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RESUMO GERAL

A mucilagem é um biopolimero de alto peso molecgler apresenta a
capacidade de formar gel ou solucdo viscosa, e pedeutilizada como
modificadora de textura, agente gelificante, espdss estabilizante e
emulsionante na indistria de alimentos. Com o0 atonela demanda por
mucilagens, o mercado por novas fontes tornou-gmipsor e as especies de
plantas nativas constituem uma alternativa paracaugdo de mucilagens
especificas, por exemplo, podemos citar as folleaBedeskia aculeatdiller,
popularmente conhecida no Brasil como Ora-pr6-n¢oiBN), que constitui
material rico em mucilagem. Neste trabalho, a atgdo do processo de
extracdo de mucilagem das folhas do OPN foi dedeideo As variaveis
independentes, avaliadas para determinar as cadigmas de extracao,
foram a proporcdo de agua: matéria prima e a taahpar de extracdo. Os
resultados foram analisados utilizando o métodosuigerficie de resposta.
Usando-se a condicdo do processo otimizado, mecitadoram preparadas e
composi¢ado centesimal, conteddo mineral, calorimeliferencial de varredura
(DSC), termogravimetria (TG), microestrutura eletcd de varredura,
espectroscopia de energia dispersiva de raios-apacidade de formacéo de
emulsao por microscopia 6tica foram analisadosstAbdlidade dessas emulsfes
foi avaliada a temperatura ambiente e a 80 °C.dhslicdes otimizadas foram
uma proporc¢éo de agua: matéria-prima de 2,46 el3kgd e uma temperatura
de extracao entre 54,6 e 80 °C. O produto otimizdddeve alto teor de proteina
e minerais, baixo conteddo de acidos urdnicos leo@nato total. O espectro de
infravermelho sugeriu que o produto obtido seja amabinogalactana-proteina
(AGP). Os perfis de DSC apresentaram eventos emiiotEs e exotérmicos,
altas temperaturas de transicao vitrea (Tg) quersagestabilidade do produto.
As curvas TG apresentaram alto teor de residusniésografias da mucilagem
de OPN em pd apresentam uma alta porosidade, edracdo um material
higroscépico. A microscopia eletrénica de varrethgpectroscopia de energia
dispersiva de raios-x confirmou que grandes quadéd de minerais estédo
presentes na amostra. As emulsbes preparadas & &preésentaram maior
estabilidade. Dessa forma, mucilagem das folhasOQdiRN, no processo
otimizado, apresentou funcionalidades como adit@a®enticios que podem
ser utilizadas na industria.

Palavras-chave: Cactus. Hidrocoldide. Goma. AditRimcessamento.



GENERAL ABSTRACT

Mucilage is a biopolymer of high molecular weigivhich presents the
capacity of forming a gel or viscous solution arftickh may be used as texture
moadifier, gelling agent, thickener, stabilizer amulsifier in the food industry.
With the increase in the demand for mucilage, tlhekat has become promising
for new sources and the native plant species dotestan alternative for the
production of specific mucilage, for example, weyrsée thePereskia acuteata
Miller leaves, commonly known in Brazil as Ora-pré@bis (OPN), which is a
material rich in mucilage. In this work, we deveddpan optimized process of
mucilage extraction from the OPN leaves. The inddpat variables evaluated
in order to determine the optimum extraction cdodi were the proportion of
water; raw materials and the extraction temperafline results were analyzed
using the response surface method. Using the gmtnprocess condition, we
prepared mucilage and analyzed the centesimal csitiggg mineral content,
differential scanning calorimetry (DSC), thermogdnastry (TG), scanning
electronic microstructure (SEM), spectroscopy afpdisive energy by x-rays
and emulsion capacity by optic microscopy. Theibtalof these emulsions was
evaluated at ambient temperature and &iG80rhe optimized conditions were a
proportion of 2.46 and 3.70 L.Rgwater: raw material and an extraction
temperature between 54.6 and ®0 The optimized product obtained a high
protein and mineral content, low uronic acids aoi@ltcarbohydrate content.
The infrared spectrum suggested that the obtainedupt is an arabinogalactan
protein (AGP). The DSC profiles presented endotieand exothermic events,
high glass transition (Tg) temperatures which satgehe stability of the
product. The Tg curves presented high residue oanféhe micrographs of
powder OPN mucilage presented high porosity, cheramng a hygroscopic
material. The scanning electronic microstructungécsroscopy of dispersive
energy by x-rays confirmed that large amounts afiardls are present in the
sample. The capacity for emulsion formation of flieduct and high droplet
coalescence was verified as being proportionah¢oréduction of powder gum
concentration. The emulsions prepared at@@resented higher stability. Thus,
in an optimized process, OPN leaf mucilage presefitactionality as food
additives which may be used in the industry.

Keywords: Cactus. Hydrocolloid. Gum. Additive. Pessing.
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PRIMEIRA PARTE

1 INTRODUCAO

As mucilagens sdo conhecidas como gomas, hidraEsoiou
polissacarideos soluveis em &gua e, em alguns,ca8osconstituidas por
proteinas. Biopolimeros de grande peso moleculdemposer encontradas em
organismos de origem microbiana, animal ou vegegpalssuindo grande
importancia e destaque, pois apresentam uma imdgeonavel diante dos
consumidores, que buscam cada vez mais por prodo&srais, que
proporcionem beneficios a sua saude.

Nos vegetais, as mucilagens sdo obtidas de seméuoitess, frutos ou
exsudatos de plantas. Apresentam grande afinidadeacdgua, podendo formar
géis ou solucdes viscosas em sua presenca, deseq o utilizadas dentro da
indastria de alimentos e em outros ramos, como ficadores de textura,
estabilizantes, emulsificantes e espessantes.

O Brasil demanda uma grande quantidade de mucBagendiferentes
segmentos industriais, porém o pais ndo produzficienie para atendé-los,
portanto, € um grande importador de mucilagens. cCamnsequéncia, o
consumidor paga por produtos mais caros, dificdbam acesso a certos
produtos. Uma forma de contornar esse problema seplorar a biodiversidade
gue o Brasil oferece, onde diversas plantas natiwdem constituir-se em novas
fontes de mucilagens, com a vantagem de oferecaiufms naturais, de
qualidade e baixo custo, além de atender as ndadssi dos consumidores e
empresas.

O uso de cacticeas vem se destacando por ofeméoeeras vantagens
e beneficios em sua aplicabilidade. Dentre elademos destacar Rereskia

aculeataMiller, mais conhecida por ora-pro-nobis. Essaepedr considerada
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como fonte de fibras, vitaminas, destacando-seaanina C, minerais, como

ferro e calcio e também aminoacidos essenciais @lisina, podendo suprir a

ingestdo diaria recomendada. Além disso, apresaigians carotenoides e,

principalmente, produz uma mucilagem constituidagpabinogalactanas, sendo
obtida principalmente a partir das folhas.

As folhas dessa espécie sdo comestiveis e utifizealaulinéria regional
no estado de Minas Gerais, sendo uma fonte deentés para as populagbes de
baixo poder aquisitivo. E considerada uma hortali§a convencional por nio
possuir um cultivo difundido, sendo esquecida getande parte da populacdo
devido & falta de informacdes sobre sua rica coigfose modo de preparo.
Ainda sdo usadas em ornamentacdes de jardins on ceras vivas e também
na medicina popular.

Em vista da grande importancia da utilizacdo ddsvad na indudstria
de alimentos, relacionada aos aspectos econémizopgratesso e aliada a
necessidade de novas fontes de mucilagens e tamlecassez de dados para
produtos especificos. Objetivou-se, no presentmlina, otimizar o processo de
extracdo da mucilagem, a partir da folhasPdaseskia aculeatiller através
metodologia de superficie de resposta, analisarompaosicdo quimica,
propriedades térmicas e microestrutura das mucitage produto em po, gel
reconstituido e emulsdes dereskia aculeataMiller (OPN) e avaliar o uso
potencial do produto em pd, como agente emulsifican estabilizante em
aplicacBes alimentares.



13

2 REFERENCIAL TEORICO

2.1 Mucilagem

Na literatura sdo encontradas diversas designapdes o termo
mucilagem, como gomas, coldides hidrofilicos (odrdtoléides) ou ainda
polissacarideos sollveis em agua (JAHANBIN et28112).

As mucilagens alimenticias sdo biopolimeros hitlcof de alto peso
molecular (principalmente polissacaridos e pro®inasadas como ingredientes
funcionais na industria de alimentos para contda@emicroestrutura, textura,
sabor e vida de prateleira. S0 extraidas de plaalgas e fontes microbianas,
assim como todas as gomas derivadas de exsudapantas (FARAHNAKY
et al.,, 2013; PRAJAPATI et al.,, 2013) e biopolinermodificados pelos
tratamentos quimicos ou enzimaticos do amido das(DICKINSON, 2003),

e ainda de animais (tais como gelatina) (FARAHNAKat al., 2013;
PRAJAPATI et al.,, 2013). As mucilagens de vegetéim a vantagem sobre
aguelas de animais por causa de sua imagem favqrarse os consumidores
(VARDHANABHUTI; IKEDA, 2006), além de fornecerem noses
quantidades de mucilagem (PRAJAPATI et al., 2013).

Na industria de alimentos, as mucilagens possuandgraplicabilidade
devido a sua capacidade, para formar gel ou sdugisosas ou ainda
estabilizar sistemas de emulsdo (CEVOLI et al. 320URHOSSEINI; AMID,
2012). Sao utilizadas como fibra dietética, modiiares de textura, agentes
gelificantes, espessantes, estabilizantes e emalsies, agentes de revestimento
e de filmes de embalagem (CEVOLI et al., 2013; FARIKY et al., 2013;
LAI, LIANG, 2012; MIRHOSSEINI; AMID, 2012; MUNOZ etal., 2012;
PRAJAPATI et al., 2013; VARDHANABHUTI; IKEDA, 2006)Além disso,
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sdo utilizados como controladores de sinérese (FHAIRAKY et al.,, 2013;
MUNOZ et al., 2012), e controladores da cristalfmagde gelo e acucar
(CEVOLI et al., 2013; FARAHNAKY et al., 2013).

As mucilagens aumentam a viscosidade do meio, mesmdaixas
concentracdes, logo, essa propriedade permite tage sejam o principal
ingrediente em alimentos liquidos ou semissolidasralmente, a viscosidade
das solucdes de mucilagem é influenciada por digeparametros, tais como
taxa de cisalhamento, concentra¢do da mucilagenpeti&tura, pH, forca ibnica
e sais (FARAHNAKY et al., 2013). A selecdo da magém adequada para
cada sistema alimenticio depende das funcfes déagerm e das propriedades
desejaveis nos alimentos. Além disso, seu pregegaranca sao importantes
(VARDHANABHUTI; IKEDA, 2006).

O comportamento das mucilagens influencia nas @dg@des sensoriais
dos alimentos, e, portanto, sdo utilizadas comtivadialimentares importantes
para realizar propésitos especificos. Esses ingmesh funcionais sao
amplamente utilizados em produtos lacteos e defipagdo, alimentos
enlatados, molhos para saladas, bebidas, sopasos alimentos processados
para melhorar caracteristicas de textura, sabadade prateleira (CEVOLI et
al., 2013).

A crescente demanda por mucilagens impulsiona qusss por novas
fontes que sejam econbmicas e apresentem funcedak especificas
(FARAHNAKY et al.,, 2013; NAJI; RAZAVI; KARAZHIYAN, 2012;
RAZAVI; TAHERI; QUINCHIA, 2011), sendo necessarioorthecer suas
propriedades e caracteristicas para melhor diraciaraplicacdo desses aditivos
naturais, podendo ser Util para projeto de procestsenvolvimento de produto
(MAURER; JUNGHANS; VILGIS, 2012).
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2.2 Fontes de mucilagens

As mucilagens sdo amplamente encontradas na natpogzndo ser de
origem microbiana, animal e vegetal. A composic&o cdda mucilagem é
diferente, tendo em sua composicdo diferentes tfmsolissacarideos que
podem lhes conferir diversas funcdes (RENARD eall2).

2.2.1 Mucilagens de origem microbiana

Os exopolissacarideos (EPS) microbianos, tambémmadi@s de
biopolimeros, séo produzidos durante o crescimelgovarios géneros de
bactérias. Apresentam grandes aplicacbes em proddéomacéuticos,
alimenticios, quimicos e petroquimicos por causa gms peculiares
propriedades fisicas e reoldgicas.

Ressalta-se que os polissacarideos extraidos deagla algas ainda
dominam o mercado de gomas devido ao baixo custprdducdo, ja os
exopolissacarideos ainda representam uma pequeré fdo atual mercado de
biopolimeros. Os principais fatores limitantes paea utilizacdo de
polissacarideos estdo associados ao seu custmdecfo, porém possuem a
vantagem de utilizar subprodutos ou residuos agwsiniais como matéria-
prima.

