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Resumo

PREICHARDT, Leidi Daiana. Aplicacdo de xantana comercial e xantana sintetizada
por Xanthomonas arboricola pv pruni em bolos sem gluten. 2009. 69f. Dissertacao
(Mestrado) — Programa de Pods-Graduacao em Ciéncia e Tecnologia
Agroindustrial. Universidade Federal de Pelotas, Pelotas.

O objetivo deste estudo foi desenvolver bolos livres de gluten para celiacos através
da utilizacdo de farinhas de arroz e de milho com adicdo de diferentes
concentragbes de xantana comercial e xantana sintetizada por Xanthomonas
arboricola pv pruni. Foram testadas sete formulacdes. Trés concentracbes de
xantana comercial foram avaliadas (0,2%, 0,3% e 0,4%) e duas de xantana
sintetizada por Xanthomonas pruni (0,3% e 0,4%); foram utilizados dois controles,
ambos sem xantana, com a diferenca que para um deles a farinha de arroz foi
substituida pela de trigo. Os demais ingredientes utilizados foram: acucar, leite,
ovos, 6leo de soja e fermento quimico. Caracteristicas quimicas, fisicas e sensoriais
foram determinadas. A xantana contribuiu positivamente com as caracteristicas dos
bolos, aumentando o volume especifico e a maciez e retardando o envelhecimento.
Os bolos com as maiores concentracdes de xantana apresentaram caracteristicas
sensoriais excelentes e alto indice de aceitacdo pelos consumidores. Estes nao
perceberam diferenca entre os bolos feitos com xantana comercial e os feitos com a
xantana sintetizada por Xanthomonas pruni, nas mesmas concentracdes. As
formulagbes adicionadas de 0,3% e 0,4% de xantana comercial ou de xantana
sintetizada por Xanthomonas pruni podem ser utilizadas na elaboracdo de bolos
livres de gluten com boa aceitacdo sensorial, podendo ser incluidas na dieta de
portadores de doencga celiaca.

Palavras chave: bolos livres de gluten, farinha de arroz, farinha de milho, goma
xantana, Xanthomonas arboricola pv pruni.



Abstract

PREICHARDT, Leidi Daiana. Aplicagdo de xantana comercial e xantana sintetizada
por Xanthomonas arboricola pv pruni em bolos sem gliten. 2009. 69f. Dissertacao
(Mestrado) — Programa de Pos-Graduacao em Ciéncia e Tecnologia
Agroindustrial. Universidade Federal de Pelotas, Pelotas.

The aim of this study was to develop gluten free cakes for celiac through the rice and
corn flours utilization with addition of different concentrations of the xanthan
commercial and xanthan synthesized by Xanthomonas arboricola pv pruni. Seven
formulations were tested. Three commercial xanthan concentrations were evaluated
(0.2%, 0.3% and 0.4%) and two of xanthan synthesized by Xanthomonas pruni
concentrations (0.3% and 0.4%); were used two controls, both without xanthan, with
the difference that one their the rice flour was substituted by the of wheat. The other
ingredients used were: sugar, milk, eggs, soya oil and baking powder. Chemical,
physical and sensory characteristics were determined. The xanthan contributed
positively with the characteristics of cakes, increased the specific volume and the
softness, and retarding the staling. The cakes with xanthan biggest concentrations
presented excellent sensory characteristics and high acceptance index by the
consumers. These did not realize difference between cakes done with commercial
xanthan and done with xanthan synthesized by Xanthomonas pruni, same
concentrations. The formulations added of 0.3% and 0.4% of commercial xanthan or
synthesized by Xanthomonas pruni can be used in the gluten free cakes elaboration
with good sensory acceptance, may be included in the diet of people with celiac
disease.

Key words: gluten free cake, rice flour, corn flour, xanthan gum, Xanthomonas
arboricola pv pruni.
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INTRODUCAO GERAL

A doenca celiaca esta associada a ma digestdao e ma absorcéo de nutrientes,
vitaminas e sais minerais na area gastrintestinal devido ao efeito téxico do gluten,
que danifica as vilosidades do intestino (MAHAN & SCOTT-STUMP, 1998). O gluten
esta presente em trigo, centeio, cevada e aveia (HOSENEY, 1994).

A farinha de trigo é frequentemente utilizada em produtos de panificacdo. Sua
ampla aplicacdo se deve as suas caracteristicas de extensibilidade e
viscoelasticidade atribuidas as proteinas do glaten, que auxiliam na retengéao do gas
(COy), possibilitando o desenvolvimento de um volume adequado dos produtos. Sao
estas propriedades que proporcionam as farinhas caracteristicas de panificacéo,
adequadas e especificas para textura de paes, bolos e massas (FENEMA, 1996;
HOSENEY, 1994).

O Arroz (Orysa sativa) é isento de gluten, possui grande quantidade de
carboidratos facilmente digeriveis, e é frequentemente utilizado como um substituto
de trigo em produtos alimenticios livres de gluten (SIVARAMAKRISHNAN; SENGE;
CHATTOPAHYAY, 2004). O milho (Zea mays), como o arroz, é livre de gluten e nao
possui caracteristicas de extensibilidade e viscoelasticidade comuns ao trigo.

A industrializacao de produtos livres de gluten a base de farinha de milho e de
arroz € tecnologicamente dificil, porque estas farinhas nao tém propriedades
viscoelasticas caracteristicas das proteinas do gluten (SIVARAMKRISHNAN;
SENGE; CHATTOPADHYAY, 2004), o que prejudica a qualidade, dando origem a
produtos de pequenos volumes especificos, mais firmes e menos duraveis. Por esse
motivo, o desenvolvimento de produtos de panificacéo livres de gluten é um desafio
para a ciéncia e a tecnologia dos alimentos, no entanto, essencial para os pacientes

celiacos. Uma solugédo para melhorar as caracteristicas viscoelasticas da massa
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seria a aplicacdo de hidrocoldides como a goma xantana. A goma xantana é um
polissacarideo microbiano extracelular utilizado em varios setores industriais devido
as suas propriedades reoldgicas. E produzida através da fermentacdo de bactérias
do género Xanthomonas (ROSS-MURPHY; MORRIS, V; MORRIS, E, 1983).

Geralmente, a produgcdo de xantana e pesquisas que abordam esse tema,
tém sido realizadas com cepas do patovar campestris, provenientes de cole¢cdes de
culturas, mais especificamente com a Xanthomonas campestris NRRL B-1459
(SLONEKER; JEANES, 1962; TORRESTIANA; FUCIKOVSKY; GALINDO, 1990;
VUYST; VERMEIRE, 1994). No entanto, outras espécies de Xanthomonas também
sdo capazes de produzir xantana com eficiéncia e qualidade variavel (MOREIRA et
al., 2001; NITSCHKE; THOMAS, 1995; SUTHERLAND, 1982). E o caso da
Xanthomonas arboricola pv pruni.

Esta goma tem sido utilizada para melhorar as caracteristicas reolégicas da
massa de produtos como paes e bolos, aumentando o volume especifico, adiando o
endurecimento e prolongando sua vida de prateleira. A utilizagdo da goma xantana
em produtos de panificacdo tem sido objetivo de estudo de varios pesquisadores
(ASHWINI; JYOTSNA; INDRANI, 2009; GOMEZ et al., 2007; GUARDA et al., 2004;
LAZARIDOU et al., 2007; ROSELL et al., 2001; TUBARI; SUMNU; SAHIN, 2008).

Pesquisadores do Centro de Biotecnologia da Universidade Federal de
Pelotas (Pelotas/RS — Brasil) tem estudado veementemente a producao de xantana
pelo patovar pruni obtendo resultados excelentes (ANTUNES, 2000; ANTUNES et
al., 2003; BORGES, 2004; BORGES, 2007; BORGES et al., 2009; DIAZ, 2002;
MOREIRA et al., 2001; PINTO, 2005; SOUZA; VENDRUSCOLO, 1999; TEIXEIRA,
2005; VENDRUSCOLDO et al., 2000).

Este trabalho teve como objetivos: o desenvolvimento de bolos livres de
gluten para celiacos, através da utilizacdo de farinhas de arroz e de milho com
adicdo de diferentes concentragdes de xantana comercial; e avaliagdo da eficiéncia
da xantana sintetizada por Xanthomonas arboricola pv pruni cepa 106 na producéo

de bolos livres de glaten elaborados com farinhas de arroz e de milho.



1 Revisao de Literatura

1.1 Doenca celiaca

A Doenca Celiaca é considerada uma patologia autoimune, produto de
interacao entre fatores ambientais, genéticos e imunolégicos. O autoantigeno causa
sensibilidade permanente ao gluten, fator ambiental, causando lesao inflamatéria em
individuos geneticamente suscetiveis (BAPTISTA et al., 2005). Essa enfermidade
pode ser definida como um estado em que existe uma anormalidade na mucosa
intestinal, melhorando morfologicamente quando tratada com uma dieta sem glaten
e piorando quando o gluten é reintroduzido (BENAHMED et al., 2003; CICLITIRA;
MOODIE, 2003). Também é conhecida como espru ndo tropical e como enteropatia
sensivel ao gluten (MURRAY, 2002; MAHAN & SCOTT-STUMP, 1998). A essa
doenca esta associada a ma digestdo e ma absorcado de nutrientes, vitaminas e sais
minerais na area gastrintestinal devido ao efeito téxico do gluten, que danifica as
vilosidades do intestino (MAHAN & SCOTT-STUMP, 1998). A composi¢do e
caracterizacao do gluten serdo discutidas no item 2.2.

A sensibilidade causada por certos alimentos pode ser devido a intolerancia
alimentar ou alergia alimentar. A intolerancia alimentar é definida como qualquer
sensibilidade aos alimentos causada por mecanismos nao imunoldgicos, incluindo
reacdes toxicas, farmacoldgicas, metabdlicas ou idiossincraticas. Alergia alimentar é
uma reagdo anormal do sistema imune, mas nao infecciosa, a um alimento, que
causa danos ao organismo; € definida também como hipersensibilidade
(COULTATE, 2004; MAHAN & SCOTT-STUMP, 1998). Na alergia alimentar a
resposta imunolégica é direcionada a uma proteina especifica da dieta (COULTATE,
2004); no caso dos celiacos, € a gliadina, um dos componentes do glaten. Os

sintomas da alergia e intolerancia alimentar sdo, muitas vezes, iguais (MAHAN &
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SCOTT-STUMP, 1998). Em virtude disso, frequentemente, ocorre confusado entre os
termos utilizados para definir a causa da sensibilidade. Por envolver mecanismos
imunoldgicos, a doenca celiaca é considerada uma alergia alimentar, apesar de
muitos autores utilizarem o termo intolerancia alimentar.

