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RESUMO

PESSANHA, Kénia Leticia Ferreira. Aspectos tecnoldgicos e nutricionais no
desenvolvimento de pées e massas alimenticias integrais de milheto (Pennisetum
glaucum (L.) R.Br.) utilizando a tecnologia de extrusao termoplastica. 2021. 67p. Tese
(Doutorado em Ciéncia e Tecnologia de Alimentos). Instituto de Tecnologia, Universidade
Federal Rural do Rio de Janeiro, Seropédica, RJ. 2021.

Novas fontes de alimentos tém sido exploradas com objetivo de proporcionar ao consumidor
uma maior diversidade alimentar com teores nutricionais elevados. O milheto (Pennisetum
glaucum) é um cereal com alto teor de nutrientes como proteinas e compostos bioativos, e
isento de gluten, sendo uma interessante opcao de alimento para celiacos. No Brasil, apesar
desta cultura estar adaptada as nossas condicfes agricolas com cerca de 4 milhdes de
hectares plantados, sua producdo é destinada apenas para alimentacdo animal e para
cobertura vegetal. E um gréo subutilizado na alimentagéo brasileira, possivelmente pela falta
de conhecimento acerca dos beneficios nutricionais e dos produtos que podem ser elaborados
com o grdo. Massas alimenticias e paes elaborados a partir de farinha refinada sdo produtos
alimenticios tradicionais com alta aceitabilidade, porém de elevado valor energético, alto
indice glicémico, baixos teores de fibra alimentar, minerais e vitaminas. Para elaboracgdo de
produtos de panificacdo e de pastificio é notdria a importancia das proteinas do glaten, nas
quais sdo fundamentais na formacéo de rede, microestrutura e textura desses produtos, logo,
guando ausentes, sdo necessarios ingredientes ou processos gue promovam tais
caracteristicas. O objetivo deste trabalho foi desenvolver uma massa alimenticia e um péo
do tipo forma a partir de farinha integral de milheto. A principal estratégia utilizada para
suprir a auséncia do glaten foi a utilizacdo da extrusdo termopléastica para a modificacdo da
farinha integral de milheto. A tese foi subdivida em trés capitulos, no Capitulo I, foi
elaborada uma revisdo bibliografica sobre cerais integrais, grdos de milheto, produtos de
panificagdo e de pastificio e mercado gluten free. No Capitulo 11, foi desenvolvido um péo
gluten free elaborado com 100% de farinha integral de milheto a partir da mistura de farinha
de milheto crua (FMC) e farinha de milheto pré-cozida (FMPC) por extrusdo. Os pdes
produzidos com FMPC:FMC (50:50) apresentaram caracteristicas fisicas semelhante aos
pées integrais comerciais. O uso da extrusdo aumentou a capacidade antioxidante (215,2 +
1,9 uM Trolox/g) e a inibicdo enzimatica da a-glicosidase (96,31 £+ 0,005%) em relacdo ao
produto elaborado a partir da farinha crua. No Capitulo Il foi desenvolvida uma massa
alimenticia do tipo fusilli com 100% de farinha integral de milheto a partir da mistura de
farinha de milheto crua (FMC) e farinha de milheto pré-cozida (FMPC) por extrusdo. As
massas de fusilli formadas pela mistura de farinhas crua e pré-cozida (FMPC:FMC) exibiram
melhor integridade, apresentando caracteristicas satisfatorias, se comparada as massas
comerciais integrais gluten free. Quanto aos parametros de textura, massas com FMPC:FMC
apresentaram valores mais elevados do que as com FMC, se aproximando das massas
alimenticias comerciais. A capacidade antioxidante (DPPH e FRAP), fendlicos totais e a
atividade antihiperglicémica foi maior para FMPC:FMC do que para macarrdes preparados
somente com FMC. O indice de aceitabilidade (I1A) do produto preparado com farinha
FMPC:FMC foi de 66%. De acordo com os avaliadores, a textura é a caracteristica que mais
precisa ser melhorada. Dessa forma, a utilizacdo de farinhas de milheto pré-cozidas por
extrusao termoplastica pode ser uma alternativa na elaboracéo de produtos de panificagéo e
de pastificio isentos de glaten e com melhores propriedades funcionais.

Palavras-chave: Extrusdo termoplastica, gluten, pao, pasta alimenticia



ABSTRACT

PESSANHA, Kénia Leticia Ferreira. Technological and nutritional aspects in the
development of whole millet bread and pasta (Pennisetum glaucum (L.) R.Br.) using
thermoplastic extrusion technology. 2021. 67p. Thesis (PhD in Food Science and
Technology). Technology Institute. Federal Rural University of Rio de Janeiro,
Seropédica, RJ. 2021

New food sources have been explored to provide the consumer with greater food diversity
with high nutritional contents. Millet (Pennisetum glaucum) is a cereal with a high
content of nutrients such as proteins and bioactive compounds, and also free from gluten,
making it an interesting food option for celiacs. In Brazil, although this crop is adapted
to our agricultural conditions with about 4 million hectares planted, its production is
intended only for animal feed and for plant coverage. It is an underutilized grain in
Brazilian food, possibly due to the lack of knowledge about the nutritional benefits and
the products that can be made with the grain. Pasta and bread made from refined flour are
traditional food products with high acceptability, but with high energy value, high
glycemic index, low levels of dietary fiber, minerals and vitamins. For the elaboration of
bakery and pasta products, the importance of gluten proteins is notorious, which are
fundamental in the formation of a network, microstructure and texture of these products,
therefore, when absent, ingredients or processes that promote such characteristics are
necessary. The objective of this work was to develop a pasta and a loaf bread made from
whole millet flour. The main strategy used to make up for the absence of gluten was the
use of thermoplastic extrusion to modify the whole millet flour. The thesis was
subdivided into three chapters, in Chapter I, an extensive bibliographical review was
elaborated on whole grains, millet grains, bakery and pastry products and gluten free
market. In Chapter Il, a gluten free bread made with 100% whole millet flour from a
mixture of raw millet flour (RMF) and pre-cooked millet flour (PCMF) by extrusion was
developed. Breads produced with PCMF:RMF (50:50) had physical characteristics
similar to commercial wholegrain breads. The use of extrusion increased the antioxidant
capacity (215.2 = 1.9 uM Trolox/g) and the enzymatic inhibition of a-glucosidase (96.31
+ 0.005%) in relation to the product made from raw flour. In Chapter Il, a fusilli-type
pasta was developed with 100% whole millet flour from a mixture of raw millet flour
(RMF) and pre-cooked millet flour (PCMF) by extrusion. The fusilli pasta formed by the
mixture of raw and pre-cooked flours (PCMF:RMF) exhibited better integrity, presenting
satisfactory characteristics, when compared to commercial gluten free integral pasta. As
for the texture parameters, pasta with RMF:PCMF presented higher values than those
with RMF, approaching commercial pasta. Antioxidant capacity (DPPH and FRAP), total
phenolics and antihyperglycemic activity were higher for RMF:PCMF than for pasta
prepared with only RMF. The acceptability index (Al) of the product prepared with
RMF:PCMF flour was 66%. According to the evaluators, texture is the characteristic that
most needs to be improved. Thus, the use of pre-cooked millet flours by thermoplastic
extrusion can be an alternative in the preparation of gluten-free bakery and pasta products
with better functional properties.

Keywords: Thermoplastic extrusion, gluten, bread, pasta
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INTRODUCAO GERAL

Paes e massas sdo produtos tradicionais incorporados a cozinha brasileira ao
final do século XIX. No entanto, relatos histéricos indicam que populagdes indigenas
no Brasil preparavam pédes a partir da mandioca. As massas alimenticias s&o
produtos de preparo rapido de alta aceitabilidade e os pdes sdo um dos alimentos
mais importantes da humanidade desde a pré-historia. Normalmente, estes produtos
sdo elaborados a partir de trigo (Triticum spp) e adicionados de outros ingredientes.
De modo geral, por serem elaborados com farinhas refinadas possuem elevado valor
energético, porém um baixo valor nutricional em termos de minerais, vitaminas e
fitoquimicos, como os acidos fendlicos.

A possibilidade de produzir novos alimentos a partir de cereais diferentes do
trigo, ricos nutricionalmente e de baixo custo, tem despertado o interesse da
populacdo e de pesquisadores. Atualmente, a nova consciéncia alimentar somada a
um novo estilo de vida e 0 aumento no numero de restricdes alimentares cronicas
tem direcionado a industria alimenticia na busca e desenvolvimento de alimentos
com alto valor nutricional e isentos de alérgenos como o gluten. Além disso, com a
pandemia do Covid-19, os consumidores tém buscado alimentos dentro do
seguimento all natural, no additives, clean label, organicos, fermentacéo natural,
minimamente processados, sustentaveis e/ou carbono zero (LIMA et al., 2021).

No Brasil, o numero de individuos obesos cresceu 60% nos ultimos 10 anos,
atribuido a reducdo do consumo de ingredientes basicos e tradicionais, ao aumento
da ingestdo de alimentos processados e ao sedentarismo. Esses habitos impactam
diretamente no avanco das doencas crénicas como a hipertenséo arterial e o diabetes,
em que mais de 25% da populacdo adulta apresenta algum destes diagnosticos
(BRASIL, 2017). Fatores como escolaridade e orgamento familiar atuam fortemente
na escolha de alimentos, segundo a Pesquisa de Or¢camentos Familiares (POF 2017-
2018), e os gastos com a alimentacdo tém se tornado inferior a itens como moradia
(IBGE, 2017). Diante do cenario preocupante, 0 Ministério da Salde recomenda que
alimentacdo saudavel aliada a préatica de exercicios fisicos sdo primordiais para o
combate dessas enfermidades (BRASIL, 2017).

O processo de extrusdo termoplastica € uma alternativa viavel para o
desenvolvimento de produtos alimenticios devido a facilidade de producédo
industrial, quando comparado a processos tradicionais, pois apresenta baixa pegada
hidrica e de energia, propicia a inativacdo de enzimas, a reducdo de antinutrientes e
da populacdo microbiana pelo efeito conjugado dos fatores térmico, mecénico e
pressdo promovidos pela extrusora e que resultam em um baixo tempo de residéncia
dos produtos no interior do equipamento (TEBA; ASCHERI; CARVALHO, 2009).

A extrusao termopléstica promove a transformacao das caracteristicas fisicas,
quimicas e nutricionais dos alimentos tais como a destruigéo parcial ou completa da
estrutura semicristalina, fragmentacdo molecular dos polimeros de amido e
desnaturacdo proteica, melhorando a digestibilidade, plastificagdo, expansdo do
material e possibilitando a criagdo de novas formas e texturas. Muitas dessas
modificagdes sdo fundamentais para a formacdo de uma matriz uniforme em
produtos sem gluten (TEBA; ASCHERI; CARVALHO, 2009; CASTELLS et al.,
2005; RAL, 2008).



O milheto da espécie Pennisetum glaucum (L.) R.Br. € um cereal com teor
de nutrientes equivalentes ou até superiores a outros  cereais
(BALASUBRAMANIAN; KAUR; SINGH, 2014; ZHANG; HAMAKER, 2012). O
gréo e rico em fibra alimentar e polifenois que além do valor nutritivo podem reduzir
a ocorréncia do aparecimento de distarbios lipidicos, doencas cardiovasculares,
hiperglicemia, retardo do esvaziamento gastrico, entre outros (GUPTA,
SRIVASTAVA; PANDEY, 2012; SALEH et al., 2013; KRISHNAN et al., 2011).
Porém, apesar destes beneficios, o milheto é ainda um cereal subutilizado em muitos
paises, entretanto consumido diretamente na dieta da populacdo da India e da
Nigeria.

O potencial do milheto na alimentacdo humana foi evidenciado em trabalhos
anteriores desenvolvidos por nosso grupo de pesquisa, especialmente no trabalho de
Dias-Martins et al. (2018). Além disso, as diversas possibilidades do uso do milheto
na alimentacdo foi extensamente discutido e explorado no trabalho de tese de
doutorado de Dias-Martins (2019). Posteriormente, foi desenvolvido por Comettant-
Rabanal et al. (2021) um pédo sem glaten utilizando a tecnologia de extrusdo
termoplastica como pré-tratamento para farinhas de graos inteiros, incorporados com
milheto germinado.

Sendo assim, nesta tese foram elaborados uma massa alimenticia e um
produto de panificagdo obtidos totalmente a partir de farinha integral de milheto,
com propriedades fisicas compativeis com a de um produto tradicional, com elevada
capacidade antioxidante, baixo indice glicémico e isento de glaten, utilizando a
tecnologia de extrusdo termoplastica. O presente trabalho estd organizado em
capitulo sendo estes, um artigo publicado e outro a ser submetido a publicacdo em
revista cientifica.

No Capitulo | foi realizada uma revisdo de literatura sobre 0s principais cereais
consumidos na alimentacdo humana, o milheto, o mercado de produtos gltten-free,
as farinhas integrais de cereais, pdes e massas alimenticias e o processamento de
extrusdo termoplastica.

O Capitulo 1l descreve a producdo de um pdo feito com 100% de farinha de
milheto integral, variando-se a proporc¢éo de farinha crua e extrudada utilizadas. As
propriedades fisicoquimicas, capacidade antioxidante e indice glicémico foram
comparadas com um péao comercial sem glaten.

O Capitulo 111 descreve a producdo de uma massa alimenticia do tipo fusilli
baseada na utilizacdo de 100% de farinha integral de milheto, avaliando-se as
propriedades fisicas compativeis com um alimento tradicional, com elevada
capacidade antioxidante, baixo indice glicémico, isento de glaten e com boa
aceitabilidade sensorial utilizando a tecnologia de extrusao termoplastica.



OBJETIVO GERAL

Desenvolver produtos de panificacdo e de pastificio a base de farinha integral de milheto
(Pennisetum glaucum (L.) R.Br) utilizando a tecnologia de extrusao termoplastica.

OBJETIVOS ESPECIFICOS

Produzir pées utilizando 100% de farinha integral de milheto, variando a proporcao de
farinha in natura e extrudada, com caracteristicas sensoriais e propriedades fisicoquimicas
semelhantes ao pdo comercial sem gluten.

Produzir massas alimenticias utilizando 100% de farinha integral de milheto, variando a
propor¢do de farinhas in natura e extrudadas, com caracteristicas sensoriais e propriedades
fisico-quimicas semelhantes as massas alimenticias comerciais sem glaten.

Determinar a atividade antihiperglicémica dos produtos de panificacdo e pastificio obtidos.



CAPITULO |
REVISAO DE LITERATURA



1. CEREAIS: UMA VISAO GERAL NO BRASIL E NO MUNDO

Cereal € qualquer fruto ou semente comestivel da familia Poaceae que pode ser
utilizado como alimento. Gramineas sdo plantas herbaceas que apresentam flores pequenas
e frutos secos chamados grdos ou “cariopses” e compreendem cerca de 8000 espécies. As
cariopses podem ser nuas, apresentando somente o gérmen, o endosperma e a membrana da
semente, como no caso do trigo e milho, ou revestida, com a mesma estrutura revestida de
uma casca, a exemplo do arroz e sorgo (TAKEITI, 2017).

Os principais cereais utilizados na alimentagdo humana e animal sdo trigo, arroz,
milho, cevada, aveia, centeio e sorgo, mas existem outros menos utilizados como o milheto,
o triticale, a espelta e os pseudocereais, como 0 amaranto e a quinoa. O principal uso dos
cereais € para a fabricagdo de farinha destinada a panificacéo e para o consumo direto, ja as
fibras e farelos para a fabricacdo de racdo animal (TAKEITI, 2017).

Dentre os cereais, 0 trigo € um destaque pois € um dos poucos cereais cuja farinha é
capaz de formar uma massa viscoelastica quando em mistura com agua, porém, dos cerca de
30 tipos de trigo existentes geneticamente diferenciados, s6 metade é cultivada (o restante
cresce de forma silvestre) e destas, apenas trés espécies representam mais de 90% do trigo
cultivado no mundo, sendo cada uma mais adequada a um tipo de alimento. O Triticum
aestivum (trigo comum) é o mais cultivado no planeta, respondendo por mais de 4/5 da
producdo mundial. Em relacdo a farinha de trigo, a mais usada no Brasil para produtos
panificaveis e demais produtos € a Tipo 1 ou especial, produzida a partir da moagem do
endosperma do grdo com um minimo de farelo, sendo 56% utilizada para a producéo de paes
e 15% para massas (ABITRIGO, 2017).

