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RESUMO

A uva é uma fruta amplamente consumida em todo rdme importante fonte de
compostos com atividade antioxidantes, principatmeompostos fendlicos. A operacéo
mais tradicional de conservacdo de alimentos é ypsbode calor, porém ele acarreta em
alteracbes sensoriais e nutricionais do produtbaaita A utilizacdo do bagaco de uva,
resultante do processo de extracdo de suco, tangmémiemonstrado grande potencial para
elaboracdo de produtos ricos em compostos condatigi antioxidante e fibras. Logo,
estudos tecnoldgicos para o apropriado processanmahistrial do suco de uva e de seus
residuos sdo necessarios para incrementar o sewowso componente funcional na
indUstria de alimentos. Os resultados sobre a otraggio do suco de uva por osmose
direta mostraram que o aumento da diferenca degwesmaotica, da vazao de alimentacéo
e da temperatura acarretam em aumento do fluxayde @ sodio através da membrana.
Também, foi observado que os fendmenos de poléozagpr concentragcdo sao fatores
determinantes no desempenho do processo e podemirsarizados pelo controle dos
parametros de processo de osmose direta. Ess® @stistirou que 0 suco concentrado por
osmose direta ndo perde suas propriedades antibegla ndo ha reducdo da concentracdo
de compostos fendlicos na bebida. Os resultadosranas que ha o aumento do teor de
sédio de 0,9 mg t para 1,75 mg t, quando o suco foi concentrado por osmose direta,
porém esse aumento ndo acarreta em niveis al@® ganmsumo humano. Os resultados de
secagem do bagaco de suco de uva mostram que sggorperaturas e velocidades de ar
de secagem implicaram em um processo de desidratagés rapido. A retencdo de
compostos bioativos se mostrou maior em menoregetiaturas. Em relagédo a velocidade
do ar de secagem, a retencdo da concentracdo dymstos fendlicos totais foi maior
guando foram utilizadas maiores fluxos de ar. @gofhois e flan-3-0is foram sensiveis ao
aumento da velocidade de ar de secagem devido raddefes oxidativas. A atividade
sequestrante de radicais ABTS aumentou no residatadb a altas temperaturas,
possivelmente devido a formacdo de produtos dadoealp Maillard que também
apresentam tal caracteristica. A extracdo de campdsndlicos do bagaco de suco de uva
mostrou que grande parte de compostos fenodlicascipalmente taninos condensados,
estdo fortemente ligados na matriz do residuo eséé@dacilmente extraiveis com solventes
organicos. Além disso, esses compostos apresentandegy capacidade antioxidante,
principalmente poder quelante de ferro. O estudetico de extracdo de compostos
fendlicos e de antocianinas de bagaco de uva nwogtte o modelo de pseudo-primeira
ordem foi o modelo que melhor representou a extrad@s polifendis. Em relacdo a
estabilidade da farinha de bagaco de uva, os aeslt mostraram que 0S compostos
fendlicos e compostos com atividade sequestrantadiais DPPH e de ferro se mostraram
estaveis durante o armazenamento do produto a BBPCum periodo de 6 meses.
Antocianinas e compostos com a atividade de sequestdiais ABTS se mostraram
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sensiveis a degradacdo durante o armazenamentobs@ivado que a farinha se mostrou
livre de Salmonellasp., Bacillus cereuse coliformes fecais, havendo a necessidade de
cuidados com o crescimento de bolores e levedwestt a armazenagem. Finalmente,
foram elaboradas massas tipo fettuccini, substitufarinha de trigo por farinha de bagaco
de uva, em que foi verificado que a adicdo do sathip do suco de uva néo interferiu na
absorcédo de agua e na perda de solidos da massdedarseu cozimento. Houve grande
incremento de compostos fendlicos, antocianinas ee cdmpostos com atividade
antioxidante nos produtos adicionados de farinhdalg|co de uva, sendo a massa tipo
fettuccini com melhor aceitagdo aquela em que gBoadu 2,5% do subproduto na sua
preparacdo. Assim, farinha de bagaco de uva seranosino um potencial componente
funcional para ser utilizado tanto na industriati@entos quanto na agricultura familiar.

vii



ABSTRACT

Grapes are widely consumed fruits throughout theldvand important source of
compounds with antioxidant activity, particularlyngmolic compounds. The most
traditional operation of food preservation is thee wf heat, but it leads to changes on
sensory and nutritional properties of the indubeal product. The use of grape pomace,
resulting from the extraction of juice, has als@wsh great potential for development of
products rich in compounds with antioxidant acyivéind fiber. So, technology studies to
the propper industrial processing of grape juice #eir waste ar essential to enhance the
use of them as functional components in food aratrphceutical industries. The results of
the concentration of grape juice by forward osmasi®wed that the concentration
polarization phenomena are determining factors mecgss performance. Also, the study
showed that the juice concentrated by FO doesemrade the compounds with antioxidant
activity and does not change the nutritional properof the beverage, despite of the small
sodium transport for juice. The drying proceduréshe grape marc show that higher
temperatures and air velocity implied on a fastecess of dehydration. The retention of
bioactive compounds was greater at lower tempegatun relation to the air velocity, the
retention of the phenolic compounds was higher whgher values of air flows were used.
Flavonols and flan-3-ols were sensitive to theeasing of the air velocity due to oxidative
degradation. The ABTS-radical scavenging activigsvincreased when high temperatures
were applied, possibly due to the formation of Mail reaction products which also have
this characteristic. The extraction of phenolic poonds from grape juice marc showed
that most of the phenolic compounds, mainly tannéme strongly linked in the matrix of
residue and are not easily extractable with orgaaieents. Furthermore, these compounds
still have great antioxidant capacity, mainly iromelating power, which shows the great
potential of grape pomace be used in food apptinati both in the form of phenolic
extracts, as in the form of flour. The kinetics edtraction of phenolic compounds and
anthocyanins in grape pomace showed that the mofdgiseudo-first order was the
equation that best represented the extraction d&fppenols. Much of polyphenols is
strongly linked to bagasse and not extracting sdjvas well as much of bioactive with
antioxidant activity, reducing power and chelatiagtivity is linked. In relation to the
stability of the marc powder, the results showedt tthe phenolic compounds and
compounds with DPPH radial and iron scavengingviigtivere stable during storage of
the product at 25 ° C for a period of 6 months. haelyanins compounds with the
capability of scavenging ABTS radicals were sewsitd degradation during storage. It was
observed that the dried residue was freeSafmonellasp., Bacillus cereusand faecal
coliforms, although it may be of great concern grewth of yeasts and molds during
storage. The sorption isotherm curve of grape raa&5 ° C had sigmoidal behavior, and
the GAB model was the best equation to describexiperimental data. Finally, fettuccini
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type pastas were prepared, substituting wheat figugrape marc powder. It was observed
that the addition of the dried by-product did nderfere in water absorption capability and
the solid loss of the past during cooking procesluHigh enhance of the concentration of
phenolic compounds, anthocyanins and compoundsaitioxidant activity was observed
in the blend added of grape marc powder, beinddtieccini pasta with better acceptance
that in which it was added 2.5% of the residuehtopreparation. These results so far show
that grape pomace and the its phenolic extracte gesat potential to be use as functional
components in the food industry.
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CAPITULO 1 - INTRODUGCAO

CAPITULO 1

INTRODUCAO

A crescente busca dos consumidores por alimentw#q® para 0 consumo, mas
com as mesmas caracteristicas do alimémtoatura tem despertado o interesse das
indUstrias de alimentos na manutencdo da qualidddeses produtos apds sua
industrializacao. Além disso, o crescimento indaktjue se observa nos ultimos anos tem
gerado grandes quantidades de residuos, que, ngrande maioria, devido as suas
caracteristicas, podem ser reaproveitados quarabegsados de modo adequado gerando
produtos de elevado valor agregado.

A uva é uma fruta amplamente consumida em todormojutantan naturaquanto
processada como doces, sucos ou vinho. As uvampaatantes fontes de compostos com
atividade antioxidante, principalmente compostosolieos, e seu consumo tem sido
motivo de amplo estudo devido sua contribuicadldes&umana.

Os processos tradicionais de conservacdo de absi@mvolvem o uso de calor,
destacando-se, entre estes, 0s processos de ast@oy esterilizagdo e evaporacao.
Porém, o uso de altas temperaturas pode acarretdagsignificativas de componentes
sensoriais e nutricionais como vitaminas, carotig)iaromas, cor e sabor, considerados
importantes para a qualidade final do produto. 8@\ isto, muitos esforcos na area de
ciéncia, tecnologia e engenharia de alimentos témiado a novas tecnologias que visam
maior retencdo de compostos bioativos, maior reediy menores custos de

processamento e de consumo de energia.



CAPITULO 1 - INTRODUGCAO

Processos de separacdo com membranas, tais corneeosmmersa e nanofiltracao,
tém sido amplamente empregados na concentracéacds de frutas devido as inUmeras
vantagens que esta tecnologia apresenta: operatgiop&ratura ambiente ou inferiores,
seletividade, equipamentos modulares, simplicidéeEleperacido, economia de energia. A
Osmose Direta (OD), também chamada de concentrag@dtica, € um processo com
membranas, no qual se utiliza uma solu¢cdo comot@agemaotico para criar um gradiente
de pressdo osmatica através de uma membrana semegel e, desta forma, remover
agua da solucdo de alimentacdo para a solucdo ioaméissa técnica ja vem sendo
utilizada na purificagdo de agua do mar, tratamedgoefluentes e concentracdo de
alimentos liquidos. Porém, ainda ha muito a seloeago nesse campo, principalmente em
relacdo ao tratamento de alimentos.

Além disso, no processo de extragdo de suco de unaaproducdo de vinho, ha a
geracao de grandes quantidades de bagaco, o qeakata potencial para elaboracdo de
produtos ricos em compostos com atividade antioweae fibras. Assim, estudos
tecnoldgicos para o apropriado processamento inalugd bagaco de uva sao necessarios
para alavancar o uso deste subproduto como comjgoriencional na industria de
alimentos e farmacéutica. Estudos na area de eaderdfio essenciais para a analise da
viabilidade de novas tecnologias e do impacto adegasamentos sobre a qualidade do
produto final e das tecnologias utilizadas.

A escassa informacgao sobre o uso de OD para amoac@&o de suco de uva, aliado
ao grande potencial industrial que a utilizacadagaco de uva apresenta, sdo temas atuais
e de grande relevancia a serem abordados, visgaiteigoar processos industriais para
producao de alimentos com maior qualidade sensonatricional.
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CAPITULO 2

OBJETIVOS

Este trabalho tem como objetivo concentrar o sdeouva por osmose direta,
estudando o impacto dessa tecnologia sobre cdstict@s nutricionais da bebida. Este
projeto também visa o estudo tecnoldgico do aptanento de bagaco de uva para
utilizacdo na industria de alimentos.

Os objetivos especificos do projeto séo:

- validacao do processo de osmose direta quantfiu@ncia dos principais parametros de
processo sobre o fluxo de 4gua transmembrana;

- concentracdo de suco de uva por osmose diredfiaado a influéncia de variaveis de
operacao (concentracdo da solucdo osmotica, tetuperde operacdo, velocidade de
alimentacdo de suco e da solugcdo osmoética) solranaferéncia de agua e de sal
transmembrana;

- avaliacdo do impacto da concentragdo por OD wm gle uva sobre propriedades
antioxidantes da bebida;

- avaliacdo de parametros de secagem (temperatetacdade de secagem) para obtencéo
da farinha de bagaco de uva,;

- extracdo de componentes bioativos do bagacoae uv

- estudo de estabilidade da farinha de bagaco @e uv

- preparacédo de produto adicionado de bagaco de uva
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CAPITULO 3

REVISAO BIBLIOGRAFICA

Neste capitulo, sera apresentada uma revisao dpiéfica que, inicialmente, inclui
a uva e seu suco com enfoque em suas caractexigtitdacionais. Apds, é discutida a
osmose direta como processo de separacdo por nmeEsprenfatizando aspectos
relacionados a concentracdo de alimentos liquidog#uéncia de parametros de processo
sobre o desempenho da técnica. Em seguida, éidsauipotencialidade de residuos de
vegetais como ingrendientes na industria de alioserRor fim, sdo apresentados aspectos
tedricos de operagfes unitarias utilizadas patailiar o uso de bagaco de uva como um

insumo para a industria de alimentos.

3.1 Suco de uva

A uva é o fruto da videira, ou vinha, pertencers#mundo classificacdo botanica, a
ordem dasRamnidea familia dasVitaceas ao género/itis e espécies das mais variadas
entre elasVitis vinifera, Vitis labrusca, Vitis riparia, V&icinérea entre outras (GUERRA
et al, 2009).

A uva é uma das frutas mais cultivadas e consuneidetodo o mundo. Nos cinco
continentes, o0 mundo da uva e do vinho abrange deaf) paises. A partir da introducgéo
do cultivo da videira no Brasil, ocorrida em 153Buitas regibes brasileiras
experimentaram e desenvolveram o cultivo da uvapeoducao de vinhos. Contudo, a

vitivinicultura somente ganhou impulso e se tormwoa atividade de importancia socio-
4
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econbmica a partir do final do século XIX, com eagdda dos imigrantes italianos,
sobretudo no Estado do Rio Grande do Sul (GUERRA, 2009).

O Estado do Rio Grande do Sul foi o maior prodd®muvas do Brasil no ano de
2010, chegando a produzir cerca de 53% da produgéional. A Figura 3.1 apresenta o

gréfico da distribuicdo percentual da producdowaes mo Brasil para o ano de 2010.

013%

@ 6% @ Pernambuco
m Bahia
0O Minas Gerais

01%

0O Séo Paulo
W Parana

B 53% 014%

O Santa Catarina
B 8% B Rio Grande do Sul

Figura 3.1 Distribuicdo percentual da producdo de uvas ncsiBreo ano de 2010 (Fonte:
IBRAVIN, 2011).

Em 2010, foi estimado que, das 1.295.442 toneladasiva foram produzidas,
557.888 toneladas foram destinadas ao processamnelistrial para a producao de suco,
vinho, geleia, entre outros produtos (IBRAVIN, 2Dli$to mostra o grande potencial que o
setor vitifera apresenta no Brasil, principalmentsando o impacto dos processos
industriais na qualidade do produto final.

Efeitos fisiologicos benéficos a satde humanaci@iados ao consumo de vinho,
tém sido amplamente investigados. O suco de usproddo de teor alcodlico, apresenta
efeitos similares. Estes efeitos estdo relacionpdosipalmente a presenca de compostos
fendlicos tanto na fruten naturaquanto no alimento processado (ISHIMOTO, 2008).

Em estudos conduzidos por Arts e colaboradores1&b)) foi observado que o

consumo de vinho reduziu a mortalidade por doewgasicas de populacdo com idade

5
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entre 65 a 84 anos, aléem de mulheres na menopaasaarem menor tendéncia a
apresentarem problemas coronarianos. Keevil e a@dbres (2000) verificaram que o
consumo de cerca de 400 mL de suco de uva porlirdiawdu a agregacao plaguetaria em
homens saudaveis. J& Freedman e colaboradores) (@0®drvaram que o consumo da
mesma quantidade de suco de uva diminuiu a agregplg@juetaria, assim como a
producdo de superédxido (radial livre relacionadidoancas ligadas ao estresse oxidativo).
Contribuindo neste sentido, Chou e colaborador@81(Rverificaram que o consumo de
500 mL de suco de uva por dia esteve associadouardao da dilatacdo da artéria
branquial em adultos com doenca arterial coronari@inda, os autores verificaram a
reducdo da susceptibilidade do LDL a oxidacao, rinde efeito antioxidante do su@x
vivo. Park e colaboradores (2004a) observaram um aondiengtividade antioxidante de
plasma sanguineo e prevencdo a danos oxidativbiNAoem homens e mulheres adultas
gue adicionaram 480 mL de suco de uva a sua daftizubl. O mesmo grupo de pesquisa
(PARK et al, 2004b) observou que o consumo de 400 mL dedeicva por dia reduziu a
pressdo arterial de pacientes com hipertensdo ngiaCdo Sul. Castilla e colaboradores
(2006) administraram 100 mL de suco de uva pordi@rificaram efeitos antioxidantes,
hipolipodémico e anti-inflamatério em pacientesmsabdos ao tratamento de hemodiélise.
Todos os efeitos relatados pelos trabalhos acitados sdo relacionados a presenca
de compostos fendlicos no produto ingerido. Com,i$g& evidéncias cientificas que o
consumo de continuo e moderado de compostos fea@tiode ter grande potencial de

prevenir doencas e melhorar a saude de seres hemano

3.2 Compostos fendlicos em uvas

Os compostos fendlicos, também chamados de pakfemdcontram-se largamente
em plantas e sdo um grupo muito diversificado ediimicos derivados de fenilalanina e
tirosina. Os fendlicos, em plantas, sdo essendaisrescimento e a reproducdo dos
vegetais, além de atuarem como agente antipatag@nicontribuirem na pigmentacao
(SHAHIDI e NACZK, 1995). Em alimentos, sédo respomsa pela cor, adstringéncia,
aroma (PELEGet al, 1998) e estabilidade oxidativa (SHAHIBt al, 1992).
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De acordo com a via biossintética, os compostodlites podem ser reunidos em
metabdlitos primarios e secundarios, sendo o Ulgmpo o mais importante, tanto em
aspectos sensoriais, quanto fisiolégicos (SHAH&DIal, , 1992). Esses compostos sao
encontrados em vacuolos e paredes de células isggstmdo essenciais para o seu
crescimento e reproducdo. Além disso, se formam cendicbes de estresse, como
infeccdes, ferimentos, radiacdes UV, dentre o#sCZK e SHAHIDI, 2004).

As principais fontes de compostos fendlicos sadasriwermelhas, como uva,
mirtilo, ameixa, amora, além de outras frutas argie da cereja, manga, liméo, péra,
maca e mamao. Pimenta verde, brécolis, repolho, redoola, alho e tomate também séo
excelentes fontes destes compostos (PIMEN@&&l, 2005).

Quimicamente, os fenolicos sdo definidos como &moss que possuem anel
aroméatico com um ou mais substituintes hidroxilidasluindo seus grupos funcionais.
Mais de 8000 variantes estruturais tém sido ideatibs, sendo classificadas de acordo
com o numero de anéis aromaticos e outros elembganos a sua estrutura. Desta forma
sao distribuidos em 4 grupos: acidos fendlicosjoft@ides, proantocianinas e estilbenos
(NACZK e SHAHIDI, 2004).

3.2.1 Acidos fendlicos

Acidos fenodlicos s&@o geralmente divididos em dgispos principais: acidos
hidroxibenzoéicos, contendo sete atomos de carbamoaAcidos hidroxicinamicos,

constituidos por nove atomos de carbono.

3.2.1.1 Acido Hidroxibenzoico

Vérias espécies de acidos hidroxibenzéico foramtifieadas em uvas. Os mais
abundantes sdo opara-hidrobenzoicos, protocatecuico, vanilico, galicosi@ingico
(BADERSCHNEIDER e WINTERHALTER, 2001), cujas estmas quimicas estdo

7

mostradas na Figura 3.2. Acido gélico é descriton@woo mais importante &cido
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hidroxibenzoico, uma vez que é precursor de tanimdsolisaveis e estdo presentes na
sintese de taninos condensados (GARRIDO e BORGQHS3)2

Acido gélico Acido protocatectico
| ~OH
HO N | “OH
43c/0 o
Acido valinico Acido para-hidroxibenzoico

Acido siringico

Figura 3.2 Estrutura quimica dos principais acidos hidroxigecos presentes em uvas (Fonte:
MARTINS et al, 2011).

3.2.1.2 Acidos Hidroxicinamicos

Acidos hidroxicinAmicos sdo uma das principais sgasencontradas em uvas
(BADERSCHNEIDER e WINTERHALTER, 2001). Acidopara-cumarico, caféico,
feldrico e singpico sdo alguns dos compostos nefsrenciados na fruta. Eles estado
associados ao processo de escurecimento de vinlg#0 erecursores de compostos
fendlicos volateis (KALLITHRAKA et al, 2009). Os acidos sinapticos, ferulicope
cumarico sao antioxidantes mais ativos do que asats do acido benzéico, tais como
acido protocatecuico, siringico e vanilico, cujasriguras quimicas estdo mostradas na
Figura 3.3 (BALASUNDRAMet al, 2006). Isso se deve a dupla ligacdo presente na
molécula dos derivados do &cido cinamico, que @p#ida estabilidade do radical por
ressonancia de deslocamento do elétron desempidoelbaquanto que os derivados do

acido benzoico ndo apresentam essa caracteridtislASUNDARA e SHAHIDI, 1994).
8
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Figura 3.3 Estrutura quimica de acidos hidroxicinAmicos neaimumente em uvas (Fonte: Martins
et al, 2011).

3.2.2 Flavonoides

Os flavondides sdo compostos de baixa massa neolasistindo em 15 atomos de
carbono, que compreende dois anéis aromaticosjrdeados anéis A e B, ligados atraves
de uma cadeia de até trés carbonos que formam elnmeterociclico, denominado anel C,
como mostrado na Figura 3.4. O anel aromatico Arévado do ciclo acetato/malonato,
enquanto o anel B é derivado da fenilalanina (MERK& BEECHER, 2000). A maior
concentracao de flavondides é encontrada na fallerdedo das plantas, decrescendo com
0 seu crescimento (BADERSCHNEIDER e WINTERHALTER)O2). Variagbes na
substituicdo do anel C padrdao resultam em impasactasses de flavondides, como
flavonois, flavonas, flavanonas, flavandis (ou gateas), isoflavonas e antocianidinas
(MERKEN e BEECHER, 2000).
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O

Cc
=

Figura 3.4 Estrutura quimica basica de flavonoides (FonteGENO e JORGE, 2007).

3.2.2.1 Flavonas

Flavonas, como mostrado na Figura 3.5, sdo carzades pela presenca de uma
dupla ligacédo entre os carbonoseCG e pela auséncia de um grupo hidroxila na posicéo
Cs. Estes compostos sdo conhecidos por terem impertatividade farmacologica
(MAXCHEIX et al, 1990). Embora amplamente distribuidas em plands, estao
presentes em grande quantidade em uvas, excetdypaséina, eriodicitol e genisteina
(ZOECKLEIN et al, 1997).

Luteolina

Genisteina Eriodicitol

Figura 3.5 Estrutura quimica de flavonas (Fonte: ANGELO e GBR2007).
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3.2.2.2 Flavonois

Os flavonois séo caracterizados pela presenca ddigatédo dupla entre os atomos
C, e G, além de um grupo hidroxila na posi¢ag Os principais flavonéis encontrados em
uvas sdo a quercitina, a rutina e o kaempferofscegtruturas quimicas estdo mostradas na
Figura 3.6 (SAGDIGet al, 2011).Eles encontram-se hidroxilados nos atomesGs e G
por moléculas de glucosideos, glucoronideos, gamlf@t#os e diglicosideos. Amico e
colaboradores (2004) identificaram quercitina cosemdo o composto fendlico mais
abundante em uvas “Nerelo Mascalese”. Kaempferol identificado em pequenas
guantidades nessa variedade de uva (AM&C@alL, 2004).

R=H: Kaempferol; 17R,=H: quercitina;

Figura 3.6. Estrutura quimica basica de kaempfenol e queecifffonte:AMICO et al,, 2004).

3.2.2.3 Flavanois

Flavanois sao benzopiranos que tém uma cadeiarbencasaturado entre;@ G,
um grupo hidroxila no €e nenhum grupo carbonila em. @mbos, flavan-3-ols e flavan-
3,4-di6is, podem ser encontrados na natureza, sessie Ultimo grupo presente
principalmente na madeira e casca de arvores, anasiente encontrado em frutas. Flavan-
3,4-di6is sdo também muitas vezes referidos comoobntocianidinas. Os flavan-3-06is
mais abundantes na natureza séo as catequinapiEa®quinas, cujas estruturas quimicas
estdo mostradas na Figura 3.7. Estes compostas @&tsentes na casca e na semente de

uvas, sendo os principais responsaveis pelo sa&bwintios brancos (LUNTEt al, 1988).
11
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Em uvas da variedade “Narince”, “Gamay” e “Okuzdoza catequina foi o flavanol
encontrado em maior quantidade (SAG2IGl, 2011).

OH
Hj P "‘I@Cﬁ
. ) oM
Hom@w = G/\
Z H OH
L "

Catequina Galato catequina

Epicatechin gallate Epigallocatechin gallate
Figura 3.7 Estrutura quimica dos principais flavan-3-ols préges em uvas (Fonte:

SAGDICet al, 2011).

3.2.2.4 Antocianinas

Antocianinas sdo pigmentos naturais presentes etasfle verduras responsaveis
pela cor rosa-violeta (LEE e WROLSTAD, 2005). Quamente, antocianinas sao
agliconas glicosiladas ou metoxiladas, sendo ocagdi chamado antocianidina. Elas
apresentam estrutura baseada no cétion flavylivfer(itbenzopirilium) que consiste de
dois anéis aromaticos unidos por uma unidade decméonos e condensados por um
oxigénio (LEE e WROLSTAD, 2005). Na Figura 3.8 egpliesentada a estrutura quimica

12
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7

da molécula de antocianina que é constituida pe& do trés grupos funcionais: uma
glicona (antocianidina), um grupo de agucares guBatemente um grupo de acidos
organicos (LEE e WROLSTAD, 2005.)

Em uvas vermelhas, cinco antocianidinas foram tifiesdas: cianidina
(responsavel pela cor vermelho-laranja), peonifiieamelho), delfinidina (vermelho-azul),
pelargonidina (laranja), petunidina e malvinidirarmelho-azul) (Figura 3.8). Esta Ultima
é considerada a mais abundante antocianidin¥.evinifera(CASTILLO-MUNOZ et al,
2010). Antocinidinas séo encontradas na naturerargente na sua forma glucosilada, por
exemplo, 3-monoglucosideos, 3,5- e 3,7-diglucosid¢gOPONEN et al, 2007).
Monoglucosideos, galactose, glicose, ramanose entres tém sido descritos como 0s
acucares mais comuns.

Nas videiras, as antocianinas acumulam-se naadalorante a senescéncia e séo
responsaveis pela coloracdo da casca da uva emapest tintos. A composi¢cdo de
antocianinas em frutas € considerada influenciadadrios fatores como a origem e o tipo
de videira, o grau de maturidade, o tempo e asiodesl de cultivo da videira (SAGDI&
al., 2011).

Em bagaco de frutas vermelhas, as antocianinagléanonstrado ser a classe de

compostos fendlicos com maior poder antioxidante.

R 1
'.:';Z':"' N __OH
- fe
‘ 0 * P
HO_ NS ,-r-" N R,
121 on
L '- :";:’ < _; e, HO— ’4& —~—it—7~0H
| ' I it
O —CH,0H

Figura 3.8 Estrutura quimica da molécula de antocianidinalicAgas (estrutura do anel B):
pelargonidina (R=R,=H); cianidina (R=OH e R=H); delfinidina (R=R,=0H); peonidina
(Ri=0CH; e R=H); petunidina (R=OCH; e R=0H); malvinidina (R=R,=0OCH) (Fonte: GIUSTI
e WROLSTAD, 2001)
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Na Figura 3.9, as formas estruturais predominatdaesantocianinas em pH 1,0, 4,5
e 7,0 estdo apresentadas. Observa-se que a fordméo cjue vai do laranja ao roxo)
predomina em pH 1,0 e a forma hemiacetal (incotor) pH 4,5. O método do pH
diferencial, amplamente utilizado para quantificantocianinas monoméricas (com
correlacdo com a quantificacdo por cromatografijmidia de alta eficiéncia de 92%),
baseia-se nesta reacdo, permitindo a quantificagéemo na presenca de pigmentos
polimerizados degradados e de outros interfer¢@g$STI e WROLSTAD, 2001).