A deficiéncia de uma peptidase mucosa especifica em portadores da doenca
celiaca faz com que as vilosidades da mucosa intestinal tornem-se aplainadas e
achatadas na presenca da gliadina (Fig. 1). Acredita-se que um receptor na
superficie da célula intestinal permite que a gliadina se una ao enterdcito e esse
complexo, gliadina/receptor, danifica a mucosa e causa reagdes antigénicas,
desencadeando a producdo de anticorpos e aparecimento de sintomas
caracteristicos da doenca (MURRAY, 2002; MAHAN & SCOTT-STUMP,1998).

5?5 L \_'.‘E_ﬂ-' F=
Figura 1- A
entérica de um celiaco com nove meses de tratamento de dieta livre de glaten. C —

Aspecto da mucosa entérica normal.
Fonte: GASTROINTESTINAL PATHOLOGY (2008) e WOODWARD (2007).

A doenca celiaca afeta principalmente individuos de descendéncia européia.
A prevaléncia no Reino Unido e Europa continental € de 1/100, enquanto que na
América do Norte essa relagdo é de 1/300. Varios autores sugerem que a doenca
afeta duas vezes mais mulheres que homens, outros mantém uma distribuigdo igual
entre os sexos. Entre gémeos idénticos a concordancia € de 70-100%. A provavel
prevaléncia entre parentes de primeiro grau é 10-15%. E uma enfermidade com
prevaléncia mais comum em individuos portadores de outras doencas autoimunes,
como Diabetes Mellitus tipo 1 e também tireoidopatias (CICLITIRA, 2003).

Algumas caracteristicas da doenca sao: diarréia (mais comum), desnutricao,
perda de peso, distensdo abdominal, edema, anemia, apatia/irritabilidade, hipotrofia

muscular, hipotonia, nauseas/vomitos, dor e/ou desconforto abdominal, constipacao,
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baixa estatura, osteopenia/osteoporose, artrite, miopatia, defeito do esmalte
dentario, dermatite herpetiforme, anemia inexplicada (deficiéncia de ferro, folato,
vitamina B12), leucopenia, trombocitopenia,deficiéncia de vitamina K, infertilidade,
aborto reincidente, puberdade atrasada, irregularidade menstrual, epilepsia com
calcificagcdo cerebral, neuropatia periférica, deméncia, deficiéncia de calcio e
vitamina D, elevacao de enzimas hepaticas, fadiga e depressao (CICLITIRA, 2003;
MAHAN & SCOTT-STUMP,1998).

O que pode prevenir as complicagdes causadas pela doenca é uma dieta
rigida 100% livre de gluten por toda vida (BENAHMED et al., 2003; COULTATE,
2004; GALLAGHER; GORMLEY; ARENDT, 2003). A fim de possibilitar isto, as
industrias responsaveis pela fabricacdo de produtos livres de gluten devem ter
controle rigoroso do processamento para evitar a contaminacdo cruzada com
produtos que contenham trigo, tanto na escolha da matéria-prima quanto na limpeza
dos equipamentos. As autoridades publicas devem estabelecer leis para assegurar a
saude de pacientes celiacos, e a comunidade cientifica promover a padronizacao e
validacao de metodologias para a deteccao de gluten (POSSIK et. al., 2005).

Com a adverténcia nos rétulos da presenca ou auséncia de gluten nos
produtos comercializados ndo ocorrem transgressdes involuntarias na dieta. A
primeira lei no Brasil que trouxe beneficios aos celiacos foi a Lei Federal numero
8.543, de 1992 (POSSIK et. al., 2005). De acordo com essa lei todos os alimentos
industrializados que contém gluten, como trigo, aveia, cevada, malte e centeio e/ou
seus derivados deveriam obrigatoriamente advertir com a presenca da expressao
‘contem glaten” nos seus ro6tulos e embalagens. Porém, alimentos que nao
continham gliten nao precisariam informar a auséncia do mesmo. Essa lei foi
substituida pela lei numero 10.674 (BRASIL, 2003), a qual determina a
obrigatoriedade da descricdo nos rétulos dos produtos alimenticios industrializados
quanto a presenca e também a auséncia de gluten através das inscricdes “contém
gluten” e “ndo contém gluten”, conforme o caso. Essa medida facilita e transmite
maior confianca aos pacientes celiacos quanto a escolha dos alimentos da dieta,
apesar de nao haver referéncia com relacdo as bebidas alcodlicas nem sobre a
quantidade maxima de gliadina permitida.

Os amilaceos milho, arroz, batata e mandioca, bem como, os oleaginosos
e/ou protéicos, soja e feijao podem ser utilizados no preparo de alimentos para
pacientes com doenca celiaca em substituicdo aqueles que contém gluten (MAHAN
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& SCOTT-STUMP, 1998). A oferta de alimentos alternativos livres de gluten e
prontos para o consumo ainda € pequena no mercado brasileiro, principalmente
quando se trata de produtos de panificagdo. Isso se deve a dificuldade de
desenvolver produtos semelhantes aos feitos com farinha de trigo, que possuem
caracteristicas muito importantes para assegurar a aceitabilidade dos produtos. O
que justifica o interesse na realizacdo de pesquisas para desenvolvimento desses
produtos, para atender a necessidade da populacdo celiaca, utilizando matérias-

primas de facil acesso e baixo custo, como a farinha de arroz.

1.2 Farinha de trigo

O trigo (Triticum vulgare), juntamente com o arroz e o milho, é um dos mais
importantes cereais, a farinha obtida da moagem do grdo é destinada,
principalmente, para producdo de paes, bolos e outros produtos semelhantes
(QUAGLIA, 1991). O Brasil € um grande importador de trigo. Cerca de 11 milhdes de
toneladas de trigo sdo importadas anualmente, o que representa de 60% a 70% do
consumo interno. A importagdo é feita principalmente da Argentina (SEAPA/MG,
2009).

A composicao quimica da farinha de trigo é varidvel, dependendo de fatores
ambientais. De maneira geral, a farinha de trigo possui em torno de 68 a 74% de
glicidios, 9 a 14% de proteinas, 1% de gordura e celulose e 0,5% de cinzas
(ANGASIL, 2003). O glaten é o principal componente protéico do trigo, formado por
duas classes de proteinas: a gliadina, que pertence a classe das prolaminas, e a
glutenina, da classe das glutelinas (HOSENEY, 1994; SGARBIERI, 1996).

A gliadina apresenta-se na forma de cadeia simples com massa molar média
de 40.000 Da e quando hidratada é extremamente gomosa. Tem pouca resisténcia e
extensdo, sendo responsavel pela coesao da massa. Ja a glutenina é formada por
multiplas cadeias ligadas entre si e varia em massa molar de mais ou menos
100.000 Da a varios milhdes, sendo o valor médio de trés milhdes. Fisicamente a
proteina é elastica, mas ndo coesiva, tendo a propriedade de resisténcia a extensao
(HOSENEY, 1994).

A ampla aplicacdo da farinha de trigo na elaboragdo de produtos de
panificagdo se deve justamente as caracteristicas de extensibilidade e
viscoelasticidade atribuidas as proteinas do gluten, que auxiliam na retencao do gas,
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possibilitando o desenvolvimento de um volume adequado aos produtos. Séo estas
propriedades que proporcionam as farinhas caracteristicas de panificacao,
adequadas e especificas para textura de paes, bolos e massas (FENEMA, 1996;
HOSENEY, 1994).

A Fig. 2a ilustra a estrutura proposta das proteinas do gluten e a Fig. 2b a

estrutura do gluten aumentada 200x.

Figura 2a - Estrutura proposta das proteinas do gluten.
Fonte: QUALIA (1991).

Figura 2b - Estrutura do gluten (200x)
Fonte: BAZA POLSKICH CENTROW DOSKONALOSCI (2003).

Além do trigo, o gluten est4d presente no centeio, cevada e aveia
(COULTATE, 2004; HOSENEY, 1994). E a fragao soltvel em &lcool, as prolaminas,
a responsavel pela toxicidade do gluten. No trigo esta fracdo téxica é chamada de
gliadina, na cevada hordeina, no centeio secalina e na aveia avenina (HOSENEY,
1994).
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1.3 Farinha de arroz

O arroz (Orysa sativa) ocupa uma posicao importante no sistema alimentar
mundial, sendo que mais da metade da populagdo do Planeta tem este cereal como
alimento basico. Os paises asiaticos, onde se encontram mais da metade da
populagcdo mundial, concentram a produgé@o e o consumo de arroz. Nesses paises 0
consumo atinge mais de 90% da producdo mundial (FERREIRA; VILLAR, 2003). Em
2004, com 3.731.500 hectares de area colhida de arroz em casca, o Brasil ocupava
o nono lugar no ranking mundial (FAOSTAT, 2006). Segundo dados da Companhia
Nacional de Abastecimento (CONAB, 2007), a produgdo de arroz na safra
2006/2007 foi de 11,3 milhdées de toneladas. O Brasil também € um grande
consumidor desse cereal. O consumo per capta atual é em torno de 45,8 kg/ano
(IBGE, 2007; IRRI, 2008). Segundo levantamento da producao agricola realizado
pelo IBGE (2007), o estado que mais produz arroz é o Rio Grande do Sul, seguido
pelo Mato Grosso.

O arroz € uma 6tima fonte de energia alimentar, ja que é rico em amido e
nutrientes. A composicao quimica do arroz pode sofrer variagdes, dependendo de
fatores ambientais. Segundo a Tabela brasileira de composicao de alimentos (2008),
o arroz integral cru apresenta 7,81% de proteina, 2,04% de lipideos totais, 75,57%
de carboidratos totais, 1,19% de cinzas e 2,98% de fibras. Apresenta um valor
biol6gico alto quando comparado com outros cereais e é de facil digestibilidade,
tendo uma grande importancia na alimentacado (QUAGLIA, 1991). A fragdo protéica
do arroz, apesar de pequena, apresenta uma excelente composicdo de aminoacidos
para o organismo humano, gera menos residuos nitrogenados quando sofre
metabolismo, favorecendo a funcédo renal. O arroz contém ainda fracoes de tiamina,
riboflavina e niacina. Este cereal € hipoalergénico, ndo contém gluten, o que
possibilita 0 uso por portadores da doenga celiaca (ADITIVOS & INGREDIENTES,
2007).