Por conterem grande quantidade de carboidratos, os cereais séo a principal fonte de
energia ingerida pelos seres humanos. Possuem em sua constituicdo agua, proteinas, lipidios,
fibras e minerais (EMBRAPA, 2017), quando integrais, sdo também fonte de fitoquimicos,
oligossacarideos e amido resistente e, portanto, podem ser definidos como alimentos
prebidticos (SHAH, 2001; MIDRULA; SHARMA, 2015).

Em 2020 a producdo mundial de cereais foi proxima de 2,710 bilhGes de toneladas
(FAO, 2017a). O Brasil é o quarto maior produtor de cereais do mundo e o segundo maior
exportador do mundo, com 19% do mercado internacional (EMBRAPA, 2021).

1.1. Milheto

O milheto é uma cultura de cereais pertencentes a familia Poaceae. O prefixo "mille"
significa mil e indica que um punhado tem milhares de grdos (TAYLOR; EMMAMBUX,
2008; ADEBIY]I, et al., 2016a). Embora existam varias espécies de milheto como Eleusine
coracana, Setaria italica, Panicum miliaceum, Panicum sumatrense, Echinochloa crus-galli
e Paspalum scrobiculatum (ADEBIYI et al., 2016a; FAO, 1995), o Pennisetum glaucum
(Bajara ou milheto-pérola (MP)), compreende quase a metade da producdo mundial
(JUKANTI et al., 2016; FAO, 2017b).

E provével que o milheto tenha origem africana e ha cerca de 2000 anos tenha sido
levado para a India, onde devido & sua tolerancia a seca se estabeleceu nos ambientes mais
severos (FAO, 1995). Acredita-se que seja cultivado desde o estabelecimento da civilizagdo
humana (SHOBANA et al., 2013).

A planta do P. glaucum tem formato ereto entre 0,5 e 4 m de altura, possui
crescimento rapido e ciclo anual de verdo para o cultivo de 75 a 120 dias. Desenvolve-se na
forma de paniculas cilindras e rigidas com 2 a 3 cm de largura e 15 a 60 cm de comprimento.
Cada planta produz de 500 a 2000 sementes, que podem ser quase brancas pérola ou possuir

5



tons mais escuros (FAO, 1995; DURAES; MAGALHAES; SANTOS, 2003; TAYLOR,
2016).

H& grande variacdo genética na forma do grdo de milheto, em geral possui formato
ovoide com cerca de 3 a 4 mm de comprimento e peso de 1000 sementes de
aproximadamente 8 g (FAO, 1995). O pericarpo do milheto tem espessura variavel,
correspondendo a 8% da massa total de graos (Figura 1). Esta cultivar possui um gérmen
grande (17% da massa do grdo) e endosperma menor, o que afeta a composic¢éo quimica do
grdo. O endosperma contém principalmente granulos de amido e proteina com pequena
quantidade de lipidios e fibra, sendo dividido em dois componentes principais: o0 endosperma
do tipo floury (macio ou farinhento) que apresenta granulos de amido de textura macia e o
endosperma do tipo cérneo (vitreo ou duro) com granulos de amido menos propensos a
deterioracdo, ataque de doencas ou insetos e intempéries (TAYLOR, 2016; RAI et al., 2008).
De acordo com Rai et al., (2008) os grdos do endosperma do tipo floury sdo mais digeriveis
do que os do tipo corneos, sendo mais desejaveis em alguns tipos de produtos alimenticios.

Pericarpo

Forma — o

Casca da semente —— L
J2

Camada Aleurona

/ Epicarpo

Mesocarpo
Células cruzadas

Endosperma Farinhento 2 gélulas tubudlares
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Epitélio Escutelar = A / >
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Figura 1.1. Diagrama longitudinal do grdo de milheto-pérola. Adaptado de Hassan; Sebola;
Mabelebele, (2021).

O milheto € uma das culturas cerealiferas mais significativas nos trépicos e em
na¢Oes em desenvolvimento (ADEBIY1 et al., 2016a) sendo documentado como rico em
fitoquimicos como as flavonas miricetina e apigenina e em acidos fenélicos como os &cidos
fertlico e galico, aminoécidos contendo enxofre e minerais como o célcio e ferro
(ODUSOLA; ILESANMI; AKINLOYE, 2013; ADEBIYI et al., 2016b; SHAHIDI,
CHANDRASEKAR, 2013). Porém, apesar da sua importancia, a produtividade para o
consumo humano em geral é baixa, sendo quase inteiramente uma cultura de subsisténcia. E
cultivado em geral por pessoas de baixa renda em nagOes com baixo indice de
desenvolvimento humano e o seu potencial inexplorado ainda é vasto (MACAULEY, 2015;
BALASUBRAMANIAN; KAUR; SINGH, 2014; BALASUBRAMANIAN et al., 2014).

1.1.1. Cultivo

O milheto é a sexta cultura de cereal mais importante do mundo depois do trigo,
arroz, milho, cevada e sorgo, com uma produc¢ao mundial em 2019 de mais de 28 milhdes
de toneladas (FAOSTAT, 2019: ROUAMBA, 2021). E utilizado para alimentos,
combustivel e no desenvolvimento de racdo animal devido ao seu alto teor protéico, lipidico
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e baixa incidéncia de micotoxinas (FAO 1995; GUIMARAES; GONCALVES;
RODRIGUES, 2009). Em especial, as aflatoxinas sdo um contaminante comum dos cereais
podendo causar cancer, doenca hepatica, supressdo imunoldgica e morte, dependendo do
nivel e da duracdo da exposi¢do. Segundo Bandyopadhyay, Kumar e Leslie (2007) a
contaminacdo por micotoxinas no milheto é inferior ao do milho e do sorgo. A substituicdo
do milho por milheto poderia reduzir em até 8 vezes o risco de problemas relacionados a
aflatoxina.

Além disso, o custo do milheto é inferior ao do milho sendo em média R$ 61,80/saca
de 60 kg frente ao milho debulhado que custa em média R$ 71,40 a saca de 60 kg
(ECONOMIA-GO, 2021).

Os principais produtores mundiais de milheto sdo a India, a Nigéria e a China,
responsaveis por 55 % da producdo global (FAOSTAT, 2019). No Brasil, 0os primeiros
relatos de seu cultivo apareceram no Rio Grande do Sul em 1929. Na década de 90, o milheto
passou a ser utilizado como planta de cobertura no sistema de plantio direto e obteve
destague e expansdo no cerrado brasileiro com uma produtividade de graos que varia de 500
a 1.500 kg ha! (PEREIRA et al., 2003; EMBRAPA, 2016). O milheto é mais tolerante a
seca do que o sorgo e é o segundo cereal mais tolerante a salinidade ap6s a cevada devido a
presenca de um sistema radicular extenso que permite alta extracdo de dgua e nutrientes das
camadas mais profundas do solo, conseguindo produzir e sobreviver com requisitos minimos
de agua de 300 mm anuais (RAI et al., 2008; TAYLOR, 2016; FAO, 2017b). Como planta
de cobertura, o milheto promove a liberacao de nutrientes na superficie do solo e reduz a sua
temperatura, melhorando a retencdo de agua (HECKLER; SALTON, 2002).

Devido a sua rusticidade, o cultivo pode ocorrer em ambientes severos com recursos
hidricos limitados e geralmente sem aplicacdo de fertilizantes ou outros insumos,
normalmente sob tais condi¢cbes outras culturas crescem ou rendem mal
(BALASUBRAMANIAN et al., 2014; FAO, 1995). As exigéncias térmicas e hidricas ideais
para a germinacao sao temperaturas noturnas médias entre 15 e 28 °C e uma precipitacao
média de 30 mm de agua. O ciclo do milheto é de aproximadamente 130 dias, mas quando
utilizado na safrinha floresce precocemente em torno de 50 dias (EMBRAPA, 2016). Por
estes motivos, o milheto pode ser considerado um alimento de subsisténcia, apresentando
um potencial significativo para diversidade genética garantindo a seguranca alimentar e
nutricional (ADEBIY et al., 2016).

Previsdes apontam que em 2050, além do aumento populacional em 34%, as
mudancas climéaticas afetardo adversamente a seguranca alimentar aumentando
drasticamente os precos dos cereais tradicionais como o milho (FAO, 2017c). Dessa forma,
o milheto seria uma importante alternativa para a producgéo de alimentos.

1.1.2. Composi¢ao quimica

O milheto é uma cultura rica com relacdo ao teor de proteinas, gorduras, energia,
fibras e minerais (SALEH et al., 2013). Possui vitaminas do complexo B (B1, B2 e B3)
localizadas na camada aleurona e gérmen e vitamina E localizada no gérmen. O teor de
gorduras é em média de 5,1 g/100 g, contém acidos graxos poliinsaturados, especialmente o
milheto-pérola, com maior prevaléncia do acido linoléico (43-45%) presente no gérmen
(TAYLOR, 2016; MUTHAMILARASAN et al., 2016; SALEH et al., 2013).

O grdo conttm elevado teor de polissacarideos ndo amilaceos
(MUTHAMILARASAN et al., 2016), que representam cerca de 95% da fibra alimentar
presente no farelo (RAI et al., 2008). O teor medio varia de 8 a 9 g/100 g, sendo a fibra do
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tipo insoltvel mais prevalente (90%) (TAYLOR, 2016). Possui ainda minerais concentrados
no pericarpo, camada de aleurona e gérmen como o fésforo, potéassio, zinco, ferro, manganés
e em menor quantidade o calcio (BALASUBRAMANIAN et al., 2014; TAYLOR, 2016). O
teor de cinzas varia de 1,1% a 2,4 % (RAI et al., 2008).

O milheto contém niveis consideraveis de proteinas de alto valor bioldgico
(aproximadamente 14,5 g/100 g), capazes de satisfazer os requisitos nutricionais de um
adulto. No entanto, néo satisfaz as necessidades proteicas de bebés e criangas, como todo
cereal, devido a baixa quantidade de aminoacidos essenciais, como a lisina. Em
contrapartida, quando comparado com outros cereais como milho, trigo, sorgo e centeio o
teor de lisina do milheto (2,8-3,2 g/100 g) é relativamente superior. As proteinas possuem
composicdo aminoacidica semelhante as zeinas e kafirinas, com altas concentracdes de
treonina, glutamina, alanina e acido aspartico, mas é relativamente baixa em prolina, cistina
e metionina, apesar de alguns autores reportarem teores considerdveis de metionina e
cisteina, que sdo aminoacidos essenciais e sulfurados, importantes para a formacao de pontes
dissulfeto. Aminoacidos como arginina e glicina sao encontrados no farelo em significativas
concentracdes, enquanto aminoacidos essenciais como a isoleucina, leucina e fenilalanina
estdo em menores concentracBes no farelo, se comparado aos grdos inteiros (TAYLOR,
2016; RAI et al., 2008; BALASUBRAMANIAN et al., 2014; DAYAKAR et al., 2017;
SAINAM et al., 1993; DIAS-MARTINS et al., 2018). As proteinas do milheto sdo
constituidas aproximadamente de 32% de prolaminas (grupo proteico rico em residuos dos
aminoéacidos glutamina e prolina). O gérmen é rico em albuminas (6,4 - 9,6%) e globulinas
(solaveis em soluces salinas 11-16%), enquanto o endosperma contém glutelinas (solGveis
em alcool 30,6 - 45%) e penisetina (33,1-49%), sendo esta Ultima a prolamina mais
importante quantitativamente (DAYAKAR et al., 2017; SAINAM et al., 1993; TAYLOR;
EMMAMBUX, 2008; CHANDNA; MATTA, 1990).

Fatores exdgenos como o tipo de processamento aplicado aos gréos, interacdes de
proteinas com componentes ndo proteicos e fatores enddgenos tais como o teor de
antinutrientes e amido podem influenciar a digestibilidade proteica dos graos
(PUSHPARAJ; UROQJ, 2011).

Os niveis de amido no milheto podem variar de 61,0% a 70,3%, assim como o teor de
amilose de 17,0 a 21,5% e a atividade de amilase de 567 a 3141 unidades de maltose. A faixa
de gelatinizacdo do amido esté entre 61 a 69 °C e os teores de aglcares sollveis sdo baixos
(1,4 a 2,8 g/100 g), sendo os principais, a sacarose e a rafinose. O grdo possui conteddo
energético superior a outros cereais (RAI et al., 2008, TAYLOR, 2016), com
aproximadamente 361 kcal/ 100g (JALGAONKAR; JHA, 2016).

O milheto € um cereal que apresenta fitoquimicos com acdo hipoglicemiante
reduzindo o indice glicémico (IG), com capacidade antioxidante (CA), acdes
antimicrobianas, antiinflamatdrias, antivirais, anticancerigenas, anti-hipertensivas e efeitos
prebidticos (ADEBIYI et al., 2016a; CHANDRASEKARA; SHAHIDI, 2011; TAYLOR;
DUODU, 2015; MUTHAMILARASAN et al., 2016; SALEH et al., 2013). Estudos relatam
a presenca de acido fendlicos nos gréos de milheto-pérola, com maior teor de derivados do
acido cinamico, como o acido caféico, sinapico e, principalmente, os acidos ferulico e p-
cumarico em sua composicdo (DYKES; ROONEY, 2006; SHAHIDI;
CHANDRASEKARA, 2013; TAYLOR; DUODU, 2015), possuindo capacidade de reduzir
algumas células tumorais (N'DRI et al., 2013). Populag¢6es consumidoras de milheto, em
geral, possuem baixa incidéncia de certos tipos de cancer esofagico e colorretal (SHAN et
al., 2015; SALEH et al., 2013; CHEN et al., 1993; VAN RENSBURG, 1981; WHO, 2017).



1.1.3. Principais beneficios a satde do milheto

Dietas ricas em alimentos vegetais sdo protetoras contra varias doencas
(CHANDRASEKARA; SHAHIDI, 2012). Além disso, sabe-se que 0s cereais integrais
protegem o corpo contra doencas relacionadas a idade, como diabetes, doencas
cardiovasculares e alguns tipos de cancer (FARDET; ROCK; REMESY, 2008).
Anteriormente, esses beneficios eram atribuidos exclusivamente as vitaminas, minerais,
acidos graxos essenciais e fibras. No entanto, pesquisas tém sugerido que a combinacéo de
outras substancias bioativas como amido resistente, oligossacarideos, lipidios, antioxidantes,
fitoesterdis e taninos também exerce efeitos positivos (EDGE; JONES; MARQUART,
2005).

Extratos fendlicos sollveis e insollveis ligados a diversas variedades de milheto
mostraram atividade antioxidante. Mais de 50 compostos fenolicos pertencentes a varias
classes foram identificados em diferentes variedades de grdos de milheto inteiros
(CHANDRASEKARA; SHAHIDI, 2012). Estudos tém concluido que o milheto pode servir
como uma fonte natural de antioxidantes em aplicagcdes alimentares e como um ingrediente
bioativo na promogdo da salde e redu¢do do risco da incidéncia de doencas (SALEH et al.,
2013). De acordo com o estudo desenvolvido por THEODORO et al., (2021), a farinha de
milheto germinada foi capaz de promover uma acao antiinflamatoria e antioxidante em ratos
alimentados com alto teor de gordura e frutose. Além disso, a dieta reduziu a adiposidade e
a esteatose hepatica dos ratos.

Dietas a base de milheto tem apresentado reducdo na glicose plasmatica devido ao
maior teor de fibra e a presenca de fatores antinutricionais, conhecidos por reduzir a
digestibilidade e absor¢do do amido (KUMARI; SUMATHI, 2002). A diabetes mellitus é
um distarbio metabdlico cronico que se caracteriza por altos niveis de glicose no sangue.
Inibidores quimicos sintéticos da O-glicosidase e da amilase pancreatica sdo usados no
tratamento clinico da doenca, no entanto, os inibidores naturais sdo potencialmente mais
seguros (KIM et al., 2011). Dessa forma, os grdos de milheto podem ser usados na
preparacdo de diversos produtos alimenticios para diabéticos, além de serem potenciais na
prevencdo e tratamento do diabetes pela sua atividade antihiperglicémica (SALEH et al.,
2013).

A demanda por alimentos saudaveis tem crescido juntamente com o numero de
pessoas que sofrem de doenca celiaca. A doenca celiaca € uma doenca imunomediada
desencadeada pela ingestdo de glaten em individuos geneticamente suscetiveis. Por ndo
conter glaten, o milheto tém um potencial consideravel em alimentos e bebidas que podem
ser adequados para individuos que sofrem desta doenca (CHANDRASEKARA; SHAHIDI,
2012).