Ry Ry
’/}\f,OH _~_OH
|
HO O A HO O A
A SN HE y _H T\\ @C}/\\/ ‘\Hz
NF fﬂ\O-gI —_— N “//\O-gl
O-gl O-gl
Base Quinoidal: azul Cation flavilio (forma oxdnio): de laranja ao roxo
pH=7 pH=1
+H0 | | -HT
R1
H OH
R4 o [~
HO._~_OH oH HO_~ O
/\j O-gl “ T\ — I X Rz
—_— A /1\\
NN AN, NN ol
O-gl 0 O-gl
Chalcona: incolor Carbinol pseudo-base (forma hemiacetal): incolor
pH=4.5 pH=4.5

Figura 3.9 Formas estruturais de antocianinas em difererdesias de pH (CASTANEDA-
OVANDO et al, 2009).
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3.2.3 Taninos

Os taninos possuem massa molar relativamente atanstituem uma classe de
polifendis que, segundo a estrutura quimica, sassificados em taninos hidrolisaveis e
taninos condensaveis (LINSKENS e JACKSON, 1988; BRERT, 1993).

Os taninos condenséaveis, também denominados poiamttinas, sao oligdbmeros e
polimeros de flavan-3-ol (catequina) e/ou flavad+dpl (leucocianidina), presentes
principalmente, em uvas, derivados de catequinapi@tequinas. Estes sdo a classe de
taninos em maior quantidade em uvas (&tEal, 2010; HEet al, 2008; ZHAOet al,
2010). As proantocianidinas, assim denominadasapedmente pelo fato de apresentarem
pigmentos avermelhados da classe das antocianidamaso cianidina e delfinidina,
apresentam rica diversidade estrutural, resul@@igadroes de substituicbes entre unidades
flavanicas, diversidade de posicdes entre suaglegae estereoquimica de seus compostos
(MONTEIRO et al, 2005). S&o encontrados tanto na casca quantsemasntes da uva.
Procianidinas e prodelfinidinas, taninos condensagioe, quando hidrolisados liberam
cianidinas e delfinidinas, sdo os mais abundantasVe vinifera (HE et al, 2010;
HELLSTROM et al, 2009; ZHAO et al, 2010). A identificagdo e o estudo destes
compostos sdo de grande relevancia para a indd&tr&dimentos, uma vez que estes sdo
responsaveis por caracteristicas sensoriais (@bors adstringéncia e amargor) de
alimentos derivados de uva. Além disso, eles tépelpde destaque no processo de
envelhecimento de vinhos, devido a sua capacidagleoxidacdo, condensacdo e
polimerizagdo (GARRIDO e BORGES, 2011).

Taninos hidrolisaveis sé@o polifendis complexos goedem ser degradados pela
mudanc¢a de pH, assim como por hidrélise enzimaticado-enzimatica, em fragmentos
menores, principalmente aclcares e acidos fendlidounidade basica de taninos
hidrolisaveis do tipo poliéster € o acido gdlico saus derivados. Eles estdo geralmente
esterificados com glicose, rendendo mais de 508cesppossiveis de taninos hidrolisaveis
(GARRIDO e BORGES, 2011). Taninos hidrolisaveisiegpresentes principalmente nas
sementes da fruta.

15
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3.2.4 Estilbenos

Estilbenos s&o compostos fendlicos compostos ideati@is aromaticos ligados por
uma ponte de eteno. Resveratrol, cuja estrutumraigaiestd mostrada na Figura 3.10, é o
estilbeno mais conhecido em frutas e vinhos. Eié psesente em folhas e na casca de
uvas, e sua concentracdo decresce significativ@mamin o amadurecimento da fruta.
Resveratrol também é considerado como uma toxiregfuta se proteger contra ataques
de fungos e sua biossintese é fortemente influeaqgi@r condicbes de estresse da fruta
(LIMA et al, 1999; MORENO-LABANDAet al, 2004; PEZETet al, 2003; PUSS/et
al., 2006).

Figura 3.10.Estrutura basica de estilbenos=R,=H: trans-resveratrol.

3.3 Osmose direta

A concentracdo é uma etapa crucial para induspiasessadoras de alimentos
liquidos. Os principais objetivos de tal operag@m @©OVAet al, 2007a):

1. reducdo de volume e massa, resultando em meooséss de armazenamento,
embalagem e transporte;

2. reducdo da atividade de agua, aumentando ailielstde microbiolégica e
bioquimica do produto;

3. pré-tratamento para uma etapa de secagem dotpyodso seja necessario.

O processamento térmico permanece como o0 métods emapregado para a

conservacao e concentracdo de alimentos. No en@stivatamentos térmicos industriais
16
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podem ter impactos negativos sobre os fatores timoBj como as antocianinas,
carotenoides, vitaminas, proteinas bioativas (VABNCHOUT et al, 1999; KECHINSKI

et al, 2010; PROVESEt al, 2011; BARROS:t al, 2011), sobre parametros sensoriais,
como cor, aroma, sabor (NISH& al, 2009) e propriedades tecnolégicas (ZAVAREZE e
DIAS, 2011).

Para atingir a demanda atual de mercado, pesquesEmntes tém focado em
tecnologias néo térmicas. Processos de separacaongmbranas (PSM) séo alternativas
interessantes para clarificacdo e concentracdorafuips alimentares liquidos, porque
podem operar a temperatura ambiente, frequentenagresentam menor consumo de
energia, sao de facil escalonamento e tém rejeledoma vasta gama de contaminantes
alimentares. Os PSM mais empregados hoje em dizemcmicro, ultra, nanofiltracdo e
osmose inversa (Ol). Contudo, a exigéncia de a#tsspio hidrostéatica, grande tendéncia ao
fouling e o fato de ndo possibilitarem atingir alimentomcaalta concentracdo de solidos
soluveis séo limitantes técnicos importantes panaastria.

Esforcos na érea de ciéncia, tecnologia e engenbarialimentos tém atentado a
novas tecnologias que visam maior retencdo de cstogpdioativos, maior rendimento,
menores custos de processamento e de consumo cgaere Osmose Direta (OD),
também chamada de concentragcdo osmotica, € um &8Myue se utiliza uma solucéo
como agente osmotico (AO) para criar um gradieet@réssao osmaética, através de uma
membrana semi-permeavel, e entdo remover aguaugisale alimentacdo (SA) (CATH
et al, 2006). Essa técnica ja vem sendo utilizada nifigacdo de agua do mar, tratamento
de efluentes e concentracdo de alimentos liqui@@sT et al, 2006). A Figura 3.11
apresenta um modulo esquematico de OD, onde a ®A@ sdo bombeados em contra-
corrente paralelamente a uma membrana e, deviderarica de pressdo osmética entre as
solucdes, agua € transportada da solucdo de mezssdp (SA) para a de maior pressao

osmotica (AO).
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Figura 3.11 Aparato esquematico de concentracdo de suco pwsesdireta (PETROTO& al,
2010).

As principais vantagens deste meétodo em relacdaiteoso métodos de PSM

convencionais sao:

1. uso de baixas pressdes hidraulicas;

2. possibilidade de tratar solu¢cdes com alto teasdlidos suspensos;

3. baixa incrustagdo das membranas e consequerteciato com sua reposicao;
4. possibilidade de obter maior teor de solidogws no produto final,

5. facilidade de escalonamento;

6. baixo consumo de energia para o processamergmdato.

A aplicagdo de OD para concentracdo de alimerqagllis € uma grande tendéncia
atual, apesar de a primeira citacdo de tal operagd&ido na década de 60 (POPRERL,
1966). Aspectos detalhados de concentracdo derdls liquidos serdo apresentados em
detalhes no Capitulo 5, artigo publicado pelo ansorevista Journal of Food Engineering.

A seguir, sdo descritos os efeitos dos principararpetros de OD sobre o fluxo de

agua transmembrana.
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3.3.1 Solucao de alimentacgéo e solu¢cdo osmdética

A solucdo concentrada de agente osmético no ladeedneado da membrana é a
fonte da forca motriz do processo de OD. Termosreliftes sdo usados na literatura para
nomear esta solucdo incluindo solucdo osmdéticantagesmotico, solucdo salina,
salmoura, entre outros (CATét al, 2006). Para fins de simplificacdo, neste tekdosera
chamada de agente osmatico (AO). Ao selecionar @n @ critério principal é que ele
tenha uma maior pressdo osmotica que a solucaseueseja concentrar (solucdo de
alimentacédo). Outro aspecto importante é que dsglue compde o AO deve ser de facil
reconcentracdo, apos a sua diluicdo ao longo dmegso de osmose, a fim de minimizar os
custos totais de operacéo (CA€Hal, 2006).

A forca motriz do processo de OD é a diferenggaiencial quimico da agua,
expresso em termos de pressao osmoétigagntre AO e SA. A pressdo osmotica de

solucdes diluidas pode ser calculada pela equagsamnit Hoff como mostra a Equagéo 1:

nn=NRTi (1)

onde,N é a concentracdo molar da solucdo (mYl, R é a constante universal dos gases
(8.314 J K mat), T é a temperatura absoluta (K) é o fator de correcdo de Van't Hoff,
relacionado com a ionizagao do soluto que comEdugE0.

Porém, para alimentos liquidos, o uso da relagdvah’'t Hoff se torna ineficaz.
Assim, como sugerido por Babu e colaboradores (RQ@fle-se relacionar de solucdes
diversas com a atividade de 4gua da solugéo, comstrarEquacao 2, descrita em detalhes
por Toledo (1991):

m=-—1Ina, )
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ondeR é a constante universal dos gases (8.314 J K Jndléla temperatura absoluta (K),
V é o volume molar da 4gua (18 mL Mpka, é a atividade de dgua da solucao.

A Figura 3.12 mostra a pressdo osmotica de difesesolutos em funcdo da sua
concentracdo. E possivel observar que cloretosatmésio e de célcio apresentam maior
pressdo osmotica entre 0s sais apresentados. Gpesss solutos devem ser evitados em
processos de OD, pois apresentam maior tendéndiaulng. Isso porque quando o AO
for reconcentrado, geralmente usando Ol, os cafibg’s e Cd? formam incrustracdes,

causando problemas fmiling irreversivel na membrana (ACHIEtL al, 2010).
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Figura 3.12 Pressdo osmotica em funcdo da concentracdo desalvsais com potencial de serem
usados como agente osmaotico em processos de odiraisg CATHet al, 2006)

O impacto das caracteristicas do AO em processostim®s pode ser explicado
pela equacéo de Wilke-Chang (Wilke e Chang, 19%&)jual o coeficiente de difusao de
massa é inversamente proporcional a viscosidadeXdoatilizado. Petrotos e colaboradores
(1998) avaliaram varios solutos para compor o A@ mncentrar suco de tomate. Os
autores mostraram que solucdes de cloreto de sidiam melhor desempenho entre
solugdes de glicose, sacarose, cloreto de calgolietileno glicol testadas. Tal fato foi

creditado a menor viscosidade da solucéo de cldeegndio, fato este confirmado por You
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e colaboradores (2012), que verificaram que a sidade tem grande impacto no aumento
do fluxo de agua em OD. AO menos viscosos apresentaior desempenho de fluxo,
devido a diminuicdo da resisténcia a transferédeianassa através da camada limite de
polarizacdo por concentracdo, implicando em maifsididade massica (BABLet al,
206). Por isso, cloreto de sodio tem sido o pralcgoluto escolhido para compor o AO,
devido a sua alta pressdo osmoética e solubilidade dgua, ndo toxicidade, baixa
viscosidade e sua relativa simplicidade de recdragio (CATHet al., 2006).

Em relacdo a SA, alimentos mais concentrados teraléen maior viscosidade, o
gue prejudica o desempenho do processo. Em trabeltizado por Garcia-Castello e
colaboradores (2009), os autores observaram queflaxo de 4gua transmembrana com o
aumento da concentracdo da solugédo de sacarose, amao SA. Durante a concentragdo
de suco de tomate de 4,3 para 11,8 °Brix, Pet®tdaboradores (1998) verificaram que
o fluxo de agua diminuiu linearmente, alcancandiugcéo de 53% do fluxo de agua inicial
no final do processo.

Garcia-Castello e McCutcheon (2011) verificaram,ggra um sistema modelo de
liquor de laranja como SA, a presenca de pectivedéito dominante na reducéo do fluxo
de agua, devido a intensa formacaofa@ing na membrana. Petrotos e colaboradores
(1999) estudaram a microfiltracdo e da ultrafifi@go suco de tomate como um pre-
tratamento para a concentracao de suco de tomate[poSeus resultados mostraram que
o fluxo de agua no processo de OD aumentou 2,4s\vagzés o uso de filtracbes prévias,
fato este relacionado a menor viscosidade e daagma parcial da pectina no suco de

tomate devido a microfiltracéo e ultrafiltracao.

3.3.2 Membranas de OD

Geralmente, qualquer membrana densa, seletivanpenteeavel, pode ser usada
em processos de OD. Popeerl (1966) utilizaram a primeira geracao de membraass
Ol para concentrar sucos de frutas. Os autoregauim membranas tubulares e planas
para tal operacdo, porém verificaram uma fortesdibude sal para o suco concentrado, o

gue desencorajou pesquisas na area de alimentos uemde OD por longo tempo.
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Beaudry e Lampi (1990) utilizaram membranas para® poliamida aromatica,
reduzindo a espessura da camada suporte (0 questagaem um aumento do fluxo
permeado) e a camada seletiva, possuindo uma masdsa de corte de 100 Da, o que
impediu a passagem 99,9% de solutos através da raeantEsse tipo de membrana ainda
€ utilizada em experimentos para concentracaoinhertos liquidos (DOV/Aet al, 2007a,
2007b; PETROTOSt al, 1998; PETROTOSt al, 1999; PETROTOSt al, 2010).

Atualmente, membrana de acetato de celulose,abragnte a mais utilizada para
processos de osmose direto, apresentando uma wspdascamada seletiva (Ah) mais
fina do que a de poliamida aromatica (160) utilizada para Ol e por isso apresenta
rendimento de concentracdo mais elevado (GARCIA-TAS.O et al, 2009). Ainda, o
acetato de celulose apresenta caracteristicashidadfilicas do que a poliamida, o que é
essencial para o fendbmeno de molhabilidade da n@rabno processo de osmose,
impactando diretamente no fluxo de agua transmamb(@ARCIA-CASTELLOet al,
2009).

Vérios trabalhos tém apresentado estudos sobfessirde membranas para
investigar o incremento do desempenho da OD. Pwmlam polietersulfona,
polibenzimedazola entre outros polimeros tém sidtudados para a fabricacdo de
membranas planas, tubulares e de fibras ocas aoenientos de até 150% em relacdo as
membranas de acetato de celulose comercial (CetGIU, 2001; WANGet al, 2007; WEI
et al, 2010; YUet al, 2011). Estes trabalhos, contudo, visam a pagéio de aguas salinas

e informacgdes sobre suas eficiéncias em sistenmasrdlres sdo escassos na literatura.

3.3.3 Polarizacao por concentracao

O processo de osmose através da membrana ocosa &oafucdo que flui contra a
camada suporte se difundir pelos poros e atingiteaface da camada seletiva. Entdo, por
diferenca de potencial quimico, expresso em termespressdo osmotica, agua €
transportada da SA para AO. Com isso, a principatd¢éo tecnoldgica deste processo € a
criacdo de um gradiente de concentracdo préximoparcie ou dentro da membrana,
fenbmeno conhecido como polarizagéo por concerardR@).
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A Figura 3.13 apresenta esquemativamente o fenémerfdC, sendo agua como
alimentacdo e o AO como sendo uma solucdo de clatetsodio. Na Figura 3.13A é
mostrado o AO escoando contra a camada densaraentacio contra a camada suporte.
Nessas condi¢cbes, no lado do AO, o fendbmeno deizagdo por concentracado extrena
(PCE) é considerada negligenciavel, uma vez queugdo é composta por um composto
de baixa massa molar (NAYAK e RASTOGI, 2010). Jalado da alimentacdo, como é
agua que esta escoando, ndo ocorrem fenémenos ,dpoRRCela € uma solu¢cdo com
compostos de baixa massa molar e em pequenas tagbes. Ja na Figura 3.13B, a
solucdo de cloreto de sodio escoa contra a camguats. Como o AO deve escoar até a
interface da camada densa para que ocorra a oselesé, gradativamente diluido pela
agua que é transportada pela camada densa, ocakionen gradiente de concentracao

dentro da camada suporte, fendmeno esse chamaubbadieacdo por concentragcao interna
(PCI) dilutiva. Esse fato reduz a pressao osmdaaaO deTlo paraTkc, reduzindo a
forca motriz do processo dtparenteparaltiear Nessas condigcdes, a PCE no lado do AO e
considerado negligenciavedtyparente€ a forga motriz esperada, sendo calculada a parti

pressdo osmotica da soluddalk, e ATtey € a forca motriz real que rege o fenbmeno de

osmose, prejudicado pela PCI.
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Figura 3.13 Mecanismo de osmose direta indicando o transpatégdia da solugdo de menor
pressdo osmotica para a de maior pressdo osmoétsapelarizacdes por concentracdo. Agua é
utilizada como alimentacdo e solucdo de cloreta@bo € utilizado como agente osmatico (A)
alimentacdo escoando contra a camada suporte dérarean (B) alimentacdo fluindo contra a

camada densa da membrana. Na figlgua € Tlao S&0 as pressdes osmoticas da agua e do agente
osmatico, respecitvament&rt e ATupparent € @ diferenca de pressdo osmotica calculada como

Tho — Tligua ATiea € a diferenca de pressdo osmotica real do proadssOD, menor que
ATparente devido a reducéo da presséo osmotica da solu;dal dd Ty paraTtec.

Os fendmenos de PC sdo mais intensos quanto n@ioa fmassa molar dos
compostos que compde as solugbes (NAY&HKL, 2011). A Figura 3.14 mostra, agora, a
SA como sendo um alimento liquido. Quando ele esocodra a camada suporte (Figura
3.14A) ocorre PCE, devido ao depdsito de compatasita massa molar na superficie da
membrana. A concentragdo do suco na entrada dadeapmgiosa acarreta 0 aumento da
pressdo osmética da solugao Tig., paratece " Ainda, ha intensa PCI & membrana,
ocasionando maior aumento da sua pressdo osmdidaterface da camada densa (de
Thce "*° pararecU®Y, onde ocorre o transporte de 4gua. Nesse modpetacéo, ainda, ha
grande tendéncia de efeitos abrasivos a membraridoda compostos que existem no

alimento.
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Figura 3.14 Mecanismo de osmose direta indicando o transpatégdia da solugdo de menor
pressdo osmética para a de maior pressdo osmotsapelarizacdes por concentragdo. Suco é
utilizado como alimentagéo e solucdo de cloretsa@tio é utilizado como agente osmético. (A)
alimentacdo escoando contra a camada suporte dédraneam (B) alimentacdo fluindo contra a

camada densa da membrana. Na figlkaco € Tlao s80 as press@es osméticas do suco e do agente
osmotico, respecitvament&rt e ATyparent € @ diferenga de pressdo osmotica calculada como

Tho — Tlsuco ATtea € a diferenca de pressdo osmotica real do proadss@D, menor que

AThparenie devido a reducéo da presséo osmotica devidoeadsrienos de polarizagalizce € Th
séo as pressBes osmoticas das solugbes devidarizaghio por concentracdo extrena e interna,
respectivamente.

Como mostra a Figura 3.14B, a PCI no lado do A@ndo ele escoa contra a
camada porosa, € menos intensa do que se escaess@as ele € composto por solutos
de menor massa molar, ndo acarretando em prejtipostensos quanto 0 outro caso.
Assim, ATiea quando suco escoa contra a camada densa € maiajugndo ele escoa
contra a camada suporte, como mostra a Figura &dvh isso, € indicado que, para a
concentracdao de alimentos liquidos por OD, a SAesontra a camada densa e 0 AO
contra a camada suporte, com a finalidade de nuainos efeitos de PC (NAYAK e
RASTOGI, 2010).

O aumento da vazédo de alimentacdo de SA e AO tmdenentar o fluxo de agua

transmembrana em OD. Issto é atribuido a reducaespessura da camada limite
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hidrodindmica de PC, aumentando a forca motrizaeglrocesso. O aumento da vazéo de
alimentacdo ainda reduz a resisténcia a transfer&e massa da camada polarizada
adjacente a superficie da membrana e, consequerttemaumentando o fluxo
transmembrana (DOVAt al, 2007b). Dova e colaboradores (2007b) verificacama o
transporte de agua pela membrana é proporcionahzaovde alimentacdo da SA e
exponencialmente proporcional a vazao de alimeatdgdAO. Além disso, o aumento da
vazdo de alimentacdo da SA pode aumentar as fdeassalhamento na superficie da
membrana, resultando em menor espessura torta i@e@ossobre a superficie da
membrana, principalmente de pectina (L&l, 2010).

O aumento da temperatura das solucbes também pdsitivamente o fluxo
osmotico. A Equacdo Wilke-Chang descreve que oiaerfe de difusdo de massa é
proporcional a temperatura absoluta (Wilke e Chd®§5). Além disso, aumentando a
temperatura do processo, ha reducéo da viscosit#mdseolucdes, o que resulta em aumento
do fluxo de agua pela membrana.

Uma alternativa para acelerar o desempenho dachier em OD € promover a
turbuléncia das solugbes dentro do médulo de memabrRor isso, espacadores séo
geralmente utilizados como promotores de turbuédentro do médulo de membranas.
No trabalho de Dova e colaboradores (2007a) e t®steocolaboradores (2010), uma nova
configuracdo de mdédulo de membrana para OD foisaptado. A parte do mdédulo que
entra em contato com a SA foi equipada com de#stayrtogonais, proporcionando
distribuicdo mais uniforme da solucdo na superfildemembrana e promovendo grande
turbuléncia no sistema. Contudo, tanto o uso dagasjores quanto de outros promotores
de turbuléncia prejudica a comparagao de resultddodiferentes trabalhos ao redor do
mundo, sendo sugerido por Cath e colaboradore)2file ndo sejam usados promotores
de turbuléncia em experimentos laboratorias cominalidade de padronizacdo de

experimentos.
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3.4 Bagaco de uva

O bagaco de uva, subproduto mais importante dacagéo e da producédo do suco
de uva, se apresenta como fonte de compostos idatndes e fibras. Isto, aliado ao baixo
custo, confere a este material ampla possibiliddelesua aplicagdo como ingrediente
funcional na industria de alimentos e farmacéutica.

O cenario hoje visto no Brasil é a utilizacdo dessiduo de forma “ndo nobre”, ao
usarem o subproduto da vinificacdo e da producésudo de uva como adubo ou como
alimentacdo animal sem processamento prévio. Cem esforcos na area de alimentos,
pecuaria, biotecnologia e farmacos tém sido reddigacom vistas ao aproveitamento de
bagaco de uva (BOTELEt al, 2005, 2007; ROTIVA, 2007; FARINELLAt al, 2008;
BASALAN et al, 2011).

Contudo, a principal aplicacdo que o bagaco detemasido alvo € para a extragédo
dos compostos fendlicos remanescentes tanto na gasmto nas sementes e nos caules
(MANTELL et al, 2002). Propriedades fisioldgicas relacionadas@awsumo de extratos
de casca, sementes ou a combinacdo destes téndesidotas por diversos autores nos
ultimos anos, sempre correlacionado o conteudoliten@o efeito nutricional e/ou
biol6gico gerado ao consumidor (SHANMUGANAYAGAB! al, 2002).

Amico e colaboradores (2004), ao analisarem bagdeoV. vinifera cv.
“Torrevechia” verificaram que o grupo das antogiasi representa 1,1% da massa do
residuo, enquanto 4,3% sao constituidos pelo gdagoflavondides. A antocianidina em
maior quantidade no bagaco foi a malvinidina, entjua quercitina foi responséavel pela
maior presenca no grupo dos flavondides. Sagdaabaradores (2011) verificaram que
24,75% dos compostos fendlicos presentesvVeminiferacv. “Gamay” sao flavondides,
enquanto cerca de 9% sao acidos fendlicos. Nesiadade, o acido galico foi o acido
fendlico encontrado em maior quantidade, enquartgjrupo dos flavondides, a catequina
foi o principal composto da classe. Além de mosggrande correlagdo entre a atividade
antioxidante dos extratos de bagaco de uva commte@do de fendlicos totais, os autores
ainda observaram grande inibicdo Aggosaccharomyces rouxé Zygosaccharomyces

bailii, importantes fungos fitopatogénicos. Atividaderairobiana ja vista em trabalho de
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Baydar e colaboradores (2004), que observaram paudracteriano de extratos de
vinifera cv. “Narince” contra uma vasta gama de bactériasocAeromonas hydrophila,
Bacillus amyloliquefaciens, Bacillus, Bacillus cese Enterococcus feacalis, Escherichia
coli, Klebsiella pneumoniae, Listeria monocytogeneBseudomonas aeruginosa,
Staphylococcus aureu®ntre outros. Negro e colaboradores (2003) obssmv que o0
extrato de bagaco dé. viniferacv. “Negro Amaro” apresenta, em base seca, 4,2% de
fendlicos totais, 4% de flavondides, 1% de antdn&s) 2,2% de taninos condensados e
1,3% de proantocianidinas. Os autores observaranbé&a que o0 extrato apresenta
atividade antioxidante equivalente ao di-terc-buotgtil fenol (BHT), protegendo cerca de
90% da oxidag&do dg-caroteno para o extrato contendo 160 ppm de cawgpdsndlicos.
Os resultados mostram grande potencial para otexdsa utilizado como alternativa na
industria de alimentos.

Outro aspecto interessante de residuos de frusas @lta concentracdo de fibras,
representando cerca de 60% de sua massa seca (MAEIEt al, 1995). Saura-Calixto
(1998) identificou fibras no bagaco de Waviniferacv. “El Granero” com caracteristicas
estruturais diferentes daquelas ja conhecidass E#ferencas estao intimamente ligadas ao
fato de estarem associadas a compostos fendliendp sdenominadas pelo autor como
fibra alimentar antioxidante. Este aspecto tem nzaddo muito o perfil nutricional do
bagaco de uva, tendo ja produtos a base de bagagmdsendo comercializados em todo o
mundo (MONAGASet al, 2006). Shanmuganayagam e colaboradores (2082)\w@ram
um efeito sinérgico entre substancias bioativasgmtes na casca e na semente de uva,
como por exemplo, a agregacao plaquetéaria de husnarastrando que o uso individual de
casca ou semente, como algumas pesquisas avahang a alternativa mais interessante
para efeitos fisiologicos.

Ishimoto (2008) patenteou no Brasdrbete picolé adicionado de bagaco de uva
com boa aceitacdo sensorial, além de significath@emento de fibras e atividade
antioxidante do produto. A referida autora aindaestoou que bagaco de uva provindo da
fabricacdo de vinhoM, vinifera cv. Bordd) apresentou menores teores de compostos
fendlicos totais que aquele vindo da producdo @e $. viniferacv. “Isabel”). Isso se
deve a diferenca de processamento que passam asatiedades de uva, uma vez que o
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tempo de contato do mosto de uvas Bordd durant®adugdo de vinho é maior do que
durante a producédo de suco de uva, permitindo amsporte de compostos do bagago para
o produto liquido mais intenso. Com isso, o uscabagde suco de uva para aplicacdes
industriais € mais interessante que o de vinhoddead seu maior teor de polifenéis na
matriz vegetal (ISHIMOTO, 2008).