Dentre as mucilagens de origem microbiana podentas @ goma
xantana que é um polissacarideo extracelular deadde peso molecular
produzido por fermentacdo pela bactérixanthomonas campestres
(CHARCHOGHLYAN; PARK, 2013; FITZPATRICK et al., 2G1 HEYMAN
et al., 2013; XU et al., 2013). A goma dextranadpmida pela bactéria
Leuconostoc mesenteroid6SHARCHOGHLYAN; PARK, 2013). A pupulana
€ polimero obtido a partir da fermentagéo por nd@ideveduraAureobasidium
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pullulans (PRAJAPATI; JANI; KHANDA, 2013). A goma gelana é um
heteropolissacarido extracelular anidnico secrepeda bactérisSphingomonas

elodea (ROSAS-FLORES; RAMOS-RAMIREZ; SALAZAR-MONTOYA,

2013).

2.2.2 Mucilagens de origem animal

A quitina é o polissacarideo linear mais abundéiepois da celulose),
encontrada naturalmente em exoesqueleto de crastécaranguejo e cascas de
camarao), insetos e fungoRhizopus, Absidia, e FusariinftKUMAR, 2000;
NAIM et al., 2013; SATO et al., 2010). A partir da reacdo dsadetilacdo da
quitina obtém-se a quitosana, que consiste nunsgamlarideo catibnico de
elevado peso molecular. Industrialmente é produgatadesacetilacdo quimica
da quitina, utilizando uma base forte (GAO; ZHUB4ANG, 2013; SATO et
al., 2010). Possui inUmeras aplicagbes nas areaagdeultura e alimentos
devido a sua excelente capacidade de formar filase,suas atividades
antimicrobianas e antifingicas, biocompatibilidabd®mdegradabilidade e nao
toxicidade para as pessoas (GAO; ZHUB; ZHANG, 2013)

A gelatina € uma proteina sollvel obtida da hidedliparcial do
colageno, a principal proteina fibrosa constituigibe cartilagens, ossos, peles.
Entretanto, a fonte, a idade do animal, e tipo @égeno, sdo todos fatores
intrinsecos influenciando as propriedades dasigata(GOMEZ-GUILLEN et
al., 2011).

2.2.3 Mucilagens de origem vegetal

Vérias partes da planta (por exemplo, frutas, se&msenfolhas,

tubérculos/raizes) assim como exsudatos de arvt@es,células superficiais
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contendo gomas, mucilagens e compostos de fibpasteinas (RANA et al.,
2011). Do ponto de vista quimico, eles sdo polas$deos (que constitui maior
parte) ou proteinas (tal como gelatina).

Diversas espécies de plantas produzem exsudatadiado seu caule,
em decorréncia dos mecanismos de protecdo contmas dmecanicos ou
microbianos (MIRHOSSEINI; AMID, 2012). H4 um grandé@mero de espécies
de plantas que estdo a ser cultivadas e que saaesage produzir gomas que
podem ser implementadas na inddstria alimentar @diivos.

A maior parte das gomas de exsudatos de plantésnpera familia
Leguminosagais comoAcacia Senegaktomo uma fonte de goma arabica (NIE
et al., 2013); Astragalo spp como fonte de tragacantoCyamopsis
tetragonolobus como uma fonte de goma gu&@eratonia siliqua como uma
fonte de goma de alfarroba (IBANEZ; FERRERO, 2008RHOSSEINI;
AMID, 2012); Sterculia urens, como fonte da gomaaka; Anogeissus
latifolia, como fonte da goma ghatti (DESHMUKH et al., 2012)

Alguns frutos também sao conhecidos por contereamtgiade notavel
de diversos compostos no que diz respeito ao dévehrboidratos, isso depende
do fruto, da sua maturacao e do periodo de tempondgzenamento.

Atualmente, as pectinas comerciais vém de casclutiEs citricas e
bagaco de macd (MESBAHI; JAMALIAN; FARAHNAKY, 2005YAPO,
2011). A crescente demanda industrial por pectitas, diferentes capacidades
de formar gel ou estabilizar produtos, intensifieomecessidade de diferentes
tipos de pectinas ou derivados com propriedadedefinidas no mercado
(VRIESMANN; TEOFILO; PETKOWICZ, 2012).

Quimicamente, os polimeros de acido D-galacturbnitdos por meio
de ligag@es glicosidicas1,4 constituem o principal componente de matedais
pectina (CHAN; CHOO, 2013; JINDAL et al., 2013; NGEMAZONG et al.,

2012). Alguns dos grupos carboxilicos das moléaddegcido galacturénico nas
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cadeias de pectina sdo metil esterificados e aepwgem de grupos
esterificados é expressa como DE (grau de estadfa@). Dependendo do DE, as
pectinas sédo divididas em dois grupos principagstipa de alta metoxilacao,
com um DE superior a 50%, e pectina de baixo teanétoxilacdo, com um DE
inferior a 50% (CHAN; CHOO, 2013; JINDAL et al.,, 28 MESBAHI,
JAMALIAN; FARAHNAKY, 2005; NGOUEMAZONG et al, 2012).

Diferentes pectinas podem ter diferentes cadetasala de arabinose,
galactana, arabinogalactana, glicose, manose exilblos alimentos, a pectina
€ usada principalmente em doces e geléias comogemieade gelificacédo e
espessante. Também é utilizado em bebidas, molhames e outros alimentos
para se obter uma textura desejavel (JINDAL et 2013; MESBAHI;
JAMALIAN; FARAHNAKY, 2005).

Graos de cereais, sementes de leguminosas, tubgreutertas frutas
contém de 30 a 85% de amido numa base de pesoGs@midos comerciais
sdo obtidos principalmente a partir de milho antareinbora batata, trigo, arroz
e sorgo também sejam fontes significativas. O amdidgrincipal polissacarideo
de reserva de muitas plantas e constitui um potirderbaixo custo, ocorrendo
na forma de granulos. Devido a sua espessura eigutages de gelificacao, é
utilizado na industria de alimentos (VRIESMANN; SIEIRA; PETKOWICZ,
20009).

O amido consiste numa mistura de dois polissaazsidamilose e
amilopectina (MIRHOSSEINI; AMID, 2012). A amilose u#im polissacarideo
com cadeia linear de D-glucose, enquanto a amilo@e@ um polimero
ramificado, também, de D-glucose (VRIESMANN; SILVRA; PETKOWICZ,
20009).

Galactomanana é conhecido como um polissacaridearlgue constitui
a reserva de energia em endospermas de semeniEmnties leguminosas. Elas

sdo mucilagens altamente sollveis proporcionantig@es aquosas viscosas e
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estaveis. Elas apresentam diferentes proprieddsies-fuimicas e reoldgicas,
dependendo da proporcdo de manose /galactose (M (MIRHOSSEINI;
AMID, 2012). As galactomananas sao extraidas pralciente a partir do
endosperma das sementes das Leguminosas pararfissciais, por exemplo, a
goma guar Cyamopsis tetragonolobysgoma alfarrobaCeratonia siliqua e
goma taraCaesalpinia spinoga

As algas comestiveis basicamente contém elevadagsomgbes de
polissacarideos, juntamente com VvAarios outros cetapo potencialmente
benéficos, tais como a proteina de boa qualidaddps graxos insaturados
essenciais, altas concentracdes de vitaminas, «iogpobioativos com
conhecidas propriedades antioxidantes, e sdo exedtinte de minerais e fibras
alimentares (FERNANDEZ-MARTIN et al., 2009; LOPEZ-LOPEZ;
COFRADES; JIMENEZ-COLMENERO, 2009; LOPEZ-LOPEZ ét, 2009).
Sao utilizadas como matéria-prima para a produgitusirial de alguns
ingredientes purificados (agar, carragena, algiattlizados no processamento
de alimentos (LOPEZ-LOPEZ et al., 2009).

Dentre as algas marinhas, as vermelhas e as ma&orajuelas a partir
das quais sdo extraidos os polissacarideos mdigadis na indUstria
(VARELA; FISZMAN, 2011). Das algas vermelhas sdao tidds as
carragenanas- este € o nome genérico para umaiafasheil polissacarideos
obtidos por extracdo a partir de certas espéciesaldas vermelhas
(Rhodophyta Sao obtidos a partir de diferentes espéciesRHedophyta:
Gigartina, Chondrus crispus, Euchema e Hyp(@AMPO et al., 2009).

Os alginatos, polissacarideos anidnicos mais almeglasdo produzidos
a partir de duas fontes, as algas marrons e basté@@RAGET; TAYLOR,
2011; FERNANDEZ-MARTINet al., 2009; GOH; HENG; CHAN, 2012). Eles

sdo extraidos de espécies de algas marrons ciacrocystis pyrifera,
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Laminaria hyperborea, Laminaria digitata, Laminaraponica e Ascophyllum
nodosum(DRAGET; TAYLOR, 2011; GOH; HENG; CHAN, 2012).

Assim, as mucilagens apresentam ampla distribuégdie os vegetais,
possuindo uma vantagem quando comparadas as damoagimal, jA que o
consumidor possui maior preferéncia e aceitabibdamt produtos naturais.

O Brasil, por ser um grande importador de mucilagem mercado
brasileiro de novas fontes de mucilagens tornaastahte interessante, pois
plantas nativas pouco exploradas podem oferecerptoduto natural, de
gualidade e baixo custo, além de atender as ndedssi das empresas. Um
exemplo disso é Rereskia aculeatMliller, mais conhecida como ora-pro-nébis,
gue apresenta alto teor de mucilagem, sendo taminéanfonte de nutrientes.
Essa espécie é amplamente utilizada na culindggianal do estado de Minas
Gerais, como planta ornamental ou na medicina poplliante disso, essa
cactacea merece maiores estudos para difundir giGa@io na inddstria de

alimentos e em outros ramos industriais.

2.3 Pereskia Aculeata Miller (Ora-pro-ndbis)

Entre as inUmeras familias de plantas encontragldl®ra brasileira, as
cactaceas, chamam atencdo pela sua rusticidade leza bédDUARTE;
HAYASHI, 2005). A familia Cactaceae compreende If&heros e 1.438
espécies, divididas em quatro subfamilias: Cact@ideMaihuenioideae,
Opuntioideae e Pereskiodeae (CALVENTE et al., 20DBssas, a Ultima é
considerada a menos evoluida (DUARTE; HAYASHI, 20BBRAGO et al.,
2004; TURRA et al., 2007).

O género Pereskia é considerado o menos avancafmdléa, com
cerca de 25 espécies de cactos folheares, distodbugm varias regibes do

mundo (TURRA et al., 2007). 17 espécies, dessergépertencem a subfamilia
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Pereskioideae (EDWARDS; NYFELER; DONOGHUE, 2005).Igutmas
espécies sao utilizadas na medicina e culinarialppg apresentam alto valor
nutricional (DUARTE; HAYASHI, 2005).

Entre as espécies podemos destaderaskia aculeatMiller, também
conhecida como ora-pro-nébis, trepadeira-liméo, sejim-de-barbados
(DUARTE; HAYASHI, 2005; MARSARO-JUNIOR et al., 20} 1groselha-da-
américa (AGOSTINE-COSTA et al.,, 2012; ROCHA et #008; ROSA;
SOUZA, 2003), lobrob6 (ROCHA et al., 2008), carmembbre, carne-de-negro
(BRASIL, 2010; MARTINEVSKI et al., 2013).

A origem do seu nome surgiu por pessoas que collkigoanta no
quintal de um padre, enquanto ele rezava: ora pbisnO nome cientifico é
uma homenagem ao botanico francés do século 1@jadicClaude Fabri de
Pereisc.

A Pereskia aculeatiller (ora-pro-nébis) é um cacto nativo que pode
ser encontrado em trépicos americanos, como aoregiidos Estados Unidos
(Florida) (BRASIL, 2010; MARTINEVSKI et al., 201FAKEITI et al., 2009)

e no Brasil (BRASIL, 2010; MARTINEVSKI et al., 20L3Nesse, € amplamente
distribuida entre os estados da Bahia e Rio GralweSul. (AGOSTINE-
COSTA et al., 2012; DUARTE; HAYSASHI, 2005; MAZIASATOR, 2012;
ROSA; SOUZA, 2003; TAKEITI et al., 2009; TOFANELLRESENDE, 2011).

Esta espécie é considerada uma erva daninha aalbemt alguns
paises, como Africa do Sul (AGOSTINE-COSTA et aD12; PATERSON;
DOWNIE; HILL, 2009). De acordo com Duarte e Haysd®@005), aPereskia
aculeataMiller ocorre em terras aridas ou levemente ariddsieida-Filho e
Cambraia (1974) relatam que ela é nativa da Améficgpical, além de ser
largamente encontrada na india Oriental. J4 Mat3@m@r et al. (2011) relatam
gue a cactacea em ques&oativa do Brasil e distribuida em todo o Nordeste

Centro-Centro-Oeste, Sudeste e Sul do pais.
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O ora-pro-nébis, que no latim significa “rogai pdrs”, € uma trepadeira
arbustiva considerada detentora do maior nimeroadacteres primitivos da
familia Cactaceae (DUARTE; HAYASHI, 2005; ROSA; SPA] 2003;
SATOR et al., 2010). Ela pode atingir 10 m de altiapresenta caule fino, com
ramos longos sublenhosos ou lenhosos, nos quaisesem folhas lisas, largas,
suculentas e de cor verde escuro com muitos espio final dos ramos,
podem surgir flores terminais solitarias ou em dia%e curtas (DUARTE;
HAYSASHI, 2005; MARSARO-JUNIOR et al., 2011), pegas e de coloracao
branca (BRASIL, 2010; MARTINEVSKI et al., 2013)s ¢rutos séo esféricos
do tipo baga de coloracdo amarela quando madurd@RASIL, 2010;
MARSARO-JUNIOR et al., 2011; MARTINEVSKI et al., 28), apresentam
presenca de mucilagem (“baba”) na planta (ALBUQUERQSABAA-SRUR;
FREIMAN, 1991; MERCE et al., 2001a, 2001b; TOFANHELIRESENDE,
2011). Possui taxa de crescimento moderado (MARSABBIOR et al., 2011)
e caracteriza-se por um desenvolvimento vegetativmante o0 ano inteiro
(ALMEIDA FILHO; CAMBRAIA, 1974). O maior indice deconsumo esta
localizado nas antigas regides mineradoras do estil Minas Gerais
(ALBUQUERQUE; SABAA-SRUR; FREIMAN, 1991; DIAS et al2005).