Os gréos de milheto sdo conhecidos por serem ricos em acidos fenolicos, taninos e
fitato que atuam como ingredientes antinutricionais (THOMPSON, 1993). No entanto,
estudos demonstraram que esses antinutrientes reduzem o risco de cancer de colon do Utero
e mama (GRAF; EATON, 1990). O consumo de milheto também foi associado a menor
incidéncia de cancer de es6fago (VAN RENSBURG, 1981).

Outros estudos relatam a eficiéncia do milheto na prevencdo de doencas
cardiovasculares ao reduzir os triglicerideos plasmaticos e na protecdo contra o
envelhecimento (LEE et al., 2010; HEGDE; CHANDRAKASAN; CHANDRAA, 2002).
Constatou-se que



fracOes e extratos do grdo de milheto tém atividade antimicrobiana contra algumas espécies
de fungos e bactérias mostrando ser uma alternativa natural na preservagdo de alimentos e
para fins terapéuticos (VISWANATH; UROOJ; MALLESHI, 2009).

1.2. Farinhas integrais de cereais

A ANVISA por meio da RDC n° 263 define farinha como “produto obtido de partes
comestiveis de uma ou mais espécies de cereais, leguminosas, frutos, sementes, tubérculos
e rizomas por moagem e ou outros processos tecnoldgicos considerados seguros para
produgdo de alimentos” com umidade maxima de 15,0 % (g /100 g) (BRASIL, 2005).
Segundo a RDC n° 493 (BRASIL, 2021), ingredientes integrais sdo cereais ou qualquer
derivado quebrado, trincado, flocado, moido, triturado ou submetido a outros processos
tecnoldgicos considerados seguros para producdo de alimentos, cujos componentes
anatdmicos - endosperma amilaceo, farelo e gérmen - estdo presentes na proporc¢éo tipica
que ocorre na cariopse intacta. Dessa forma, a farinha integral é o produto obtido pela
moagem ou raladura da parte comestivel dos graos, rizomas, frutas ou tubérculos integrais
(BRASIL, 1978).

As farinhas integrais possuem diversos componentes nutricionais como as fibras, as

vitaminas, os fitoquimicos, os lipidios, as proteinas e, principalmente, 0 amido que é um
granulo composto de amilose, uma molécula linear formada por glicoses unidas por ligacdes
do tipo o 1-4 e de amilopectina, uma molécula ramificada formadas por glicoses unidas por
ligagdes do tipo o 1-4 e o 1-6. Na panificacdo, o amido é importante para a formacéo do
miolo e é fonte de acucar para os microrganismos fermentadores (CARR, 2003).
Em relagcdo ao milheto, o individuo diabético também pode se beneficiar dos produtos
elaborados com a farinha integral do gréo, pois a ingestdo de alimentos integrais fornece
beneficios para a reducéo do risco da incidéncia e para 0 manejo do diabetes mellitus. Dados
epidemiolégicos demonstram uma menor incidéncia de diabetes em populacdes
consumidoras de milheto (ADA, 2005; SALEH et al., 2013). Provavelmente, pela presenca
de fibras que sdo fermentadas no c6lon e geram &cidos graxos de cadeia curta (AGCC), como
0 acetato, 0 propionato e butirato, que sdo absorvidos pelo epitélio do célon transformando-
se em fonte de energia para os colondcitos e, desta forma, alguns estudos sugerem acédo
anticarcinogénica (GRAF; EATON, 1990; VAN RENSBURG, 1981). Ainda, os AGCC, séo
estimuladores do peptideo GLP-1, encontrado na mucosa do ileo distal e do intestino grosso
sendo considerado um potente agente antidiabetogénico pelo estimulo a secrecédo de insulina,
reducdo do glucagon, retardo do esvaziamento gastrico e do apetite (GEE et al., 1996;
GUTZWILLER et al., 1999; FLINT et al., 1998).

1.2.1. Produtos alimentares a base de farinhas integrais de milheto

Como alimento promissor, em alguns paises africanos e na india, o milheto é
utilizado para o preparo de bebidas alcodlicas e ndo alcoolicas e alimentos como arroz,
cuscuz, massas, bolos, pdes, mingau, snacks (TAYLOR; DOUDU, 2015; AWOLU, 2017),
alimentos pré-cozidos para o0 desmame (NKAMA; GBENY|; HAMAKER, 2015), produtos
fermentados e farinhas (ZHU, 2014).

Apesar do milheto ser comestivel, ap6s cozimento o grdo apresenta textura pouco
agradavel e cor escura, sendo necessario a aplicacdo de técnicas para preparar produtos
alimenticios de maior apelo ao consumidor (KRISHNA et al., 2011). Ainda, o contetdo
lipidico pode ser problematico no que se refere ao armazenamento da farinha de milheto.
Especificamente, o milheto-pérola que possui alta atividade enzimatica pela presenca de
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polifenoloxidase, lipase, peroxidase e, especialmente, a lipoxigenase que age principalmente
sobre o &cido oleico que é o lipidio de maior teor no grdo de milheto, propiciando o
surgimento de ranco e odor. Ainda, os produtos da oxidagao podem reagir com 0S compostos
fenolicos e causar alteracdo de cor e nas propriedades organolépticas (GOYAL; CHUGH,
2017). Geralmente, tratamentos térmicos, como branqueamento e refrigeracdo séo utilizados
para prolongar a vida util da farinha de milheto pelo efeito de inativacdo enzimatica
(GOYAL; CHUGH, 2017; GOYAL et al., 2017). Estudos sugerem que o uso de acido
ascorbico e vitamina E inibam aproximadamente 70% da atividade da lipoxigenase
(SHARMA,; CHUNG, 2017).

De acordo com a RDC n° 493 (BRASIL, 2021), os alimentos contendo cereais sdo
classificados como integral quando o produto contiver, no minimo, 30 % de ingredientes
integrais; e quando a quantidade dos ingredientes integrais for superior a quantidade dos
ingredientes refinados.

O primeiro pdo foi feito por volta de 10.000 anos a.C, e pode ter sido desenvolvido
por experimentacdo deliberada com agua e farinha de gréos. Os egipcios foram o0s pioneiros
na producao de pdes e tornaram a arte de fazer pdo popular em todo o mundo (MODAL,
DATTA, 2008).

Segundo a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) pela RDC n° 263,
pées sdo 0s produtos obtidos da farinha de trigo e ou outras farinhas, adicionados de
liquido, resultantes do processo de fermentacdo ou ndo e coccdo, podendo conter outros
ingredientes, desde que ndo descaracterizem os produtos. Podem apresentar cobertura,
recheio, formato e textura diversos (ANVISA, 2005).

Para a formacdo da massa, 0s componentes prioritarios sdo a agua, a farinha, o sal e
fermento (Saccharomyces cerevisiae) podendo ser adicionado gordura e aglcar. A &gua
promove a dissolucdo e hidratacdo da farinha assegurando a formacéo da rede de glaten. O
sal atua reduzindo a solubilidade da gliadina, proporcionando uma massa menos pegajosa e,
consequentemente, formando uma rede de glaten mais forte pela presenca dos ions sodio e
cloreto que aproximam as cadeias proteicas contribuindo para maior forca e elasticidade na
massa. O fermento produz o gas carbdnico responsavel pela formacao dos alvéolos internos
e crescimento da massa. O agUcar promove coloracdo ao pdo e é utilizado como substrato
pelas leveduras, conferindo maciez e suavidade a massa pela absor¢do de dgua. As gorduras
contribuem para o aumento do volume do pdo auxiliando na retencdo do gas (FOOD
INGREDIENTS BRASIL, 2009; MODAL; DATTA, 2008).

Para o preparo de pées, a fermentacéo é a etapa primordial, pois ocorre o processo de
transformac6es bioquimicas onde o consumo do substrato (aglcar) pela acdo microbiana
(Saccharomyces cerevisiae) promove a formagdo de acidos e de gas carbonico. A medida
que o dioxido de carbono é produzido, a massa se expande e o retém, existindo uma relagédo
entre 0 gas produzido e o gas retido que depende da qualidade da estrutura do gluten. Quanto
mais gas retido, maior o volume do pdo (CABALLERO; TRUGO; FINGLAS, 2003).

O volume e a densidade sdo parametros diretamente relacionados com o teor de
solidos e com a fracdo de ar existente na massa assada. Massas com densidade alta ou volume
especifico baixo (embatumadas) apresentam caracteristicas sensoriais desagradaveis aos
consumidores. Paes franceses apresentam volume especifico médio de 4,6 mL/g e densidade
0,22 g/mL enquanto pées de forma apresentam volume de 4,1 mL/g e densidade 0,24 g/mL
(ESTELLER; LANNES, 2005).

Existem diferentes tipos de fermentacdo sendo as mais comuns, (i) 0 método direto,
em que a homogeneizagdo de todos os ingredientes da massa ocorre em uma Unica etapa e
esta segue para o periodo fermentativo e (i1) o método “esponja” ou indireto, onde parte dos
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ingredientes sdo separados para o preparo de uma massa ’esponja” que fermenta por um
longo periodo de tempo (4 a 6 h) e, ap0ds, sdo adicionados aos demais ingredientes da massa
ocorrendo a homogeneizacdo e a fermentacdo principal (CAUVAIN; YOUNG, 2009;
VALADAO, 2014).

Um dos parametros fundamentais que deve ser observado durante a fermentacéo é a
umidade relativa do ambiente. Para que o pdo apresente caracteristicas ideais, a umidade
relativa do ambiente deve ser de 80 %. Quando menores que 75 %, promovem o
ressecamento superficial da massa, dificultando o crescimento e a abertura da pestana,
podendo ficar ainda com casca grossa e ressecada (ABNT, 2015).

A umidade dos pées pode variar de acordo com o tipo e condi¢des de processamento.
Nos pdes com crosta crocante, como 0s pées franceses, a umidade tende a ser menor (25-
30%), entretanto, os paes do tipo Forma contém de 30-35 % de umidade. Devido a alta taxa
de absorcdo de &gua pelas fibras, pdes integrais podem apresentar umidade de até 40 %
(ESTELLER; LANNES, 2005) e, portanto, estdo mais suscetiveis ao desenvolvimento de
bolores e leveduras.

A legislacdo da ABNT NBR 16170 (2015) estabelece os requisitos de qualidade e
define os parametros para o pdo tipo francés. Uma pontuacéo € atribuida para cada um dos
atributos dos pdes com respeito as caracteristicas externas, internas e sensoriais. Quanto mais
préximo de 100%, melhor estd o pdo em termos de qualidade e atendimento aos requisitos
da norma.

O consumo de gréos integrais esta associado ao menor risco de desenvolvimento de
doencas crénicas ndo transmissiveis (DCNT), dessa forma, é importante estimular o
consumo de produtos integrais como os paes. No Brasil, a legislacdo de panificacdo vigente,
RDC n ° 263 ndo contém definicdo especifica para pées integrais, no entanto, de acordo com
a RDC n° 493 da ANVISA, o produto € considerado integral quando tiver no minimo 30%
de ingredientes integrais (Brasil, 2021; Brasil, 2005).

Em funcdo do aumento de casos de doenca celiaca, existem no mercado inumeros
pdes sem glaten, alguns ndo apresentam as qualidades desejadas como bom volume
especifico, cor da crosta adequada, simetria, resisténcia a quebra, boa estrutura da célula do
miolo e maciez, pois a presenca do glten é importante para obtencdo destas caracteristicas.
Desta forma, a elaboracdo de pdes sem gluten com alta qualidade tem sido um desafio
tecnoldgico. Na tentativa de solucionar este problema, melhoradores de farinhas, proteinas,
enzimas e amidos tém sido utilizados na elaboracdo destes produtos e, assim, conferem
adequadas caracteristicas sensoriais e fisico-quimicas a massa (STORK et al., 2009;
CAUVAIN; YOUNG, 2009; QUEIROZ; LOPES, 2008).

Segundo a RDC n° 93 (BRASIL, 2000), massa alimenticia ou macarrdo € o produto
obtido, exclusivamente, a partir de farinha de trigo comum e ou sémola/semolina de trigo e
ou farinha de trigo durum e ou sémola/semolina de trigo durum. A massa alimenticia é o
produto ndo fermentado, apresentado sob varias formas, recheado ou ndo, obtido pelo
empasto, amassamento mecanico da farinha, podendo ou ndo ser adicionado de outros
ingredientes e acompanhado ou ndo de temperos e ou complementos, isoladamente ou
adicionados diretamente a massa. No que diz respeito a massa alimenticia integral ou
macarrdo integral a legislacdo define como sendo o produto obtido a partir de farinha de
trigo integral e ou farinha integral de trigo durum ou a partir da mistura de farinha de trigo
integral e ou farinha integral de trigo durum e ou farelo de trigo e ou farelo de trigo durum
com farinha de trigo comum e ou sémola/semolina de trigo e ou farinha de trigo durum e ou
sémola/semolina de trigo durum (BRASIL, 2000).
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Segundo dados da ABIMAP (2020), no mercado internacional as massas
alimenticias apresentaram um aumento expressivo de 159% em faturamento, totalizando 29
mil toneladas em volume, 247 % a mais que em 2019. No Brasil, o0 setor registrou aumento
de 14% em faturamento e 6 % em volume de vendas, atingindo R$ 11,2 bilhdes e 1,3 milhdo
de toneladas em 2020. (ABIMAP, 2020).

Devido a preocupacdo crescente com a saude, massas nutritivas ricas em fibras,
micronutrientes essenciais e que possuam baixo indice glicémico (IG) e baixa carga
glicémica (CG) podem ser preferidas pelo consumidor, pois dietas com baixo IG e baixa CG
estdo associadas com a reducdo no risco de desenvolvimento de doencas crbnicas. Tais
parametros representam um indicador global de resposta glicémica e demanda insulinica
induzida por uma por¢do de alimento que quando utilizados em conjunto, oferecem uma
informac&o tangivel sobre o alimento em suas porg¢des reais (PORTERO- MCLELLAN et
al., 2010).

1.2. Mercado dos produtos gluten-free

Atualmente, devido a mudanca dos habitos alimentares e aumento gradual de casos
de alergias alimentares em todo o mundo, ha uma crescente demanda da populacéo por
alimentos sustentaveis e nutritivos. Sabe-se que 1 a 5% da populagdo mundial apresenta
algum tipo de intolerancia aos cereais que contém gliten e este cenario se tornou um dos
maiores desafios na area de alimentos panificaveis, que consiste em desenvolver produtos
para um seleto grupo de pessoas que apresentam tal intolerancia, os denominados doentes
celiacos ou intolerantes ao gluten (GILISSEN; VAN DER MEER; SMULDERS, 2014;
ELLI et al., 2015).

O intolerante ao gliten apresenta sintomas proximos a forma classica da doenca
celiaca (gases e diarreia), porém ndo expressa a doenca autoimune sistémica, ja o celiaco
possui um distarbio genético de méa absorcdo cronica do intestino causado pela exposicédo ao
gluten, de forma que exposi¢do promove a producdo de anticorpos ocasionando severas
lesBes da mucosa intestinal resultando na mé absorcéo de nutrientes (CESAR et al., 2006).
A doenga cléssica pode se manifestar nos primeiros anos de vida, com quadros clinicos de
diarreia crbnica, vomitos, entre outros, ou na idade adulta, esta relacionada ao aparecimento
de diversas enfermidades (SILVA et al., 2006) e a forma de tratamento é a exclusao do gluten
da dieta.

Alem da doenga celiaca classica, outras condigdes clinicas estdo relacionadas a
ingestdo de glaten e podem ser agrupadas como autoimunes (doenca celiaca classica, ataxia
de gluten, dermatite herpetiforme), alérgicas (alergia respiratoria, alergia alimentar e
urticaria de contato) e ndo autoimunes e ndo alérgicas (sensibilidade ao gluten ndo celiaca)
(SHARMA et al., 2020; WATKINS; ZAWAHIR, 2017).

Segundo a Associacdo dos Celiacos do Brasil, o pdo é o produto preferivel dos
celiacos em relacdo a produtos sem glaten (47 %), seguido pelas massas alimenticias
(ACELBRA, 2004). O Codex Alimentarius (2008) define que o limite maximo para que o
alimento seja considerado isento de gluten é de 20 ppm. No Brasil, a Lei 10.674/2003 disp6e
apenas sobre a adverténcia sobre a presenga ou auséncia de gluten no rétulo ou bula de todos
os alimentos industrializados. No entanto, a quantidade aceitavel de glaten para adogdo do
“Nao contém gliten” ainda ndo estd regulamentada.