3.5 Extracdo solido-liquido de compostos fendlicake matrizes vegetais

Inimeros estudos tém sido publicados nos ultimos avaliando diferentes formas
de extrair compostos fendlicos de matrizes vegéBEBRGESet al, 2011; CLADERA-
OLIVERA, 2008; GUERRERt al, 2008; KECHINSKI, 2011; MANTELLet al, 2002;
MURNO?Z et al, 2004), a fim de aproveita-los como ingredieniecfonal para composicao
de alimentos e farmacos.

Entre os métodos de extracdo de compostos fen@e@dantas, a extracdo solido-
liquido é, sem duvida, o mais estudado. Ele cansist manter a matriz vegetal desidratada
em contato com o solvente, sob agitacdo, causah@osporte de compostos fendlicos dos
solidos para o liquido (CACACE e MAZZA, 2003). Osngipais fatores que influenciam
o rendimento de extracdo desses compostos atragés fdrma de operacdo sdo: tempo,
temperatura, natureza do solvente, composicao lderge, razdo entre volume de solvente
e massa de sélidogfio), pH e tamanho das particulas da matriz vegetaRBESet al,
2011; CLADERA-OLIVERA, 2008; GUERRERGCet al, 2008; KECHINSKI, 2011;
MANTELL et al, 2002; MUNOZet al, 2004).

N&o ha consenso na literatura sobre o melhor s@\erser utilizado para extrair
compostos fendlicos. Muitos autores utilizam apenas tipo de solvente para extrair
compostos fendlicos de matrizes alimentares. Denewolaboradores (2010) utilizaram
solucéo aquosa de acido citrico (1%) para extraoc@aninas de amora, mirtilo e groselha
preta, justificando a escolha pelo fato de que notta acetona, apesar de apresentarem
melhor rendimento de extracdo, sdo toxicos, e quenwcdo completa do etanol para
posterior utilizacdo em alimentos é dificil. Claal€livera (2008), ao estudar extracdo de

compostos fendlicos de casca de pinhdo, verificae qetanol apresentou melhor
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rendimento de extracdo, aumentando em 25 e 80%danento de extracdo em relagcéo ao
uso de etanol ou agua, respectivamente. Lafka abarddoress (2007) verificaram que
etanol, entre metanol, acetona, isopropanol eestato, foi 0 melhor solvente para extrair
compostos com atividade antioxidante de residuowimleo. Guerrero e colaboradores
(2008), comparando rendimento de extracdo de cdogpéendlicos de bagaco de uva em
estado semi-continuo, verificaram que agua apresemtelhor rendimento e taxas de
extracdo do que etanol. Gan e Latiff (2011), aosagxtompostos bioativos de feijdo de
Petai Parkia speciosp observaram que acetona apresentou melhores ¢coesdide
remocdo dos compostos alvo em comparacdo com nhettanol, hexano, agua e etil-
acetato. Borges e colaboradores (2011) avaliarama, agetanol, etanol e acetona para
extrair flavondis e antocianinas de acai. Os astatentificaram metanol como sendo o
solvente a ser usado para melhor rendimento decd@ondestes compostos da matriz da
fruta. Contudo, etanol € o solvente mais utilizadoa aplicacdo do extrato na industria de
alimentos e farmacéutica, por ndo ser toxico esgptar em geral maior rendimento de
extragdo que o uso de dgua (KECHINSKI, 2011; MANTE al, 2002). A combinacéo
de 4gua e solventes organicos € geralmente a maligdio para extracdo de compostos
bioativos. O aumento da concentracdo de solvedigzra constante dielétrica do liquido
extrator, diminuindo a solvatacdo das moléculasos) isso, aumenta sua difusédo atraves
da reducédo da interacdo com o solvente (CACACE &Em 2003). No entanto, ndo é
indicado o uso de solvente orgéanico puro, provagetsndevido a rapida desidratacdo da
célula vegetal, ndo permitindo que o liquido ertraeja transportado de forma eficaz para
dentro da célula e extrair os compostos bioativas nehtriz solida. Solventes com
concentragcdes na faixa entre 50 e 80% sao, em, gesahjue apresentam melhores
rendimentos na extracdo de compostos bioativos atdzes vegetais (BALLAREet al,
2009; CLADERA-OLIVERA, 2008; KARACABEY e MAZZA, 20Q; KIM et al, 2010;
SUNet al, 2011).

Consenso também ndo € encontrado entre os divesiains quanto a temperatura
de extracdo. Cacace e Mazza (2003) verificaramC3@8mo melhor temperatura de
extracdo de compostos fendlicos de frutas vermethasadas, creditando a baixa extragédo
em temperaturas maiores a degradacao térmica. Mawctdaboradores (2002) verificaram
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aumento da taxa e do rendimento de remocéao deiamtwrs do bagaco de uva na faixa de
temperatura de 30-60 °C. Bucic-Kojic e colaboradon@007) verificaram que a
temperatura de 70 °C foi a melhor opgéo para ekdrde compostos fendlicos de sementes
de uva. Comportamento semelhante foi observaddCtatera-Olivera (2008) ao extrair
compostos fendlicos de casca de pinhdo e por Stolaboradores (2011) ao extrairem
compostos bioativos diex kudingcha Ja quando foi utilizada agua pura como liquido
extrator, os Ultimos autores verificaram 92 °C cazando a temperatura 6tima de extracao
(SUNet al, 2011).

Quanto ao tamanho de particula, € possivel varifjea quanto menor é a dimensao
da matriz vegetal utilizada como fonte de compofnélicos, maiores sédo o rendimento e
a taxa de extragdo (BUCIC-KOJk al, 2007; CACACE e MAZZA, 2002; PINEL@t
al., 2006). Este fendmeno esta ligado a maior swperfle contato dos solidos com o
liquido, além dos processos difusivos que ocorrenird da célula, que sdo inversamente

proporcionais ao didmetro das particulas.

O aumento da razé&o entre o volume de solvente &saarde matriz vegetaratio
— acompanha, em geral, o aumento do rendimentaiacéo (BORGES:t al, 2011,
CACACE e MAZZA, 2003). Este fendbmeno é consistentmn os principios de
transferéncia de massa, uma vez que a forca nohirente o transporte dos polifendis
dentro do sdlido é considerada o gradiente de obraggio e, quanto maior o volume de
solvente em relacdo a massa de soélido, mais lersadéminuicdo do gradiente de
concentracao, resultando em um aumento da dif@&dmace e Mazza (2003) verificaram
que o aumento doatio na faixa de 6 a 74 mL'gaumentou significativamente o
rendimento de extracdo de compostos fendlicosst@antocianinas de frutas vermelhas
trituradas. Comportamento semelhante foi obserpaddorges e colaboradores (2009) ao
utilizarem solvente na faixa de 20 a 120 miLpgra extrair antocianinas, polifenéis totais e
compostos com atividade antioxidante de acai. Gontexiste um limite para o coeficiente
de particdo dos fendlicos no solvente (CACACE e MAZ2003), ocasionando que o
excesso de solvente ndo influencia no rendimentextl@cdo ou, em alguns casos, pode
reduzir a eficiéncia de extracdo. Cladera-Oliv@@08) verificou que o aumento datio

de 25 para 75 mLyteve um efeito negativo para extracdo de compasios atividade
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antioxidante de casca de pinhdo. Karabacey e Ma284®) observaram que o aumento do
volume de etanol de 50 para 100 mL para extraipostos bioativos de 1 g de cana de uva

ndo afetou o rendimento da extracéo.

A reducdo do pH do meio extrator, de forma geaalmenta o rendimento de
extracdo de compostos fendlicos. Bravo (1998) ifless os polifendis de alimentos em
dois grupos: extraiveis e ndo-extraiveis. Os paife extraiveis sédo fendlicos de baixas e
intermediarias massas molares que podem ser edraidando diferentes solventes
misturados a agua. Polifendis ndo-extraiveis s@égpostos de alta massa molar (taninos
condensados e compostos fendlicos hidrolisavepadifendis fortemente ligados a fibras
dietéticas e proteinas e que podem ser encontredo®siduos da extracao extrato aquoso-
alcdolico. A diminuicdo do pH contribui positivantema forga ibnica do extrato a fim de
romper as ligacdes entre as fibras e os composnélidos (BRAVO e SAURA-
CALIXTO, 1998). Kapakasalidis e colaboradores (2008erificaram grandes
concentracdes de antocianinas, de polifendis @gastos com atividade sequestrante do
radical ABTS fortemente ligados a matriz de bagdeoamora preta e que ndo eram
extraiveis com solvente hidroalcodlico, apenas apatmento em baixo pH e alta
temperatura. Revilla e colaboradores (1998) venifim que antocianinas nao-aciladas
(delfinidina, cianidina, petunidina, peonidina e Iwiradina) de bagaco de uva sao
extraiveis em grande quantidade em condi¢cdes aqussivelmente devido a hidrolise
parcial desses compostos gerando antocianidin&xtnato. A extracdo de antocianinas e
compostos fendlicos de bagaco de uva foi signifiaatente aumentada com a adi¢do de
1% de HCI 12 mol L} (REVILLA et al, 1998).

Estudos recentes utilizaram a metodologia de siggede resposta para investigar
o efeito do tempo sobre o rendimento de extracdcomepostos fendlicos de material
vegetal (BORGESet al, 2011; KECHINSKI, 2011; PINELCet al, 2006; SUNet al,
2011). No entanto, o uso de modelos mateméatico<inética de extracdo facilita
consideravelmente a otimizacéo, o projeto, a sigéidia o controle de processos, além de
contribuir para melhor utilizacdo de tempo e er@erAMENDOLA et al, 2010). O
objetivo da modelagem matemaética é avaliar o ethtdiferentes tratamentos sobre a taxa

de remocdo desses compostos da planta para o teplypeEdendo, entdo, se estimar a
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extragdo de compostos bioativos em diferentes c¢badi de processamento (VAN
BOEKEL, 2008).
Os principais modelos utilizados para avaliar &tta de extragdo de compostos

bioativos em publicacdes recentes sdo mostraddalrela 3.1.

Tabela 3.1.Modelos cinéticos de extracdo de compostos bmmthe materiais vegetais.

Modelo (n°) Equacéo Referéncia

Primeira ordem (3) C=kt™" OTHMER e JAATINEN
(1959)

Tipo Weibull (4) C=C, exdkt") AMENDOLA et al (2010)

Sorcdo/desorcao (5) C= %<1 LKt PELEG (1988)

Duas razées (6) C = All-exp-kt)]+Cli-exp-kt)] CACACE e MAZZA
(2003)

Molhamento/Difuséo (7) - Cot +COf-expl—k,t)] LINARES et al, (2010)

t1/2 +t ) ’
Pseudo primeira ordem (8)C=C,_ _C%xr(kwa) SPIRO e JAGO (1982)
Minchev e Minkov (9) C = A-Bexp(-kt)) ({\Sélj;:HEV e MINKOV,

Nas equacdes apresentadas na TabelaC3.&,C representam a concentracdo de
composto bioativo extraido (presente no extratodengpo zero ¢ (min), respectivamente,
ek (min™) é a taxa de extracdo, constante, a uma dada ratumgze

As equacgbes 3 a 6 assumem que a extracao ocoefniddmente. Valores de,
nas equagdes 3 e 4, representam um fator de edxatarva de distribuicdo. Franco e
colaboradores (2007) utilizaram a equacdo proppstaOthmer e Jaatinen (195para
modelar a cinética de extracdo de 6leo e compasios atividade antioxidante de rosa
mosqueta em diferenteatios, com oOtima adequacdo dos dados experimentaisva der
tendéncia. Amendola e colaboradores (2010) verdivaque a equacao tipo-Weibull se
adequou de forma satisfatéria a cinética de exardgdcompostos fendlicos de bagaco de

uva a uma temperatura de 60 °C.
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O modelo de Peleg (Equacéo 5) é baseado no meeanisnadsorcdo/dessorcéao
para remover compostos de material vegetal, sEadotaxa constante de extracaiea
constante de capacidade de Peleg. Bucic-Kojic aboohdores (2007) utilizaram esta
equacdo para modelar a extracdo de compostosdesde semente de uva e avaliar o
efeito da temperatura e tamanho de particulas sobeadimento da extracdo. Os autores
verificaram que quanto menor o tamanho da particiar € o redimento e que, na faixa
de 25-80 °C, a maior temperatura rendeu melhosesta€os de extracao, apresentando o
processo energia de ativacdo entre 7,7 e 1,1 kY pmia a semente com tamanho de
particula entre 0,63 e 0,125 mm. Qu e colaborad@@HE0) também utilizaram o modelo
de Peleg (Equacéao 5) para estudar a extracao deostws fendlicos de bagaco de uva. Os
autores verificaram que menores tamanhos de partieuratio, além de maiores
temperaturas, apresentaram melhores condicbestadgax com energia de ativagao de
14,54 kJ mot.

O modelo de duas taxas (Equacdo 6) considera dmimdes de extracao,
relacionadas com compostos acessiveis e inacesgiesitro e fora das células das plantas,
respectivamente), senda e k; as taxas de extracdo de duas classes diferentes de
compostos, respectivamentei e C sdo constantes. Cacace e Mazza (2003) utilizaséan e
equacdo para adequar dados de extracdo de compersblisos e antocianinas de frutas
vermelhas trituradas.

No modelo proposto por Linares e colaboradores QR@Equacao 7), & € a
concentracdo de equilibrio 8, o tempo de meia extracdo devido ao processo de
lavagem/inchaco do materialg'Ce kg sdo a concentracao de equilibrio e a taxa de éxtrac
respectivamente, do processo acontecendo devidoeaanismo de difusdo. Os autores
utilizaram esta equacao para modelar a extrac&0liks sollveis de erva mate, sugerindo
ao final do trabalho que este modelo pode serzatib para extracdo de Oleos e
biocompostos de matrizes vegetais.

O modelo de pseudo-primeira ordem (Equacao 8) dersique uma concentragcao
de equilibrio é alcancada ao longo do processoxttagdo e a constantea™ é uma
constante de integracdo do modelo. Amendola e a@dbres (2010) verificaram que este
modelo apresentou melhor adequacéo dos dados expeatiais de extracdo de compostos
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fendlicos de bagaco de uva em relagdo aos outme® chodelos cinéticos. Os autores
avaliaram a extracdo para uvas de duas difereafemsse com o processo ocorrendo a
60 °C, ndo investigando outros fatores significetima modelagem de extragdo. O extrato
foi estavel por um periodo de armazenamento deolaamazenado ao abrigo da luz, em
solucédo hidroalcodlica a 4°C ou em p6é a 25°C. ddterido de polifendis totais
permaneceu estavel em valores de pH entre 3 e atpod00 dias, enquanto o poder
antioxidante foi prejudicado em valores de pH nesajue 5 (AMENDOLAet al, 2010).

O modelo de Minchev e Minkov (MINCHEV e MINKOV, 198 ¢é uma equacao
analitica que terk como a taxa constante de extrac®oeB como constantes. Simeonov e
Minchev (1999) avaliaram a extracéo de taninosotieas de tabaco e de orak com 6tima
adequacéo dos valores observados.

Contudo, a maximizagdo dos valores de concentrdgdsianol e doatio (volume
de solvente/massa de bagaco) e a avaliacdo marssggdos modelos cinéticos, além de
estimacdo de parametros de processo que o modeithids possibilita obter, sdo dados

gue ainda faltam na literatura.

3.6 Caracteristicas de secagem de alimentos

A desidratacdo de alimentos é uma operacdo mujporiante em nivel industrial,
uma vez que impacta em maior estabilidade biogairaienicrobiolégica do produto ao
reduzir sua atividade de agua, além de reduzivekume, resultando em menores custos
em embalagem, transporte e de armazenamento (D&\ah 2007a). Apesar do avanco
de novas tecnologias para tal fim, a secagem pquemte convectivo permanece como 0
principal método de secagem de alimentos por apt@smenores custos de operacédo, por
sua simplicidade e por inativacdo de microrganispeisgénicos e enzimas deteriorantes
(VALISHT et al, 2011).

Apesar do avanco de novas tecnologias para a secdgealimentos visando
minimizar a degradacao térmica de compostos bmsticomo a liofilizacdo e atomizacao,
a secagem por ar quente convectivo continua senti@a@do mais amplamente utilizado na
indUstria para a desidratacdo de alimentos. O him&empo-temperatura é o parametro
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principal desta técnica, uma vez que, além de itapatiretamente na velocidade de
secagem, ele também é responséavel por inativaorgamismos patogénicos e enzimas
deteriorantes.

Xiao e colaboradores (2010) avaliaram a influénidiavelocidade e a temperatura
do ar de secagem no desempenho da operacéo, natexta degradacao de vitamina C
durante a desidratagcdo de uvas sem semente. Qesavarificaram que velocidades de
secagem entre 3 e 9 i 830 apresentaram diferenca na taxa de secagemodot a
60 °C. Utilizando velocidade do ar de 5 h & aumento da temperatura de 50 para 65 °C
reduziu sensivelmente o tempo de secagem da flutidizando os conceitos de
difusividade efetiva em esferas, os autores estimax difusividade entre 1,82 e 5,84 10
9 s* na faixa de temperatura de 50-65 °C, com enegyititlacdo de 67,29 kJ rifolA
textura da uva desidratada nao foi afetada pelceatorda velocidade do ar de secagem,
porém houve aumento da sua dureza com o aumertegeeratura de operagao. Isso se
deve, possivelmente, ao fato de que a taxa de Bombe agua da superficie da fruta seja
mais rapida que a velocidade que ela migra doiamtpara a superficie do produto, e como
consequéncia uma camada dura, contendo solutomumeve dissolvidos, é formada. A
degradacao de vitamina C nao foi afetada pela igde de secagem, mas fortemente pela
temperatura. A maior retencéo obtida pelos autoiede cerca de 40% para a desidratacao
da uva acontecendo a 50 °C com velocidade do seagem de 5 m's

Larrauri e colaboradores (1997) avaliaram a imitig de temperaturas de 60, 100 e
140 °C na degradacdo de compostos fendlicos, memuodensados, atividade antioxidante
e cor ao final da secagem de bagaco de uva. Emarag@o com o residuo desidratado por
liofilizagdo (utilizado no estudo como padrao deagem com minima degradacdo de
compostos bioativos), os autores verificaram que Induve diferenca significativa na
degradacao de polifendis totais, taninos condessadale compostos com atividade
antioxidante quando o bagaco foi seco a 60 °C.r@eato da temperatura, contudo afetou
negativamente a composi¢do do produto seco. A sidade da cor vermelha nao foi
diminuida com o tratamento ocorrendo a 60 e 100pWem a luminosidade sim, em
relacdo a amostra liofilizada. Dorta e colaborasid®912) verificaram que a secagem da
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casca de manga a 70 °C afetou significativamerdegaadacdo de compostos fendlicos,
antocianinas e compostos com atividade antioxidante

Torres e colaboradores (2010) observaram fortelapele compostos volateis
(terpenos, aldeidos, alcoois, acidos, éteres, altows/ de benzenos, furanos) de bagaco de
uva quando este foi seco a 60 °C em comparacaococasiduo liofilizado. Em relacéo a
degradacdo de compostos fendlicos, os autoresiceeaiin que, dentro do grupo das
antocianinas, a peonidina 3-glucosideo ndo foadfepela alta temperatura de secagem.
Contudo, a malvinidina 3-glucosideo, em maior cotregdo entre 0s pigmentos
analisados, teve sua concentracdo reduzida quarmtocesso foi realizado a 60 °C. A
concentracdo total de antocianinas no bagageatura foi de 405 mg kg, 343 mg kg
para 0 bagaco liofilizado e 265 mgkgara o residuo seco a 60 °C. Para o grupo dos
flavonois, a quercitina, em maior quantidade nocabagle uva, foi afetada pela utilizacdo
de temperaturas elevadas (60 °C). A concentragabde flavondis no bagagn natura
foi de 31 mg ki, 20 mg kg' para o bagaco liofilizado e 18 mgkgara o residuo seco a
60 °C.

Valisht e colaboradores (2011), ao avaliarem agsnade muscadine, observaram
degradacao térmica de compostos fendlicos totaislal@o uso de altas temperaturas em
comparacgado ao produto liofilizado. Os autores watiém, contudo, que compostos com
atividade antioxidante extraidos do produto secmemtaram com a utilizacdo de altas
temperaturas de secagem. Esse fato foi creditadat@ala formacédo de novos compostos
no residuo a altas temperaturas, incrementanddemgal antioxidante do produto. Como
residuos de frutas sé@o ricas em acUcares e preteinando sob altas temperaturas, a
formacdo de compostos da reacdo de Maillard étinmli sendo que esses compostos
apresentam alta atividade antioxidante, como mmwstos resultados de Sant’Anna e
colaboradores (2011). Com isso, a extracdo de cstop@om atividade antioxidante em
residuos secos com ar quente pode nao ser redomdaim incrementada.

Vega-Galvez e colaboradores (2012) observaram taglmd similares ao secar
pedacos de macas. Produtos com maior coloracaoaeapuesentram maior atividade
antioxidante do que aqueles liofilizados. No messentido de Valisht e colaboradores
(2011), Vega-Gélvez e colaboradores (2012) verdicadegradacao térmica de compostos
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fendlicos na fruta submetida & secagem com ar gu@st autores também verificaram que
as frutas submetidas & secagem com altas velociltade apresentaram maior retengéo de
compostos fenolicos devido a mais rapida desidiiatalp produto. Com isso, as macgas
foram submetidas as altas temperaturas por meteangms, uma vez que a secagem ocorre
em taxas mais elevadas quando utilizadas altasidaltes do ar durante a secagem.

Com isso, os fatores que afetam a taxa de secagammetencdo de compostos
bioativos s&o diversos e devem ser estudadosiasienente. Dados sobre a influéncia dos
parametros de secagem de bagaco de uva sdo pasmdrados na literatura, apesar de
serem fundamentais para a sua utilizacdo comodregre em alimentos.
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CAPITULO 4

INTRODUCAO AOS CAPITULOS 5 A 12

Os capitulos 5, 6, 7, 8, 9, 10, 11 e 12 estdo eptados em forma de artigos
cientificos. Em cada um s&o apresentados introdagdassunto abordado, materiais e
métodos detalhados, resultados, discussdes erretesdibliograficas.

No capitulo 5 é apresentado o artigo intitulddieembrane concentration of
liquid foods by forward osmosis: process and qualt view”. Artigo de revisao sobre
concentracdo de alimentos por osmose direta, @udina revistalournal of Food
Engineering, volume 111, paginas 483-489 no ano de 2012.

No capitulo 6, sdo apresentados dados da inflaéhei parametros do processo
sobre o fluxo de agua transmembrana em dois moglaperacdo. Com isso, foi possivel
avaliar o efeito da diferenca de pressdo osmdecaperatura e velocidade de escoamento
das solu¢Bes sobre a polarizagcédo por concentratgioa & membana.

No capitulo 7, foi estudada a influéncia da difigee de pressdo osmodtica,
temperatura e velocidade de escoamento das solsgbeso desempenho da concentracéo
de suco de uva por OD. Ao final, o suco reconstituapos a concentracdo osmética, foi
comparado com 0 suco inicial quanto a propriedadéscionais, como teor de compostos
fendlicos e atividade antioxidante.

O capitulo 8 mostra o artigo, intituladimfluence of drying temperature and air
velocity on characteristics of grape marc using rgonse surface methodology O

trabalho traz um estudo, através de planejametdddh da influéncia da temperatura e da
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velocidade do ar de secagem sobre a taxa de desdlvado bagaco de uva, sobre a
retencdo de compostos fendlicos totais, taninodermsados e flavondis.

Os capitulos 9 e 10 apresentadam os artigésetic modeling of total
polyphenol extraction from grape marc and characteization of the extracts e
“Kinetic modeling of anthocyanin extraction from grape marc”, respectivamente, em
gue foram avaliadas condi¢cdes de extracdo de caogpéeEndlicos totais e antocianinas
monomeéricas, assim como o potencial antioxidanseeatratos obtidos de bagaco de uva.

No capitulo 11, € abordado o estudo da estabilibaxpiimica e microbioldgica da
farinha de bagaco de uva ao longo de 6 meses gezanamento. Também é apresentado o
estudo de isotermas para esse produto, com adfwlalide se avaliar a estabilidade da
farinha do bagaco de uva como um ingrediente at8ado na industria de alimentos. O
trabalho é intitulad6Grape marc poder: physicochemical and microbiologeal stability
during storage and moisture sorption isotherm’.

Finalmente, no capitulo 12, é apresentado o aftigmrporation of grape marc
powder in the production of fettuccini pasta”, onde foi estudado o impacto da
substituicdo da farinha de trigo por farinha de dgag de uva sobre propriedades

tecnoldgicas e nutricionais de massa tipo fettuccin
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Membrane concentration of liquid foods by forward esmosis: process and quality

view

Neste capitulo, € apresentado o artigo de revisBe oncentracdo de alimentos
por osmose direta, publicado na revistaurnal of Food Engineering volume 111,
paginas 483-489, em 2012. Nele, aspectos quamtituéricia de parametros de processo e
dos componentes dos alimentos no desepenho daaédo abordados, assim como uma
visdo geral dos trabalhos mais recentes publicad@sea.
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The industrial thermal processing of foods may have a severe impact on the sensorial and nutritional
properties of the final product. Membrane technologies have been extensively studied as altemative pro-
cesses, Forward osmosis (FO) is a promising membrane technology to be used in food industries. The only
driving force of the process is the osmotic pressure difference between the two solutions that flow in
counter-current mode on opposite sides of a permeable membrane. Thus, the main advantages of FO,
compared to both thermal and conventional membrane processing, include low hydraulic pressure,
low treatment temperature, low fouling tendency, high solids content processing capability and easy
scale-up. A detailed, up-to-date summary of potential FO applications for concentrating liquid foods is
presented in this review article. The effect of the main process parameters on the filtration performance
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Food quality and their impact on the sensorial and nutritional factors of the final product are described and discussed
for a broad spectrum of foods.
@ 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent decades, the consumption of high quality foods has
grown due to the consumers’ constantly increasing of concern
about human health and nutrition. It has motivated industries
and research groups to advance the development of new products
and technologies to meet this demand. The consumer demand for
minimally and naturally processed, nutritious foods has led to food

* Corresponding author. Address: DEQUI-UFRGS, Rua Engenheiro Luiz Englert,
s/n® 90040-040, Porto Alegre, Brazil. Tel: +55 51 3308 3638; fax: +55 51 3308 3277,
E-mail address: voltairezs@yahoo.com.br (V. SanfAnna).

0260-8774/% - see front matter @ 2012 Elsevier Lrd. All rights reserved.
doi:10.101 6/j.jfoodeng. 2012.01.032

scientists and technologists to address the challenge of (1) mini-
mizing the impact of industrial treatments on the nutritional, orga-
noleptic and technological factors with low-cost processes and (2)
reducing financial losses due to food spoilage.

Thermal processing remains the most widely employed method
for shelf-life extension and food preservation and concentration.
However, industrial thermal treatments may have negative im-
pacts on nutritious components (such as anthocyanins, carote-
noids, vitamins and bicactive proteins (Van den Hout et al,
1999; Kechinski et al,, 2010; Provesi et al., 2011; Barros et al,,
2011)), sensory parameters (such as color, aroma, flavor (Timoumi
etal, 2007; Nisha et al., 2009)) and technological properties (Singh
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and Fox, 1985; Singh and Creamer, 1992; Zavareze and Dias, 2011),
among others. To meet the current market demand, recent devel-
opments in the food industry have focused on non-thermal tech-
nologies. Membrane processing is an interesting alternative for
the clarification and concentration of liquid foods because it oper-
ates at room temperature, exhibits low energy consumption and
high performance, scales up easily and rejects a wide range of food
contaminants. The membrane treatments most employed cur-
rently include microfiltration, ultrafiltration, nanofiltration and re-
verse osmosis (RO). However, high hydraulic pressures, limited
maximum attainable concentrations, concentration polarizations
and high organic fouling environments are several operational lim-
itations of these techniques for use in food industry (Petrotos et al.,
2010).

