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RESUMO

As cactaceas sdo plantas que demandam baixo consumo de &gua e energia para a sua
exploracdo comercial. Além disso, os cactos apresentam elevado conteudo de mucilagem
(polissacarideo) que pode ser utilizada como hidrocoloide para diversas aplicacfes
alimentares. Nesse sentido, a matéria-prima utilizada neste trabalho foi o cacto nativo Opuntia
monacantha que demonstra ampla distribuicdo na costa litoranea brasileira. O objetivo deste
trabalho foi caracterizar a mucilagem e a farinha do cladddio obtidos desta planta quanto as
suas potencialidades tecnologicas para aplicacdo em alimentos. Além disso, esses ingredientes
também foram testados em biscoitos tipo cracker sem glaten. Para este prop6sito, no primeiro
estudo fez-se a avaliacdo da mucilagem quanto as suas: caracteristicas fisico-quimicas
(composicdo centesimal, minerais, perfil dos monossacarideos, atividade de agua, cor,
densidade aparente, viscosidade intrinseca e massa molar), morfologia do po, distribuicdo do
tamanho de particula, e propriedades funcionais (solubilidade, propriedades emulsificantes,
espumantes e de viscosidade). No segundo estudo, se analisou a farinha obtida por secagem e
trituracdo do cladodio (denominada de farinha do cladodio) quanto as suas: caracteristicas
fisico-quimicas (composicdo centesimal, minerais, conteddo de clorofila, cor e atividade de
agua) e propriedades tecnoldgicas (densidade aparente, swelling, capacidade de retencdo de
agua e capacidade de retencdo de 6leo). Sequencialmente, ambos ingredientes (mucilagem e
farinha do cladodio) foram utilizados na elaboracdo de biscoitos tipo cracker sem gluten.
Foram elaboradas cinco formulacfes de biscoitos: cracker controle (contendo 2% de gomas
comerciais - CMC e xantana), cracker adicionado de mucilagem (contendo 2% de mucilagem
no lugar das gomas comerciais), crackers incorporados de 5%, 10% e 15% de farinha de
cladddio (sem adicdo das gomas comerciais). Os biscoitos cracker foram avaliados quanto a
sua composicdo centesimal, propriedades fisicas, teor de fendlicos totais, composicdo de
carotenoides, atividade antioxidante (ABTS) e andlise sensorial. Os resultados do primeiro
estudo evidenciaram que o rendimento de extracdo da mucilagem foi de 12% (em base seca),
sendo composta por 80,12% de carboidratos, 15,14% de cinzas, 3,55% de proteinas e 1,19%
de lipidios. A mucilagem apresentou elevados niveis de minerais, tais como potassio, calcio,
magnésio, manganés e zinco. O perfil dos monossacarideos demonstrou que a mucilagem é
um heteropolimero, constituido principalmente por galactose, acido glicurdnico e arabinose.
As medidas viscosimétricas da mucilagem resultaram em uma viscosidade intrinseca de 9,02
dL/g e uma massa molar de 1,12 x 108 g/mol. A mucilagem reconstituida em agua (1% p/v)
apresentou um didmetro médio de particula (Da4,3) de 648 nm e solubilidade acima de 85%. A
capacidade emulsificante da mucilagem melhorou com o seu incremento na emulsdo; da
mesma forma, ela proporcionou alta estabilidade de emulséo atraves de diferentes proporgoes
de oleo: solugdo de polissacarideo. A mucilagem exibiu boa capacidade de formacdo de
espuma, embora a estabilidade dessa espuma tenha reduzido progressivamente ao longo do
tempo. Também, a sua mistura com a ovoalbumina resultou na melhoria da capacidade de
formagéo de espuma e em uma estabilidade de espuma marcadamente maior em comparagéo
com a ovoalbumina sozinha. Os estudos reoldgicos indicaram que as solug¢fes de mucilagem
demonstraram um comportamento pseudoplastico em concentracdes entre 1 e 10%, e relativa
estabilidade da viscosidade na faixa de temperatura de 5 a 80 °C. Conforme os resultados do
segundo estudo, a farinha do cladddio apresentou composicdo centesimal de: 5,13% de
umidade, 5,12% de proteina, 1,72% de lipideos, 18,29% de cinzas, 45,36% de fibra dietética
total, 32,86% de fibra dietética insolivel, 12,50% de fibra dietética soluvel e 74,87% de
carboidratos totais; ademais, exibiu os seguintes valores para as propriedades funcionais:
swelling de 17,49 mL/g, 7,03 g/g de capacidade de retencdo de adgua e 1,26 g/g de capacidade
de retencdo de 6leo. Em relagdo aos biscoitos elaborados, a composicao centesimal do cracker
adicionado de mucilagem foi bastante semelhante ao controle (exceto pelo seu superior teor



de cinzas), enquanto que os crackers adicionados de farinha de cladddio exibiram um
aumento dos teores de cinzas e fibras. Em geral, as propriedades fisicas dos biscoitos ndo
foram afetadas pela utilizagdo da mucilagem ou da farinha de cladddio, exceto pela coloracéo
mais escura dos biscoitos suplementados com a farinha de cladddio. Os biscoitos contendo
mucilagem e os incorporados de farinha de cladddio apresentaram maiores valores de
compostos fendlicos totais e atividade antioxidante que o controle. Além disso, os biscoitos
formulados com a farinha de cladédio foram incrementados de carotenoides. A avaliagdo
sensorial revelou que o biscoito adicionado de mucilagem e o biscoito incorporado de 5% de
farinha de claddédio foram os mais aceitos. Diante dos resultados obtidos neste trabalho,
sugere-se que a mucilagem extraida do cacto O. monacantha pode apresentar aplicacGes
potencialmente Uteis em sistemas alimenticios, particularmente como agente emulsificante,
espumante e espessante, ou como estabilizante. A farinha do cladddio, por sua vez, pode ser
utilizada em muitas aplicagdes alimentares com o intuito de modificar a textura dos produtos,
assim como para aumentar os teores de fibras, minerais e compostos bioativos. A aplicacdo da
mucilagem e da farinha do cladédio na producdo de biscoitos tipo cracker sem gluten,
mostrou-se promissora na substituicdo das gomas comerciais usualmente utilizadas. Desta
forma, devido as caracteristicas apresentadas pelos ingredientes alimenticios obtidos do cacto
Opuntia monacantha, sugere-se que tais ingredientes sejam testados em outros alimentos.

Palavras-chave: hidrocoloide, mucilagem de cacto, farinha do cladodio, caracterizacdo,
propriedades funcionais.



ABSTRACT

Cactaceae are plants that demand low consumption of water and energy for their commercial
exploitation. In addition, cacti have a high mucilage content (polysaccharide) that can be used
as a hydrocolloid for various food applications. In this sense, the raw material used in this
work was the native cactus Opuntia monacantha that shows wide distribution in the Brazilian
coastline. The objective of this work was to characterize the mucilage and the cladode flour
obtained from this plant in terms of its technological potentialities for food application. In
addition, these ingredients have also been tested on gluten-free crackers. For this purpose, in
the first study the mucilage was evaluated for its physicochemical characteristics (proximate
composition, minerals, monosaccharide profile, water activity, color, bulk density, intrinsic
viscosity, and molar mass), powder morphology, particle size distribution, and functional
properties (solubility, emulsifying, foaming and viscosity properties). In the second study, the
flour obtained by drying and crushing the cladode (called cladode flour) was analyzed for its
physicochemical characteristics (proximate composition, minerals, chlorophyll content, color,
and water activity) and technological properties (bulk density, swelling, water holding
capacity, and oil holding capacity). Sequentially, both ingredients (mucilage and cladode
flour) were used in the preparation of gluten-free cracker-type biscuits. Five cracker
formulations were prepared: control cracker (containing 2% of commercial gums - CMC and
xanthan), cracker added of mucilage (containing 2% of mucilage instead of commercial
gums), crackers incorporated of 5%, 10% and 15% of cladode flour (no commercial gums
added). The crackers were evaluated for their proximate composition, physical properties,
total phenolic content, carotenoid composition, antioxidant activity (ABTS) and sensory
analysis. The results of the first study showed that the yield of mucilage extraction was 12%
(dry basis), being composed of 80.12% of carbohydrates, 15.14% of ashes, 3.55% of proteins
and 1.19 % of lipids. The mucilage presented high levels of minerals, such as potassium,
calcium, magnesium, manganese, and zinc. The monosaccharide profile demonstrated that the
mucilage is a heteropolymer, consisting mainly of galactose, glucuronic acid, and arabinose.
The viscosimetric measurements of the mucilage resulted in an intrinsic viscosity of 9.02 dL/g
and a molar mass of 1.12 x 10° g/mol. The reconstituted mucilage in water (1% w/v) had a
mean particle diameter (Da3) of 648 nm and solubility above 85%. The emulsifying capacity
of the mucilage has improved with its increase in the emulsion; in the same way, it provided
high emulsion stability through different proportions of oil: polysaccharide solution. The
mucilage exhibited good foaming capacity, although the stability of that foam has
progressively decreased over time. Also, its mixing with ovalbumin resulted in the
improvement of foaming capacity and in a markedly greater foam stability compared to
ovalbumin alone. The rheological studies indicated that the mucilage solutions showed a
pseudoplastic behavior at concentrations between 1 and 10%, and relative viscosity stability
in the temperature range of 5 to 80 °C. According to the results of the second study, the
cladode flour had a proximate composition of 5.13% moisture, 5.12% protein, 1.72% lipids,
18.29% ash, 45.36% total dietary fiber, 32.86% insoluble dietary fiber, 12.50% soluble
dietary fiber, and 74.87% of total carbohydrates; besides, exhibited the following values for
the functional properties: swelling of 17.49 mL/g, water holding capacity of 7.03 g/g, and oil
holding capacity of 1.26 g/g. In relation to the elaborated crackers, the proximate composition
of the cracker added of mucilage was very similar to the control (except for its superior ash
content), while the crackers incorporated with cladode flour exhibited an increase in ash and
fiber contents. In general, the physical properties of the crackers were not affected by the use
of mucilage or cladode flour, except for the darker coloring of the cladode flour-
supplemented crackers. The crackers containing mucilage and the cladode flour-incorporated
ones presented higher values of total phenolic content and antioxidant activity than the



control. Additionally, the crackers formulated with the cladode flour were incremented with
carotenoids. Sensory evaluation revealed that the cracker added of mucilage and the one
incorporated of 5% cladode flour were those most accepted. Considering the results obtained
in this work, it is suggested that the mucilage extracted from the O. monacantha cactus can
present potentially useful applications in food systems, particularly as an emulsifying,
foaming and thickening agent, or as a stabilizer. The cladode flour, in turn, can be used in
many food applications in order to modify the texture of the products, as well as to increase
the levels of fibers, minerals, and bioactive compounds. The application of the mucilage and
the cladode flour in the production of gluten-free crackers has shown promise in the
substitution of commercial gums usually used. Thus, due to the characteristics presented by
the food ingredients obtained from Opuntia monacantha cactus, it is suggested that such
ingredients must be tested in other foods.

Keywords: hydrocolloid, cactus mucilage, cladode flour, characterization, functional
properties.
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1 INTRODUCAO

Algumas tendéncias no segmento alimenticio, tais como conveniéncia, baixa caloria e
elevado teor de fibras, tém levado ao aumento do uso de polissacarideos viscosos, também
chamados de hidrocoloides, na funcdo de espessantes, estabilizantes, emulsificantes, bem
como agentes de corpo em produtos com baixo teor de gordura, pois auxiliam na sensacéo de
preenchimento na boca (SAHA; BHATTACHARYA, 2010; WILLIAMS; PHILLIPS, 2009).
Os polissacarideos extraidos de plantas tém a vantagem de serem considerados totalmente
naturais para muitos consumidores, além de serem biodegradaveis e apresentarem elevada
disponibilidade na natureza (PRAJAPATI et al., 2013). Além disso, novas fontes de extragdo
de hidrocoloides sdo necessdrias para aumentar a oferta no mercado e abrir novas
possibilidades de aplicacdes.

Entre as fontes vegetais que poderiam ser pensadas para a obtengédo de hidrocoloides,
podem-se destacar as cactaceas, visto que sdo plantas extremamente eficientes em geragdo de
biomassa mesmo sob condicBes de estresse, onde o reduzido fornecimento de agua seria um
fator limitante para o desenvolvimento de muitas espécies (STINTZING; CARLE, 2005).
Além disso, a desertificacdo de regides aridas tem se tornado uma grande preocupagdo em
varias partes do mundo, e o encorajamento do uso sustentavel da flora nativa destas regides
pode contribuir para reverter este problema. A familia Cactaceae apresenta como
caracteristica tipica a presenca de mucilagem, a qual é considerada um polissacarideo
(carboidrato complexo) que possui capacidade de absorver grande quantidade de agua,
formando solugdes viscosas.

O Brasil abriga o terceiro centro geografico de diversidade de cactos do mundo, sendo
o principal depois do México e do sudoeste dos Estados Unidos, seguido da cadeia Andina,
com Bolivia e Peru (CARNEIRO et al., 2016), contudo dificilmente considera seus cactos
nativos para producdo de alimentos e/ou ingredientes alimenticios, provavelmente devido ao
desconhecimento e falta de informagdes disponiveis. Além disso, para atender a demanda do
setor industrial, o Brasil destina elevado aporte financeiro para a aquisi¢do de hidrocoloides,
importando cada vez mais do que exportando, e a um custo médio de importagdo superior ao
de exportacdo (DA CUNHA; DE PAULA; FEITOSA, 2009).

O cacto Opuntia monacantha (Willd.) Haw., popularmente conhecido como arumbeva
(KINUPP, 2007) apresenta ampla distribuicdo geografica e ocorre naturalmente em varios
estados brasileiros, entre os estados do Rio Grande do Sul e Sergipe. No estado do Rio
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Grande do Sul, quando comparada com outras espécies de Opuntia nativas, a O. monacantha
apresenta uma distribuicdo mais ampla, contemplando toda a regido costeira, Serra do Sudeste
e também o0s morros graniticos da regido de Porto Alegre (KINUPP, 2007; KINUPP;
LISBOA; BARROS, 2011). Como outras espécies do género Opuntia, a O. monacantha
apresenta haste ou caule suculento, conhecido como cladddio, e produz frutos comestiveis
(LENZI; ORTH, 2012). A mucilagem obtida a partir desta espécie de cacto ainda ndo foi
pesquisada. Portanto, sdo necessarios estudos que investiguem o potencial tecnoldgico dessa
mucilagem. Na investigacdo de novas fontes de hidrocoloides para a industria de alimentos é
de fundamental importancia a caracterizacdo preliminar dos mesmos, através da avaliagdao da
sua composi¢do quimica, assim como das suas propriedades fisico-quimicas e funcionais,
Vvisto que essas caracteristicas apontardo possiveis aplicacbes do hidrocoloide.

Por outra parte, os cladédios também poderiam ser utilizados de forma mais integral,
aproveitando 0s outros componentes presentes em sua matriz, além de seu alto contetdo de
mucilagem. Existe uma tendéncia global do uso de ingredientes naturais derivados de plantas
na producdo de alimentos, pois esses ingredientes podem conter compostos que apresentam
propriedades benéficas a saude. De maneira geral, os cladédios das Opuntia ssp. sdo
apreciados pelo alto contetdo de fibras (insoltvel e soltvel), minerais e compostos bioativos,
tais como 4&cidos fendlicos, flavonoides e carotenoides que proporcionam atividade
antioxidante (GUEVARA-FIGUEROA et al., 2010; JARAMILLO et al., 2003; RAMIREZ-
MORENO et al., 2013; STINTZING; CARLE, 2005; VALENTE et al., 2010). Por isso, 0s
cladodios dos cactos sdo uma interessante matéria-prima para elaboracdo de alimentos com
valor (funcional/nutricional) agregado (JUN et al., 2013).

Devido ao seu elevado teor de 4gua e baixa acidez, os cladddios frescos séo propensos
a répida deterioracdo microbioldgica, limitando assim, a sua comercializagdo in natura
(FEUGANG et al., 2006). Portanto, a secagem e a moagem, resultando em uma farinha,
oferecem vantagens importantes para 0 armazenamento e transporte deste vegetal (LOPEZ-
CERVANTES et al., 2011).

O consumo e a demanda por produtos isentos de glaten vém promovendo 0 aumento
da pesquisa e desenvolvimento para atender esse mercado “gluten-free”. E bem documentado
os desafios tecnologicos que cercam a fabricacdo de produtos sem gluten, devido a falta das
proteinas formadoras de estrutura (glaten) presentes na farinha de trigo, entdo o0s
hidrocoloides sdo frequentemente usados para reporem a funcionalidade do gluten,
melhorando as caracteristicas da massa e auxiliando na formacdo de uma rede viscoel&stica
mais coesa (CAPRILES; DOS SANTOS; AREAS, 2016; MIR et al., 2016). Os crackers sdo
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um produto popular entre o segmento de panificacdo, praticos para consumo, e que podem
servir como um alimento interessante para atender a essa demanda de mercado “gluten-free”
(HAN; JANZ; GERLAT, 2010). Portanto, a mucilagem e a farinha do cladodio se apresentam
como ingredientes que poderiam ser explorados para substituirem os hidrocoloides comerciais
usualmente adicionados em panificados sem gluten, funcionando como agentes estruturantes
da massa.

Diante deste contexto, a espécie Opuntia monacantha apresenta excelentes
perspectivas como matéria-prima para obtencdo de ingredientes alimenticios naturais, tais
como a mucilagem (polissacarideo) e a farinha do claddédio (produto obtido do cladodio
integral). Desta forma, a caracterizacdo desses ingredientes, assim como a investigacdo de
aplicacdes alimentares se torna importante, possibilitando a difusdo de potenciais usos dessa
planta para diversos ramos da industria de alimentos.

Esta tese esta estruturada na forma de capitulos. O Capitulo 1 trata da introducao
desta tese, assim como apresenta 0s objetos da mesma. O Capitulo 2 abrange uma revisao
bibliogréafica pertinente para 0 embasamento deste estudo. No Capitulo 3 sdo apresentados 0s
dois artigos técnico-cientificos que contemplam os trabalhos de pesquisa realizados no
periodo do doutorado, o primeiro artigo é relacionado a caracterizacdo da mucilagem extraida
dos cladddios do cacto Opuntia monacantha, e o segundo artigo trata da aplicacdo da
mucilagem e da farinha do cladédio em biscoitos tipo cracker sem glaten. O Capitulo 4 trata

das consideracdes finais desta tese, sendo dividida em discussdo geral e concluséo geral.
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2 OBJETIVOS

2.1 Objetivo geral

Obter a mucilagem e a farinha do cladddio do cacto nativo Opuntia monacantha,
investigar as propriedades tecnoldgicas dos ingredientes obtidos, e analisar o efeito da adicéo

desses ingredientes em biscoito tipo cracker sem gluten.

2.2 Objetivos especificos

- Extrair a mucilagem dos cladodios da Opuntia monacantha e avaliar o rendimento de
processo;

- Caracterizar a composicdo quimica (centesimal, minerais, monossacarideos),
propriedades fisico-quimicas e morfologia do p6 de mucilagem;

- Investigar o tamanho de particula e as propriedades funcionais (solubilidade,
propriedades emulsificantes, propriedades espumantes, propriedades de viscosidade) da
mucilagem em solugéo;

- Obter a farinha do cladddio do cacto;

- Caracterizar a composicdo centesimal, minerais, propriedades fisico-quimicas e
propriedades funcionais da farinha de cladddio;

- Elaborar biscoitos tipo cracker sem gluten utilizando como ingredientes a mucilagem
e a farinha do cladodio;

- Analisar a composicao centesimal e as propriedades fisicas dos biscoitos;

- Avaliar os compostos bioativos e a atividade antioxidante da mucilagem, da farinha
do cladodio e dos biscoitos;

- Verificar a aceitagé@o sensorial dos biscoitos desenvolvidos.
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3 REVISAO BIBLIOGRAFICA E FUNDAMENTACAO TEORICA

3.1 Hidrocoloides

O termo hidrocoloides se refere a um grupo heterogéneo de polimeros de cadeia longa
(polissacarideos e proteinas), caracterizados por suas propriedades de formar dispersdes
viscosas e/ou géis, quando adicionados em agua. A presenca de um grande nimero de
hidroxilas (-OH) aumenta acentuadamente sua afinidade por ligacdes com moléculas de agua,
0 que os torna compostos hidrofilicos. Além disso, quando em contato com a 4gua, produzem
uma dispersdo, que é um sistema intermediario entre uma solucdo verdadeira e uma
suspensdo, exibindo as propriedades de um coloide. Consequentemente, eles sdo
apropriadamente denominados “hidrocoloides” (SAHA; BHATTACHARYA, 2010).

Os hidrocoloides possuem a habilidade de modificar as propriedades reoldgicas e
funcionais dos produtos alimenticios, mesmo em pequenas quantidades (geralmente usados
em concentracdes menores que 1%). Muitos produtos como pées, molhos, xaropes, sorvetes,
alimentos instantaneos, bebidas e ketchup podem conter hidrocoloides em suas formulacdes
(KOOCHEKI et al., 2009; WILLIAMS; PHILLIPS, 2009). Os hidrocoloides comercialmente
importantes e suas origens sao apresentados na Tabela 1.

Tabela 1 — Fontes de hidrocoloides comercialmente importantes.

Arvores celulose
Gomas exsudadas de goma arabica, goma karaya, goma
arvores ghatti, goma tragacanto
Botanica Plantas amido, pectina, celulose
oma guar, goma alfarroba, goma
Sementes g g g . g
tara, goma tamarindo
Tubérculos konjac manana
Algas vermelhas agar, carragena
Algas 9 9 ) g
Algas marrons alginato
. : goma xantana, curdlana, dextrana,
Microbiana
goma gelana, celulose
. elatina, caseinato, proteina do soro
Animal g P

do leite, quitosana

Fonte: Williams e Phillips (2009).

Os hidrocoloides podem apresentar uma ampla gama de propriedades funcionais.
Dentre elas, podem-se citar as func¢des de espessante, gelificante, emulsificante, estabilizante,
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controle do crescimento de cristais de gelo e agUcar, embora as propriedades bésicas para as
quais os hidrocoloides encontram um uso extensivo sd0 como agentes espessantes e
gelificantes (SAHA; BHATTACHARYA, 2010). Também existem estudos que demonstram
0 uso dos hidrocoloides como substitutos de gordura, substitutos do glaten na formulacédo de
pdes sem gluten, e como fonte de fibras (LI; NIE, 2016; ROSELL; ROJAS; BARBER, 2001).

A capacidade de agir como espessante € uma caracteristica comum a todos os
hidrocoloides, entretanto, apenas alguns deles possuem a capacidade de formar géis sob certas
condicgdes. Os principais hidrocoloides utilizados como espessantes sdo a goma xantana, a
goma guar, a goma alfarroba (LBG), e as derivadas da celulose. Os hidrocoloides do tipo
gelificante sdo o alginato, a pectina, a carragena, a gelatina, a gelana e o agar (SAHA,;
BHATTACHARYA, 2010; WILLIAMS; PHILLIPS, 2009).