O gluten - presente nos cereais como o trigo, centeio e cevada - € formado pela fragcéo
prolaminica denominada gliadina (responsavel pela resisténcia da massa a extensao -
extensibilidade) e pela fracdo glutenina (responsavel pela elasticidade) (FENNEMA, 2010),
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componentes que desempenham papel fundamental nas propriedades viscoelasticas dos
produtos de panificacdo, pois permitem a retencdo do gés carb6nico produzido durante a
fermentagdo da massa (STORCK et al., 2009). No entanto, a fragdo proteica toxica presente
é a prolaminica (GONCALVES, 2013) devido sua resisténcia a degradacéo pelos sucos
gastrico, pancreatico e intestinal, permanecendo no limen intestinal mesmo ap6s a
degradacdo do gluten. A abundancia e localizacdo dos residuos de prolina sdo apontadas
como uma das razfes para a resisténcia. A glutamina e a prolina atravessam a barreira do
epitélio intestinal caso haja aumento da sua permeabilidade, e em contato com a mucosa
interagem com as células apresentadoras de antigenos (CUNHA; CARNEIRO; AMIL,
2013).

No trigo, que é o cereal mais utilizado para elaboracao de produtos panificaveis e de
pastificio, as proteinas sdo divididas em dois grupos: as albuminas (hidrossoluveis) e
globulinas (soltveis em solucdo salinas), ndo formadoras de glaten, que representam 15%
das proteinas totais e o grupo formado pelas gliadinas e gluteninas que compreendem 85%
das proteinas do grdo. As gliadinas sdo proteinas pegajosas, soltveis em alcool, de cadeia
simples, com ligacGes intramoleculares compostas de sequéncias repetitivas de glutamina e
aminoéacidos apolares como a prolina, fenilalanina e tirosina. Ja as gluteninas apresentam
ligacBes intra e intermoleculares, possuem cadeias ramificadas, sdo coesas, elasticas,
compostas de sequéncias repetitivas de glutamina, prolina e cisteina e sdo solUveis em
solucBes acidas e/ou bésicas (EL DASH; CAMARGO; DIAZ, 1982; WIESER, 2007).
Quando a farinha de trigo e a 4gua sdo homogeneizadas mecanicamente, ha hidratacdo das
gliadinas e das gluteninas formando o complexo proteico denominado gluten (Figura 2) pela
associacdo de ambas através de ligacdes de hidrogénio, ligacdes de Van der Waals e pontes
dissulfeto devido a presenca de aminoacidos, principalmente a cisteina (BOBBI0O; BOBBIO,

1995).
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Gliten (gliadina + glutenina)

Figura 1.2. Formacéo da rede proteica do glaten. Adaptado de Fassano (2011).

2. EXTRUSAO TERMOPLASTICA

A extrusdo é um processamento termomecanico em que alimentos que contenham
amido ou proteina sdo submetidos a uma combinacdo de umidade, presséo, temperatura e
cisalhamento mecanico, resultando em transformacg6es moleculares e fisico-quimicas como
a destruicdo parcial ou completa da estrutura semicristalina, fragmentacdo molecular dos
polimeros de amido e desnaturacdo proteica, o que melhora a sua digestibilidade
(CASTELLS et al., 2005; RAI, 2008). Diferente da tecnologia de secagem, a extrusao
combina uma série de operagdes unitarias, ou seja, mistura, cozimento, corte, sopro,
modelagem final e secagem em um processo continuo, rapido e eficiente, no que se refere
ao gasto de energia, e pode ser usado para produzir uma ampla variedade de alimentos ricos
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em amido, incluindo lanches, cereais prontos para comer, confeitarias e pées torrados
extrudados (SUKNARK; PHILLIPS; CHINNAN, 1997).

As etapas do processo compreendem o preparo dos ingredientes em proporcéo
adequada, condicionamento a um teor adequado de umidade e introducéo da matéria-prima
no equipamento por meio do alimentador, que impele o material através do parafuso em
direcdo a matriz. A medida que o produto atravessa as diferentes zonas de extrusdo (de
alimentacéo, de transi¢do e de alta pressdo), ocorre aumento gradativo do atrito mecanico
provocado por modificacbes de geometria do parafuso e de abertura da matriz. Em
consequéncia, aumentam também a temperatura e a pressdo, ocorrendo 0 cozimento do
produto (GUERREIRO, 2007). A qualidade final do produto é diretamente dependente de
fatores como a matéria-prima utilizada e as variaveis do processo como a temperatura, o tipo
de parafuso utilizado e velocidade de rotagdo do mesmo (VARGAS-SOLORZANO et al.,
2014).

Para o preparo de massas sem gluten deve haver ingredientes que possam substituir
as funcdes estruturais do gluten, como o amido modificado quimica ou fisicamente que é
fundamental para a formacdo de uma matriz uniforme (EL-DASH, 1981; JULIANO;
SAKURALI, 1995), capaz de minimizar a perda de solidos durante o cozimento da pasta.
Dessa forma, o processamento por extrusao termoplastica pode ser usado com o objetivo de
se adquirir farinhas com diferentes graus de cozimento. A adi¢do de uma fracdo de amido
pré-cozido com predominio de liga¢es de hidrogénio pode aumentar o nimero de ligacoes
secundarias, pois quando o amido é tratado em altas temperaturas ele se comporta como
ligante substituindo a funcdo do gluten de formar uma rede, pois o aquecimento do amido
em condicBes de umidade ideal causa intumescimento dos granulos até a completa
gelatinizacdo resultando na quebra e rearranjo das ligacdes de hidrogénio, permitindo a
plastificacdo e a formacao de texturas desejaveis (YE et al., 2017; ASCHERI, 2006).

Estudos in vitro demonstram que extrudados elaborados com milheto apresentam
uma reducdo significativa de carboidratos prontamente digeriveis com maior prevaléncia de
carboidratos de digestdo lenta (BRENNAN et al., 2012; SALEH, 2013), sendo este de pouco
impacto no aumento da glicemia. A classificacdo do amido com base na sua digestibilidade
é dada como (i) amido rapidamente digerivel, hidrolisado em 20 min; (ii) amido lentamente
digerivel, hidrolisado entre 20 e 120 min e (iii) amido resistente (AR), que é o amido ndo
hidrolisado em 120 min. O AR é classificado como AR (fisicamente inacessivel, se 0 amido
estiver contido em uma estrutura interna ou parcialmente rompida na planta; se as paredes
celulares rigidas inibirem o seu intumescimento e dispersdo como em alguns
legumes/tubérculos; ou por sua estrutura densamente empacotada), AR2 (em que a forma da
estrutura cristalina do granulo (A, B e C) influencia sua digestdo) ou ARz (amido
retrogradado) (ENGLYST et al., 1992; KAM et al., 2016). O AR4 tem sido evidenciado por
sofrer modificacfes em sua estrutura quimica, sendo considerado o tipo mais resistente a
hidrélise enziméatica. O ARs é formado por complexos amilose-lipideo e apresenta maiores
temperaturas de gelatinizacdo e tendéncia a retrogradacdo. Séo insollveis em agua e ndo
suscetiveis a degradagdo por a-amilase (FUENTES-ZARAGOZA et al., 2011)

A utilizacdo da extrusdo termoplastica em alimentos possui iniUmeras vantagens,
dentre elas esta a sua versatilidade, producéo continua em larga escala e por unidade de area,
menores gastos com mao-de-obra e energia, produtos alimenticios com melhores
caracteristicas funcionais, sensoriais e nutricionais e a ndo geracdo de efluentes industriais
ou material de risco (ASCHERI; CARVALHO, 2008). Além disso com esta tecnologia
consegue-se uma homogeinizacdo e reestruturacdo de ingredientes pouco atrativos em
ingredientes com texturas e formas mais aceitaveis; melhora a digestibilidade e inibe fatores
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anti-nutricionais por meio do aquecimento e reduz a umidade do produto (MARQUES;
MARQUES; COSTA, 2015). Outra vantagem €é a agregac¢do de valor ao produto. Quando a
tecnologia de extrusdo termoplastica € empregada de forma adequada, o produto passa a ter
um elevado valor agregado, podendo chegar até 2000%, em relacdo ao valor do custo da
matéria prima in natura e o valor de venda do produto nos supermercados (CEREDA,
VILPOUX; FRANCO, 2003).

No que diz respeito as desvantagens do processo de extruséo termopléstica podemos
destacar a alteracdo de cor e aroma dos alimentos devido a expansdo do produto, ao calor
excessivo ou a reacdes com proteinas, agucares redutores ou ions metalicos, sendo em alguns
casos necessario a adi¢cdo de aditivos (corantes e aromatizantes (FELLOWS, 2008).

Alguns estudos tém demostrado com sucesso a utilizacdo da extrusdo termoplastica
para a obtencdo de produtos de panificagdo e pastificio com reducéo ou isencdo de gluten.
PATIL et al. (2016) estudaram o desenvolvimento de p&es com farinha de trigo com
diferentes niveis de substituicdo de farinha de milheto cru e extrudada e concluiram que paes
elaborados com farinha de milheto extrudada apresentaram melhores propriedades
tecnoldgicas (volume e altura) e textura (baixa dureza, alta resiliéncia) do que pées obtidos
com farinha de milheto crua.

SILVA; ASCHERI.; ASCHERI, (2016) prop0s o desenvolvimento de massas
alimenticias sem gluten elaboradas com arroz integral e fub4 de milho utilizando extruséo
termoplastica. Os autores conseguiram melhores resultados com relagdo a textura das massas
na proporcao de 40:60 (fuba:arroz), 30 g/100 g de umidade, e a 70 °C. Segundo os autores,
as perdas de solidos durante o cozimento e o baixo teor de fibras ainda sdo desafios que
precisam ser ultrapassados

COMETTANT-RABANAL et al., (2021) com o intuito de produzir paes sem gluten,
utilizaram a tecnologia de extrusao termoplastica como pré-tratamento de farinhas integrais
(milho, arroz integral parboilizado e sorgo). Como resultado, os autores verificaram que 0
processo de extrusdo termoplastica melhorou a consisténcia, a absorcdo de agua e
propriedades viscoelasticas das massas. Promoveu um aumento do volume especifico e
melhor distribuicdo interna de células de ar. Além disso, a adicdo de milheto germinado
desenvolveu maior maciez nos paes.
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RESUMO

O milheto (Pennisetum glaucum) € um pequeno gréo de cereal, sem gluten, originario da
Africa e que atualmente n&o esté introduzido na dieta ocidental. E uma interessante fonte de
fibra alimentar, vitaminas, minerais, proteinas e compostos fendlicos superior aos cereais
consumidos tradicionalmente. E uma cultura muito eficaz adotada em sistema de plantio
direto com uma area plantada de mais de 4 milhdes de hectares no Brasil. O pdo é um produto
alimentar de grande aceitacéo tradicionalmente feito de trigo e, principalmente, elaborado a
partir de farinhas refinadas. No entanto, € conhecido por apresentar alto indice glicémico e
baixos niveis de fibra alimentar e por conter naturalmente proteinas do gluten. O objetivo
deste trabalho foi desenvolver pées integrais a partir de misturas de farinhas crus e
extrudadas de milheto e avaliar os pardmetros fisico-quimicos em comparagdo a paes
integrais comerciais com e sem glaten. O uso da extrusdo aumentou a capacidade
antioxidante (215,2 + 1,9 uM Trolox/g) e a inibicdo enzimatica da a-glicosidase
(96,31+0,005%) em relacdo ao produto elaborado a partir da farinha crua. O milheto se
apresenta como um alimento potencial interessante para a producdo de pdes na dieta da
populacdo brasileira, principalmente, para individuos acometidos por alergia ao glaten e pela
diabetes.

Palavras-chave: a-glicosidase; sem gliten; capacidade antioxidante
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ABSTRACT

Millet (Pennisetum glaucum) is a small gluten-free cereal originated from Africa that
is not currently introduced in the Western diet. It is an interesting source of dietary
fiber, vitamins, minerals, proteins and phenolic compounds superior to the most
traditional consumed cereals. It is very effective crop adopted in no tilling farming
system planted with an area of more than 4 million hectares in Brazil. Bread is a
food product of high acceptance that is traditionally made from wheat, particularly
from refined flours. However, it is known to present a high glycemic index and low
levels of dietary fiber and naturally contains gluten proteins. The objective of this
work was to develop whole grain bread using blends of raw and extruded flours from
millet and to evaluate the physicochemical parameters in comparison to commercial
whole bread products with and without gluten. The use of extrusion increased
antioxidant capacity (215.2 + 1.9 uM Trolox/ g) and enzymatic inhibition of o-
glucosidase (96.31 £ 0.005) in relation to the product elaborated from raw flour.
Millet is presented as potential food interesting for the production of bread
considered in the diet of Brazilian population, particularly to those suffering from
gluten allergy and diabetes.

Keywords: a-glucosidase; gluten-free; antioxidant capacity
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1. INTRODUCTION

Bread is obtained by swelling, kneading and cooking under technologically
appropriate conditions, from fermented or unfermented dough prepared with wheat flour
and/or other flours that naturally contains gluten-forming proteins (Mondal & Datta 2008).
Traditionally, bread is made mainly from refined wheat flour (Triticum spp) added with other
ingredients such as water, salt and leavening agents, presenting a high energy density with
low nutritional value. Modern life style demands easy consumption and practicality that
increases the consumption of fast-prepared foods or home-cooked meals considering the
experience in the Covid-19 era. In addition to this scenario, food awareness and/or presence
of chronic diseases with food restriction drives the food industry to changes including gluten
free products development along with high nutritional value (Modal & Datta, 2008).

Millet emerges as an interesting cultivar dating back from the Neolithic era, that
presents nutrient content equivalent to or even higher than other cereals (e.g. sorghum)
(Balasubramanian et al., 2014; Zhang & Hamaker 2012). It is the sixth most important crop
in the world, with production close to 29 million tons (Faostat, 2015). However, the millet
grains are still underutilized in many countries but widely consumed in African Countries
and India.

So, millet grains are rich in dietary fiber and polyphenols that could reduce the
occurrence of lipid disorders, cardiovascular diseases, hyperglycemia, delayed gastric
emptiness among others (Saleh et al., 2013; Dias-Martins et al., 2018). The phenolic acids
presented in pearl millet are p-hydroxybenzoic acids, gallic, vanillic, caffeic, ferulic, sinapic
and p-coumaric acid (Shahidi & Chandrasekara, 2013, Taylor & Doudu, 2015). In addition,
whole meal flour offers many health benefits due to the high content of fibers and phenolic
compounds, contributing to lower glycemic index due to enzymatic inhibition than refined
cereals, which results in decreased hydrolysis of carbohydrates and consequent reduction of
available glucose for absorption. Millet grains also contain high content of non-starch
polysaccharides (Taylor, 2016; Muthamilarasan et al., 2016), in which about 95 % of dietary
fiber are presented in the bran (Rai et al., 2008). Average content ranges from 8 to 9 g/ 100
g and the majority fiber type is insoluble (90%), which is known to play an important role
in glycemic control (Taylor, 2016). Starch levels in the grains may range from 61.0 to 70.3%
and the grain also has similar energy content to other traditional cereals (Rai et al. 2008,
Taylor, 2016), approximately 361 kcal / 100 g (Jalgaonkar & Jha, 2016).

Development of innovative products can be effectively helped using thermoplastic
extrusion process as a tool of viable alternative to industrial production, when compared to
traditional processes, presenting a low water and energy footprints (Balasubramanian et al.,
2014). Furthermore, it provides enzymatic inactivation, reduction of antinutrients and
microbial population by the conjugated effect of the thermal and mechanical shear, resulting
in a low residence time in the extruder. In addition, thermoplastic extrusion confers
physicochemical modifications in starch, fibers and proteins that could be useful in
developing food for specific purposes, both in terms of technological properties and required
nutritional characteristics. Concerning to physicochemical changes caused by extrusion
cooking, such as exposure of hydroxyl groups contributes to increase the water absorption
capacity and the complexes formed by starch and proteins that can imitate viscoelastic
properties, similar to the gluten network. Hydrothermal modifications can induce
interactions (new hydrogen bonds) between glucan chains and facilitate chain realignment
(Vamadevan & Bertoft, 2020). In this regard, different combinations between raw and
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extruded gluten free flours could provide final product (e.g. bread) of desirable technological
characteristics close to gluten-based products (Patil et al., 2016).

