a minimum and
indicated by or t. Abbreviations of chemical and other names should be defined when
first mentioned in the body of the paper, unless commonly used and internationally
known and accepted. Each page should be numbered individually.

Please note: This journal does not accept Microsoft Word 2007 documents at this
time. Please use Word's "Save As" option to save your document as a .doc file type. If
you try to upload a Word 2007 document in Manuscript Central you will be prompted to
save .docx files as .doc files.

Units and nomenclature

Units: Use Sl units in accord with the recommendations of the International
Organisation for Standardisation (ISO). (See Appendix I, below.) Use the form g kg ',
etc. (not %) to specify content/composition/concentration. Use % only to express
proportional change. Note that the form g 100g ', etc. is not correct. Avoid the use of g
per 100g, for example in food/feed composition, by using g kg ' . Fertiliser rates should
be presented in terms of the element applied. Further information on the ISO
recommendations can be obtained from the following publication issued by the British
Standards Institution, London: Specification for Sl units and recommendations for the
use of their multiples and of certain other units , BS 5555 : 1993 ISO 1000 : 1992.

Symbols: Write all symbols, formulae and equations with great care. Unusual
symbols (including Greek lettering) should be defined in words in the left margin at the
first mention.

Scientific names: Give the scientific names (with authority) for plants, animals,
microorganisms, with generic names in full at the first mention, e.g. Myzus persicae
(Sulzer). Thereafter abbreviate them in the text, e.g. M. persicae . Give them in full
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(without authority) in the headings of sections and tables, in figure captions and in
keywords. Where appropriate, cultivars should be specified.

Enzyme nomenclature: Identify each enzyme together with its EC number, if
available, at the first mention, following the recommendations of the latest edition of
Enzyme Nomenclature.

Chemical nomenclature: Use the current systematic IUPAC nomenclature
throughout.

Statistical analyses

Particular care should be taken to ensure that the appropriate statistical analyses
have been carried out. The methods used should be described concisely, yet with
enough information to explain how the chosen methods have been applied to the data.
The form of all experimental errors and their statistical significance must be given
clearly. The statistical analyses should be used in the discussion to justify inferences
made against the background of normal biological variation. Further information on
recommended statistical procedures can be found in Appendix Il below, or printed in J
Sci Food Agric 87 No 1 (2007); additional copies are available online.

Layout

The main body of the paper should be divided into unnumbered sections and
each given an appropriate heading. Main headings should be capitalised and centred
over the text. Choice of headings will depend on the content, but the following is
recommended for research papers:

Title This should be concise and specific and should explain the nature of the work.
State in a footnote if the paper was given, in whole or in part, at a scientific meeting.
Running title A running title of up to 80 characters should also be provided.

Authors' names Each must have the customary forename in full and initials for any
further forenames (e.g. Arthur B Smith). Give the full address(es) where the work was
done. If an author was on secondment or visiting from another address, or has since
moved to a new address, this should be given in a footnote. Provide an e-mail address
for the corresponding author.

Abstract For original research articles, we now require a compound abstract. This must
contain fewer than 200 words in a three-part format with three uppercase headed
sections. BACKGROUND: provides a rationale for the study (understandable to a broad
audience) and states the main aim(s). RESULTS: describes the main findings, including
important numerical values. CONCLUSION: provides the main conclusions, including
why the results are significant and advance the field.

For other article types the abstract is not structured in three parts but must be
informative yet concise, give essential information such as the purpose of the paper, and
be intelligible without reference to the paper itself. It should not normally exceed 150-200
words (abstracts for Perspectives should be briefer, and for Spotlights, should not
exceed 1-2 sentences). Authors should remember that the abstract is often the only
portion of a paper read (as in abstracting journals) and the use of unusual acronyms or
abbreviations should be avoided.

Keywords List (4-6 words) all the main topics incorporated in the paper, including any
already given in the title.
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Introduction Include a clear description of the aims of the investigation (without
summarising the work itself) and a brief statement of previous relevant work with
references.

Experimental State clearly, in sufficient detail to permit the work to be repeated, the
methods and materials used. Only new techniques and modifications to known methods
need to be described in detail but known methods must have adequate references.
Include the name, postal town and country of the supplier or manufacturer of any
chemical or apparatus not in common use. Give the statistical design (including
replication) of each experiment where appropriate (see also Statistical analyses, above).
Results Present these concisely, using tables or illustrations for clarity; do not list the
results again in the text. State clearly the form of the experimental error and the
statistical significance of the results (see also Statistical analyses, above). Do not
overstate the precision of the measurements. Histograms or bar charts, unless prepared
carefully, are inferior to tables. Only in exceptional circumstances will both tables and
illustrations based on them be accepted. The Experimental and Results sections may be
combined when appropriate.