Durante o beneficiamento do arroz ocorre um alto indice de formacao de
grdos quebrados, quirera, entre outros produtos de reduzido valor comercial. A
industria e os 6rgaos de pesquisa estdo buscando uma melhor utilizacdo destes
subprodutos. Segundo Tedrus et al. (2001), a producao de farinha de arroz seria
uma alternativa para incrementar o valor agregado dessa matéria-prima, ja que se

trata de subproduto do beneficiamento.
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Conforme a Resolugdo RDC n? 263, de 22 de setembro de 2005, farinha é o
produto de partes comestiveis de uma ou mais espécies de cereais, leguminosas,
frutos, sementes, tubérculos e rizomas por moagem € ou outros processos
tecnolégicos. Assim, a farinha de arroz é obtida através da moagem do cereal, com
posterior classificagcdo granulométrica e embalagem. O componente principal de
farinhas e outros derivados dos cereais como arroz € o amido. O granulo do amido
de arroz é pequeno, com 2 a 5um, quando comparado com os de milho e de trigo.
Sua estrutura apresenta formato poligonal e se encontra em combinacodes, ou seja,
varios granulos juntos (HOSENEY, 1994). O pequeno tamanho dos granulos de
amido apresenta textura extremamente suave com o cozimento e sabor brando,
contém baixos niveis de sédio e alta proporcao de amidos facilmente digeriveis
(ADITIVOS & INGREDIETES, 2007).

A farinha de arroz ainda ndo apresenta aplicacdo competitiva em relagdo ao
trigo, tendo um volume de producédo pouco expressivo. O Brasil é praticamente
autossuficiente na producao de arroz, mas, por outro lado, € um grande importador
de trigo. Conforme a CONAB (2008), na safra 07/08 a importacao de trigo era de
aproximadamente 6,5 milhées de toneladas. Apesar de proporcionar beneficios
socioeconémicos e nutricionais, a oferta da farinha de arroz acontece de maneira
modesta, poucos sdo os supermercados que a oferecem ao consumidor. Trabalhos
cientificos com a utilizacdo de farinha de arroz, através da substituicdo total ou
parcial da farinha de trigo, tém sido realizados, sobretudo para biscoitos, bolos,
sopas, snacks, paes e sonhos (CLERICI; ARIROLDI; EL-DASH, 2008; GALERA,
2006; GARCIA, 2007; SIVARAMKRISHNAN; SENGE; CHATTOPADHYAY, 2004;
TUBARI; SUMNU; SAHIN, 2008). Dessa forma, poder-se-ia agregar valor a um
subproduto que é bastante disponivel em nosso pais, ao mesmo tempo em que se
reduziriam os gastos com importacédo de trigo. Os carboidratos da farinha de arroz
sdo metabolizados mais lentamente a glicose, reduzindo o indice glicémico quando
comparados aos derivados de farinha de trigo. Pode ser utilizada misturada a farinha
de trigo em produtos light em virtude da diminuigdo da gordura absorvida e do valor
caldrico total em produtos fritos (ADITIVOS E INGREDIETES, 2007).

A industrializacdo de produtos com farinha de arroz é tecnologicamente
dificil. Essa farinha nao tem as propriedades viscoelasticas, caracteristica das
proteinas do gluten (SIVARAMKRISHNAN; SENGE; CHATTOPADHYAY, 2004), o
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que prejudica a qualidade, dando origem a produtos de menor volume especifico,

mais duros e com vida de prateleira mais curta.

1.4 Farinha de milho

O milho (Zea mays) é cultivado em diversas regides do mundo. Segundo
dados da FAO, os Estados Unidos sdo o maior produtor mundial, respondendo por
aproximadamente metade do milho produzido, seguido da China e do Brasil
(CIMILHO, 2009). No Brasil, o estado do Parana € o maior produtor, sendo
responsavel, em 2007, por 27,5% da producéo; é seguido por Minas Gerais com
12,5%, Rio Grande do Sul com 11,8% e Mato Grosso 10,8%. Em 2007, o Brasil
produziu cerca de 50,5 milhdes de toneladas de milho (CONAB, 2007).

A composicao quimica do milho pode sofrer variacdes, dependendo de
fatores ambientais. De maneira geral, o milho possui em torno de 10% de proteinas,
4,5% de lipideos, 75% de glicidios, 1,3% de sais minerais. Os glicidios conferem ao
milho a caracteristica de alimento altamente energético, estando representados
principalmente, por amido, agucares e celulose. O amido estd essencialmente no
endosperma, 0s acucares no gérmen e a celulose nos envoltérios externos
(QUAGLIA, 1991).

O granulo do amido de milho mede 20um. Sua estrutura apresenta formatos
diferentes nas partes opacas e translicidas do endosperma. Nas opacas sao
esféricos e nas translucidas s&o poligonais. (HOSENEY, 1994). Durante a
industrializagdo o milho conserva sua casca, por isso € rico em fibras. O milho
possui trés tipos de proteinas: a zeina, que representa aproximadamente 45% do
total, a glutelina 35% e a globulina 20% (QUAGLIA, 1991).

A farinha de milho é obtida ap6s um processamento que envolve limpeza,
secagem, degerminacdo dos graos, moagem, classificacdo granulométrica e
embalagem (ABIMILHO, 2008). Essa farinha promove naturalmente cor amarela aos
produtos. O seu sabor é caracteristico e muito bem aceito, tendo varias aplicagées
na culinaria brasileira. Possui baixo custo e é largamente disponivel no mercado
(ALVIM; SGARBIERI; CHANG, 2002). A farinha de arroz tem sabor pouco
pronunciado e coloracao branca, a sua mistura com a farinha de milho é uma forma
eficaz de acrescentar sabor e cor naturalmente ao bolo, sem a necessidade do uso

de aditivos para esse fim.
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Assim como a farinha de arroz, a farinha de milho ndo contém glaten e pode
ser usada na fabricacdo de produtos de panificagdo, como bolos. No entanto, a
industrializacdo desses produtos, devido a auséncia de glaten, é dificil
(SIVARAMKRISHNAN; SENGE; CHATTOPADHYAY, 2004). Podem-se melhorar
tecnologicamente as caracteristicas da massa com a aplicacdo de ingredientes

alternativos como a goma xantana.
1.5 Goma xantana

A goma xantana € um polissacarideo microbiano extracelular utilizado em
varias aplicagdes em diversos setores industriais devido as suas excelentes
propriedades reolégicas. E produzido via fermentativa por bactérias do género
Xanthomonas (ROSS-MURPHY; MORRIS, V; MORRIS, E, 1983). Quanto a
composicao quimica a xantana é um heteropolissacarideo (formado por mais de um
tipo de monossacarideo), de alto peso molecular. E composta por um esqueleto
linear celulésico, contendo unidades pentassacaridicas repetidas de D-glucose
unidas entre si por ligacoes B-1,4, com residuos alternados de D-manose e acido D-
glicurénico, tendo ainda grupos acetal piravico e D-acetil (BORN; LANGENDORFF;
BOULENGUER, 2002; JANSSON; KENNE; LINDBERG, 1975). A estrutura

molecular esta representada na Fig. 3.
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Figura 3 - Estrutura molecular da xantana de X. campestris.
Fonte: GARCIA-OCHOA et al., 2000.
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A xantana foi descoberta nos anos 1950 por cientistas do Northern Regional
Research Laboratory do Departamento de Agricultura, U.S.A. A primeira producéo
industrial de xantana foi feita em 1960 por Xanthomonas campestris NRRL B-1459,
e o produto ficou comercialmente disponivel em 1964. Seu uso em alimentos foi
aprovado pelo FDA Food and Drug Administration em 1969, seguida pela FAO/OMS
em 1974. No Brasil a adicao de xantana em alimentos € permitida desde 1965, pelo
decreto Lei n® 55.871, da Legislacdo Brasileira de Alimentos (Brasil, 1965).

As principais industrias produtoras de xantana sado Kelco e Pfizer nos
Estados Unidos, Rhéne Poulenc na Franca e Jungbunzlauer na Austria. (BORN;
LANGENDORFF; BOULENGUER, 2002; GARCIA-OCHOA et al., 2000; PRADELLA,
2006). Atualmente a xantana tem um mercado de aproximadamente US$ 270
milhdes e 40.000 t/ano, com taxa de crescimento acima de 5% ao ano, podendo
totalizar em 2015, US$ 400 milhdes e 80.000 t/ano (PRADELLA, 2006).

Os dois principais insumos para a producdo de xantana sdo a sacarose,
utilizada como fonte de carbono durante o processo fermentativo, e o etanol,
utilizado como solvente na recuperacao do biopolimero. Segundo a Agéncia Paulista
de Tecnologia dos Agronegdcios — APTA (2007), o Brasil € o maior produtor mundial
de cana-de-acucar, matéria-prima transformada em alcool e acucar. Portanto a
producédo de xantana no Brasil é favoravel e competitiva. Entretanto, o Brasil ainda
nao produz industrialmente essa goma, importando toda a xantana que é utilizada.

Geralmente, a producdo de xantana e pesquisas que abordam esse tema,
tém sido realizadas com cepas do patovar campestris, provenientes de colecdes de
culturas, mais especificamente com a Xanthomonas campestris NRRL B-1459
(SLONEKER; JEANES, 1962; TORRESTIANA; FUCIKOVSKY; GALINDO, 1990;
VUYST; VERMEIRE, 1994). No entanto, outras espécies de Xanthomonas também
sdo capazes de produzir xantana, com eficiéncia e qualidade variavel (MOREIRA et
al., 2001; NITSCHKE; THOMAS, 1995; SUTHERLAND, 1982). E o caso da
Xanthomonas arboricola pv pruni. Pesquisadores do Centro de Biotecnologia da
Universidade Federal de Pelotas (Pelotas/RS - Brasil) tém estudado
veementemente a producdo de xantana pelo patovar pruni obtendo resultados
excelentes (ANTUNES, 2000; ANTUNES et al., 2003; BORGES, 2004; BORGES,
2007; DIAZ, 2002; MOREIRA et al., 2001; PINTO, 2005; SOUZA; VENDRUSCOLO,
1999; TEIXEIRA, 2005; VENDRUSCOLO et al., 2000).
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A producao de xantana envolve basicamente as etapas de preservacao da
cultura do microrganismo, formacado do inoculo, produgdo propriamente dita e
recuperacao. O controle de todas as etapas € fundamental para garantir a qualidade
da xantana, pois tanto o microrganismo utilizado quanto o meio de cultura e as
condi¢cbes operacionais, tais como: configuracdo do biorreator, modo de operacao
(batelada ou continuo), temperatura, pH, velocidade de agitacédo, taxa de aeracéo e
tempo de fermentacéo, influenciam no crescimento do microrganismo, na producéao
de xantana, na sua estrutura quimica e nas suas caracteristicas reolégicas.
(ANTUNES et al., 2003; BORGES et al., 2009; GARCIA-OCHOA et al., 2000;
MOREIRA et al., 2001).

A goma xantana tem sido aplicada em varios tipos de alimentos por
apresentar propriedades importantes de estabilizacdo de emulsdo, estabilidade
térmica, compatibilidade com diversos ingredientes de alimentos, e propriedades
reolégicas pseudoplasticas (diminuicdo da viscosidade com o aumento da taxa de
cisalhamento). A goma xantana é extremamente soluvel, tanto em agua fria quanto
quente e este comportamento esta relacionado com a natureza polieletrélita da sua
molécula. As solugdes de xantana tém alta viscosidade e pseudoplasticidade,
mesmo em concentracdes baixas de polimero; a alta viscosidade é responsavel pela
habilidade espessante da xantana. A goma xantana também € utilizada na industria
farmacéutica, cosmética, de produtos agricolas, téxtil e de exploracdo de petroleo
(GARCIA-OCHOA et al., 2000; VUYST; LOO; VANDAMME, 2002).