Esta cactacea tem grande importancia ornamentahericia e
medicinal. A planta pode ser cultivada para finspdeducdo de mel pelos
apicultores, pois apresenta floracdo rica em péleéctar. A floragéo ocorre nos
meses de janeiro a abril (FARAGO et al., 2004).

Na medicina, a grande vantagem da planta é no ddmmanto dos
processos inflamatérios e na recuperacao da peleasos de queimadura. As
folhas séo usadas popularmente como emolientdsiitos, como expectorante
e antissifilitico (DUARTE; HAYASHI, 2005; ROSA; S(XA, 2003; SATOR et
al., 2010).
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As folhas, por apresentarem alto teor de protedrfdmas (KAZAMA et
al., 2012), juntamente com a auséncia de toxicidedemesmas (AGOSTINE-
COSTA et al., 2012; MERCE et al., 2001a, 2001b; ROSOUZA, 2003) e
presenca significativa de ferro e calcio (KAZAMAat, 2012; ROCHA et al.,
2008), podem ser usadas como importante alimenticighalmente, séo
consumidas na culinaria regional brasileira, leeantdstrias alimenticias a
inclui-las em complementos alimentares, devido l&m teor do biopolimero
arabinogalactana (DUARTE; HAYASHI, 2005; FARAGOadt 2004; MERCE
et al, 2001a, 2001b). Em virtude da producdo desmsailagem, possui
excelente perspectiva como um aditivo ndo apenis gpdndustria alimentar,
mas também para outros usos industriais (KAZAMAalet 2012; KIM et al.,
2013).

Esta hortalica possui folhas suculentas e coméstivedendo ser usada
em varias preparacbes, como farinhas, saladasgadds, tortas e massas
alimenticias como o macarrao (ROCHA et al.,, 2008)ém do preparo de
pratos tipicos do estado brasileiro de Minas G§MSRSARO-JUNIOR et al.,
2011). Embora tenha um alto potencial de utilizagfia ainda é cultivada e
distribuida de forma limitada, restrita a deterrdam localidades ou regides,
exercendo grande influéncia na alimentacdo e né#uraulde populagcbes
tradicionais. Além disso, por ndo esta inserida auoadeia produtiva
propriamente dita, diferentemente das hortalicasvencionais (batata, tomate,
repolho, alface, etc.), ndo desperta o interesseal por parte de empresas
de sementes, fertilizantes ou agroquimicos (BRA301,0).

Frequentemente, hortalicas ndo convencionais cotainlaa, o ora-pro-
noébis, o maxixe, a serralha, a mostarda dentreo®ufo “esquecidos” e
deixados de lado, podendo ser uma sdo uma altexradiimentar e uma opcao
de diversificagdo cultural, na atividade agropeeyaobretudo na agricultura

familiar, para populacdes rurais e urbanas de b@rda (ALMEIDA; LISA;
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CORREA, 2012; ROCHA et al.,, 2008). Cita-se o ora-pbbis, presente na
culinaria de algumas localidades de Minas Geraimocno municipio de Sabara
onde essa planta faz parte dos habitos alimentdaesgpopulacdo e das
manifestacdes culturais com a realizacdo anualedtvél do ora-pro-nébis
(BRASIL, 2010).

Segundo Kinupp e Barros (2008), as frutas e hoasli ndo
convencionais, geralmente apresentam teores de raisinee proteinas
significativamente maiores do que as plantas docaglsts, além de serem mais
ricas em fibras e compostos com fungbes antioxadariDevido aos elevados
teores de proteinas apresentados pelas cactacgéselm Pereskia, essa planta
€ denominada “carne de pobre” (ROCHA et al., 2008).

Os teores de proteina em matéria seca observadt®@mde folhas da
Pereskia aculeatdoram de 25,5¢g; 25,49; 27,4; 24,79 e 28,0 g dedacoom
Almeida Filho e Cambraia (1974), Dayrell (1977),rbEeet al. (2001a), Silva e
Pinto (2005) e Takeiti et al. (2009). De acordo cBocha et al. (2008), a
gualidade das proteinas de origem vegetal é coasidede baixo valor
biolégico, visto que sdo incompletas quanto a caigdo de aminoéacidos, no
entanto, ainda constituem uma boa fonte proteica papulacées de baixo
poder aquisitivo que tém acesso limitado a proteamimais. Segundo Takeiti et
al. (2009), a digestibilidade proteica das folhasoda-pro-nébis observada foi
de 75,9%, ja Cambraia (1980) reportou valores darorde 85%.

Nas folhas foram encontrados altos teores de Jisina aminoécido
essencial na nutricAo humana, sendo superioreruntrados em couve,
alface e espinafre (ALBUQUERQUE; SABAA-SRUR; FREIMA 1991;
ALMEIDA FILHO; CAMBRAIA, 1974; CAMBRAIA, 1980; DAYRELL,
1977). Almeida-Filho e Cambraia (1974), Cambrai@8() e Dayrell (1977)
relataram que o alto teor de proteina encontradofollhas e os niveis de

amino4cidos essenciais que o compdem, exceto pamget®nina, foram
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considerados maiores do que o minimo recomendatio &0 (Food and
Agriculture Organization) como necessario para gorshumano. Takeiti et al.
(2009) observaram que os aminoacidos mais aburdforam o triptofano e o
acido glutamico.

Observou-se o alto teor de mucilagem nas folhaBetteskia aculeata
(DUARTE; HAYASHI, 2005; MERCE et al., 2001a, 2001ROSA; SOUZA,
2003) além de heterossacarideos (SIERAKOWSKI; GORIBICHER, 1987,
1990), arabinogalactanas (MERCE et al., 2001a)acganananas (MERCE et
al., 2001b). Os arabinogalactanos e as galactoraanséo biopolimeros com
potencial aplicagdo na associacdo a ions de Febl (11), Mn (II) e Ni (ll) e
também nas industrias alimenticia e farmacéutica.

Takeiti et al. (2009) destacam que essa planta & boa fonte de
minerais e vitaminas. Considerando a ingestdoadi@domendada de minerais e
vitaminas para adultos, as folhas de ora-pro-nélisjuantidade de 100 g dja
suprem a necessidade dos minerais, para calcimésiag zinco, e ferro, assim
como para a vitamina C. Nos frutos Bareskia aculeatdoram detectados
71,70+1,90 ug g-1 de carotenoides totais, apresgmtaubstancias bioativas
com propriedade provitamina (AGOSTINI-COSTA et 2a012).
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ABSTRACT

In this report, a process for hydrocolloid extractifrom Pereskia aculeata
Miller (Barbados gooseberry), popularly known inaBit as Ora-pro-nébis
(OPN), was developed. In the process, several tpesa such as extraction,
pressing, filtration, precipitation, grinding andyihg, were required. The
independent variables evaluated to determine tlimom extraction conditions
were the ratio of water: raw material and the exiom temperature. The
significant results at each stage were analyzedguslie response surface
method. The conditions that presented the highestigitate yield, highest pH
value, highest hue value, highest filtrate visgoaitd minimum flow rate value
were a water:raw material ratio of 2.46-3.70 L/kgl @an extraction temperature
between 54.6-80 °C. The powdered product obtainasl fmund to be close to

yellow in color and with functionalities that caa bsed in the food industry.

Key words: gum, extraction, emulsion, thickeningemty Pereskia aculeata

Miller.

1. INTRODUCTION

Hydrocolloids are widely used in food systems $ewveral purposes,
such as gelling agents, texture modifiers and I&als. Polysaccharides with

large, linear, flexible structures increase visgosiven at low concentrations.
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Due to these properties, hydrocolloids are oftélizetl as the main ingredients
in certain types of solid and semi-solid foods @femabhuti & lkeda; 2006).
The hydrocolloids added in foods should presentrakfiavor, be thermostable
and easy to disperse, provide body, confer registam temperature variations,
be absent of microorganism pathogens and havedsts.c

Hydrocolloids extracted from plants have an adsgatover those of
animal origin due to their positive image in theegyof consumers. Starch,
pectin, galactomannans, carrageenans, alginatesefintbse and its derivatives
are the principal hydrocolloids of plants origirhere is still a market for new
hydrocolloid sources that meet the demand for uligrés with more specific
functions, synergistic interactions and improvemesft these functional
properties in foods. Only a few plants speciescareently cultivated to obtain
gums to be used as additives in the food induatrg, many of them are from the
Leguminosadamily. Some examples are as followsacia senegalthe source
of arabic gum; Astragalus spp., the source of tragacantiGyamopsis
tetragonolobusthe source of guar gum; ai@keratonia siliqua the source of
locust gum (lbafiez & Ferrero, 2003).

In Brazil, the hydrocolloids used in food applioas are from imported
products, in spite of the fact that there are mafplants that present high
potential for hydrocolloid production, though th@ommercial and industrial

uses have not been fully explored (Mercé , Landgliangrich, Szpoganicz &
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Sierakowskui, 2001). In the state of Minas Ger8&isazil, Pereskia aculeata

Miller called as ora-pro-nobis (OPN) is consumed appreciated to such an
extent in the traditional dishes served in restatsraf historical cities that it has
begun to be cultivated for commercial use. OPN rgdoto theCactaceae

family and has scandent habits. The high proteid fimer content and the
absence of leaf toxicity (Almeida-Filho & Cambrai®74) of this species make
it a useful and important food source. The leavesatso an emollient, and the
fruits have expectorant and antisyphilitic propestiln Brazil, this species is
found from the northeast region to the south of ¢bantry. It preferentially

grows on the borders of the forest and in the ferekearings (Rosa & Souza;
2003).

In addition to not possessing any toxic proper@BN is extremely rich
in high-quality proteins. Analyses conducted on OB&les show that they are
composed of 25% protein and have high digestibil@$%). In addition to
presenting a well-balanced composition, the ledase an exceptionally high
content of certain essential amino acids, partibullysine, whose content in
OPN is higher to that of the cabbage, lettuce gridash. The protein and
essential amino acid levels (except methioninedntep are substantially higher
than the minimum amount recommended by the Food Agdculture
Organization of the United Nations (FAO) as necgsf@ human consumption

(Sierakowski, Gorin, Reicher, & Corréa, 1987). Tharitional benefits of the
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OPN leaves were also revealed in a study that eteduthe nutritional
components in terms of approximate composition,engits, vitamins, proteins
content and digestibility of the OPN leaf (Takekinténio, Motta, Collares-
Queiroz & Park, 2009).

Polysaccharide extraction starting from plant searcan be performed
with several solvents. Diluted acids such as 0.H@ are usually used in the
commercial extraction of pectin; however, some biydis will occur,
depending on the conditions. Sodium bicarbonate sottium carbonate have
been used to extract gums from the leaves of tlanitsao (Vardhanabhuti &
Ikeda, 2006). However, the most frequently usechotts the combination of
cold water with ethanol and/or isopropanol and andtetone. The extraction of
the mucilage from the pulp of the cactpuntia ficus-indicavas performed by
Medina-Torres, Brito-de la Fuente, Torrestiana-8amnc& Katthain (2000)
using acetone for the precipitation at a pulp: @eetratio of 1:2. The precipitate
was collected, washed with isopropyl alcohol anddi(Medina-Torres, Brito-
de la Fuente, Torrestiana-Sanchez & Alonso, 20@@Y¥iez & Ferrero (2003)
used two different means of extraction of the hgdhoid from Prosopis
flexuosaDC seeds. The first method is based on extradtiaikaline medium
where the seeds were macerated in a 0.5% NaOHHthe&ght) solution. The
second method utilized extraction in neutral medlmnmmmersion of the seeds

in hot water. Sepulveda, Saenz, Aliaga, & Aceit®007) extracted mucilage
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from the Opuntia spp. after obtaining the pulp binding and homogenization
in water with 1:5 and 1:7 pulp:water ratios. To ueel the amount of alcohol
used in the precipitation, the volume of the muslasolution was reduced to
one third of the initial volume by concentratiorrgtary evaporator.