Na Tabela 2, encontram-se as propriedades e aplicacbes em alimentos de alguns
hidrocoloides que tém sido utilizados como agentes espessantes em VArios sistemas

alimenticios, de acordo com Saha e Bhattacharya (2010).

Tabela 2 — Hidrocoloides espessantes: suas caracteristicas e aplicacdes.

Hidrocoloide Propriedades Aplicacgdes
Sopa, caldo de carne,
Altamente pseudoplastica; mantém a ketchup, bebidas
Xantana viscosidade na presenca de eletrolitos, alta instantaneas, recheios,
temperatura e amplas faixas de pH sobremesas e
coberturas

Molho para salada,
caldo de carne, recheio
de frutas, ketchup
Molho para salada,

Alta viscosidade, mas é reduzida com a

Carboximetilcelulose (CMC) adicdo de eletrolitos e em baixos pH

Metil celulose (MC) e Aumenta a viscosidade com a
. . . : - massa de bolo,
Hidroxipropilmetilcelulose temperatura, mas independente do pH e bebidas. chantillv e
(HPMC) da presenga de eletrolito ’ y

sobremesas

Goma de baixa viscosidade;
pseudopléstica em baixas taxas de
Goma arabica cisalhamento (< 10 s*); comportamento
préximo ao newtoniano com taxa de
cisalhamento acima de 100 s*

Bebidas a base de suco
de frutas, refrigerante

Viscosidade alta em baixas taxas de
Galactomananas: goma guar,  cisalhamento; altamente pseudopléasticas,
goma alfarroba (LBG) e goma independente de eletrolitos, mas
tara degradam e perdem a viscosidade em pH
alto e baixo e em altas temperaturas

Fonte: Saha e Bhattacharya (2010).

Laticinios incluindo
sorvete, ketchup, suco
de frutas, po para
pudim, massa de bolo
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A selecdo do hidrocoloide adequado para cada sistema depende das fungdes
apresentadas pelo mesmo, das condi¢cbes de processamento (ex. temperatura, taxa de
cisalhamento, concentracdo, pH) e das propriedades desejaveis no alimento. Além disso, o
preco e a disponibilidade sdo importantes (FARAHNAKY et al., 2013; LI; NIE, 2016).

O mercado mundial de hidrocoloides utilizados pela industria de alimentos é da ordem
de US$ 4 bilhGes por ano. O amido e os derivados de amido s&o de longe os mais abundantes,
representando cerca de 70% do valor total de mercado, seguido pela gelatina (12%), pectina
(5%), carragena (5%) e goma xantana (4%). A goma alfarroba, a goma guar, os alginatos e as
gomas derivadas de celulose sdo responsaveis pela maior parte do restante. Os niveis de uso
sdo ditados pelo custo e facilidade de fornecimento. Os amidos sd0 0s espessantes mais
frequentemente usados devido ao seu baixo custo. No entanto, a goma xantana apesar de
apresentar custo mais elevado do que o amido e alguns outros hidrocoloides, tem se tornando
0 espessante da escolha em muitas aplicagdes devido as suas propriedades reoldgicas Unicas
(LI; NIE, 20186).

A demanda por hidrocoloides com funcionalidade especifica aumenta a cada ano.
Assim, cientistas e profissionais da area de alimentos estdo sempre a procura de novas fontes
de polissacarideos (KOOCHEKI et al., 2009; VARDHANABHUTI; IKEDA, 2006;
WILLIAMS; PHILLIPS, 2009). Consequentemente, ainda é interessante a busca por novas
fontes de hidrocoloides de plantas para atender a esta demanda.

Para o setor de aditivos alimentares, o Brasil € um grande importador de
hidrocoloides, em funcdo do grande uso destes produtos pela industria e da sua baixa
producdo. Este problema, no entanto, pode ser amenizado a partir de pesquisas de fontes
alternativas para obtencédo desses ingredientes, atendendo assim as necessidades do setor (DA
CUNHA; DE PAULA; FEITOSA, 2009; LIMA-JUNIOR et al., 2013; MERCE et al., 2001).

3.2 Cactaceas

A familia Cactaceae possui aproximadamente 100 géneros e 2000 espécies. Estima-se
que de 12 a 15 géneros, e 50 a 80 espécies, possuem aptiddes agricolas, sendo que os frutos
das cactaceas sdo os principais produtos para a agricultura, pois a maioria dos cactos produz
frutos comestiveis (KIESLING, 2001).

No Brasil existe uma grande diversidade de géneros, espécies e variedades de cactos,
ocorrendo aproximadamente 40 géneros e 200 espécies (TAYLOR; ZAPPI, 2004). No Rio

Grande do Sul, a familia Cactaceae pode ser encontrada principalmente associada as
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formagdes vegetais ou em afloramentos rochosos (BRUXEL; JASPER, 2005).

Os cactos sdo plantas perenes, geralmente suculentas e altamente especializadas.
Apresentam habito arboreo, arbustivo, epifitico ou gedfito; possuem caule colunar, cilindrico,
globoso, tuberculado, com costelas, alado ou achatado, frequentemente segmentado,
geralmente sem folhas e com espinhos, esverdeado e com fungéo fotossintetizante; as flores
sdo vistosas, isoladas e raramente agrupadas; os frutos, carnosos ou secos, possuem sementes
numerosas e endosperma ausente ou presente (BARTHLOTT; HUNT, 1993).

Segundo Barthlott e Hunt (1993), a familia Cactaceae esta dividida em trés
subfamilias:

- Opuntioideae: apresenta espécies tipo arvore ou arbusto, com folhas; h& hastes e
folhas suculentas e aréolas axilares com espinhos; divididas em cinco géneros;

- Pereskioideae: apresentam hastes ndo suculentas, folhas grandes, aréolas axilares
com espinhos; representada pelos géneros Pereskia e Maihuenia;

- Cactoideae: geralmente arvores sem folhas ou com vestigios de folhas; possuem
hastes suculentas com aréolas bem desenvolvidas; é a subfamilia mais numerosa com 91
géneros.

As cactaceas desenvolveram adaptacfes para viverem em ambientes com pouca
disponibilidade de agua. Uma das adaptacGes para diminuir a perda da agua através da
transpiracdo é a reducdo da area foliar. Muitas perderam totalmente as folhas, transpiram e
realizam fotossintese pelos cladodios que sdo caules modificados. A principal adaptacao
fisiolégica é o metabolismo da fotossintese, a via CAM (Metabolismo Acido das
Crassulaceas), que permite a estas plantas fixar o CO. durante a noite, quando as taxas de
evaporagdo sdo mais lentas, reduzindo assim a perda de &gua durante a fotossintese
(CARNEIRO et al., 2016). Além disso, a habilidade das cactaceas de reter agua sob condicoes
climéticas desfavoraveis tem sido relacionada & presenca de células mucilaginosas nos
cladddios e nos frutos (SAENZ; SEPULVEDA; MATSUHIRO, 2004).

3.2.1 Opuntia ssp.

O género Opuntia, o mais expressivo da familia Cactaceae, é nativo das Américas do
Sul e Central. No inicio do século XX, foram introduzidas na Austrélia e nos Estados Unidos
da América, com fins ornamentais e agronémicos (LENZI; SOARES; ORTH, 2006). Os
principais paises em que podem ser encontradas sdo: México, Argentina, Peru, Bolivia, Brasil,
Estados Unidos, Espanha, Italia, Africa, Israel e Africa do Sul (SAENZ; SEPULVEDA;
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MATSUHIRO, 2004).

A planta Opuntia inclui aproximadamente 300 a 400 espécies e grande ndmero de
variedades, largamente distribuidas na América, sendo o México o pais com maior
abundancia de espécies, podendo ser considerado o centro da origem e da diversidade deste
género. No Brasil, 0 género Opuntia é representado por mais de 150 espécies e os individuos
deste grupo sdo comumente conhecidos como “Opuntias” ou palmas-forrageiras (LENZI,
ORTH, 2012).

O “nopal cactus” ou cacto nopal (Opuntia ssp.) é a cultura mais cultivada de cacto
comestivel no mundo, sendo a espécie O. ficus-indica a mais importante economicamente. Os
frutos desses cactos sdo chamados de “prickly pear” ou pera espinhosa. Do género Opuntia
apenas 10 ou 12 espécies estdo, até entdo, entre as utilizadas pelo homem, sendo como
espécies cultivadas a O. ficus-indica, a O. amyclaea, a O. xoconostle, a O. megacantha e a O.
streptacantha, e como espécies silvestres a O. hyptiacantha, a O. leucotricha e a O. robusta
(VILLASENOR, 2008).

As caracteristicas de tais espécies sdo variaveis e diferenciam-se na forma dos
cladddios, na presenca ou auséncia de espinhos, no tamanho e na cor dos frutos, entre outras.
As Opuntia ssp. possuem duas partes comestiveis (Figura 1). A primeira parte é representada
por uma haste carnuda (Figura 1c), também conhecida como cladddio, caule ou talo de cacto,
“nopalito” (claddédio jovem) ou folha de cacto. A segunda parte comestivel sdo os frutos
(Figura 1b), os quais séo bagas carnudas, com variagdes na forma, tamanho e cor, possuem
casca grossa, polpa de sabor delicado e suculenta, com numero consistente de sementes (EL-
SAMARHY et al., 2006).

Figura 1 — Planta do cacto nopal (Opuntia streptacantha) evidenciado suas partes comestiveis.

Legenda: Partes comestiveis: a) planta, b) frutos, ¢) cladodios.
Fonte: Romano (2013).
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Villasefior (2008) relata o uso das Opuntia ssp., de nome popular “nopal”, para varias
finalidades. Sendo utilizada como fruta, hortalica, forragem (planta forrageira na alimentacéo
animal), planta medicinal, substrato para a produc¢éo do corante carmim de cochonilha (acido
carminico), matéria-prima para producdo de cosméticos e bebidas alcodlicas. Em muitos
paises, se utiliza o “nopal” para proteger o solo da erosdo hidrica e eélica para evitar a
desertificacdo. Segundo Sepulveda et al. (2007), como resultado do uso potencial do “nopal”
em varios produtos no mercado mundial, tais como suco de frutas, iogurtes, etc., o interesse
econémico no género Opuntia aumentou consideravelmente, assim como a area cultivada. O
interesse no género é devido ao importante papel que desempenha em zonas aridas e semi-
aridas, com sucesso dos sistemas sustentaveis de agricultura (SEPULVEDA et al., 2007). Por
todas as caracteristicas e fungdes mencionadas a FAO (Food and Agriculture Organization)
reconhece a importancia das cactdceas como recurso natural e fonte potencial de renda,
emprego e nutrientes, especialmente em paises em desenvolvimento, através da exploragdo
econdmica das varias espécies, com consequéncias excelentes para o meio ambiente e para
seguranca alimentar (VILLASENOR, 2008).

3.2.2 Usos medicinais e terapéuticos

H& uma extensa variedade de doencas que a medicina popular, clama (principalmente
no México) serem combatidas e curadas com os cladédios e os frutos dos cactos, ou outras
partes da planta ou de suas flores. Algumas destas aplicacfes ndo apresentam base cientifica,
em contrapartida, alguns estudos demonstraram efeitos em casos de diabetes mellitus,
hiperlipidemia (excesso de lipidios no sangue) e obesidade (FEUGANG et al., 2006; SAENZ,
2000; SAENZ; SEPULVEDA; MATSUHIRO, 2004; STINTZING; CARLE, 2005).

Frati, Jiménez e Ariza (1990) estudaram o efeito hipoglicémico dos cladddios de O.
ficus-indica, e observaram que a glicemia diminuiu em todos os pacientes testados apds a
ingestdo de O. ficus-indica, e atingiu niveis estatisticamente significativos ap6s 120 e 180
min. Contudo, em outro experimento, Frati-Munari, Lastra e Andraca (1992) avaliaram o
papel de capsulas comerciais de cladddios secos no tratamento da diabetes mellitus. A
experiéncia envolveu uma dosagem de 30 capsulas, cada uma contendo 335 mg de cladddios
secos, para individuos diabéticos; um teste controle também foi realizado com 30 capsulas de
placebo. Concluiu-se que as capsulas de “nopal” ndo mostraram efeito hipoglicémico e nao
influenciaram no teste de tolerancia a glicose. Em pacientes diabéticos os niveis de glicose

sérica, colesterol e triglicerideos ndo se alteraram com a Opuntia, mas aumentaram com 0
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placebo. Em individuos saudaveis a glicemia ndo se alterou com o “nopal”, enquanto que o
colesterol e os triglicerideos diminuiram.

Ramirez e Aguilar (1995) apresentaram uma revisdo das evidéncias do efeito da
Opuntia sobre a reducdo da glicose sérica; com acesso a oito diferentes estudos eles
concluiram que esta meta-anélise sugere que a Opuntia teve um forte efeito de reducdo da
glicose. Entretanto, eles indicaram, que embora excelentes, ainda séo resultados preliminares.
Trejo-Gonzalez et al. (1996) avaliaram a atividade hipoglicémica de um extrato purificado do
cacto (Opuntia fuliginosa) em ratos diabéticos induzidos por STZ (estreptozotocina). Eles
concluiram que, embora 0 mecanismo de acao seja desconhecido, a magnitude de controle da
glicose pela pequena quantidade requerida de extrato de Opuntia (1 mg/kg de peso corporal
por dia) indicou o papel predominante da fibra dietética na atividade hipoglicémica.

O efeito dos cladodios sobre o metabolismo das lipoproteinas de baixa densidade foi
estudado por Fernandez, Trejo, Mcnamara (1990), sugerindo que o extrato da planta agiu de
maneira semelhante a de outros compostos usados para diminuir os niveis de colesterol.

Cérdenas, Serna e Velasco (1998) estudaram o efeito da ingestdo de cladodios crus e
cozidos (O. ficus-indica) no perfil de colesterol total, lipoproteinas e glicose no sangue de
ratos. Eles testaram o efeito de duas concentracdes diferentes (6% e 12%) e de duas
apresentacdes (cru e cozido) de “nopal”. O cozimento afetou ligeiramente alguns dos
nutrientes analisados. Ratos alimentados com 12% de “nopal” tiveram menor ganho de peso
quando comparados com o0s seus homodlogos alimentados de 6% de “nopal” ou ao grupo
controle. O consumo de “nopal” ndo afetou os niveis de glicose, colesterol total e HDL-
colesterol. No entanto, os ratos alimentados com “nopal” cru na concentragéo de 12% tiveram
uma reducdo de 34% nos niveis de LDL-colesterol; assim, o “nopal” cru teve um efeito
potencialmente benéfico para os individuos com hipercolesterolemia.

Ao avaliarem o conteudo nutricional dos cladddios da O. ficus-indica, Hernadndez-
Urbiola, Pérez-Torrero e Rodriguez-Garcia (2011) evidenciaram os beneficios associados ao
teor de fibras, os quais foram elevados nos cladddios, especialmente para a prevencdo de
doencas como a diabetes, tratamento de distlrbios gastrointestinais, redugdo nos niveis de
glicose no sangue, além dos efeitos anti-hiperlipidémico e anti-hipercolesterolémico. A
presenca de calcio também foi relatada, sendo que quantidades maiores foram encontradas em
cladodios mais velhos. Este resultado indica que o “nopal” tem potencial na prevencéo e
tratamento de doengas como a osteoporose.

Vaérios autores encontraram outros efeitos fisioldgicos que sugerem novos produtos

farmacéuticos a base de extratos dos cladodios e da casca dos frutos. Este é o caso dos
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trabalhos realizados por Galati et al. (2001; 2002a) sobre a agdo protetora da mucosa gastrica,
através da qual se poderia prevenir Glceras gastricas. Vazquez-Ramirez, Olguin-Martinez e
Herndndez-Mufoz (2006) indicaram que a mucilagem do cacto acelerou a restauracdo da
mucosa gastrica em ratos induzidos com gastrite alcoolica. Em outro estudo, indicou-se que o
extrato de O. ficus-indica poderia reduzir os sintomas associados aos efeitos da ingestéo de
alcool (hangover), diminuindo a resposta inflamatdria dos estimulos estressantes causados
pelo alcool (WIESE et al., 2004). O estudo de Galati et al. (2002b) indicou que o cacto O.
ficus-indica possui atividade diurética e por isso ajudaria a controlar o peso e a hipertensao.

A atividade anti-inflamatdria de extratos da fruta e dos cladodios também foi estudada
por Loro, del Rio e Pérez-Santana (1999), Park et al. (2001) e mais recentemente por Panico
et al. (2007). Os ultimos autores indicaram que o extrato dos cladodios de “nopal” teve um
efeito protetor maior sobre alteracfes da cartilagem do que o acido hialurénico, comumente
empregado em tratamentos para lesdes nas articulagdes.

A atividade antioxidante dos cladddios de O. ficus-indica foi avaliada por Lee et al.
(2002). Ahmad et al. (1996) estudou as propriedades antivirais de um extrato de O.
streptacanha. Kim et al. (2006) sugeriram que o extrato metandlico da fruta O. ficus-indica
ajudou a aliviar a lesdo neuronal excitotoxica causada por uma isquemia global. Trombetta et
al. (2006) e Park e Chum (2001) avaliaram os efeitos da mucilagem do cladddio para alivio da
pele irritada. Descobriu-se que a aplicagé@o cutanea desta induziu a reparacgdo do tecido lesado,
acelerando a fase de re-epitelizacdo. Outro beneficio encontrado nos cactos é que seus
extratos podem proteger o figado contra danos causados pela ingestdo de inseticidas
organofosforados, e por sua vez, diminuem a toxicidade destes produtos quimicos (NCIBI et
al., 2008).

Todos esses estudos abrem novos horizontes para o género Opuntia em uma area que é

de especial interesse, a salide humana.

3.3 Opuntia monacantha: a espécie em estudo

A Opuntia monacantha (Willdenow) Haworth pertencente a familia Cactaceae,
subfamilia Opuntioideae, é popularmente conhecida por urumbeba, monducuru ou palmatéria.
E uma planta frutifera ndo cultivada, porém relativamente comum na natureza, nativa na costa
litorAnea do Brasil, principalmente em restingas abertas. Essa cacticea, também pode ser
encontrada na literatura por Cactus urumbeba Vell., Opuntia urumbeba (Vell.) Steud. ou

Opuntia arechavaletae Speg. (LORENZI et al., 2006). No pais, a espécie esta distribuida nos
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estados da Bahia, Sergipe, Espirito Santo, Minas Gerais, Rio de Janeiro, Sdo Paulo, Parana,
Rio Grande do Sul e Santa Catarina. Além do Brasil, a cactdcea também pode ser encontrada
de forma nativa na Argentina, Paraguai e Uruguai (GONZAGA et al., 2014). A espécie foi
introduzida e naturalizada na Australia, China, Cuba, Himalaia, india e Africa do Sul
(VALENTE et al., 2010).

Lorenzi et al. (2006) definem a planta como sendo um subarbusto suculento, ereto ou
decumbente, de 1-3 m de altura. O tronco principal € muito curto e achatado, com cladédios
grossos (Figura 2a) e com segmentos de 10-20 cm de comprimento, com auréolas espacgadas
de 2-4 cm, portando cada uma 1-2 espinhos pungentes de 1-5 cm. As flores séo solitérias,
diurnas, androginas e dispostas no apice do segmento terminal, formadas na primavera. Os
frutos (Figura 2b) sdo do tipo baga, alongados, contendo polpa suculenta globosa de cor verde
no apice e placenta amarelada na base.

De acordo com Kinupp (2007), como fruta, aproveita-se apenas a regido apical dos
frutos. A polpa do fruto é verde-escura (Figura 2b) e seu sabor agridoce é muito agradavel
(similar ao kiwi) tanto na coloracdo, quanto no sabor. Esta polpa pode ser consumida no

estado natural, ou utilizada para o preparo de sucos, geléias, licores, sorvetes e molhos.

Figura 2 — Opuntia monacantha (Willd.) Haw.

@
»

Legenda: a) cladédios com grande carga de frutos maduros, b) frutos maduros
evidenciando a por¢do comestivel como fruta.
Fonte: (a) Chaves (2012); (b) Lorenzi et al. (2006).

A casca dos frutos (epicarpo) maduros é de um vermelho-rosado intenso,
possivelmente pela presenca do pigmento betalaina, comum nas familias da ordem
Caryophyllales. Este pigmento tem importancia nutricional e nutracéutica e merece estudos
para seu isolamento e purificagdo para posterior aplicagdo na industria alimenticia.

Os peddnculos dos frutos podem ser consumidos cozidos ou utilizados para engrossar
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geléias e outros doces. Os frutos sdo recobertos com gloquidios extremamente irritantes
quando inadvertidamente entram em contato com o corpo. Para a colheita e manejo é
necessario o uso de luvas grossas. Para aproveitamento doméstico, os frutos podem ser
colocados em agua fervente por alguns minutos e assim os gloquidios tornam-se macios,
soltam-se e perdem a capacidade de penetrar na pele. Os cladddios (articulos), também
chamados genericamente de “nopal” ou “nopalitos” conforme j& mencionado, sdo utilizados
como hortalica em alguns paises e podem ser consumidos cozidos ou transformados em paes,
bolos, sucos verdes, e utilizados como espessantes em geléias (KINUPP, 2007).

A espécie O. monacantha, juntamente com outras trés espécies nativas do Rio Grande
do Sul (O. elata, O. megapotamica, O. viridirubra), foi considerada promissora dentro do
programa “Plantas do Futuro” de execucdo do Ministério do Meio Ambiente (KINUPP;
LISBOA; BARROS, 2011), devido ao potencial como frutifera e como hortalica. Esse
programa visa encontrar novas opgdes de cultivo para o pequeno produtor, assim como
fomentar oportunidades de investimento pelo setor empresarial. Por se tratar de uma espécie
nativa, a O. monacantha apresenta potencial extrativista, de domesticacdo e cultivo em escala,
como ja ocorreu com outras espécies de plantas, por exemplo, a O. ficus-indica, tendo como
principal vantagem, a ocorréncia natural em regides onde as demais atividades agricolas séo
dificultadas devido ao solo raso, pedregoso e com escassez de agua.

Outro uso potencial promissor desta espécie de Opuntia é para a criagdo de
cochonilhas para extracdo de corantes naturais, como o vermelho-carmim, utilizado sobretudo
para fins alimenticios (industrias de iogurtes, bebidas alcodlicas, etc.), além de corante para
tecidos. Isto j& é comercialmente feito com a O. ficus-indica e a Nopalea cochenillifera (L.)
Lyons. Espécies de cochonilhas produtoras de corantes crescem espontaneamente nos
cladddios de Opuntia nativas, especialmente sobre a O. monacantha, com formagdo de
coldnias esbranquicadas, sendo necessario apenas selecdo e manejo adequados (KINUPP;
LISBOA; BARROS, 2011).