A viscosidade, apesar de requerida em alguns produtos, pode dificultar o
processamento de determinados alimentos. Em virtude desse fato, a industria
alimenticia tem buscado utilizar espessantes que tenham propriedades
pseudoplaticas. Assim, durante determinados processos que envolvam agitacao e
bombeamento, por exemplo, ocorre uma diminuicdo da viscosidade do produto,
tornando-o mais fluido, mas, a viscosidade € recuperada imediatamente depois de
cessada qualquer tensao de cisalhamento (MAUGERI FILHO, 2001). Além disso, a
pseudoplasticidade da xantana real¢a o sabor e diminui a sensacdo de gomosidade
do alimento na boca, em virtude da baixa viscosidade da xantana durante a
mastigacdo, melhorando assim, suas caracteristicas sensoriais (CHALLEN 1994;
KATZBAUER, 1998).
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1.6 InteracGes entre amido e xantana

Conhecer o comportamento reolégico das farinhas de arroz e de milho e de
suas respectivas massas € muito importante para sua aplicacao tecnolégica. Alguns
estudos tém abordado esse tema (DAUTANT, 2007; YOO, 2006; XUE; NGADI,
2006). O componente principal das farinhas de milho e de arroz é o amido
(HOSENEY, 1994), este componente exerce grande influéncia no comportamento
reoldgico das farinhas.

O amido é constituido de dois tipos de polimeros de glicose, a amilose e a
amilopectina. A amilose é essencialmente linear, composta de unidades D-
glucopiranose unidas por ligacoes glicosidicas a-1,4. A amilopectina, como a
amilose, tem unidades de glicose unidas por ligacdes glicosidicas a-1,4; no entanto,
em torno de 4 a 5% das unidades de glicose estao envolvidas em ligacées a-1,6,
criando pontos de ramificacdo. A amilose e amilopectina estdo presentes nos
granulos na forma associada (COULTATE, 2004; HOSENEY, 1994). Ap6s a
gelatinizagdo, com o resfriamento, inicia-se um processo onde as moléculas de
amilose se associam cristalizando-se e exudando agua. Esse processo € chamado
de retrogradacao (COULTATE, 2004).

O principal efeito produzido pela xantana é o retardo da retrogradacédo da
amilose. Um aumento da viscosidade de solugdes de amido é observado pela
incorporacdo deste hidrocoléide, que modifica as propriedades reolégicas da
solucdo (WEBER; QUEIROZ-COLLARES; CHANG, 2008; WEBER et al., 2009). Por
este motivo, a goma xantana tem sido utilizada para melhorar as caracteristicas
reolégicas das massas de produtos como paes e bolos, aumentando o volume
especifico, adiando o endurecimento, prolongando a vida de prateleira e
aumentando a qualidade global desses produtos.

Lazaridou et al. (2007), em estudo sobre os efeitos dos hidrocoldides na
reologia da massa e nos parametros de qualidade do pdo em formulacdes sem
gluten, utilizaram farinha de arroz e hidrocolbides (pectina, carboximetilcelulose
(CMC), agarose, xantana e B-glucana) em concentragbes de 1% e 2%, em base de
farinha. Neste estudo a adicao de xantana proporcionou um aumento da elasticidade
da massa, bem como, da resisténcia a deformacao. Weber et al. (2009) estudaram
as interacoes fisico-quimicas entre amidos de milho e hidrocolbides (gomas guar e

xantana) e seus efeitos nas propriedades funcionais. Os autores concluiram que a
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xantana modifica as propriedades de pasta e térmicas dos amidos, confere maior
estabilidade ao cisalhamento e aquecimento e reduz a retrogradacdo do amido de
milho.

Xue e Ngadi (2009), em estudo sobre os efeitos da goma xantana nas
propriedades térmicas de sistemas de massas formulados com diferentes
combinacdes de farinhas, observaram que a adicdo deste hidrocoléide aumenta a
temperatura de gelatinizacdo, porém, diminui a temperatura de transicao vitrea.
Temperaturas maiores e mais energia poderiam ser exigidas para o0
desenvolvimento da estrutura da massa, enquanto que temperaturas mais baixas
sao exigidas pra estabilizar massas congeladas.

Tubari, Sumnu e Sahin (2008), realizaram um estudo sobre as propriedades
reolégicas e qualidade de bolos de arroz formulados com diferentes gomas
(xantana, guar, locusta, k-carragena, hidroxipropilmetilcelulose, mistura de xantana-
guar e de xantana-k-carragena) e uma mistura de emulsificantes. Nesse estudo as
massas dos bolos feitos com xantana e a mistura de xantana-guar tiveram os
maiores valores de viscosidade aparente. Das formulacbes sem emulsificantes o
bolo produzido com a xantana obteve maior volume especifico. Esses resultados
demonstram uma estabilidade da massa e qualidade do bolo produzido com

xantana.

1.7 Bolo

O setor da panificacdo fatura com seus produtos, no Brasil, anualmente,
cerca de R$ 25 bilhdes, além de gerar aproximadamente 550 mil empregos diretos.
O setor é composto por 100 mil pequenos empresarios em 52 mil empresas
(SINDIPAN, 2008). Produtos de panificacdo, como bolos, fazem parte do dia a dia
dos brasileiros e também estdo presentes em ocasibes especiais, como
aniversarios, festas e comemoragdes em geral.

Bolos sao caracterizados por serem produtos leves e por incluirem na sua
formulacdo um alto nivel de agcucar. Sua estrutura se deve, em parte, a gelatinizacéao
do amido, formando uma rede em que as bolhas de ar ficam retidas. Os bolos,
quando sao assados, possuem agua suficiente para que o processo de gelatinizacao
do amido ocorra. A viscosidade da massa do bolo também é muito importante, pois
se ela for muito baixa permite a fuga de bolhas grandes de ar, prejudicando o
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volume e o aspecto global do bolo. Além disso, a baixa viscosidade da massa faz
com que granulos de amido possam acumular-se na parte inferior da forma do bolo,
produzindo uma camada semelhante a borracha, enquanto o bolo é assado
(HOSENEY, 1994).

A qualidade do bolo é determinada pelas caracteristicas fisicas, estruturais e
sensoriais. As caracteristicas fisicas sdo volume especifico e umidade, enquanto
que as estruturais se referem a textura e as sensoriais ao aspecto interno, externo e
sabor do bolo (OTA, 2006). A perda da qualidade dos produtos de panificacdo esta
relacionada com a deterioracao pela acao de microrganismos e o endurecimento.
Desses dois fatores, a perda de maciez é ainda um item preocupante no que diz
respeito a vida de prateleira. Quanto ao primeiro fator, o microbioldgico, a industria
dispde de ferramentas como o uso de conservantes para retardar o envelhecimento
desses produtos (PONTES, 2006). O endurecimento do bolo esta relacionado com o
fenbmeno da retrogradacdo do amido. Esse fenédmeno se inicia com o resfriamento,
quando a amilose e amilopectina iniciam um processo de reassociacao (HUNG;
MORITA, 2004). A utilizacao de hidrocoléides, como a xantana, pode adiar o

envelhecimento deixando o bolo macio por mais tempo.
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Abstract

The aim of this study was to compare the characteristics of gluten free cakes
prepared with rice and corn flours and with different concentrations of xanthan. Three
formulas were created, F1, F2, and F3, with rice flour, corn flour, sugar, milk, eggs,
soya oil, baking powder, and xanthan 0.2%, 0.3% and 0.4%, respectively. Two
controls were used, both without xanthan: C1 (equal ingredients of the other
formulations) and C2 (equal ingredients of the other formulations, but with wheat flour
instead of rice flower). In the fresh cakes the centesimal composition, specific
volume, color of the crumb, and the appearance of the internal structure were
determined. It was also determined the moisture, firmness, springiness, and
presence of aerobic/mesophilic microorganisms and moulds and yeasts in the fresh
cakes and with three, six and nine days of storage. The cake sensory
characterization was accomplished with 13 trained panelists that evaluated nine
attributes: color of the crumb, form of the crumbs, springiness, firmness, porosity, rice

flavor, corn flavor, moisture mouth feel, and staling. One hundred consumers tested
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the acceptance and preference of the F2 and F3. The xanthan improved cakes
characteristics, increased the specific volume, making the cakes softer, and retarding
their staling. The F2 and F3 presented excellent sensory characteristics and high
acceptance index by the consumers resembling physically, chemically, and
sensorially to the traditional formulation that uses wheat flour in the composition.

Keywords: gluten free cake, rice flour, corn flour, xanthan gum, celiac.

1 Introduction

The development of products without gluten, mostly bakery products, is a
challenge for the food science and technology, and it is essential for a celiac patient.
The celiac disease is associated with poor digestion and poor absorption of nutrients,
vitamins, and mineral salts in the gastrointestinal area due to the toxic effect of the
prolamins from gluten that damages villus of the intestine (MAHAN & SCOTT-
STUMP, 1998). Gluten is present in wheat, rye, barley and oat (HOSENEY, 1994).

The wheat flour is often used in bakery products. Its wide application is due
to its characteristics of extensibility and viscoelasticity attributed to the proteins of the
gluten that assists in the retention of CO, enabling the development of an adequate
volume in the products. These are the properties that provide the characteristics of
bread flours, texture adapted specifically for breads and cakes (FENEMA, 1996;
HOSENEY, 1994). Therefore, alternative ingredients having similar technological
characteristics to the gluten for application in bakery products are important.

Rice (Orysa sativa) is free of gluten, has low levels of sodium, protein, fat and
fiber, has a high amount of easily digested carbohydrates, and it is frequently used
as a wheat substitute in gluten free food products (SIVARAMAKRISHNAN; SENGE;
CHATTOPAHYAY, 2004), but it does not have the extensibility and viscoelasticity
characteristics of wheat. Corn (Zea mays), like rice, is free of gluten and also without
the extensibility and viscoelasticity characteristics (QUAGLIA, 1991).

Corn flour provides natural yellow color, it has a characteristic flavor, and it
does not have gluten. So, the rice flour as well as the corn flour can be used to
produce gluten free cakes. The rice flour has little flavor and when it is mixed with
corn flour it increases the flavor of the cake without the need of additives for taste
and color. However, both present a limited capacity to retain the gas (CO,) damaging
the final quality of the products. According to Gomez et al. (2007), the hydrocolloids
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application can contribute for the improvement of the quality of the products. Xue and
Ngadi (2006) studied rheological properties of batter systems using rice flour and
corn flour combinations. Afterwards, Xue and Ngadi (2009) studied the effects of
xanthan gum on thermal properties of batter systems formulated with rice flour and
corn flour combinations. In their study, they observed that the addition of the xanthan
increased the gelatinization temperatures but decreased the glass transition
temperatures (it is a change that the amorphous part of many polymers undergoes at
a given temperature) of the resulting batters. Higher temperature and more energy
might be required for the development of the batter coating structure, while lower
temperatures are required to stabilize food products with frozen batter.