Statistical methods have been satisfactorily apptdo optimize system
constituents and other critical variables for thgaetion of biomolecules. These
methods overcome the limitations of the optimizatad simple parameters, in
which one simple variable is changed while otheialdes are maintained at a
constant level, that are time-consuming, demandyreaperiments and are not
reliable (Arockiasamy & Banik, 2008). The respossefaces methodology has
been successfully used to optimize the extractimegss of new hydrocolloids
by Wu, Cui, Tang, & Gu (2007), Arockiasamy & Bar{ik008) and Koocheki,
Taherian, Razavi & Bostan (2009).

Due to the presence of large amounts of gum, tiesepce of the
biopolymer arabinogalactan, the high protein cantdre economic importance
that OPN cultivation is gaining in various area8adzil, the simplicity and high
productivity of cultivation and mainly the enormoimgerest of the food and
pharmaceutical industries in its processing, thgative of this work was to
investigate the extraction process of the hydroaddl mucilages of the
Pereskia aculeatdliller (OPN) and to optimize the parameters inwahin the

various operations using response surface methgylolo
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2. MATERIAL AND METHODS

2.1 Experimental design

For the study of the optimum formulations and pssc operational
parameters, a central composite rotational desigs wsed (CCRD), using 11
assays with 4 axial points, 4 extreme points acérral points, to evaluate the
reproducibility of the process with calculation tiie experimental error

(Rodrigues & lemma, 2005). The values used are showable 1.
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Table 1 Experimental design.

Coded variables Real variables
Assays Temperature Water quantity
X1 X
°C) (L/kg)

1 -1 -1 46 15
2 -1 +1 46 3.6
3 +1 -1 75 15
4 +1 +1 75 3.6
5 -1.41 0 40 25
6 +1.41 0 80 25
7 0 -1.41 60 1.0
8 0 +1.41 60 4.0
9 0 0 60 2.5
10 0 0 60 2.5
11 0 0 60 2.5

X1 is the temperature of the extraction water (°@QYl & is the volume of water

per kg of the raw material.

2.2 Obtaining the hydrocolloid
The Pereskia aculeataMiller raw material was harvested in the

municipal district of Itutinga, Minas Gerais, BrazAll of the samples were
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harvested at the same place to reduce interferdneeto the alterations in
species composition that can be caused by thebilitsiaof available nutrients in
the soil and climatic alterations. After harvesie tleaves, flowers, sprouts,
thorns and stems were taken to the laboratory. Mg washed in running
water, manually preselected and placed in polyetig/lbags that were sealed,
identified and stored in a freezer. To obtain tmlf product in a powdered
form, an extraction process was developed withvér@us operations shown in

the flowchart in Figure 1.
2.2.1 Extraction 1: homogenization of the sample ahhot extraction

Raw material (1 kg) containing leaves, stems,ntfi@nd sprouts were
homogenized at temperatures of 80 °C in differenbants of water using an
industrial blender (Metvisa, model LG10, Sao PaBl@zil) for 10 min, until all
the parts were triturated. The triturated matemals transferred to glass
receptacles and placed in a thermostatic bath (Quirndel g-215-2, Sdo Paulo,
Brazil) with controlled temperatures. The rangeeshperatures tested was from
40 to 80 °C in accordance with the experimentah §leable 1). The extraction
period was 6 h under constant agitation. The teatper of the bath was

monitored with a temperature sensor (K-type theaunpte).
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[ Homogenization of the sample and hot extraction ]
[ Pressing ] [ Filtration 1 ]

I A

[ Residual solid material ]

[ Filtration 2 ]

1
I::} [ Precipitation ]

U(::I[ Solvent recovery ] [ Centrifugation, separation ]

[ Drving of the precipitate ]

1

[ Grinding ]
L
[ Storage ]

Figure 1 Flow chart of the operation for obtainmgdrocolloid from powdered

OPN (leaves, stems, thorns and sprouts).

2.2.2 Extraction 2: pressing

The solid material resulting from Extraction 1 veagbmitted to pressing
in a hydraulic press (Tecnal, model TE 058, Canmirirazil). During the

pressing, the pressure exerted was controlled 1888 MPa to 19.95 MPa, and
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the liquid product obtained at this stage (Extracivas mixed with Extract 1

before being filtered. The residual solid matenwak discarded.
2.2.3 Filtration 1: buchner funnel under high vacuun

The mixture was filtered in a buchner funnel usorganza fabric as
filtering element and a double stage pump for higbuum production. The

product obtained in this stage was named filtrate 1
2.2.4 Filtration 2: fixed-bed column with activatedcarbon

Filtrate 1 was placed in a fixed-bed column to reenpigments and
insoluble solids. The experimental assembly for fitteation process in the
fixed-bed column is shown in Figure 2. The colummese built with cylindrical
polyvinyl chloride tubes 1.00 m in height and Orhin diameter. The bed in the
column was composed of 0.80 m of activated carl@mieqtific Exodus, Sdo
Paulo, Brazil) with a 1-2 mm particle size. Filtoat with activated carbon is a
process that demands an extended period of timéghwtan result in the
development of microorganisms. To avoid their glgvitte filtration process in
the fixed-bed column was conducted entirely in marti atmosphere using

compressed nitrogen gas at a pressure of 1.2 atm.

2.2.5 Precipitation, solvent recovery, drying, griding and storage
Filtrate 2 was subjected to precipitation in etaldohol (95%) at a 3:1

proportion of alcohol to each L of Filtrate 2. Tlash procedure was conducted
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three times, and the precipitation time was 90 foireach wash. After the third
wash, the precipitate was separated by centrifoigafranem, model 206 BC,
Brazil). After centrifugation and separation of f{m@cipitate, the solvent in the
supernatant solution was recovered using a roteaparator and reused in the
process as shown in Figure 1. The drying of theipitate was conducted under
vacuum in an oven (Nova Etica, model 440/2D, Bjaail 40 °C for 18 h. The
dry products were removed from the plates and gtanra ball mill; wrapped

and stored in tightly closed containers contairsitiga gel; and protected from

light and humidity.
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Feed

LT

Filtrate 2 -

Figure 2 Fixed-bed column with activated carbor). Fixed-bed columns, (2)
activated carbon with a granulometry of 1-2 mm, ¢Bpport with organza

fabric, (4) vacuum pump and (5) nitrogen gas, (Bhometer.
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2.3 Characterizations of filtrates 1 and 2

The pH of the filtrates was determined using ataligpotentiometer
(Micronal, model 320, Brazil) (Instituto Adolfo Lmt- IAL, 2008). The
rheological measurements were obtained using aeotmc cylinder rotational
viscometer (Brookfield DVIII Ultra, Brookfield Engeering Laboratories,
Stoughton, USA), a small sample adapter 13R/RPO%L#am diameter and
64.77 mm depth) and a SC4-18 coaxial shear setl3o4§ mm diameter and
31.72 mm length). The samples were submitted time@easing shear rate ramp
that varied linearly from 0.10"s¢t0 100.0 8, which is in the range of interest of
food texture studies (Fernandez, Alvarez & Can@d82. All of the rheological
parameters were obtained using Reocalc softwareside V.3.1, Brookfield
Engineering Laboratories, Stoughton, USA) for deapture. The rheological
parameters were adjusted to the Herschel-Bulklegah(Equation 1) and the

power law (Equation 2).

T =0 +Ky/' 1)

o =ky" )

whereo = shear stress (Pd);= consistency index (Pa.s}’ = shear rate (¥;

n= flow behavior index andyy = initial shear stress (Pa).
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The instrumental analysis of color was conducted Minolta CR 200
colorimeter under the International Commission lanrination system. The L*
value expresses the brightness such that a vatserdo 100 indicates a lighter
product. The a* values indicate a tendency towaddsration from green (-) to
red (+); the b* values indicate a tendency of cation from blue (-) towards
yellow (+). The hue angle, which indicates the amatic shade (attribute where
the color is perceived), was evaluated in eachyassiag Equation 3 (McGuire,

1992).

H* =tan™(b*/a*) ®3)

The yield was calculated after precipitation by amtq(in weight) of the
precipitate produced per unit of volume of the rktk 2, with the result

expressed as a percentage.

2.4 Statistical analysis
The results of all of the analyses were evalubtethe response surface
method using Statistica 8.0 software, with the poiyial used to adjust the

model defined by Equation 4.

y=05,+B6X, +,811X12 +B,X, "',822)(22 + B, X X, € 4)
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where Bo, B1, P11, B2, P22, P12 @re the regression coefficients; iX the extraction
temperature; Xis the proportion of water used per kg of raw maleande is
the experimental error. The criteria used for ttigpgation of the model were the

determination coefficient values ¥/80%) and variance analyses.

3. RESULTS AND DISCUSSION
3.1 Analysis of operating conditions

Table 2 presents the correlation coefficients,dhleulated F value and
the regression coefficients for each order withrthespective p-values for the
significant variables involved in the differentgts of the process applied in the
complete codified model shown in Equation 6.

The usual test of significance of the adjustedesgjpn equation is the
null hypothesis test, which involves the calculatid the F value and comparing
this calculated value with the tabulated valug, ., where N is the number of
observations, p is the number of adjusted parametada is the level of
significance. If the calculated F value exceedstéelated Fp.q n.p Value, then
it is inferred with anx level of significance that the variation accountedby
the model is significantly higher than the unexpéai variation. In other words,
higher calculated F value indicates a better adjest. It was observed that

practically all of the calculated F values for theve adjustments presented in
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Table 2 are above the tabulated F value, whichtHimr experiment was 5.05,
indicating that the parameters are significant {fKBuCornell, 1996).

Another parameter presented in Table 2 is the ficaeft of
determination (B. The R value is a measure of the proportion of the viariat
of the values observed around the average expldipete adjusted model. In
variance analysis shown in Table 2, the variatiercentage explained by the
regression is above 80%, but that value should beotcompared to 100%
because of the contribution due to the pure emtich is a measure of the

random error that affects the responses (Barras SBearminio & Bruns, 1996).



Table 2 Analysis of the regression coefficientsdignificant variables in the extraction process.

pH (F1)

Viscosity (F2)

Hue (F2)

Flow index, n (F2)  Yield (PPT)

Coef. of p-value

Coef. of p-value Coef. of

p-value Coef. of

p-value Coef. of p-value

regression regression regression regression regression
Bo 4.907 0.000 9.217 0.221 0.991 0.000 0.803 0.000 174.5 0.000
B: 0.085 0.049*  33.615 0.009* -0.034 0.721 -0.148  2*00 0.169 0.606
Bi1 -0.312 0.073 20.066 0.091 0.340 0.025*  -0.004 0.8960.170 0.661
B2 -0.200 0.144  -10.828 0.237 0.016 0.870 0.0558 0.0800.963 0.026*
B2 0.275 0.102 3.211 0.752 0.296 0.041*  -0.059 0.108 0.785 0.085
Bi2 -0.592  0.015* -5.635 0.642 -0.179 0.222 -0.020 .60 0.070 0.878
Fcalculated 5.49 25.85 21.49 8.62 6.40
R? 85.49% 82.67% 85.75% 89.61% 86.23%

* Significant at the 5% confidence level. F1 = fte 1; F2 = Filtrate 2; PPT = precipitate.

€§
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For the pH parameter of Filtrate 1 (FL)afGaedvas higher than fuaceq
and the coefficients of determination presenteduesl superior to 80%,
indicating a good adjustment of the complete modeble 2 show that the
temperature had influences of a linear order orpth@alues, and the interaction
of the temperature and water: raw material ratinatdes were significant. In
this case, the extraction temperature influencecpth of Filtrate 1.

Koocheki et al. (2010) and Wu et al., (2007) perfed studies on
Alyssum Homolocarpurseeds andbterculiaseeds, respectively, in which pH
control during the extraction is undertaken witle taddition of acid and/or
alkaline solutions, seeking a higher yield and éased ease in the final
processing of the different species.

Koocheki et al. (2010) varied the experimental ditons of
temperature, seed proportion and pH when conduttiagnucilage extraction
from seeds ofAlyssum homolocarpuniThe pH parameters were fixed and
adjusted for the values of 4.0, 7.0 and 10.0. Sadjihistments were made with
NaOH and HCI solutions. The authors concluded piinfluenced parameters
such as viscosity, protein content and the rheckbgiarameters of the extracted
mucilage. However, it did not have a significanfeef on the final yield
(Koocheki et al., 2010). Wu et al. (2007) concludteat the pH had a significant
effect on the yield and viscosity results when i@ polysaccharides

extracted from fruits from Sterculic&émen Sterculiae Lychnophoyaseeds,
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where the optimum extraction condition was at anapH. The other variables
involved in the process were temperature, extradiine and water:seed ratio.
Figure 3 presents the rheograms obtained forakéltt, where the shear
stress is correlated with the shear rate and stievsffect of the variation of the
proportion of the amount of water per kg of raw en@ and the extraction
temperature on the rheological parameters. Thedighows that for all of the
treatments, it is possible to verify the non-lingabetween the shear stress and
the shear rate that characterizes a shear-thirliitigbehavior with yield stress

(Chabra & Richardson, 2008).
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Figure 3 Relationship between the shear stress)mid shear rate {sin a
filtrate with (a) one extraction temperature (60 dDd different proportions of
water: raw materials, and (b) one water: raw malgnioportion (2.5 L/kg) and

different extraction temperatures.
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Table 3 shows the rheological parameters obtaioeHikrate 1 adjusted
by the Herschel-Bulkley (HB) model, which presentedbetter correlation
coefficient between all tested models. In Figurear®l Table 3, it can be
observed that the increase of the shear streseifubction of the shear rate is
inversely proportional to the ratio of water usedhe extraction process and is

proportional to the temperature increase.