De acordo com Kinupp, Lisbda e Barros (2011), diferentemente das outras trés
espécies de Opuntia, as quais apresentam uma distribui¢cdo mais restrita no Rio Grande do Sul
(a O. elata predominantemente no sudoeste gaucho, a O. megapotamica predominantemente
na Serra do sudeste do RS (Cacapava do Sul, Santana da Boa Vista e Bagé), e a O. viridirubra
encontrada nas Guaritas (Cacapava do Sul) e regido pampiana), a O. monacantha apresenta
uma distribuicdo mais ampla, incluindo toda a regido costeira, Serra do Sudeste e também os
morros graniticos da regido de Porto Alegre. O género Opuntia no sul do Brasil mostra-se

como um importante recurso genético a ser melhor pesquisado, sobretudo porque pode ser
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cultivado e/ou manejado em &reas negligenciadas pela agricultura contemporanea, como solos
arenosos e rochosos.

N&o existem muitos dados cientificos publicados para a O. monacantha. Alguns
poucos estudos avaliaram a composicao centesimal e fisico-quimica dos cladodios e dos
frutos da espécie, ou ainda investigaram algumas propriedades terapéuticas deste cacto.

Kinupp e Barros (2008) analisaram os cladodios em relacdo ao teor proteico e mineral,
e encontraram um valor de 3,91% de proteina (base seca) e valores elevados de magnésio,
zinco e boro. Valente et al. (2010) avaliaram o teor de nutrientes dos cladddios da O.
monacantha e encontraram 91,1% de umidade, 15% de cinzas (base seca), 18,5% de fibra
bruta (base seca), 5,4% de proteina (base seca) e 1,4% de lipideos (base seca), valores esses,
similares aos encontrados em outras Opuntia ssp. Os pesquisadores também isolaram
kaempferol e isorhamnetina nos extratos metandlicos dos cladddios, os quais devem ter
contribuicdo na atividade antioxidante in vitro apresentada pela O. monacantha. Zhao et al.
(2007) ao avaliarem os extratos aquosos dos cladédios em relacdo a composicéo
polissacaridica, encontraram principalmente ramnose e glicose e uma menor proporcao de
arabinose e manose, e também determinaram a presenca de acido glicurdnico.

Em relacdo as propriedades terapéuticas, alguns estudos demonstraram que o
polissacarideo extraido dos cladddios da planta apresentou moderada atividade anti-tumor
(VALENTE et al., 2007), e significativos efeitos anti-diabetes (YANG et al., 2008) e anti-
glicacdo (ZHAO et al., 2007).

Oliveira et al. (1992) avaliaram as caracteristicas fisico-quimicas da polpa do fruto de
O. monacantha e encontraram pH de 5,3, sdlidos soluveis de 12 °Brix, acidez total titulavel
de 0,20%, acucares redutores de 7,9%, cinzas de 0,28% e umidade de 95,23%. De Bona
(2014) avaliou a composicdo nutricional, compostos bioativos e atividade antioxidante da
polpa dos frutos da O. monacantha, e encontrou que a qualidade nutricional do fruto é
promissora, especialmente em comparag¢do com outras espécies do mesmo género Opuntia. A
polpa do fruto da O. monacantha se destacou em relagéo aos niveis de carotenoides (luteina e

B—caroteno), flavonoides (luteolina), compostos fenolicos totais e clorofila total.

3.4 O cacto como alimento e/ou fonte de ingredientes

3.4.1 Cladddios

Os “nopalitos” tém sido utilizados como vegetal fresco, tradicional na dieta mexicana
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durante séculos, e sdo ingredientes em uma diversidade de pratos, incluindo molhos, saladas,
sopas, refogados, lanches, bebidas e sobremesas (RODRIGUEZ-FELIX, 2002; SAENZ,
2000). A producéo no México € em torno de 600 milhdes de toneladas de peso fresco por ano
e, embora 0s mexicanos sejam 0s principais consumidores, atualmente eles também sdo um
vegetal tradicional em algumas areas dos Estados Unidos e sdo exportados do México para a
Europa e Asia como um produto gourmet (vendido em salmoura ou conserva) (PEREZ-
CACHO et al., 2006).

O conteudo de nutrientes dos cladddios pode variar conforme a sua idade, por
exemplo, a fibra bruta (apenas uma porcao da fibra dietética total) aumenta com a idade do
cladddio, atingindo 17,5% (base seca) (PIMIENTA, 1990). A composicao centesimal média
dos cladddios foi reportada na revisdo de Stintzing e Carle (2005), conforme demonstrado na
Tabela 3.

Tabela 3 — Composicdo centesimal média dos cladddios de Opuntia ssp. (sem espinhos).

Em base de matéria Em base de matéria

seca (g/1009) Umida (g/100g)
Agua - 88-95
Carboidratos 64-71 3-7
Cinzas 19-23 1-2
Fibra bruta 18 1-2
Proteinas 4-10 0,5-1
Lipideos 1-4 0,2

Fonte: Stintzing e Carle (2005).

Rodriguez-Felix e Cantwell (1988) relataram que a composi¢éo quimica dos cladodios
jovens (“nopalitos™) ¢ de alta proporcéo de &gua (cerca de 91%), 12% de proteina (base seca),
2,7% de lipideos (base seca), 14,3% de cinzas (base seca), 12,9% de fibra bruta (base seca),
58,1% de carboidratos totais (base seca); apresentam tambem vitamina C (9,8 mg/100 g base
fresca) e carotenoides (29,8 ng/100 g base fresca). Saenz (2006) indica que se pode comparar
o valor nutricional dos “nopalitos” frescos com a alface ou o espinafre, com a vantagem de
que eles podem ser produzidos de forma réapida e abundante por plantas expostas a altas
temperaturas e com pouca agua, condicdes geralmente desfavoraveis para a producdo de
vegetais folhosos.

Segundo Flores (2001), para que possam ser utilizados como verdura na alimentacao
humana as “raquetes” ou brotos de palma devem ser colhidos 30 a 60 dias apds a brotacao,

com 80 a 120 gramas e 15 a 20 cm de comprimento. Guedes et al. (2004) fornecem



31

equivaléncia do peso do cladodio em relacdo ao tamanho: pequeno = 40-60 g; médio = 90-
110 g e grande = 150-200 g. Segundos 0s mesmos autores, o claddédio ideal para uso em
preparacdes culinarias deve apresentar caracteristicas como: tamanho semelhante a palma da
méo de uma pessoa adulta, cor verde brilhante, sem espinhos e encontrar-se facilmente
quebravel quando dobrado, o que significa estar fresco para o uso. Devido ao tipo de
metabolismo, baseado no &cido crassulaceo, o cacto apresenta diferentes teores de acidez
durante o dia. Isto deve ser levado em consideracdo no momento da colheita, ja que deverdo
ser conjugados os efeitos da acidez nos processos de conservacdo e aceitacdo do produto
pelos consumidores (VALDEZ-CEPEDA et al., 2008).

A espessura dos cladddios (de aproximadamente 2-3 cm) depende tanto da idade da
planta quanto da quantidade de agua e nutrientes recebidos durante o crescimento. A
epiderme apresenta duas camadas, uma de células verdes, o clorénquima (camada externa), e
a outra (camada interna), que é formada por um cilindro de células brancas, denominado
parénquima. Sua principal funcdo é o armazenamento de &gua. Dentro desses tecidos, no
clorénquima e parénquima, hd células mucilaginosas que armazenam mucilagem. Essas
células especiais sdo mais abundantes no parénquima. Esta mucilagem complexa apresenta a
propriedade osmatica de reter agua fortemente (SEPULVEDA et al., 2007).

Stintzing e Carle (2005) destacam que os cladddios, além de vitamina C e B—caroteno,
contém vitaminas do complexo B (tiamina, riboflavina e niacina) e compostos fenolicos, tais
como flavonoides (quercetina, kaempferol, isorhamnetina) e acidos fendlicos.
Adicionalmente, sdo fonte de minerais, dentre eles potassio, célcio, magnésio e ferro.
Também apresentam uma importante quantidade de fibras, como a celulose (11%),
hemicelulose (8%) e lignina (3,9%), assim como grande quantidade de pectinas e mucilagens.
Os primeiros trés componentes formam a fracdo insoltvel da fibra dietética. A mucilagem ou
“baba” corresponde a fracdo sollvel em &gua, e a sua composicdo & de principalmente
acucares simples: arabinose (42%), xilose (22%), galactose (21%), &cido galacturdnico (8%) e
ramnose (7%).

No estudo dos cladddios da O. ficus-indica de Jaramillo et al. (2003) os carotenoides
luteina, B-caroteno e a-criptoxantina foram identificados e quantificados, sendo que a luteina
foi encontrada em maior concentracdo (representou 44%), seguido do B-caroteno (36%) e da
a-criptoxantina (20%), contabilizando 229 pg/g em base seca (carotenoides totais); a
atividade antioxidante apresentada pelos extratos dos cladddios foi correlacionada com o
conteddo de carotenoides. O teor de compostos fendlicos totais foi de 1,59 mg/g, e segundo 0s

autores teve menor contribuicdo na atividade antioxidante apresentada pela amostra.
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Do ponto de vista industrial, os cladddios podem ser utilizados de diferentes formas,
dependendo do estagio de desenvolvimento: quando sdo jovens, brotos tenros (10-15 cm) se
usam para producao de “nopalitos”, e quando estdo parcialmente lignificados (cladodios de 2-
3 anos) sdo aproveitados para a producdo de farinha (conforme Figura 3) e outros produtos
(VALDEZ-CEPEDA et al., 2008).

Figura 3 — Cladddios de O. ficus-indica (aproximadamente 36 meses de desenvolvimento)
utilizados para producdo de farinha.

Legenda: a) cladodios; e b) farinhas de diferentes granulometrias.
Fonte: Gusméo (2011).

A farinha obtida dos cladddios do “nopal” tem sido investigada em relacdo as suas
propriedades, assim como testada em diferentes alimentos, devido ao seu elevado teor de fibra
dietética. Essa farinha poderia substituir outras fontes de fibras vegetais (SAENZ, 1997;
SAENZ, 2000).

Sepulveda, Saenz e Moreno (1995) obtiveram um concentrado com alto teor de fibra
natural da O. ficus-indica, a qual foi denominada de “farinha de nopal”. Os cladodios (de 2 a
3 anos de idade) utilizados, foram considerados matérias-primas muito baratas, ja que foram
procedentes da poda da planta destinada a producao comercial de frutas.

Séenz et al. (1997) relatou o efeito da concentracdo da farinha (2,5, 5,0, e 7,0%),
temperatura e pH sobre a viscosidade das suspensdes de “farinha nopal”. Estas caracteristicas
sdo importantes de serem conhecidas, pois outros ingredientes podem alterar o pH, podendo
influenciar na qualidade do alimento quando consumido. Da mesma forma, diferentes
condicGes de preparacdo e temperaturas de processamento necessario para outros co-produtos,
podem afetar profundamente os produtos a base de “farinha de nopal”. Esta “farinha de
nopal” obtida teve 43% de fibra dietética total, sendo 28,5% de fibra dietética insollvel e

14,5% de fibra dietética soluvel; a umidade foi de 7,1% e a atividade de agua (aw) de 0,53,
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fatores esses que podem ser ajustados conforme as condic¢des de secagem empregadas.

A farinha do cladddio j& foi utilizada como fonte de fibras na elaboracéo de alimentos
processados, tais como: bolo, cookies e sobremesa (AYADI et al., 2009; KIM et al., 2012;
SAENZ et al., 2002a, 2002b). Contudo, Saenz (2002) alerta que o percentual de incorporacio
da farinha de cladodio é limitado pelo seu efeito nas caracteristicas sensoriais; qualquer
adicdo acima de 20% afeta a textura e interfere na aceitacdo dos produtos, fazendo com que o

painel sensorial rejeite as amostras.

3.4.2 Mucilagem

A mucilagem faz parte da fracdo polissacaridica das plantas, € um produto normal do
seu metabolismo e se forma em células especiais dentro dos tecidos, sendo produzida sem
haver prejuizo para a planta. S&o regularmente removidas com &gua quente ou fria, e séo
insoltveis em alcool. Sdo também substancias amorfas e transllcidas, polimérica formada por
misturas de monossacarideos combinados com é&cidos urénicos. As mucilagens sao
encontradas em diferentes partes das plantas, por exemplo, em células epidérmicas de folhas
(Pereskia aculeata Miller), na casca das sementes (linhaga, chia, psyllium), raizes (inhame),
lamela média (Aloe vera), cladddios dos cactos (Opuntia spp.) (JANI et al., 2009;
PRAJAPATI et al., 2013).

Além de seu uso como fruta ou vegetal, os cactos Opuntia spp. sdo considerados fonte
potencial de polissacarideos (mucilagem) que poderiam ser utilizados como hidrocoloide pela
indstria de alimentos (MEDINA-TORRES et al., 2000; SAENZ; SEPULVEDA;
MATSUHIRO, 2004; SEPULVEDA et al., 2007). E bem sabido, que quando os frutos ou
cladddios sdo manipulados e cortados, é secretado um fluido (“baba™) caracteristico. O
principal constituinte deste fluido secretado é o polissacarideo mucilagem (CARDENAS:;
HIGUERA-CIAPARA; GOYCOOLEA, 1997). Esta mucilagem esta distribuida tanto nos
cladodios, como na pele (casca) e polpa do fruto, ainda que em diversas proporcoes
(VILLASENOR, 2008).

A mucilagem desempenha um papel muito importante na fisiologia da planta,
principalmente ao considerar que espécies de Opuntia crescem sob condicbes de estresse
hidrico (NOBEL; CAVELIER; ANDRADE, 1992). O teor de mucilagem encontrado nos
cladodios do cacto pode ser influenciado por alguns aspectos de manejo da cultura. A
temperatura pode influenciar o contetdo de mucilagem, assim como a irrigacdo e a chuva
(SAENZ; SEPULVEDA; MATSUHIRO, 2004). Estes fatores sdo importantes quando se
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considera os cladodios como fonte de mucilagem (SAENZ, 2000). Segundo Sepulveda e
colaboradores (2007) a utilizagdo mais eficiente desta planta seria favorecida por um maior
uso dos cladddios, a partir do processo de poda, para extracdo de hidrocoloide (mucilagem).
Este componente poderia, entdo, ser utilizado como agente espessante em alimentos.

Variados métodos de extracdo e purificacdo da mucilagem foram reportados na
literatura. A maioria dos estudos primeiramente homogeneizou os cladddios em agua, e apos,
utilizou etanol para precipitacio da mucilagem (CARDENAS; GOYCOOLEA, 1997;
CARDENAS; HIGUERA-CIAPARA; GOYCOOLEA, 1997; MINDT et al., 1975;
PAULSEN; LUND, 1979; SAENZ et al., 1992; SRIVASTAVA; PANDE, 1974
TRATCHTENBERG; MAYER, 1981). Nobel, Cavelier e Andrade (1992) mudou o solvente
de precipitacdo para 2-propanol, conforme proposto por Goldstein e Nobel (1991). O
resultado obtido pareceu indicar que pelo menos 93% do precipitado seria mucilagem.
Medina-Torres et al. (2000) modificou o procedimento de extracdo citado por McGarvie e
Parolis (1979); os autores maceraram a polpa dos cladddios, depois centrifugaram,
decantaram e precipitaram em acetona. O precipitado foi lavado com alcool isopropilico, e
por fim seco.

Majdoub et al. (2001) utilizaram éter de petréleo para desengordurar os cladddios, e
apos estes foram macerados com agua deonizada e em seguida filtrados sob sistema de vacuo.
O filtrado foi liofilizado ou purificado por ultrafiltragéo, a fim de eliminar sais e outros
compostos de baixo peso molecular. Os autores fizeram uma abordagem interessante em
relacdo a presenca de proteinas no primeiro produto obtido. Neste material ndo purificado (ou
parcialmente purificado) devido a presenca de proteinas, existe um potencial de propriedades
emulsificantes/estabilizantes. Os autores ndo determinaram o rendimento dos produtos.

Como ainda ndo existe uma padronizacdo do processo de extracdo da mucilagem,
visto que diferentes autores tém reportado diferentes métodos de extracdo, conforme ja
mencionado, isso acaba influenciando nos resultados de rendimento e composi¢do quimica da
mucilagem (SEPULVEDA et al., 2007; VILLASENOR, 2008).

O rendimento de mucilagem (seca/pd) relatado por Cardenas, Higuera-Ciapara e
Goycoolea (1997) foi de 0,07% (base umida), ja Séaenz e Sepulveda (1993) encontraram um
rendimento préximo a 1,2% (base Umida) na extracdo de mucilagem dos cladodios. Saenz et
al. (1992) encontraram um rendimento de 1,0% (base Umida) na extracdo da casca dos frutos
do cacto. Goldstein, Andrade e Nobel (1991) relataram que a mucilagem constitui uma fragdo
importante (9-19%) dos cladodios (em base seca) da O. ficus-indica. Srivastava e Pande

(1974) obtiveram dos cladddios de O. dillenii um rendimento de 0,5% (base Umida).
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Séenz e Montoya (1999) relataram que 0os componentes da mucilagem sdo de grande
interesse com relacdo a nutricdo humana, pois além dos carboidratos e fibras alimentares
estdo presentes alguns minerais, tais como Ca®* e K*.

No estudo de Sepulveda et al. (2007) foi avaliada a extracdo da mucilagem em meio
aquoso, variando-se o tempo de extracdo (4 h, 8 h e 16 h), a temperatura (16 °C e 40 °C), a
proporcdo de matéria-prima: agua (1:5 e 1:7), e a proporcdo de extrato aquoso: solvente
organico (1:3 e 1:4) utilizado para precipitacdo (foram utilizados dois tipos de alcool: alcool
isopropilico 95% e etanol 95%). Os resultados ndo demonstraram diferenca significativa entre
os tratamentos (com um nivel de significancia de 0,05), concluindo-se que os fatores nédo
afetaram o rendimento de extra¢do, a composicao quimica e a cor da mucilagem. Na Tabela 4
sdo mostrados alguns dados sobre a composicdo da mucilagem extraida por precipitacdo

alcoolica de Sepulveda et al. (2007).

Tabela 4 — Rendimento da mucilagem e composi¢éo quimica (g/100 g de base umida).

Solvente Rendimento Rendimento

% (b.s.) % (b.u.) Umidade Proteina Cinzas N Ca K

Etanol 95%

(relacdo extrato
aquoso: alcool = 1,51 20,9 6,0 7,5 36,8 1,02 83 1,15

1:3)

Isopropanol 95%

(relacdo extrato
aquoso: alcool = 1,36 18,9 6,2 6,7 38,1 1,07 82 1,15

1:3)

Fonte: Sepulveda et al. (2007).

Por outro lado, Cai, Gu e Tang (2008) ao realizaram um estudo da extracdo dos
polissacarideos de O. milpa alta, avaliaram trés fatores: proporcdo de matéria-prima: agua,
temperatura e tempo de extracdo. Empregaram a metodologia de superficie de resposta para
maximizar o rendimento dos polissacarideos obtidos pela combinacgdo dos trés fatores. Estes
fatores de extragdo mostraram-se significativos sobre o rendimento, sendo que o méaximo
rendimento dos polissacarideos (0.69%) foi obtido empregando uma temperatura de extracéo
de 86,1°C, um tempo de 3,6 h e uma proporcdo de matéria-prima: agua de 1: 3,72. Além
disso, a solucdo de mucilagem, obtida apds extracdo aquosa, foi precipitada com 4 volumes de
etanol 95%.

Léon-Martinez, Méndez-Lagunas e Rodriguez-Ramirez (2010) apontam que devido a

alta atividade de agua (aw > 0,8) e a composig¢do quimica (polissacarideos), a mucilagem
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fresca (liquida) é suscetivel ao ataque microbiano, o que limita a sua vida util, a qual varia de
3 a 4 dias, dependendo das condi¢des de armazenamento, principalmente temperatura. Isto
levanta a necessidade de considerar alternativas de conservacdo para prolongar a vida util e
melhorar as caracteristicas da mucilagem. Assim, uma alternativa pratica para a conservacao
da mucilagem seria sua secagem por atomizacdo, ja que é um método muito utilizado para
produtos sensiveis ao calor. Estes autores, no entanto, ao extrairem a mucilagem dos
cladodios da O. ficus-indica, ndo realizaram a etapa de precipitacdo com algum solvente (ex.
alcool), e utilizaram o sobrenadante resultante da extracdo aquosa, apos filtracdo, como
matéria-prima para secagem no atomizador (extrato de mucilagem padronizado para 3 °Brix).
Contudo, neste trabalho, ndo foi reportada a composi¢do quimica da mucilagem obtida por
esse processo de extracdo, que provavelmente seria menos pura quando comparada com a
mucilagem obtida por precipitacao.

A composicdo quimica da mucilagem do “nopal” O. ficus-indica em relagdo aos
monossacarideos constituintes ja foi relatada em muitos estudos. Por exemplo, Amin, Awad e
El-Sayed (1970) descreveram a mucilagem como um polissacarideo neutro de
aproximadamente 55 residuos, sem acido urdnico, contendo arabinose, ramnose, galactose e
xilose. Por outra parte, Paulsen e Lund (1979) relataram que o extrato de Opuntia ficus-indica
era uma mistura de fracfes neutras de glicose e glicoproteinas, e de fracBes acidas contendo
arabinose, galactose, ramnose, xilose e &cido galacturoénico. Conforme Trachtenberg e Mayer
(1981), a mucilagem € um polissacarideo que contém arabinose, galactose, ramnose, Xilose e
10% de acido urdnico. A composi¢do da mucilagem do “nopal” foi bastante semelhante para
Majdoub et al. (2001), composta principalmente de arabinose, galactose, xilose e 19,4% de
acido urénico. As contradigdes encontradas nos resultados podem dever-se a contaminacao da
mucilagem com outros compostos da parede celular, e/ou métodos de purificacdo que nédo
foram completamente eficazes (SAENZ; SEPULVEDA; MATSUHIRO, 2004).

Outros estudos identificaram a estrutura molecular e a composi¢do dos mondmeros
feita através de diferentes técnicas cromatograficas (FORNI; PENCI; POLESELLO, 1994;
MINDT et al., 1975; SAENZ et al., 1992; MCGARVIE; PAROLIS, 1979, 1981a, b). A
mucilagem se trata de uma substancia polimérica complexa, ramificada, que contém
quantidades variaveis de L-arabinose, D-galactose, L-ramnose, e D-xilose, como 0s principais
acucares neutros. A presenca de acido D-galacturénico também foi apontada. A presenca
deste componente tem sido motivo de confusdo por parte de diversos autores que se referem a
mucilagem como uma pectina ou um pectindide. Em geral, a mucilagem de O. ficus-indica foi

indicada ser composta de: 24,6-42 % de arabinose; 21-40,1 % de galactose; 8-12,7 % de &cido
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galacturdnico; 7-13,1% de ramnose e 22 % xilose (SAENZ; SEPULVEDA; MATSUHIRO,
2004). A proporgao desses mondmeros na molécula varia de acordo com varios fatores como:
espécie, idade, condigdes ambientais, método de extracdo e parte da planta (fruto, casca,
cladodio), entre outros fatores.

Estudos feitos por Céardenas, Higuera-Ciapara e Goycoolea (1997) indicaram que o
peso molecular deste hidrocoloide foi de 3,0 x 10°. Este valor foi menor do que o indicado por
Trachtenberg e Mayer (1981) sendo de 4,3 x 10°, e bastante diferente do determinado por
Medina-Torres et al. (2000) de 2,3 x 10* As diferentes técnicas de isolamento e possivel
contaminacgdo da mucilagem com outros componentes celulares, podem explicar essa variagcdo
nos resultados.