The xanthan gum has excellent rheological properties that can be used in
food. Xanthan gum helps in the retention of CO, and it increases the specific volume
of bakery products. Because of these characteristics, xanthan gum is used in several
research studies (ASHWINI; JYOTSNA; INDRANI, 2009; GOMEZ et al., 2007;
GUARDA et al., 2004; LAZARIDOU et al., 2007; ROSELL et al., 2001; TUBARI;
SUMNU; SAHIN, 2008). According to Tubari, Sumnu and Sahin (2008), cakes
prepared with xanthan gum do not collapse in the oven.

The main problem for celiac patients is the daily challenge to find healthy and
tasty foods that supply their needs. The foods need to be appealing in flavor and in
color. This problem has been solved for bakery products. In this study the
characteristic qualities of gluten free cakes prepared with rice and corn flours, plus
various concentrations of xanthan gum were compared. The objective of this study
was to produce gluten free cakes with acceptable characteristics of color, flavor, and

quality that would appeal to celiac patients.

2 Materials and methods

2.1 Materials

Flours: rice flour (Maninho®) with 12.52% moisture, 0.59% ash, and 6.28%
protein determined by the methods 012/1V, 018/IV and 036/1V, respectively (Instituto
Adolfo Lutz, 2004), and 30.43% apparent amylose content (MARTINEZ; CUEVAS,
1989); corn flour ground fine (Beatriz®) with 12.45% moisture, 0.52% ash, 4.38%
protein and 36.55% apparent amylose content; wheat flour (Viviana®) with 13.81%

moisture, 0.53% ash, 9.59% protein and 30.02% apparent amylose content. Other
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ingredients: refined sugar (Da Barra®), baking powder (Monopol®), egg (Conjunto
Agrotécnico Visconde da Graca — CAVG -UFPel, Brazil), pasteurized milk (Corlac®),
soya oil (Camera®), and xanthan gum (Farmaquimica Industrial Ltda) with viscosity
at 10 rpm of 6020 mPas% (Visco Tester 6L Thermo Haake Viscometer). Planetary
mixer (Arno®), and industrial electric furnace (Fitt 120 Tedesco®).

2.2 Preparation of cake batter’

A cake batter recipe containing 11% rice flour, 11% corn flour, 31% refined
sugar, 18% pasteurized milk, 5% soya oil, 2% baking powder, and 22% egg. Xanthan
gum was added to the formulation at 0.2% (formulation 1- F1), 0.3% (formulation 2-
F2) and 0.4% (formulation 3- F3) as a plus, without the reduction of other ingredients.
Two control cakes were used: one cake without xanthan (control 1- C1) and another
cake with wheat flour instead of rice flour containing no xanthan gum (control 2- C2).

The cakes were baked in industrial electric furnace (Fitt 120 Tedesco®).
Cakes batter (900 g) were placed in rectangular shape cake molds (30 cm length, 20
cm wide and 3.5 cm height) at 200°C for 35 min. When the cakes reach the room
temperature they were packed in plastic bags treated with a solution of metylparaben
0.2% and stored at room temperature. Another cake batter samples (40 g) were
placed in round shape cake molds (7.5 cm diameter and 6 cm height) at 200°C for 24
min. These smaller cakes were elaborated with the aim of measure the specific
volume. After the analyses they were discarded.

2.3 Cake quality evaluation

The main chemical and physical parameters for fresh cake were determined
as follows: specific volume was determined by the millet contents seed displacement
method, calculating the specific volume from the ratio between the volume of the
cakes and its weight, ash, protein, lipid, and fiber contents were determined by the
methods 018/1V, 036/1V, 032/IV and 044/1V, respectively (Instituto Adolfo Lutz, 2004).
The sum of the moisture, protein, lipid, fiber, ash and carbohydrate contents of the
analyzed food was 100%. Carbohydrates were determined by the difference in the

' More details on the recipe and procedure for making the dough of the cake can be found in the
electronic address: http://www.ufpel.edu.br/cenbiot/receita%202.ppt.
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centesimal composition, in other words, the sum of the moisture, protein, lipid, fibers
and ashes contents were subtracted from 100, resulting in the carbohydrates content
of the sample. The cake color was measured with a Minolta colorimeter model CR
30. The color readings were expressed by Minolta values for L, a and b. The
appearance of the internal structure of fresh cakes was obtained with an HP scanner
(HP Officejet Pro L7590).

The moisture, firmness, and springiness of the cakes were determined at four
different times: on the day of the baking (T0), three days later (T3), six days later
(T6), and nine days later (T9). The moisture was obtained by the method 012/IV
(Instituto Adolfo Lutz, 2004). In order to determine firmness and springiness, it was
used a texture analyzer TAX plus (Stable Personal computer Systems), with probe
P36R, test mode compression, pre-test speed 1 mm/sec, post-test speed 10 mm/sec;
target mode strain 25%, hold time 60 s, tigger type auto (force), tigger force
0.04903N.

The determination of aerobic/mesophilic microorganisms, moulds and yeasts
during the storage period (T0, T3, T6 and T9) was performed according to APHA
(VANDERZANT, SPLITTSTCESSER, 1992).

2.4 Sensory analysis

To characterize the cake (control 1- C1, formulation 1- F1, formulation 2- F2
and formulation 3- F3), attributes were evaluated by 13 trained panelists. The
formulation C2 was used only as reference (optimum) during the training, for being a
well-known product with the following characteristics: intermediary yellow color of the
crumb, springiness, softness, giving light moisture mouth feel, characteristic corn
flavor, but not in excess, uniform porosity, little staling and crumbs formation, and no
rice flavor. The tests were performed first at TO and later at the three storage times:
T3, T6, and T9.

A non-structured scale of 9 cm was used for evaluation. The left side of the
scale corresponded to the lowest intensity (value 0.0) and the right side
corresponded to the highest intensity (value 9.0). Evaluations were performed in the
Sensory Analysis Laboratory of Federal University of Pelotas (UFPel, Pelotas,
Brazil). The four samples were presented in the monadic sequential form at room
temperature, with each portion of 20 g per sample and served in containers coded
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with three random digits. It was asked to the consumers to rinse their palates with
water (at room temperature) between samples.

The two formulations with the best characteristics were submitted to the
acceptance and preference test to a panel of 100 consumers, both male and female.
A nine-point hedonic scale was used to evaluate the overall acceptability of the cake
formulations; the consumers scored on a scale of 1 (extremely dislike) to 9 (like very
much). Cakes with acceptance index greater than 70% were considered well
accepted by the consumers. The comparison paired-preference bicaudal test was
used to evaluate the preference between cake formulations (PROFIQUA, 2000).

2.5 Statistical analysis
The results were submitted to a variance analysis, with comparison of means

using the Tukey test at 5% significance level.
3 Results and discussion
3.1 Cake quality
The effect of xanthan gum incorporation on chemical and physical

parameters of fresh cakes is summarized in Tab. 1, whereas the appearance of
cakes is illustrated in Fig 1.

Table 1- Chemical and physical properties of cakes

Formulation Moisture Ash Protein Lipid Fiber  carbohydrates Spvei)(‘i|f|c
(%) (%) (%) (%) (%) (%) (cmPag)
c1 34.722 0.952 4.74° 4.962 1.912 50.722 2.79°
(x0.08) (20.05) (+0.14) (x0.74)  (20.23) (+0.96) (20.05)
F1 34.942 0.952 5.04% 5.352  1.342 52.37% 2.91%°
(20.69) (£0.07) (+0.40) (20.28)  (20.07) (£0.65) (20.09)
Fo 36.852 0.88? 5.31% 5.422 1772 49.76° 2.99%
(0.22) (£0.04) (10.342) (20.49)  (20.13) (£0.42) (£0.03
F3 36.35° 1.012 5.13% 4892 1592 51.02° 3.02°
(£0.64) (20.04) (20.28) (x0.46)  (+0.37) (1.34) (20.1)
c2 36.082 0.982 5.692 5.828  1.992 49.44° 3.162
(£0.73) (0.05) (£0.24) (20.59)  (20.27) (#1.72) (£0.01)

* Columns with different letters are significantly different (p<0.05).



36

Figure 1 - Internal structure appearance of fresh cakes

The appearance of the internal structure of xanthan added cakes was more
uniform, with predominance of small alveolus and similar to C2, which was made with
wheat flour and without xanthan. On the other hand, C1 formulation made with rice
flour and without xanthan presented an undesirable open and random pore structure.

The centesimal composition of the cakes practically did not differ between
formulations. Only the protein proportion differed between formulations C1 and C2,
both without xanthan. The cakes with higher volumes are more desirable by the
consumers; however, they are difficult to obtain in gluten free products. The volume
of the cakes increased proportionally with the addition of xanthan. The formulations
with the highest xanthan concentrations (F2 and F3) were statistically similar to the
formulation made with wheat flour (C2). Therefore, it is possible to produce gluten
free cakes with the same specific volume as in traditional cakes using 0.3% and
0.4% of xanthan gum.

In a study of Tubari, Sumnu and Sahin (2008), the xanthan gum improved
the rice cake volume when compared with other hydrocolloids (guar, locust, k-
carrageenan, HPMC, xanthan+guar and xanthan+carrageenan). Gomez et al. (2007)
evaluated the volume of the yellow layer cakes made with different hydrocolloids and
xanthan cakes. The xanthan cakes had the highest volumes. According to the same
authors, the highest volumes can be explained due to the observed increase in batter
viscosity that slows down the rate of CO, diffusion and allows its retention during the
early stage of baking. Several studies have shown that xanthan increases the
viscosity of bakery products dough (LAZARIDOU et al., 2007; ROSELL et al., 2001;
TUBARI; SUMNU; SAHIN, 2008).

Crumb color of the gluten free cakes was also evaluated using a Minolta
colorimeter. The L scale ranges from 0 black to 100 white; the a scale extends from a
negative value (green hue) to a positive value (red hue); and the b scale ranges from
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negative blue to positive yellow. The L, a and b values for crumb of all prepared
cakes are shown in Tab. 2. In general, the addition of different concentrations of
xanthan did not interfere in the values of L, a and b. The a values for the crumbs of

cakes were all negatives, which means that there was no red hue in the crumbs.

Table 2 - Color of the cakes

Formulation | L* a* b*
C1 71.26° -2.36% 32.26°
F1 70.7° -2.292 31.81%°
F2 71.91° -3.13° 30.65%°
F3 72.1% -2.85° 30.48°
C2 73.5% - 2.86° 31.0%

* Columns with different letters are significantly different (p<0.05).