The objective of this study was the produce bread using 100% of whole grain millet
flour varying the proportion of raw and extruded flours by comparing it to commercial gluten
free bread based on their physicochemical properties, antioxidant capacity and glycemic
index.

2. MATERIAL AND METHODS
2.1. Materials

BRS 1502 millet cultivar of Pennisetum glaucum (L.) R. Br. was produced in the
experimental fields of Embrapa Milho e Sorgo (Sete Lagoas, Latitude S 19°27'57 ",
Longitude W 44°14'49 ", Southeast Region, Brazil) in 2018, transported and stored in a cold
chamber at 16 °C, during the experiments. The other ingredients for the preparation of bread,
such as salt, sugar, eggs, dry yeast and fat were purchased in local market of Rio de Janeiro
(Brazil). Two controls commercial breads: 1. whole wheat bread (Fig. 1d) and 2. whole
wheat gluten free bread (Fig. 1e) was purchased in local markets of Rio de Janeiro (Brazil).

2.2. Millet bread preparation

In order to obtain raw whole grain millet flour (RMF) and precooked millet flour
(PCMF), whole millet grains were ground in an LM3100 hammer mill (Perten Instruments
AB, Huddingen, Sweden) equipped with a sieve opening sieve of 0.8 mm. PCMF was
obtained by processing RMF in a twin screw extruder Evolum HT25 (Clextral Inc., Firminy,
France) with screws of 25 mm sectional diameter running at 500 rpm, 40:1 length/diameter
ratio (L/D), barrel with ten temperature controlled heating zones (25, 40, 60, 80, 110, 120,
120, 120, 140 and 140 °C), fitted with a circular die of 4 holes of 3.8 mm diameter each. The
water content of the RMF was adjusted to 15% water content with help of a water feed piston
pump (Zhejlang Ailipu Technology, Co. Ltd., Talzhou Shi, China).

After processing, the extrudates were dried in a fan oven (Hauber Macanuda, Joinville,
Brazil) at 45 °C overnight and then shredded in an industrial blender (Skymsen, Brusque,
Brazil) and subsequently packaged in plastic bags and sealed until the later analyzes and
elaboration of the products.

The bread formulation was developed from previous tests, being the best formulation
chosen. Bread making was carried out using 100% RMF, 100% PCMF and 50:50 blend of
RMF:PCMF. The other ingredients added, based on 100% flour, were water (35%), dry yeast
(5%), salt (2%), fat (8%), whole liquid eggs (35%) and fine granulated white sugar (10%).
The bread making process was the direct fermentation of the dough, in which yeast and sugar
were dissolved in the liquid phase and added to other ingredients in a planetary mixer M5A
(Guangzhou Panyu Jianye Imp. & Exp. Trading Co. Ltd, Guangzhou, China) equipped with
flatter beater until complete homogenization, remaining at rest for 30 min. The dough were
placed in rectangular metal trays (15x7x4 cm) previously greased with soybean oil and
placed in fermentation chamber at 35 °C and 75 % humidity for 90 min. Breads were then
baked in an electrical oven FE5012PT (Suggar, Belo Horizonte, Brazil) at 200 °C for 40
min. After cooling, they were stored in polyethylene packages at room temperature until
further analysis.
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2.3. Amylose and amylopectin content

Amylose and amylopectin contents of RMF, PCMF and breads were determined
using a Megazyme Assay kit (Megazayme Intl. Ireland Ltd., Wicklow, Ireland), according
to 79-13 (AACC, 2000) method. The results were expressed in percentage.

2.4. Analysis of the texture profile of bread

The texture profile analyzes (TPA) was performed out according to Torbica and his
collaborators (2019), with modifications, in a TA XT Plus texture analyzer software
Exponent version 6.1.11.0 (Stable Micro Systems, Surrey, UK), fit to a 30 kg load cell,
following the application guide, using a cylinder probe of 10 mm diameter at test speed of 5
mm/s. The compression was performed in 2 cycles and the deformation percentage was set
to 50%. Seven squares of each bread sample excluding the shell, sized 20 mm x 20 mm and
approximately 12 mm high were analyzed and the parameters hardness, gumminess,
elasticity, cohesion, chewiness and resilience were calculated. Commercial gluten free bread
(control 1) and whole wheat bread (control 2) were used as control samples.

2.5. In vitro antihyperglycemic activity of bread

The antihyperglycemic activity of bread samples were determined according to
AlDhabheri, et al. (2017) and Ayyash et al. (2018). O-glycosidase inhibitor activity was
determined in a UV-vis spectrophotometer SP-2000 UV (Spectrum, Kazuaki, China) at 400
nm. A solution without the sample was used as a control and a solution without the substrate
for the enzyme was used as a blank. In order to compare the performance of millet-based
bread against hyperglycemia, a commercial hypoglycemic drug (ACARBOSE ©) was used
as a positive control. A solution with this drug replaced the sample in calculation of percent
inhibition. The percent inhibition (%) was calculated according to the following equation:

Astample — Abscontrol
% inhibition = [1 — ] x 100
AbScontrol

Where:
[Abs) sample = Enzyme + Sample + Substrate
[Abs) control = Enzyme + Substrate

2.6. Antioxidant capacity
2.6.1. Sample preparation

Dried fine milled breads were subjected to ethanol extraction, according to Rufino et
al. (2010). The 80% ethanolic extracts were used to determine the antioxidant capacity by

the methods of 2,2-definil-1-picryl-hydrazine (DPPH) and Ferric Antioxidant Reducer
(FRAP).
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2.6.2. Free radical sequestration method (DPPH)

The samples prepared in 2.6.1 were determined for antioxidant capacity by capturing
DPPH according to Rufino et al. (2010). Samples were analyzed at 517 nm, using a Vvis
spectrophotometer VM5 (Bel, Monza, Italy) after 60 min reaction and results were expressed
in scavenging free radical (SFR).

2.6.3. Ferric Reduction Antioxidant Power (FRAP)

The antioxidant capacity by iron reduction was determined according to Rufino et al.
(2010). The FRAP solution was formed by acetate buffer, 2,4,6-tris(2-pyridyl)-s-triazine
(TPTZ) solution and ferric chloride. Standard solutions and samples were analyzed at 595
nm, using a vis spectrophotometer VM5 (Bel, Monza, Italy). Antioxidant capacity was
calculated, in which values were subjected to a standard curve and the results were expressed
in uM Trolox 100 g of dried sample.

2.6.4. Determination of total phenolic content (TPC)

Total phenolic content were determined as described by Quettier-Deleu et al., (2000) using
Folin-Ciocalteu phenolic reagent in methanolic extracts. Standard acid gallic solutions were
prepared and these solutions and samples were analyzed at 685 nm, using — vis
spectrophotometer VM5 (Bel, Monza, Italy). Calibration curve was built and results were
expressed by Acid Gallic Eq (GAE)/100 g (d.b.).

2.7. Determination of volume and height

Bread volume was measured using millet seeds displacement as described in the
approved method 10-05.01 (AACC International, 2000).

2.8. Determination of nutritional composition

The protein content was calculated using standard methods n. 46-13 (AOAC, 1995).
The lipid content was calculated by the official method of AOCS Am 5-04, the dietary fiber
content was determined by method n. 985.29 (AOAC, 2005) and the carbohydrate content
was determined according to Resolution - RDC No. 360 of December 23, 2003.
2.9. Statistical analysis

Results of each evaluated parameter were submitted to analysis of variance
(ANOVA) and Tukey test at 95% of confidence level using Excel, version 2008 (Microsoft,
Redmond, USA). XLSTAT 2014 (Addinsoft, Paris, France) software was used for data
evaluation.

3. RESULTS AND DISCUSSION
3.1. Millet bread preparation
In the present study, the bread with the highest specific volume and height and the

greatest formation of uniform aovoli was the bread made with 50:50 RMF + PCMF followed
by the bread made with 100% RMF and the bread with the smallest specific volume was the
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made with 100% PCMF (Table 2.2). This result is directly related to an analysis of the texture
profile, in which the bread made with the 50:50 mixture of flours presents the greatest
softness.

Studies report that cereal breads from sorghum and millet are characterized by lower
specific volumes in less hardness compared to cereal loaves made of wheat, rye and oats,
due to the absence of gluten (Torbica et al., 2019) and their chemical composition, which is
shown in Table 2.3.

During the preparation of bread with 100% RMF, an increase in volume could be
visually observed (Fig. 2.1A) along olfactory characteristics which were similar to
commercial wholegrain bread, with visible development of uniform and small cells.
According to Aoki (2020), the higher amylose content promotes greater gas retention
properties and volumes in gluten-free breads prepared with rice flour, thus, it is possible to
suggest, that samples prepared with 100% RMF presented high volume due to a higher
concentration of amylose in the RMF compared to PCMF (Table 2.1). However, despite the
high expansion observed in bread dough made with 100% RMF, the presence of fibers
(Table 2.3) may have caused discontinuity of the dough matrix associated with the absence
of a network capable of retaining the gas produced from the fermentation (AOKI, 2020).
100% RMF bread did not present a dough structure sufficiently stable to maintain the initial
volume and presented reduction in size (Fig. 2.1A).

On the other hand, dough with 100% of precooked flour did not grow during the
fermentation and presented spongy texture, probably due to the strong interactions between
the hydrogen and water during the preparation and lack network formation capable of
retaining the gas released during fermentation (Fig. 2.1B).

According to Capriles (2011), modified starch could be used by replacing gluten network
in gluten free products such as breads. Extrusion process in specific conditions, as in the
present study, may have promoted adequate starch modification that provided the final
product characteristics closed to gluten made products (Fig 2.1C).

Among the developed formulations (RMF, PCMF and RMF and PCMF (50: 50) the
bread that presented similar characteristics to commercial whole wheat bread was prepared
with a mixture of RMF and PCMF (50:50) (Fig. 2.1C). As per these similar characteristics
the millet bread RMF and PCMF (50:50) showed high increase volume rate during the
fermentation process and maintained these characteristics after cooking. According to Aoki
(2020), one of the great challenges of producing gluten-free bread is the deficient gas
retention during fermentation, which results in low bread volume.

Patil et al. (2016) studied the development of a wheat plain flour with different levels of
substitution of raw and extruded finger millet flour (Eleusine coracana L.). Breads made
with extruded millet flour had better technological properties (volume and height), good
texture (low hardness, high resilience) when compared to breads added of raw millet flour,
corroborating with results found in this study.

Compared to wheat bread, there is a major challenge in the production of gluten-free
breads due to deficient gas retention during fermentation produced in the formation of
uneven alveoli and breads with low height and volume (Aoki et al., 2020), which alter the
softness of the crumb, where breads with higher specific volumes have greater softness and
greater formation of alveoli (Schoenlechner et al., 2018).
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Table 2.1. Amyvlose and amylopectin content and i virre antihyperglycemic activity (o-glycosidase) of millet-based breads

Amylose Amylopectin Antihyperglycemic
(%) (%) activity (%)
RMF 31.60+1.19° 68 48+1 19° 90.30+0.00°
PCMF 9.09+0.02° 90.91+0.02° 99.20+0.01°
RE+PCMF 5.36%0.19° 94 64+0.019° 96.31+0.01°
ACARBOSE® - - 70.39+0.01¢

Results expressed in percentual of amylose, amilylopectin and c-glycosidase inhibitor (%0). Values are determined by at least triplicate individual experiments. = standard
deviation. ** Different letters at the same column indicates significant differences between samples (p < 0.03).

Table 2.2. Analysis of the texture profile. volume and height of mllet-based breads.

Sample Hardness () Elasticity Resilience Gumminess Chewiness Cohesiveness Volume Height
RMF 922 .7+6.2¢ 0.82=0.02¢ 0.124=0.02¢ 217+1.8¢ 178+6.7¢ 0.178+0.05° 0.88=0.03" 3.70.25°
RMF+PCMF 623 6=3.0° 0.89=0.01° 0.260+0.01® 126=1.12° 000=1.9® 0.5340.02° 0930022 4.0+0.15*
PCMF 3957267 0.89=0.03¢ 0.227+0 024 2118+512 189 2+46 82 0.775+0.042 0.59=0.01° 3.6=0.02
Control 1 1163+5.9° 0.01=0.05° 0.267+0.07° 5632 8° 528+390° 0.496=0 08¢ X -
Control 2 215345 3¢ 2.05x] 5° 0.404+0.03* 162+6.5° 4424 3¢ 0.636=0.06° X -

Control’: Commercial whole grain gluten free bread; Control™: Commercial whole wheat bread. Values are determined by at least triplicate individual experiments. = standard
deviation. ** Different letters at the same column indicate significant differences between samples (p < 0.05).

Table 2.3. Antioxidant capacity by DPPH and FRAP methods. total TCP concentration and nutritional composition of millet-based breads.

Samples DPPH! FRAP' TCP’ Carbohydrate Protein Lipid D;‘:;’:
RMF® 69 15104 1777515  1224%205° 44 540 4° 10,320 3° 9120.6° 8.0+0.4°
PCMF* 80.8416°  233740.1°  131.9+50° 40.742 5° 9.3440.6" 7.120.8° 7.7+0.0°
RMF+PCMF®  769+1.02° 2152+19°  108.26:+0.001° 43140 4° 10.1£0.1° 7.620.2° 8.320.1°

Results expressed 104 SFR; :pmcu[FeH e ‘!'pmol gallic acid equiv./g. Values are determined by at least triplicate individual experiments. = standard deviation. ** Different letters in
the same column indicate significant differences between samples (p < 0.03). 1- DPPH: 2 2-definil-1-pieryl-hydrazine, 2- FRAP: Femic Antioxidant Reducer Power, 3- TCP:
Determination of total phenolic content, 4- RMF: Raw whele grain millet flour, 5- PCMF: Precocked millet flour, 6- BMF+PCMEF: Baw whole grain millet flour and precooked

millet flour
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Figure 2.1. Breads developed with 100% row millet flour, pre-cooked flour and 50:50 pre -
cooked and raw flour. (A) digital photograph of the integral bread millet with 100% row
flour, (B) digital photograph of the integral bread millet with 100% pre-cooked flour, (C)
digital photograph of the integral bread millet with 50:50 pre-cooked and raw flour, (D)
digital photograph commercial whole wheat bread, (E) digital photograph commercial whole
grain gluten free bread.

3.2. Amylose and amylopectin content

Amylose content is shown in Table 2.1. The RMF sample had higher amylose (31.6
%) content than the PCMF sample (5.4%). Probably, the amylose reduction would be an
indication of amylose lipid complexes formed by the extrusion process, since the whole grain
millet flour has considerable lipid content. It is known that when starch conversion occurs,
an increase in resistant starch type Il or V is observed. This process can be increased by
double helices of amylose chains re-arrangement allowing the formation of partially
crystalline structure in the presence of lipids (Panyoo & Emmanbux, 2017).

Thus, lipid-starch complexes influence the starch's susceptibility to degradation
enzymes, resulting in slower digestion (Annor, 2017). The main fatty acids present in millets
are palmitic, oleic and linoleic, which constitute about 85% of the total fatty acids.
Complexation with oleic acid and lauric acid has been reported as very effective in reducing
rates of starch hydrolysis, enabling the reduction of rapidly digestible starch (Annor et al.,
2015; Annor, 2017; Bora, 2014). In addition to the starch-lipid complexes, the literature
suggests that non-covalent interactions between phenolic compounds and starch can also
form complexes. It can be assumed that amylose linear chains are more capable of interacting
with polyphenols (mainly flavonoids, phenolic acids and tannins), to form inclusion
complexes on the outer surface of starch, mainly through hydrogen bonds, hydrophobic
interaction and / or electrostatic as well as ionic interactions in the form of single helices
called type V amylose (Giuberti et al., 2020), that is corroborate by results found in
antioxidant capacities by DHHP and FRAP methods (Table 2.3), in which extrusion process
leds to an increase of values in comparison to raw material and a decrease of amylose content
(Table 2.1). These complexes can contribute to form a denser starch network, with limited
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accessibility to digestive enzymes, contributing to form certain enzyme starch resistant
fractions defined as resistant starch type 5 (Giuberti et al., 2020).