Table 3 Rheological parameters for Filtrate 1.

Herschel-Bulkley model

k (mPa s) n Oon (MPa) R?
1 487.1 0.45 0.06 100
2 35.8 0.79 0.07 99.7
3 467.8 0.45 0.06 96.6
4 264.8 0.45 0.16 99.9
5 123.8 0.61 0.16 99.9
6 230.3 0.51 0.02 100
7 486 0.43 0.07 99.7
8 71.1 0.64 0.12 100
9 209.4 0.56 0.17 99.9
10 172.7 0.55 0.16 99.9

11 276.5 0.48 0.04 100
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The consistency index (k) in the Herschel-Bulklegdal of Filtrate 1
increases with the reduction of the proportion atev in relation to the amount
of raw materials and with the increase of the tewupee. The flow index (n)
deviates from the behavior of a Newtonian fluidtiss water: raw material ratio
is reduced and the temperature is increased.

Figure 4 was obtained by Lima-Junior (2011) andashtihe variation of
the pH values of the samples for all treatmentsr gfassage through the fixed-
bed column (Filtrate 2) compared with that of Riler 1. An increase can be
observed in the pH values in Filtrate 2. This resain be explained by the
retention of suspended particles within the maltémithe column increasing the
values of the pH from a solution that was approx@tyaneutral to more basic
values (Lima Junior, 2011)(Figure 4). (Lima-Junz®11).

This elevation in pH by the passage of Filtratéarbiigh the column is
due to the Hion adsorption in the activated carbon bed thratinghinteraction
of charges present in these layers (Lima Juniot,1R0The opposite behavior
was shown for the viscosity parameters. Duringfitve of the extract through
the fixed-bed column, in addition to the removap@ments, solid particles that
were initially suspended and retained in the coluwere eliminated, thus
reducing the viscosity of the samples (data notvsfidoy 22% on average. The
viscosity was increased by the temperature in @atirmanner such that the

higher extraction temperature used, the highevigmosity of Filtrate 2.
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Figure 4 Comparison of the pH values after passhmgugh the fixed-bed

column (Lima Junior 2011).

The main application and objective of the filtoattiin the fixed-bed
activated carbon column is the clarification of tipeoduct, which was
significantly improved after Filtrate 1 was passmer the column. It is clear
that there was an increase in the parameter reldatvthe hue value when
compared to Filtrate 1, as shown in Figure 5. Tgasameter indicates how
much closer to neutral colors (white, gray or bjathe analyzed extract is
(Figure 5A and 5 B). The increase in the hue amgeameter is analyzed

considering that values close to zero are relaiezblors close to red that have
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an angular value equal to 0°. For yellow, the aaguhlue is equal to 90°. When
passing the filtrate through the fixed-bed colural,of the assays presented
values indicating a color closer to yellow. Therefdhe column was efficient in

the pigment reduction of Filtrate 1.

The hue value was significantly influenced by éik&raction temperature
and water:raw material proportion, and the quadrsdims were significant
(Table 2). A higher temperature resulted in theeolmtion of a higher hue
value.

In the study of the rheological behavior of Fier®, the models that
provided the best adjustment coefficients were ehmisHerschel-Buckley and
the power law. Although we observed that the coesty index parameter (k)
increases with the increase in temperature andedses with the increase in the
water raw: materials ratio (data not shown), theas not a good adjustment of
the complete model. For the fluid behavior inderap@eter (n), the generation
of the contour surfaces was practicable, and thefficent of determination
value was 89.60%. For the power law model, highewperatures result in lower
fluid behavior index (n) values and, consequentligher k values, which

indicates a more viscous filtrate.
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Figure 5 Comparison of the hue angle values ofdtés 1 and 2 (before and

after passing through the column, respectively).
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Table 2 also contains the results obtained for grexipitation yield.
Based on the data in Table 2, the precipitate wedd significantly influenced
by the water: raw material ratio used in the extoacin a linearly positive
manner (P < 0.05). The yield found in the extrattwocess of hydrocolloids
from OPN was inferior to 1%, obtaining an averade2@®7g of powdered
hydrocolloid for each kilogram of plant.

The methodology developed to obtain hydrocollomif powdered OPN
was natural and did not employ any type of chemiealgent throughout the
process to facilitate the extraction. In gums atsdifrom fruits of the Malva nut
(Scaphium scaphigerdnthe results obtained by Somboonpanyakul, Wang, C
Barbut & Jantawat (2006) show that the yield fotrastion in hot water was
approximately 1%; in acid extractions, the yieldswé%; and in alkaline
extractions, the yield was 20%. These findings rifedemonstrate that the
presence of acid or alkaline agents favor the etitna, culminating in a higher
yield. Wu, Cui, Eskin & Goff (2009) showed that time fractionation of non-
pectic polysaccharides of yellow mustard mucilageecipitation with 75%
ethanol was more efficient in increasing the priéafipn yield when compared
with the precipitation conducted in an ammoniunfatal (NH,),.SO, solution.

The temperature and seed: water ratio had sitnilear effects on the
yield of mucilage obtained from Qodume Shirazi see@lyssum

homolocarpu The interaction among the pH and water:seed tatms had a
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significant (P < 0.05) effect on the yield, and thater:seed ratio had highly

significant quadratic effect coefficients (P < 0.Qkoocheki et al., 2010).

3.2. Process optimization

Optimum conditions for the extraction of the OPMMgwere determined
to obtain the maximum precipitate yield, the pHueabf Filtrate 1, the hue value
of Filtrate 2, the viscosity of Filtrate 2 and thenimum flow value index of
Filtrate 2. The optimum condition range for theragtion was determined by
superimposing the contour surfaces of all the amalyresults. Figure 6A
presents the superposition of the graphs obtaimethé five responses that were
evaluated as a function of the water: raw mataasib while maintaining a
constant temperature at 75 °C. Figure 6B presdmsgraphs for the five
responses as a function of the extraction temperaithile maintaining a
constant ratio of water at 2.5 L/kg raw materials.

These graphs show the best combination of factwrthe extraction of
OPN gum. Figure 6 A demonstrates that the watev: material ratio of 2.46-
3.70 L/kg is the range with the best combinatiohfactors. The shaded area in
the graph with the six factors is the optimum aséaxtraction conditions that
results in a higher pH and soluble solids valueFidtrate 1, a larger hue angle
value of Filtrate 2, higher viscosity of FiltrateaBd, most importantly, a higher

yield value of the precipitate. Figure 6 B showstththe shaded area
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corresponding to the optimum extraction temperataraditions is in the range

from 54.6-80 °C.
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Figure 6 Optimal superposition region of the contgraphs of six responses
evaluated as (a) a function of the waterrraw malteratio at a constant
temperature of 75 °C, and (b) as a function of tenafure at a constant water:
raw material 2.5 L/kg ratio. The shaded area ingttaph is the optimum area of

extraction conditions.

4. CONCLUSIONS

The process developed herein, involving multigps and only using
ethanol as chemical agent, presented satisfactsuylts for obtaining the
hydrocolloid in a natural way. THeereskia aculeatMiller species proved to be
an alternative source of hydrocolloids; thus, adusirial process is viable.

The conditions that presented a higher precipiyéddd, a higher pH
value of Filtrate 1, a higher hue value of Filtr&dlighter product), a higher
viscosity of Filtrate 2 and a minimum flow indexlwa of Filtrate 2 were a
water:raw material ratio of 2.46-3.70 L/kg and atraction temperature in the
range of 54.6-80 °C. The powdered product obtapredented a light color and
had properties that can be used in industry ascketier, gelling agent and/or

emulsifier.
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ABSTRACT

In this report, the thermal and microstructurabsity of a powdered product
extracted fromPereskia aculeatMiller, popularly known in Brazil as ora-pré-
nébis (OPN), was characterized. Using an optimigemtess condition, gums
were prepared and the proximate composition, mimeratent, thermal stability
as differential scanning calorimetry (DSC) and mhegravimetry (TG),
scanning electronic microstructure (SEM), spectpgof dispersive energy by
x-rays and emulsion formation capacities by optinaroscopy were analyzed.
The obtained powdered product presented high preted mineral content and
low total carbohydrate and uronic acid values. FiielR spectrum suggests a
arabinogalactan-protein. The stability of the ernaus prepared from powdered
product was evaluated at room temperature and°at. &5C thermal profiles of
OPN powdered product showed endothermic and exotbezvents that allows
identify systems organization and samples destmusti TG curves for OPN
gums show high residue value which is attributesatdbonaceous and minerals
contents. The SEM micrographs of powdered OPN goowsa high porosity,
differences in the particle sizes and smaller plagiadhered in larger particles.
The spongy aspect was characteristic suggest Heamaterial is hygroscopic.
Scanning electronic microscopy/Spectroscopy of &isipe Energy by X-rays
confirmed that large quantities of minerals arespnt in the samples. The

emulsion formation capacity of the product was fiedi and strong droplets
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coalescence as being proportional to the reducedigred gum concentration
Pereskia aculeatdiller may be considered an alternative sourcenfioicilage
and its powdered product presents the potential ass&an emulsifying and

stabilizing agent for food applications.

Key words: powdered gum, microstructure, thermallysis, emulsion stability,

Pereskia aculeatiller.

1 INTRODUCTION

The use of hydrocolloids from plants begin with éxtraction operation
with water, acid or alkaline solutions. Severald#s (Lin & Lai, 2009; Lin et
al, 2009; Lai & Liang 2012;Yapo, 2009a, 2009b, 200%apo & Koffi, 2008;
Yapo et al, 2007a; Yapo et al, 2007b) have showat filants parts and
extraction conditions influenced significantly theproductive and
physicochemical characteristics of the gums. Tharadteristics such as the
chemical compositions (including neutral sugarsh, agrotein, degree of
esterification methoxylation and acetylation), andlecular weight distribution
affect the rheological characteristics and the tioncof these gums as gelling
and thickening agents, as well as emulsifying agemtfluencing the

emulsification ability and stability.
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In accordance with the form of extraction and tharse of origin, the
hydrocolloids chemical structure varies and it teave one or more physical
properties commercially useful. The use of thesderi@s as additives in
industrial processes is extensive in paint indestrpaper, pharmaceutical and
food (Mercé et al 2001).

The Pereskia aculeatMiiller is a native Cactus found in the tropics of
America, such as the southern region of the UnBeates (Florida), and in
Brazil. In Brazil, this cactacea is known as ora-pobis (OPN) and this species
is found from the northeast region to the southhef country. It preferentially
grows on the borders of the forest and in the ferekearings (Rosa & Souza,
2003). OPN belongs to tlgactaceadamily and has scandent habits. The high
protein and fiber content and the absence of legitity (Almeida-Filho &
Cambraia, 1974, Dayrell & Vieira, 1977; Butterwoathd Wallace, 2005) of this
species make it a useful and important food soufte leaves are also an
emollient, and the fruits have expectorant andsgptiilitic properties.

In addition, the OPN do not possess any toxic @nigs and is
extremely rich in proteins. Analyses conducted d?Ndeaves show that they
are composed of 25% protein and have high digéstilf85%). In addition to
presenting a well-balanced composition, the ledas an exceptionally high
content of certain essential amino acids, partibulsine, whose content in

OPN is higher to that of the cabbage, lettuce asidash. The protein and
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essential amino acid levels (except for methioninreported are substantially
higher than the minimum amount recommended by thedFand Agriculture

Organization of the United Nations (FAO) as necgsfa human consumption
(Sierakowski, Gorin, Reicher, & Corréa, 1987). Tharitional benefits of the

OPN leaves were also revealed in a study that eteduthe nutritional

components in terms of approximate composition,engits, vitamins, proteins
content and digestibility of the OPN leaf (Takekintdnio, Motta, Collares-

Queiroz & Park, 2009).

Some aspects of the chemical structure of a hsbereaccharide
obtained from the OPN leaves were studied by Soevaki et al., (1987). A
mucilaginous water-soluble heteropolysaccharidgainimg 3.5% protein was
isolated from the leaves and hydrolyzed, and theamzrs were identified by
conventional polysaccharide analysis technique® msults showed that the
leaves contained arabinose, galactose, rhamnosgadaturonic acid in a molar
ratio of 5.1: 8.2: 1.8: 1.0. According to Sierakdiyssorin, Reicher & Corréa
(1990), the polysaccharide complexes of leeeskia aculeatMiller leaves are
highly ramified, containing arabinofuranose, aralpyranose, galactopyranose,
galactopyranosyl, uronic acid and rhamnopyrano#s.un

The arabinogalactans (AGs) are structural polysamiges with a
complex molecular structure that is difficult toachcterize (Aspinall, 1969;

Aspinall, 1982; Whistler, 1970). They are presengli higher plants (Fincher,
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Stone & Clarke, 1983). Several reports in the ditiere describe the structural
elucidation of these polymers, which are foundeiavkes, stems, roots, flowers,
and seeds as well as in high amounts in gums agetatele exudates (Delgobo,
Gorin, Jones & lacomini, 1998; Fincher et al., 198Benestrina, lacomini,
Jones & Gorin, 1998). Studies of the complex natfrébiopolymers (AG)
extracted specifically from OPN leaves and theferiactions with Ct, CU,
Mn?* and Nf* in terms of the thermal stability of the metaltismpounds were
conducted by Sierakowski et al., (1990) and Metcél.e (2001), whose results
suggested their potential use in the food and paeentical industries.