Discussion The Results should be followed by a concise section to discuss and interpret
them. Do not just repeat the results. A combined Results and Discussion section
sometimes simplifies the presentation.

Conclusions Do not merely repeat content of preceding sections. The Discussion and
Conclusions sections may be merged.

Acknowledgements Keep these to the absolute minimum. Avoid thanks for permission to
publish.

References It is most important that references should be checked carefully and be in
the Vancouver style. Refer to unpublished work only in the text (Smith AB, unpublished),
(Brown CD, pers. comm.). References to the literature should be indicated by numerical
superscripts ' numbered in order of appearance 2 and following any punctuation. *®
References should be listed in numerical order at the end of the paper, giving all the
authors, with forename initials after the respective surnames. Ensure that all references
in the list are cited in the text and vice versa. Give the date and full title of the paper in
the language in which it appeared or an accurate English translation. Abbreviate all
journal titles as in Chemical Abstracts or Biological Abstracts and the annual BIOSIS List
of Serials , without using full stops after abbreviation. If the journal is not included, give
its title in full. Volume numbers should be bold. Note the following style and order for
journals:

1. Syers JK, Mackay AD, Brown MW and Currie LD, Chemical and physical
characteristics of phosphate rock materials of varying reactivity. J Sci Food Agric
37:1057-1064 (1986).

Articles published online but not yet assigned to an issue may be citedusingthe Digital
Object Identifier (DOI) :

2. Goodman BA and Newton AC, Effects of drought stress and its sudden relief on

free radical processes in barley. J Sci Food Agric DOI: 10.1002/jsfa.1938 (2004)
Quote books as follows:

3. Doyle J, Altered Harvest . Agriculture , Genetics and the Fate of the World's Food

Supply . Viking Penguin Inc., New York, pp. 136-158 (1985).
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4. Thomas T, Barnes A and Hole CC, Modification of plant part relationships in
vegetable crops, in Chemical Manipulation of Growth and Development , ed. by
McLaren JS. Butterworths, London, pp. 297-311 (1982).

Online citations to online-only journals and books should include the author, title,
website and date of access:

5. Wright NA, The Standing of UK Histopathology Research 1997 — 2002.
http://pathsoc.org.uk [7 October 2004].

All other online citations should be cited only in the text, with the author's name and the
website address: (Brown CD (http://biotech.ac.uk)).
When quoting patents, give the name of the applicant, the year of publication, the title,
the country and patent or application number thus:

6. Hagner MB and Wendt KL, Method of sorting seeds. UK Patent 1470133 (1977).
Tables Supply each table on a separate sheet. The table number (given as an arabic
numeral) should be given at the top, followed by a concise title. Give essential details as
footnotes. Keep the number of columns to a minimum. Column headings should be brief,
with the units of measurement clearly stated in parentheses. Where one unit applies to
all the data in the body of the table include it in the title. The data should be easy to
follow without horizontal lines between entries. A zero is often incorrect; use 'not
detected' (ND) where appropriate, amplifying this, and trace (ir), where possible in a
footnote, e.g. '<10 pg kg ' '. For 'not significant' (NS) state the limiting level. Cite all
tables in the text, in numerical order at first mention.
lllustrations Number all illustrations consecutively, in order of appearance in the text,
using arabic numerals. Keep lettering on illustrations to a minimum and include essential
details in the legend. Photomicrographs must have a scale bar. On graphs, include
labels and units on axes. Present logarithmic scales with arithmetic numbering 0.1, 1,
10, 100 rather than -1, 0, 1, 2. Avoid unnecessarily long axes that lead to large blank
spaces on graphs.

Save each figure as a separate file and include the source file (i.e. a file in the
program in which the image was originally created). The figures should be of high
resolution (300 dpi minimum for photos, 800 dpi minimum for graphs, drawings, etc., at
the size the figure will be printed). Numbers and symbols incorporated in the figure must
be large enough to be legible after reduction in figure size. We cannot publish scans or
photocopied figures or accept PowerPoint, Excel, Encapsulated PostScript (EPS),
LaTeX, Roshal Archive (RAR) or Portable Document Format (PDF) files. Suitable file
types include Joint Photographic Experts Group (JPEG), Tagged Image File Format
(TIFF) and Microsoft Word (doc) files. You must have appropriate permission to
reproduce previously published figures.