3.2 Stored cake quality

During storage, the important factors that can change are moisture, firmness,
and springiness. In Fig. 2, the moisture values for the cakes of all formulations at the
day of baking (T0), 3 (T3), 6 (T6), and 9 (T9) days of storage are shown.
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Figure 2 - Influence of the time of storage in the moisture of the cake. C1: rice flour+
corn flour without xanthan; F1: rice flour+ corn flour + 0.2% xanthan; F2: rice flour+
corn flour + 0.3% xanthan; F3: rice flour+ corn flour + 0.4% xanthan; C2: wheat flour+
corn flour without xanthan. TO: same day of baking; T3: 3 days of storage; T6: 6 days

of storage; T9: 9 days of storage.

* Equal capital letters do not differ significantly regarding formulation (p<0.05). Equal lower case letters do not
differ significantly regarding time of storage (p<0.05).



38

The addition of xanthan did not interfere in the moisture of the cakes. There
was a reduction of the moisture in all formulations in the third day of storage. After
the third day of storage there were changes in the moisture proportion. Rosell et al.
(2001) reported a moisture retention increase due to the high capacity of the
hydrocolloids to retain water. Lazaridou et al. (2007) also evaluated water activity (an)
in gluten-free breads with the addition of different hydrocolloids and noted that, in
most cases, water activity was not affected. The increase of the moisture retention
depends on the hydrocolloids chemical structure and the interactions with the
remaining ingredients of the food (GOMEZ et al., 2007).

The firmness and springiness are illustrated in Fig. 3 and Fig. 4, respectively.
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Figure 3 - Influence of the time of storage in the firmness of the cake. C1: rice flour+
corn flour without xanthan; F1: rice flour+ corn flour + 0.2% xanthan; F2: rice flour+
corn flour + 0.3% xanthan; F3: rice flour+ corn flour + 0.4%; C2: wheat flour+ corn
flour without xanthan. TO: same day of baking; T3: 3 days of storage; T6: 6 days of

storage; T9: 9 days of storage.
* Different capital letters represent significant difference among formulations (p<0.05). Different lower case letters
represent significant difference among times of storage (p<0.05).

The addition of xanthan in gluten free cakes increased the softness. Both
formulations with the highest xanthan concentrations (F2 and F3) appeared as soft
as the control C2 (made with wheat flour). In general, the firmness of the cakes
increased with the length of storage, but the xanthan postponed the hardening of the
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cakes. The formulation without xanthan (C1) was excessively firm at each level of
storage (TO, T3, T6, and T9). Besides, this formulation presented the firmness values
in T3 equivalent and superior to the values of the formulations F2 and F3 in times T6
and T9. In the Tubari, Sumnu and Sahin (2008) study, cakes containing xanthan gum
and xanthan-guar gum - both with emulsifier blend - were softer than the ones
prepared with other hydrocolloids. In the study done by Gomes et al. (2007), the
xanthan cakes after the 2nd day of storage presented a 40% firmness decrease in
comparison to the control without hydrocolloids.
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Figure 4 - Influence of the time of storage in the springiness of the cake. C1: rice
flour+ corn flour without xanthan; F1: rice flour+ corn flour + 0.2% xanthan; F2: rice
flour+ corn flour + 0.3% xanthan; F3: rice flour+ corn flour + 0.4% xanthan; C2: wheat
flour+ corn flour without xanthan. TO: same day of baking; T3: 3 days of storage; T6:
6 days of storage; T9: 9 days of storage.

* Different capital letters represent significant difference among formulations (p<0.05). Different lower case letters
represent significant difference among times of storage (p<0.05).

The springiness of the cakes was not influenced by the addition of xanthan.
There was a decrease in springiness with the time of storage, especially in the first
three days. For Gomez et al. (2007) the yellow layer cakes elasticity did not change
statistically when xanthan cakes and the control without hydrocolloids were
compared.

The moisture influenced the firmness and elasticity of the cakes. While there
was a significant correlation (p< 0.05) between moisture and elasticity (r= 0.89), there
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was a negative correlation (p< 0.05) between moisture and firmness (r= -0.72).

Therefore, the more moisture there is, then softer and more elastic the cakes are.

All the cakes, during the nine storage days, remained microbiologically apt

for consumption. Both aerobic/mesophilic microorganisms and moulds and yeasts

counting, for all the formulations and in all times, were < 10° CFU/mL. These results

were well below the limit established by the Brazilian legislation (BRASIL, 2001).

3.3 Sensory evaluation

Nine attributes defined during the training of the panelists were evaluated:

color of the crumb, crumbs formation, springiness, firmness, porosity, rice flavor, corn

flavor, moisture mouth feel and staling (Tab. 3).

Table 3- Definition of the sensory attributes

Sensory attributes

Definition

Color of the crumb

Crumbs formation

Springiness

Firmness

Porosity

Rice flavor

Corn flavor

Moisture mouth feel

Staling

Yellow color

No intensity= light yellow

High intensity= dark yellow

Crumbs formation when cutting or biting

No intensity= little crumbs formation when cutting or biting
High intensity= high crumbs formation when cutting or biting
The pieces were able to retain the form after squeezing

No intensity= no springiness, pieces did not retain shape after
squeezing

High intensity= high springiness, pieces retain shape after squeezing
Relates to the force needed to bite through

No intensity= little force needed to bite through

High intensity= high force needed to bite through

Pore structure in the crumb

No uniform= open and random pore structure

Uniform = dense pore structure

Flavor of the rice

No intensity= little rice flavor

High intensity= high rice flavor

Flavor of corn

No intensity= little corn flavor

High intensity= high corn flavor

Moisture mouth feel

No intensity=no moisture mouth feel, no fluidity

High intensity= distinct moisture mouth feel, much fluidity
Staling

No intensity= not staling

High intensity= very much staling

The spider graphs, in Fig. 5, suggests that all samples, regardless the

formulation and length of storage (in days), were similar regarding porosity and color

of the crumb. Even the control formulation C1 presented interesting characteristics,
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inferior to those added of xanthan (F2 and F3), demonstrating the success of the
base mixture of the ingredients. The fresh cakes added of xanthan had an intense
moisture mouth feel, more than the other. The formulation C1 showed less
springiness, more formation of crumbs, and firmness starting at the third day of
storage. This formulation was the only evidence of staling in the ninth day of storage.
Sensorially, the formulations that had better characteristics were F2 and F3 the ones

with the highest xanthan concentrations.
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Figure 5 — Spider graphics of the evaluated sensory attributes. C1: rice flour + corn
flour without xanthan; F1: rice flour + corn flour + 0.2% xanthan; F2: rice flour + corn
flour + 0.3% xanthan; F3: rice flour + corn flour + 0.4% xanthan. T0O: same day of
baking; T3: 3 days of storage; T6: 6 days of storage; T9: 9 days of storage.

The sensory attribute of the crumbs formation had correlation (p< 0.05) with
the sensory firmness (r= 0.30), staling (r= 0.51), instrumental firmness (r= 0.56),
while it had negative correlation (p< 0.05) between sensory springiness (r= -0.54),
moisture (r= -0.27), moisture mouth feel (r= -0.20) and instrumental springiness (r= -
0.18). The sensory springiness had correlation (p< 0.05) between moisture mouth
feel (r= 0.60), instrumental springiness (r= 0.24), specific volume (r= 0.73) and
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moisture (r= 0.30), besides the crumbs formation, the sensory springiness had
negative correlation (p< 0.05) between staling (r= -0.31) and instrumental firmness
(r= -0.58). The moisture mouth feel also had correlation (p< 0.05) between
instrumental moisture (r= 0.44). The sensory attribute color did not have correlation
with the instrumental color. That is acceptable since the sensory analysis is very
subjective while the instrumental, especially the color, is very sensitive.

From the presentation of the correlations, the results show that the fresher
and more elastic, the moister and softer was the cake. The older and firmer, the
larger was the crumbs formation of the cake.

From results of sensory characterization of the product, the formulations F2
and F3 were selected for affective tests of acceptance and preference. The results of
acceptance test are presented in Fig. 6. Of the 100 consumers consulted, 56
preferred formulation F3 with 0.4% of xanthan, while, 44 preferred formulation F2
with 0.3% of xanthan. Hence, according to the table for the comparison paired-
preference bicaudal test there is no preference between formulations to the level of

5% of significance.
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Figure 6 - Distribution of the consumer grades to the overall acceptability of the cake
formulations using a nine-point hedonic scale.

The average grades of the consumers for the acceptance test of the
formulations F2 and F3 were 7.70 and 7.1, (p< 0.05%), and the acceptability levels
were 84% and 85.67%, respectively. These data reveal a great acceptance by

consumers for both formulations tested.
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4 Conclusions

The xanthan addition improved the physical and sensory characteristics of
the cakes, increased the specific volume, making them softer and retarding their
staling. The concentrations of 0.3% and 0.4%o0f xanthan gum produced cakes with
excellent sensory characteristics with high acceptance index by the consumers. The
cakes resembled physically, chemically, and sensorially the ones that contained only
wheat flour. The cakes satisfied all the requirements, in a bakery product, for celiac
patients.
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Abstract

The aim of this study was to test a xanthan produced by Xanthomonas
arboricola pv pruni strain 106 (XA) in gluten free cakes, in order to evaluate its
efficiency. A cake batter recipe containing rice flour, corn flour, sugar, pasteurized
milk, soya oil, baking powder, and egg was used. Xanthan (XC) was added in the
formulation at 0.3% (formulation 1- F1), 0.4% (formulation 2- F2). Xanthan (XA) was
added at 0.3% (formulation 3- F3) and 0.4% (formulation 4- F4). Two control cakes
were used: one cake without xanthan (control 1- C1) and another cake with wheat
flour instead of rice flour containing no xanthan gum (control 2- C2). The quality of
the cakes was monitored every three days during nine days of storage, determining
moisture, firmness, springiness and the presence of aerobic/mesophilic
microorganisms and moulds and yeasts. In fresh cakes it was also determined the
specific volume, ash, protein, lipid, fiber, carbohydrates, color of the crumb and
appearance of the internal structure. To verify possible sensory differences between
the cakes made with XA and XC a triangular test with 30 panelists was applied. Both
the XA xanthan and xanthan XC promoted increase in specific volume of cake. The
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addition of both xanthans in gluten free cakes reduced the firmness during the
storage. The panel did not note sensory difference between the cakes. Therefore,
xanthan XA can be used in gluten free cakes without compromising its chemical and
physical characteristics as well as the sensory quality.

Keywords: gluten free cake, rice flour, corn flour, xanthan gum, Xanthomonas

arboricola pv pruni.