Due to the presence of large amounts of gum, thesepce of the
biopolymer arabinogalactan, the high protein cantdre economic importance
that OPN cultivation is gaining in various area8cdzil, the simplicity and high
productivity of cultivation and mainly the enormoimgerest of the food and
pharmaceutical industries in its processing, thgative of this work was to
investigate the chemical composition, thermal privge and microstructure of
the hydrocolloids/mucilages in the powdered produetonstituted gel and
emulsions of thd?ereskia aculeatdiller (OPN). We also sought to evaluate
the potential use of the powdered product as ans#fiying and stabilizing agent

in food applications.
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2 MATERIALS AND METHODS

2.1 Material

The Rereskia aculeataMiller raw material was harvested in the
municipal district of Itutinga, Minas Gerais, BrazAll of the samples were
harvested at the same place to reduce interferdneeto the alterations in
species composition that can be caused by thebilitsianf available nutrients in
the soil and climatic alterations. After harveste tleaves were taken to the
laboratory. They were washed in running water, raipupreselected and
placed in polyethylene bags that were sealed, iftshiand stored in a freezer
until the experiments were begun. To obtain thalfiroduct in a powdered
form, an extraction process was developed withvér@us operations shown in

the flowchart in Figure 1.

2.2. Extraction process of leaf hydrocolloid oPereskia aculeata Miller

The process to obtain powdered product was optiniaethe various
steps as shown with details in Lima Junior et 2013. The conditions that
presented a higher precipitate yield, a higher ptiey of Filtrate 1, a higher hue
value of Filtrate 2 (lighter product), a higher cgsity of Filtrate 2 and a
minimum flow index value of Filtrate 2 were a wataw material ratio of 2.46-

3.70 L/kg and an extraction temperature in the eanfgh4.6-80 °C.
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[ Homogenization of the sample and hot extraction ]
[ Pressing ] [ Filtration 1 ]

I A

[ Residual solid material ]

[ Filtration 2 ]

1
I::} [ Precipitation ]

U(::I[ Solvent recovery ] [ Centrifugation, separation ]

[ Drving of the precipitate ]
[ Grinding ]
[ Storage ]

Figure 1 Flow chart of the operation for obtainmglrocolloid from powdered

OPN leaves.

2.3 Reconstitution of the powdered product

To analyze the behavior of the obtained produssags conducted at
80 °C and a solution prepared from powdered prodiitti a concentration
5g/100mL of water was chosen for the reconstitutests of the product in the

gel form based on the optimization results. The wak maintained in a
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thermostatic cabinet (Eletrolab, EL202, Sdo PaBtazil) at 4 °C for 12 hours
until their complete hydration. One portion of tpe was freeze-dried at -40 °C
during 18 hours and grinded in ball mill. Powdepedduct and dried gel were
submitted to microstructural analysis. Powdereddped and reconstituted gel

were submitted to thermal analysis.

2.4 Chemical composition

The reconstitution analyses were carried out wathdes produced with
2.5 L of water/kg raw material processed at a teatpes of 75 °C, selected
after the results of the optimization had been rdateed (Lima Junior et. al.,
2013).
2.4.1. Proximate composition

The chemical analysis of moisture content, profeigtermined by the
Kjeldhal method, N x 6.25) content, lipid fractigBoxlet method), fiber and
ashes were carried out following the methodologgicated by the AOAC
(2006).
2.4.2. Total carbohydrates

Total carbohydrates were determined by phenol-salfumethod

(Dubaois, Gilles, Hamilton, Rebers & Smith, 1956).
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2.4.3. Mineral analysis

The minerals present in the extract and powderesbymt were
determined by the method of Malavolta, Vitti & dév@ira (1989).
2.4.5 Uronic acids contents

The uronic acid contentes were determined by théhade of m-

hydroxydiphenyl (MHDP) (Blumenkrantz & Asboe-Hansé&f73).

2.5 Spectroscopy in the infrared region
The infrared (IR) spectra of powdered product wezeorded in a
(FTIR) double-beam spectrometer (Digilab Excaljls@rie FTS 3000), in KBr

pellets, spectral range between 400 and 400bamd resolution of 4cth

2.6 Thermal analysis
2.6.1. Thermogravimetry (TG)

The analysis were carried out on a DTG-60H Shimadbkyo, Japan)
at a heating rate of 2 °C/min in nitrogen atmosphfgom 21 to 520 °C.
2.6.2. Differential scanning calorimetry (DSC)

A modulate temperature differential calorimeteSM60A, Shimadzu,
Tokyo, Japan) was used to evaluate the thermalvimehaf the powdered
product and reconstituted gel. The instrument vedibrated for temperature and

heat flow with indium and zinc, and the temperattoatrol system used liquid
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nitrogen as the cooling agent. Hermetically seatathless steel pans were used,
and the sample size of each sample was approxiyrételg. The temperature
protocol used for samples consisted of equilibgathre samples at -100 °C and

then heating the samples a temperature rate of3if€to 250 °C.

2.7 Microstructural analyses
2.7.1. Scanning Electron Microscopy

The powdered product and dried reconstituted gealewiexed with
double-sided carbon tape onto an aluminum supptubg) that was sputter-
coated under vacuum with a thin film of metalliddyoaising a Bal-Tec model
SCD 050 evaporator (Balzers, Liechtenstein). A Ndmaxhnology Systems
(Carl Zeiss, Oberkochen, Germany) model Evo® 40 adanning electron
microscope was used with an accelerating voltag@OokV and a working
distance of 9 mm to obtain the digital images uding Leo User Interface
software at varying magnifications. The images wprecessed using Corel
Draw 14 Photo paint Software.
2.7.2 Scanning eletronic microscopy (SEM) / Spectsoopy of Dispersive
Energy by X-rays

The powdered product and dried reconstituted gealewixed with
double-sided carbon tape onto an aluminum supptubg) that was sputter-

coated under vacuum with carbon using a Union CEO évaporator (Balzers,
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Liechtenstein). A Nano Technology Systems (Carl sZei Oberkochen,
Germany) model Evo® 40 VP scanning electron miapscwvas used to obtain
the digital images. The chemical compositions wralified and quantified by
Spectroscopy of Dispersive Energy by X-rays in @eantax XFlash 5010

Bruker apparatus.

2.8 Reconstitution of the gum from the powdered prduct for emulsion
preparation and analysis of the microstructure andemulsion stabilities.

The reconstitution were carried out with samplexipced with 2.5 L of
water/kg raw material processed at a temperaturé5ofC, selected after the
results of the optimization had been determined.

The emulsion microstructures were determined bgpating an
emulsion containing 10 g of commercial corn oil @dk, Cargill, S&o Paulo,
Brazil) and 40 g of reconstituted gum with concatitns of 1.0, 2.0 and 3.0
g/100mL of water. The sample was submitted to mmichh agitation (lka
labortechnik, RW.20, Germany) for 3 minutes and bgemized in a blender
(Tecnal, TE102, Brazil) at 20,500 rpm. The emulsiitrostructure images
were acquired using a light microscope (Meiji MLOB) Meiji Techno America,
Santa Clara, CA, USA) with an attached video canf@me-Palmer 49901-35,

Cole-Palmer, Vernon Hills, IL, USA).
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To verify the stability of the emulsion formed iinacthe OPN gum, the
emulsions were left at rest for 30 min at room terafure or in a thermostatic
bath (Solab, mod. SL150, Sdo Paulo, Brazil) at 8@0The samples were then
centrifuged (Fanem, 206 BC, Brazil) at 2700 rpn271,xg) for 10 min, and the
final volume was measured. The emulsion stabilips wiewed using a light

microscope as previously described.

3 RESULTS AND DISCUSSION

3.1. Centesimal composition and mineral analysis ofhe extract and

powdered product

Table 1 shows the chemical composition and minesatentrations of
the Filtrate 1 and powdered product obtained usittigp of water:raw material
and extraction temperature of 2.5 L/kg and 75°eSpectively, selected after the
optimization.

The drying process reduced the moisture contel®5%6. 13.45%. Total
protein contents were reduced after passage throlghfixed-bed column
(Filtrate 2) compared with that of Filtrate 1. Treduction was related to the
residence time of the extract into the column (daitishown). This was also
related to the high ash content found in the poedi@roduct, suggesting that an
interaction occurred between the extract and thiwaded carbon, causing the

transference of particles from these to the fitlggeoduct.
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The contents of total protein, lipid fraction, ashd total fiber in the
extract were close to those reported by Almeidhd-i& Cambraia (1974),
Albuquerque et al. (1991) and Takeite et al. (2G68fresh OPN leaves: 25, 28
and 28.4% (dry basis) for total protein, 6.3, 608l @.1% (dry basis) for lipid
fraction, 14.2, 20.1 and 16.1% (dry basis) for astg 7.7, 9.1 and 9.8% (dry
basis) for total fiber, respectively. The proteantent of 30% found in this work
presented higher value when compared to thosetespior literature. The results
found for the lipid fraction, ash and total fib@mtents presented lower values of
4.04, 14.09 and 6.46%, respectively.

These differences are due to external factors asatlimate and soil in
which the plant was cultivated, harvesting seasuth @re-processing. In this
work, the leaves were frozen and stored refrigdratatil the processing
moment. The influence of external factors on tharatteristics of the raw
materials was proven by Almeida Filho & Cambrai®74). These authors
worked with OPN from two different regions of thtate of Minas Gerais,
Brazil. The results differed in the lipid fractiofibers, ash and protein content

analyses when compared to samples from differgmms.
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Table 1 Proximate and Mineral compositions of Bikr 1 and product

powdered.
Composition
Analysis* Filtrate 1 Powdered Product

Moisture content (g/100g)* 97.05* 13.45*
Protein content (g/100g) 30.10 10.47
Carbohydrates (g/100g) 43.57 46.88
Ashes (g/100g) 14.09 42.54
Fibers 6.46 7.35
Lipid fraction (g/100g) 4.04 2.46
Uronic acids 0.44 1.39

P (mg/100g) 110 1,130
K (mg/100g) 1,470 2,420
Ca (mg/100g) 2,410 3,350
Mg (mg/1009) 400 450

B (mg/100g) 18.6 54.6
Cu (mg/100g) 8.00 31.80
Mn (mg/100g) 39.30 175.20
Zn (mg/100g) 45.50 93.30
Fe (mg/100g) 137.5 189.7

* All values were expressed in dry base, excepstuce content.

Total carbohydrate content is often measured by ebois
carbohydrate method (Dubois et al.,, 1956), ands iuseful for sugars and

polysaccharides. Crude gum contents, i.e., gumeodtiased on all components
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that contribute to the gum viscosity (protein, palycharides and cross-linking
cations) were estimated with this method by the ofeppropriate control
samples (Abbott et al., 1995).

The extract (Filtrate 1) and the powdered mucilajgained from
Pereskia aculeatdeaves presented 43.57% and 46.88% of total cgdoate,
respectively. These values are low when compargtdase obtained by Ibanez
& Ferrero (2003), forProsopis flexuosaeeds and for the mucilage extracted
from seeds by different procedures (in alkaline aedtral mediums) with 54%
and 66.1 — 72.5% of total sugar content, respdgtiven & Lai (2009), for
hydrocolloids extracted from mulberri6rus albal.) leaves using different
solvents (water andsodium bicarbonate) with 62.5401%; Singthong et al.
(2009), for Yanang Tiliacora triandra) leaves, with 59.5%; and Xie et al.
(2013), for polysaccharide extracted froGyclocarya paliurusleaves, with
64.8% of total sugar content.

Similar results were found by Karazhiyan et al.1(20for Lepidium
sativumseeds, with 43.51% of total sugar content, and ioy& Lai (2009),
with 39.8% in mulberry leaves. The result variatifmund in literature for
obtaining the mucilage is related to the use ofediint parts of the plants
(leaves, seeds, fruits), species, geographic mtsticlimate and soil) and,
especially, the extraction method and variations parameters such as

temperature, pH, solvent, etc.
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Mucilages are complex polymeric substances of danh@te nature
with a highly branched structure (Sepulveda et 2007), and which contain
varying proportions of neutral sugars, such asiaose, galactose, rhamnose,
xylose, glucose, manose and fucose, as well assagjdrs (uronic acids) in
different proportions (Chitarra et al., 1998; Sepda et al., 2007). The uronic
acids present a carboxyl group and are mainly @&atet of galacturonic acid.
This last is the main pectin forming monomer andstituent of other gums
(Chitarra et al., 1998).