Each figure must be accompanied by a legend. A legend should consist of a
concise title, followed by a brief technical description which should contain enough
information to make the figure understandable without reference to the text. It should not
contain methods. Symbols indicated in the figure must be identified in the legend.
Electrophoresis patterns These are complex. Photographs, which often lack clarity,
should not be included except to make a particular point. Where the reporting of gel
electrophoresis, SDS gels, immuno-electrophoresis, isoelectric focusing, etc. is
essential, adhere to the following principles:
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a single zone requires only description in the text

preferably claim homogeneity using a scan diagram
preferably use a single gel to compare several tracks

when scan diagrams are used, accurate alignment is essential

Where photographs or scan diagrams must be used:
« number all zones and identify those common to more than one track
e give a molecular weight scale for SDS gels
e give experimental details and track identification in the legend

Please note: The journal does accept colour figures and photographs, but there is
a charge to authors to cover the additional production costs involved in printing colour.
Under exceptional circumstances, authors may request that these charges be waived.
This must be provided in writing, at the time of submission, and authors must justify to
the Editor that inclusion of the figure(s) in colour is essential for interpretation of the
results presented.

Chemical structures Prepare these on a separate sheet as described for illustrations and
number the individual formulae with roman numerals ( |, Il'). All bonds, charges and free
radicals should be accurately positioned. Indicate aromatic and unsaturated heterocyclic
systems using double bonds. Preferably use general structures, distinguishing related
compounds by substituents R ', R 2 etc.

Supporting information JSFA accepts submission of supporting information. This may
include extensive tables, graphs, spectra, calculations, and other material beyond that
which is essential to the printed paper. This will be included in the online edition of the
Journal but will not be part of the printed article. Supporting information should be
denoted as such when submitting via Manuscript Central. It should be uploaded as a
separate file at the time the manuscript is submitted for peer review.

PERMISSION GRANTS

If the manuscript contains extracts, including illustrations from other copyright
works (including material from online or intranet sources), it is the author's responsibility
to obtain written permission from the owners of the publishing rights to reproduce such
extracts using the Wiley Permission Request Form. Permission grants should be
submitted with the manuscript.

BIOETHICS

Author submitting a manuscript containing in vivo animal work should submit
details of all relevant Ethics Committee approval and authorization (e.g. institute and/or
government) and all reference numbers. Details will be printed as a footnote to the
paper.
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PROOFS

Proofs will be e-mailed as a PDF file to the corresponding author, whose e-mail
address must be supplied on the manuscript. Proofs must be corrected and returned to
the publishers within 48 hours of receipt; failure to do this will result in a delay in
publication. Authors' corrections must be restricted to printers' and/or factual errors.

OFFPRINTS

There are no page charges. Free access to the final PDF of the article will be
available via Author Services only. Reprints can be purchased at current printing prices.

COPYRIGHT

Upon acceptance of a paper by the Journal, the author(s) will be asked to sign a
transfer of copyright of the paper to SCI. The transfer will ensure the widest possible
dissemination of information. Where an article is prepared jointly, the corresponding
author must obtain either the signature(s) of the co-author(s) to this Agreement or their
written behalf.

INSTRUCTIONS TO AUTHORS FOR SHORT COMMUNICATIONS

The aim of publishing a Short Communication article is to provide the readers with
useful and novel results or information that do not warrant publication as a full research
paper. These should be submitted to the online submission system at
http://mc.manuscriptcentral.com/jsfa-wiley, where authors should specify the article to be
a Short Communication in the ‘Manuscript Type’ section. Authors should include a note
to the Editor detailing why the paper is of interest to the readership, and why the short
format is preferred.

The maximum total manuscript length is 8 pages of A4, double spaced, font size
not less than 11 pt. This must include all tables, diagrams and references.

The manuscript should contain a compound abstract; a brief introduction; details
of experimental procedures in sufficient detail to allow replication of the experiment;
results, either tabular or graphical (any diagrams must not be less than the width of a
single column); conclusions; references.

Short Communication articles will be subjected to peer review.
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APPENDLX I: QUANTITIES, UNITS AND SYMBOLS

Recommended &l units and symbols

Si base units

Length
Mass

Time

Electric current

Thermodynamic temperature

Amaount of substance

Luminous intensity

Multiples

Naime

metre
kilogram
second
ampere
kelvin
male

candela

Symbaol

maol
o

To form decimal multiples of 31 units the following prefixes may be used, but for mass the prefix
is added to the gram (g) and not the kilogram (kag).

Muitiple

103
10
10+
102
10

Prefix

kilo
deca
deci
centi

milli

Symbol

Multiple

10+
104
1072
10

Prefix

micra
nano
pico

femto

Symbol

- =w o &
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Physical gquantity

Energy
Force

Pressure

Derived units

Mame Symbol
joule J
newton M
pascal Pa

kamis—=
kgms 2

kgm -

Definition

=Mm

=Jm-

Fonte: http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)10970010/homepage/For

Authors.html
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