Forward osmosis (FO), also known as direct osmosis, is a prom-
ising membrane technology. FO as a concept for concentrating
foods dates back to the 1960's (Popper et al., 1966), and its only
driven force is a difference in osmotic pressure. The water transfer
occurs from the feed side (low concentration) to the draw solution
side (high concentration) across a semi-permeable membrane till
the osmotic pressure difference between both sides is close to zero.
In this sense, FO has several advantages compared to conventional
food industrialization techniques, such as:

(1) Low hydraulic pressure for operation, which reduces the cost
for electrical energy.

(2) Low processing temperature, which avoids the thermal deg-
radation of food quality factors and conserves electrical
energy.

(3) High product recovery and low discharge of brine to the
environment,

(4) Low irreversible fouling, which leads to low costs on mem-
brane cleaning and replace ment.

(5) Efficient treatment of feeds with a high solids content.

(6) Modularity and ease of scale-up.

Reviews on the osmotic concentration of liquid foods have been
published (Wong and Winger, 1999; Petrotos and Lazarides, 2001;
Jiao et al., 2004). However they do not focus on the impact of the
operational parameters on the process performance and on the fi-
nal product quality. Moreover, recently, many studies have demon-
strated FO to be a suitable alternative for concentrating liquid
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Fig. 2. Schematic mechanism of FO in a food model system indicating water
transport through membrane from draw to feed solution, which is placed rowards
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pressure of draw solution, 7o' prawseluten 15 the actual osmotic pressure of the draw
solution and A, is the actual osmotic pressure difference in FO {Adapred from
Mayak and Rastogi, 2010a).

foods. Therefore, the aim of the present paper is to describe and
discuss FO for concentrating a broad spectrum of liquid foods
and to compare the impact of this technique to conventional ones
on the sensorial and nutritional factors of food. Special focus will
be given to the operational process parameters and final product
quality, and future trends and challenges on osmotic membrane
processing will be considered.

2. Theoretical background

The phenomenon of water passage across a selectively perme-
able membrane from a high chemical potential region to a low
chemical potential region is known as osmosis. Osmotic pressure
(m) is the pressure that needs to be applied to the more concen-
trated solution to prevent the water transport across the mem-
brane. FO uses the osmotic pressure differential (Am) across the
membrane as the only driving force for water transport from the
feed side (concentrating the low concentration stream) to draw
solution (diluting the osmotic agent stream) (Cath et al., 2006).

Brine
stock tank

Pressure

Pressure oyt valve

meter

Pressure

Pressure  Control valve
meter Pneumaticme
mebrane
pump

Fig. 1. Apparatus for forward osmosis process { Petrotos et al., 2010).
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Fig. 1 presents a FO apparatus, where the feed and draw solu-
tions are pumped in a counter current, closed loop. In osmotic
membrane concentration, the salt solution from the draw solution
stream diffuses through the porous support layer until it reaches
the interface with the active layer. Then due to a difference in
chemical potential (osmotic pressure forces), water partitions into
the active layer from feed to draw solution, which dewaters the li-
quid food.

FO uses composite, asymmetric membranes composed of two
layers: one is the porous support layer and the other is the dense,
active membrane layer, as shown in Fig. 2. The membrane can be
placed between the feed and the osmotic agent solutions in two
different methods: the feed can flow towards the support layer
or towards the active layer. The first method is more common
for solutions with low molecular weight compounds such as water.
For the filtration of liquid foods that are composed of a complex
mixture of substances, pumping the feed towards the active layer
is the correct configuration due to the low external polarization,
which results in a higher osmotic pressure difference. This leads
to a high water flux through the membrane (Nayak and Rastogi,
2010a) and minimal damage to the membrane layers.

The general equation describing water transport in the FO pro-
cess is:

Jw = Al Tpraw solution — Treed — AP) (1)

where |, is the water flux, A is the water permeability constant of
the membrane, Tprawsoluion i5 the osmotic pressure of the draw
solution, Treq is the osmotic pressure of the feed solution and AP
is the difference pressure between the two solutions (which is close
to zero, but not negligible, in FO processes,). Eq. 1 assumes that the
solutes from the osmotic agent solution are totally impermeable to
the membrane, and Eq. 1 does not consider the concentration polar-
ization phenomenon. These are typical assumptions for osmotic
concentration,

Fig. 2 schematically shows the concentration gradient of the
draw solution in the FO membrane during liquid food processing.
Because the solute that serves as the osmotic agent is preferen-
tially of low molecular weight, it is diffused through the support
layer to the interior surface of the active layer and is diluted due
to convection by water diffused from the feed. Concentration
polarization is the excess of solute close to the membrane surface
due to diffusion of the draw solute in support layer. It results in a

Table 1
Summary of concentration of liquid foods by FO.

concentration gradient of the osmotic agent concentration within
the membrane, which characterizes the internal concentration
polarization (Fig. 2). Then, the actual osmotic pressure of the draw
solution is 7'prawsclution, iNStead of Tprawsowtion. These phenomena
significantly decrease the draw solution’s osmotic pressure and,
consequently, the FO performance (A e, is lower than Am). Com-
plete approach of modeling FO is given elsewhere (Dova et al,
2007b; Tan and Ng, 2008; Phillip et al., 2010).

3. Food concentration

The first record of the utilization of FO for liquid food processing
dates of 1966. Table 1 lists the subsequent FO technology studies
for liquid food processing. Popper et al. (1966) used tubular and
flat sheet cellulose acetate polymeric RO membranes to concen-
trate the total soluble solids (TSS) of grape juice from 16 to 60 “Brix
and achieved an average water flux of 2.5kgm=>h~" using satu-
rated sodium chloride (NaCl) solution as the draw solution. How-
ever, there was high salt diffusion to the product, which
damaged the juice's taste and discouraged further investigation
of this membrane technique for food applications. In the mid-
1990s, to minimize this problem, Beaudry and Lampi (1990a) uti-
lized a modified thin film composite RO membrane to increase salt
rejection during orange juice filtration. The authors achieved a
water flux of 4.0 kg m= h™' and more than 99.9% rejection of salt
and total organic acids, thus impeding the passage of feed solution
solutes through the membrane and migration of sodium chloride
to the feed.

Beaudry and Lampi (1990b) concentrated orange juice up to 42
“Brix using a 72 °Brix sugar syrup as the draw solution, and they
achieved an average water flux of 1.3 kg m 2 h~" at a process tem-
perature of 30 °C. Authors refrigerated the feed stream in each con-
centration stage, which resulted in a high retention of the flavor
and color of the juice concentrate. The low temperature and pres-
sure applied in the system were critical to the maintenance of sen-
sorial characteristics of the beverage (Beaudry and Lampi, 1990b).

Sensorial and centesimal analysis of raspberry juice concen-
trated by FO and by vacuum evaporation were conducted. The di-
rect osmotic concentration from 10 to 45 “Brix was performed with
69 “Brix corn syrup as the osmotic agent at 25 “C. The treatment by
both processes resulted in small anthocyanin losses, low polymer-

Reference Food Draw solution Temp.  Average flux  Main food parameter evaluated
=c) (kgm*h™"
Popper et al. { 1966) Grape 8mol L~ NaCl nm. 25 Organoleptic
Wrolstad et al. (1993) Raspberry 69 “Brix corn syrup 25 1.4 Anthocyanin and organoleptic
Herron et al. {1994) Coffee 74 “Brix fructose/glucose n.m. 4.0 Organoleptic and TSS
Orange 30
Petrotos et al. (1999) Tomato 4mol L' Nacl 25 31 nm,
Dova et al. {2007 a,b) Sucrosefglucose 26 45
solution
Petrotos et al, (2010) Tomato Room 35 Color and TSS
Rodriguez-Sacna et al, {2001) Red Radish 60 *Brix corn Syrup Room 12 Anthocyanin, color and organoleptic
Babu et al. (2006) Pineapple 4molL~! NaCl 25 1.6 Organoleptic and TSS
275 mol L! NaCl+ 09 mol L™! 1.15
SUCTOSEe
Garcia-Castello et al, {2009) Sucrose 4molL-! NaCl 30 58 TSS
Mayak and Rastogi (2010a,b) Kokum 6mol L™" NaCl 30 15.0 Anthocyanin and hidroxicitric acid
Garcdia-Castello and McCutcheon Orange liquor 4mol L™ NaCl 30 20 TSS
(2011)
Valluri (2010), Nayak et al. (2011) Beetroot 6mol L' Nacl 25 7.5 Beralain, color, pH, density, viscosity
Pineapple G.5 TS5, color, pH, density, viscosity
Crape 40 Anthocyanin, color, pH, density,

viscosity

nm. not mentioned,
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ized pigment enhance and no flavor difference, which showed that
both juices were of good quality and were comparable to commer-
cial samples (Wrolstad et al., 1993). The FO-concentrate juice
exhibited a strong raspberry aroma and flavor, compared well to
some commercial samples. In 1994, Herron and co-workers used
a fructose/glucose solution (74 °Brix) for the concentrations of or-
ange juice and coffee. The researchers obtained a maximum osmo-
tic flux of 4 and 3 kg m~2h~', respectively, and provided products
with superior quality in comparison to that produced by a conven-
tional vacuum evaporator.

Petrotos et al. (1998, 1999) studied the effect of different mem-
branes and process parameters on the FO performance during the
concentration of tomato juice in a tubular module with an aromatic
polyamide thin film composite RO membrane. In these studies, the
authors obtained higher average values for the transmembrane
water flux (3.10 ke m~? h™") using 4 mol L=! of NaCl as the draw
solution and a 400 pm thick membrane at 26 °C. The pretreatments
of the juice by plain filtration, microfiltration or ultrafiltration were
also found to have a positive effect on the value of the observed os-
motic fluxes. The ultrafiltered juice had the best performance witha
135% increase of the direct osmosis flux. Dova et al. (2007a,b) trea-
ted sucrose/glucose solution by FO in a flat sheet module with an
aromatic polyamide RO membrane at room temperature and ob-
tained an average water flux of 4.5 kgm 2 h™! using the same
osmotic solution. Using a modified FO module at ambient temper-
ature and low pressure (~4 bar), with NaCl as the osmotic medium
(4 mol L"), fresh tomato juice was concentrated from 5.5 “Brix to
16 °Brix with an osmotic flux of 3.26 kg m~2 h~' (Petrotos et al.,
2010). The authors also verified that the red color of the tomato
paste was much more intense in the concentrate produced by FO
than by vacuum evaporation and that the processed product by
FO was microbiologically stable.

Rodriguez-Saona et al. (2001) evaluated FO, evaporation in a
Centritherm evaporator and the combination of these methods to
concentrate red radish extracts. The authors used 60 “Brix corn syr-
up as osmotic agent to concentrate the extract from 1.1 to 5.5 “Brix
at room temperature. The anthocyanins were concentrated from 11
to 55 mg per 100 g of extract. After a high temperature operation,
the extract reached a concentration of 15.5 “Brix and contained
170 mg of anthocyanins per 100 g of extract; however, it exhibited
a burnt flavor and a large loss of volatile aroma. Because FO is a
highly time consuming process, the authors combined FO and ther-
mal evaporation. The chroma and lightness of both extracts (pro-
duced by the Centritherm evaporator and by the combined
process) were similar, A sensory evaluation of the concentrated
radish extracts showed that the FO processing was more effective
than thermal evaporation in reducing the characteristic radish aro-
ma compounds in the juices added to the radish extracts. Juices col-
ored with the extract concentrated by the combination of thermal
evaporation and FO had the closest overall intensity to that of fresh
extract, which showed that coupling membrane and thermal treat-
ments is an interesting approach to concentrate liquid foods.

The processing of pineapple juice was also evaluated (Babu
et al., 2006). Using a specific membrane for FO, the authors
achieved 1.59 kg m— h~" of water flux and a TSS concentration in-
crease from 12 to 60 “Brix at 25 °C with a 4 mol L™' NaCl solution
as the osmotic agent. Because there is a diffusion of salt solutes
from the draw solution to the feed, it is of public concern to min-
imize the salt content in the juice. Therefore, the authors also eval-
uated the combination of NaCl and sucrose as the osmotic agent,
Among others, the combination of 2.75molL™"' of NaCl and
09molL™" of sucrose vyielded an average water flux of
1.15 kg m 2 h ', with low rate of NaCl transport to the pineapple
juice, This sample exhibited less saltiness, more sweetness and
better overall acceptability in the sensorial evaluation compared
to other sugar-salt combinations as the osmotic agent, and it

V. santAnna et al./ fournal of Food Engineering 111 (2012) 483-489

exhibited a high score on the acceptability analysis of the juice.
The authors also showed that the reconstituted juice characteris-
tics were similar to those of the fresh juice. Similar results were
reported by Nayak and Rastogi (2010a) when they reconstituted
kokum extract, which supports FO as a potential alternative to
conventional industrial treatments for concentrating food
beverages.

Garcia-Castello et al. (2009) concentrated a sucrose solution by
FO using a flat sheet membrane specific for this propose and a
4mol L-' NaCl solution, and they achieved a water flux of
584 kgem “h~! and an increase in TSS concentration from 10 to
56.4 “Brix at 30 °C. The feed concentration factor by FO was twice
that by RO. The performances could have been equalized if more
energy and stronger pumps were used, but energy costs, combined
with the limitations on pump size and the strength of the mem-
brane modules, prohibited this strategy (Garcia-Castello et al.,
2009). In another study (Garcia-Castello and McCutcheon, 2011),
these authors observed a water flux of approximately 8 kg m™>h™'
at 30 °C with 4 mol L=" NaCl as the draw solution when treating or-
ange liquor solution. The TSS increased from 8 to 10.5 “Brix. The re-
sults showed that pectin is the critical feed component for
reducing the dewatering flux due to a thick cake formation on
the membrane during food filtration, which enhanced the water
transport resistance and negatively affected the process rate.

MNayak and Rastogi (2010a) concentrated anthocyanin extract
from kokum by FO with 6 mol L' NaCl as the osmotic solution
at 30 °C and obtained an average water flux of 15kgm = h.
The TSS content increased 25-fold, from 2 to 52 “Brix. The authors
showed that the extract treated by FO exhibited better nutritional
and sensorial properties, less non-enzymatic browning and a high-
er retention of hidroxicitric acid and anthocyanins compared to
that concentrated by a thermal treatment. In another study (Nayak
et al, 2011), the authors concentrated beetroot, pineapple and
grape juice using the same osmotic agent at 25 °C, and obtained
average water fluxes of 7.5, 6.5 and 4 kg m?h~", respectively.
The betalain and TS5 concentrations in beetroot juice were found
to increase from 51 to 3000 mgL~" and TSS from 2.3 to 52 °Brix,
respectively (Nayak et al., 2011). Reconstituted beetroot juice den-
sity, pH and color purity (based on Hunter colorimeter) were of
1071 kg m—?, 4.5 and 25, respectively. Those values did not differ
significantly from the fresh juice (Valluri, 2010). For the grape
juice, anthocyanins and TSS were concentrated from 105 to
715mg L' and from 4.4 to 54 °Brix, respectively (Nayak et al.,
2011). Reconstituted grape juice viscosity, pH and color purity
were of 1.68 m Pas, 3.4 and 27, respectively. Those values did not
differ significantly from the fresh juice (Valluri, 2010). In the pine-
apple juice, the TSS concentration increased from 4.4 to 54 “Brix
(Nayak et al., 2011), which demonstrated that the treatment of
high solid content liquids is not a technological limitation of FO,
in contrast to RO and ultrafiltration processes. Similar behavior
was found for reconstituted pineapple juice in relation to the crude
product, in which no significant changes on physicochemical char-
acteristics were observed (Valluri, 2010).

The same research group verified that concentration of kokum
extract by FO achieved 2.69 g L' of anthocyanins after 18 h of pro-
cess, meanwhile, in the same conditions, using osmotic membrane
distillation (OMD), anthocyanins were concentrated up to
72mL~". Moreover, transmembrane flux in OMD method was
lower as compared to FO, presenting higher color stability, lower
browning index and less degradation of hydroxyxitric acid {Nayak
and Rastogi, 2010b).

These recent records clearly show that FO exhibits several
advantages, which mainly include better preservation of bioactive
compounds compared to processed foods and less operational
limitations compared to thermal and conventional membrane
technologies.

MEMRBANE CONCENTRATION OF LIQUID FOODSBY
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4. Process parameters

FO performance is affected by several process parameters such
as the membrane material and module, temperature, characteris-
tics of feed and draw solutions and the hydrodynamic conditions.
Full explanations and exemplifications of the FO process parame-
ters are provided next.

4.1. Membrane and module conditions

In FO, fruit juice can be configured to flow towards either the
active or support layer of the membrane, Due to the presence of
low and high molecular weight compounds in the food solution
and the low concentration polarization phenomenon, the first cycle
yields a higher concentration performance. Nayak and Rastogi
(2010a) obtained an increase of almost 180% on filtration flux of
kokum extract by placing the feed against the active layer instead
of the support layer. Additionally, due to the membrane damage
caused by some abrasive food components against the support
layer material, lowing liquid foods towards active layer seems to
be the only option to concentrate the feed in FO process.

Aromatic polyamide RO membranes are typically used for FO
concentration (Petrotos et al., 1998, 1999, 2010; Dova et al.,
2007a,b). However, when compared to the commercial FO mem-
brane made of cellulose acetate, the differences in the overall sup-
port layer thickness, structure, and hydrophilicity of the RO
membranes critically impact the severity of the internal concentra-
tion polarization, a phenomenon prevalent in anisotropic mem-
branes that is seriously detrimental to FO membrane
performance (McCutcheon and Elimelech, 2008; Garcia-Castello
et al.,, 2009). The water fluxes achieved using the RO membrane
in direct osmosis tests were only 5% of the specific FO membrane
fluxes in the study conducted by McCutcheon and Elimelech
(2008). Similar results were obtained by Garcia-Castello and co-
workers (2009), where the permeate water flux obtained for the
aromatic polyamide membrane was approximately 5% of that for
the cellulose acetate membrane.

The commercially available FO membranes are the asymmetric
cellulose acetate membranes from Hydration Technologies Inc.
(HT1, Albany, OR). However, rejection layers of these membranes
tends to exhibit low water permeability and limited solute reten-
tion (Tang et al.,, 2010; Xiao et al, 2011; Zou et al,, 2011}, which
have created opportunities to further improve the FO performance.
In this context, several works have been published on the synthesis
FO membranes made of polyamide, polyethersulfone, polybenzim-
idazole among other polymers that exhibit better performances
than the commercially available, cellulose acetate membrane
(Wang et al., 2007, Chou et al., 2010; Yu et al., 2011; Wei et al.,
2011). These studies were conducted mainly using deionized
water, and membrane performance information regarding food
system is still scarce.

Another alternative to enhance FO filtration performance is by
increasing turbulence of the treated solutions. In the work of Dova
et al. (2007a) and Petrotos et al. (2010), a new design for a FO mod-
ule with flat configuration was presented to enhance liquid food
filtration by increasing turbulence of the juice flowing through
the apparatus (Fig. 3). The part labeled B was equipped with
orthogonal baffles in the path of the feed solution flow, which
evenly distributed the liquid food and to promoted turbulence.
The achievement of high fluxes in FO is partially due to the high tur-
bulence achieved in their filtration module. The membrane assembly
of FO apparatus allowed (1) a rapid, turbulent flow, without excessive
pressure drop and (2) a relatively long region of contact with the
membrane without fouling or concentration polarization, even
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Fig. 3. Geometry of a forward osmosis module with turbulence promoters {Petrotos
et al,, 2010}, {A) upside of FO module, where draw solution flows; (B) downside
with flanges to promote turbulence in the feed side.

with a high solute content in the feed (Herron et al., 1994; Dova
et al, 2007a; Petrotos et al., 2010).

4.2. Draw solution

The osmotic agent solution is the source of the driving force in
the FO process, and its selection for the concentration of liquid
foods may be based on several criteria. For example, the solution
should have a higher osmotic pressure than the feed solution and
be recoverable, non-toxic and inexpensive.

The impact of draw solution characteristics on osmotic driven
processes can be explained by the Wilke-Chang equation (Wilke
and Chang, 1955), in which the mass diffusion coefficient is inver-
sely proportional to the viscosity of the solution involved. Petrotos
et al. (1998) evaluated several solutes to comprise a draw solution
for concentrating tomato juice. The authors showed that 4 mol L™!
of NaCl as an osmotic agent yielded the best performance of water
transmembrane flux (3.10 kg m~2 h™'), compared to 3.5 mol L' of
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glucose (0.37 ke m™2 h™1), 1.7 mol L' of sucrose (0.55 kg m™ > h™1),
2.65 mol L of calcium chloride (2.33kg m™>h™"), and 1.2 mol L™'
of polyethylene glycol (0.70 kg m>h ') tested. These results were
strongly credited to the viscous characteristics of the brine: agents
with lower viscosity yielded higher process performances due to
higher diffusivity and the smaller resistance to mass transfer
through the polarized layer of the osmotic medium.

The utilization of more concentrated draw solutions enhances
the water flux because of increasing of osmotic pressure of the
brine and, consequently, the difference in osmotic pressure relative
to the feed. However, the solute ions diffuse from the osmotic
agent to the feed solution due to the osmosis process. In this sense,
MNaCl utilization must be carefully studied due to an increase in the
public health diseases conveyed by the high consumption of so-
dium. In a study of pineapple concentration, Babu et al. (2006) ver-
ified that the combination of NaCl and sucrose (2.75 molL~" of
NaCl and 0.9 mol L~! of sucrose) in the draw solution is an alterna-
tive for fruit juice concentration because it can overcome the draw-
back of sucrose (low flux) and sodium chloride (salt migration) as
osmotic agents during the direct osmosis process. In another ap-
proach, Achilli and co-workers (2010) evaluated over 500 inorganic
compounds and determined the water and salt fluxes through the
membrane. After considering costs and other characteristics, the
authors suggested that the best choice for food concentration
would be potassium or sodium bicarbonate.

4.3. Temperature

Increasing the process temperature positively affects the osmo-
tic flux. Wilke-Chang equation states that the mass diffusion coef-
ficient is proportional to the absolute temperature (Wilke and
Chang, 1955). Additionally, increasing process temperature re-
duces the solution viscosity and positively impacts the diffusion
coefficients, which results in an enhanced transmembrane flux
and concentration rate.

The osmotic flux in tomato juice concentration increased 64%
by increasing the process temperature from 26 to 60 °C (Petrotos
et al., 1998). Babu et al. (2006) verified that increasing the temper-
ature from 25 to 45 °C enhances water flux by 78% when process-
ing pineapple juice. Similar results were obtained by Nayak and
Rastogi(2010a), who showed that increasing the temperature from
25 to 40°C resulted in an increase of more than 2-fold in the con-
centration of anthocyanin extract from kokum. The time required
to concentrate raspberry juice to 45 “Brix approximately doubled
(5 vs. 10 h) when the processing temperature decreased from 26
to 8 °C (Wrolstad et al., 1993).

44, Hydrodynamic conditions

Increasing the feed or draw solution flow rate improves the
water transmembrane flux. This may be attributed to the reduction
in the hydrodynamic boundary layer thickness, which results in a
larger Reynolds number { flow rate), affects the mass transfer resis-
tance of the polarized layer adjacent to the membrane surface and
consequently increases the transmembrane flux. Dova et al
(2007b) modeled the resistance of water passage through mem-
brane to be proportional to the feed flow rate and exponentially
proportional to the draw solution flow rate. Moreover, hydrody-
namic shear forces may increase with increasing feed flow rates,
which leads to less cake formation of flocculation of foulants
[mainly pectin) on the membrane surface. This phenomenon re-
sults in less fouling and consequently a better process performance
(Lee et al., 2010).

In this sense, many authors evaluated the influence of solutions
flow rate on the osmotic flux in FO and verified that increasing the
fruit juice or draw solution flow rate more than 3-fold increases
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the osmotic flux by approximately 35% (Petrotos et al., 1998; Babu
et al,, 2006; Nayak and Rastogi, 2010a),

4.5, Feed composition

Because the driving force of FO is the differential osmotic pres-
sure between the feed and osmotic agent solutions, a high concen-
tration of liquid food negatively impacts the process performance.
In addition, it is also linked to an increasing in feed viscosity during
the food concentration, which affects the overall mass transfer
coefficient and severely impacts the FO performance. The osmotic
flux decreased from 15 to 3 kg m* h~! when the sucrose solution
concentration was increased from 0.5 to 1.5molL™" in a model
system (Garcia-Castello et al., 2009). During tomato juice concen-
tration, when the TS5 concentration was increased from 4.3 to
11.8 °Brix, Petrotos et al. (1998) found that the water flux de-
creased linearly, reaching a reduction of 53% by the end of the
process.

Using a juice model system, Garcia-Castello and McCutcheon
(2011) verified that calcium and citric acid, which are normally
critical components of organic fouling, were found to have little ef-
fect on fouling behavior. The presence of pectin, however, had a
significant effect by contributing to organic fouling, which was
found to reduce the permeate flux by as much as 50%. Petrotos
et al. (1999) studied the effect of tomato juice filtration as a pre-
treatment for a FO process and showed that there was a 2.4-fold
increase in the water flux due to the lower feed viscosity and the
partial separation of pectin. Foods are complex matrices of low
and high molecular weight compounds, which results in large vari-
ations in processing conditions. In this sense, further studies may
be conducted that focus on the effect of FO parameters on the pro-
cess performance and final product quality on a larger spectrum of
foods.

5. Conclusions and future perspectives

Despite the several advantages that FO brings to the membrane
engineering for food applications, it mainly lacks optimal process
performance, osmotic solute rejection and draw solution recovery.
Developments in the areas of engineering and membrane technol-
ogy are crucial for improving the dewatering rate of liquid foods.
Studies should focus on the design of new membranes configura-
tions (e.z., flat, tubular, hollow fiber), with high water permeabil-
ity, reduced tendency for concentration polarization, high solute
rejection rates, high chemical stability and high mechanical stabil-
ity. Additionally, studies on draw solutions with a low affinity for
polymeric membranes, a low rate of diffusion across polymeric
membranes and ability to produce high osmotic pressures are
essential for developing FO for food applications.

Because the draw solution is diluted during the FO process, the
osmotic reinforcement of the medium is an essential point to be
evaluated to minimize industrial waste and energy consumption
and to allow for the large-scale industrialization of FO. Electrodial-
ysis has been suggested for re-concentrating post-processed NaCl
brines in FO; however, more studies are needed to evaluate this
technology as a solution to this challenge in FO.

Microorganisms and enzymes are important public health is-
sues in the food industry and are generally inactivated by high
temperature short time (HTST) process. Therefore, because FO
applications are low temperature processes, a critical evaluation
must be conducted on the microbiological and biochemical stabil-
ity of FO-concentrated foods, e.g., through shelf-life studies.

Additionally, more information on the energy consumption of
FO in large-scale processes is needed because little data exist that
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compare osmotic concentration to other technologies as a whole
process for industrialized foods.