3.3. In vitro antihiperglycemic activity of millet bread

The anti-hyperglycemic activity (Table 2.1) of millet-based breads showed a percent
of inhibition of 90.3 % to RMF and 99.2 % to PCMF (p> 0.05), that representing a 20-30%
higher than hypoglycemic drug (positive control). These findings are probably related to the
antioxidant capacity and the high fiber content present in raw and extruded flours (8.37
0/100g). It is known that the presence of dietary fibers provides a significant increase in
water retention, which increases the viscosity of the medium, reduces the access of digestive
enzymes to carbohydrates and the rate of hydrolysis/absorption of glucose in the intestine
through the modulation of enzymes such as a-glycosidase (Chandrasekara & Shahidi, 2011;
Kam et al., 2016; Taylor, 2016). Regarding the modulation of starch digestibility, two main
mechanisms have been proposed, namely, the modulation of glycolytic enzymes and the
formation of supramolecular complexes between starch and phenolic compounds and/or
lipids. Probably, one mechanism does not exclude the other, and they may play a
complementary role in modulating the digestion of starch (Giuberti et al., 2020), and as
shown in Table 2.3, there is considerable presence of lipids in the brads. In relation to
polyphenols, especially flavonoids have hypoglycemic effects by inhibiting a-glycosidase
and pancreatic amylase during the hydrolysis of starch. Flavonoids have a structure similar
to the a-glucosidase substrate, therefore, they may compete with the active site by
deactivating the enzymes, and the more carbon rings the structure has, the greater is its
potential for enzymatic inhibition due to competition with the active site (Derosa & Maffol,
2012; Tandera et al., 2006). Therefore, flavonoids can be compared to commercial drugs,
such as acarbose and miglitol (Annor, et al., 2017). Inhibition of a-glucosidase is an
important factor in the glycemic response, as it is the main enzyme that breaks the a-1,4
bonds degrading starches and disaccharides into glucose, acting in the last stage of the
process of digesting carbohydrates in the brush borders of the intestinal membranes
(Williamson, 2013).

Kim et al. (2011) investigated the inhibitory effect of 70% EtOH extracts from
different sorghum and millet cultivars on a-glucosidase and a-amylase. The sorghum
cultivars showed greater inhibitory activities against a-glucosidase than acarbose, while
millet extracts (foxtail millet and proso millet) did not show detectable inhibitory effect on
a-glucosidase activity. This study may suggest that pearl millet has greater anti-diabetic
potential than other botanical species of millet.

Ferulic and p-coumaric acids are the main phenolics found in pearl millet grain
extracts and are generally concentrated mainly in the pericarp, therefore, the use of whole
grain flour can contribute to reduce the glycemic index (Chandrasekara & Shahidi, 2011;
Taylor, 2016). The synergy between phenolics and dietary fiber may play a role in mediating
enzyme inhibition, hence it has the potential to contribute to the management of type 2
diabetes (Annor et al., 2017).

3.4. Analysis of the texture profile of bread

Regarding the texture profile, the results are shown in Table 2.2. All gluten-free
breads had higher hardness value compared to whole-grain wheat bread. These results
corroborate with the findings of Torbica et al., (2019) that developed rye, oat, sorghum and
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millet breads and found that all breads made from gluten-free flours were harder, less elastic
and more granular mouth feel. The use of whole flours also interferes with texture
parameters, since high fiber content (Table 2.3) stiffens the walls surrounding the gas cells
from fermentation, making the dough firmer (Patil et al., 2016; Skendi, et al., 2010).

PCMF bread had the highest hardness value, probably due to the lower amylose
content (in relation to RMF) and due to the interaction between modified starch molecules
that formed a rigid network, limiting the mass expansion during the fermentation process
(Bhol & Bosco, 2014). In other words, the thermoplastic extrusion process is an efficient
tool that modifies amylose-amylopectin chains forming a structure that could be used in
replacement of gluten in gluten-free matrix. A higher content of amylose would lead to
greater gas retention properties, thus promoting greater softness of the dough (Aoki, 2020).
Bread with 50:50 RMF + PCMF showed hardness values close to commercial whole wheat
bread, whereas the RMF showed value close to the gluten-free bread (Table 2.2).
Modification of starch by extrusion process also led to an increase in gas retention during
the fermentation process. In general, elasticity is an indicator of the dough ability to promote
gas retention from fermentation, and low elasticity leads to the loss of the structure formed
during fermentation, causing a reduction in the gas retention capacity (Patil et al., 2016). In
the present study, the elasticity of bread (whose lower value indicates rapid recovery after
deformation) produced from the RMF + PCMF mixture and the bread produced with PCMF
were close to commercial gluten-free samples, despite being statistically different.
Concerning to resilience, the bread produced with RMF + PCMF mixture (0.269 N) was
similar to commercial gluten-free sample (Control 1) (0.267 N), even though showed
statistical difference. However, in regard to gumminess and chewiness, RMF+PCMF bread
showed values approximately 2-fold higher in comparison to commercial gluten-free bread.
This behavior occurs due to the starch conversion and greater fluidity of the sample
structures. In the present study, considering same production process, the observed
gumminess may have being caused due to the proportion of pre-cooked flour used, which in
general presents higher water absorption rate and, as consequence, higher gumminess was
observed in 100% PCMF bread (2118 N). Finally, cohesiveness describes the ability of food
retains its form between 1st and 2nd chew. As expected, due to the presence of gluten-starch
matrix in commercial whole wheat bread (control 2), it showed higher value (0.636 N)
compared to commercial gluten-free bread (control 1) (0.496 N), but this result is still so
close to the RMF+PCMF bread cohesiveness observed value (0.534 N).

3.5. Antioxidant capacity

The results of antioxidant capacity of DHPP, FRAP and TCP are shown in Table 2.3.
All samples showed a significant difference (p> 0.05). Bread produced with PCMF had the
highest values of antioxidant capacity than bread produced exclusively with RMF, indicating
that extrusion may have promoted the release of phenolic compounds from the food matrix
(Dias-Martins et al., 2018). Bread based on RMF + PCMF showed intermediate values of
antioxidant capacity, DHPP, FRAP and TCP lower than bread based on PCMF. The results
demonstrated that the phenolic compounds are stable to the conditions of high temperature
extrusion (140 °C) and shear. It has been shown that high temperature and shear during
extrusion releases the phenolic compounds from the cereals pericarp, resulting in an increase
in free phenolic compounds (Patil et al., 2016; Siroha & Sandhu, 2017). Extrusion processing
had no deleterious effect on the antioxidant capacity of whole millet products, corroborating
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to the work of Florence & Asna (2011) who studied the effect of different processes on the
content of antioxidant compounds in pearl millet flour and on the scavenging capacity of the
DPPH free radical. The results showed that fractions rich in bran showed the highest
antioxidant activity and high levels of tannin, phytic acid and mainly flavonoids, indicating
that the use of whole grain is essential to ensure the presence of antioxidant compounds.
Regarding the use of temperature, the flours submitted to thermal treatments exhibited
significantly (P < 0.05) greater antioxidant activity, with 60% of DPPH scavenging
percentage, reflecting high content of flavonoids. The current study showed different
scavenging values as the highest value was found for PCMF bread, 80.08%, followed by
RMF bread, 60%, and 50:50 bread, 76.9%.

4. CONCLUSION

Pearl millet has the potential to be used in baking with the desired characteristics in
terms of gluten mimicking substitute and antioxidant compounds. The use of extrusion
technology did not reduce the nutritional content of the breads, it also significantly improved
their antioxidant capacity and also contributed to a lower hardness and greater specific
volume (RMA + PCMF 50:50). In addition, this addition contributes to obtaining a food with
antihypoglycemic activity in vitro superior to the hypoglycemic agent used, suggesting that
it can be used in diets with carbohydrate restriction. The use of thermoplastic extrusion as a
modifying tool applied in whole cereal flour has great potential to replace wheat flour in
gluten-free bread formulations.
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CAPITULO Il
WHOLE MILLET (Pennisetum glaucum (L.) R.Br) PASTA-BASED USING

THERMOPLASTIC EXTRUSION: A GLUTEN FREE FOOD
ALTERNATIVE

Manuscrito em preparacdo para ser submetido a revista LWT
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RESUMO

O macarrdo sem gluten foi desenvolvido a partir de farinha de milheto integral crua (RMF)
e pré-cozida (PCMF) por extrusdo termopléastica em equipamento dupla rosca. Os macarrdes
do tipo fusilli foram preparados com RMF (100%) e com uma mistura de RMF:PCMF na
proporcdo de 50:50. As formulacGes foram caracterizadas quanto a textura, ao teste de
cozimento, a capacidade antioxidante, a atividade antihiperglicémica, as caracteristicas
sensoriais e aos parametros de cor instrumental. Visualmente, o produto final apresentou
caracteristicas satisfatorias, se comparado as massas alimenticias tradicionais comerciais. O
blend RMF:PCMF exibiu melhor integridade dos fusillis formados, enquanto a pasta obtida
a partir do uso de 100% de RMF foi menos consistente e mais quebradica. O tempo de
cozimento 6timo foi de 9 min para RMF:PCMF e de 7 min para as massas de RMF. Quanto
aos parametros de textura analisados, massas alimenticias com RMF:PCMF apresentaram
valores mais elevados do que os com RMF, se aproximando das massas alimenticias
comerciais. A capacidade antioxidante (DPPH e FRAP), fendlicos totais e a atividade
antihiperglicémica foi maior para RMF:PCMF do que para macarrdes preparados somente
com RMF. Em relacdo a andlise instrumental da cor, as massas alimenticias secas (RMF:
PCMF) apresentaram indice de amarronzamento (IA) de 58,0. O indice de aceitabilidade
(IA) do produto preparado com farinha RMF:PCMF foi de 66%, sendo a textura a
caracteristica que mais precisa ser melhorada, de acordo com avaliadores. Dessa forma, a
utilizacdo de farinhas de milheto pré-cozidas por extrusdo termopléstica pode ser uma
alternativa na elaboracdo de produtos isentos de gluten e com melhores propriedades
funcionais.

Palavras chave: Processamento de cereais, doenca celiaca, alimentos funcionais, extrusao
termopléstica
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ABSTRACT

Gluten-free pasta was developed from raw whole millet flour (RMF) and pre-cooked
(PCMF) by thermoplastic extrusion. The fusilli noodles were prepared with RMF (100%)
and RMF:PCMF in a ratio of 50:50 . The formulations were characterized for texture,
cooking test, antioxidant capacity, antihyperglycemic activity, sensory and color analysis.
The final product presented satisfactory characteristics, compared to traditional pasta. The
RMF:PCMF blend exhibited better integrity while the RMF was less consistent and more
brittle. The optimal cooking time was 9 min for RMF:PCMF and 7 min for RMF pasta. As
for the texture parameters analyzed, noodles with RMF:PCMF presented higher values than
those with RMF, approaching commercial pasta. Antioxidant capacity (DPPH and FRAP),
total phenolics and antihyperglycemic activity were higher for RMF:PCMF than for pasta
prepared with RMF alone. In relation to the instrumental color analysis, dry pasta
(RMF:PCMF) showed a browning index (BI) of 58.0. The global evaluation of the product
prepared with RMF:PCMF was 66%, with the texture being the most highlighted negative
parameter by the evaluators. Thus, the use of millet flours pre-cooked by thermoplastic
extrusion can be an alternative in the preparation of gluten-free products with better
functional properties.

Keywords: Cereal processing, celiac disease, functional foods, thermoplastic extrusion
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1. INTRODUCTION

Pasta is a traditional product of Asian and European cuisines incorporated into
Brazilian gastronomy at the end of the 19th century, due to the ease of preparation and the
high acceptability. Pasta is a product that are usually made from wheat (Triticum spp) and
can be added with other ingredients such as eggs, pulse flours, vegetable extracts. In general,
since are obtained from refined flour, these products have a high energy value, but a low
nutritional content in terms of minerals, vitamins and phytochemicals.

The possibility of producing new pasta category using cereals beyond wheat, which
are nutritionally rich and economically competitive has attracted the interest of researchers.
Currently, the new food awareness associated with a new lifestyle or even due to some
chronic food restriction, has dictated many "rules" in the food industry. Consumers are
increasingly looking for foods with high nutritional value in terms of vitamins,
phytochemicals, minerals and free of allergens such as gluten.

Obesity is a global public health problem that affects indiscriminately any race, sex
or age group. Worldwide, the number of obese people has almost tripled since 1975. In 2016,
more than 650 million adults were obese (WHO, 2016). This behavior can be strongly
attributed to the reduction in the consumption of basic and traditional ingredients and
sedentary lifestyle, impacting the advancement of non-communicable chronic diseases such
as diabetes, which affects about 422 million people worldwide (WHO, 2016). The increase
in obesity has been attributed to an increase in the intake of energy foods that are rich in fats
and sugars; and a decrease in physical activity due to the increasingly sedentary nature of
many forms of work, changing modes of transport and increasing urbanization (WHO, 2016;
MCMANUS; TEMPLES, 2021). Consistent education on nutrition and physical activity
helps to prevent obesity from occurrence (MCMANUS; TEMPLES, 2021).

Pennisetum glaucum, one of the most consumed millet, is a cereal with nutrient
content equivalent or even higher than other cereals (BALASUBRAMANIAN; KAUR,;
SINGH, 2014; ZHANG; HAMAKER, 2012). The grain is rich in dietary fiber and
polyphenols that can reduce the occurrence of lipid disorders, cardiovascular diseases,
hyperglycemia, delayed gastric emptying (GUPTA; SRIVASTAVA; PANDEY, 2012;
SALEH et al., 2013; KRISHNA et al., 2011). However, despite these benefits, millet is still
an underutilized cereal in many countries, however, it is widely consumed in India and
Nigeria.

Thermoplastic extrusion process is a viable alternative for product development due
to lower water and energy footprint, promoting the inactivation of enzymes, reduction of
antinutrients and microbial population by the combined effect of the thermal, mechanical
and pressure, which result in a low residence time of the products inside the equipment.
Thermoplastic extrusion confers physicochemical changes on cereals, which are
fundamental for the formation of an uniform matrix in gluten-free products. In this way,
combinations between raw and extruded gluten-free flours obtained from non-conventional
cereals could provide a final product similar to gluten-based products but with numerous
nutritional and functional benefits.

Thus, the objective of this study is the elaboration of a gluten-free fusilli-type pasta using
100% of whole millet flour by thermoplastic extrusion technology that present a low
glycemic index.

48



2. MATERIALS AND METHODS
2.1. Materials

BRS 1502 millet cultivar of Pennisetum glaucum (L.) R. Br. was produced in the
experimental fields of Embrapa Milho e Sorgo (Sete Lagoas, Latitude S 19°27'57",
Longitude W 44-14'49 ", Southeast Region, Brazil) in 2018, transported and stored in a cold
chamber at 16 °C. Eggs and commercial gluten-free pasta (CGFP), used as a control, were
purchased in local market of Rio de Janeiro (Brazil).

2.2. Moisture detection

The moisture of the millet flour and the products were determined by the gravimetric
method according to method 925.09 (AOAC, 2010). The sample were weighed and placed
in an oven at 105 °C until constant weight was obtained.

2.3.Millet pasta preparation

In order to obtain raw whole grain millet flour (RMF), whole millet grains were
ground in an LM3100 hammer mill (Perten Instruments AB, Huddingen, Sweden) equipped
with a sieve opening of 0.8 mm. The precooked millet flour (PCMF) was obtained by
processing RMF in a twin-screw extruder Evolum HT25 (Clextral Inc., Firminy, France)
with screws of 25 mm sectional diameter running at 500 rpm, 40:1 length/diameter ratio
(L/D), barrel with ten temperature-controlled heating zones (25, 40, 60, 80, 110, 120, 120,
120, 140 and 140 °C), fitted with a circular die of 4 holes of 3.8 mm diameter each. The
parameters used to obtain the PCMF were defined based on previous test results (data not
shown).

The water content of the RMF was adjusted to 15% water content with help of a water
feed piston pump (Zhejlang Ailipu Technology, Co. Ltd., Talzhou Shi, China). After
processing, the expanded extrudates were dried in a fan oven (Hauber Macanuda,

Joinville, Brazil) at 45 °C overnight and then shredded in the industrial knife blender
(Skymsen, Brusque, Brazil) and subsequently packaged in plastic bags and sealed until the
later analyzes and elaboration of products.