1 Introduction

The celiac disease is associated with poor digestion and poor absorption of
nutrients, vitamins, and mineral salts in the gastrointestinal area due to the toxic
effect of prolamins, a protein fraction from gluten that damages villus of the intestine
(MAHAN & SCOTT-STUMP, 1998). Gluten is present in wheat, rye, barley and oat
(HOSENEY, 1994).

Wheat flour is traditionally used in bakery products. Its wide application is due
to its characteristics of extensibility and viscoelasticity attributed to the proteins of the
gluten that help in the retention of CO,, enabling the development of an adequate
volume in the products. These are the properties that provide the characteristics to
bread flours, texture adapted specifically for breads and cakes (FENEMA, 1996;
HOSENEY, 1994). The industrialization of products without gluten from corn and rice
flour is technologically difficult, because these flours do not have the viscoelasticity
property characteristic of proteins of the gluten (SIVARAMKRISHNAN; SENGE;
CHATTOPADHYAY, 2004).This decreases the quality, leading to products of smaller
specific volume, harder and less durable. The application of hydrocolloids, like
xanthan, can be a solution for these problems.

The xanthan is a microbial extracellular heteropolysaccharide of high molar
mass used in several industrial sectors due to its excellent rheological properties. It is
produced by fermentation of bacterium Xanthomonas (ROSS-MURPHY; MORRIS, V;
MORRIS, E, 1983).

The main effect produced by xanthan is the retard of retrogradation of
amylose. An increase of the starch solution viscosity was observed by the
incorporation of this hydrocolloid that modifies the rheological properties of the
solution (WEBER; QUEIROZ-COLLARES; CHANG, 2008; WEBER et al., 2009).
Xanthan has been being used to improve the rheological characteristic of dough
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products like breads and cakes, increasing the specific volume, postponing the
hardening, prolonging shelf-life and increasing the global quality of these products.
This gum is the object of several studies in bakery products (ASHWINI et al., 2009;
GOMEZ et al., 2007; GUARDA et al., 2004; LAZARIDOU et al., 2007; ROSELL et al.,
2001; TUBARI et al., 2008).

Generally, xanthan production and research that address this theme have
been conducted with strains of pathovar campestris, from culture collections, more
specifically with Xanthomonas campestris NRRL B-1459 (SLONEKER; JEANES,
1962; TORRESTIANA; FUCIKOVSKY; GALINDO, 1990; VUYST; VERMEIRE, 1994).
However, other species of Xanthomonas are also able to produce xanthan, with
efficiency and variable quality (MOREIRA et al., 2001; NITSCHKE; THOMAS, 1995;
SUTHERLAND, 1982). It is the case of Xanthomonas arboricola pv pruni. Bacteria of
the patovar pruni infect species of the genus Prunus, causing Prunus Bacterial Spot
(PBS) in peach, plums and almonds (CIVEROLO; HATTINGH, 1993). Researchers
from the Biotechnology Center of the Federal University of Pelotas (Pelotas/RS —
Brazil) have been studying the xanthan production by patovar pruni for many years
obtaining excellent results (ANTUNES et al., 2003; BORGES et al., 2008; BORGES
et al, 2009; MOREIRA et al, 2001; SOUZA; VENDRUSCOLO, 1999;
VENDRUSCOLO el al., 2000).

The aim of this study was to test a xanthan produced by Xanthomonas
arboricola pv pruni strain 106 in gluten free cakes, in order to verify its efficiency. The
formulations elaborated in this work were based on a previous study? developed from
the application of commercial xanthan concentrations in gluten free cakes.

2 Materials and methods

2.1 Materials

Flours: rice flour (Maninho®) with 12.52% moisture, 0.59% ash, and 6.28%
protein determined by the methods 012/IV, 018/IV and 036/1V, respectively (Instituto
Adolfo Lutz, 2004), and 30.43% apparent amylose content (MARTINEZ; CUEVAS,
1989); corn flour ground fine (Beatriz®) with 12.45% moisture, 0.52% ash, 4.38%

2 Article not yet published: “The role of xanthan gum in the quality of gluten free cakes: better bakery
products for celiac patients”.
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protein and 36.55% apparent amylose content; wheat flour (Viviana®) with 13.81%
moisture, 0.53% ash, 9.59% protein and 30.02% apparent amylose content. Other
ingredients: refined sugar (Da Barra®), baking powder (Monopol®), egg (Conjunto
Agrotécnico Visconde da Graca — CAVG -UFPel, Brazil), pasteurized milk (Corlac®),
soya oil (Camera®), commercial xanthan XC (Farmaquimica Industrial Ltda) and
xanthan XA synthesized in the biopolymers laboratory (UNIVERSIDADE FEDERAL
DE PELOTAS; EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA
EMBRAPA CLIMA TEMPERADO. Process for preparing a xanthan biopolymer.
WO/2006/047845, 01 nov. 2005). The xanthan synthesized was selected for showing
similar characteristics to the commercial xanthan. The ash and protein determined by
the methods 018/1V and 036/1V, respectively (Instituto Adolfo Lutz, 2004), acetyl and
pyruvate content were determined by McComb and McCready (1957) and Slonecker
and Orentas (1962), in that order. Xanthan 1% aqueous solution viscosity was
determined in viscometer, with spindle L3 at 10, 30, 60 and 100rpm and 25°C (Visco

Tester 6L Thermo Haake Viscometer).

2.2 Preparation of cake batter®

A cake batter recipe containing 11% rice flour, 11% corn flour, 31% sugar,
18% pasteurized milk, 5% soya oil, 2% baking powder, and 22% egg was used.
Xanthan (XC) was added in the formulation at 0.3% (formulation 1- F1), 0.4%
(formulation 2- F2). Xanthan (XA) was added at 0.3% (formulation 3- F3) and 0.4%
(formulation 4- F4). Xanthan gum was added as a plus, without the reduction of other
ingredient. Two control cakes were used: one cake without xanthan (control 1- C1)
and another cake with wheat flour instead of rice flour containing no xanthan gum
(control 2- C2).

The cakes were baked in industrial electric furnace (Fitt 120 Tedesco®).
Cakes batter (900 g) were placed in rectangular shape cake molds (30 cm length, 20
cm wide and 3.5 cm height) at 200°C for 35 min. When the cakes reach the room
temperature they were packed in plastic bags treated with a solution of metylparaben
0.2% and stored at room temperature. Another cake batter samples (40 g) were
placed in round shape cake molds (7.5 cm diameter and 6 cm height) at 200°C for 24

3 More details on the recipe and procedure for making the dough of the cake can be found in the
electronic address: http://www.ufpel.edu.br/cenbiot/receita%202.ppt.
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min. These smaller cakes were elaborated with the aim of measure the specific

volume. After the analyses they were discarded.

2.3 Cake quality evaluation

The main chemical and physical parameters for fresh cake were determined
as follows: specific volume was determined by the millet contents seed displacement
method, calculating the specific volume from the ratio between the volume of the
cakes and its weight, ash, protein, lipid, and fiber contents were determined by the
methods 018/1V, 036/1V, 032/IV and 044/1V, respectively (Instituto Adolfo Lutz, 2004).
The sum of the moisture, protein, lipid, fiber, ash and carbohydrate contents of the
analyzed food was 100%. Carbohydrates were determined by the difference in the
centesimal composition, in other words, the sum of the moisture, protein, lipid, fibers
and ashes contents were subtracted from 100, resulting in the carbohydrates content
of the sample. The cake color was measured with a Minolta colorimeter model CR
30. The color readings were expressed by Minolta values for L, a and b. The
appearance of the internal structure of fresh cakes was obtained with an HP scanner
(HP Officejet Pro L7590).

The moisture, firmness, and springiness of the cakes were determined at four
different times: on the day of the baking (T0), three days later (T3), six days later
(T6), and nine days later (T9). The moisture was obtained by the method 012/1V
(Instituto Adolfo Lutz, 2004). In order to determine firmness and springiness, it was
used a texture analyzer TAX plus (Stable Personal computer Systems), with probe
P36R, test mode compression, pre-test speed 1 mm/sec, post-test speed 10 mm/sec;
target mode strain 25%, hold time 60 s, tigger type auto (force), tigger force
0.04903N.

The determination of aerobic/mesophilic microorganisms, moulds and yeasts
during the storage period (TO, T3, T6 and T9) was performed according to APHA
(VANDERZANT, SPLITTSTCESSER, 1992).

2.4 Sensory analysis

The triangular test was applied according Profiqua (2000) to verify possible
sensory differences between the cakes made with two different xanthan XA and
xanthan XC concentration (F1- 0.3% XC; F2- 0.4% XC; F3- 0.3% XA and F4- 0.4%
XA). Evaluations were performed in the Sensory Analysis Laboratory of Federal



51

University of Pelotas (UFPel, Pelotas, Brazil) by 30 panelists, male and female.
Samples were served in containers coded with three random digits, at the room
temperature. Three samples were compared each time, two of the same kind and
one different. The panel was requested to select the different sample.

2.5 Statistical analysis
The results were submitted to a variance analysis, with comparison of means

using the Tukey test at 5% significance level.

3 Results and discussion

3.1 Xanthan characterization
The contents of the ash, protein, pyruvate, and acetyl of xanthans are

summarized in Tab. 1.

Table 1 — Contents of ash, protein, pyruvate, and acetyl of xanthans

Xanthan Ash (%) Protein (%) Pyruvate (%) Acetyl (%)
XC 8.88° 6.17° 6.27° 1.53°
XA 13.99° 6.12° 1.26° 4.47%

* Columns with different letters are significantly different (p<0.05).

The xanthans analyzed differed in the ashes content, however are according
with the limit specified by Compendium of Food Additive Specification (1999) which
establishes maximum value of 16%. There was significant difference also in the
pyruvate and acetyl content. Pyruvate concentration of XC is according to the limit
established by Burdock (1997) which determines at least 1,5% of pyruvic acid,
however, the pyruvate content of XA was lower than the established minimum limit,
similar result was found by Borges et al. (2009) when analyzing xanthan synthesized
by same pathovar. XA introduced values of acetyl according with the indicated by
Garcia-Ochoa et al. (2000) which determine acetyl content from 1,9% to 6%, while in
XC that value was inferior.

Besides the difference of the pyruvate and acetyl contents between xanthans
XC and XA, the viscosity of xanthan aqueous solution was similar (Fig. 1). In general,
studies performed with xanthan accept the hypothesis that the acetyl and pyruvate
groups influence the viscosity of the xanthan (SLONECKER; JEANES, 1962).
However, in other studies, xanthan samples of different strains of Xanthomonas
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campestris, with varying degrees of acetylation, showed approximate viscosities
(SHATWELL; SUTHERLAND; ROSS-MURPHY, 1990; SUTHERLAND; TAIT, 1992).