FO has the potential to be utilized as an alternative process in
the food industry, and recent publications have shown clear evi-
dence that it has several advantages compared to conventional
techniques regarding in process and product quality. Nevertheless,
more studies on concentration techniques using osmotic mem-
branes are needed to enable their proper large-scale utilization in
the food industry.
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CAPITULO 6

Effect of process parameters on water flux in forwed osmosis using response surface
methodology

Neste capitulo, € apresentado o estudo sobre to efai diferenca de presséo
osmotica, velocidade de escoamento das solu¢céesddalo de membrana e temperatura
sobre o fluxo de agua tranmembrana em sistema dé @@esentado em forma de artigo
cientifico. Para isso, foram utilizados agua punaa alimentacéo e solucdes de cloreto de
sédio como agente osmotico, escoando de dois madwmdra a camada densa da
membrana ou contra a camada suporte. A metodoldgisuperficie de resposta foi
utilizada a fim de verificar a significancia esséitia dos parametros e as regioes oOtimas de

operacao.

6.1 Artigo: Effect of process parameters on waterldix in forward osmosis using
response surface methodology
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Abstract

In the present work, a>Zactorial design was performed in order to evauhe influence
of solutions’ flow rate, the difference of osmofcessure Am) and temperature on the
transmembrane flux of water in two modes of opermatifeed flowing against the
membrane porous layer (mode [) or against the dieyse (mode Il). Pure water was used
as feed and sodium chloride solutions as osmotientag Internal polarization
concentration, which happens in mode Il of operataifected negatively the performance
of FO. Statistical results showed that solutionitsnf rate, ATt and temperature affected
positively ( < 0.05) on enhance of water flux for both modesopération. Response
surface methodology presented to be a powerfulitootder to study the FO performance.
The highest water flux in mode of operation | w&sL1m? h* in flow rate range of 100
and 170 mL mift, At between 200 and 302.20 atm and temperatures het@4end
40 °C. In mode II, the highest values water transpas 5 L nf h, which was observed
in flow rates between 100 and 170 mL thilArt between 245 and 302.20 atm and
temperatures between 30 and 40 °C. Statisticalysisathow that interaction of the FO
operational parameters are significapt<(0.05), possibility influencing in the internal

polarization concentration phenomena.

Keywords: forward osmosis; process parameters; water fluxspaese surface
methodology.

6.1.1 Introduction

The increase of global concern about clean watenewable energy and
environmental friendly industrial processes hasrehy studies to develop and improve
technologies to attend this demand. In this contextvard osmosis (FO) has been shown
up as a promising alternative. FO is a membranaragpn process, in which the only
driven force is the difference of the water chernpzsential, expressed in terms of osmotic

pressure 1f), between two solutions (feed and draw solutisgparated by a semi-
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permeable membrane (Cath et al., 2006; Sant’Anrad.,e2012; Zhao et al., 2012). Thus,
FO presents several advantages compared to traitipressure-driven membrane
processes, such agry low request of hydraulic pressure for operatcost saving energy; to
work at low temperature of processing, economizebgctrical energy; high recovery, resulting
in less brine discharge to the environment; cogingaon membrane replacement, due to low
irreversible fouling; possibility of more efficidgttreat feeds with high content of solids, in the
liquid food field (Sant'/Anna et al., 2012). FO hbhsen used to concentrate liquid foods
(Petrotos et al., 2010; Garcia-Castello et al.,120dayak et al., 2011), generating energy
(Achili et al., 2009; Fu et al., 2013), desalinatmf seawaterYangali-Quintanillaet al., 2011;
Chanukya et al., 2013), among others.

Concentration polarization (CP) is the main tecbgual limitation of FO. Figure

6.3 shows schematically the main phenomena duni@dr© process.

(A) Draw Draw ®)

. ) Water i
Water Solution Rps Solution Hps

R &::?ﬁ:::::: E‘T_._.?,\_::::::::::
Ax H | (®ec  |A®apparent
\ Afreal

Epater wly Fprater | sy

Model ModeIl

Figure 6.1 Mechanism of water transport in FO procedures. {@9d is water, flowing against the
membrane support layer and osmotic agent is sodhloride solution flowing against the membrane dens
surface; (B) feed flows against the dense layer drav solution against the support layer, indiagatin
schematically the occurrence of internal polararaticoncentration (ICP)ATiey andAThppaen: are the
corresponding real and the apparent driving foroespectively.Tt..q and s are the osmotic pressures of
feed and osmotic agent solution, angt is the effective osmotic pressure of draw solutioe to IPC.

Mode | (Figure 6.3A) shows the membrane osmoticabein when pure water is

used as the feed solution, flowing against the g@upport layer, and a sodium chloride
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as the draw solution, flowing against the densecsieke layer. In this condition, the brine is
composed by a low molecular weight component, #xiernal concentration polarization
(ECP) is very low, and considered negligible (Nagalal., 2010). Since the feed is pure
water, there is no internal polarization concemratICP). In the mode Il, when water
flows against the dense layer and the osmotic aggainst the support layer (Figure 6.3B),
a significant internal concentration polarizati®@®) shows up into the porous part. Since
the osmotic water transfers happen in the interéddbe active (dense) layer, the diffusion

of water through the active layer will result idution of the brine, setting up of an ICP.

The osmotic pressure of the solution, thus, deesedom Ths to Ticp, damaging the
driving force and consequently the concentratiorigoeance. Thus, the apparent driving

force (\Tupparen= Tlos — Teed Will be lower than the actual osmotic proceSsa = Thcp —

Tkeed, leading to an intense prejudice on the FO peréorce. Thus the increase of the
do not imply the increase of the water permeate, faossibly due to the increase of ICP
that happens in the brine solution side, cauAifga < ATGpparent

Temperature, solutions’ flow rate into the processdule andAm are important
parameters in FO. There is little information abthe influence of them over the CP
phenomena. The response surface methodology (RSM) set of statistical tools for
assessing the influence of processing parametensgh as the interaction between them,
on process responses (Myers and Montgomery, 2008%.methodology has already been
used in the field of membrane separation succdggfihmad et al., 2009; Wang et al.,
2010; Ngang et al., 2012), but it has not beeniegpb FO procedures.

Thus, the objective of this study is to evaluate ififluence ofAr, the solutions’
flow rate and the temperature on the transmembnater flux using on response surface
methodology. On this basis, it was used mode | ewode Il in order to evaluate the

influence of the process parameters in CP phenomena
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6.1.2 Material and Methods
6.1.2.1 Chemicals and membrane

Ultrapure water was used as feed and draw solwias prepared with sodium
chloride of analytical grade (Signh, Brazil) dildten ultrapure water. Membranes used in
the FO procedures were kindly provided by Hydraff@chnologies Innovation (Albany,
OR). They are composed by a selective layer madelbflose triacetate cast onto a non-
woven backing consisting of polyester fibers indbally coated with polyethylene,
presenting sodium chloride rejection is in the erdh-97%. An acrylicbench-scale
laboratory membrane unitwith 77 mm long x 26 mm wide x 3 mm deep channels was

used for the concentration experiments.
6.1.2.2 Experimental setup

Figure 6.4 shows schematically the experimentalipgnent used in the FO

procedures.

Peristaltic pump

FO module

| water |

Semi-analytical balance

—

Feed
solution

Figure 6.2FO experimental apparatus

Feed solution and osmotic agent solution were l@ted on either side of the
membrane (mode | and Il) in a closed loop usingspatic pump with adjustable speed
(Masterflex, L/S, USA). Both temperature solutiomsre controlled within £0.1 °C by a
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water bath (Q214M, Quimis, Brazil). Average watkrxfcrossing the membrane to the
draw solution was measured based on average wgaghin the first hour of the procedure
by a semi-analytical balance (BL3200H, Shimadzpada Initial draw solution volume
was 1 L while the feed solution was 200 mL (GalCastello et al., 2009).

6.1.2.3 Response Surface Methodology
The study of the process parameters over FO peaftcenwas evaluated by RSM.
To describe the response surface, a central cotepdssign with five coded levels and

three variables was used to study the combineddntle of solutions’ flow ratex{), At

(x2) and temperatured). Amtwas calculated based on the osmotic pressyref(the draw

solutions, according to the Van't Hoff equation,theamatically expressed by Equation 6.1.

71=NRTI (6.1)

where N is the sodium chloride concentration (mof)L R is the gas constant
(8.314 J Kmoat), T is the absolute temperature (K) arid the Van't Hoff correction factor.
For the three factors, this design was made upfafl ° factorial design with its
eight points augmented with four replications @& tenter points (all factors at level 0) and
the six star points, that is, points having for émetor an axial distance to the center af +
whereas the other two factors are at level 0. M distancen was chosen to be 1.68 to
make this design orthogonal. Ranges of variablessiiigated with respect to their values in

real and coded form are listened in Table 6.1.

Table 6.1Experimental design ranges and levels of the inddgeat variables in terms of actual and
coded factors.

Variables Symbol Coded values

-1,68 -1 0 1 1,68
Flow rate (mL mif) X1 30 58 100 142 170
An (atm) X2 25.20 81.20 163.70  246.10 302.20
Temperature (°C) X 20 24 30 36 40
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A set of 18 experiments was carried out. For tifmetors the equation model is:

Y= bO + blxl + b2x2 + b3x3 + bllxil2 + b22X§ + b33X§ + b12 X1X2 + b13X1X3 + b23X2X3 (62)

whereY, water transmembrane flux (L™, by, interceptby, by, bs, linear coefficients;
b1, by, b33, Squared coefficients ardy, b3, bys interaction coefficients.

The results were analyzed by the Experimental Deblgdule of theStatisticall
software (Statsoft, Tulsa, OK, USA). The model (&ipn 2) shows the influence, linear,
guadratic or interaction of each factor on the gabf the dependent variable (water
flux). Three-dimensional surface plots were drawnilligstrate the main and interactive
effects of the independent variables on water flux.

6.1.3 Results and Discussion

The experimental design and results are shown lmeT&2. Water fluxes in mode |
(draw solution flowing against the selective lay@ere higher than those for mode 1l (draw
solution flowing against the support layer) in g@me conditions. This results show that
ICP, like shown in Figure 6.3, has negative impactFO performance. In general, the

increase of the three process parameters incréasgermeate water flux for both modes.
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Table 6.2Experimental design and results of tidaztorial design.

EFFECT OF PROCESS PARAMETERS ON WATER
IN FORWARD OSMOSIS USING RESRGE

Flow rate (mL miff) Art(atm) Temperature (°C)

Water flux (L rh™)

Mode | Mode I
58 81.20 24 4.87+0.28 2.81+0.08
142 81.20 24 5.19+0.37 2.72+0.10
58 246.10 24 9.76+0.35 5.71+0.15
142 246.10 24 11.49+0.47 6.18+0.28
58 81.20 36 5.53+0.16 2.54+0.15
142 81.20 36 7.34+0.22 2.60+0.11
58 246.10 36 10.77+0.33 5.65+0.21
142 246.10 36 12.08+0.58 6.54+0.27
30 163.70 30 7.44+0.38 4.26+0.23
170 163.70 30 9.46+0.48 5.24+0.10
100 25.20 30 2.1740.15 1.19+0.07
100 302.20 30 14.64+0.68 6.64+0.09
100 163.70 20 9.72+0.42 4.80+0.27
100 163.70 40 11.68+0.55 4.69+0.19
100 163.70 30 10.63 5.05
100 163.70 30 10.48 4,91
100 163.70 30 11.18 4.79
100 163.70 30 11.24 4.86

Analysis of variance (ANOVA) was then applied irder to evaluate the statistical
of the independent variables and the interactiothef. Table 6.3 shows the ANOVA for
mode |, where pure water flows against the membsapgort layer and the osmotic agent
against the dense layer, and there is no signifie@n(Figure 6.3A).

Results show that linear and quadratic effect ditsms’ flow rate andArr,
additionally of the linear effect of the temperatuaffected significantlyp(< 0.05) the
water flux. The interaction of the parameters wasssignificant p > 0.05). The calculated
model F-value was 23.89, which is higher than th&alue in statistic tables at 95% of
confidence [t 6=4.3).
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Table 6.3Analysis of variance for the water permeate fluxriode | of FO operation.

Source Sum of Degree of
Mean square F-value p-value
square freedom
Flow rate (L) 5.38 1 538 36.83 0.0089*
Flow rate (Q) 12.96 1 1296 88.62  0.0025*
An (L) 130.11 1 130.11 889.58 0.000083*
AN (Q) 13.39 1 13.39 9157  0.0024*
Temperature (L) 4.35 1 435 29.76 0.012*
Temperature (Q) 0.59 1 0.59 4.07 0.13
Flow rate byAn 0.10 1 0.10 0.73 0.45
Flow rate by Temperature 0.14 1 0.14 0.98 0.39
Artby Temperature 0.18 1 0.18 1.23 0.34
Error 5.78 8 1.15 7.91 0.059
Total 0.43 17 0.14

L: linear effect; Q: quadratic effect.
* Statistically significant at 95% of confidence.

The determination coefficient3y of 0.963 and the lack of fit of experimental data
to the model not being significanp ¥ 0.05) demonstrate significance for the regression
model (Myers and Montgomery, 2002). The equatiotaioled by the statistical regression

was as follow:

Y = 1091+ 156X, + 618X, + 113X, — 203x’ — 206x? (6.3)

The three-dimensional response surface curvestieneplotted (Fig. 6.3).
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Figure 6.3 Response surface of water flux as functioml\of temperature and solutions’
flow rate for mode | of FO operation.

Results show that higher values of flow ratat and temperature lead to higher
values of water transport through the membrane. Higbest water permeate flux, about

10 L m? h*, was observed in flow rate range of 100 and 170miti, At between 20 and

30.22 atm and temperatures between 24 and 40 °@nokte |, the diffusion of water

through the membrane is the only phenomenon thatdres in FO. SincAmis the driven
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force of the osmotic process, it presented great#stt on the process performance. The
effect of temperature and flow rate is more sevaligiin higherAm ranges. The increase of
the solutions’ flow rate as well as the temperatooeeases the mass diffusion coefficient
on the dense layer interface, implying in highenexaransmembrane fluxndreasing
process temperature also reduces the solution sitgcionpacting positively in the diffusion
coefficients, which results in enhancing transmembrflux of concentration process (You et
al., 2012). Moreover, higher temperatures can @mbe on the membrane structure, like
changing the mobility of the polymeric chain allogihigher transport of water through the
membrane

Table 6.4 shows the ANOVA for mode Il, where thePl@ffects negatively the
water flux in FO (Table 6.2). Since ICP reducesdbecentration of the osmotic agent on
the membrane dense layer, there is prominent deerefathe driven force, like shown in
Figure 6.3B, reducing the water flux. Optimizatiby a conventional “one-at-a-time-
approach” does not lead to a critical analysishefdperational parameter effects on the FO
performance; moreover, this approach is not onlgsiwa and time consuming, but also has

the limitation of ignoring the importance of intet@n of process parameters.

Table 6.4Analysis of variance for the water permeate fluxriode 1l of FO operation

Source Sum of Degree of Mean square F-value p-value
square freedom
Flow rate (L) 1.40 1 1.40 114.06 0.0017*
Flow rate (Q) 0.059 1 0.059 4.84 0.11
An (L) 33.38 1 33.38 2716.41 0.000016*
AN (Q) 1.68 1 1.68 136.89 0.0013*
Temperature (L) 0.86 1 0.86 70.72 0.0035*
Temperature (Q) 0.11 1 0.11 9.15 0.056*
Flow rate byAn 0.16 1 0.167 13.62 0.034*
Flow rate by Temperature 0.00079 1 0.00079 0.064 0.816
Artby Temperature 0.00088 1 0.00088 0.071 0.81
Error 0.087 8 0.017 1.42 0.41
Total 37.63 17

L: linear effect; Q: quadratic effect.
* Statistically significant at 95% of confidence.
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Analysis of variance shows that linear and quadretiect of solutions’ flow rate
and Am, linear effect of temperature and the interactainflow rate andArm affected
significantly ( < 0.05) the water flux, indicating that the intran of the variables must
be considered for the estimation of water flux f@ processes The calculated mo#&el
value was 23.90, which is higher than th&alue in statistic tables at 95% of confidence
(Fis,6=4.3). The determination coefficient of 0.961 and the lack of fit of experimental
data to the model not being significapt0.05) demonstrate significance for the regression
model (Myers and Montgomery, 2002). The equatiotaioled by the statistical regression

was as follow:

Y = 491+ 064X, + 313X, + 051x, — 073x2 — 0192 + 029x,X, (6.4)

The three-dimensional response surface curves @olenof operation 1l (Fig. 6.4)
shows that the effect of temperature and flow mt@ore sensitively in higheXmt ranges.
The highest values water transport, about 51hh was observed in flow rates between
100 and 170 mL mif ATt between 246.10 and 302.20 atm and temperatures®et30
and 40 °CAmand temperature act similarly to the mode | inghbancing of the process
performance. However, ANOVA shows that the intecacbf solutions’ flow rate andrt

turned significant < 0.05) in the water transmembrane flux.
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Figure 6.4 Response surface of water flux as functiomlAgf temperature and solutions’
flow rate for mode Il of FO operation.

The increase of the solutions’ flow rate enhanbesReynolds number in the flow,
reducing the hydrodynamic boundary layer thicknassiing the IPC, in the draw solution
side, less accentuated. This phenomenon increhsebrine concentration in the dense

membrane interface, implying in higher driving fercacting positively on the FO
performance (Babu et al., 2006; Sant’Anna et 8l12).
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Through phenomenological equations it would be etquk the water flux to
increase linearly with increasing of the procesgapeters studied. In the temperature
range studied, this behavior was observed. Howaveelation to thé\rt, a limit water flux
was obtained and the increase of the driven foresgmts non-significant effect on the
water transport through the membrane. Similar éffleas observed for the increase of
solutions’ flow rate. Due to the effect of ICP, higalues ofArtturned ICP more prominent
damaging the FO performance. In the other hand,irtbeease of solutions’ flow rate
minimizes the polarization effects, generating ffedént behavior from linear to highr
and solutions’ flow rate. These phenomena justtig statistical significance of the
guadratic coefficients and the interaction of thegmeters presented in the ANOVA table.

6.1.4 Conclusion

In conclusion, solution’s flow ratét and temperature are important parameters in
osmotic membrane technique, and may be controfiedrder to FO present a patterned
process in industrial scalArtis the main variable, since it acts as the prodesgn force,
although the increase of temperature and solutifiog! rate also enhances the water
permeate flux. Internal polarization concentratiplayed critical role in FO, affecting
negatively the performance of the process, althahghincreasing of process parameters
may attenuate this phenomenon. FO is an emergimgbname technique and optimization
of the process relies on knowledge of the impagbafimeters on water transmembrane
flux. Response surface methodology showed to benaegul tool in order to evaluate the
statistical significance of the variables and thetervals of operation of FO. However,

more studies are essential to warrant the adegsatef FO in industrial scale.
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CAPITULO 7

Effect of process parameters on water and salt traamembrane fluxes for the

concentration of grape juice by forward osmosis

Neste capitulo é apresentado um estudo sobre w efai diferenca de pressao
osmotica, velocidade de escoamento das solucéesddalo de membrana e temperatura
sobre o fluxo de agua e sal transmembrana em sistlBnosmose direta durante a
concentracao de suco de uva. Também foram compatadzacteristica (pH, acidez, teor de
antocianinas, compostos fendlicos e atividade sid@émte) do suco concentrado pela
técnica de membrana e reconstituido com o suc@lnic
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Abstract

Forward osmosis is a promising membrane alternativeoncentrate liquid foods and the
knowledge on water and salt fluxes trough the meambito optimize processes costs. In
the present work, the influence of temperatureytswmis’ flow rate and osmotic pressure
difference QAm) were evaluated to concentrate grape juice. Theease ofAttin the range
of 155-370 atm implied on the improvement of siatim 9.16 to 15.01 mg Na fh™, and
water, from 2.09 to 5.59 L fnh* fluxes. The increase of the solutiotsmperature, from
15 °C to 35°C, and flow rate, from 45 to 200 minfiin the FO system attenuated the
polarization concentration phenomena leading torem®e of the water and salt
transmembrane fluxes. Grape juice, reconstitutédr afoncentration by FO, presented
preserved the compounds with antioxidant capabilithe beverage. Sodium transport was
observed to the grape juice, although it may imgéghtly in the sensorial and nutritional

properties of the samples.

Keywords: forward osmosis; grape juice; salt flux; water flsgdium.

7.1.1 Introduction

Preservation and shelf-life extension are grealleiges for long term stored foods
due to the costs on packaging, storage and spadsages. Industrial processes still mostly
use the heat for this aim, although it may bringese impact on nutritious and organoleptic
factors in relation to thén natura food. In the liquid food field, membrane sepanatio
processes, like reverse osmosis and nanofiltrahame been used to concentrate liquid
foods (Versari et al., 2003; Pap et al., 2009; ®etaal., 2010). However, these techniques
present the disadvantages of presenting high teydem the fouling phenomena and
applying high hydrodynamic pressures, which maylibeting factors for their use in
industrial scale.

In this context, forward osmosis (FO) has been shogvas a promising alternative.

FO is a membrane separation process, in whichrilyedoiven force is the difference of the
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water chemical potential, expressed in terms ofatgnpressuraf), between two solutions
(feed and draw solution), separated by a semi-pasleemembrane (Cath et al., 2006;
Sant'/Anna et al., 2012; Zhao et al., 2012). Sodaintoride brines are widely used in FO
procedures as the draw solution because the sduteater-soluble, not toxic, non-
expensive, meanwhile the brine presents low visgasid high osmotic pressure (Petrotos
et al.,, 1998). However, additionally to the watesnsport from the feed to the draw
solution, there is the reserve transport of salinfthe draw solution to the feed. Sodium is
an important public health issue because it istedldao hypertension diseases, and the
evaluation of the effect of process parameters twerreverse sodium flux during the
concentration of fruit juice is essential to thedandustry, but still scarce in the literature
(Sant’/Anna et al., 2012).

Grape juice is a worldwide consumed beverage withatgnutritional features
because it is a source of polyphenols, vitaminspenals and natural antioxidant
compounds. These bioactive components present éhedacumented ability to scavenge
free radicals, to avoid lipid oxidation, to comlzancer cell growth and other important
biological activities (Sauvaget et al., 2003; Sedlet al., 2005), potentially improving the
human health. Currently, consumer’s concern abootam health and nutrition has growth,
and thus the research for technologies that profadds with minimal changes on their
nutritious and organoleptic characteristics isradustrial trend.

In the FO field, there is little information aboBO process parameters over the
concentration performance and salt transport dutiegmembrane process of grape juice.
Thus, the objective of the present work is to extduthe effect of FO process parameters
(osmotic pressure differencArf), temperature and the solution’s flow rate) on Weter
and sodium transport in the concentration of theetage. In addition, the quality of juice

concentrated by FO was compared to the fresh juice.
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7.1.2 Material and Methods
7.1.2.1 Raw material

Commercial grape juice bought in the local malerto Alegre, RS, Brazil) was
used as raw material. It was characterized by sen& analysis according to the AOAC
(1992).

7.1.2.2 Forward osmosis system and membrane

Membranes used in the grape juice concentrationepiiwes by FO were kindly
provided by Hydration Technologies Innovation (AlgaOR). They are composed by a
selective layer made of cellulose triacetate casb @ non-woven backing consisting of
polyester fibers individually coated with polyetbagk, presenting sodium chloride rejection
in the range of 95-97%. An acrylibench-scale laboratorynembrane unitwith
77 mm long x 26 mm wide x 3 mm deep channels wagd usor the concentration

experiments.

7.1.2.3 Experimental setup

Figure 7.1 shows schematically the experimentalipgnent used in the FO
procedures. The grape juice was flowed againstribmbrane dense layer and the sodium
chloride solution against the membrane porous ldyerrder to avoid severe internal
concentration polarization and fouling phenomenath&f membrane) in a closed loop.
Peristaltic pump with adjustable speed (Masterfle§, USA) was used to pump both
solutions at the same flow rate, varying betweetoSP00 mL mift. Temperature solutions
were kept at 25£1 °C, controlled a water bath (Q21Quimis, Brazil), unless otherwise
indicated. Initial draw solution volume was 1L whithe feed solution was 200 mL
(Garcia-Castello et al., 2009). Sodium chloridealytical grade (Synth, SP, Brazil) was
used to compose the draw solution in the range tf @ mol L'}, leading toAmtbetween
juice and brine in the interval of 154.82-370.51atm
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Figure 7.1FO experimental apparatus for grape juice conctmitra

The osmotic pressure)(of the grape juice and the brine are relatedatewactivity

of the solution, as given by the following equat{doledo, 1991):

ﬂ_—ﬂh‘]
BERVERE" (1)

whereR is the gas constant (8.314 J KMpIT is the temperature in °KY/ is the molar
volume (18 ml mat of water) anda, is the water activity, which was measured by water
activity meter (Aqualab Braskq, S3TE, Brazil).

Average water flux crossing the membrane to thewvdsolution was measured
based on weight gain of the draw solution in thetfb h by a semi-analytical balance
(BL3200H, Shimadzu, Japan). After the membrane eoimation procedures, samples were
reconstituted to the initial total soluble solidntent (17 °Brix) and salt transport was
measured by analyzing the sodium content in thehfiend in the reconstituted juice by

atomic absorption spectrophometer with flame atation (Advia 1200 Siemens, USA).
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Results were expressed as mg of sodium equivaggnhpmbrane area per hour (mg Na m

2 h—l).

7.1.2.4 Juice physicochemical quality evaluation

Samples of reconstituted juices were analyzed atheirt pH, using digital pHmeter
(Quimis Q400M, Séo Paulo, Brazil) and total acidiy titration with 0.1 N sodium
hydroxide (AOAC, 1997). Total soluble solid was asered using Erma’s Handheld
refractometer at 25 °C.

The total phenolic content (TPC) of the beverages weterchined by the Folin-
Ciocalteau method by the reaction of the sampleél Wwolin-Ciocalteau reagent (Vetec,
Brazil) and sodium carbonate saturated solutiongl8ton and Rossi, 1965). Results were
expressed as mg gallic acid equivalent per mL afejuymg GAE mL['). Monomeric
anthocyanins (MA) were determined using the pHedéhtial method (Wrolstad et al.,
2005) by measuring the absorbance of diluted samplpotassium chloride buffer pH 1.0
and sodium carbonate buffer pH 4.5 at 520 and AO&nd results expressed as mg of
cyanidin 3-glucoside per mL of juice (mg C3G WL

The antioxidant capability of the grape juices wapressed by the capability
scavenging ABTS radicals like proposed by Re andiadkers (1999). Brieflythe ABTS”
solution was diluted with ethanol to an absorbaofc@.7 at 734 nm and a 3@ aliquot of
juice was mixed with 3 mL of ABTS solution and an absorbance (734 nm) reading was
taken after 6 min. The percentage inhibition walkutated against a control (distilled
water) and compared to a Trolox standard curve 2008- mM, and the results were

expressed gsM of trolox equivalent per mL of juicet TE mL™).

7.1.2.5 Data analysis

Experiments were conducted in triplicate and avensgues were compared using
Tukey’s test byStatisticall (StatSoft, US), and differences were considetatstically
significant, wherp < 0.05.
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7.1.3 Results and Discussion
7.1.3.1Characterization of the juice

According to the centesimal analysis, commercralpg juice presented 0.2 g of
protein, 15.5 g of carbohydrates, 0.21 g of ashes34.1 g of water per 100 g of juice. The
concentration of lipids was below the detectionitlinfthe high content of water in the
beverage indicates that grape juice may be suit@blgiochemical and microbiological
spoilage during the storage period. Thus conceatrabhay be an interesting technique to
improve the liquid food stability in long-terms peds. In this sense, the study of the effect
of the parameter process on water and salt tranbnag@ flux for the concentration of

liquid foods means an essential step for the prapkzation of FO in food industries.