Alguns trabalhos investigaram o uso da mucilagem como aditivo alimentar, devido as
suas propriedades espessantes e emulsificantes (BERNARDINO-NICANOR et al., 2015;
MEDINA-TORRES et al., 2003). Esses autores alegam uma provavel producdo industrial da
mucilagem, ja que esta poderia integrar a oferta de hidrocoloides comerciais.

Séenz et al. (1992) realizaram um estudo preliminar da influéncia do pH no
comportamento reoldgico das dispersdes de mucilagem. A mucilagem foi obtida a partir da
casca dos frutos da O. ficus-indica. Eles descobriram que a viscosidade da dispersdo da
mucilagem aumentou com o aumento do pH, atingindo um valor méximo (60 mPa.s) no pH
6,6.

Mais tarde, Cardenas, Higuera-Ciapara e Goycoolea (1997) avaliaram o
comportamento reoldgico da mucilagem extraida dos cladodios da O. ficus-indica, fazendo
provas reoldgicas de cisalhamento simples de solugdes de mucilagem em diferentes
concentracdes (de 0,4 % a 5,8 %; NaCl 0,1 M a 20°C). Encontrando que as solucdes
demonstraram um comportamento ndo-newtoniano, do tipo pseudoplastico, o qual se
intensifica conforme a concentracdo de mucilagem aumenta. Estes autores usaram o modelo
de equacéo ndo linear (equacdo de Cross) para descrever a viscosidade aparente da solucéo
em fungdo da taxa de cisalhamento. Os autores também realizaram estudos de
viscoelasticidade, em que observaram que a resposta viscosa foi predominante sobre a
resposta elastica em frequéncias menores, entretanto em altas frequéncias, as solucdes
concentradas se comportaram como sélidos elasticos. Os resultados indicaram que existe a
formacgédo de agregados coloidais em solucdo que fornecem as propriedades funcionais ja
identificadas para o uso da mucilagem em alimentos e em outros produtos como espessante.
Esses autores também mencionaram possiveis aplicacdes da mucilagem como melhorador das

propriedades espumantes da clara de ovo, substituto da gordura e como agente ligante de



38

sabor.

Medina-Torres et al. (2000) também observaram um comportamento shear-thinning
ndo-newtoniano de solugdes aquosas da mucilagem isolada dos cladodios de O. ficus-indica.
Houve um aumento importante da pseudoplasticidade devido ao aumento da concentracdo de
mucilagem. Eles utilizaram a Lei da Poténcia (ou modelo de Ostwald-de-Waele) para
correlacionar os dados da viscosidade aparente com a taxa de cisalhamento. Eles também
notaram que solucBes aquosas de mucilagem tiveram propriedades elasticas muito elevadas,
semelhantes aquelas dos polimeros sintéticos, tais como do poli-isobutileno. Em resumo,
verificou-se que a viscosidade aparente varia em fungdo da concentracdo de mucilagem,
temperatura, pH e forca idnica (devido a ser um polieletrolito). Também, que uma solugéo de
mucilagem a 10 % tem viscosidade equivalente a uma solucdo de goma xantana a 3 %, a
25°C. Além disso, a mucilagem é um hidrocoloide que ndo possui a capacidade de gelificar.

A mucilagem de O. ficus-indica foi utilizada em concentracdes varidveis em géis
formados por carragenas (x-kappa e t-iota), em que foram estudadas as propriedades
mecanicas por reologia (MEDINA-TORRES et al., 2003). A principal funcdo da mucilagem
foi promover elasticidade nos géis produzidos, sendo observada uma interacdo sinérgica no
sistema k-carragena/mucilagem na proporgdo 80/20, respectivamente, em que foi obtido um
gel de maior rigidez do que o gel formado somente por k-carragena.

Espinosa (2002) demonstrou que a adicdo de mucilagem de “nopal” em diferentes
concentracdes (0,5 e 0,8%) as espumas feitas com clara de ovo aumentou a estabilidade da
espuma (menor sinérese) em relacdo ao controle sem adicdo de mucilagem.

Por fim, a mucilagem do cacto ja foi testada na producdo de filmes e coberturas
comestiveis (DEL-VALLE et al., 2005; ESPINO-DIAZ et al., 2010), e também como material
encapsulante de Saccharomyces boulardii (ZAMORA-VEGA et al., 2012) e &cido galico
(MEDINA-TORRES et al., 2013).

3.5 Panificacdo sem glaten

As propriedades unicas da farinha de trigo sdo devido ao gluten, que é composto de
duas principais fracGes proteicas: as gliadinas, que contribuem a viscosidade da massa, e as
gluteninas, que sdo responsaveis pela elasticidade da massa. Atraves do fornecimento de
energia mecéanica nas etapas de mistura e amassamento, o gliten forma uma rede viscoelstica
coesa que tem a capacidade de reter o gas (CO-) produzido durante a fermentacdo, permitindo

gque a massa se expanda para tornar-se mais macia, mais leve e palatavel apds o cozimento.
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Assim, o gluten contribui para a formagdo de estrutura, 0 que afeta a aparéncia geral de
muitos produtos assados (CAPRILES; AREAS, 2014).

A obtencdo de produtos isentos de gluten, portanto, resulta em uma tarefa bastante
desafiadora, sendo muitas vezes necessaria a combinacdo de diversos ingredientes e alteracdo
dos processos tradicionais. Para a substituicdo da farinha de trigo, tém sido desenvolvidas
formulac@es utilizando as farinhas de arroz e milho, que séo frequentemente combinadas com
os amidos de milho, batata ou mandioca como farinhas de base, ja que sdo ingredientes
amplamente disponiveis, baratos e brandos em sabor (CAPRILES; DOS SANTOS; AREAS,
2016).

No entanto, essa substituicdo afeta negativamente as caracteristicas tecnolégicas e
sensoriais dos produtos, porque as farinhas sem gluten quando misturadas para formar a
massa, ndo formam uma estrutura ou uma fase continua, o que resulta em produtos de baixa
qualidade e paladar (HUERTA et al., 2016). Para suprir a falta de gliten e simular seu
comportamento viscoelastico, a adicao de hidrocoloides tem tido papel estratégico para tornar
a massa sem glaten viavel de processamento e melhorar ao mesmo tempo a textura do produto
final (CAPPA; LUCISANO; MARIOTTI, 2013). Eles sdo adicionados para aumentar a
capacidade de retencdo de agua, assim como para elevar a retencdo de gas da massa hidratada,
dois papéis que o gluten desempenha nas massas a base de trigo. Assim, a adicdo dos
hidrocoloides permite a obtencdo de produtos sem gliten com alguma semelhanca aos seus
homologos contendo glaten (CASPER; ATWELL, 2014).

Alguns dos hidrocoloides mais utilizados em panificacdo sem glaten sdo a goma
Xantana, a goma guar, a goma alfarroba e as gomas derivadas da celulose, como a CMC
(carboximetilcelulose) e a HPMC (hidroxipropilmetilcelulose), os quais sdo caracterizados
por conter elevado conteddo de fibra solavel (CASPER; ATWELL, 2014,
TSATSARAGKOU; PROTONOTARIOU; MANDALA, 2016). Eles podem ser usados
sozinhos ou em combinacdo para alcancar sinergias especificas entre suas respectivas
propriedades funcionais (CASPER; ATWELL, 2014; MOREIRA; CHENLO; TORRES,
2013). Em formulagdes sem glaten, os hidrocoloides sdo geralmente utilizados (sozinhos ou
em combinagdo) em quantidades que variam entre 0,3% a 5% em relacdo a farinha base,
sendo comum os niveis de adicdo atingirem até 2% (CAPRILES; AREAS, 2014).

Além de serem utilizados como substitutos do gluten, na industria de panificacdo os
hidrocoloides tém sido usados para retardar o endurecimento, diminuir a retrogradacdo do
amido, minimizar os efeitos negativos do congelamento (formacgédo de cristais de gelo), e

estender a qualidade global dos produtos. Eles podem induzir mudangas na estrutura dos
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principais componentes da farinha ao longo das etapas de panificacdo e armazenamento do
produto (ANTON; ARTFIELD, 2008; MOREIRA; CHENLO; TORRES, 2013).

Os crackers representam um dos segmentos mais importantes da industria de
panificacdo porque os consumidores enxergam esses produtos com menor densidade de
energia em comparagdo com 0s biscoitos cookies e outros itens relacionados. S&o
considerados um produto hibrido porque usam os procedimentos de pdo e biscoito e sdo um
dos poucos itens de panificacdo que podem ser fermentados com fermentagdo quimica ou
bioldgica (SERNA-SALDIVAR, 2012).

Tal como acontece com outras massas, € importante controlar as propriedades
viscoelasticas das massas de biscoito, para garantir que a mesma possa ser formada e moldada
para atender as especificacdes do produto. Assim, na producdo de biscoitos sem glaten,
ingredientes adicionais também devem ser usados para compensar a auséncia do glaten do
trigo e proporcionar a formagdo de uma massa coesa, e uma das abordagens para suprir tais
necessidades tem sido através do uso dos hidrocoloides nas formulacdes (HAN; JANZ;
GERLAT, 2010). No estudo da elaboracdo de cracker sem gluten utilizando-se bagaco de
maca e arroz integral, MIR et al. (2017) utilizou 2% de carboximetilcelulose (CMC), obtendo
bons resultados. Em outro estudo, no qual foram desenvolvidos crackers sem gliten usando
diferentes farinhas de leguminosas, foi reportada a utilizacdo de menos de 1% de goma
xantana (HAN; JANZ; GERLAT, 2010).

Na literatura ndo foram encontrados trabalhos que reportem a utilizacdo de
ingredientes obtidos de cactos, tais como a mucilagem e a farinha do cladddio, para a
producdo de alimentos isentos de glaten. Apenas sdo reportados estudos que investigaram a
adicdo da farinha do cladodio em produtos elaborados com farinha de trigo, tais como,
cookies, pdo e bolo, com o objetivo de melhorar o valor nutricional dos produtos,
principalmente através da adigcdo de fibras proporcionada pela incorporacdo da farinha do
cladodio (AYADI et al., 2009; BOUKID; BOUKID; MEJRI, 2015; KIM et al., 2012;
MSADDAK et al., 2015, 2017; SAENZ et al., 2002a).
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ARTIGO 1: Valorization of Opuntia monacantha (Willd.) Haw. cladodes to obtain a
mucilage with hydrocolloid features: Physicochemical and functional performance
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Abstract

Opuntia monacantha mucilage was investigated for its physicochemical characteristics and
functional properties. The mucilage extraction yield was 12% (DW) and it consisted of
80.12% carbohydrates, 15.14% ashes, 3.55% proteins, and 1.19% lipids. Monosaccharide
profiling demonstrated a predominantly presence of galactose, glucuronic acid, and arabinose.
Viscosimetric measurements gave an intrinsic viscosity of 9.02 dL/g and a molar mass of 1.12
x10°® g/mol. Reconstituted mucilage solution (1% w/v) had a mean particle diameter (Da43) of
648 nm and solubility above 85%. Its emulsifying capacity improved with the increment of
mucilage solution in the emulsion; likewise, it provided high emulsion stability through
different ratios of oil to polysaccharide solution. It displayed good foaming capacity, although
its foam stability progressively reduced over time. In addition, its blending with ovalbumin
resulted in a foaming capacity enhancement and in a markedly greater foam stability
compared to ovalbumin alone. The rheological studies indicated the mucilage solutions
exhibited shear-thinning behavior at concentrations between 1 and 10% and fairly stable
viscous properties in the temperature range of 5-80 °C. These outcomes support that O.
monacantha mucilage may find potentially useful applications in food systems, particularly as
an emulsifying, foaming and thickening agent, or as a stabilizer.

Keywords: Polysaccharide, Cladode mucilage, Functional properties, Emulsion, Foam,
Viscosity.
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The mucilage extraction yield from O. monacantha cladodes was 12 % (DW).

Its monosaccharide profiling comprised mainly of gal, glcA and ara.

The mucilage exhibited emulsifying, foaming and viscosity properties.

The flow behavior of mucilage was pseudoplastic (1-10 %).

These findings suggest the potential of this mucilage as food additive.
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1 Introduction

Functional polysaccharide gums due to their capability to form colloidal aqueous
solutions are aptly termed as hydrocolloids. They constitute a diverse group of long-chain
polymers that are readily dispersive and prone to swell in water. To perform specific functions
in a multitude of food products, hydrocolloids are mainly employed as thickeners, gelling
agents, stabilizers, bulking agents, and emulsifiers [1].

Aside from their functional attributes, in recent years it has been evidenced the dietary
fiber aspect of food hydrocolloids since most of them can be classified as dietary fiber [2].
Presumably, thanks to the increasing demand for healthier food products, for example, with
reduced fat, sugar and/or enhanced fiber content. In this sense, one of the driving forces that
stimulated the development of the hydrocolloids market was the need to meet these
commercial trends dictated by health-conscious consumers [3]. Accordingly, finding new
hydrocolloid sources with appropriate properties, specific functionality and/or synergistic
interactions with the commercial ones is an active area of study [4].

Most of the hydrocolloids utilized for industrial purposes in Brazil have to be imported
to satisfy the internal demand [4,5]. Therefore, there is a great opportunity to investigate
native plants that offer high prospects for polysaccharide extraction, transforming the
Brazilian biodiversity into economic value. This is the case of the botanical family Cactaceae
since the country is considered the third geographic center of diversity of cactus in the world
[6], but remains with their native cacti quite unexplored and underutilized for food uses. The
plants of the Cactaceae family are characterized by the presence of a mucilaginous substance
in its succulent pads/cladodes, a complex carbohydrate used by the cactus to retain and store
water [7]. This mucilage, especially those obtained from Opuntia genus, has attracted the
attention of scientists in the last decades, being regarded as an industrial hydrocolloid
potential owing to its viscous properties [8].

Opuntia monacantha (Willd.) Haw. (O. monacantha) could be highlighted for the
obtention of mucilage polysaccharides. This plant is indigenous to South America and
demonstrates wide geographical distribution, occurring in a number of Brazilian states of the
Atlantic coastal area as well as some regions of the neighboring countries like Argentina,
Paraguay, and Uruguay [6,9,10]. It has been introduced and naturalized in Australia, China,
Cuba, the Himalayas, India, and South Africa [11]. Valente et al. [11] conducted some
analysis on the chemical constituents of the O. monacantha cladodes and mentioned that its

nutritional profile was similar to the Mexican species Opuntia ficus-indica (Ofi); besides, they
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identified two flavonols (kaempferol and isorhamnetin) with antiradical activity. Other
investigations described the pharmacological actions of the O. monacantha polysaccharides
isolated from cladodes, pointing out a significant anti-diabetic and anti-glycated effects
[12,13].

The chemical composition of the hydrocolloid varies widely with the type of
extraction and the material origin. Even though some studies have been performed to evaluate
and characterize the Opuntia spp. mucilage, there exists a broad variability between the
isolation methods and the achieved vyields, that implies discrepancies in the chemical
constitution and the functional attributes of the resulting polysaccharide [14-19]. Hence, the
purpose of the present contribution was to extract the mucilage from O. monacantha cladodes
with satisfactory yield and to examine its chemical composition, physicochemical
characteristics, microstructure, as well as to investigate its functional properties in solution

(solubility, emulsifying, foaming, and viscosity properties).

2 Materials and methods

2.1 Materials

Fresh cladodes of O. monacantha (Willd.) Haw. were harvest from the region of
Aguas Claras, Viamdo city, Rio Grande do Sul state, Brazil (30°09'26.67"S and
50°52'33.01"W). They were collected in August 2015 and their voucher was deposited in the
Institute of Natural Sciences (ICN) Herbarium in the Federal University of Rio Grande do Sul
(UFRGS, Porto Alegre, Brazil) under the number 191981.

Commercial ethanol was purchased from Zeppelin® (Zeppelin Comercial de Alcool
Ltda, Cachoerinha, Brazil); xanthan gum from Farmaquimica S.A. (4.49 £ 0.01 % of protein
based on dry weight) (Porto Alegre, Brazil) and guar gum from Hexus Food Ingredients (3.98
+ 0.01 % of protein based on dry weight) (Portdo, Brazil). Monosaccharide standards were
purchased from Sigma-Aldrich Brasil Ltda (S&o Paulo, Brazil). Sunflower oil Liza® (Cargill
Agricola S.A., Mairinque, Brazil) was used to prepare the emulsions. Dehydrated ovalbumin
Naturovos® (Solar Comércio e AgroindUstria Ltda, Salvador do Sul, Brazil) with 83 % protein

was employed as a reference standard for foaming tests.
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2.2 Mucilage extraction

Once collected, the cladodes were taken to the Laboratory of Bioactive Compounds of
Federal University of Rio Grande do Sul. After the removal of spines and glochids, they were
washed with water to eliminate impurities and then gently blotted with an absorbing paper;
the cleaned cladodes were divided into portions and stored at —18 °C until further use. The
moisture content of fresh cladodes was determined after drying at 105 °C for 24 h.

The mucilage extraction from the whole cladodes (parenchyma and chlorenchyma
tissue) proceeded according to the method of Espino-Diaz et al. [20] with some modifications.
The cladodes were cut into small pieces (~1cm?®), weighed, and crushed in a food processor
(Philips Walita®, RI7762/91, Brazil) to produce a pulp that was submitted to agqueous
extraction. The pulp was blended with water 1: 2 w/v (pulp: water), mechanically stirred, and
heated to 80 °C for 30 min. Then, this slurry was filtered to remove coarse fibrous fragments,
followed by centrifugation (10,0009, 20 min, 20 °C) (Hitachi, CR 21GlIl, Japan). The
supernatant was precipitated with ethanol 95 % in a ratio of 1: 3 v/v (supernatant: ethanol)
and kept overnight at 4 °C. Upon precipitation, the white fibrous mass (mucilage) was
recovered by vacuum filtration with the aid of a Buchner funnel and a filter paper. The filtrate
was dried in an oven with air-flow circulation (DeLeo, B4AFD, Brazil) at 45 °C for
approximately 16 h. The sample was converted into fine particles by gentle grinding with a
mortar and pestle and subsequently sieved through a 60-mesh screen to obtain the mucilage
powder (standard granulometry < 250 um). The mucilage powder was packed in polyethylene
bags and stored protected from light and humidity. The percentage yield of mucilage was
calculated based on the ratio of mucilage powder weight by the fresh cladodes weight taken

for the extraction process (n = 8).

2.3 Physicochemical characterization of mucilage powder

2.3.1 Chemical composition

Proximate analysis were conducted following the recommendations of the Official
Method of Analysis [21]. The moisture content was determined using the method 934.06. The
lipid content was determined gravimetrically using the Soxhlet extraction (method 960.39).
The protein content was determined by the Kjeldahl method with a conversion factor of 6.25
(method 960.52). The ash content was determined by incineration in a muffle at 550 °C
(method 923.03). The total dietary fiber (TDF), insoluble dietary fiber (IDF) and soluble
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dietary fiber (SDF) were determined by the enzymatic-gravimetric method (method 985.29).
Total carbohydrate content was determined by the difference between 100 and the sum of the
lipid, protein and ash contents of percentages on a dry weight basis.

The monosaccharide analysis was performed by sample acid hydrolysis in order to
give the constituent monosaccharides and quantified by HPLC-RID (high-performance liquid
chromatography — refractive index detector) [17]. In brief, the mucilage powder (30 mg of
dried material) was dissolved in 1. M H2SO4 (2 mL) in a sealed tube, and left for 2 h to react at
100 °C. The hydrolysate suspension cooled to room temperature was neutralized with calcium
carbonate until effervescence ceases and then centrifuged (9500 rpm, 5 min). A clear
supernatant was recovered, filtered through a 0.22 pm membrane and further 20 pm was
injected into the system for each analysis.

The Waters HPLC system (Waters, e2695, USA) equipped with a RI detector (Waters,
2414, USA) were used. For separation of galactose, arabinose, xylose, and glucose, the
following conditions were applied: column, Aminex® HPX-87P (Bio-Rad, 300 x 7.8 mm,
USA); column temperature, 65 °C; mobile phase, water; flow rate, 0.6 mL/min; run time, 22
min. For separation of galacturonic acid and glucuronic acid, the following conditions were
applied: column, Aminex® HPX-87H (Bio-Rad, 300 x 7.8 mm, USA); column temperature,
45 °C; mobile phase, 0.008 N sulfuric acid; flow rate, 0.6 mL/min; run time, 12 min. For
separation of rhamnose, a Shimadzu HPLC system (Shimadzu, 20A series, Japan) equipped
with a RI detector (Shimadzu, RID-20A, Japan) were used, and the following conditions were
applied: column, Asahipak NH2P-50 4E (Shodex, 250 x 4.6 mm, Japan); column
temperature, 30 °C; mobile phase, acetonitrile: water (80:20, v/v); flow rate, 1.0 mL/min; run
time, 30 min. Finally, the monosaccharides were identified by comparing the obtained
retention times to those of sugar standards. The quantification of monosaccharides present in

the mucilage was performed from calibration curves constructed for each sugar standard.

2.3.2 Mineral contents

The mineral analysis of the mucilage powder was performed in the Laboratory of Soil
Analysis of Faculty of Agronomy (UFRGS) and estimated using an inductively coupled
plasma — optical emission spectrometer (ICP-OES) (Perkin Elmer, Optima 8300, USA),
according to the methodology of Tedesco and Gianello [22]. Phosphorus, potassium, calcium,
magnesium, sulfur, sodium, copper, zinc, iron and manganese were determined by wet
digestion with nitric-perchloric, and boron was determined by dry digestion. Details regarding

this analysis are provided in Table S1 of Supplementary data.
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2.3.3 Water activity, color and bulk density

Water activity (aw) was determined at 25 °C using a water activity instrument
(Rotronic, HygroPalm AW1, Switzerland). The color was analyzed using a portable
colorimeter (Konica Minolta, CR-400, Japan) in accordance with the Commission
Internationale de I'Eclairage (CIELAB system) by determining the color coordinates: L*
(lightness), a* (component red-green), and b* (yellow-blue component). The bulk density of
the mucilage powder was evaluated according to Ayadi et al. [23]. Briefly, the sample was
filled into 10 mL graduated measuring cylinder, previously tarred. The bottom of the cylinder
was gently tapped on a rubber mat (approx. 10 times) until there was no further diminution of
the sample level after filling to the 5 mL mark. The weight was then recorded and used to

calculate bulk density as g/mL.

2.3.4 Intrinsic viscosity and viscosimetric molar mass

Viscosimetric measurements of dilute mucilage solutions in distilled water were
performed at 25 °C using a Cannon-Fenske routine glass capillary viscosimeter (Schott,
capillary n° 75, Germany) immersed in a temperature-controlled bath. The intrinsic viscosity
[#] was determined from the extrapolation to zero concentration in accordance with the
empirical expressions of Huggins and Kraemer, represented by Egs. (1) and (2), respectively
[24]:
=[] + ky[n]*C 1)

c

2irel =[] + kg [n]%C )
where 7sp is the specific viscosity (dimensionless), #nr IS the relative viscosity
(dimensionless), [#] is the intrinsic viscosity (dL/g), C is the sample concentration (g/dL), ku
and kg (both dimensionless) are the Huggins and Kraemer constant, respectively.