In order to obtain the pastas, a formulation containing 100% RMF, 100% PCMF and
a mixture containing RMF: PCMF (50:50) were used (Pessanha et al., 2021). The pasta was
prepared in a non-thermal extruder Pastaia 2 (Italvisa, Tatui, Brazil), with fusilli type die,
adding 60 g of whole eggs for every 100 g of millet flour. (MENEGASSI; LEONEL, 2006).
After the obtention, the pastas were dried in an oven with air circulation + 35 °C overnight.
The pasta with moisture content of 5.98 (x 0.02) were packaged in plastic bags and sealed
and then it was cooked at their respective optimum temperatures.

2.4.Cooking test

The pasta was subjected to cooking tests according to method 16-50 (AACC, 1995)
evaluating the cooking time, weight gain, volume increase and loss of soluble solids into the
cooking water.
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2.5.Analysis of the texture profile of pasta

The texture profile analyzes (TPA) was performed according to Torbica et al., (2019),
with modificationson. Texture analysis was conducted on a Texture Analyzer TA XT Plus
(Stable Micro Systems, Surrey, UK) interfaced with the computer software Texture
Exponent version 6.1.11 (Stable Micro Systems, Surrey,UK) and fitted with a 30 kg load
cell using a cylinder probe of 10 mm diameter. The probe penetration distance in the
samples was 3 mm and the test velocity was 1 mm/s. A two-cycle compression force versus
time program was used for each test. The deformation percentage was set to 50% and the
time between each cycle was 30 s. Seven samples of cooked pasta were analyzed and the
parameters of hardness, elasticity, chewability and adhesiveness were calculated.
Commercial gluten-free brown rice dough was used as a control sample.

2.6. In vitro antihyperglycemic activity of pasta

The antihyperglycemic activity of pasta samples were determined according to
AlDhaheri et al., (2017) and Ayyash et al., (2018). a-glucosidase inhibitor activity was
determined in a UV-vis spectrophotometer SP-2000 UV (Spectrum, Kazuaki, China) at 400
nm. As blank was used a solution without the substrate for the enzyme and as a control, a
solution without the sample was used.

In order to compare the performance of millet-based pasta against hyperglycemia, a
commercial hypoglycemic drug (ACARBOSE ©) was used as a positive control. A solution
with this drug replaced the sample in calculation of percent inhibition. The percent inhibition
(%) was calculated according to the Equation 1:

Abs =Abs .
% inhibition = |1 ——=2E= ‘] x 100 (1)
cantrol

Where:
[Abs) sample = Enzyme + Sample + Substrate
[Abs) control = Enzyme + Substrate

2.7.Antioxidant capacity

2.7.1. Sample preparation

The antioxidant capacity of the pasta was determined using the methodology proposed
by to Rufino et al., (2010). The dried pasta was subjected to ethanol extraction. The 80%
ethanolic extracts were used to determine the antioxidant capacity by the methods of 2,2-
definil-1-picrylhydrazine (DPPH) and Ferric Antioxidant Reducer (FRAP).

2.7.2. Free radical scavenger method DPPH

The samples prepared in 2.7.1 were determined for antioxidant capacity by capturing
DPPH. Samples were analyzed at 517 nm, using a vis spectrophotometer VM5 (Bel, Monza,
Italy) after 60 min reaction and results were expressed in scavenging free radical (SFR).
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2.7.3. Ferric Reducing Antioxidant Power method (FRAP)

The antioxidant capacity by iron reduction was determined using the samples
prepared in 2.7.1. The FRAP solution was formed by acetate buffer, 2,4,6-tris(2-pyridyl)-s-
triazine (TPTZ) solution and ferric chloride. Standard solutions and samples were analyzed
at 595 nm, using a vis spectrophotometer VM5 (Bel, Monza, Italy). Antioxidant capacity
was calculated, in which values were subjected to a standard curve and the results were
expressed in uM Trolox 100 g of dried sample.

2.7.4. Determination of total phenolic content (TPC)

Total phenolic content was determined based on the methodology described by
Quettierdeleu et al., (2000) using Folin-Ciocalteu phenolic reagent in methanolic extracts.
The standard gallic acid solution was prepared and analyzed together with the samples at
685 nm, using vis spectrophotometer VM5 (Bel, Monza, Italy). Calibration curve was built
and resultswere expressed by Acid Gallic Eq (GAE)/100 g (d.b.).

2.8.Instrumental color analysis

The colour of dried pasta was measured by reflectance with a Hunterlab colorimeter,
model Color Quest XE Apparatus (Fabricante, Cidade, Pais). CIELAB and CIELCh scale,
with an opening of 1.0 in diameter, with illuminant D65/10. The parameters L* = luminosity
(0 = black and 100 = white); a* = (-80 to zero = green, from zero to +100 = red) and b* = (-
100 to zero = blue, from zero to +70 = yellow) were determined by reflectance CIE L*a*b*
color coordinates (CIE, 2004; MOJICA; BERHOW; MEJIA, 2017). In addition, the Chroma
(C*), hue angle (h°) and browning index (BI), were calculated by the Equations 2-5
(MARTINEZGIRON; FIGUEROA-MOLANO; ORDONEZ-SANTOS, 2017):

c*=J@)Z+ (b*)?2 @

h® = arctan(b*/a*) (3)
BI = 100(X — 0.31)/0.17 (4)
X = (a* + 1.75L")/(5.645L* + a* — 3.012b*) (5)

2.9.Sensory analysis

The sensory analysis was conducted after receiving the approval by the Brazilian
Committee of Ethics in Research (CAAE) 23824619.1.0000.5268. The evaluation of the
acceptability of the pasta was conducted under laboratory conditions with the participation
of 86 untrained evaluators. The degree of acceptance of the products was determined in terms
of taste, texture and appearance. Approximately 3 servings of pasta (15 units of fusilli type
pasta) were cooked in boiling salted water for 5 min (ideal cooking time). About 20 g of
commercial tomato sauce, sauté in garlic, salt and olive oil, was placed over the portions (5
units) and served in white dishes at a temperature of £ 60 °C (10 seconds in the microwave).
The samples were presented in monadic form, encoded in three-digit numbers in individual
booths under white light. The tasters evaluated the samples using a structured hedonic scale
of nine points, anchored in extremes of "like extremely" (9) and "dislike extremely" (1)
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(STONE; SIDEL, 1985). The acceptability index (1A%) of the formulation was calculated
according to Equation 6.

1A(%) = A x 100/B (6)

where A is the average grade obtained for the tested sample and B is the maximum grade
given to the sample (DUTCOSKY, 2013).

2.10. Statistical analysis

Results of each evaluated parameter were submitted to analysis of variance
(ANOVA) and Tukey test at 95% of confidence level using Excel, version 2008 (Microsoft,
Redmond, USA). XLSTAT 2014 (Addinsoft, Paris, France) software was used for data
evaluation.

3. RESULTS AND DISCUSSION
3.1. Millet pasta preparation

The fusilli-type pasta made from millet flour is shown in Figure 3.1. The doughs were
prepared with raw millet flour (RMF) (Figure 3.1A) and pre-cooked millet flour (PCMF)
(Figure 3.1B) in the proportion of 50:50 (RMF:PCMF) and 100% PCMF. The dough made
with 100% PCMF could not pass through the fussily tyoe die of the Pastaia (non
thermomechanical extruder) due to its high hardness (Figure 3.1G, 3.1H). The breakdown of
starch granules and the rearrangement of hydrogen bonds, promoted by the extrusion
process, may have made the moisture unavailable, resulting in a hard dough. It is possible
that the addition of other ingredients and additives as well as those that constitute the control
pasta, would make it possible to prepare the pasta with 100% PCMF.

Visually, the RMF (Figure 3.1C, 3.1E) and RMF:PCMF (Figure 3.1D, 3.1F) pasta
presented satisfactory results compared to commercial pasta based on gluten-free whole
flours. Among the 2 formulations studied, the mixture containing RMF:PCMF (50:50)
showed better integrity while the RMF was more brittle.

52



Figura 3.1. Flours and pasta developed from Millet grains. (A) raw millet flour (RMF), (B)
precooked Millet flour (PCMF). (C) dry pasta produced with RMF, (D) dry pasta produced
with RMF:PCMF (50:50), (E) cooked pasta produced with RMF, (F) cooked pasta produced
with RMF:PCMF (50:50), (G) mix (PCMF and eggs) to prepare the pasta, (H) cooked pasta
produced with PCMF

Similar results were found by Jalgaonkar and Jha (2016) when producing pasta with
millet flour. According to the authors, it was not possible to prepare pasta from 100% millet
flour with desirable quality and they conclude that a 50:50 mix composition (wheat semolina:
millet flour) could be used to make pasta with acceptable quality.

It is possible to produce excellent pasta with suitable technological properties by
replacing wheat totally or partially with gluten-free cereal flours. However, it is necessary to
add ingredients that can replace the structural functions provided by the gluten (COLLADO
et al., 2001; ARAVIND et al., 2012). According to Capriles and Aréas (2011), modified
starch can be used as a substitute for the gluten network and can be achieved through
extrusion cooking process. Heating the starch under ideal humidity conditions causes the
granules to partially swell and by the action of shear it can break into smaller starch
fragments that can be binded to each other by the presence of water. The breakage of starch
granules and rearrangement of hydrogen bonds can enable the plastification and formation
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of desirable textures, as starch starts to behave as a binder, replacing to a certain degree, the
function of gluten (SILVA; ASCHERI; ASCHERI, 2016; YE, et al., 2017).

3.2.Cooking test

The moisture content of dry flours and pasta are shown in Table 3.1. The moisture of
RMF was 10.4 % £ 0.25 and RMF:PCMF was 8.16 % + 0.15. These results are in accordance
with the established standard for flours, cereal starch and bran, which must be below 15%,
not favorable to the growth of microorganisms (BRASIL, 2005).

The moisture content of dry pasta was evaluated in order to verify the efficiency of the
drying process and determine the ideal storage conditions. The dry pasta obtained from raw
flour (RMF) had a moisture content of 3.55 % * 0.34 and the pasta from RMF:PCMF 5.98
% = 0.02. These results are in accordance with the legislation that recommends a moisture
content below 13%, considering the microbiological stability of the final product (AACC,
1995).

In addition to moisture content, other constituents of millet grain have been reported in
the literature. According to the work of Dias-Martins et al. (2019) the average content
carbohydrate of millet was 72.2% which is lower than (84.9%), maize (78.1%) and higher
than wheat (68.8%). The protein content was 11.8% similar to sorghum (10.7%) and higher
than maize (9.2%) and rice (8.6%). Pearl millet grain has high lipid content (6.4%) because
the germ represents ~ 21% of the whole grain. Dietary fibers represent 7.8% of the millet
grain and the total ash content of pearl millet is 1.8%.

The behavior of the doughs during and after cooking is a quality parameter directly
related to the acceptance of a product by the consumer. During cooking, the result is protein
denaturation, starch gelatinization, increase in weight and volume of the dough as a result of
increased temperature and water absorption (MINGUITA et al., 2015; LARROSA et al.,
2016). The cooking test results are shown in Table 3.1.

Cooking times for RMF pasta was 6.5 min and RMF:PCMF, 8.5 min, similar to
traditional wheat and rice pastas. Results in the literature have demonstrated that cooking
time of RMF:PCMF pasta was similar to pasta made with rice flour (9-13 min) (WU et al.,
2018), whereas RMF pasta was similar to those made with durum wheat semolina (7 min)
(ELSOHAIMY et al., 2020). For Giménez et al., (2013), the longest cooking times of corn-
broad beans (Vicia faba) pasta corresponded to the samples with the best sensory attributes.

Unlike to the found results, Dissanayake and Jayawardena, (2016) observed lower
cooking times for pasta based on RMF (3 min.) and pasta prepared with rice flour and millet
flour (5 min.). According to El-Sohaimy et al., (2020) the reduction of gluten in the
production of pasta can change the matrix, allowing a faster transfer of water into the center
of the dough, reducing cooking time in samples with a higher proportion of gluten-free flour
(EL-SOHAIMY et al., 2020). In addition, pasta with a high fiber content has a shorter
cooking time, as fiber allows greater water absorption and consequently a higher water
absorption rate (PERESSINI et al., 2019).

The parameters weight gain and increase in volume are related to the water absorption
capacity of the pasta and depend on the shape of the pasta. As for weight gain (%), a value
above 200% is considered adequate for wheat pasta, that is, twice-fold the original weight
(HOGG et al., 2015). For the pasta formulated with RMF and RMF: PCMF the results were
146% and 97.5%, respectively, whereas for wheat semolina-based noodles, the weight
increase was 207% (MINGUITA et al., 2015)
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The weight gain (%) is affected by the amount of components capable of absorbing
water during cooking, such as starch. This behavior can be explained because wheat starch
has greater water absorption capacity compared to starch from other cereals (JEONG et al.,
2017). Another factor that can contribute to this change is the amount of fibers, proteins and
lipids that reduce the amount of gelatinized starch, decreasing water absorption during
cooking and, consequently, the weight of the dough (JACOBS et al., 2015)

The volume increase was also greater for RMF (112%) than for RMF:PCMF (60%).
Based on the literature, the RMF pasta fit the values established for traditional pasta,
considering that wheat-based must present minimum values which is 100% in mass increase
(HUMMEL, 1966). The RMF:PCMF pasta presented results that was similar to those
verified by Garcia et al., (2016) for rice flour pasta, with 62% increase in volume.

The difference observed between the two formulations studied can be explained by
Oliveiraet al., (2004). According to the authors, flour moisture can influence the weight gain
and increase volume, cooking time and loss of solids. In addition, during the extrusion
process, the starch is mechanically broken down and the proteins are denatured, losing their
swelling capacity and, consequently, decreasing the weight gain and increase of volume
parameters (OLIVEIRA et al., 2004).

Loss of soluble solids is related to solids leaching out and is widely used as an indicator
of overall cooking performance. The high content of soluble solids results in a stickier texture
and cloudy cooking water, which may be related to the amylose content and absence of
gluten (D'EGIDIO et al., 1990; RUBIO et al., 2014). The results of loss of soluble solids for
pasta with RMF was 5.8% while for RMF:PCMF pasta was 10.6%. These results could be
explained by the longer cooking time required by RMF:PCMF pasta (8.5 min.) when
compared to RMF pasta (6.5 min.). In addition, according to Giménez et al. (2013) the
moisture of the pasta can influence the loss of solids considering the osmotic balance during
cooking. Based on the criteria of Hummel, (1966) which classifies the quality of wheat pasta
in terms of loss of soluble solids, RMF pasta are considered good quality, while RMF:PCMF
pasta have characteristics of low quality. Despite these results, the RMF:PCMF pasta
presented more desirable characteristics as discussed in the item 3.1.
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Table 3.1. Characterization of millet-based pasta

Texture Cooking test
- Chewiness - S Weight zain Increase of Loss of soluble

Samples Flour Dry Fasta Hardness icity _ Adhesiveness Cooking time ) . )

i Moisture  Moisture & By O¥.mm) (*) volume (%) solids (%)

(") (*e)

RMF 104=025 355=035 0.39=0.13* 0.77=0.20* 0.12=0.05* 0.11=0.05* 6§.5=0.T0* 146.0=0.1* 112=0.107 5.8=020°
RAMIF: ) _ . o ~
PCMF 5.16=0.15" 5.08=0.02* 1.36=0.48" 0.88=0.07 0.52=0 23" 0.33=0.14" 8.3=0.70" 97.5=0_70" 60=0.10" 10.6=0 30"
(50:50)
Control - - 2 48=D.58° 1.23=0 350 2 80=1.05¢ - 3.0=0.100 - - -

RMF: Raw whole grain millet flour; RMF:PCMF: Raw whole grain millet flour and precooked millet flour; Control: gluten-free brown rice pasta. Data expressed
as means =+ standard deviation of at least 3 replicates. a-c Different letters in the same column indicate a significant difference between samples (p <0.03).
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3.3.Analysis of the texture profile of pasta

The texture results of the pasta are shown in Table 3.1. According to the data, the pasta
prepared with RMF presented the lowest values for all parameters analyzed (hardness,
elasticity, chewiness and adhesiveness) while the RMF:PCMF (50:50) presented the highest
hardness, elasticity and chewiness, approaching of the commercial sample.

The difference between millet pasta (RMF:PCMF) and commercial whole grain pasta
(control) can be explained by the ingredients used. The millet pasta were obtained by the
exclusive use of whole millet flour and eggs, while the commercial sample contains other
ingredients such as whole grain polished rice flour, starch and emulsifier, components that
contribute to the structure of the dough.