The results presented in Table 1 for the uronid acintent analysis
(0.449/100g) show that these results are low wienpared to those obtained
by Singthong et al. (2009) for gum extracted fromnadng Tiliacora triandra)
leaves, and by Yamazaki et al. (2008) for hydraidd extracted from
Corchorus olitoriusleaves, which values were of 10g/100g of uronial.aci
However, Xie et al. (2013) obtained 23.5% of uroaid in the extraction of
polysaccharides fro@yclocarya paliurudeaves.

Sierakowski et al. (1987) isolated water-solublecitaginous hetero-
polysaccharide containing 3.5% of protein frBereskia aculeatéeaves. These
hetero-polysaccharides contained arabinose, gakctorhamnose and
galacturonic acid in a molar ratio of 5.1:8.2:1.8:1The physiochemical
properties of the gums depend on the amount of giteeips charged by

carboxylic acids. The most common source for sucums is carbohydrates
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with a carboxylic acid group (uronic acids) (Batsowt al., 2004). Furuta &

Maeda (1999) found a 23.3% content of uronic agidvater-soluble soybean
polysaccharides and suggest that they contain ravgélactans, including

galacturonic acid. We concluded that the increasgsicosity was caused by the
uronic acids repelling each other in the polysaddeamolecule, the last being
extended by this repellence.

Lai & Liang (2012) studied the effects of extracti conditions,
including types of solvents (water and sodium Hioaate) and extraction
temperatures (25, 50, 70 and 9D), over the physicochemical properties of
water and alkali-extracted mucilage from young @&®nof Asplenium
australasicum(J. Sm.) Hook. Sugar composition analysis revedled the
mucilage contained a significant amount of uroriid d14.3 and 56.5%, based
on total sugars). Lin & Lai (2009) also observeé ihfluence of mucilage
extraction conditions over uronic acid content figdrocolloids extracted from
mulberry Morus albal.) leaves with water or sodium bicarbonate, r@sglin
uronic acid contents of 33.3 and 28.4%, respegtivel

The mineral analysis of the powdered product imtie a high
concentration of calcium (3,350mg/100g), followedy bpotassium
(2,420mg/100g), phosphorus (1,130mg/100g) magnegidBsOmMg/100g). For
the Filtrate 1, phosphorus, potassium, calcium, masiym and manganese

contents were smaller when compared to those @utdig Takeite et al. (2009).
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The same was observed by Almeida Filho & Cambra@¥y4). The remaining
minerals such as boron, copper and zinc presergedlts superior when
compared with the same literature.

Lai & Liang (2009) observed differences in the maleompositions of
the hydrocolloids extracted from mulberry leavesngsdifferent solvents
(deionized water and 0.14M sodium bicarbonate). Mineilage extracted with
deionized water presented higher calcium (48mg/1,00ghagnesium
(5mg/100g), iron (0.16mg/100g) and zinc (0.05mgf)0Bontent, while the
mucilage extracted with the 0.14M sodium bicarbersatution presented higher
sodium (105mg/100g) and potassium (40mg/100g) contBoth presented
values inferior to those found in mucilages obtdifiem OPN leaves. This
probably occurs due to the different species, factegarding harvest and also

to the mucilage extraction procedures.

3.2 Infrared (IR) spectra

Polysaccharides, depending on their chemical strecimay possess one
or more commercially useful physical propertiess€aisity and gelation being
two examples). The use of these materials as adslith industrial processes is
extensive and in some form they have been used ajperp paint and

pharmaceutical, and food industries. In the last fears, there has been an
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increase in the use of polysaccharides as food ianshdustrial processes
worldwide (Mercé et al., 2001).

The IR spectrum the powdered mucilage extractedn fieereskia
aculeataMiller leaves is shown in Figure 2. Although IRns&times does not
prove to be useful with polymers because the spaan appear simpler than
expected due to accidental degeneracy of chemicalirhilar groups, similar
infrared spectrum bands were found in the work @&rd@ et al. (2001). The
difference is only in intensity of the bands in gpmectrum. Mercé et al. (2001)
carried studies out of the complex nature of bipp@rs (AG) extracted
specifically from OPN leaves and their interactiovith Co™*, C/#*, Mn** and
Ni?* in terms of the thermal stability of the metakiompounds. In this work,
Mercé et al. (2001) reported that a twist in themmzhain of a biopolymer
having rhamnose units linked & 2) exists in its structure.

The FT-IR spectra of carbohydrates are used farohéhation of their
structural features (Singthong et al., 2009). Ghydrates show absorbance in
the region 1200-800 cm-1 due to ring vibrationsrieypped with stretching
vibration of the hydroxyl groups and the glycositdand vibration (Kacurdkové
et al., 2000). This region is often called the émgint of molecules because it
allows the identification of major chemical groups polysaccharides: the
position and intensity of the bands that are spedidr each polysaccharide

(Posé et al., 2012; Singthong et al., 2009). Tigeooreat 1200-800 cm-1, which
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is dominated by stretching vibrations of C-O, C—+@g structures and
deformation vibrations of CH2 groups (Hori & Sugiya 2003), was found to
be useful for the identification of polysaccharidasd is (Kacurakova et al.,

2000.
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Figure 2. IR spectra of the powdered mucilage etdhfromPereskia aculeata

Miller leaves.

The FT-IR data analysis showed a characteristiad bian1048cn,
which was attributed to polysaccharides with maenasabinose and rhamnose.

The p-arabinogalactans presented one band around 104&bith may belong
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to their particular components as arabinofuranosds uin side branches
(Kagurdkova et al., 2000). According to Sierakowski at (1990), the
polysaccharide complex oPereskia aculeataleaves is highly ramified,
containing arabinofuranose, arabinopyranose, ggisicinose,
galactopyranosyl, uronic acid and rhamnopyranods.un

The absorption of around 1048¢was attributed to the C-O (Capek, et
al., 2013; Tajmir-Riahi, 1984), C-C stretching (Bezt al., 2012; Tajmir-Riahi,
1984) or C-OH bending (Singthong et al., 2009). fdgion at 1200-1000 cm-1
is dominated by ring vibrations overlapped wittesthing vibrations of (C-OH)
side groups and the (C-O-C) glycosidic bond viloat{Katurdkova et al.,
2000).

From 1200 to 1800cih the distinctly smaller absorbance of “oses”
means that the spectral signature of minor compsrafthe polysaccharides -
proteins and uronic acids - may be sought (Bouletl.e 2007). The proteins
present specific absorption bands in the 1700-1%5030egion (Singthong et al.,
2009). The wavenumbers in this region are usuabpeiated with functional
protein groups. The 1700-1600¢mand is associated with stretching vibrations
of peptide bonds C=0O and, therefore, directly emlato the backbone
confirmation, while 1600-1500chis associated with bending N-H vibrations

(Capek et al., 2013).
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Uronic acids are characterized by the carboxyl ionowhich may lead
to two absorbance peaks, a weak band in 1440amdl a strong band in 1658
cm*, which may demonstrate the presence of the —C@&pg characteristic of
vegetable gums (Boulet et al., 2007; Posé et @ll22Singh & Singh, 2011;
Vinod et al., 2008). The absorption band in 144bcim the spectrum is
assignable, especially, to the C-OH and C-CH bendiibrations (Tajmir-Riahi,
1984), and the band close to 1658ci®m due to the C=C (Singha et al., 2007)
and C=0 ( Ehrenfreund-Kleinman et al., 2002) shiett.

The peak at about 2346¢may be due to the C-H stretching of the,CH
(Capek et al., 2013; Hu et al., 2011; Peng efall2; Shah et al., 2013; Shing &
Shing, 2011). The broad stretching peak around @&#B0vas ascribed to the
hydroxyl groups (OH) of the monosaccharide unitau@binogalactans (Capek
et al.,, 2013; Ehrenfreund-Kleinman et al., 2002; ¢tual., 2011; Peng et al.,
2012; Shan, et al., 2013; Shing & Shing., 2011gBmet al., 2007; Singthong et
al., 2009; Tajmir-Riahi, 1984; Vinod et al., 2008).

The results suggested a hetero-polysaccharide omittiplex, branched
structure, in addition to the association with phas, constituting a special class
of molecules, the arabinogalactan-proteins (AGPS).

The arabinogalactans (AGs) are structural polysaidds with a
complex molecular structure that is difficult toachcterize (Aspinall, 1969;

Aspinall, 1982; Whistler, 1970). Alone or assodiat@ith proteins mainly
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present in plant cellular walls of both inferior dansuperior species,
arabinogalactan has been the target of many stalcstudies (Mercé et al.,
2001). Several reports in the literature desctileestructural elucidation of these
polymers, which are found in leaves, stems, rdugjers, and seeds, as well as
in high amounts in gums and vegetable exudatesg@el Gorin, Jones &
lacomini, 1998; Fincher et al.,, 1983; Menestrinacomini, Jones & Gorin,
1998).

Pereskia aculeatdeaves are a mucilaginous material with 50% m/m
composed of arabinogalactan polysaccharide (Siersiioet al., 1987, 1990).
The main interest in this biopolymer is its ediiliMercé et al., 2001).
Sierakowski et al. (1987) determined that the nwiamical structures of the
mucilaginous heteropolysaccharide Bf aculeate leaves were arabinose,
galactose, rhamnose and galacturonic acid. For Pleeeskia aculeata

arabinogalactan, the arabinose to galactose ratsolnd .4.

3.3 Thermal analysis
3.3.1 Differential scanning calorimetry

Phase transitions in foods are often a result ahghs in composition or
temperature during processing or storage. Knowleddeansition temperatures
and thermodynamic quantities are important to wtdad the processes such as:

dehydration, evaporation, freezing and conservation
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Fig. 3 shows a comparison of DSC thermal profimsgum OPN gel
(5.0 g/100mL) and OPN powdered product. The curffeOBN powdered
product showed an endothermic event, crystallitdtinge during heating, at
about 81.6 °C (Jnse) @and an exothermic event at about 218, 8 °G{T
probably due to sample destruction. However witbréasing water content
(concentration of 5 g of OPN gum/100 mL of waterultiple melting
endotherms were observed, which reflect the wated &eat induced
disorganization of crystallites. The samples wiighhwater content showed
single endotherms, which may be attributed to dmgdgion systems. Similar
results were also found by Mothé and Rao (2000) ¢waluated the thermal
behavior of Arabic gum and cashew gum with varicosicentrations. The
transition temperatures and estimation of assatiatghalpies of the powdered
OPN gum and gel with 5.0 g of OPN gum/100 mL ofewatre given in Table 2.

The OPN powdered gum presents elevated glassticam@mperatures
(Tg), which characterized thermal stability. Thisaynbe related to a high
molecular weight constituent present in the malteaa well as to the low
humidity rate. The reconstituted gel of the OPN gumasents a higher amount
of water in its constitution which leads to the @& plasticization and lower
glass transition temperatures.

According to Roos (1995), the physical state offtwds is, generally,

ruled by the transition phase of its main composieSince water is the main
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component and diluent of the majority of the fooitlsnust significantly affect

the physical state and the properties of the atberpounds (Mothé and Rao,
2001). The water content of the materials has angtinfluence over glass
transition temperature. The water causes a dreatigction in the Tg of food

polymers (Slade and Levine, 1991).

The Tg varies with the composition of the foodgyezsally with the
concentration of water. The knowledge of the glxassition temperature in
regard to the water concentration of the foodsfiextreme importance in the
formulation and determination of the ideal food qassing and storing

conditions, maintaining the quality of the prodfatthe longest possible time.
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Figure 3 — Comparison of DSC thermograms of OPNgimthe powdered

form and gel with 5.0 g of OPN gum/100 mL of water.
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Table 2. DSC characteristics, transition tempeestand enthalpies in the

powdered OPN gum and gel with 5.0 g of OPN gum/hQ0of water.

Endotherms peaks

Tonset Tpeak (OC) Tend(oc) AH (J/g)

(°C)
OPN powdered gum 81.6 102.1 146.7 150.23
OPN gel (5.0 g/mL) 1° peak ~ -3.3 0.1 2.3 272.95
OPN gel (5.0 g/mL) 2° peak  92.8 102.5 1155  1472.9

Exotherms peaks

Tonset Tpeak (OC) Tend(oc) AH (J/g)
°C)

OPN powdered gum 218.8 233.4 261.3 417.1

3.3.2. Thermogravimetry (TG)

Figure 4 shows TG curves for OPN powdered gum aR#l @el with
concentration of 5.0 g/100 mL of water. The maise®ed thermal effects in
Figure 4 can be described as follows. In two tes@sks, after the buoyancy
effects on the TG balance, at the very beginningth&f run, there is an
endothermic loss of adsorbed water in the biopotyamel its complexes (Mercé
et al. 2001). The first stage occurred at around@4relative the water loss for
the OPN in powder form and 45 °C (event 1) for theonstituted gel with

concentration of 5.0 g/100mL.
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Figure 4 Thermogravimetric curves for OPN gumshim powdered form and gel

with 5.0 g of OPN gum/100 mL of water.