The viscosimetric molar mass (My) was estimated from intrinsic viscosity by using
Mark-Houwink relationship, Eq. (3) [24]:

[1] =K X M2 (3)
where My is the molar mass (g/mol), K (dL/g) and a (dimensionless) are constants whose
values depend on the shape of the polymer, the solvent used and the temperature of
measurement. Values of K = 3.81 x 10 dL/g and a = 0.723 were utilized for M,

determination [25].
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2.4 Morphology by scanning electron microscopy

Surface morphology of the mucilage powder was studied by viewing under a scanning
electron microscopy (JEOL, JSM 6060, Japan) at an accelerating voltage of 5.0 kV. The
sample was directly deposited on aluminum stubs using a double-sided adhesive carbon
conductive tape and was coated with a thin gold layer with the help of a gold sputter in order

to make the sample conductive.

2.5 Particle size distribution of mucilage solution

Prior to measurements, the mucilage powder was dispersed in deionized water (1 %
w/v) under stirring, and then left overnight at 4 °C to warrant its full hydration. Particle size
distribution of the reconstituted sample was evaluated by a laser diffraction particle analyzer
(Malvern Instruments, Mastersizer 2000, UK) using water as a dispersant; refractive indexes
were adjusted to 1.335 for mucilage solution and 1.330 for deionized water. The acquired
parameters included: mean particle diameter reported as Ds3 (volume-weighted mean
diameter), specific surface area, and the equivalent volume diameters at 10 % (do.1), 50 %
(dos), and 90 % (do.s) cumulative volume, and were processed using the Mastersizer 2000®
software (version 5.61). To estimate the particle size distribution, the span value was

determined by dividing the difference between do.1 and do.g by dozs, in the software program.
2.6 Functional properties

2.6.1 Solubility

The solubility of mucilage powder was determined and compared to xanthan and guar
gums, following a slightly modified method from Lépez-Franco et al. [26]. The
polysaccharide dispersions were prepared by adding 0.2 g sample powder into 20 mL of
distilled water (1 % w/v) in a centrifuge tube. These dispersions were allowed to hydrate for 2
h with magnetic stirring at ambient temperature (25 °C). Thereafter, the tubes were placed in
a water bath at 30 °C, 60 °C and 90 °C for 30 min and continuously agitated. The
corresponding solutions were then centrifuged (Sigma, 4K15, England) at 2120g, 15 min.
Aliquots (10 mL) of the supernatant were dried in an oven at 125 °C overnight until constant

weight was reached. Percentage of solubility was calculated using the following Eq. (4):

Solubility (%) = “2 X = X 100 ()
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where w; is the aliquot dry weight and wy is the sample weight.

2.6.2 Emulsifying properties

The emulsifying capacity (EC) and emulsion stability (ES) were evaluated for
mucilage powder, xanthan and guar gums, based on a modified method of Gannasin et al.
[27]. The polysaccharides (1 % w/v) were dissolved in distilled water with continuous stirring
for 2 h; then were left overnight at 4 °C to ensure a complete hydration. Qil in water
emulsions under different volume ratios of 50:50, 25:75, 10:90 v/v (oil to polysaccharide
solution) were prepared by slowly adding oil into polysaccharide solution, using a high-speed
homogenizer (IKA, Ultra-Turrax T25, Germany) at 10,000 rpm for 2 min. The emulsions
were centrifuged (Sigma, 4K15, England) at 1300g for 5 min. The volume of the emulsion

left was measured and EC was quantified using Eq. (5):
EC (%) = T*X 100 (5)
T

where EV1 is the emulsion volume layer and V7 is the total fluid volume.
To determine the ES against high temperature, emulsions previously prepared for EC
were heated in a water bath at 80 °C for 30 min, cooled to room temperature (25 °C) with tap

water, and centrifuged at 1300g for 5 min. ES was calculated as given by Eq. (6):
_ EW
ES (%) = > X 100 (6)

where EV: is the emulsion volume layer remained after heating and EV: is emulsion volume

layer obtained from EC.

2.6.3 Foaming properties

The foaming capacity (FC) and foam stability (FS) of mucilage powder were
determined using the methodology proposed by Sciarini et al. [28] with some modifications.
Mucilage dispersions in distilled water (100 mL) were prepared at concentrations of 0.5 %
and 1 % w/v and kept overnight under refrigeration (4 °C) to complete hydration. Ovalbumin
protein at a concentration of 5 % w/v was utilized as a reference. Different sets were
performed for testing: mucilage solution at 0.5 % or 1 % w/v, ovalbumin at 5 % w/v, and
blends of ovalbumin (5 g) added to mucilage solution at 0.5 % or 1 % w/v. Solutions were
whipped with a food mixer (Arno, SX84, Brazil) at moderate speed (5 speed) for 10 min. The
whipped suspension was immediately transferred to a graduated cylinder, and the foam
volume was recorded after 30 s. The foaming capacity (FC) was expressed as Eq. (7):

FC (%) = % X 100 @)



61

where FVi is the initial foam volume and SV is the total suspension volume.
The foam stability (FS) was calculated as the foam volume changes recorded at
intervals of 5, 10, 30, 60, 90 and 120 min, as shown in Eq. (8):

FS (%) = % X 100 8)

where FV: is the foam volume after time (t = 5, 10, 30, 60, 90 and 120 min) and SV+ is the

total suspension volume.

2.6.4 Viscosity properties

The mucilage solutions were prepared by dissolving the mucilage powder in water at
various concentrations (1 %, 3 %, 6 % and 10 % w/v) under magnetic stirring over
approximately 24 h at 25 °C.

The flow behavior was evaluated using a rheometer (Thermo Fisher Scientific,
HAAKE MARS lIl, Germany) assembled with a cone and plate measuring geometry (C35/2°
Ti L; cone diameter = 35 mm, cone angle = 2°, gap = 0.105 mm). The apparent viscosity was
measured as a function of shear rate from 0.1 to 300 s™! during 5 min at 25 °C controlled by
means of a temperature module (Thermo Fisher Scientific, TM-PE-C, Germany). The
experimental data were fitted to the Ostwald-de-Waele model (or power law model),
according to Eq. (9):

n=Kxypnv 9)
where 1 is the apparent viscosity (Pa s), y is the shear rate (s), K is the consistency index (Pa
s"), and n is the flow behavior index (dimensionless).

Xanthan and guar gums solutions at 1 % (w/v) were also characterized for rheological
comparisons as they are extensively used as commercial thickeners [1].

The temperature dependence of mucilage solutions (1 %, 3 %, 6 % and 10 % wi/v) was
determined within the temperature range of 5-80 °C. The apparent viscosity was measured as
a function of temperature at a shear rate of 10 s™!. The activation energy was quantified using

the Arrhenius equation given by Eq. (10) [29]:

Ep
n=4x expl::ﬁ'? (10)

where 1 is the apparent viscosity at a specific shear rate (Pa s), A is the frequency factor (Pa
s), Ea is the activation energy (J mol™!), R is the universal gas constant (8.314 J mol! K™!) and
T is the absolute temperature (K).

RheoWin® software (Thermo Fisher Scientific, Germany) provided by the supplier

was used to collect and analyze the rheological data.
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2.7 Statistical analysis

All the experiments were conducted in triplicates (n = 3) and results were expressed as
a mean * standard deviation. Statistica 12.0 software (Statsoft Inc., Tulsa, USA) was used for
statistical analysis. Data were analyzed by ANOVA and Tukey's mean comparison test at a

significance level of 5 %.

3 Results and discussion

3.1 Physicochemical characterization of mucilage powder

The vyield of recovered mucilage powder from the cladodes of O. monacantha was
1.20 % based on fresh weight (FW). This value, as FW, was greater than those previously
found by Cai et al. [30] (0.69 % FW), Espino-Diaz et al. [20] (0.68 % FW), and Mindt et al.
[31] (0.53 % FW) for the mucilage isolated from Opuntia milpa alta, Opuntia ficus-indica
(Ofi), and O. monacantha, respectively. In addition, the moisture content in the O.
monacantha fresh cladodes represented 90.03 % of their total weight, so the extraction yield
calculated based on dry weight (DW) was 12.01 %. This mucilage yield compared to those
obtained from the cladode of other cacti was superior to that reported by Kalegowda et al.
[15] (6.2 % DW — O. dillenii) and Bayar et al. [32] (10.24 % DW - Ofi), within the range
given by Contreras-Padilla et al. [14] (11-17 % DW — Ofi), but it was considerably lower than
those cited by Sepulveda et al. [7] (17.9-20.8 % DW — Ofi), Petera et al. [33] (24 % DW —
Cereus triangularis), and Monrroy et al. [18] (20-33% DW - O. cochenillifera). Such
observed variance in yields can be explained both by differences regarding the plant material
utilized for extraction (species, growing conditions, stage of development, etc.) as well as by
the applied method for mucilage isolation (separation, purification, and drying procedures).

The chemical composition of O. monacantha mucilage is presented in Table 1.
Accordingly, the mucilage powder is predominantly carbohydrate (80.12 % DW). In the
literature, there is a wide fluctuation in total carbohydrate content documented for the
mucilage from Cactaceae family. For example, the carbohydrate content found in this study
was higher than those attributed to Pereskia aculeata leaves mucilage (between 46 and 48 %
DW) [4,34] and Ofi mucilage (ranging from 63.4 to 76.6 % DW) [20,32,35], but was less than
that one reported for C. triangularis mucilage of 85 % [33]. The TDF of mucilage powder
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was the main portion of total carbohydrate, being SDF the most important fraction (55.33 %
DW) (Table 1). Although the mucilage extracted from cactus cladodes is recognized to be rich
in dietary fiber, especially, soluble fiber, reports concerning its dietary fiber composition are
rather limited. Rodriguez-Gonzalez et al. [19] studied the mucilage from different species of
Opuntia and inferred values of TDF between 60.5 and 79.6 % DW, with those respective
values of SDF (54.7-73.6 % DW) also corresponding to the main fraction of dietary fiber.

Table 1. Chemical composition of O. monacantha mucilage powder.

Analysis? Quantity
Component (g/100 g DW)

Moisture 9.65+0.38
Protein 3.55+0.08
Lipid 1.19£0.06
Total Dietary Fiber (TDF) 58.80 £ 1.33
Insoluble Dietary Fiber (IDF) 3.47 £0.08
Soluble Dietary Fiber (SDF) 55.33
Total Carbohydrate 80.12
Ash 15.14 +0.14
Monosaccharide composition (g/100 g DW)

Arabinose 11.60 £ 0.60
Galactose 20.84 £ 0.45
Glucose 4.85+0.15
Rhamnose 450 +0.16
Xylose 6.64 + 0.33
Galacturonic acid 0.18 £0.01
Glucuronic acid 15.22 £0.85
Macrominerals (g/100 g DW)

Phosphorus (P) 0.20+0.01
Potassium (K) 1.50+0.14
Calcium (Ca) 4.10+£0.42
Magnesium (Mg) 1.05 +0.07
Sulfur (S) 0.11+0.01
Sodium (Na) 0.11+£0.01
Microminerals (mg/100 g DW)

Copper (Cu) 1.3+0.00
Zinc (Zn) 83.3+£0.28
Iron (Fe) 55+0.14
Manganese (Mn) 410 + 14.14
Boron (B) 1.8+0.28
2 All measurements are based on dry weight (DW) material, except the
moisture.

The monosaccharide analysis revealed the O. monacantha mucilage is a
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heteropolysaccharide mainly composed of galactose (gal), glucuronic acid (glcA), and
arabinose (ara), followed by xylose (xyl), glucose (glc), rhamnose (rham), and minor portion
of galacturonic acid (galA) (Table 1). Typically, mucilages are complex polysaccharides of
high molecular weight, being known to contain several sugars in their structure [36]. It has
been published a diverse monosaccharide composition related to the mucilage isolated from
Opuntia ssp. but, generally is cited the presence of galactose, arabinose, xylose, and rhamnose
as the neutral sugars units as well as galacturonic acid [8,19]. Even more, some authors
described the mucilage from cactus species as an arabinogalactan-rich polysaccharide [33,34],
which could also be considered the O. monancantha mucilage. Regarding the acid fraction,
our results concord with the findings of Zhao et al. [13] who also identified glcA in the
polysaccharide from the same plant, instead of galA that is usually referred on the studies of
Ofi mucilage.

The protein content was determined to be of 3.55 % DW (Table 1) and is the same as
the one obtained for C. triangularis mucilage (3 % DW) [33]. Even so, a notable variation in
protein content has been documented for Ofi mucilage, with lower (around 1 % DW) [20,32]
and superior levels (between 5.5 and 7.7 % DW) [7,19,35] than that described herein.
Additionally, Junior et al. [4] and Martin et al. [34] observed a considerable quantity of
protein in P. aculeata mucilage (values of 10.5 % DW and 19 % DW, respectively), which
derives from the raw material (leaves) used for extraction that in turn is high in protein. The
lipid content of mucilage powder was 1.19 % DW (Table 1); and it contrasts with previous
studies on Ofi mucilage which found 0.09 % DW [19], 0.61 % DW [35], and 2.3 % DW [20]
of lipid content.

The mucilage powder showed a relatively high ash content (15.14 % DW) (Table 1),
and this must be related to the elevated ash proportion often assigned to the cladodes of
Opuntia ssp. [37], thereby resulting in its raised level in the final product. The above-
mentioned result is close to the ash value accounted for Ofi mucilage by Rodriguez-Gonzélez
et al. [19] of 16 % DW. Nonetheless, other researchers provided a superior ash content for Ofi
mucilage (ranging from 20.1 to 39.5 % DW) [8,20,32,35], and Junior et al. [4] even reported a
greater value for P. aculeata mucilage (ashes of 42.54 % DW).

On account of this substantial amount of ash, the mineral analysis was carried out and
the results are given in Table 1. It can be seen that this mucilage has notable content of
minerals, especially Ca (4.10 % DW), K (1.50 % DW), and Mg (1.05 % DW). These findings
agree with the mineral elements frequently described in the Opuntia genus, wherein K and Ca

were cited at higher levels, followed by Mg [37]. In this study, calcium was the most
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abundant mineral present in the mucilage powder, which is in consonance with earlier reports
on Ofi mucilage [7,18]. The other macrominerals (P, S, and Na) were found too, albeit in
fewer amount. Among the microminerals, can be underlined the elevated levels of Mn and Zn.
Presumedly, the ashes are usually an unwanted component (the lower the ash content, the
higher the purity degree associated with the hydrocolloid gum) [38], however, the prominent
quantity of important minerals for human nutrition detected in this work could be
advantageous when thinking about new applications of this mucilage hydrocolloid by the food
industry [14].

The results of physicochemical characteristics are summarized in Table 2. The water
activity (aw) value of mucilage powder was 0.438, which is below to the aw critical (0.6) — the
maximum value accepted to prevent the growth of any microorganisms in various foods [39]
— denoting its relative stability and low susceptibility to spoil during storage. The color
analysis indicated the mucilage as a whitish powder (high L* value), with the chromatic
coordinates in the yellow-greenish spectrum (positive b* component and negative a*
component) (Table 2). These values were consistent with those reported by Sepulveda et al.
[7] for the mucilage powder from Ofi, and also comparable to commercial gums used in food
systems [40]. The precipitation process with ethanol dissolves part of the chlorophyll present
in the cladodes, allowing producing a depigmented mucilage.

Table 2. Physicochemical characteristics of O. monacantha mucilage.

Parameter Value
aw 0.438 +0.01
Color
L* 85.96 + 0.61
a* —0.36 £ 0.02
b* 11.56 +0.36
Bulk density (g/mL) 0.785+0.02
[#] (dL/g)? 9.02 +0.52
My (g/mol)P 1.12 x 10°

The results are represented as the means + standard deviation.

2 Intrinsic viscosity, measured in distilled water at 25 °C. The
value corresponds to the average of intrinsic viscosity values
obtained from Huggins and Kraemer's extrapolations to zero
concentration.

b Molar mass, calculated from Mark-Houwink equation,
considering K = 3.81 x 10* dL/g and o = 0.723 [25].
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The bulk density of mucilage powder was 0.785 g/mL (Table 2), which is slightly
lower than those demonstrated for O. dillenii mucilage (0.80 g/mL) [15] and for a commonly
utilized industrial gum, such as xanthan gum (0.839 g/mL) [41].

The macromolecular characteristics of the mucilage polysaccharide were investigated
by viscosimetric measurements in dilute region where the polymer concentration is low
enough to neglect intermolecular association. Intrinsic viscosity [#] is a measure of the
hydrodynamic volume occupied by an individual polymer coil in a particular solvent [24].
The intrinsic viscosity [#] of O. monacantha mucilage, calculated from the average of
intrinsic viscosity values obtained from Huggins and Kraemer's extrapolations to zero
concentration was 9.02 dL/g (Table 2). This value is slightly inferior than 10.94 dL/g
previously determined for Ofi mucilage by Quinzio et al. [25], but substantially higher than
3.70 dL/g and 2.6 dL/g documented for the mucilage's extracted from O. dillenii [15] and P.
aculeata leaves [34], respectively. Comparing with some commercial gums, intrinsic viscosity
of 0.18 dL/g was reported for Arabic gum [42], 14.20 dL/g for locust bean gum, 15.80 dL/g
for guar gum [43], and 110.34 dL/g for xanthan gum [44].

The data of intrinsic viscosity was used to estimate the molar mass (M,) of the
extracted mucilage and was found to be 1.12 x 10° g/mol (Table 2), which is close to the
values accounted for O. dillenii mucilage (1.90 x 10° g/mol) [15] and for Ofi mucilage (1.48 x
108 g/mol) [25]; however little superior than 7.9 x 10° g/mol described for P. aculeata leaves
mucilage [34]. For comparison, the molar masses reported for commercial hydrocolloids were
8.45 x 10° g/mol for Arabic gum [42], 2.08 x 10° g/mol for locust bean gum, 2.91 x 10® g/mol
for guar gum [43], and 4.05 x 10° g/mol for xanthan gum [44].

3.2 Particle morphology of mucilage powder

Fig. 1 displays the particle morphology of mucilage powder obtained after drying
(moisture content <10 %), grinding and sieving through a 60-mesh screen. Image analysis at
various magnifications (400x, 1000x and 5000x) reveals particles of irregular shapes and
with a broad range of different sizes. Some fracture shapes of the mucilage particles were
probably caused by mechanical breakdown during milling. Additionally, Fig. 1B
demonstrates the attraction and adherence of smaller particles to the surface of larger ones,
and Fig. 1C shows the mucilage powder elevated bulk porosity, rendering it with a spongy
aspect that has been described as typical of hygroscopic materials [45].

Similar morphology was exhibited by the powdered mucilage from P. aculeata leaves
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[45], which belongs to the Cactaceae family too. Conversely, Le6n-Martinez et al. [16]
studied the morphological properties of Ofi spray-dried mucilage powder and reported to be a
sphere-like shape particle with collapsed walls that is mostly seen when using spray drying
process. Therefore, the shape and microstructure of the mucilage powder depends on the

method of extraction, purification, drying, and grinding of the product.

Fig. 1. Micrographs of mucilage powder obtained at a magnification of 400x (A), 1000x (B), and
5000x (C). (D) Hlustrates a macroscopic picture of the O. monacantha mucilage powder.

3.3 Particle size distribution of mucilage solution

The particle size of hydrocolloids and their distribution are relevant parameters
influencing the rate of hydration, dissolution and emulsifying features [46]. In this study the
mean particle diameter (Da,3) and the specific surface area of the mucilage solution (1 % w/v)
were 648 nm and 25.4 m? g%, respectively. The equivalent volume diameters at 10 %, 50 %,
and 90 % cumulative volume were 109 nm, 325 nm, and 1400 nm, respectively, which

implied in a span value of 3.97 that indicates the mucilage in solution had an ample
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distribution of particle sizes (i.e., heterogenous size particle), with a bimodal distribution (as
showed in Fig. S1 in the Supplementary data).

Our results for mean particle diameter are within those ones found by Kaewmanee et
al. [46] for flaxseed mucilage solutions (0.1 % w/v) which ranged from approximately 300 to
1000 nm. In contrast, Leon-Martinez et al. [47] observed a much bigger mean particle
diameter for Ofi mucilage solutions (6 % w/v) with values varying from around 5000 to
155,000 nm, while Haddarah et al. [48] reported a smaller particle diameter for locust bean
gum solutions (0.1% w/v), amounting from 56.97 to 92.93 nm. These differences in particle
size among polysaccharide solutions might be associated with the different applied processes
to obtain the material, especially those concerning drying and grinding methods.

3.4 Functional properties of mucilage

3.4.1 Solubility

Solubility is an important factor since the maximum functionality of any hydrocolloid
is achieved after its fully dissolving in water [49]. Water solubility is related to the strength of
interactions between the polysaccharide and water through hydrogen bonds driven by means
of hydrophilic groups along the polymer chain [50]. The solubility of aqueous solutions (1 %

wi/v) of mucilage powder and commercial gums at different temperatures are given in Fig. 2.

Solubility (%)

Xanthan 1

sample

Fig. 2. Sample solubility (%) as a function of temperature. *°Bars with different lowercase letters
indicate a significantly (p < 0.05) different solubility of a sample at different temperatures by Tukey's
test. A~Bars with different uppercase letters indicate a significantly (p < 0.05) different solubility
among samples at the same temperature by Tukey's test.

The mucilage showed a fairly high solubility under all tested temperatures (>85%);

above 60 °C, it was significantly (p < 0.05) superior. There was a general trend suggesting an
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improvement in sample solubility with the rise in temperature, although xanthan gum did not
change significantly (p > 0.05). These findings corroborate with other studies on
polysaccharide gums [26,28,51]. The heating process reduces the aggregation of particles,
which in turn favors the diffusion of water to the granule bulk [52]. Certain polysaccharides
such as guar gum, xanthan gum, pectin, sodium alginate and A-carrageenan are soluble in cold
water, but others like t-carrageenan, k-carrageenan, and locust bean gum require heating for
ensuring full hydration [50].

The mucilage examined at various temperatures (30 °C, 60 °C and 90 °C) had
comparable solubility to xanthan gum, whereas the guar gum showed a significantly (p <
0.05) lower values than its counterparts at 30 °C and 90 °C. Thus, the above-described results
indicate that the re-dissolved mucilage powder in water has good solubility, behaving

similarly to xanthan and guar gums.

3.4.2 Emulsifying properties

The emulsifying capacity (EC) and emulsion stability (ES) of the mucilage and
xanthan and guar gums are shown in Fig. 3A and B, respectively. According to Fig. 3A, the
mucilage EC was found to increase significantly (p < 0.05) with the increment of mucilage
solution bulk in the emulsion, the same occurring to xanthan and guar gum. This pattern has
also been stated in investigations of several polysaccharide gums [4,15,36,52]. In this study
the mucilage EC values (above 90 %) were compatible with those of xanthan gum (p > 0.05)
at all different ratios of oil to polysaccharide solution; conversely, guar gum imparted an EC
significantly (p < 0.05) lower than them. Sciarini et al. [28] and Thanatcha and Pranee [40]
demonstrated that xanthan gum exhibited a smaller oil separation than guar gum upon
centrifugation, which is in concordance with our results.