7.1.3.2 Effect ofi;ron the salt and water fluxes

Osmotic pressure difference between the feed aama dolutions 4&m) is the driven
force of FO processes. Figure &RBows the water flux behavior through grape juice
concentration time for differeitt By the beginning of the process, it is observesthap
decrease in water flux caused by initial foulingtleé membrane. This first period of flux
decay probably comes from the continuous depositigli molecular weight compounds
on the membrane dense surface. Grape juice shawbd & carbohydrate rich beverage,
possibly due to the presence of sugars and pdugictin may interact with calcium ions in
the presence of acids (tartaric acid, in case efgitape juice) (Hatziantoniou and Howell,

2002), building up a gel layer on the membrane.
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Figure 7.2 Water permeate flux versus concentration factottierosmotic concentration of grape
juice. Operation temperature was kept 25 °C, smistiflow rate was 200 mL mimandAmtwas Q)

155 atm, 1) 219 atm, ¢) 290 atm, (¥ 350 atm. Data are the average of three indepénden
experiments and standard deviation was alwaystess3%.

According to Garcia-Castello and McCutcheon (20xhg fouling development
phenomena in FO is mainly due to the presenceisfddike layer, which causes severe
fouling. After the initial fouling period, the fludecline lessens and becomes more steady,
due to the juice concentration, enhancing its osnpessure and consequently reducing
the permeate flux. The increase of thieimplied in higher average water fluxes, ranging
from 2.91 L n¥ h* when Amt was 155 atm to 5.59 L'frh’ when Am was 350 atm.
Permeate fluxes usingrt of 219 and 290 atm did not differ significantlp X 0.05)
achieving values of 4.77 and 4.30 [*i*, respectively.

Figure 7.3 shows the behavior of sodium transpeross the membrane for
different Att, due to grape juice concentration, keeping temperaiti25 °C and solutions’

flow rate at 200 mL mif.
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Figure 7.3 Effect of Atton salt reverse flux for the osmotic concentratibgrape juice. Operation
temperature was kept 25 °C and solutions’ flow r&s 200 mL mifl. Data are the average of
three independent experiments.

The increase oAATt from 155 atm to 290 atm increased significangy(0.05) the
salt transport from 10.83 to 16.67 mg N& ht. In membrane osmotic processes, beyond
the water transport from the feed to the draw smiutthere is the reserve transport: salt
from the draw solution to the feed. This phenomesaiso influenced by the difference of
osmotic pressure in the interface of the activerdagnd thus the increase of thae may
imply on the increase of the salt transport. Babd eo-workers (2006) observed similar
results for the concentration of pineapple juiceHty, where it was observed the increase
that the increase of sodium chloride concentrasisrthe osmotic agent enhanced the salt
transport to the juice. However, when 290 atm ai@ &m were used, there was no
significant difference > 0.05) of the salt transport. This may be possitlie to the
concentration polarization phenomena that may happe osmotic processes, which
reduces the driving force on the interface of tees# layer (Figure 7.4).

Concentration polarization is a critical technotadilimitation of FO. Figure 7.4
shows schematically the main phenomena during @eiocess. In this representation, a
component of solution with low molecular weight,the present work, sodium chloride,

flows against the support (porous) layer. Sincedbmotic water transfers happen in the
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interface of the active (dense) layer, the diffasad water through the active layer will

result in dilution of the brine, setting up of amernal concentration polarization (ICP).

Draw solution side Feed solution side

Am

apparent

Supportlayer  Denselayer

Figure 7.4 Mechanism of FO indicating schematically interoahcentration polarization (ICP) and
external concentration polarization (ECP) during ttoncentration of liquid foods using sodium
chloride as draw solutiom\Ti., andAT,aen@re the corresponding real and the apparent driving
forces, respectivelyg..q andTps are the osmotic pressures of feed and osmotic agdution, and
Ticp and Tecp are the effective osmotic pressures of feed duEG® and the effective osmotic
pressures of draw solution due to ICP.

The external concentration polarization (ECP) iis gide is small and considered
negligible (Nayak et al., 2011; Sant’Anna et abD12). Thert of the osmotic agent, thus,
decreases frofis to Tlcp, damaging the driving force and consequently trecentration

performance. When a complex matrix, composed of bwl high molecular weight
compounds, is flowed against the porous layergtigethe deposit of these components on
the dense structure of the membrane leading toke leger formation due to low shear

forces. This phenomenon results in a buildup ofrise ECP and an increase of the feed
osmotic pressure froMieeqto Tecp Consequently, the apparent driving for&@uparen=
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Ths — Tkeed Will be lower than the actual osmotic proceS8l{, = Ticp — Tkcp), leading to

an intense reduction of the FO performance. Inptlesent work, the increase of tha do
not imply the increase of the water permeate fhossibly due to the increase of ICP that

happens in the brine solution side, masking theecd ofATL

3.3 Effect of solutions’ flow rate on the salt amater fluxes
Figure 7.5 shows the results of water flux usinfedent flow rate of the solutions

into the FO system.
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Concentration factor

Figure 7.5Water permeate flux through concentration factotlie osmotic concentration of grape
juice. Operation temperature was kept 258€ was 350 atm and solutions’ flow rate wag 45

mL min®, (0) 110 mL mif', (+) 200 mL miff. Data are the average of three independent
experiments and standard deviation was alwayshess6%.

Temperature was maintained at 25 °C and\that 370.51 atm. The increase of the

solutions’ velocity implied on the significantlyp € 0.05) increase of the water
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transmembrane flux. Responses varied from 3.86lhto 5.59 L n¥ h* when the flow
rate increased in the range of 45-200 mL hi#n increasing on the flow rate enhances the
Reynolds number in the flow, reducing the hydroagitaboundary layer thickness, turning
the ICP, in the draw solution side, less accentléBabu et al., 2006). These phenomena
may increase the brine concentration in the derembrane interface, implying in driving
force enhance (Babu et al., 2006; Sant'’Anna et28l12). Additionally, higher flow rate
induces a reduction of ECP and higher shear stisragt the membrane surface in the feed
side, reducing the fouling cake on the juice sr@splting in lower osmotic pressure. The
combination of these effects seems to improve thend force of the FO process and the
transmembrane flux.

In the same context, Figure 7.6 shows the effedhefincrease of the solutions’

flow rate in the range of 45-200 mL rifimn sodium flux through the membrane.
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Figure 7.6.Effect of solution’s flow raten salt reverse flux for the osmotic concentratibgrape
juice. Operation temperature was kept 25 °C Antdvas 350 atm. Data are the average of three
independent experiments.

Results show that the increase of flow rate frof 200 mL mift did not differ
significantly @ > 0.05) sodium transport. However, when the sohgi flow rate was

increased from 45 mL mihto 100 or 200 mL min, the sodium reverse flux decreased
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significantly ( < 0.05) from 18.55 mg Nafh® to 14.05 mg Naihh™. The results
indicate the high flow rates attenuated the PC ptmama, implying on lower transport of
solutes transmembrane, in the same sense as tteasacof water flux in the same

conditions.

3.4 Effect of temperature on the water and salt flux

The influence of the temperature on the water fluas evaluated using the
solutions’ flow rate of 200 mL mih and Amt of 370.51 atm. The results are due to
exclusively due to the effect of the temperaturgsesArt was calculated based on Equation

1, which considers the influence of temperaturéhensolutions’ osmotic pressure.

0 T T T T T T T
1 1,05 1,1 1,15 1,2 1,25 1,3 1,35 1,4

Concentration factor

Figure 7.7Water permeate flux through concentration factotlie osmotic concentration of grape
juice. Operation solution’s flow rate was kept & 2nL miri!, At was 350 atm and solutions’
temperature was (+) 15°C9)(25°C, @) 35°C. Data are the average of three independent
experiments and standard deviation was alwayshess3.5%.
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Figure 7.7 shows that the increasing the tempegdtam 15 °C to 25 °C resulted on
significantly ( < 0.05) increase of the water flux from 4.33 t645L m?h™. The salt
transport increased significantlg € 0.05) and varied from 6.67 to 13.17 mg NaHit in

the same temperature range (Figure 7.8).
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Figure 7.8 Effect of temperaturen salt reverse flux for the osmotic concentratibrgrape juice.
Solutions’ flow rate was kept 200 mL rffirand Att was 350 atm. Data are the average of three
independent experiments.

These phenomena are related to the mass diffusmeffidgent, which is
proportional to the absolute temperature (Wilke @héng, 1955). Additionally, increasing
process temperature reduces the solution viscasipacting positively in the diffusion
coefficients, which results in enhancing transmeanbrflux of concentration process. You
and co-workers (2012) verified that the increaséheftemperature presentsnach more
prominent effect on the viscosity of the solutidhan on the osmotic pressure of them. In the
present work, the effect of the temperature waswated on theAr, thus the effect of the
changes on the solutions’ temperature is only duephtysicochemical properties of the
solutions and on mass transfer phenomer@n.the other hand, the when the solutions were

maintained at 35 °C the water flux did not altesgghificantly @ > 0.05) in relation to
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25 °C, which could result from the difficult evalizen of system transport in such a small

temperature variation.

3.5 Grape juice quality

Rodriguez-Saona and co-workers (2001) observedttieatombination of FO and
thermal concentration resulted in a fast proceavtle good preservation of sensorial and
nutritional characteristics of concentrated redistadextracts. Thus, FO seems to be
indicated as a pre-concentration operation in didaod field. In this sense, grape juice was
concentrated by membrane direct osmosis up todld5¢lip to 27°Brix) and reconstituted
with ultrapure water to the initial concentratiod7¢Brix) in order to evaluate the
physiochemical properties of the fruit beveragéh fresh juice. Conditions used for this
aim were: 25 °CAmtof 350 atm and solution’s flow rate of 200 mL hin

Table 7.1 presents the physicochemical propertiethe fresh and reconstituted

juice after FO concentration.

Table 7.1 Physicochemical properties of the fresh and reatesd grape juice after FO
concentrationConditions: 25 °CAmtof 350 atm and solution’s flow rate of 200 mL fhin

Characteristics Fresh Reconstituted
°Brix 17+0° 17+0

pH 3.22+0.09 3.30£0.07
Titratable acidity (g acid/100 mL juice) 1.01+0%05 1.08+0.108

Total phenolic compounds (mg GAE ML 2.19+0.14 2.24+0.1%
Monomeric anthocyanins (mg C3G fiL  0.100+0.002 0.097+0.003
Antioxidant activity tM TE mL™) 10045.12+92.51 10139.13+521.22
Sodium content (mg nit) 0.90+0.08 1.75+0.08

P Different superscripts in the same column indica#gistical differencesp(< 0.05).

The titratable acidity and pH were not significgnip > 0.05) affect by the
concentration procedure, presenting values of #.@8id per 100 mL of juice and pH of
3.30, respectively. Babu and co-workers (2006) alsserved that FO osmosis did not
affect the acidity properties in pineapple juicAslditionally, Nayak and Rastogi (2010)
observed that reconstituted kokum extract after d@@centration presented comparable

physicochemical properties to those from the freginact.
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TPC was not significantly affecteg # 0.05) by the concentration processes, being
average content of 2.20 mg GAE thlin the samples. Similar results were obtained for
MA, which did not differ significantly g > 0.05) to initial juice. In the same sense, the
compounds with antioxidant capability, evaluated thee ABTS radical scavenging
capability, were not affected significantly ¥ 0.05) by the concentration process. Worlstad
and co-workers (1993) and Nayak and Rastogi (20b8grved that FO did not affect the
MA concentration of raspberry juice and kokum ecttreespectively, compared to the fresh
samples.

A significant @ < 0.05) transport of sodium was observed in tloenstituted juice
when concentrated by FO. Grape juice after FO auneon presented f 17.5 mg N&,L
and the fresh juice, 0.9 mg N& LFor sodium consumption, the Institute of Medicine
(2006) set the Tolerable Upper Intake Level (Ubg highest daily component intake level
that is likely to pose no risk of adverse healtleas, at 2300 mg per day. Results from the
present work, suggest that the transport of sodirthe grape juice do not affect the
nutritional characteristics of the beverage.

Babu and co-workers (2006), concentrating pineagplee for 18 h in FO
experiments using 16% (w/w) of sodium chloride esadsolution, observed salt transport
of 1.28%, which means 12800 mg Lof sodium chloride, much higher than the
concentration found in the present work, where grajce was pre-concentrated for 5 h.
Thus, FO shows to be an important technique tosked @or pre-concentrating liquid foods,

with maintenance of antioxidant compounds and skglange the nutritional properties.

7.1.4 Conclusion

Temperature, solutions’ flow rate aidt showed significant influence on the grape
juice concentration performance in the FO process @n the sodium transport from the
osmotic agent to the beverage. The increasing loegeaof the process parameters implied
on increase of water and salt fluxes. Reconstitgteghe juice, after concentration by FO,
presented similar physicochemical characteristecghe initial juice, showing that FO

preserved the compounds with antioxidant capabilityhe beverage. Sodium transport was
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observed to the grape juice, although it may imgéghtly in the sensorial and nutritional

properties of the samples.
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CAPITULO 8

Influence of air drying temperature and velocity onthe characteristics of grape marc

using response surface methodology

Nesse trabalho foi avaliada a influéncia da tentpeaee da velocidade do ar de secagem
sobre a taxa de secagem e a retencdo de compasitisds de bagaco de uva. O uso da
metodologia de resposta permitiu avaliar a inflignestatistica dos parametros e da

interacao deles sobre aspectos nutricionais e sEngeenho do processo.

8.1 Artigo: Influence of air drying temperature and velocity on the characteristics of
grape marc using response surface methodology.

Authors:Voltaire Sant’Anna, Helena Schneider, LiGiamasceno Ferreira Marczak, Isabel
Cristina Tessaro

Institution: Laboratory of Food Technology and Ryeging, Chemical Engineering
DepartmentRio Grande do Sul Federal University, Porto Ale@ezil.

Abstract

A 2% factorial design was performed in order to evauhe influence of temperature (60-
100 °C) and air velocity (0.49-1.57 M)son the dewatering rate and nutraceutical
properties of grape marc submitted to hot air dyyiBoth variables and the interaction
between them significantly affecte®<0.01) the drying constant rate, the retention of
different classes of polyphenols and the conceatrabf compounds with antioxidant

activity. High drying performance was found at tergiure range of 80-100 °C and air
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velocity between 1.30 and 1.57 i svhile total phenolic and flavan-3-ol content ved
with the process happening at temperature rang@-@0 °C and air velocity between 1.03-
1.57 m &. Total flavonols were susceptible to oxidation doéncrease of air flow. High
ABTS radical scavenging activity was found in egtsaof grape marc dried at high
temperatures, suggesting formation of differentivactcompounds during the drying

process.

Keywords: grape marc; drying; response surface methodologyioxadant activity;
polyphenols.

8.1.1 Introduction

Agro-industrial waste management is one of theomajallenges of food industries.
The residue from grape juice and wine making repressapproximately 15% of the fresh
fruit, and it is a great source of bioactive commasiand antioxidant dietary fibers (Saura-
Calixto, 1998; 2011). Dietary fibers as well as mbiec extracts from grape byproducts
have shown to present the capability to reducenmasholesterol, adnominal aortic
atherosclerosis, cardio vascular risk factors, yagggregation and tendency of ischemic
reperfusion injury, among others beneficial effefshuman health (Sato et al., 1999;
Pataki et al., 2002; Auger et al., 2004; Fredenkseal., 2007; Pérez-Jiménez et al., 2008;
Saura-Calixto 2011). These features show that gmapec represents an interesting
alternative as functional compound in food and ptesreutical applications.

Dewatering is an essential step in the processfnfpod residues for enhancing
microbial and biochemical stability and reducingtsoon packaging, transport and storing
(Larrauri, 1999; Dova et al., 2007). Despite of aales on the freeze drying technologies
for food processing, aiming minimal degradationaifile compounds, convective hot air
drying remains as the most widely industrial meti@dfood dewatering, due to higher
performance and lower costs of the equipment (\&&shet al., 2011). Larrrauri and co-
workers (1997) verified that drying grape marc @6 had no significant difference of
extractable polyphenols and condensed tannins mbotenpared to the residue dried by

lyophilization. Torres and co-workers (2010) on thther hand, observed high loss of
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volatile compounds, besides of high degradation aothocyanins, comparing the
dewatering of grape marc in similar conditions ulgd.arrauri et al. (1997).

Time, temperature and air velocity are critical gmaeters on the drying process.
Vega-Géalvez and co-workers (2012), evaluating fifieceof temperature and air velocity
on drying characteristics of apple slices, obsertteat both process parameters were
statistically significant to improve effective muise diffusivity and the preservation of
total phenolics on the dried fruit. In this contefetctorial design shows up as a powerful
tool in order to evaluate the influence of procpasameters and mainly the interaction
between them on response variables, which seerbge &ssential to better elucidate the
effect of the drying process on the dewatering eatd on nutritional aspects. However,
information in literature using this technique €bying grape byproducts is scarce.

The objective of the present work is to evaluatealfactorial design, the influence
of temperature and air velocity on the drying perfance of a thin layer of grape marc and

on the stability of different classes of phenolitshe dried grape residue.

8.1.2 Material and Methods
8.1.2.1 Plant material

Grape marc was obtained after juice pressing dperatf Vitis labrusca cv.
“Isabel” (Vinicola Aurora, Caxias do Sul, RS, Biazn 2011. Samples were kept at -
40 °C and thawed in the dark overnight at 4 °Creefloying analysis.

8.1.2.2 Drying procedure

Drying experiments were performed in an industpdbt dryer like described
elsewhere (Cassini et al., 2007). The dryer equitmeas composed of a centrifugal fan
(1200/3700 rpm, 15 fmin™Y), three electrical resistances in parallel (18@fG30 mimin
1), a drying chamber with mobile sidewalls (that eslpossible the inversion of the drying
air stream between ascendant and descendant) r@aghient for product disposal (area of
0.04 nf) connected to a digital balance (Mettler, model3BB0, Mettler-Toledo AG,

Grefensee, Switzerland) with precision of 0.1 g.
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The input drying air flow rate and temperature wére controlled parameters,
which varied in the range of 0.49-1.57 thand 60-100 °C, respectively; the first was
measured through the drying air inlet channel, witbross-sectional area of 76 rand
the latter was measured at the entrance of thexginghamber. The air pumped into the
dryer presented relative humidity of about 70%. é&kpental procedures were organized
by a Z factorial design with four repetitions of the aahipoint, like shown in Table 1. The
equipment was turned on and left for 20 min at plenned condition (Table 1), when
sample recipient, spread of a single layer of 2306fgthe grape bagasse (2 mm of
thickness), was put into the dryer. The moisturesés were recorded every 5 min with
inversion of the drying air stream every 2.5 minyitshed between ascendant and
descendant, in order to provide a more uniformrdyyionditions (Cassini et al., 2007).

Experiments were stopped when drying rates were tlesn 0.1 g of water mim
The moisture content of the samples, before andr dfie drying experiment, was
determined using the standard method of moisturgdeot determination (Association of
Official Analytical Chemists — AOAC, 1990).

8.1.2.3 Data adjustment
For minimizing the influence of the initial moiseucontent variation, the moisture

rate (MR) concept was used:

X - X,
X, - X

MR = =X, 1)

e

whereX is the relative humidity (on dry basis, gram oftevgper gram of solids) at tinte
(min), Xo andXe the initial and equilibrium relative moisture dfet sample (on dry basis),
respectively. Since is smaller tharX andX, it can be considered negligible.

In order to analyze the influence of the studiexhpeeters, as well as the interaction
effects between them, on the drying rate performai® data through time were fitted to
the classic exponential Lewis’ model (Bruce, 19@%). 2), like proposed by Cassini and

co-workers (2007):
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MR = exp(- kt)

(2)

wherek (min?) is a constant drying rate, which is an indicatféow fast the dewatering
process happens, apdhe time (min).

To describe the response surface, a complete faloti@sign with three coded levels

and two variables was used to study the combinideimce of temperatureX{) and air

velocity (X,). For the two factors, this design was made up #ffactorial design with its

two points augmented (-1 and +1 coded values) failin replications of the central points
(all factors at level 0). A set of 12 experimentaswcarried out. Table 8.1 shows factorial
planning, with independent variables and their kediles at the different coded levels of

the factorial design experiments. For two factbeséquation model is:
Y = b0 + b.l.xl + b2X2 + b12X1X2 (3)

whereY is response (constant drying rates from kineticlyasis total phenolic content
(TPC), total flavonols (TF), flavan-3-ols conte®3C) and antioxidant activity (ABTS));
by, intercept,, by, linear coefficients anb;,, interaction coefficients.

The results were analyzed by the Experimental Delsigdule of theStatistical0.0
software (Statsoft, Tulsa, OK, USA). Three-dimensiosurface plots were drawn to
illustrate the main and interactive effects of tinelependent variables on the drying
characteristics of the grape by-product.

8.1.2.4 Analysis of polyphenols

For purposes of comparison, extraction of polypé&hrand compounds with
antioxidant activity from dried samples was perfednsequentially with 40 mL of
methanol:water (50:50, v/v) and 40 mL of acetonésw#70:30, v/v) like suggested by
Larrauri et al. (1997). Epicatechin, rutin, Folile€Calteau reagent, p-

dimethylaminocinnamaldehyde an#-azino-bis-(3-ethylbenzothiazoline)-6-sulfonic dci
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were purchased from Sigma-Aldrich (St. Louis, MOSA). All other chemicals were
obtained from Vetec Quimica Fina (Duque de CaxXds Brazil).

Total phenolic content (TPC) in the extracts waeigheined by the Folin-Ciocalteau
method described by Singleton and Rossi (1965) Wéth modifications. To 4QL of
diluted samples were added 3.2 mL of distilled wated 200uL of the Folin-Ciocalteau
reagent. The mixture was left in the dark for 5 miumen 600uL of a sodium carbonate
saturated solution was added and allowed to react.b h in the dark. The absorbance of
the reaction mixture was measured at 765 nm by 880Ispectrophotometer (Pro-Analise,
Brazil). A calibration curve of gallic acid was pared and TPC of extract was
standardized against gallic acid and expressedgagattic acid equivalent per gram of dry
bagasse weight (mg GAE'j

The flavan-3-ols content (F3C) was determined foiihg the procedure described
by Arnous et al. (2001). Briefly, a sample (500 properly diluted was mixed with 1 mL
of p-dimethylaminocinnamaldehyde (0.1% in 1 N HCI-MetbB solution and stood for 10
min at room temperature. The absorbance was retatd®0 nm. The concentration of FC
was determined and expressed as mg epicatechivaéents (mg of ECE/g dried sample).

The total flavonols (TF) were determined followitige procedure as described by
Mazza and co-workers (199®riefly, to 250uL of extracts were added 2pQ. of 0.1%
HCI in ethanol (v/v) and 4.55 mL of 2% HCI (v/v)h@& solution was thoroughly mixed and
allowed to stand for approximately 15 min beforadiag the absorbance at 360. Rutin was
used as standards and results were expresgafadgutin equivalent (RE) per gram of dry

solids.

8.1.2.5 Antioxidant activity

Antioxidant analysis were performed by the deteation of 2,2-azino-bis-(3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) radisaavenging activity (Re et al., 1999),
which involves the generation of ABTS radical chophore by the oxidation of ABTS
with potassium persulfate. The ABTS radical catieas produced by reacting 7 mmet L

ABTS stock solution with 140 mmolt potassium persulfate, and allowing the mixture to
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stand in the dark for 16 h at room temperature reefse. For the assay, the ABTS
solution was diluted with ethanol to an absorbasfo@.7 at 734 nm. An aliquot of 30 of
extract was mixed with 1 mL of ABTSsolution and an absorbance (734 nm) reading was
taken after 6 minDistilled water, instead of sample, was used asn#ral. The results were
expressed as: scavenging activity (%) = [1 — @A 100, where A is the absorbance of

the test and Ais the absorbance of the control.

8.1.2.6 Statistical analysis
Extraction of the phenolic compounds was conduatetiplicate and averages of
two independent tests were calculated. Obtainedgegalvere compared using Tukey’s test

by Statistical0.0, and differences were considered statisticadjgificant wherp<0.05.

8.1.3. Results and Discussion

The study of the influence of the drying temperataind air velocity was performed
by their statistical combination in a factorial ggs Fig. 8.1 shows the curves MR loss
through time for each run of the experimental desiggwis’ model (Eq. 2) showed to be a
good equation to describe the drying performaniceed?’-values higher than 0.96 were
obtained for the adequacy of tiMR data through time to the model. The slowest
dewatering process happened at the lowest temperaha air velocity conditions (60 °C
and 0.49 m5) as well as the fastest drying process happenkigla¢st temperature and air
velocity applied (100 °C and 1.57 s Higher temperatures and air velocities enhance
heat and mass transfer through the solids of thetphatrix, leading to faster drying

performances.
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Figure 8.1 Moisture content loss through time during hotdswatering of grape marc at 60 °C and
0.49m & (0), 60°C and 1.57 m's(0), 100 °C and 0.49 nt*gA), 80 °C and 1.30 m's(x) and
100 °C and 1.57 m'sC (o). Data arethe average values of two independent experimeiits
standard errors always less than 5%.

Table 8.1 presents the results of the factorialgeexperiments for studying the
effects of drying temperature and air velocity @pdndent variables) on constant drying
rate (estimated by non-linear regression of fitexgperimental data to Eq. 2), retention of
TPC, TF, F3C and compounds with antioxidant capgbil
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Table 8.1Experimental design and results for drying grapgabae.
Independer variable: Drying rate Polyphenol Antioxidant Activity
Rur Temperatur® (x,) Air velocity’ (x,)  k-value€ R? TPC TF F3C° ABTS?

1 60 (-1) 0.49 (-1) 0.0177 0.967 22937 48.275 4.760 20.542
2 100 (1) 0.49 (-1) 0.0363 0.979 6.020 11.786  2.880 67.313
3 60 (-1) 1.57 (1) 0.0274 0.976 25.489 11.530 5.556 71.393
4 100 (1) 1.57 (1) 0.0351 0.921 17.779 29576 2534 66.468
5 60 (-1) 0.49 (-1) 0.0183 0.963 24.668 47.014 4.397 19.079
6 100 (1) 0.49 (-1) 0.0355 0.994 6.002 12.058 2911 65.759
7 60 (-1) 1.57 (1) 0.0255 0.990 26.381 11.254 5.971 69.794
8 100 (1) 1.57 () 0.0326  0.990 19.888 30.978 2.985 63.039
9 80 (0) 1.03 (0) 0.0316 0.982 25.269 24.884 3.221 65.174
10 80 (0) 1.03 (0) 0.0266 0.980 23.106 24.440 3.571 65.274
11 80 (0) 1.03 (0) 0.0261 0.983 20.131 23.123 3.211 61.925
12 80 (0) 1.03 (0) 0.0266 0.984 21.426 22.789 3.494 62.127
13 Lyophilized - - 26.973 49.018 5.904 60.111

14  Fresh - - 29.603 55.115 6.128 49.039

2 real values of temperature are expressed a8 R&jl values of air velocity concentration are essed as
m s*; ®values expressed as njrf values expressed as mg of gallic acid equivalenggpam of dry basis:

values expressed as mg of epicatechin equivalangaen of dry basis’ values expressed as mg of rutin
equivalent per gram of dry bastsyalues expressed as %.

The analysis of variance (ANOVA) was employed fdre tdetermination of

significant parameters and to estimate respondables as a function of temperature and

air velocity applied to dry the grape residue (EsbR).
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Table 8.2 Analysis of variance for the models of grape ndiggng performancekfvalue),
extractable polyphenols (TPC, TF and F3C) and atamt activity from dried grape

residue.