Between 221 °C and 320 °C (event 2), there isrssitian that could be
assigned to a change in the conformation of thpdiyoner followed by a break
of branches, as the TG associated curves shown#icgt mass loss. This
transition occurs due to oxidative degradatiorhefsgample (Mercé et al., 2001).
This mass loss can be attributed to polysacchaadésproteinaceous, with a
composition 83 % and a residue of 44% in OPN poedieFhe similar behavior

were found by Mothé and Rao (2000) that resultdgspacharides composition
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of 73% and a residue of 15% in cashew gum and 65p6lgsaccharides and a
residue 20% for gum arabic in samples with low watetent (0 % w/w). Final
destruction (event 3) occurs in the temperaturgeasf 390 to 430 °C. In this
work we attributed that the high residue valueasstituted of carbonaceous and
minerals.

According to the thermogravimetric curves presentedrigure 4, the
OPN powdered gum presents a relatively larger Igtakfian the reconstituted

OPN gum gel, possibly due to the higher water adritethe gel.

3.4 Microstructural analyses
3.4.1 Scanning eletronic microscopy (SEM)

The analysis of the particle surfaces from OPN med gum and
freeze-dried OPN gel with concentration of 5.0 ¢/10L of water was carried
out at a three-dimensional level through electromicroscopy and the
electromicrographs are presented in Figure 5a andPgure 5A refers to the
OPN powdered gum, and it demonstrates the amorptoustures, high bulk
porosity and strong attraction and adherence ofsthaller particles to the
surface of the larger particles.

One example of a system that involved the freemEddDPN gel with

concentration of 5.0 g/100 mL of water is presemmegigure 5B. It was verified
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that the particles were larger and the particleewaiform and did not strongly

adhere to each other, verifying that the set coathscattered particles.

Signal A = SET Date 5 Jul 2012
Photo No. = 3515 Time :10:41:56

EHT = 20,00 kv Signal A = SE1 Date :5 Jul 2012
WD=150mm Photo No. = 3934 Time :11:08:37

La(b)

Figure 5 — Micrographs from scanning electronic nogcopy of (a) OPN
powdered gum and (b) freeze-dried OPN gel with eatration of 5.0 g/100 mL

of water.
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Comparing the Figures 5a and 5b, it is clear thatfteeze-dried OPN
gel structures are characterized by lower bulk sityowithout a strong
interaction among the particles. These featuregate that the structures were
organized during the gelation and freeze-dried gsses. Larger agglomerate
with strong interactions and inter-particle adheeerwas observed in the
powdered form. The non-interacting particles forndeding the drying process
could reduce the stickiness phenomenon. The etentiorographs presented for
the gel at a concentration of 5g/100mL shows th#h \ydration of the
molecules results an organized structure, haviagiform distribution and size
of particles when compared to the hydrocolloid orty Figure 5A should be
noted that there is a higher porosity, differencethe particle sizes and smaller
particles adhered in larger particles. The sporsgpeet is also characteristic of a

hygroscopic material.

3.4.2 Scanning eletronic microscopy (SEM)/Spectrospy of Dispersive
Energy by X-rays

The digital images of the powdered product andddrexzonstituted gel
were used to determine the mineral chemical cortiposiusing spectroscopy
of dispersive energy by X-rays as shown in Figure The results of

microanalyses for OPN powdered gum and freeze-d@#N gels with
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concentration of 5.0 g/100 mL of water are presime~igures 7a and 7b, and

Table 3, respectively.

Figure 6 — Region identified in the digital imadefreeze-dried OPN gel used in

the mineral microanalyses.



103

cpsfeV
450
400
350
300
2504 g
1 & © Mg si @ K s
1
1 ica
200
150
1004 ‘
1 N
50 i
1 |
0 i T : 7 ;
o 1 2 3 4 5 6 7
kev (a)
cps/eV
450+
400
350
3001
2504 K
B © ‘Mg si @ K Ca
&
200
150
100
1 e /-\-r\
0 - T T T T T T T
o 1 2 3 4 s 3 7

kev (b)
Figure 7: Microanalysis of X-ray of hydrocolloid {a) powdered form, and (b)

gel with 5g/100mL of OPN gum.

Table3: Mass percentages of minerals present iteited systems.



104

Mineral composition

OPN powdered %

Freeze-dried OPN gel

(wiw) % (w/w)
Phosphorus 13,66 13,85
Potassium 5,10 5,350
Calcium 17,52 19,10
Magnesium 14,49 13,43
Silicon 6,46 6,00

The results shown in Table 3 confirm that largentitias of minerals

are present and also that there were no signifidifierences in these

parameters when the two systems are compared.

3.5 Emulsion microstructures

Tests were performed with various concentratioh®;(2.0 and 3.0

g/100 mL of OPN gum) to verify the emulsion micrasture and its stability at

room temperature and at 80° C. One of the usesdrfoholloids in the food

industry is as an emulsion stabilizer. The micrgdtiral analyses show the

emulsion capacity in the product, and its perforogaincreased with the

increase of the powder concentration used in tlepgration of the gum, as

shown in Figures 8 and 9.
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Figure 8 Micrographs of emulsions prepared at roemperature with different
concentrations of OPN gum. (a) 1.0; (b) 2.0 andB(8)g of OPN/100 mL water;

numbers (1) refer to fresh emulsion and (2) to eionlafter centrifugation.



Figure 9 Micrographs of emulsions prepared at 80 W@h different
concentrations of OPN gum. (a) 1.0; (b) 2.0 andB(8)g of OPN/100 mL water;

numbers (1) refer to fresh emulsion and (2) to eronlafter centrifugation.
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Figure 8(al) shows that emulsions prepared with QRN with
concentration of 1% at room temperature are urestabdl disintegrate with the
centrifugation. The droplets coalescence is obseitvemulsions with 2.0 g of
OPN gum/100 mL of water that had diameters of 2uh0(fig. 8b1) in the fresh
emulsion and diameters of 5-2n in the emulsion after centrifugation. Figs.
8c1 and 8c2 also show the occurrence of dropletkescence in the emulsions
prepared with concentration of 3.0 g of OPN gunD/bfL of water, at room
temperature. In this case the emulsions were statde and the diameters were
of 1-8um for fresh and 1-1gm for centrifuged emulsion.

Fig. 9 shows the increased stability of emulsidras tvere prepared with
OPN gum at 80° C when compared with those preparedom temperature.
Strong droplets coalescence was observed by theaise of diameter for the
concentration of 1.0 g of OPN gum/100 mL of watigs( 9al and a2). For
concentrations of 2.0 and 3.0 g of OPN gum/100 mwater (figs. 9b1, b2, cl1
and c2) the emulsion droplets were numerous and sritall diameters that
remained unchanged after centrifugation.

Most hydrocolloids can act as stabilizers (stainitizagents) of oil-in-
water emulsions, but only a few can act as emalsifiemulsifying agents). The
latter functionality requires substantial surfactity at the oil-water interface,
and hence the ability to facilitate the formatiomd astabilization of fine droplets

during and after emulsification (Dickinson, 2009).
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To form a fine emulsion, large deformable drops tnngsbroken down
by the vigorous application of mechanical energyickinson, 2009).
Emulsification involves the sudden creation of egdaamount of new liquid
interface. The main role of the emulsifier is tosaidh at the surface of the
freshly formed fine droplets and so prevent theamfrcoalescing with their
neighbors to form larger droplets again. When thalsifier adsorbs too slowly,
or is present at too low a concentration, moshefindividual droplets formed
during the intense energy dissipation of emuldiificaare not retained in the
final emulsion. This may be due to breakage ofthie film between colliding
droplets (coalescence) or sharing of the adsorhger Ibetween two droplets
(bridging flocculation). The latter phenomenon ivalent in concentrated
emulsions (e.g., homogenized cream) which havéatively low emulsifier/oil
ratio, and in less concentrated systems contaimixgd polymeric emulsifiers
of different surface activity (Dickinson, 2009).

It is generally important that emulsion droplete anade as small as
possible in order to minimize gravity creaming effe(Dickinson, 2009). The
nature of the environmental conditions to which slgetem will be subjected is
important to determine the bulk emulsifier concatidn required to produce the
minimum mean droplet size (maximum surface areaupér volume of oil).
These conditions include factors such as temperatpH, ionic strength,

calcium ion content, and so on.
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The most widely used polysaccharide emulsifierdoimd applications
are gum arabicAcacia senegal modified starches, modified celluloses, some
kinds of pectin, and some galactomannans. The caurfectivity of these
hydrocolloids has its molecular origin in eithey {he non-polar character of
chemical groups attached to the hydrophilic polghadde backbone (in
hydrophobically modified starch/cellulose) or (if)e presence of a protein
component linked covalently or physically to thdygaccharide (some gums,
pectins, etc.).

The emulsifying properties of gum Arabic are assted with a high-
molecular-weight fraction representing less thafo3df the total hydrocolloid
(Randall, Phillips, & Williams, 1988). The proteis covalently bound to the
carbohydrate in the form of a mixture of arabinagén—protein complexes,
each containing several highly branched polysa@dbaunits linked to a
common protein core. The protein chain firmly arrshitie complex to the oil—
water interface, and the charged polysaccharides wattached to the protein
chain provide a steric barrier against droplet dldation. Gum arabic is an
extremely effective emulsifier at low pH, at higbnic strength, and in the
presence of beverage colorings agents.

In a previous work (Lima Junior et al., 2013), sestere performed to
verify the emulsion formation capacity of the restituted product and its

stability at room temperature and at 80° C. Thelsimu capacity in the product
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was verified, and its performance increased with iticrease of the powder
concentration used in the preparation of the gume. Jums oPereskia aculeata
Miller obtained with a solution concentration of gf100 mL presented an
emulsion formation capacity of 83%.

A pure polysaccharide provides emulsion stabilityough solution
viscosity, since it does not have surface activapgrties (Lima Junior et al.,
2013). Most polysaccharides have some proteinkdrektracts, and these may
give some surface activity. A very few gums haveoajugated protein, like
gum arabic, for example, which gives rise to itsubsifying properties. The data
shown in Table 1 suggests that OPN is heteropolgoutdr. Therefore, the OPN
gum consists of molecules that differ in their sugamposition and their mode
of linkage as well as in molecular mass (Randdlillips & Williams, 1989).

According to Sierakowski et al.,, (1990), the palysharide
complexes of the OPN are highly ramified, contajniarabinofuranose,
arabinopyranose, galactopyranose, galactopyranosyipnic acid and
rhamnopyranose units. In addition, OPN gum prebigft nitrogen content and
is extremely rich in protein and the significancé tbhese proteinaceous
components can be responsible for formation capaaidl emulsion stabilization
(Randall, Phillips & Williams, 1988, Randall et &l989). There is also a

reasonably good correlation between the limitinterfiacial tension and the
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nitrogen content of the Acacia gum (Dickinson, MurrStainsby & Douglas,
1988).

Dickinson et al., (1988) considered that the giém content of the
Acacia gum is a measure of the amount of boundeprdgor polypeptide). OPN
gum presented higher nitrogen contents (1.39 g)L@tan Acacia gum which
importance of the proteinaceous components torthdsification properties has
been demonstrated (Randall et al., 1988). Thesdad emulsifying properties
of OPN gum were related to its macromolecular stimec(Lima Junior, et al.,

2013).

4 CONCLUSIONS

The extraction process of obtaining powdered OPNilage presented
the ratio of water: raw material and extraction penature of 2.5 L/kg and
75 °C, respectively, verified after the optimizatiorhe mucilage shows high
contents of protein and minerals such as calciuntagsium, phosphorus,
magnesium and sulfur, and low contents of uronidsaand total carbohydrate.
These results are influenced by many factors, sscthe different parts of the
plant used in obtaining the mucilage (leaves, seéusts), plant species,
geographic locations (climate and soil) and, estigcithe extraction process

conditions (temperature, pH, solvent, time, etc.).
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The FT-IR spectrum suggested a hetero-polysachaviith a branched
complex structure, associated with proteins, witichstituted arabinogalactan-
proteins. Differential scanning calorimetry thetmeofiles of OPN powdered
product showed endothermic and exothermic eveatsaftows identify systems
organization and samples destructions. The OPN emudproduct presented
higher thermal stability when compared to the retituted gel from the OPN
gum for presenting smaller water content and higegytransition temperatures.
Thermogravimetry curves for OPN gums show highdiesivalue which is
attributed to its carbonaceous and mineral contéfth® scanning electronic
microstructure micrographs of OPN powdered gum slaovhigh porosity,
differences in particle sizes and smaller particldsered to larger particles and
a spongy aspect which suggest that the mateiigigsoscopic, while the freeze-
dried OPN gel presented a more organized structueeto the hydration and
reorganization of its molecules.

Scanning electronic microscopy/Spectroscopy of &ispe Energy by
X-rays confirmed that large quantities of minerate present in the samples.
The emulsion formation capacity of the product wasportionate to the
increase of powdered gum concentration used fer gheparation. Strong
droplets coalescence as being proportional to #uuaed powdered gum
concentration. The emulsions prepared with OPN @un80 °C presented a

higher stability when compared to those preparedah temperature.
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In front of this, Pereskia aculeataMiller (OPN) constitutes an
alternative source for mucilage, with propertiesiothmay be used in the

industry as a thickening, gelling and/or emulsifyegent for food applications.
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