The concept of EC is commonly associated with surface-active molecules that have
the capacity to adsorb at the fine freshly droplets created during emulsification, lowering the
interfacial tension appreciably to facilitate droplet disruption, and preventing the newly
formed droplets against recoalescence by providing a protective layer around them [28,45].

Different authors have reported in the literature the surface activity of some
polysaccharide gums [34,36,53,54], giving them emulsifying and stabilizing properties. There
is a general trend to lower the surface/interfacial tension with increasing gum concentration
up to a certain level when a saturated concentration is reached and no further reduction of
surface tension is observed [24]. It has been reported that the surface activity may be caused

by the presence of some hydrophobic constituents like methyl and acetyl groups, and
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proteinaceous fraction [55]. However, is also pondered that the protein presence in the
polysaccharide does not appear to be an absolute requirement for producing higher surface
activity [43,56]. On the other hand, acid sugars with carboxyl groups such as uronic acids
have been reported to possess surface-active properties [53,54]. In this study, the tested
polysaccharides presented close values of protein content (3.55 %, 4.49 %, and 3.98 % for
mucilage, xanthan and guar gums, respectively), but they differ in their charge character,
being the mucilage and xanthan gum acidic (charged) polysaccharides in contrast to guar gum
that is a neutral (nonionic) polysaccharide. Hence, due to the EC similarities between the
mucilage and the xanthan gum, we can assume that the uronic acid content also play a role in

the emulsifying performance of the polysaccharides.

EC(%)

Xarthan 1% G %o Muciage 1% Xarthan 1%

sample sample

Fig. 3. Sample emulsifying capacity (EC) (A) and emulsion stability (ES) (B) as a function of different
ratios of oil to polysaccharide solution (50:50, 25:75, 10:90, v/v). *“Bars with different lowercase
letters indicate a significantly (p < 0.05) different EC or ES of a sample at different ratios of oil to
polysaccharide solution by Tukey's test. ~“Bars with different uppercase letters indicate a
significantly (p < 0.05) different EC or ES among samples at the same ratio of oil to polysaccharide
solution by Tukey's test.

From Fig. 3B it can be seen that heating (80 °C, 30 min) had minimum effect on the
destabilization of mucilage emulsions (ES values over 96 %), which means the mucilage was
efficient at keeping the emulsion stable. Again, the mucilage ES at varying ratios of oil to
polysaccharide solution was analogous to xanthan gum, and both were significantly (p < 0.05)
higher than guar gum. The mucilage and xanthan gum samples reduced significantly (p <
0.05) their ES only at the uppermost proportion of oil in the emulsion (50:50); in contrast,
guar gum diminished its ES significantly (p < 0.05) from the intermediate proportion of oil
tested in the emulsion (25:75). It is generally assumed that the main contribution of
hydrophilic polysaccharides to the ES is by increasing the viscosity of the continuous phase

surrounding the oil droplets, thus impeding molecular motion and reducing the tendency to
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particle coalescence [28,36,51,57].

3.4.3 Foaming properties

The FC and FS of various foaming solutions are summarized in Fig. 4A and B,
respectively. As it is seen, the mucilage FC was concentration-dependent, being significantly
(p < 0.05) greater at 1 % solution (FC = 100 %) than at 0.5 % solution (FC = 57.4 %). The
ovalbumin 5 %, used as a reference, had 78.2 % of FC. Meanwhile, the ovalbumin 5 %
combined with the mucilage at both concentrations (0.5 % or 1 %) improved significantly (p

< 0.05) their FC compared to ovalbumin 5 % by itself.
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Fig. 4. Foaming capacity (FC) (A) and foam stability (FS) (B) of various foaming solutions. **Bars
with different lowercase letters indicate a significantly (p < 0.05) different FC among foaming
solutions or indicate a significantly (p < 0.05) different FS among foaming solutions at the same
interval of time (t = 5 min, 10 min, 30 min, 60 min, 90 min or 120 min) of foam formation by Tukey's
test.

It is worth mentioning that some polysaccharide gums (e.g., xanthan, guar, locust bean
gum, carrageenan) were examined and their solutions did not make foam on their own
[27,58,59]. Nonetheless, it is reported that the polysaccharide presence in a protein-based
foaming solution afford positive effect on the foaming properties, attributed to the increase of
agueous phase viscosity and to an additional role of the polysaccharide in the formation of a
cohesive flexible film around air-bubble which improves foam formation [59,60]. This
enhancement, however, is sensitive to the protein-polysaccharide interactions and to the
polysaccharide concentration utilized to make the foam [58].

Regarding the FS, the mucilage-based foams (at concentrations of 0.5 % and 1 %)
progressively diminished their volume over testing time, with the FS value starting from 51.5
% and 72.7 % (t = 5 min) and ending with 25.5 % and 46 % (t = 2 h), respectively; while the

ovalbumin 5 % (reference) promoted less pronounced decrease, reducing from 74.9 to 62.1 %
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(5 min to 2 h of test). On the other hand, the mucilage addition (at both concentrations — 0.5
% and 1 %) to a protein-based foaming solution (ovalbumin 5 %) resulted in a strong increase
of the stability, conferring a FS of 98.4 % and 100 % after 2 h of test, respectively, that were
significantly (p < 0.05) higher than the ovalbumin foaming solution by itself.

Several investigations have emphasized the contribution of an appropriate
polysaccharide to the stability of a protein system through delivering an increased aqueous
phase viscosity that probably structures and stabilize the lamellar water, thereby retarding
liquid drainage and air-bubbles coalescence [58-60]. The results reveal the promising
potential of this mucilage to be used as an egg white substitute in some applications, such as
in bakery and ice cream products or be employed as a foam stabilizer in frothy beverages (like
cappuccino and beer). Hence, these foaming properties could be addressed to develop egg-
free products, benefiting the consumer who is allergic to eggs or to fulfill the demand for

vegan products.

3.4.4 Viscosity properties
The effect of applied shear rate (y) on apparent viscosity (1) of mucilage solutions at

different concentrations is depicted in Fig. 5.
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Fig. 5. Apparent viscosity-shear rate profile of O. monacantha mucilage solutions at different
concentrations (25 °C). Viscosity curves of 1% xanthan gum and 1% guar gum are also included.

As can be noticed, the increment of the shear rate led to a decrease in the apparent
viscosity of mucilage solutions (for all concentration levels), which is referred to as shear-
thinning (pseudoplastic) flow behavior, i.e., for this type of systems, viscosity depends on the
shear rate. At the same time, the Fig. 5 revealed the viscosity became higher with the rise of



73

sample concentration, as was expected. Shear-thinning reflects an orientation effect. The
application of a shear force to a concentrated polymer system causes disruptions of the
ordered structure, so the fluid become increasingly aligned in the direction of flow, generating
solutions with lower viscosity [51]. In practice, this means that the flow encounters less
resistance at higher shearing. This phenomenon was also observed for mucilage solution from
Ofi [14,17,47], being correlated to the high molecular weight of the polysaccharide.

The experimental rheological data of mucilage solutions were adequately adjusted to
the Ostwald-de-Waele model (r > 0.98) and parameters are compiled in Table 3. At any
concentration of mucilage solutions, the flow behavior index (n) ranged from 0 < n < 1,
confirming the non-Newtonian shear-thinning behavior under the studied conditions. Besides,
n index reduced progressively when concentration increased, rendering a more
pseudoplasticity to the system. Meanwhile, the consistency index (K) of the fluid was greater
with increasing mucilage concentration, which reflects a higher apparent viscosity. Medina-
Torres et al. [17] reported that the estimated K indexes of Ofi mucilage solutions increased

from 0.15 to 25.47 (Pa s") by augmenting the concentration from 1 to 10 %.

Table 3. Ostwald-de-Waele parameters for mucilage solutions at different concentrations.
Commercial gums (xanthan and guar) are also included.

Sample K (Pas" n r

Mucilage 1 % 0.11 0.73 0.989
Mucilage 3 % 0.23 0.68 0.984
Mucilage 6 % 2.44 0.52 0.996
Mucilage 10 % 12.43 0.31 0.999
Xanthan gum 1 % 15.35 0.19 0.999
Guar gum 1 % 5.94 0.65 0.983

K, consistency index (Pa s"); n, flow behavior index (dimensionless).

For comparison purposes, the viscosity curves of xanthan and guar gum solutions at 1
% were added to Fig. 5. The mucilage sample at 10 % exhibited a very close apparent
viscosity curve to that obtained for xanthan gum at 1 %, which means is necessary ten times
more mucilage powder (solids content) to achieve a similar viscous aqueous solution to
xanthan gum. The magnitude of K index of both samples also confirms this result.

In the food industries, a wide range of temperatures are encountered during processing
and storage of foods containing hydrocolloids [29]. The influence of temperature on the
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mucilage viscous behavior for concentrations ranging from 1 to 10 % is presented in Fig. 6.
The experimental results suggest that these solutions were slightly temperature dependent
over the studied range (within 5-80 °C), due to the minor changes associated with viscosity
by increased temperature. This tendency (less dependency to temperature) was more evident

at higher mucilage concentrations.
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Fig. 6. Effect of the temperature (5-80 °C) on the apparent viscosity of O. monacantha mucilage
solutions at various concentrations. Data at shear rate of 10 s7".

The dependence of apparent viscosity on temperature was represented by the

Arrhenius equation (Table 4), demonstrating a good fit (r > 0.95).

Table 4. Arrhenius parameters for temperature dependence of apparent viscosity (at 10 s™) of
mucilage solutions at various concentrations.

Sample A (Pas) Ea(d mol™) r
Mucilage 1 % 0.001 10,007 0.969
Mucilage 3 % 0.003 9173 0.964
Mucilage 6 % 0.047 6788 0.973

Mucilage 10 % 0.433 4168 0.958

A, frequency factor; E, activation energy.

The activation energy (Ea) is the energy required to initiate elementary flow process
[29], and it has been reported to be influenced by concentration [61] and shear rate [62]. It

was found that the activation energy of mucilage solutions decreased from 10 kJ mol™" at 1 %
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concentration to 4.17 kJ mol™ at 10 % concentration, denoting a more sensitivity to
temperature in a less concentrated mucilage solution. Increase in frequency factor and a
reduction in activation energy with rising concentration is in agreement to the results of
Karazhiyan et al. [63] and Koocheki et al. [51] for mucilage solutions from cress seed

(Lepidium sativum) and Qodume shahri seed (Lepidium perfoliatum), respectively.

4 Conclusions

The actual study valorizes the cladodes of O. monacantha cactus for obtainment of an
alternative source of a food hydrocolloid, which has not been considered until now. The
mucilage extraction yield was on average of 12 % DW, indicating that the proposed isolation
method as a feasible option to process this cactus plant into a value-added polysaccharide
gum. The mucilage powder was found to consist of mainly carbohydrates together with a
substantial amount of ash, which in turn included appreciable levels of relevant minerals.
Also, it has shown it is a heteropolymer, constituted of a monosaccharide mixture of gal, ara,
xyl, glc, rham, glcA, and galA.

The mucilage aqueous solution had low particle size and displayed a solubility over 85
%. It presented high emulsifying capacity and promoted stability to the emulsion at various
ratios of oil to polysaccharide solution, similarly to xanthan gum, giving prospects for its
possible use in food formulation as an emulsifying agent and/or stabilizer. Likewise, it
showed a good foaming capacity, which was dependent on its concentration in solution. Even
more, the mucilage addition to an ovalbumin-based foam affected the resulting foaming
property, functioning as a foam enhancer and a foam stabilizer. The viscosity studies of
mucilage solutions demonstrated pseudoplastic behavior in the concentration range of 1-10 %
and a relative heat resistance. In this sense, this work unveils several investigative
perspectives to promote new technological applications of this material, based on its
functional properties.
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Appendix A. Supplementary data

Supplementary  data to this article can be found online
https://doi.org/10.1016/j.ijbiomac.2018.11.126.

Table S1. Methodology used for quantification of minerals in plant tissues.

Determinations Applied methodology/ Limit of detection
Phosphorus (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Potassium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Calcium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Magnesium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Sulfur (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Sodium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 10 mg/kg
Copper (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.3 mg/kg
Zinc (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 1 mg/kg
Iron (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 2 mg/kg
Manganese (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 2 mg/kg
Boron (mg/100 g) Dry digestion/ espec. abs. mol./ 1 mg/kg
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Fig. S1. Particle size distribution of Opuntia monacatha mucilage solution (1 % wi/v).
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Abstract

Cactus cladode offers innovative ingredients such as cactus mucilage (CM) and cladode flour
(CF) for producing gluten-free snacks. Five different cracker formulations were made: C-C
(control cracker prepared with commercial gums), C-CM (cracker containing CM instead of
commercial gums), C-CF5, C-CF10, and C-CF15 (crackers incorporated of 5%, 10% and
15% CF, respectively). CF characterization is also presented, demonstrating its great
technological potentiality. Proximate composition of C-CM was quite similar to the control
(except its superior ash), while the CF-incorporated crackers exhibited increased content of
ashes and fiber. In general, crackers' physical properties were not impacted by CM or CF
addition, except for the darker color of CF-supplemented crackers. The C-CM and CF-
incorporated crackers showed higher total phenolics and antioxidant activity. Additionally,
the latter samples were enhanced with carotenoids. Sensory evaluation revealed that C-CM
and C-CF5 were those most accepted. Therefore, CM and CF are interesting alternatives for

gluten-free cracker elaboration.

Keywords: Hydrocolloid, Texture, Total phenolic content, Carotenoids, Antioxidant activity,
Sensory evaluation.
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Highlights

Techno-functional characterization of cladode flour (CF) was demonstrated.

CF and cactus mucilage (CM) were used to develop gluten-free crackers.

CM affected the ashes, total phenolics and antioxidant activity of final cracker.
CF impacted the content of nutrients, phenolics, and carotenoids of end cracker.

The highest acceptance scores were obtained by C-CM and C-CFb5.
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1 Introduction

The consumption and demand for gluten-free products have risen all over the world
owing to an increased prevalence of gluten-related disorders like celiac disease. Celiac disease
IS a serious autoimmune disorder that can occur in genetically predisposed people where the
ingestion of gluten leads to damage in the small intestine (Rosell, Barro, Sousa, & Mena,
2014). Currently, the only treatment for celiac disease is lifelong adherence to a strict gluten-
free diet.

Crackers, a dry baked food typically made with flour, represent one of the most
important segments of the baking industry and could serve as a proper vehicle to meet the
consumer demand for a gluten-free snack that is nutritious, convenient and tasty (Millar et al.,
2017). Nevertheless, production of gluten-free crackers may encounter technical difficulties
because the gluten absence provokes a lack of suitable flow-mechanical properties for the
processing of flour doughs. As such, hydrocolloids (e.g. carboxymethyl cellulose, xanthan
and guar gum) are usually added on doughs to simulate the viscoelastic properties of gluten
and improve the structure, mouthfeel, acceptability, and shelf-life of gluten-free products
(Han, Janz, & Gerlat, 2010; Mir, Shah, Naik, & Zargar, 2016).

The Opuntia species are considered plants with enormous productive potential and
rich sources of dietary fiber (soluble and insoluble fractions) and minerals (Stintzing & Carle,
2005). As a result, the cladodes can constitute a resource of extractable polysaccharides
(mucilage) that could be used to modify the texture of food products, with promising
perspectives as a food additive/ingredient due to its hydrocolloid features (Dick, Dal Magro,
Rodrigues, Rios, & Flores, 2019).

On the other hand, it is also feasible to use the cladode in its more integral form,
taking advantage of the other components present in its matrix, beyond its high content of
mucilage. This is the case of the bioactive compounds generally observed by researchers in
the cactus cladodes such as polyphenols (principally flavonoids and phenolic acids) and
carotenoids with relevant antioxidant activity (Jaramillo-Flores et al., 2003; Mena et al., 2018;
Msaddak et al., 2017; Stintzing & Carle, 2005; Valente et al., 2010). Scientific evidence
shows the importance of the bioactive compounds in the diet because they may prevent and/or
combat several diseases associated with oxidative stress like cardiovascular diseases, cancers,
diabetes as well as neurodegenerative diseases, providing advantageous effects on consumers'
health apart from the food nutritive function (Yang et al., 2018).

In this sense, the cladodes dehydrated and processed into a powder could be a
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convenient form to be included in bakery goods and may increase the concentration of
beneficial compounds in the final product. Some studies have been carried out to investigate
the use of cladode flour as partial substitute of wheat flour on baked goods (e.g. cookies,
bread, and cake) with a wheat flour replacement range from 2.5 to 20 % by the cladode flour
(Ayadi, Abdelmaksoud, Ennouri, & Attia, 2009; Msaddak et al., 2017; Msaddak et al., 2015).
The main goal of these studies was to improve the nutritional value (fiber and minerals) and
the health-promoting properties (antioxidant compounds) of the end product through the
addition of cladode flour. Even if interesting results have been obtained there is no available
published data on the utilization of cactus ingredients in gluten-free formulated products.

Meanwhile, Brazil is considered the third geographic center of diversity of cacti in the
world (Carneiro, Farias-Singer, Ramos, & Nilson, 2016), however, the use of its native cactus
plants have hardly been deemed for food purposes, probably attributed to the lack of
information available. This is the case of Opuntia monacantha, popularly known as arumbeva
(Kinupp, 2007). The plant demonstrates ample geographical distribution and occurs naturally
in a number of Brazilian states, preferentially in the Atlantic coastal area, as well as in the
countries of Argentina, Paraguay, and Uruguay. It has been introduced and naturalized in
Australia, China, Cuba, the Himalayas, India and South Africa (Valente et al., 2010).

Due to the aforementioned characteristics of cacti cladodes, we glimpse that the
mucilage and the cladode flour obtained from O. monacantha can be important ingredients in
gluten-free baked products. Therefore, firstly this study assessed the physicochemical and
techno-functional properties of the cladode flour. Afterward were developed and evaluated
the effects of cactus mucilage (CM) and cladode flour (CF) as alternative ingredients to
substitute the commercial gums in gluten-free crackers on its proximate composition, physical

characteristics, bioactive compounds, antioxidant activity, and sensory acceptance.

2 Materials and methods

2.1 Materials

Cladodes (stems) from Opuntia monacantha (Willd.) Haw. were collected in the
region of Aguas Claras, Viamao city, Rio Grande do Sul state, Brazil (30°09'26.67"S and
50°52'33.01"W). Two harvests were carried out in August 2015 for the production of cladode
flour (CF) and cactus mucilage (CM) powder. A voucher specimen, registration number
191981, was deposited in the ICN (Institute of Natural Sciences Herbarium of the Federal
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University of Rio Grande do Sul). Other baking ingredients included: sour cassava starch
(Fritz & Frida®, Ivoti, Brazil), rice flour (Fazenda®, Turvo, Brazil), wholegrain buckwheat
flour (Ekosul Produtos Naturais, Estancia Velha, Brazil), sunflower oil (Salada®, Gaspar,
Brazil), salt (Cisne®, Cabo Frio, Brazil), sugar (Uni%® Tarumi, Brazil), dry yeast
(Fleischmann®, Pederneiras, Brazil), baking powder (ltapan®, Tapiratiba, Brazil), sodium
bicarbonate (FA®, Uberlandia, Brazil), monoglycerides of fatty acids (Creamline MHS 90 M)
and a-amylase enzyme (Spring Alfa 140.000) (Granolab do Brasil S/A, Curitiba, Brazil),
CMC (sodium carboxymethyl cellulose) gum (Mix®, S&o Bernardo do Campo, Brazil),
xanthan gum (Hexus Food Ingredients, Portdo, Brazil), and water. Additional chemicals and

reagents used in this study were of analytical grade.

2.2 Extraction procedure of cactus mucilage

The mucilage extraction was performed as previously described by Dick et al. (2019).
Briefly, it consisted of crushing the whole cladodes for the obtention of a pulp,
homogenization with water (1: 2, w/v, pulp: water) and heating (80 °C, 30 min). Hereafter,
the obtained slurry was centrifuged (10,000 g, 20 min, 20 °C) (Hitachi, CR 21GlIl, Japan) and
then precipitated overnight with 95 % ethanol (1: 3, v/v, supernatant: ethanol). Subsequently,
the mucilage was recovered by vacuum filtration and dried in a convection oven (45 °C, 16 h)
(DeLeo, B4AFD, Brazil). The sample was converted into fine particles with the aid of a
mortar and pestle and sieved through a 60-mesh screen to obtain the cactus mucilage (CM)
powder (Fig. 1A). The CM powder comprised of (based on dry weight): 9.65 % moisture,
80.12 % total carbohydrates (58.8 % total dietary fiber), 15.14 % ash, 3.55 % protein, and
1.19 % lipid (Dick et al., 2019).

2.3 Preparation of cladode flour

To produce the cladode flour (CF), the spines were removed with a knife, and the
cladodes (with parenchyma and chlorenchyma tissue) were washed with water, cut into small
thin strips and dried in a convection oven (DelLeo, B4AFD, Brazil) at 60 °C for approximately
20 h. The dried sample was ground in a laboratory knife mill (Solab, SL-31, Brazil), sieved
through a 60-mesh screen (granulometry < 250 um) to obtain a fine powder, so the product
had similar characteristics to a flour. The resulting cladode flour (Fig. 1B) was packed in

vacuum-sealed plastic bags until further use.
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2.4 Characterization of cladode flour

2.4.1 Proximate composition

The proximate analysis of CF was carried out according to the methods of the AOAC
(1990): 934.06 for moisture content; 960.52 for protein content (N x 6.25); 960.39 for lipid
content; 923.03 for ash content; and 985.29 for dietary fiber by the enzymatic-gravimetric
method. Total carbohydrate content was determined by the difference, from the contents of

the other components. Results were calculated on a dry weight (DW) basis.

2.4.2 Mineral contents

Simultaneous determination of P, K, Ca, Mg, S, Na, Cu, Zn, Fe, Mn and B in the CF
was estimated using an inductively coupled plasma — optical emission spectrometer (ICP-
OES) (Perkin Elmer, Optima 8300, USA), according to the methodology described by
Tedesco & Gianello (2004). Details regarding this analysis are compiled in Table S1 of

Supplementary data. Results were expressed on a dry weight (DW) basis.

2.4.3 Water activity and color parameters

Water activity (aw) of CF was measured at 25 °C using a portable water activity
instrument (Rotronic, HygroPalm AW1, Switzerland). The color of CF was determined using
a CIELab colorimeter (Konica Minolta, CR-400, Japan). Color was expressed as L*

(lightness), a* (+ red; - green), and b* (+ yellow; - blue) values.

2.4.4 Chlorophyll content

Approximately 0.1 g of CF was weighted in a tube, and 10 mL of 80 % acetone was
added. The tube was shaken vigorously for 1 min in a vortex, reposed for 10 min, and then
was centrifuged (Hitachi, CR 21GllIlI, Japan) at 25,000 g (15 min, 10 °C). The supernatant was
collected, and the absorbance was measured using a spectrophotometer (Shimadzu, UV-1800,
Japan) where chlorophyll a was determined at 663 nm and chlorophyll b at 647 nm
(Lichtenthaler, 1987). The results were expressed as the mass of chlorophyll based on sample
dry weight (mg/100 g DW).