Source Sum of - Degree of ~ Mean F-value P-value
Square Freedom Square

Results fork-values 0.9354
Temperature (L) 0.000321 1 0.000321 87.82 0.000033**
Air velocity (L) 0.000021 1 0.000021 5.73 0.048**
Temperature (L) by air velocity (L)0.000055 1 0.000055 15.06 0.0061**
Lack of Fit 0.000002 1 0.000002 0.516 0.50
Pure Error 0.000026 7 0.000004
Total sum of square 0.000424 11
Results for TPC 0.8506
Temperature (L) 256.38 1 256.38 87.74 0.000033**
Air velocity (L) 80.71 1 80.72 27.62 0.0012**
Temperature (L) by air velocity (L) 90.33 1 90.33 30.91 0.00085**
Lack of Fit 54.61 1 54.61 18.69 0.0035
Pure Error 20.45 7 2.92
Total sum of square 502.49 11
Results for TF 0.9985
Temperature (L) 141.77 1 141.77 201.99 0.00000Z
Air velocity (L) 160.157 1 160.16 228.19 0.000001**
Temperature (L) by air velocity (L) 1490.98 1 1490.99 2124.310.000000**
Lack of Fit 5.99 1 5.99 8.54 0.022276
Pure Error 491 7 0.70
Total sum of square 1803.82 11
Results for F3C 0.8987
Temperature (L) 10.984 1 10.98 215.15 0.000002**
Air velocity (L) 0.550 1 0.55 10.78 0.013434**
Temperature (L) by air velocity (L) 0.873 1 0.87 17.09 0.00438**
Lack of Fit 1.042 1 1.04 20.40 0.002742
Pure Error 0.357 7 0.051
Total sum of square 13.806 11
Results for Antioxidant Activity 0.9450
Temperature (L) 835.833 1 835.83 297.29 0.000001
Air velocity (L) 1200.502 1 1200.50 426.99 0.000000**
Temperature (L) by air velocity (L)1381.601 1 1381.60 491.40 0.000000**
Lack of Fit 179.372 1 179.37 63.80 0.000092
Pure Error 19.681 7 2.81
Total sum of square 3616.988 11
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For the constant drying ratel-\(alues), the computel-value model (38.59) was
higher than the=-value in the statistic table at 99% of confider{fE&; s=7.59) and the
regression equation obtained indicateBPavalue of 0.9354 (a value &>0.75 indicates
de adequacy of the model). Thus 93.54% of the t@@htion is explained by the equation,
demonstrating significance for the regression mghislers and Montgomery, 2002). The

following regression equation was obtained:
k —value= 0.02827+ 0.01266x, + 0.00323, — 0.00524x X, 4)

Optimization by a conventional “one-at-a-time-agmio’ does not lead to a critical
analysis of the operational parameter effects enftlod drying performance; moreover,
this approach is not only massive and time consgmiout also has the limitation of
ignoring the importance of interaction of processameters. The performance of the
drying process of grape marc was statisticallyuerficed by the temperature and the air
velocity, as well as the interaction between th@&@nperaure< 0.01,Pair velociy < 0.01 and
Premperature-air veloci< 0.01). Vega-Galvez et al. (2012) verified thag thteraction of drying
temperature and air velocity played significaneroh effective moisture diffusivity during
drying of apple slices, which indicates that thpsecess parameters can act as limiting
factors and variations in their values will alteetdrying rate to a considerable extent. The
three-dimensional response surface of temperagnsus air velocity was then plotted (Fig.
8.2). As expected, lower temperatures and air wetsdead to lowek-values, indicating
slower drying processes. However, at higher tenmpera (85-100 °C), the air velocity
becomes less significant, and the temperature besdhe main parameter on the drying
performance, indicating that the internal waterfudiibn is the major phenomena that

governs the dewatering process in this temperasnge.
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Figure 8.2 Three-dimensional surface lofvalues as function of temperature and air velaaitging
forced hot air drying of grape marc.

Additionally to high dewatering rates, it is debi@to grape marc powder presents
high retention of nutritional properties. In thisntext, the factorial design may be a
powerful tool to analyze the influence of param®&ten hot air dewatering process. The
ANOVA employed on extractable TPC, TF and F3C frdned samples shows that the
temperature, air velocity and their interaction significant £<0.01) on retention of these
bioactive compounds on grape bagasse (Table 8I®).computed--value models were
15.18, 43.81 and 23.65 for TPC, TF and F3C resgaygtiwhich were higher than the
value in statistic tables at 99% of confidenddg=7.59). The following regression

equations were obtained:

TPC = 19466- 12447x, + 7478, + 5345%,X, (5)

F3C = 3791~ 2343x, + 0525x, — 0661x,X, ©)

TF = 24809- 8419x, — 8949x, + 27304xX, )

The three-dimensional response surface curvesngbpdeature versus air velocity

were then plotted (Fig. 8.3). Higher temperaturead! to lower retention of the
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polyphenols, indicating thermal degradation of tmenpounds. Higher contents of TPC
were found in the temperature interval of 60-80afplying air velocities in the range of
1.30-1.57 m'3, being extracted approximately 24 mg GAE(§ig. 3A). Similar behavior
was observed for the retation of F3C. When dryingcedure happened in temperature
range of 60-75 °C and air velocity up to 1.30mapproximately 5.Qug ECE ¢ of F3C
were extracted from the residue (Figure 3.3B). ghhdrying air velocities, heat transfer
occurs at faster rates and therefore decreasegrtimbility for the destruction and
oxidation of these phenolic constituents throughplocess because of the shorter exposure
of the bioactive compounds to the drying tempegafiichalczyk et al., 2009; Vashisht et
al., 2011). Most glycosides of phenolics are lamdiinside vegetable cells, which provide
a protective effect to the target compound wheroegg to degradation factors such as high
temperature and oxidation from the drying air fl{®akihama et al., 2002; Vega-Galvez et
al., 2012).
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Figure 8.3 Three-dimensional surface of extractable (A) tptadnolic content (TPC), (B) flavan-3-

ol content (F3C), (C) total flavonols (TF) in theedl grape marc as function of drying temperature
and air velocity.

The concentration of TF in the dried bagasse, endtmer hand, was negatively
affected by the increasing of the air velocity #gblto the process (Fig. 3C). Quercetin,
which belongs to the flavonol class, is a phenalichigh concentration in grape by-
products (Torres et al., 2010), so the TF conterhé grape derivate products is of utmost
importance. Leastwise 3 RE g* were extracted at 60-70 °C and 0.80-0.49'mThe
maximum content of F3C was verified at lower terapames and lower air velocities (Fig.

3C). Polyphenolic compounds may degrade dependaog umany factors than just heat
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treatment (Yousif et al.,, 2000; de Ancos et al.Q 2shisht et al.,, 2011)or the TF,
despite of a faster heat transfer at high air veés; it is clear the sensibility of these
compounds to oxidation, leading to lower retentidren high air velocities were applied in
the dryer. Torres and co-workers (2010) crediteddécrease in the flavonol concentration
of lyophilized grape skins compared to the freshsoto the presence of flavonols outside
of organelles on the plant cell, leading these ammps more exposed to degradation
factors.

The results of antioxidant activity showed that ttvmperature, air velocity and their
interaction are significantP0.01) on retention of compounds withBTS radical
scavenging capacitgn the dried grape bagasse (Table 3.2). The cadpuvalue model
was 45.78 and?¥-value of 0.9450 (Table 2). The following regressiequations were

obtained:

ABTS= 58157+ 20443x, + 24500x, — 26283x,X, 8)

Fig. 8.4 shows that higher temperatures and darcitees yielded higher content of

compounds with antioxidant activity.
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Figure 8.4 Three-dimensional surface of extractable compoumitis ABTS radical scavenging
activity in the dried grape marc as function ofidgytemperature and air velocity.

The expected results were the antioxidant actitity be associated to the
concentration of polyphenols in the dried materia, in lower temperature intervals
(Larrauri et al., 1997; Garau et al., 2007; Vashéttal., 2011); but this was not observed in
the conditions studied. Similar results were vedfby Vega-Galvez and co-workers (2012)
for DPPH scavenging capacity in drying apple slieggeriments. The observed profile of
antioxidant activity seemed to be associated tgydreeration different compounds, such as
Maillard reaction products (resulted from the reactbetween reducing sugars and amino
acids in foods that undergo thermal processing)ijchvipresents high free radical
scavenging proprieties (Rufian-Henares and Mor@e88; Sant’/Anna et al., 2011); and/or
molecular structure modification of phenolics natlyr presented in the fruit resulting in a
wide degree of antioxidant activity (Kikugava et 4090; Nicoli et al., 1999).

Comparison of retention of polyphenols in freshoplyilized and hot air dried
residues (Table 3.1) showed that lyophlization nod affect significantly R > 0.05) the
TPC and F3C in comparision to the fresh samplesofRhe other hand, was significantly
(P < 0.05) by the drying processes, possibly duertaral light exposure of samples during
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forced air drying and lyophilization. TPC and F3Clyophilized and heat dried between
80-60°C and 1.03-0.49 rifswas not significantly B > 0.05) different in the samples.
Similar results were found by Larrauri and co-weoskél997) and Vega-Galvez and co-
workers (2011) when apple and grape pomace wemiged to dewatering processes and
TPC in the heat dried products were analyzed compeoed to the lyophilized samples .
The lower ABTSradical scavenging capacity on fresh grape maduésto low extraction
yield of bioactive compound$dost of compounds with antioxidant activity arelogéll
bonded to the plant matrix (Kapasakalidis et a0Q&), and their release during hot air
drying might occur due to breakdown of cellular stitnents and covalent bonds (Hartley
et al., 1990).

Drying performance and nutraceutical aspects seaerbge in opposite sides of the
process parameters. A fast drying rate is obsemtedhigh temperatures, meanwhile
polyphenols are thermally degraded. Aiming a fagtnd) process with high retention of
nutritious compounds in the dried grape bagassihisastudy, the conditions of 70 °C and
1.03 m & seems to be a good option to dewater grape baggs®eced hot air. At these
conditions, drying performance is approximately 7%%the highest obtained in the
factorial design and there is no significat>0.05) loss of TPC in relation to the
lyophilized by-product. In this way, approximat&@% and 60% of TF and F3C remain in
the product.

8.1.4 Conclusion

Factorial design showed to be an important stesistool to enable the processors
to modulate their process to achieve desirable itond of performance and/or nutritious
aspects in the forced hot air drying process op@raarc. Temperature and air velocity
presented significant effect on drying rates anténtgon of polyphenols and compounds
with antioxidant activity, acting as limiting faec®in the process performance. Drying of
grape bagasse at temperature of 70 °C and airityetfc1.03 m § yielded a fast drying
process with great preservation of polyphenols.
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Kinetic modeling of total polyphenol extraction from grape marc and characterization
of the extracts

Neste capitulo € apresentado o artigo sobre ewtrdedcompostos fendlicos de
bagaco de uva, onde foram analisadas as cinéteaxtdacdo de compostos fendlicos
totais. Também foram avaliados 0os compostos ques@dcextraiveis da matriz alimentar
por extracdo hidroalcoolica e que estdo fortemkgaelos, analisando também a atividade
antioxidante desses compostos. O artigo estd puolicna revistaSeparation and

Purification Technology, volume 100, paginas 82-87 no ano de 2012.
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Solid-liquid extraction of total phenolic content (TPC) from grape marc was studied in the present work.
Maximum TPC extraction was obtained at liquid-to-solid ratio of 50 mL of ethanol 50% per gram of dry
marc. Extraction of TPC was, then, kinetically investigated and the applicability of several extraction
models was evaluated. Pseudo-first order model was the best equation that represented extraction of
TPC. Yields of extraction ranged from 11 to 22 mg GAE g~', with values of extraction rate between
0.040 and 0.1302 min~' in temperature range of 25-60 °C. Acid-hydrolyzed extract presented 55% of
TPC from overall TPC in the grape marc. High concentration of condensed tannins, flavonoids, anthocya-
nins and tartaric esters were found strongly bonded to the plant matrix. The results also show that
extracts present scavenging ABTS radicals, chelating capacities and reducing power, being most of the
TPC with these characteristics cell wall bonded to grape marc matrix.

@® 2012 Elsevier B.V. All rights reserved.

1. Introduction

The consumption of fruits and derived products has increased at
the same time that their beneficial effects to the human health
have been studied. Among the bioactive compounds related to
these effects, those with antioxidant capacities are noticeable.
Grapes and grape processed products are widely consumed and
present high concentration of polyphenolic compounds, the main
responsible to antioxidant capacity in fruits [1]. These bioactive
compounds present the ability to scavenge free radicals, avoid lipid
oxidation, combat cancer cell growth and other important biolog-
ical activities [1-3].

Large amounts of bagasse are generated during industrializa-
tion of grape products. This byproduct is often considered discard
of industries, despite its high polyphenol contents. Recent studies
have been conducted to investigate the extraction of phenolic com-
pounds from plant material using response surface methodology
[4-8]. However, the use of mathematical kinetic models consider-
ably facilitates the optimization, the design, simulation and control
of industrial projects and contributes to better use of time and
energy [9].

Several equations have been proposed to model extraction of
bioactive compounds from plant material (Table 1) and many works
have been published focusing at modeling extraction of total

* Corresponding author. Address: DEQUI-UFRGS, Rua Engenheiro Luiz Englert,
s/no., 90040-040 Porto Alegre, Brazil. Tel.: #5551 3308 4101; fax: #5551 3308 3277.
E-mail address: voltairezs@yahoo.com.br (V. Sant'Anna).

1383-5866/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
htp:/[dx.doi.org/10.1016/j.seppur.2012.09.004

phenolics and/or anthocyanins from grape byproducts, but fitting
the experimental data to a single model [10-13]. Amendola and
co-workers [9] evaluated four different equations to model the
extraction of polyphenols from grape marc at 60 °C. However, a
more rigorous assessment of the kinetic models carried out with a
view to determining the best model to represent extraction of phe-
nolic compounds from plant matrixes still lacks in the literature.

This work aimed to evaluate kinetic models for extraction of to-
tal polyphenols from grape juice marc. Specifically, it was evalu-
ated optimal ethanol concentration and liquid-to-solid ratio, the
influence of temperature and time on the removal of these com-
pounds, in addition to the study of cell-bound compounds to the
residue. Kinetic models described in the literature for extraction
of total phenolic compounds were critically evaluated and, finally,
biological activities of the extracts were investigated.

2. Materials and methods
2.1. Plant material

Grape juice marc from Vitis labrusca cv. “Isabel” was gently sup-
plied by Vinicola Aurora (Caxias do Sul, RS, Brazil) in 2011. The
byproduct was dried to 7.5% moisture content in a forced convec-
tion drying equipment at 70 °C, and then it was crushed in domes-
tic mill for 1 min and passed through a 0.811 mm sieve. Samples of
average particle size of 0.239 mm were obtained, as estimated by
laser diffraction (Malvern Mastersizer 2000, Malverns Instruments,
UK), and kept in the dark at —40 °C until used.

107



CAPITULO 9 - KINETIC MODELING OF TOTAL POLYPHENOL RTRACTION
FROM GRAPE MARC AND CHARACTERIZATION OF THE EXTRACS

V. Sant’Anna et al. /Separation and Purification Technology 100 (2012) 82-87 83

Table 1

Kinetic models for extraction of biocompounds from plant material.
Model (no.) Equation Reference
nth order (1) C=kt™ [14]
Weibull-type (2) C= Coexp(kt™) [9]
Two-rates (3) C=A[1 — exp(—Bt)] + C[1 —exp(=Dr)] [11]
Swelling/diffusion (4) Cc— l::':‘_:l +CL[1 = exp(—kyt)] [15]
Sorption/desorption (5) €=t [16]
Pseudo-first order (6) C=Co— m“’-[?ﬂ [17]
Minchev and Minkov (7) C=A - B exp(—kt) [18]

2.2. Selection of appropriate extraction condition: effect of ethanol
concentration and ratio on total phenolic extraction

A full 22 composite factorial design with three replicates of cen-
tral point was conducted to evaluate the effect of two independent
variables on the yield extraction of total polyphenols: concentra-
tion of ethanol (%), acidified up to 0.0012 mol L~ HCl, and liquid-
to-solid ratio (mL of solvent per gram of dry bagasse). The factorial
design and the independent variable intervals are shown in Table
2. The solvent volumes planned in Table 2 were stabilized at
60°C for 15 min in well-sealed erlenmeyer, when 1g of bagasse
was added. Extraction was performed for 1 h at225 rpmin an orbi-
tal shaker, and then the extracts were filtered through Whatman
no. 1 filter paper in an ice bath. Extraction at 60 °C for 1 h was used
based on initial experiments (data not shown). The extract volume
was measured and concentration of total phenolics was evaluated
as described in Section 2.5.

The results were analyzed by composite factorial design of the
software Statistica 10.0 (StatSoft Inc., Tulsa, OK). The mathematical
relationship between the two independent variables and the re-
sponse surface can be represented by the following second-order
polynomial equation:

Y:bo+b1X1 +b2X2+b3X¥+b4X§+b12X1X2 (])

where Y is the concentration of total phenolics extracted
(mg GAEg '); x; and xs, coded values of liquid-to-solid ratio and
the ethanol concentration, respectively; by, by, by, bs, by, byo are
regression coefficients.

2.3. Kinetic modeling

Under conditions maximized in Section 2.2, the extraction of
total phenolic compounds was evaluated at 25, 30, 40, 50 and
60°C up to 120 min. Experimental data were fitted to different
extraction kinetic models (Table 1) by non-linear regression,
minimizing the squared errors by using Gauss-Newton method

Table 2
Experimental design and results for extraction of total phenolics compounds from
grape marc.

Independent variables Extraction of TPC (mg GAE g ')

Ratio® (x;) Ethanol® (x;) Observed Predicted
22(-1) 18 (-1) 9.43+032 878
78 (1) 18 (-1) 18.82 £1.01 18.54
22 (-1) 82 (1) 1202025 11.58
78 (1) 82 (1) 18.91£0.88 18.85
10 (—1.41) 50 (0) 436+0.11 499
90 (1.41) 50 (0) 16.90 +0.42 16.99
50 (0) 5(—1.41) 16.37 +0.12 16.88
50 (0) 95 (1.41) 18.87 £0.33 19.08
50 (0) 50 (0) 2261+1.28 22,05
50 (0) 50 (0) 2197 087 22,05
50 (0) 50 (0) 22.35+099 22,05
50 (0) 50 (0) 21.27 £0.80 22,05

# Real values of liquid-to-solid ratio are expressed as mLg~".
“ Real values of ethanol concentration are expressed as %.

from Statistica 10.0. The choice of the best model was based on
the analysis of the highest correlation coefficient (r?), lowest chi-
square (7?) and standard mean error (SME) of experimental data
to the equations (Table 1).

2.4. Acid extraction

The residue from extraction conducted at optimal conditions
evaluated in Sections 2.2 and 2.3 was submitted to successive
extractions under the same condition until the extraction was
ceased. Then, the residual bagasse underwent acid-extraction as
described by Kapakasalidis et al. [19] and analyzed for polyphenols
strongly linked to the plant matrix. For this purpose, the residue
from the solvent extraction was added to 50 mL of methanol 60%
acidified with HCI up to final concentration of 1.2 mol L', Extrac-
tion was performed at 90 °C for 90 min, when it was cooled in ice
bath and filtered. Extracts were passed through Sepack filters and
evaluated for several classes of phenolic compounds.

2.5. Analysis of polyphenols classes

Total phenolic content (TPC) in the extracts was determined by
the Folin-Ciocalteau method described by Singleton and Rossi [20],
which involves the reaction of the sample, the Folin-Ciocalteau re-
agent (ALZ, Brazil) and sodium carbonate saturated solution. The
absorbance of the reaction mixture at 765 nm was measured by
UV-1600 spectrophotometer (Pré-Analise, Brazil). TPC of extracts
was standardized against a gallic acid (Sigma, USA) curve and ex-
pressed as mg gallic acid equivalent per gram of dry bagasse
weight (mg GAEg ).

Monomeric anthocyanins (MA) were determined using the pH
differential method [21], by measuring the absorbance of diluted
samples in potassium chloride buffer pH 1.0 and sodium carbonate
buffer pH 4.5 at 520 and 700 nm. The units for extracted MA were
expressed as mg of cyanidin 3-glucoside per gram of dry bagasse
(mgC3Gg ).

Total flavonoid content (TFC) was determined using a colori-
metric method described previously [22]. Shortly, extracts were di-
luted and suffered reaction with 5% NaNO,, 10% AlCl3-6H,0 and
1 mol L~ ! NaOH solutions. The absorbance was measured immedi-
ately at 510 nm and the results were calculated by a calibration
curve with epicatechin and expressed as mg of epicatechin equiv-
alents (mg of ECE per gram of dried sample).

Analysis of condensed tannin content (CTC) was carried out
according to the method of Price et al. [23], which involves the
reaction of the samples with vanillin solution. The absorbance
was measured at 500 nm and results were calculated and ex-
pressed as mg epicatechin equivalents (mg of ECE/g sample).

The flavan-3-ols content (FC) was determined following the
procedure described by Arnous et al. [24]. Briefly, samples were
mixed with p-dimethylaminocinnamaldehyde solution and stood
for 10 min. The absorbance was recorded at 640 nm and results ex-
pressed as mg epicatechin equivalents (mg of ECE/g sample).

The total flavonols (TF) and tartaric esters content (TEC)inthe ex-
tracts were determined following the procedure described by Mazza
and co-workers [25]. Briefly, extracts were thoroughly mixed
sequentially with acidified ethanol and distillated water. The absor-
bance at 360 and 310 nm was measured for TF and TEC, and results
were expressed as mg of rutin equivalent (RE) and mg of caffeic acid
equivalent (CAE) per gram of dry solids for TF and TEC, respectively.

2.6. Determination of 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) radical scavenging capacity

ABTS assays were carried out like described by Re et al. [26],
which involves the generation of ABTS radical chromophore by
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the oxidation of ABTS with potassium persulfate. The ABTS radical
cation was produced by reacting 7 mmol L' ABTS stock solution
with 140 mmol L ! potassium persulfate, and allowing the mixture
to stand in the dark for 16 h at room temperature before use. For
the assay, the ABTS'* solution was diluted with ethanol to an absor-
bance of 0.7 at 734 nm. An aliquot of 30 pL of extract was mixed
with 1 mL of ABTS solution and an absorbance (734 nm) reading
was taken after 6 min. Distilled water, instead of sample, was used
as a control. The results were expressed as: scavenging capacity
(%) =[1 — (AJAg)] = 100, where A is the absorbance of the test and
Ag is the absorbance of the control.

2.7. Determination of metal chelating capacity

The chelating capacity of Fe?* was measured using the method
described by Chang et al. [27] with slight modifications. One milli-
liter of sample was mixed with 3.7 mL distilled water and then the
mixture was reacted with 0.1 mL of 2 mmol L~ FeSO, (Fe?*) and
0.2mL of 5mmol L-! ferrozine (3-(2-pyridyl)-5,6-bis(4-phenyl-
sulfonic acid)-1,2,4-triazine). After 10 min the absorbance was
read at 562 nm. One milliliter of distilled water, instead of sample,
was used as a control. The results were expressed as: chelating
capacity (%) =[1 — (A/Ag)] » 100, where A is the absorbance of the
test and Ap is the absorbance of the control.

2.8. Determination of reducing power

Reducing power of the extracts was measured as previously de-
scribed [28]. Samples of 1 mL of extracts were mixed with 2.5 mL
phosphate buffer (0.2 mol L', pH 6.6) and 2.5 mL potassium ferri-
cyanide (10mgmL-'), and then the mixture was incubated at
50 *C for 20 min. Then, 2.5 mL TCA (10%, v/w) was added and the
mixture was centrifuged (3000g for 10 min). The supernatant
(1 mL) was mixed with 2.5 mL distilled water and 0.2 mL ferric
chloride (1mgmL '), and the absorbance was measured at
700 nm. Higher absorbance of the reaction mixture indicated
greater reducing power.

2.9. Data analysis

All experiments were conducted in triplicate and averages of
two independent tests were calculated. Obtained values were com-
pared using Tukey's test by Statistica 10.0, and differences were
considered statistically significant, when p < 0.05. Graphical plots
were performed using Microsoft Excel 2000 (Maplnfo Corporation,
Troy, NY, USA).

3. Results and discussion

In order to perform kinetic studies of extraction of TPC from
grape marc, the best conditions of the liquid-to-solid ratio and sol-

Table 3

vent concentration to be used for extraction were initially evalu-
ated. Thus, a 2? factorial design was conducted and the results
are shown in Table 2.

Extraction of TPC, according to analysis of variance (Table 3),
was significantly affected (p < 0.05) by linear and quadratic effects
of liquid-to-solid ratio and ethanol concentration. The computed F-
value (18.65) was higher than the F-value in statistic tables at 95%
of confidence (F55=3.23) and the lack of fit of experimental data
to the model was not significant (p > 0.05), which demonstrate sig-
nificance for the regression model. The regression equation ob-
tained indicated the r? value of 0.9833. The following regression
equation was obtained:

Y =22.05+8.52x; — 11.13x3 — 1.56x3 — 4.10x; — 1.25x%>  (2)

where Y is the concentration of total phenolics extracted
(mg GAE g "), x; and x, are the coded values of liquid-to-solid ratio
and the ethanol concentration, respectively.

The three-dimensional response surface curve of TPC yield as
function of the liquid-to-solid ratio versus ethanol concentration
were then plotted (Fig. 1). Maximum yield of TPC extraction from
grape juice marc was at central point of the factorial design: 50%
ethanol at 50 mL per gram of sample. Combination of water and or-
ganic solvents is generally more effective for extraction of bioac-
tive compounds from plant material. The increase of ethanol
concentration reduces the dielectric constant of the solvent,
decreasing solvation of molecules. Thus, an increase of solvent con-
centration leads to an increase in the diffusion of the molecules by
reduction of the interaction with the solvent. However, highly pure
organic solvent does not lead an enhancing of extraction yield,
probably due to dehydration of the vegetable cell, not allowing
the alcohol to be introduced effectively into the cell to diffuse
TPC to the extract, The increase of TPC yields with the increase of
the liquid-to-solid ratio is consistent with mass transfer principles.
The driving force during mass transfer within the solid is consid-
ered to be the concentration gradient, which was greater when a
higher solvent-to-solid ratio was used, resulting in an increase of
the diffusion rate [11].

Several mathematical equations have been described in litera-
ture to model the solid-to-liquid extraction of bioactive com-
pounds from plants. Seven models used in recent publications
are presented in Table 1. Choosing the best equation to model
industrial processes is essential from the engineering point of view,
in order to minimize processing errors, thus improving the accu-
racy of the procedure and the quality of the final product. Thus,
experimental data of TPC extraction in temperature and time
ranges of 25-60°C and 5-120 min, respectively, were fitted to
the models and statistically analyzed.

The results of r*, 72 and SEM for the different models are pre-
sented in Table 4. Equations that consider the extraction happen-
ing in one continuous step (Egs. (1) and (2)) did not show good
relation to the experimental data. Models that represent the
extraction going on two different rates (Egs. (3) and (4)) yielded

Analysis of variance for the model for extraction of total phenolic compounds from grape bagasse.

Source Sum of square Degree of [reedom Mean square F-value P-value
Ratio (L) 144.663 1 144.663 421.538 0.0003°
Ratio (Q) 196.446 1 196.446 572427 0.0002*
Ethanol (L) 4823 1 4.823 14.055 0.033*
Ethanol (Q) 26.629 1 26.629 77.594 0.003*
Ratio (L) by ethanol (L) 1.559 1 1.559 4543 0,123
Lack of fit 1.404 3 0468 1364 0.402
Pure error 1.029 3 0.3432

Total sum of square 355.907 i1

L: linear effect.
Q: quadratic effect.
# Statistically significant at 95% of confidence.
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Fig. 1. Tridimensional surface of extraction of total polyphenols from grape juice
bagasse as function of liquid-to-solid ratic and ethanol concentration.