Hardness is defined as the peak force attained during the first compression and is a
crucial parameter for the quality of cooked pasta. After cooking, the pasta should remain
firm and non-sticky. Gluten is the protein responsible for the formation of the structure of
wheat pasta, and is important for the quality of cooking and texture of these products
(FUADA; PRABHASANKAR, 2010). The results showed that the extruded flour fraction
(PCMF) provided the RMF:PCMF pastas with a behavior similar to that of gluten, different
from the pasta containing only RMF, which presented a much lower hardness value (0.39).
Comparing the hardness results obtained by Rubio et al. (2014) for pasta produced with
semolina (1.49 N), we found values close to those obtained for RMF: PCMF (1.36).

Adhesiveness is measured as the negative work between the two cycles. The results

showed higher adhesiveness with the RMF:PCMF pasta (0.33) than in the RMF pasta (0.11).
Adhesiveness is closely related to the loss of soluble solids during cooking. Since a high
degree of amylose is lost to the cooking water it means a high degree of amylopectin
remaining on the surface of the dough. In this case, the observed results are in agreement
with the literature since a greater loss of soluble solids was verified in RMF:PCMF pasta
(BUSTOS; PEREZ; LEON,
2015). Regarding control pasta, no adhesiveness results were obtained. It is likely that the values
were lower than the device's detection capability. These results can be justified by the composition
of the dough that contains, among other ingredients, emulsifiers capable of interfering with this
parameter.

The elasticity of the pasta containing RMF and RMF:PCMF was 0.77 and 0.88,
respectively. Elasticity is the capacity that a given deformed matrix has to return to its
original condition after force removal (ARAVIND et al., 2012). According to Wee et al.
(2019), glutenin and the protein residue are responsible for the elasticity of the mass.
Jalganoankar and Jhan (2016) found an elasticity of 0.59 mm for pasta prepared with 100%
millet flour, value lower than to the obtained in this study. For pasta using wheat semolina,
the authors found higher elasticity (1.03 mm). Results similar to those obtained for
RMF:PCMF (0.88) were obtained by the authors from the mixtures between millet flour and
wheat semolina (JALGANOANKAR; JHAN, 2016). The modification of starch by the
extrusion cooking process could explain these results, since when modified, starch has the
ability to behave as water binder and replace gluten functionality (SILVA; ASCHERI;
ASCHERI, 2016).

With regard to the texture component, chewiness (hardness x cohesiveness x
elasticity), the doughs prepared with RMF:PCMF (0.52) presented better results than those
with RMF (0.12). However, compared to traditional pasta with wheat semolina (0.98) these
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results are still much lower (EL-SOHAIMY et al., 2020). According to Armellini et al.,
(2018) chewing is directly related to the elastic strength of the protein matrix and defined as
the effort needed to chew the pasta until swallowing. Therefore, it can be suggested that the
increase in chewiness found in PCMF pasta was due to the extruded starch, which gives the
dough elasticity similarly to gluten. These results may indicate that the pre-cooking of whole
millet flour favored the formation of a better structure in the final product, presenting results
closer to those verified in products obtained from traditional wheat flours.

3.4.Antioxidant capacity

The antioxidant capacity measured by DHPP, FRAP and TCP on the pasta
formulations are shown in Table 3.2. According to the data, the highest values of DHPP,
FRAP and TCP were observed in pasta containing PCMF (RMF:PCMF). These results may
indicate that the extrusion cooking was able to release the phenolic compounds from the
cereal pericarp (DIASMARTINS et al., 2018). In addition, the results demonstrate that
phenolic compounds are stable to extrusion conditions at high temperatures (140 °C) (PATIL
etal., 2016; SIROHA; SANDHU, 2017).

Pessanha et al. (2021) produced breads with whole grain raw and extruded millet
flours. The authors found high antioxidant activity in breads with raw flour and higher values
in breads produced only with extruded flour. Specifically, in relation to DPPH, the study
obtained 69% for bread with raw flour and 77% for bread with a 50:50 formulation. As
shown in the Table 3.2, the antioxidant content measured by DPPH for pasta prepared with
RMF (71%) and RMF:PCMF (79%) were similar to the values found by Pessanha et al.,
(2021).

According to N'Dri et al., (2013) the cooking process significantly increases the
soluble phenolic acids in pearl millet flour. In contrast, Patil et al., (2016) demonstrated that
the extrusion process maintained or reduced the antioxidant capacity of processed finger
millet. According to the literature, the combined effect of humidity, temperature and screw
rotation speed during thermoplastic extrusion process can result in an increase or decrease
in antioxidant capacity (SIROHA; SANDHU, 2017; PATIL et al., 2016). It is possible that
the differences found in the literature are associated with the botanical species of the studied
millet (CHANDRASEKARA; SHAHIDI, 2012).

3.5.In vitro antihiperglycemic activity of millet pasta

The antihyperglycemic activity of whole grain millet flour-based pasta are shown in
Table 3.2. The pasta prepared with RMF showed 94.3% of anti-hyperglycemic activity and
RMF:PCMF 99.5%. Considering the positive hypoglycemic control, ACARBOSE®
(70.39£0.01), the formulations presented more than 24-30%. It was also observed that the
enzyme inhibitory percentage has a direct relationship with the content/bioavailability of
phenolics, since the pasta produced with PCMF had a higher enzyme inhibition value and
greater antioxidant capacity.

Starch digestibility is modulated by two complementary mechanisms, the modulation
of glycolytic enzymes and the formation of complexes between starch and phenolic and lipid
compounds (GIUBERTI; ROCCHETTI; LUCINI, 2020). The hypoglycemic action
performed by flavonoids (polyphenols) is based on the inhibition of a-glucosidase and O-
amylase pancreatic enzymes. Flavonoids compete with the active site and deactivate
enzymes during starch hydrolysis. a-glucosidase is the main enzyme that breaks a-1,4 bonds,
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degrading starches and disaccharides into glucose and, therefore, an important factor in the
glycemic response (DEROSA; MAFFOL, 2012; TADERA et al., 2006; WILLIAMSON,
2013).

The main phenolics found in millet grains are ferulic and p-coumaric acids, present

in the pericarp of the grain (CHANDRASEKARA; SHAHIDI, 2011). Thus, the use of whole
meal flour can contribute to the reduction of the glycemic index (CHANDRASEKARA,
SHAHIDI, 2011; TAYLOR, 2016). According to Annor et al., (2017) the synergy between
phenolics and dietary fiber can contribute to the control of type Il diabetes.
Furthermore, these results may also be related to the fiber content of the flours. According
to literature, the dietary fiber content of millet (7.8%) is higher than that of rice (3.5%)
(DIAS-MARTINS et al.,, 2018). Dietary fibers increase water retention and medium
viscosity. As a result, digestive enzymes have difficulty in accessing carbohydrates,
decreasing the rate of hydrolysis, which will consequently reduce the absorption of glucose
in the individual (CHANDRASEKARA,; SHAHIDI, 2011, KAM et al., 2016; TAYLOR,
2016).

3.6.Instrumental color analysis

The instrumental color analysis was performed only for dry pasta prepared with
RMF: PCMF (1:1) blends, as it presented more adequate characteristics, considering the
previous results. The color of the dough is identified as an essential parameter to assess the
quality of the dough and affects the perception of consumers (DEBBOUZ et al., 1995). The
CIE L*a*b* coordinates, C*, h° and Bl are shown in the Table 3.2. The values of the color
parameters L*, a* and b* were 34.23+£0.02, 3.74+0.02 and 13.7+0.04, respectively. These
results are similar to those found by Gull, Prasad and Kumar, (2016) for Millet-pomace based
pasta (L* = 37, a* = 4, b* = 10). When comparing the pasta obtained from millet flour with
a traditional wheat semolina dough obtained by Rubio et al., (2014), we found differences
in all color parameters (L* = 66, a* =- 2, b* = 30). These results were already expected
considering that traditional wheat pasta in general has a bright yellow color that is very
different from pasta produced with whole meal flour (DEBBOUZ et al., 1995; RUBIO et al.,
2014). Pearl millet pastas are characterized by a decrease in yellow (as evident by a decrease
in b*) and an increase in red (as evidenced by an increase in a*). Despite the decrease in b*,
the pasta produced with millet flour still have a color close to pure yellow (90°), in
accordance with the result of the h° (hue angle), which identifies the location of the color in
a three-dimensional diagram.

The decrease in brightness (L*) may be related to the higher ash content of the flour
as demonstrated by Wood, (2009) and Zhao et al., (2005) in dry pasta fortified with peas,
chickpeas and lentil flour. Added to these results, the color intensity (C*) of the millet pasta
was 14.20, superior to those obtained for the conventional cooking of decorticated grains
demonstrated by Dias-Martins et al., (2019). It is possible that the color differences observed
between the pearl millet pasta and the traditional pasta can also be attributed to the
polyphenol content in the pericarp, aleurone layer cells and endosperm regions of the millet
grain (MC DONOUGH; ROONEY, 1989). Another way to express the color of the pasta is
through color indices. Although the browning index (BI) is generally associated with
enzymatic and non-enzymatic browning, in this case it was adopted to characterize the pasta
obtained with the millet flour, resulting in a Bl of 58.0.
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Table 3.2. Antioxidant capacity by DPPH and FRAP methods, total phenolic content (TPC), m vitro antithyperglycemic activity (w-glycosidase)
of mullet-based pasta and instrumental color analysis.

h};l;;]-}' o8 Instrumental color
Samples mic activity DFFH FRAP TPC L o b B c* BI
a3 013 Z050° T 07300 1224=20T - - - - - -
Eﬂ‘gafcw 995 £0.42: 78.521.90° 4752001 12762205 3423002 374002 137004 74010 1422003 58082004
Control 8312017 63.821 30 100.420.90¢ - - - - i i :

Data expressed as means = standard deviation of at least 3 replicates. a-c Different letters in the same column indicate a significant difference between samples
{p =0.05). DPPH: 2 2-definil-1-picryl-hydrazine (*e SFR); FRAP: Fernic Antioxidant Reducer Power (umeol Treolox/g); TPC: Determination of total phenolic
content (umol gallic acid equiv./g); L * = luminosity (0 = black and 100 = white); a * = (-80 to zero = green, from zero to +100=red); b * =(-100 to
zero = blue, from zero to +70 = yellow); C*: chroma: h®: hue angle: BI: browming index; RMF: Raw whole grain millet flour; RMF:PCMF: Raw whole
grain millet flour and precooked millet flour; Control: gluten-free brown rice pasta.
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3.7.Sensory analysis

The sensory evaluation of the pastas made from whole grain millet flour based RMF:
PCMF (1:1) was carried out based on the parameters of global evaluation, appearance, flavor
and texture. Appearance had the highest score (6.1+2.0), along with flavor (6.1+£2.3). The
global evaluation obtained a score of 5.9+2.1 and the lowest score was for the texture
parameter (5.2+2.3). More favorable results were obtained in pasta prepared by Shukla and
Srivastava (2011), using wheat flour and millet flour (50:50). Grades given to pastas for
overall acceptance, appearance, flavor and texture were 6.7; 6.8; 6.3; 6.4, respectively.
Considering the results, it is important to highlight that unlike the pasta prepared by Shukla
and Srivastava, (2011) in this study, pasta was produced using only whole grain millet flour.
Thus, it is possible that the best results are justified by the presence of gluten in the dough.

One of the fundamental points in the development of a new product is its
acceptability, which will predict its behavior in the consumer market (MOSCATTO;
PRUDENCIOFERREIRA; HAULY, 2004). The acceptability index (Al) for a product to be
considered accepted is at least 70% (DUTCOSKY, 1996). Based on the acceptability scores
and the Al calculation, the formulation showed average acceptability, given that it presented
an Al of 66%, 68%, 68% and 65% for the parameters of global acceptance, appearance,
flavor and texture, respectively. It is worth noting that despite 65% of the evaluators are
frequent noodle consumers, around 57% stated that they never or rarely consumed whole
pasta. It is possible that this factor had some influence on the results, considering that the
acceptability of the full commercial sample was not evaluated for this analysis.

Among the evaluated parameters, the texture presented the lowest Al. The tasters
highlighted that the pasta had a crumbly and sandy texture whereas others judged it to be
very similar to commercial whole grain noodles. The fact that the dough is brittle is due to
the absence of a gluten network. Formulations with a higher proportion of pre-cooked flour
(PCMF) could minimize this defect and improve the technological quality of the pasta.

As for the flavor, the pasta was judged as pleasant, but some highlighted a bitter
taste. The appearance was barely mentioned despite the grayish color attributed to the whole
grain millet flour.

4. CONCLUSION

The pasta prepared with RMF:PCMF (50:50) showed satisfactory characteristics compared
to traditional pasta. Regarding the technological properties, the addition of pre-cooked millet
flour (PCMF) improved the pasta structure and increased the texture parameters evaluated
(hardness, elasticity, chewability). The thermoplastic extrusion increased the antioxidant
capacity and total phenolics of pearl millet flour, adding functional properties to the pasta.
Furthermore, the antihyperglycemic activity showed a significant increase in pasta prepared
with RMF: PCMF (50:50). In the global evaluation, the product prepared with RMF:PCMF
had an acceptability index (Al) of 66%, mainly affected by the texture parameter. In this
sense, it can be concluded that pre-cooked millet flour has favorable properties for the
preparation of pasta, and can be used as healthy alternative products to celiac individuals.
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CONCLUSAO GERAL

Neste trabalho concluiu-se que grdos de milheto (Pennisetum glaucum (L.) R. Br)
tem grande potencial como alternativa alimentar, tendo em vista seu perfil nutricional,
tecnoldgico e caracteristicas de cultivo. Além disso, séo isentos de glaten, ndo transgénicos
e com custo de producéo inferior a cereais como milho e arroz.

Este estudo desenvolveu produtos alimenticios popularmente conhecidos, pées e
massas alimenticias, a base de farinha integral de milheto crua (FMC) e pré-cozida (FMPC)
por extrusdo termoplastica. A tecnologia de extrusdo como ferramenta modificadora
aplicada a farinha integral de milheto se mostrou viavel, versatil e promissora para substituir
a farinha de trigo em formulacdes de pdes e massas alimenticias sem gluten. O processo ndo
reduziu o conteddo nutricional, melhorou a capacidade antioxidante, as propriedades fisicas
dos produtos e ainda contribuiu para a obtencdo de um alimento com atividade anti-
hiperglicémica.

Os paes de formulagdo FMC:FMPC (50:50) apresentaram menor dureza e maior
volume especifico, quando comparados aos pées produzidos unicamente com FMC e FMPC,
exibindo caracteristicas semelhantes aos paes comerciais. Os paes preparados com a mistura
FMC:FMPC apresentaram 96 % de atividade anti-hiperglicémica e 76 % de atividade
antioxidante (DPPH). As massas alimenticias preparadas com FMC:FMPC (50:50) exibiram
melhor estrutura e aumento dos parametros de textura, podendo ser comparado a produtos
comerciais. Em contrapartida, massas alimenticias preparadas somente com FMC e FMPC
ndo apresentaram caracteristicas adequadas. Na avaliacao global, o produto preparado com
FMC:FMPC teve indice de aceitabilidade (IA) de 66%, afetado principalmente pelo
parametro de textura.

Nesse sentido, a farinha de milheto pré-cozida apresentou propriedades favoraveis
para elaboracdo de produtos de panificacdo e pastificio, podendo ser utilizado para
alimentacdo de individuos saudaveis, celiacos e em dietas com restricao de carboidratos por
apresentarem elevada atividade anti-hiperglicémica, similar aos efeitos promovidos por
drogas antiglicemiantes. Outras formulacdes e diferentes parametros do processo de extrusdo
termoplastica podem ser estudados a fim de obter produtos de melhor aceitabilidade.

A continuidade dos estudos, a respeito do potencial uso da cultura do milheto na
alimentacdo brasileira, carece do apoio das institui¢ces de pesquisa. Sdo necessarios estudos
a respeito da estabilizacdo das farinhas de milheto de modo a conferir maior qualidade
tecnoldgica durante armazenamento. Avaliar a aceitabilidade e intencdo de compra dos paes
através da analise sensorial e o efeito de diferentes concentrac6es da FMPC na producao dos
produtos de pastificio com objetivo de melhorar o perfil de textura das massas. Realizar uma
analise de custos para a obtencdo dos produtos de panificacdo e pastificio sem gluten a fim
de buscar empresas com interesse nesse mercado.
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