2.4.5 Functional properties
The bulk density of the CF was measured by transferring the sample to a 25 mL

graduated cylinder, previously tarred. The bottom of the cylinder was gently tapped on a
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rubber mat (approx. 10 times) until there was no further diminution of the sample level after
filling to the 10 mL mark. The weight was then recorded and bulk density was calculated as
the weight of sample per unit volume of sample (g/mL) (Ayadi et al., 2009).

For swelling determination, CF (100 mg) was hydrated with 10 mL of distilled water
in a calibrated cylinder (1.5 cm diameter) at room temperature. After equilibration (18 h), the
bed volume was recorded and expressed as volume per gram original sample dry weight
(mL/g DW) (Robertson et al., 2000).

The water holding capacity (WHC) and oil holding capacity (OHC) of CF were
performed according to Lopez-Cervantes, Sadnchez-Machado, Campas-Baypoli, & Bueno-
Solano (2011) with minor modifications. To determine the WHC, 1 g of CF was placed in a
pre-weighed centrifuge tube to which 30 mL of distilled water was added. The suspension
was homogenized in a vortex for 1 min and left at room temperature for 24 h. Afterward, the
sample was centrifuged (Hitachi, CR 21Glll, Japan) at 25,000 g (30 min, 20 °C); supernatant
(non-absorbed water) was carefully discarded, being the tube kept inverted for 1 min. The
residue was weighted and WHC was reported as g of water bound per g of sample on dry
weight (g water/g DW). The OHC was determined under similar conditions as those of WHC,
except that sunflower oil substituted distilled water, and reported as g of oil bound per g of

sample on dry weight (g oil/g DW).

2.5 Preparation of gluten-free crackers

After preliminary trials, a basic cracker recipe was obtained and consisted of a flour
blend based on sour cassava starch, rice flour, and wholegrain buckwheat flour. Five types of
gluten-free crackers were prepared, as indicated in Table 1. The control cracker (C-C)
included the commercial gums CMC and xanthan, each one at 1 %. The cracker containing
cactus mucilage (C-CM) included CM at 2 %, instead of the commercial gums (CMC and
xanthan). The crackers containing cladode flour were free from commercial gums (CMC and
xanthan) and were incorporated of three different levels of CF: 5 % (C-CF5), 10 % (C-CF10)
and 15 % (C-CF15).

All dry ingredients, except sugar and yeast, were mixed in a bowl, whilst the liquid
ingredients (oil and a portion of water) and sugar were mixed separately to form an emulsion.
Meanwhile, the dry yeast was prehydrated with a portion of warm water (35° C). The
emulsion and the activated yeast were incorporated into the dry ingredients and mixed
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manually. The remaining water was added to make a homogenous dough. The total amount of
water required to form a cohesive dough varied depending upon the formulation (Table 1).
Thereafter, the dough was sequentially sheeted using a sheeting roll (Arke®, LEV-30,
Brazil). The thickness of the dough was gradually reduced by passing it through a 5 mm and a
2.5 mm roller gap, respectively. Then the roller gap was adjusted to 1 mm and the dough was
laminated by passing it seven times through the sheeting rolls. In each pass was poured into
the dough a mixture of oil and flour blend (just in half sheet) (Table 1), the sheet was folded
in half and rotated 90°. The mixture used for the lamination consisted of oil plus flour blend
in a ratio of 1: 4 w/w (oil: flour blend); for those formulations containing cladode flour (C-
CF5, C-CF10 and C-CF15) were incorporated in the mixture 5 %, 10 % and 15 % of CF,

respectively, based on flour blend.

Table 1. Formulations for the production of gluten-free crackers containing ingredients from
cactus (mucilage and cladode flour).

Ingredients C-C C-CM C-CF5 C-CF10 C-CF15
(9/100g) (g/100g) (g/100g) (9/100g)  (g/100 Q)

Flour blend 100 100 100 100 100
Sour cassava starch 60 60 60 60 60

Rice flour 30 30 30 30 30

Wholegrain buckwheat flour 10 10 10 10 10
Sunflower oil 15 15 15 15 15
Salt 4 4 4 4 4
Sugar 2 2 2 2 2
Dry yeast 2 2 2 2 2
Monoglycerides of fatty acids 1 1 1 1 1

Baking powder 0.8 0.8 0.8 0.8 0.8

Sodium bicarbonate 0.6 0.6 0.6 0.6 0.6

a-amylase enzyme 0.6 0.6 0.6 0.6 0.6
CMC gum 1 - - - -
Xanthan gum 1 - - - -
Cactus mucilage (CM) - 2 - - -
Cladode flour (CF) - - 5 10 15
Water 55 50 57 57 57
Flour blend?plus oil used for 12 12 12 12 12

layering

C-C: control cracker; C-CM: cracker containing cactus mucilage hydrocolloid; C-CF5: cracker incorporated of 5
% cladode flour; C-CF10: cracker incorporated of 10 % cladode flour; C-CF15: cracker incorporated of 15 %
cladode flour.

2 Sour cassava starch (60 %), rice flour (30 %), wholegrain buckwheat flour (10 %). For C-CF5, C-CF10 and
C-CF15 formulations were added 5 %, 10 % and 15 % of cladode flour, respectively, based on flour blend.
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The resulting multilayered sheet was molded with a circular dough cutter (45 mm
diameter), and each piece of disk was perforated with a metal pin (3 holes evenly distributed
in the triangular form), and thereby arranged in baking sheet and placed in a proofing
chamber (Venancio Ltda, Crescepdo AC20T, Brazil) for fermentation (32 °C, 80 % relative
air humidity) during 3 h. Afterward, the fermented crackers disks were baked at 170 °C in a
forced-air convection oven (Tedesco, turbo FTT-150E, Brazil) for 4-5 min, preheated to 190
°C. Baked samples were then removed from the oven, allowed to cool to room temperature,
and packed in polyethylene bags until quality measurements.

Two batches per cracker formulation were produced. For the analyses of proximate
composition and bioactive compounds, some portion of the different cracker formulations

were reserved and crushed into a powder for further evaluations.

2.6 Characterization of gluten-free crackers

2.6.1 Proximate composition
The proximate analysis of the samples was conducted as described in Section 2.4.1,
according to AOAC (1990) methods.

2.6.2 Color
The color of the samples was determined using a colorimeter (Konica Minolta, CR-

400, Japan) as referred in Section 2.4.3.

2.6.3 Physical properties

After crackers preparation, weight, volume, diameter, and thickness of ten cracker
pieces were averaged for each formulation. The samples were weighed in a semi-analytical
balance, and the volume measured using the rapeseed displacement method (10-05.01)
(AACC, 2001). The specific volume was calculated from the relationship of volume/weight,
and results were expressed as cm®/g. The diameter was measured by laying ten crackers edge-
to-edge with the help of a scale; the same set of crackers was rotated 90° and the diameter was
remeasured (average of three measurements) and reported in millimeter. The thickness was
measured by stacking ten crackers one on top of another and taking the average of these ten
pieces; the same set of crackers was turned 90° and the thickness was remeasured (average of

three measurements) and reported in millimeter.
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The hardness of baked crackers was assessed between 24 and 48 h after their
production using a Texture Analyzer (Stable Micro Systems, TA.XT2i, UK) equipped with a
three-point bending rig (HDP/3PB); the two adjustable supports of the base plate were set 25
mm apart, and the sample was placed on top; the upper blade moved downwards at a speed of
3 mm/s, measuring the maximum force required to break the sample. Ten determinations were

made for each formulation and results were expressed as Newton (N).

2.7 Bioactive compounds and antioxidant capacity

2.7.1 Total phenolic content

The total phenolic content was determined by the spectrophotometric method of Folin-
Ciocalteu (Singleton & Rossi, 1965). A gram of CF or cracker powder were homogenized (1
min) in a high-speed homogenizer (IKA, Ultra-Turrax T25, Germany) with 10 mL or 5 mL of
80 % methanol, respectively; kept 1 h in contact with the solvent, and then centrifuged (3000
g, 15 min, 10 °C) (Sigma, 4K15, England). A 20 pL aliquot of the supernatant was added to
1.58 mL of water and 100 pL of 1 N Folin-Ciocalteu. After reacting for 3 min, 300 uL of 1 N
Na,CO3 was added and the mixtures were incubated for 2 h at room temperature in a dark
environment. Hereafter, the absorbance was read at 765 nm in an UV-vis spectrophotometer
(Shimadzu, UV-1800, Japan). A standard curve was constructed to quantify the total phenolic
content, using gallic acid at concentrations of 0 to 0.850 mg/mL, and the results were

expressed as mg gallic acid equivalent (GAE)/g of sample on dry weight.

2.7.2 Carotenoid profile

The carotenoid composition of the CF and the CF-incorporated crackers (C-CF5, C-
CF10, C-CF15) were determined by high-performance liquid chromatography (HPLC). The
carotenoid extract was prepared according to the method described by Mercandante, Britton,
and Rodriguez-Amaya (1998). Briefly, this involved an exhaustive extraction with acetone,
transfer to ethyl ether/petroleum ether, overnight saponification with 10 % KOH in methanol,
washing, and concentration prior to HPLC.

The HPLC system used was an Agilent 1100 Series (Santa Clara, USA) equipped with
an online degasser, a quaternary solvent pump, an automatic injector, and a UV-Vis detector.
The carotenoid separation was performed according to Zanatta and Mercadante (2007). A Cszo
reversed phase polymeric column (250 x 4.6 mm; 3 um particle size) (YMC, Japan) was used.

The mobile phase was water, methanol and methyl tert-butyl ether (MTBE) starting at 5:90:5
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(v/viv), reaching 0:95:5 (v/v/v) in 12 min, 0:89:11 (v/v/v) in 25 min, 0:75:25 (v/v/v) in 40
min, and finally 0:50:50 (v/v/v) after a total of 60 min, at a flow rate of 1 mL/min and an
injection volume of 5 pL at 33 °C. Chromatograms were processed at 450 nm and the spectra
were obtained between 250 and 600 nm. Compounds were identified by comparing the
sample retention times with the retention times obtained for the standards under the same
conditions. For quantification of carotenoids, standard curves of lutein (1 — 65 pg/mL), B-
carotene (5 — 50 pg/mL), zeaxanthin (1 — 40 pg/mL), a-carotene (2 — 25 pg/mL), and
cryptoxanthin (4 — 100 pg/mL) were used. The limits of detection (LOD) and quantification
(LOQ) for the carotenoids were, respectively: 6.9 x 102 and 1.15 x 1072 ug/g for lutein, 6.53 x
102 and 10.89 x 107 pg/g for B-carotene, 9.56 x 102 and 1.59 x 102 pg/g for zeaxanthin,
1.97 x 102 and 3.28 x 10 ug/g for a-carotene, and 2.11 x 102 and 3.51 x 10 ug/g for

cryptoxanthin.

2.7.3 ABTS assay

Antioxidant capacity was performed by the determination of 2,2"-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) radical scavenging activity
(Re et al., 1999). The extracts were obtained in the same way as in the total phenolic content
analysis (Section 2.7.1), except by the extract concentration utilized: 0.1 g of CF and 0.5 g of
cracker powder mixed with 12 and 10 mL of 80 % methanol, respectively. The ABTS radical
cation was produced by reacting 7 mM ABTS stock solution with 140 mM potassium
persulfate and allowing the mixture to stand in the dark for 16 h at room temperature before
use. For the assay, the ABTS*" solution was diluted with ethanol to an absorbance of 0.70 +
0.02 at 734 nm. An aliquot of 100 pL of each extract was mixed with 1 mL ABTS®** solution
and an absorbance (734 nm) reading in an UV-vis spectrophotometer (Shimadzu, UV-1800,
Japan) was taken after 6 min. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) was used as standard (0 — 16 uM) and results were expressed as pmol trolox equivalent
(TE)/g of sample on dry weight.

2.8 Sensory evaluation of gluten-free crackers

The sensory evaluation of the cracker samples was conducted using an acceptance test.
Each analysis was performed by an untrained panel of 50 people, with ages between 18 and
59. The samples were provided on white dishes coded with a three-digit random number. The

acceptance attributes such as appearance, color, odor, crunchiness, taste, aftertaste, and
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overall acceptability were evaluated by the panel using a hedonic scale of 9 points (ranging
from 1, dislike extremely to 9, like extremely). This study was approved by the Ethics
Committee of the University (Protocol n° 2.139.343). To calculate the percentage of
acceptance of each attribute, the following equation was used (Meilgaard, Civille, & Carr,
2007):

Average acceptance
9

Acceptance (%) = X 100

2.9 Statistical analysis

All the experiments were conducted at least in triplicate and results were expressed as
a mean = standard deviation. Statistica 12.0 (Statsoft Inc., Tulsa, USA) software was used to
analyze the data. The means were compared by Tukey’s test at a 5 % level of significance

using analysis of variance (ANOVA).

3 Results and discussion

3.1 Cladode flour characterization

The proximate composition of the CF from O. monacantha is given in Table 2.
Obtained results showed it contains high levels of fiber (insoluble and soluble fractions) and
ashes, and a minor proportion of moisture, protein, and lipids. Valente et al. (2010) evaluated
the cladodes from the same species of this study and reported similar values of protein (5.4 %
DW) and lipid content (1.4 % DW), and slightly lower ash content (15 % DW). In general, the
nutritional profile described in the literature for the Opuntia ssp. cladodes are in the range of
40-60 % for TDF, 19-23 % for ash, 4-10 % for protein, and 1-4 % for lipids (Guevara-
Arauza et al., 2015; Stintzing & Carle, 2005), which agrees with this investigation. Table 2
reveals that potassium (K) was the most abundant mineral in O. monacantha CF, followed by
calcium (Ca), and magnesium (Mg), which concur with the results determined by other
authors for Opuntia genus (Ayadi et al., 2009; Ramirez-Moreno, Marqués, Sanchez-Mata, &
Gofii, 2011). Among microelements, could be highlighted the substantial amounts of
manganese (Mn) and zinc (Zn).

The results from the nutritional composition of O. monacantha CF demonstrate that
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this ingredient can be used to produce value-added food products, based on its high content of
fiber (insoluble and soluble fraction) and important minerals; for example, its addition could
improve the nutritional quality of gluten-free products that are frequently made from refined

flour and/or starch.

Table 2. Characterization of cladode flour from O. monacantha.

Parameter Result
Component (g/100 g DW)?2

Moisture 513+0.13
Protein 512+0.19
Lipid 1.72£0.08
Ash 18.29 +0.11
Total Dietary Fiber (TDF) 4536+ 1.74
Insoluble Dietary Fiber (IDF) 32.86 £0.38
Soluble Dietary Fiber (SDF) 12.50
Total Carbohydrate 74.87
Macrominerals (g/100 g DW)?

Phosphorus (P) 0.19+0.01
Potassium (K) 455 +0.49
Calcium (Ca) 2.75+0.21
Magnesium (Mg) 1.05+0.08
Sulfur (S) 0.16 £ 0.02
Sodium (Na) 0.50 £ 0.02
Microminerals (mg/100 g DW)?2

Copper (Cu) 0.75+£0.21
Zinc (Zn) 17.85+0.35
Iron (Fe) 2.6 £0.57
Manganese (Mn) 250 + 28.28
Boron (B) 2.2+0.28
Chlorophyll content (mg/100 g DW)?

Chlorophyll a 67.82 £ 0.39
Chlorophyll b 27.13£0.98
Total chlorophyll 94.96 + 0.59
Color and aw

L* 68.83 £ 1.67
ax* -6.43 £ 0.57
b* 23.74 +0.25
Water activity (aw) 0.37£0.00
Functional properties

Bulk density (g/mL) 0.77 £0.01
Swelling (mL/qg) 17.49 £ 0.88
Water holding capacity (g water/g DW) 7.03+0.19
Oil holding capacity (g oil/g DW) 1.26 + 0.04

Results are mean + standard deviation.
2 All measurements are on dry weight (DW) basis, except the moisture.
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Regarding the chlorophyll content in CF (Table 2), the chlorophyll a content represented
more than the double of the chlorophyll b content, which is in accordance with the findings of Ayadi
et al. (2009) and Maki-Diaz et al. (2015) for Opuntia ficus-indica (Ofi) fresh cladodes. Evenmore,
Ayadi et al. (2009) reported for the spiny cladodes slightly higher values of chlorophyll content
than that obtained herein (131.08 mg/100 g DW of total chlorophyll, 73.63 mg/100 g DW of
chlorophyll a, and 35.34 mg/100 g DW of chlorophyll b).

Aside from their physiological role, fiber-rich ingredients can be used for economic
and technological purposes (Guillon & Champ, 2000). Table 2 also summarizes some
technological properties of CF (aw, color, bulk density, swelling, WHC, and OHC).

The water activity (aw) is a key parameter concerning the conservation of food
products. At aw values below 0.5, no microbial proliferation occurs, so this indicates the
relatively high stability of this flour. A similar result was observed by Boukid et al. (2015) for
a powder obtained from Ofi cladodes and dried at 60 °C (aw = 0.36).

The color parameters of CF showed a high lightness (L*) and a pale green aspect
(Table 2; Fig. 1B). Ayadi et al. (2009) reported comparable values for Ofi cladode flour.
Those authors and also Boukid et al. (2015) suggested that CF could be used as a natural dye
in bakery products, thus avoiding the addition of other synthetic green coloring agents.

With respect to the bulk density (Table 2), it can be observed that the found value is
similar to the data earlier determined by Ayadi et al. (2009). The swelling measures the
hydration capacity of a powder, being influenced by its content of polysaccharides. The CF
exhibited a swelling value of 17.49 mL/g, which was higher than other vegetable fibers such
as apple (7.42 mL/g) and citrus (10.45 mL/qg) previously reported (Robertson et al., 2000).

The interest in the use of fiber-rich ingredients has raised mainly due to their
texturizing effects in formulated foods. They can be used as functional ingredients to modify
the viscosity, avoid syneresis, decrease calories and as a replacement for fat, being utilized in
a variety of food categories, such as baked goods, beverages, confectionery, dairy, frozen
dairies, meat, pasta, and soups (Elleuch et al., 2011; Guillon & Champ, 2000; Thebaudin,
Lefebvre, Harrington, & Bourgeois, 1997).

The O. monacantha CF presented a water holding capacity (WHC) of 7.03 g water/g
DW (Table 2). Studies on cladode flour prepared from Ofi are found in the literature. The
WHC obtained in our study is similar to the finding of Msaddak et al. (2015) (7.95 g water/g
DW), within the values of Lopez-Cervantes et al. (2011) (6.48 — 14.44 g water/g DW), and
higher than that reported by Ayadi et al. (2009) (3.15 — 6.85 g water/g DW). This variation in
WHC values described by different authors for Opuntia plants can be attributed to the species
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and age of cladodes, the degree of milling of the flours and the drying conditions (Ldpez-
Cervantes et al., 2011). Its noteworthy that the WHC value obtained in this research was
higher than those reported for maize flour (1.42 g/g), rice flour (1.29 g/g), maize starch (1.34
0/g), wheat starch (0.63 g/g), and potato starch (0.17 g/g) (Martinez & Gomez, 2017).

Alongside their hydration properties, fibers possess the capacity to hold oil. The oil
holding capacity (OHC) of fiber is an important functional property because oil plays a
significant role in increasing the mouthfeel of foods, and also in the prevention of fat and
flavor loss during cooking (Thebaudin et al., 1997). Analysis revealed that the OHC of CF
was 1.26 g oil/g DW (Table 2), which coincides with the data reported by Ayadi et al. (2009)
(between 1.29 and 1.31 g oil/g DW) and by Msaddak et al. (2015) (1.77 g oil/g DW), both for
Ofi cladode flour.

3.2 Proximate composition of gluten-free crackers

The proximate composition of the different gluten-free crackers is shown in Table 3. It
can be seen that the addition of varying amounts of CF to the recipe significantly (p < 0.05)
lowered the moisture content of the resulting cracker, likely due to the insoluble fiber portion
found in the CF. No significant (p > 0.05) differences were observed in both protein and lipid
content among all evaluated samples.

The ash content ranged from 4.27 % (C-C) to 5.48 % (C-CF15), being increasingly
higher (p < 0.05) in the crackers with a superior proportion of CF, which is explained by the
elevated percentage of ash present in the cladodes (18.29 %), as already mentioned. Msaddak
et al. (2015) noticed that the inclusion of cladode powder to cookies increased the amounts of
potassium, magnesium, calcium, iron, and zinc. Regarding the C-CM sample, even though the
mucilage hydrocolloid was used at a small quantity (2 %) its presence imparted greater ash
content than the control (C-C), presumably owing to the mucilage's high ash level (15.14 %).

The total dietary fiber content of C-CM and C-CF5 samples did not show significant
(p > 0.05) differences in comparison with the control, whereas the C-CF10 and C-CF15
samples inferred significantly (p < 0.05) higher values. These results demonstrate the
crackers' fiber enrichment from 10 % CF-incorporation level, which is important because the
consumption of fibers has been associated with positive physiological effects on human
health.
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Table 3. Proximate composition and physical characteristics of gluten-free crackers.

Formulation

Parameter

C-C C-CM C-CF5 C-CF10 C-CF15
Component (g/100 g DW)*
Moisture 7.39+0.058 6.86+0.14° 575+0.14° 582+0.06° 5.43+0.06¢
Protein 3.61+0.022 3.98+0.14% 3.82+0.022¢ 394+0.16* 3.83+0.14%
Lipid 1151 £0.41° 12,14 +0.29®® 12.62 +0.57% 13.26 +£0.49% 12.78 + 0.342
Ash 427 £0.04 4.98+0.05° 4.75+0.03° 5.04+0.05°> 5.48+0.03?
Total Dietary Fiber (TDF) 3.48+0.28° 3.20+0.25° 3.66+0.58° 5.09+0.01° 6.58+0.122
Insoluble Dietary Fiber (IDF) 1.87 £0.20¢ 2.06 +0.22°¢ 3.13+0.29*° 3.37+£0.18% 4.55+0.51?
Soluble Dietary Fiber (IDF)B 1.61 1.14 0.53 1.72 2.02
Total Carbohydrate® 77.13 75.70 75.15 72.66 71.34
Physical characteristics
Weight (g) 277+0.13% 286+0.10° 258+0.09° 2.63+0.16" 2.73+0.15%C
Diameter (mm) 40.00 £ 0.62% 40.01+0.21% 40.08 +0.38* 40.06 +0.32* 40.07 £0.19?
Thickness (mm) 353+0.03% 3.41+0.09° 2.67+0.03" 280+0.05> 3.47+0.03?
Specific volume (cm%/g) 1.88+0.318 190+0.088 207+0.34% 2.01+0.29% 2.14+0.08
Hardness (N) 1727 +3.77¢ 1651+1.47% 1450+1.42% 16.36 £1.78% 17.71+4.11%
Color
L* 71.00+1.10° 70.06 +1.09° 60.04 +1.48° 52.89 +1.58° 47.76 + 1.56¢
ax* 3.00+£0.08%8 3.01+0.05% 0.96+0.14°> 0.70+0.06° 0.14+0.03¢
b* 18.26 £ 0.16° 18.17 £0.89° 21.49+0.22° 22.71+0.14* 23.62 +0.18%

C-C: control cracker; C-CM: cracker containing cactus mucilage hydrocolloid; C-CF5: cracker incorporated of 5
% cladode flour; C-CF10: cracker incorporated of 10 % cladode flour; C-CF15: cracker incorporated of 15 %
cladode flour. Results are mean + standard deviation. Different letters in the same row indicate significant
differences (p < 0.05) by Tukey’s test.