7000~
6000
5000-
4000 —a-XC
3000 ——XA

Viscosity (mPa.s™)

2000+

1000+

10rpm 30rpm 60rpm 100rpm

shear rate

Figure 1 - Viscosity of the xanthan aqueous solution.

3.2 Cake quality
Effect comparison between xanthan XC and XA application in some chemical

and physical parameters of fresh cakes is summarized in Tab. 2, whereas the
appearance of cakes is illustrated in Fig 2.

Table 2 - Chemical and physical properties of cakes

Formulation Moisture Ash Protein lipid fiber carbohydrate spve(;:||f|c
(%) (%) (%) (%) (%) (%) (cm’.g™)
c1 34,72° 0,95% 4,74° 496 1,912 50,72° 2,79°
(+0,08) (x0,05) (20,14 (#¥0,74)  (£0,23) (x0,96) (x0,05)
F1 36,85° 0,88° 5,312 5,42° 1,772 49,76° 2,99°
(+0,22) (+0,04) (J_ro,34g (#0,49)  (20,13) (+0,42) (+0,03
E2 36,35% 1,012 5,13 4,89 1,59° 51,02° 3,02
(+0,64) (J_ro,o42) (J_ro,zsg (+0,46)  (0,37) (+1,34) (#0,1)
3 36,982 0,96° 4,82° 572 1,85% 49,67° 2,78°
(+0,86) (J_ro,o42) (J_ro,zeg (#¥0,18)  (£0,19) (x0,95) (x0,07)
F4 36,8° 0,98 4.87° 578 1,89% 49,32° 2,88
(+0,56) (J_ro,oeg (x0,55) (#¥0,11)  (20,22) (x0,80) (x0,01)
co 36,082 0,98% 5,697 582% 1,99° 49,44° 3,16°
(+0,73) (20,05) (20,24) (¥0,59)  (£0,27) (+1,72) (20,01)

* Columns with different letters are significantly different (p<0.05).
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The centesimal composition, as shown in table 1, remained almost the same
in all formulations. A small difference regarding the proportion of ashes was observed
between formulations F1 and F2. Although there were statistical differences, these
differences were very small to influence the quality of the cakes. The protein content
only differed statistically between formulations C1 and C2, made with rice flour and
wheat flour, respectively. As expected, xanthan XA did not change the centesimal
composition of the cakes, because the xanthan concentration used was very small.
Therefore, there was no significant difference among cakes made with xanthan XC
and xanthan XA. These results demonstrated that the cakes were adequately
standardized.

Although the specific volume of cakes made with xanthan XA (F3 and F4)
were smaller than the ones made with xanthan XC (F1 and F2), the formulation
added of xanthan XA 0.4% (F4) presented statistically equal volume to F1 added of
xanthan XC 0.3%. These demonstrate potential use of xanthan XA in providing an
adequate volume to the cakes. According to Gomes et al. (2007), the largest
volumes can be explained by the increase in dough viscosity that slows down the
rate of CO; diffusion and allows its retention during the early stage of baking.

The appearance of the internal structure of xanthan added cakes was more
uniform, with predominance of small alveolus and like C2, made with wheat flour and
without xanthan. On the other hand, C1 formulation made with rice flour and without
xanthan presented an undesirable open and random pore structure.

Figure 2 - Internal structure appearance of fresh cakes.
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Table 3 - Color of the cakes.

Formulation | L* a* b*
Ci 71.26° -2.36° 32.26°
F1 71.91° -3.13° 30.65%
F2 72.1% -2.85° 30.48°
F3 71.23° -3.03° 34.5°
F4 72,3% -3.01° 29.69°
C2 73.5° - 2.86° 31.2%

* Columns with different letters are significantly different (p<0.05).

Crumb color of the gluten free cakes was also evaluated using a Minolta
colorimeter. The L scale ranges from 0 black to 100 white; the a scale extends from a
negative value (green hue) to a positive value (red hue); and the b scale ranges from
negative blue to positive yellow. The L, a and b values for crumb of all prepared
cakes are shown in Tab. 3. Apparently the color of the cakes was influenced neither
by the concentration or by the kind of xanthan. The a values for the crumbs of cakes
were all negative, which means that there was no red hue for crumb, characteristic of
burned cake. The L, a and b values obtained show the homogeneity of the color of
cakes.

3.2 Stored cake quality

During storage important factors can be changed such as moisture, firmness
and springiness. In Fig. 3, the moisture values for the cakes of all formulations at the
same day of preparation (T0) and after 3 (T3), 6 (T6) and 9 (T9) days of storage are
given.

Both xanthan XC and XA added did not interfere in the moisture of the cakes.
However, the time of storage decreased the moisture of all formulations, from the
third day of storage there was no significant difference among sample. Despite the
capacity of the hydrocolloids, like xanthan, to increase moisture retention, this
depends on the hydrocolloid chemical structure and its interactions with the other
ingredients of the food (GOMEZ et al., 2007). Lazaridou et al. (2007), in his study,
evaluated water activity (ay) in gluten free breads added of different hydrocolloids
and noticed that, in most cases, water activity was not affected.

The firmness and springiness were illustrated in Fig. 4 and Fig. 5 respectively.
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Figure 3 - Influence of the time of storage in the moisture of the cake. C1: rice flour+
corn flour without xanthan; F1: rice flour+ corn flour + 0.3% XC; F2: rice flour+ corn
flour + 0.4% XC; F3: rice flour+ corn flour + 0.3% XA. F4: rice flour+ corn flour + 0.4%
XA. C2: wheat flour+ corn flour without xanthan. TO: same day of prepare; T3:
storage third day; T6: storage sixth day; T9: storage ninth day.

* Equal capital letters do not differ significantly regarding formulation (p<0.05). Equal lower case letters do not
differ significantly regarding time of storage (p<0.05).
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Figure 4 - Influence of the time of storage in the firmness of the cake. C1: rice flour +
corn flour without xanthan; F1: rice flour + corn flour + 0.3% XC; F2: rice flour + corn
flour + 0.4% XC; F3: rice flour + corn flour + 0.3% XA. F4: rice flour corn flour + 0.4%
XA. C2: wheat flour + corn flour without xanthan. TO: same day of preparation; T3:
storage third day; T6: storage sixth day; T9: storage ninth day.

* Different capital letters represent significant difference among formulations (p<0.05). Different lower case letters
represent significant difference among times of storage (p<0.05).




56

TO mT3 T6 T9
70 7 60.5 60.3
59.0 54.6 60.1 . . 60.2
| ABa ABD ABassq 522 Aab552 ., Aa 22'7 54.4 pBg A"gf 53.9 5;: 53.8

60 527505 [WABa Bp ABaSZ Bo 557" 5C ABc B
— Bb ABb 51.3 : 04.7 52.2
Q) Bb be 2¢c
50 - B 1 Bbe
3
m —
2 40
o
£30
S
(o}
020 -

10 -

0
Ci F1 F2 F3 F4 C2
Time storage

Figure 5 - Influence of the time of storage in the springiness of the cake. C1: rice flour
+ corn flour without xanthan; F1: rice flour + corn flour + 0.3% XC; F2: rice flour +
corn flour + 0.4% XC; F3: rice flour + corn flour + 0.3% XA. F4: rice flour + corn flour
+ 0.4% XA. C2: wheat flour + corn flour without xanthan. TO: same day of
preparation; T3: three days of storage; T6: six days of storage; T9: nine days of

storage.
* Different capital letters represent significant difference among formulations (p<0.05). Different lower case letters
represent significant difference among times of storage (p<0.05).

The addition of xanthan (XC and XA) in gluten free cakes reduced the
firmness and influenced positively the cakes quality. Samples added of different
kinds of xanthan, but with the same concentration had similar behavior during
storage (Fig. 4). All formulations with xanthan XC and xanthan XA provided softer
cakes than the control C1 (rice and corn flours without xanthan), in TO as in other
times of storage, similar to control C2 (made with wheat flour). Although the firmness
of the cakes has increased with the storage time, both xanthans (XC and XA)
delayed the hardening. The formulation without xanthan (C1) was too firm during all
the storage period. Study developed by Gomes et al. (2007) demonstrated a
reduction of 40% of the firmness of cakes added of xanthan after 2 days of storage
when compared with the control without hydrocolloids.

The springiness of the cakes, in general, was not influenced by the addition or
the kind of xanthan used. As expected, there was a reduction of the springiness with
time of storage, mostly in the first three days. Gomez et al. (2007) also did not
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observe change in the springiness of yellow layer cakes when they compared cakes
made with xanthan and the control without hydrocolloids.

All cakes, during the nine days of storage, remained microbiologically apt for
consumption. Both aerobic/mesophilic microorganisms and moulds and yeasts
counting, for all the formulations and in all times, were < 10° CFU/mL. These results
were many positive, since the limit established by the brazilian legislation (BRASIL,
2001). This result was positive since xanthan normally promotes undesirable
microbial growth, mainly mould and yeast.

3.3 Sensory evaluation

Sixteen of the thirty panelists did not notice difference among samples in the
triangular test, thus, according Profiqua (2000), they did not discern the difference
between cakes made with 0.3% of XC and 0.3% of XA. The same result for the
cakes made with 0.4% of XC and 0.4% of XA was obtained. These results
demonstrate that the xanthan XA can be used in the gluten free cakes production
without compromising its sensory quality.

4 Conclusions

Xanthan synthesized by Xanthomonas arboricola pv pruni (XA) can be used in
gluten free cakes presenting technological and sensorial characteristics similar to the
commercial xanthan. Therefore, it is possible to make gluten free cakes of excellent
quality using commercial xanthan or xanthan synthesized by Xanthomonas
arboricola pv pruni.
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CONCLUSOES GERAIS

A adicdo da goma xantana melhorou as caracteristicas fisicas e sensoriais
dos bolos, aumentando o volume especifico, diminuindo a firmeza e retardando seu
envelhecimento. As concentracées de 0,3% e 0,4% de goma xantana comercial
produziram bolos com caracteristicas sensoriais excelentes e com alto indice
aceitacdo pelos consumidores. Estes bolos apresentaram requisitos satisfatérios
assemelhando-se quimica e fisicamente a bolos formulados com farinha de trigo.

A goma xantana sintetizada por Xanthomonas arboricola pv pruni cepa 106
pode ser utilizada em bolos livres de glaten, apresentando caracteristicas
tecnologicas equivalentes a da xantana comercial. Bolos elaborados com xantana
sintetizada por Xanthomonas arboricola pv pruni apresentaram maciez, elasticidade
e umidade semelhantes aos bolos feitos com xantana comercial. Sensorialmente
nao ha diferengas entre os bolos adicionados da xantana comercial € os bolos
adicionados de xantana sintetizada por Xanthomonas arboricola pv pruni. Portanto,
€ possivel elaborar bolos livres de gluten de excelente qualidade com a aplicacao de
xantana comercial e xantana sintetizada por Xanthomonas arboricola pv pruni cepa
106.
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