A All values are on dry weight (DW) basis, except the moisture.

B Calculated by the equation: SDF = TDF - IDF.

C Calculated by the equation: total carboydrate = 100 - (protein (DW) + lipid (DW) + ash (DW) + TDF (DW)).

3.3 Physical characteristics of gluten-free crackers

Some physical aspects of gluten-free crackers are summarized in Table 3. All tested
formulations did not exhibit significant (p > 0.05) differences in terms of weight, diameter,
specific volume, and hardness. Consequently, these physical parameters of crackers were not
affected by the replacement of the commercial gums (CMC and xanthan) with cactus
mucilage (C-CM), neither by the inclusion of cladode flour at different levels (C-CF5, C-
CF10, and C-CF15).

In relation to the thickness, the samples C-CF5 and C-CF10 presented significantly
lower values than the C-C. This result might be due to the various amounts of CF used in the
CF-incorporated crackers, that imparted different balances of insoluble/soluble fiber fractions
in each formulation, and possibly, resulted in different interactions among ingredients in the
blend.



99

Table 3 also presents the effects of CM and CF addition in the color of the samples
and Fig. 1C depicts their appearance. The color parameters (L*, a*, and b*) of the cracker
containing CM (C-CM) did not vary significantly (p > 0.05) from the control (C-C), which
confirms they were quite similar in terms of color. In contrast, the CF incorporation into the
crackers' formulation influenced their color significantly (p < 0.05). The L* value decreased,
indicating that the color of the end product progressively became darker (browner) by the rise
of CF fraction. Besides, a* (red-green profile) value diminished and b* (yellow-blue profile)
value augmented, highlighting the minor intensity of red color and the higher intensity of

yellow color for respective crackers gradually enhanced with CF.

C-CM

C-CF10 C-CF15

Fig. 1. Appearance of the ingredients obtained from Opuntia monacantha cactus: cactus
mucilage (CM) powder (A) and cladode flour (CF) (B). (C) shows the appearance of the
prepared gluten-free crackers incorporated of these ingredients. C-C: control cracker; C-CM:
cracker containing cactus mucilage hydrocolloid; C-CF5: cracker incorporated of 5 % cladode
flour; C-CF10: cracker incorporated of 10 % cladode flour; C-CF15: cracker incorporated of 15
% cladode flour.

3.4 Bioactive compounds and antioxidant capacity

The total phenolic content (TPC) of CF and the various experimental crackers are
presented in Table 4. As shown, the CF-incorporated crackers showed a progressive and
significant (p < 0.05) increase in the TPC by the increment of CF. Similar findings have also
been reported by Msaddak et al. (2017) when wheat bread was supplemented with CF (wheat
flour substitution from 2.5 to 10 % by CF). The presence of polyphenolic compounds already
documented for the cactus cladodes, mainly flavonoids and phenolic acids (Mena et al., 2018;
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Msaddak et al., 2017; Stintzing & Carle, 2005; Valente et al., 2010) certainly contributed to
the superior values of TPC in the CF-formulated crackers than in the control.

Interestingly, the cracker containing cactus mucilage (C-CM) also exhibited higher
TPC compared to the control sample, almost two-fold higher. It is believed that the mucilage
extraction from the cladodes still leaves phenolic compounds associated with the mucilage,
which probably does not occur in the process for obtainment the commercial gums used in the

control cracker.

Table 4. Total phenolic content, carotenoid composition, and antioxidant activity (ABTS) of
cladode flour and gluten-free crackers.

Total phenolic Carotenoids (ug/g DW)
Sample compounds ] ] Total (umolﬁ'BE-/rgSDW)C
(mg GAE/g DW)* Lutein B-carotene Zeaxanthin a-carotene carotenoids®

Cladode flour 5.54 +0.07% 48.79+457* 27.86+0.09° 11.69+0.39° 7.52 +0.23? 95.86 + 5.282 66.53 + 5.54%
c-C 0.26 +0.02f - - - - - 2.12 +0.08"
C-CM 0.45+0.03% - - - - - 2.53 +0.08¢
C-CF5 0.67 +0.02¢ 0.70 + 0.00¢ 0.87+0.05  021+0.00° 0.18+0.01¢ 1.96 + 0.06¢ 5.30+0.17¢
C-CF10 0.80 + 0.02° 1.22 +0.06° 1.38 £0.07¢ 0.34+0.01° 0.27 £0.01° 3.21+0.14° 9.98 +0.30°
C-CF15 1.01 +0.04° 1.61+0.21° 1.79 +0.04° 0.49 + 0.04° 0.39 +0.01° 4.28 +0.29° 15.73+0.73°

C-C: control cracker; C-CM: cracker containing cactus mucilage hydrocolloid; C-CF5: cracker incorporated of 5 % cladode flour; C-CF10:
cracker incorporated of 10 % cladode flour; C-CF15: cracker incorporated of 15 % cladode flour.
Results are mean + standard deviation. Different letters in the same column indicate significant differences (p < 0.05) by Tukey’s test.

-, Not determined.

A GAE: gallic acid equivalent.

B Total carotenoids: sum of lutein, B-carotene, zeaxanthin, and a-carotene content.

C TE: trolox equivalent.

Table 4 gives the carotenoid composition of CF and CF-incorporated crackers. The
consumption of carotenoid pigments has been proposed to confer health benefits such as
reduce the risk of developing degenerative chronic diseases attributed to their role as
antioxidants (Burns, Fraser, & Bramley, 2003; Updike & Schwartz, 2003), so these natural
pigments have received particular attention. Four individual carotenoids were identified in
CF: lutein, p-carotene, zeaxanthin, and a-carotene. The total carotenoid content in CF was
determined to be 95.86 ug/g DW, corresponding to 51 % of lutein, 29 % of p-carotene, 12 %
of zeaxanthin, and 8 % of a-carotene. Jaramillo-Flores et al. (2003) and Gonzélez-Cruz,
Filardo-Kerstupp, Bello-Pérez, Gliemes-Vera, and Bernardino-Nicanor (2012) also reported
the presence of lutein and B-carotene as the major carotenoid constituents of Ofi cladodes. In
contrast to our work, both studies documented the presence of a-cryptoxanthin but did not
mention the presence of zeaxanthin and a-carotene.

As examples, some important sources of dietary lutein are spinach (881 pg/g DW),
kale (515 pg/g DW), broccoli (84 pg/g DW) and pea (41 pg/g DW) (Updike & Schwartz,
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2003); good sources of B-carotene are carrot (320 pg/g DW), sweet potato (381 pg/g DW)
and mango (50 pg/g DW) (Burns et al., 2003); whereas good levels of zeaxanthin can be
found in corn (24 pug/g DW) (Updike & Schwartz, 2003). On the other hand, carotenoid
content in some cereal grains are reported to be found in low amounts, such as in bread wheat
(0.1 — 2.5 pg/g DW), durum wheat (1.5 — 4.8 pg/g DW), and einkorn (5.3 — 13.6 pg/g DW)
(Hidalgo, Brandolini, & Pompei, 2010).

Regarding the gluten-free crackers, it is expected some carotenoid losses during their
processing mostly due to the exposure to high temperatures of baking (Hidalgo et al., 2010).
The proportion of the individual carotenoids in the prepared crackers changed comparing to
the CF, being the p-carotene the predominant pigment (= 43 %), followed by lutein (= 38 %).
The other two carotenoids (zeaxanthin and a-carotene) remained in a similar proportion as in
the CF. It is cited that lutein is more susceptible to oxidation, i.e., small temperature changes
are required to reduce this compound rapidly (Rodriguez-Amaya, 2001).

The antioxidant activity of the CF and the elaborated crackers were determined by
using the in vitro ABTS assay (Table 4). Analysis of the antioxidant capacity revealed a
similar trend to that found in the Folin-Ciocalteu assay. All tested samples showed
significantly (p < 0.05) higher values than the control, ranging from 2.53 umol TE/g DW (C-
CM) to 15.73 umol TE/g DW (C-CF15). The superior amount of antioxidant activity in the C-
CM might result from the presence of phenolic compounds in the cactus mucilage, while in
the CF-incorporated crackers may derive from the presence of bioactive antioxidant
compounds (phenolic compounds and carotenoids) in the CF. In this respect, Msaddak et al.
(2015) suggested that the CF inclusion in cookies enhanced their antioxidant potential as well

as their stabilization against oxidative damage during storage.

3.5 Sensory evaluation

The five different formulations of gluten-free crackers were evaluated for their sensory
attributes with an acceptability test (Table 5). The sensory analysis indicated no statistical (p
> (0.05) differences for appearance, color, and odor attributes of all tested crackers. Indeed,
with the appearance and color attributes for all samples, ranging from 5 — 7 (neither like nor
dislike to like moderately) of the 9-point hedonic scale, indicates that even for the CF-
incorporated crackers which were darker in color, specially C-CF10 and C-CF15, these
attributes are not likely to be a hindrance to product acceptability. A different result was
found by Msaddak et al. (2017) for the cladode flour addition at various levels of substitution
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(2.5 — 10 %) to wheat bread, suggesting that more than 7.5 % of CF supplementation was
manifested with rejection by panelists, assigned to the green color increment.

Table 5. Sensory evaluation (acceptance test) of gluten-free crackers.

Attribute®

Formulation ] Overall
Appearance Color Odor Crunchiness Taste Aftertaste e
acceptability

C-C 6.26+1.17% 590+1.43" 6.32+1.30*° 550+1.95" 6.46+1.39* 6.18+1.52® 6.16+1.31°
C-CM 6.38 £1.32®% 6.08+1.50* 6.62+1.16% 6.60+1.50° 7.16+1.36® 6.66+1.45® 7.02+1.06°
C-CF5 6.96+1.48° 6.80+1.49° 6.33+1.45* 7.15+137% 7.35+142% 6.72+1.77% 7.38+1.11%

C-CF10 6.22+1.66® 6.11+1.59% 6.28+1.60° 6.41+1.44% 6.07+1.58° 574+161* 6.27+1.37°
C-CF15 5093+155° 574+1.77° 5093+1.64° 6.48+147° 567+1.83° 4.98+211° 573+1.70°

C-C: control cracker; C-CM: cracker containing cactus mucilage hydrocolloid; C-CF5: cracker incorporated of 5 % cladode
flour; C-CF10: cracker incorporated of 10 % cladode flour; C-CF15: cracker incorporated of 15 % cladode flour.

Results are mean + standard deviation.

Different letters in the same column indicate significant differences (p < 0.05) by Tukey’s test.

A Scored on 9-point hedonic scales where 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 =
neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, and 1 = dislike extremely.

Interestingly, it is possible to observe that all samples containing cactus ingredients
provided significantly (p < 0.05) higher crunchiness scores than the control, demonstrating
that their utilization affected positively this attribute. In their work, Guevara-Arauza et al.
(2015) reported that the addition of a soluble fiber fraction (mucilage) from nopal cactus on
wheat bread rolls resulted in a better distribution of starch granules into the dough compared
to the control bread. This may give us an insight on why the use of cactus ingredients in
crackers, namely CM — mainly composed of soluble fiber — and CF — mainly composed of
insoluble and soluble fibers — reflected in superior crunchiness scores.

Concerning the taste, it can be inferred that the samples C-CM and C-CF5 were the
most accepted. The addition of CF from 10 % promoted a decrease in the taste acceptability
and also compromised the acceptance of aftertaste, being the C-C15 sample regarded as
“unacceptable”. These attributes (taste and aftertaste) might have influenced the lower overall
acceptability of the samples C-CF10 and C-CF15 in comparison with the C-CF5 sample. In
this respect, Sepulveda, Gorena, Chiffelle, Saenz, and Catalan (2013) stated that taste and
aroma of foods formulated with cladode flour can be adversely impacted by its inclusion, due
to its herbaceous flavor. The sensory characteristics could mostly be affected if the powder
derives from the cladodes with the epidermis (peel) where there are the major amounts of
chlorophylls; nevertheless, the flour prepared from the whole cladode (with peel)
demonstrated higher content of soluble fiber and bioactive compounds.

The overall acceptability rating reflected the scores obtained in the other attributes and
indicated that the cracker containing cactus mucilage (C-CM) and the one supplemented with
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5 % cladode flour (C-CF5) were those that had greater overall acceptability, reaching an
acceptance rate of 78 % and 82 %, respectively, which were superior to the control cracker.

4 Conclusions

This study demonstrates the feasibility of utilizing the mucilage and the cladode flour
from O. monacantha as alternatives in front of the commercial gums in the manufacturing of
gluten-free crackers.

The cracker containing cactus mucilage exhibited similar characteristics to the control
counterpart (prepared with commercial hydrocolloids) with an additional improvement of the
total phenolic content, antioxidant activity, as well as the sensory acceptability score. On the
other hand, the cladode flour features in a single matrix the mucilage (important to aid
cohesiveness to the gluten-free dough) and other bioactive constituents. In general, its
inclusion at different levels augmented both nutritional and functional values of the resulting
cracker (higher content of fiber, ashes, total phenolics, carotenoids, and antioxidant activity).
Moreover, the sensory analysis showed that 5 % of CF incorporation reached a high
acceptance rate (more than 80 %).

In summary, the ingredients obtained from cactus cladodes fulfilled the technological
requirements for the elaboration of gluten-free snacks and can also be considered potential

functional food ingredients.
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Table S1. Methodology used for quantification of minerals in plant tissues.

Determinations Applied methodology/ Limit of detection
Phosphorus (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Potassium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Calcium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Magnesium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Sulfur (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.01 %
Sodium (g/100 g) Wet digestion nitric percloric/ ICP-OES/ 10 mg/kg
Copper (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 0.3 mg/kg
Zinc (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 1 mg/kg
Iron (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 2 mg/kg
Manganese (mg/100 g) Wet digestion nitric percloric/ ICP-OES/ 2 mg/kg
Boron (mg/100 g) Dry digestion/ espec. abs. mol./ 1 mg/kg
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4 DISCUSSAO GERAL

Este trabalho teve como objetivo obter dois distintos produtos de uma espécie de cacto
nativa brasileira (Opuntia monacantha): a mucilagem e a farinha do cladddio, e avaliar a
aplicabilidade desses ingredientes em biscoito tipo cracker sem glaten. A caracterizacdo
desses dois ingredientes, assim como os resultados das suas aplicacbes em biscoitos, foi
apresentada em dois artigos cientificos.

No primeiro estudo “Valorization of Opuntia monacantha (Willd.) Haw. cladodes to
obtain a mucilage with hydrocolloid features: Physicochemical and functional performance”
foi obtido um hidrocoloide natural, a mucilagem, a qual foi caraterizada quanto a sua
composicao quimica e potenciais propriedades funcionais para aplicacdo em alimentos.

A metodologia de extracdo da mucilagem contida nos cladddios desta planta envolveu
a utilizacdo de agua e etanol (agente precipitante), os quais sdo disponiveis a baixo custo. A
definicdo da proporcdo de cladddio/agua, temperatura e propor¢do de sobrenadante/etanol
empregados no processo de extracdo foram definidos apds extensa revisdo bibliografica em
conjunto com testes preliminares. Deste modo, pdde-se obter um produto com rendimento
satisfatorio (1,2 % considerando os cladddios frescos, ou 12 % considerando os cladédios
secos) quando comparado com os valores médios reportados na literatura para a extragdo de
mucilagem de outras cactaceas.

Na Tabela 1 é possivel visualizar os valores de composicdo centesimal da mucilagem

(artigo 1) em comparacao com a farinha do cladodio (artigo 2).

Tabela 1 — Composicéo centesimal da mucilagem e da farinha do cladodio.

Mucilagem!  Farinha do cladddio?

Umidade 9,65% 5,13%
Proteina 3,55% 5,12%
Lipideos 1,19% 1,72%
Cinzas 15,14% 18,29%
Fibras dietéticas totais 58,80% 45,36%
Fibras dietéticas insolUveis 3,47% 32,86%
Fibras dietéticas sollveis 55,33% 12,50%
Carboidratos totais 80,12% 74,87%

Y Valores apresentados no artigo 1.
2Valores apresentados no artigo 2.

Os monossacarideos constituintes da mucilagem também foram determinados, e

verificou-se predominantemente a presenca de galactose, acido glicurdnico e arabinose. A
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mucilagem em pd mostrou-se visualmente apresentavel, com cor clara, semelhante a cor de
hidrocoloides comerciais. As medidas viscosimétricas indicaram uma alta massa molar (1,12
x 10° g/mol) e viscosidade intrinseca intermediaria (9.02 dL/g) em compara¢io com outros
hidrocoloides. A mucilagem reconstituida em agua, apresentou elevada solubilidade (acima
de 85%) nas diferentes temperaturas testadas. A capacidade emulsificante foi maior com o
aumento da propor¢do de mucilagem na emulsdo. A mucilagem também apresentou
capacidade espumante, a qual foi maior utilizando-se maior percentual de mucilagem em
solucdo. E importante ressaltar que esta é uma caracteristica interessante, visto que muitas
gomas polissacaridicas ndo possuem tal capacidade (ex. goma guar, goma xantana, goma
alfarroba). Em relacdo a viscosidade, a mucilagem apresentou menor poder espessante quando
comparada com as gomas xantana e guar, por exemplo, para obter-se um poder espessante
similar, é necessario 10% de mucilagem em solucdo, em contrapartida a apenas 1% de goma
xantana.

Portanto, os resultados contidos neste primeiro artigo apontam que a planta Opuntia
monacantha pode ser uma matriz para a obtencdo de um hidrocoloide com diversas
funcionalidades que podem ser exploradas pela industria de alimentos, tais como:
emulsificante, espumante, espessante, bem como estabilizante. Essas propriedades, ainda
precisam ser estudadas em variadas aplicacdes alimentares. Como passo inicial, seria
interessante avaliar o comportamento dessa mucilagem em diferentes sistemas-modelo, como
por exemplo, na presenca de sais, acucares, diferentes pHs e temperaturas, com o intuito de
simular o comportamento deste hidrocoloide em alimentos processados.

No segundo estudo “Mucilage and cladode flour from cactus (Opuntia monacantha) as
alternative ingredients in gluten-free crackers” avaliou-se primeiramente as caracteristicas
tecnoldgicas-funcionais da farinha do cladddio, e ap6s os efeitos da utilizacdo da mucilagem e
da farinha de cladddio em biscoitos tipo cracker sem glaten.

Para obtencdo da farinha do cladodio utiliza-se menos etapas de processamento
quando comparada com a mucilagem, e também, utiliza-se o cladddio de forma mais integral,
desta maneira, além de conter mucilagem (predominantemente fibra solGvel), a farinha do
cladédio possui alguns compostos bioativos (compostos fendlicos e carotenoides)
incorporados a sua matriz.

Os resultados da composicéo quimica da farinha do cladddio avaliados nesta pesquisa,
demonstram uma oportunidade para o desenvolvimento de produtos fortificados utilizando-se
essa matéria-prima, baseado em seu alto teor de fibra (fracdes insoltvel e solGvel) e minerais

(potéssio, calcio, magnésio, zinco e manganés). Além disso, este ingrediente pode ser
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utilizado em diferentes produtos alimenticios, da mesma forma que outros ingredientes ricos
em fibras, para diminui¢do do conteudo caldrico, reducgdo da sinérese, reducéo do contetido de
gordura, e modificacdo da viscosidade e da textura. Contudo, deve-se levar em consideracao o
sabor caracteristico herbaceo/amargo que a adicdo desta farinha pode trazer ao alimento, o
que pode acarretar na reducdo da aceitacdo do produto. Por isso, Sd0 necessarios testes prévios
para estabelecer os limites maximos e minimos de incorporacédo dessa farinha.

Em relacdo a aplicacdo da mucilagem e da farinha do cladodio em biscoitos tipo
cracker sem gluten, ambos foram efetivos e auxiliaram na obtencdo de uma massa coesa no
lugar das gomas comerciais (xantana e CMC) utilizadas no biscoito controle. O uso da
mucilagem elevou os niveis de cinzas do biscoito final (devido ao seu elevado contetdo desse
componente, Tabela 1), aumentou o conteudo de compostos fenolicos totais e atividade
antioxidante (pelo método ABTS), e revelou maior aceitacdo na avaliacdo sensorial do que o
biscoito controle. Ja a farinha do cladodio em diferentes percentuais de incorporacéo, elevou
0s conteudos de cinzas e fibras, impactou na cor dos biscoitos, aumentou o contetdo de
compostos fendlicos totais e atividade antioxidante, e adicionou carotenoides ao biscoito.
Contudo, a incorporacdo de maior quantidade de farinha de cladodio (principalmente no nivel
de 15 %) teve impacto negativo no sabor residual, o que reduziu a aceitagcdo global dos
biscoitos. Desta forma, a mucilagem e a farinha do cladddio apresentam potencial tecnolégico
para aplicacdo em produtos sem gliten. Entretanto, o impacto da adi¢cdo de cada ingrediente
na formulacdo resulta em distintas caracteristicas, as quais devem ser avaliadas.

Por fim, é importante considerar que a investigacdo das caracteristicas desses
ingredientes alimenticios obtidos do cacto O. monacantha, como a mucilagem e a farinha do
cladodio, estabelece a base do conhecimento para prospectar possiveis usos desse vegetal, o

que pode ter um reflexo positivo também, na preservacdo ambiental da espécie.
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5 CONCLUSAO GERAL

Os cactos nativos brasileiros, podem ser mais valorizados para a obtencdo de ingredientes
alimentares, tais como a mucilagem e a farinha do cladddio.

Os resultados apresentados para a caracterizacdo da mucilagem extraida dos cladddios da O.
monocantha mostraram o potencial desta cactacea para a obtencdo de um hidrocoloide que pode ser
utilizado em diversos ramos industrias frente as gomas comerciais comumente empregadas pela
industria.

A farinha, obtida dos cladddios desidratados e triturados, pode ser incorporada em
formulacBes alimenticias para modificar a viscosidade/textura dos produtos. Esta farinha, além de
apresentar elevado contetdo de fibra dietética e minerais, carrega em sua matriz compostos
bioativos (compostos fendlicos e carotenoides) que contribuem para sua atividade antioxidante.

A mucilagem e a farinha de claddédio foram ingredientes eficazes na elaboracéo de biscoitos
tipo cracker sem gluten e auxiliaram na formacdo de uma massa viscoelastica coesa, do mesmo
modo que as gomas comerciais utilizadas no biscoito controle. Esses ingredientes obtidos do cacto

impactaram de maneira diferente nas caracteristicas finais dos biscoitos.