Table 4

Error analysis for fitting experimental data to different models.
Model r x SEM
nth order [0348:0.610]  [5.838;27.418]  [11.032;51.781]
Weibull-type [0.689;0.890]  [1.644;13.083]  [3.109;24.726]
Two-rates [0.984;0999] [0.011;0396]  [0.013;0.449]
Swelling/diffusion [0.971;0996]  [0.109;0.135] [0.153;0.013]
Sorption/desorption [0.905;0980] [0.362;3977] [0.685;7.516]
Pseudo-first order [0.984;0999]  [0.008;0.297] [0.012;0.449]
Minchev and Minkov ~ [0.984;0999]  [0.008;0.297] [0.012; 0.449]

low 72 values and high »? and SEM values. The equation proposed
by Linares et al. [15], for example, is based on the assumption that
extraction occurs primarily due to the washing and swelling of the
material and then due to diffusive process of polyphenols to ex-
tract. The model of Peleg [16] (Eq. (5)), used by Buci¢-Kojic et al.
[10] and Qu et al. [12], is based on curves of sorption/desorption
and was not the model that best fitted to the experimental data
as is shown in Table 4.

Pseudo-first order model (Eq. (6)) and that proposed by Minchev
and Minkov [18] (Eq. (7)) yielded quite similar errors values for fit-
ting experimental data and, thus, there was not enough information
to choose between the two models reliably. Values of extraction
rate (k-values) increased with increasing processing temperature
for both models. k-values estimated by pseudo-first order ranged
from 0.040 to 0.1302 min ! in temperature interval of 25-60°C,
meanwhile, for Minchev and Minkov model, k-values ranged from
0.040 to 0.080 min ' in the same temperature interval.

In industrial processes, beyond modeling concentration of bio-
active compounds extracted as function of time, equating of k-val-
ues as function of temperature is very important. Some studies
[10,12,15] have reported that constants estimated by kinetic treat-
ments follow Ahrrenius equation:

E
ln(k):]n(_ko)—ﬁ (3)

where ky is a constant (mg GAE ¢ ' min "), R the universal gas con-
stant (8.314 Jmol ' K™ '), E, the activation energy (J mol ') and T is
the absolute temperature (K).

The results are presented in Fig. 2. Modeling k-values estimated
by pseudo-first order equation yielded a r* of 0.900 and for extrac-
tion rates from Minchev and Minkov model a 1% of 0.701. Thus,
since the binomial time-temperature is a very important issue
for industries, the pseudo-first order model is more indicated to
represent the batch extraction of polyphenols from grape juice ba-
gasse. The energetic barrier to be overcome in order to the process
begins (E,) estimated by Ahrrenius approach is 23 k] mol .

Graphical representation of TPC extraction through time is pre-
sented in Fig. 3. Extraction occurs exponentially until it reaches an
equilibrium concentration in which the solvent is not able to
remove the biocompounds from the grape byproduct. In Table 5,
the kinetic parameters estimated by the non-linear regression of
the experimental data to the pseudo-first order equation to TPC
extraction are presented. The equilibrium concentration values
were 11.55, 14 and 16.14 mg GAE g ', at 25, 30 and 40 °C, respec-
tively (p <0.05). There was no statistical difference (p > 0.05) of
TPC extracted at 50 and 60°C (21.66 and 22.08 mg GAEg ',
respectively). However, extraction rate at 60 °C was significantly
(p < 0.05) higher that at 50 °C, being the equilibrium concentration
being reached after 45 min at 50 °C and after 30 min at 60 °C. These
results can be observed in Fig. 2.

Information about kinetic parameters from pseudo-first order
model for extraction of TPC from plant material is scarce. The half
time extraction (t;p), calculated by Eq. (4) [15], decreased with
increasing of temperature, varying between 17.38 and 5.32 min
in the temperature interval of 25-60 °C.
tiyp = lszﬂ) (4)

When the integration constant (a-value) in pseudo-first order
model is equal to zero (the ideal behavior of the phenomenon),
k-values are called apparent (Kyp,), and are calculated by Eq. (5)
[15]. Since a-values estimated in this study were close to zero,
the standard mean error between observed and apparent k-values
was about of 6%.

In(2)
tipn

kapm = (SJ

Increasing of k-values is related to the increase of the internal
energy of the molecules and to the reduction of dynamic viscosity
of solvent [11], enhancing also the extraction yield of TPC and
decreasing time needed to remove them from the matrix. Never-
theless, the processing temperature cannot be increased indefi-
nitely, because bicactive compounds are relatively thermo labile,
being susceptible to degradation at high temperatures.

3,5 4

34

An(k)

T T
29 3 31 3,2 33 34
1/T(103K1)

Fig. 2. Arrhenius plot of total polyphenol extraction rates from pseudo-first order
(x)and from Minchev and Minkov (<) model. The regression equation for pseudo-
first order model was determined as y = 2786.669x — 6.265 (r* = 0.900); regression
equation for Minchev and Minkov model was determined as y= 1716.832x — 2.756
(P =0.701).
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25 -

TPC extraction (mg GAEg'Y)

o 20 40 60 80 100 120 140

Time (min)

Fig. 3. Extraction of total polyphenols from grape juice bagasse at 60 (o), 50 (x),
40(A), 30 (<) e 25°C (O). Data presented, fitted to a pseudo-first order model, are
average values of triplicates from two independent experiments.

Beyond of presenting high concentration of phenolic com-
pounds in its composition, grape marc is an interesting source of
fibers. Saura-Calixto [29] verified fibers in grape residue are rich
of non-extractable polyphenols, which is a different characteristic
in relation to white oats, apple and lemon fibers. In that work,
the author denominated these fibers as antioxidant dietary fibers.
In this sense, it was evaluated the effect of successive extractions
and the acid extraction over the TPC, monomeric anthocyanins
(MA), total flavonoid content (TFC), condensed tannin content
(CTC), flavan-3-ols content (FC), total flavonols (TF), tartaric ester
content (TEC) yield and their biological activities such as scaveng-
ing of ABTS radicals, iron chelating power and reducing power of
the extracted compounds.

The results are summarized in Table 6. Two extractions were
enough to remove all extractable TPC from the bagasse. Despite
in the first extraction an equilibrium concentration was reached,
9% of water-alcohol removable TPC were not extracted. About
55% of global polyphenols presented in the grape juice marc are
strongly bond to the residue matrix and are extractable only in
high ionic strength conditions. This is possible due to high amounts
of tannins, insoluble in both aqueous and organic solvents, present
in the acid-hydrolyzed extract and representing 56% of CTC in
grape bagasse (Table 6). Soluble or extractable polyphenols are
low or intermediate molecular mass phenolics that are extracted
using different solvents, which appear to be absorbed from the
digestive tract and produce systemic effects, while non-extractable
polyphenols are mainly condensed tannins of high molecular mass,
quantitatively recovered in feces [29,30]. These results contributes
to work of Tagliazucchi et al. [31], who demonstrated viability of
polyphenols from whole grapes after passing through gastrointes-
tinal conditions, showing clear bioavailability of these compounds
to act positively in human health.

Kapakasalidis et al. [19] verified higher concentration of cell-
bond polyphenols in the black currant residue than those extract-
able by organic solvents, as well as higher ABTS scavenging capac-
ity. Hydroxycinnamic acids were the major phenolic compounds in

Table 6
Concentration of polyphenols for different extraction steps and chelating antioxidant
activities and reducing power of the extracts.

First Second Add

extraction extraction extraction
TPC (mg GAE g ') 2102+£183 25220117 2896+1.23
TFC (mg ECEg™!) 699+070 0.93:0.02 478+022
MA (mgC3Gg 1) 099+005 0076:0.005 096+008
CTC (mg ECEg™Y) 3089+£103 501:064 32.20+094
FC (mg ECEg ) 471+038 0.24:0.01 046+0.01
TF(mg REg ') 731£008 1.27+0.02 4,04 +001
TEC (mg CAEg ") 186+0.10 0.51+0.03 164 +0.07
ABTS (%) 79.05+325 43.81+1.54 76.12+2.24
Chelating activity (%) 11.10£ 053 9.66 +0.17 79.90 £2.51
Reducing power (Abs 700nm)  2.12+0.03 1.50 £ 0.04 25240031

acid-hydrolyzed extract; meanwhile major extraction of flavonols
happened in water-alcohol mixture in black currant marc [19].
This is a probable consequence of the association of phenolic com-
pounds to polymers of vegetable cell wall [32]. Equivalent contents
of anthocyanins were found in water-alcohol and acid hydrolyzed
extract in black currant marc [19], as well as in the present work in
grape residue (Table 6).

Most MA, TFC, TFC, TEC and FC were removed in water-alcohol
conditions, but high amount of them are cell wall-bond, which ex-
plains the high antioxidant capacities in the acid-hydrolyzed ex-
tract. Most of extractable compounds removed during the first
extraction showed capacity to scavenge ABTS radicals, relative che-
lating capacity and high reducing power (Table 6). Polyphenols ex-
tracted in further solvent extraction present considerable amounts
of biological activities. Furthermore, compounds highly bond to the
plant material present equivalent antioxidant capacity and reduc-
ing power to those extracted by ethanol-water mixture. In addi-
tion, acid-hydrolyzed extract presents high iron chelating power.
Iron is a catalyst for hydroxyl radical formation, potentially con-
tributing to diseases related to oxidative stress [33]. Hydroxycin-
namic acids, rarely extracted by solvents, are highly reactive
antioxidant due to the double bond in their molecules, which par-
ticipates of the stability of the radical by resonance displacement
of odd electrons [34,35].

Results of the present work bring a great perspective to the
development of new products with grape marc or its phenolic ex-
tract in food and pharmaceutical industries.

4. Conclusions

Kinetic extraction studies of total polyphenols from grape marc
are essential to elucidate the phenomena involved, thereby better
dimensioning equipment for industrial projects. Ethanol concen-
tration of 50% in a relation of 50 mL per gram of bagasse resulted
on the major yield of extraction. The pseudo-first order was the
model that better represented the batch extraction in the temper-
ature range evaluated, with activation energy of 23 k] mol . High
amount of polyphenols and compounds with biological activities
are strongly bond to the plant material, which shows grape marc
as a potential functional component to be used in industrial
applications.

Table 5

Kinetic parameters for extraction of total polyphenols from grape juice bagasse.
T(°C) C..(mgGAEg™") k(min~") a tyy2 (min) Kapar (min")
60 22084 £1.112° 0.130 £0.005% —0325+0.002 5.324+0211 0.107 £0.002
50 21.660 £0.962° 0.081 £0.001* —0.140 0.003 8.577 £0.156 0081 £0.001
40 16.137 £0.955" 0.075 £ 0.005* —0437 £ 0.007 9.337 £0.359 0074 £0.005
30 13.995 +0.271° 0.064 +0.003° —0.022+0.005 11.019 £ 0.623 0.063 £0.003
25 11557 +0.8054 0.040 £ 0.003¢ —0.002 £ 0.004 17.402 £ 0.245 0.040 £0.003

=bed pifferent superscripts in the same column indicate statistical differences (p < 0.05).
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Kinetic modeling of anthocyanin extraction from grgpe marc

Neste capitulo é apresentado o artigo sobre extrdgdantocianinas de bagaco de
uva, onde foram analisadas as cinéticas de extrdedantocianinas monoméricas. O
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Abstract In the present work, kinetic studies of extraction
of anthocyanins from grape marc were conducted in order to
statistically evaluate several models presented in the litera-
ture. Based on a full 2% factorial design, extraction was
performed using 50 mL of ethanol, at a concentration of
50 %, per gram of dry marc. Extraction was evaluated up to
120 min in the temperature range of 60-25 °C. A pseudo-
first-order model provided the best description of extraction
of anthocyanins. Yield and rate of extraction increased with
increasing processing temperature, varying from 0.906 to
0.476 mg cyanidin 3-glucoside per gram of dry marc and
from 0.157 to 0.034 min "', respectively, in the temperature
range. Results show that the highest yield of extraction
happens after 15 min at 60 °C (activation energy of
29.5 k!molfl}q and that after 120 min, thermal degradation
has started.

Keywords Grapemarc - Anthocyanins - Extraction - Kinetic
modeling

Nomenclature

MA Monomeric anthocyanins

mgC3Gg " Milligrams of cyanidin 3-glucoside per gram

db on dry basis

Co Concentration of MA extracted at time zero
(mgC3Gg 'db)

(&4 Concentration of MA extracted at time ¢ (mg
C3Gg 'db)
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{ Time (in minutes)

k Extraction rate constant (per minute)

m Scale factor of the distribution curve in Eq. 2
a Integration constant in Eq. 3

Band D Extraction rate constants in Eq. 4

Aand C Constants in Eq. 4

C¥s Equilibrium concentration of the swelling—
washing process (mgC3Gg 'db)

&, Equilibrium concentration of the diffusive
process (mgC3Gg 'db)

ka Extraction rate constant of the diffusive pro-
cess (per minute)

kapar Apparent extraction rate of the diffusive pro-
cess (per minute)

tin Half time of extraction of the swelling—wash-
ing process (in minutes)

K Extraction rate constant (per minute)

K Peleg’s capacity constant

P Coefficient of determination

N Chi-square

SEM Standard error of mean

E, Activation energy for extraction (in kilojoules
per mole)

Introduction

The increase of consumer’s demands for minimally processed
and nutrient-rich foods has led many studies to be conducted
on the development of natural alternatives, mainly in the dye
area, since toxic effects have been associated to some chem-
ical colorants available for food applications (Sabater-Vilar et
al. 1999; Mapari et al. 2005). Utilization of agro-industrial by-
products is now an increasing trend because they may repre-
sent a natural source of food and pharmaceutical ingredients
(Arranz et al. 2009). Additionally, the utilization of these low-
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cost wastes as source of pigments reflects on final product
costs and represents a way of waste management (Silveira et
al. 2011).

Anthocyanins, water-soluble natural pigments responsible
to the red—purple color of most fruits and vegetables, are the
main polyphenols in berries’ skins, belonging to the flavonoid
class (Denev et al. 2010). Anthocyanic extracts from plant
materials are of great interest for food and phammaceutical
applications, due to their attractive features like natural source,
anti-inflammatory effects (Ronziere et al. 1981), preservation
of eyesight disorders (Ghosh and Konishi 2007), free radical
scavenging (Denev et al. 2010), among others.

Despite new technologies for obtaining phenolic-rich
extracts from food matrices such as supercritical, ultra-
sound, instant controlled pressure drop, microwave, high-
hydrostatic-pressure methods (Corrales et al. 2009; Allaf et
al. 2012; Bimark et al. 2012; Routray and Orsat 2012),
solid-liquid extraction remains the most widely studied
method for this aim. Within this context, intensive studies
to elucidate the structural and functional mechanisms of
separation of pigment biocompounds from plant residues
have been conducted. Response surface methodology is
almost widely used for evaluation of extraction of antho-
cyanins (Ku and Mun 2008; Pompeu et al. 2009; Nayak and
Rastogi 2011; Borges et al. 2011; Sun et al. 2011). However,
extraction optimization of anthocyanins relies on adequate
mathematical models to warrant high extract yield and qual-
ity. Thus, the knowledge on anthocyanin extraction kinetics
from grape residue is essential to allow their adequate use in
industrial scale, thereby minimizing processing errors and
improving the procedure precision and the product final
quality (Amendola et al. 2010; Silveira et al. 2011).

Various phenomena might govern the removal of com-
pounds from plant matrices, including sorption/desorption,
washing and swelling of plant material, diffusion, among
others. Table 1 shows several mathematical equations that
have been used in recent publications. Nevertheless, applied
research carried out with a view to determining the best

Table 1 Kinetic models for extraction of compounds from plant
matrices

Equation  Model Reference
(0 cC=" Othmer and Jaatinen
(1959)
(2) C =y explht") Weibull (1951)
3) C=Cy — Cx/exp(kt+a) Spiro e Jago (1982)
) C = A[l — exp(—Bt)] Cacace and Mazza
+C[1 ~ exp(—Di)] (2003)
W
(5) C= %+Ci[] —exp(—kst)]  Linares et al. (2010)
(6) C=t/Ki +Kat Peleg (1998)
@ Springer

model to represent extraction of anthocyanins from fruit
residues is not available in the present literature.

In this context, this study presents a kinetic analysis of
extraction of anthocyanins from grape marc by statistically
evaluating several models to fit experimental data. On this
basis, process kinetic parameters, as well as the energy
needed for start of separation, were determined.

Material and Methods
Plant Material

Grape marc was obtained after juice pressing operation of Vifis
labrusca cv. “Isabel” (Vinicola Aurora, Caxias do Sul, RS,
Brazil) harvested in 2011. The residue, with initial moisture
content of 84=1.09 % (wet basis), was dried in pilot forced air
equipment (70 °C, 8 ms_') until moisture content of 8.0+
0.61 %. Then, it was crushed in a domestic blender (R11764,
Walita, Brazil) for | min and passed through a 20 Taylor mesh
sieve, obtaining samples of average particle size 0f 0.239 mm,
which was estimated by laser diffraction (Malvern Mastersizer
2000, Malverns Instruments, UK). Samples were stored at
—40 °C in the dark. For the solid—liquid separation procedure,
samples of 1 g were weighed and immediately introduced into
the extraction flasks.

Determination of Monomeric Anthocyanins

Monomeric anthocyanins (MA) were determined using the
pH differential method (Lee et al. 2005), which has demon-
strated high correlation to HPLC analysis (Lee et al. 2008).
The absorbance of samples diluted separately in 0.025 mol
L potassium chloride buffer, pH 1.0, and 0.4 mol L™ so-
dium carbonate buffer, pH4.5, were measured at 520 and
700 nm of samples diluted separately. MA concentrations
were expressed as cyanidin-3-glucoside (molar extinction
coefficient of 26,900 Lem 'mol™ and molecular weight
of 449.2 gmol™'). The units for extracted MA were
expressed as milligrams of cyanidin 3-glucoside per gram

on dry basis (mgC3Gg 'db).

Evaluation of Ethanol and Ratio Conditions for Extraction
of Monomeric Anthocyanins

Evaluation of solvent conditions for extraction of anthocya-
nins (relation of solvent volume per dry weight of material—
ratio—and solvent concentration) is an important initial step
prior to kinetic analysis of extraction of the pigment. Extrac-
tion of MA is usually more effective with organic solvents,
and ethanol is the most recommended solvent for posterior use
of'the extract in foods due to its non-toxicity and low cost. The
influence of liquid-to-solid ratio and ethanol concentration on
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MA extraction yield was evaluated using a full 2* factorial
design.

In an orbital shaker, well-sealed erlenmeyers, with the
established volume of acidified ethanol (0.01 % HCI) planned
in Table 2, were stabilized at 60 °C for 15 min when 1 g of
dried residue was added. Extraction was performed for 1 h
with orbital stirring of 225 rpm, when the extracts were
filtered through filter paper (Whatman paper, no. 1) in an ice
bath. Extraction at 60 °C for 1 h was used based on initial
experiments (data not shown). Then, the extract volume was
measured, and the concentration of MA was evaluated.

To describe the response surface, a central composite
design with five coded levels and two variables was used
to study the combined influence of ratio (x,) and acidified
ethanol (0.01 % HCI) concentration (x,). For the two fac-
tors, this design was made up of a full 2* factorial design
with its four points augmented with four replications of the
central points (all factors at level 0) and the four star points.
A set of 12 experiments was carried out. Table 2 shows
factorial planning, with independent variables and their
concentrations at the different coded levels of the factorial
design experiments. For two factors, the equation model is:

Y = by + bix1 + baxa + biixi + baxg 4 braxixa (7)

where Y is the MA extraction yield (mgC3Gg 'db); by is
the intercept; by and b, are linear coefficients; by, and b,, are
squared coefficients, and b, is the interaction coefficient.

The results were analyzed by the Experimental Design
Module of the Statistica 10.0 software (Statsoft, Tulsa, OK,

Table 2 Experimental design and results for extraction of monomeric
anthocyanins from grape mare as function of liquid-to-solid ratio and
ethanol concentration

Independent variables Extraction of MA (mgC3Gg ")

Ratio® (x;) Ethanol® (x») Observed Predicted
22 (1) 18 (-1) 0340+0.012 -0.213
78 (1) 18 (1) 0.735+0.020 0.489
22 (-1) 82 (1) 0.362+0.009 -0.213
78 (1) 82 (1) 0.647+0.014 0.4885
10 (-1.41) 50 (0) 0.139+0.003 -0.469
90 (1.41) 50 (0) 0.650+0.036 0.521
50 (0) 5(-141) 0.495+0.019 0.258
50 (0) 95 (1.41) 0.526+0.029 0.258
50 (0) 50 (0) 0.917+0.037 0.834
50 (0) 50 (0) 0.896+0.041 0.834
50 (0) 50 (0) 0.900+0.020 0.834
50 (0) 50 (0) 0.854+0.022 0.834

“Real values of liquid-to-solid ratio are expressed in milliliters per
gram

" Real values of ethanol concentration are expressed in percent

USA). Three-dimensional surface plots were drawn to illus-
trate the main and interactive effects of the independent
variables on pigment extraction yield.

Statistical Analysis for Kinetic Modeling Extraction

Under conditions maximized in the section before, extrac-
tion of MA was investigated at 25, 30, 40, 50, and 60 °C for
5, 10, 15, 30, 45, 60, 90, and 120 min. Experimental data
(milligrams monomeric anthocyanin per gram of dry marc)
as function of time were fitted to kinetic models presented in
Table 1 by non-linear estimation using the Gauss—Newton
method.

In the equations, Cy and C represent the MA extracted
(mgC3Gg 'db) at time zero and ¢ (in minutes), respectively,
and £ (in minutes) is the extraction rate constant at a given
temperature. Equations | and 2 are empirical equations,
assuming extraction happens in one continuous step, and
m is a scale factor of the distribution curve (Weibull 1951;
Othmer and Jaatinen 1959). Pseudo-first-order model
(Eq. 3) considers that the compound concentration in the
extract tends to “platean,” and « is an integration constant of
the model. In Eq. 4, the extraction of compounds is assumed
to happen in two distinct periods, related to accessible and
inaccessible compounds (outside and inside plant cells, re-
spectively) (Cacace and Mazza 2003). B and D parameters
are the extraction rates of the two different classes of com-
pounds, and 4 and C are constants. In the model proposed
by Linares et al. (2010) (Eq. 5), C*.. is the equilibrium
concentration and #,» the half-time extraction of the swelling—
washing step; C°, and k, are the equilibrium concentration
and the rate of extraction, respectively, of the process hap-
pening due to the diffusive mechanism. Equation 6 is based
on the sorption/desomption mechanism to remove compounds
from the plant material (Peleg 1998); in the model, K,
represents the extraction rate constant and K3, Peleg’s capac-
ity constant.

Coefficient of determination (+?), chi-square (;gz), and
standard error of means (SEM) were the statistical criteria
evaluated.

Calculation of x: is done by the equation:

-,

Z (a measured — apledicled)

r= — (8)
SEM is defined as:
SEM — Z (ammsurad T aprmicted) (9)

vn
where # is the number of observations and p the number of

parameters. The model with the lowest > and SEM, and
higher »* for MA extraction, is considered as the best choice
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for modeling the anthocyanin extraction behavior during
processing (Sant’Anna et al. 2010).

Statistical Analysis

Statistical analysis of the data was performed using the
Statistica 10.0 software (Statsoft Inc., Tulsa, OK, USA)
and plots using Microsoft Excel 2000 (Maplnfo Corpora-
tion, Troy, NY, USA). Obtained kinetic parameters, from
triplicates of at least two independent experiments, were
compared using Tukey’s test, and differences were consid-
ered statistically significant at p<0.05.

Results and Discussion

Mathematical models consist of equations that provide an
output based on a set of input data. It is a concise way to
express physical behavior in mathematical terms (van Boekel
2008). In the solid-liquid extraction context, solvent con-
centration and liquid-to-solid ratio are significant process
variables on the extraction yield aiming industrial applica-
tions. Therefore, the investigation of optimal conditions of
solvent concentration and liquid-to-solid ratio was evaluat-
ed by a 2° factorial design, the results of which are
presented in Table 2.

According to the analysis of variance (Table 3), the
quadratic and linear effects of liquid-to-solid ratio influ-
enced significantly (p<0.05) the extraction of MA, as well
as the quadratic effect of ethanol concentration. The calcu-
lated model F value was 11.33, which is higher than the /'
value in statistic tables at 95 % of confidence (Fis=3.23).
The determination coefficient (+*) of 0.9771 and the lack of
fit of experimental data to the model not being significant
(p>0.05) demonstrate significance for the regression model
(Myers and Montgomery 2002). The equation obtained by
the statistical regression was as follows:

Y = 0.834 + 0.017x, — 0.407x} — 0.290x2 (10)

B oo Bl ne woRdeIA

Fig. 1 Response surface of extraction of monomeric anthocyanins
from grape marc as function of liquid-to-solid ratio and ethanol
concentration

where ¥ is the concentration of MA extracted (mgC3Gg ™'
db) and x, and x, are the coded values of liquid-to-solid ratio
and the ethanol concentration, respectively.

Figure 1 shows the plot of Eq. 10 for extraction of MA
from grape marc as function of liquid-to-solid ratio and
ethanol concentration. Extraction of bioactive compounds
from plant matrices enhances with the increase of dielectric
constant of the solvent (Cacace and Mazza 2003). Since
organic solvents present higher ionic strength, the extraction
of MA is improved by an increase in ethanol concentration
of up to 50 %. Nevertheless, it is not indicated to use a
highly pure organic solvent, probably due to the osmotic
effects of the vegetable cell, since the water comes out very
quickly, not allowing the alcohol to be introduced effective-
ly into the cell to then diffuse the MA to the extract.
Maximum liquid-to-solid ratio for extraction of MA from
grape marc was 50 ngfI. Removal of compounds from

Table 3 Analysis of variance

for the model for extraction of Source Sum of square  Degree of freedom  Mean square  F value p value

monomeric anthocyanins from

grape marc Ratio (L) 0.2454 1 0.2459 346.977 0.000338*
Ratio (Q) 0.3425 1 03420 482.662 0.000206"
Ethanol (L) 0.000062 1 0.000062 0.0879  0.7862
Ethanol (Q) 0.1913 1 0.1917 270.537 0.000489"
Ratio (L) by ethanol (L)  0.00302 1 0.00302 4.268 0.1307
Lack of fit 0.0118 3 0.00393 5:557 0.0963

Llinear effect; O quadratic effect  pure ermor 0.00212 3 0.00071

“Statistically significant at 95 % Total sum of square 0.7132 11

of confidence
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Table 4 Summary of errors performance of selected models to de-
scribe extraction of anthocyanins from grape marc

5

Equation xr SEM

1 [0.4322,07001]  [0.0042;0.0148]  [0.0280:0.0792]
2 [0.8643:0.9607]  [0.0005:0.0077]  [0.0009:0.0146]
3 [0.9853:0.992]  [0.0001;0.0004]  [0.0001:0.0005]
4 [0.8546:0.9943]  [0.0001;0.0095]  [0.0001:0.0108]
5 [0.890109911]  [0.0004;0.0059]  [0.0004:0.0060]
6 [0.76200.9462]  [0.0019:0.0043]  [0.0023:0.0682]

solids has the concentration gradient between solvent and
solid as the main driving force, so the increase of solvent—
solid ratio increases the compound’s yield (Cissé¢ et al.
2012). This tendency is also observed for extraction of
polyphenols from fruit materials in several published works
(Cacace and Mazza 2003; Ku and Mun 2008; Karacabey
and Mazza 2010; Sun et al. 2011; Cissé et al. 2012).
Extraction kinetics is usually expressed in terms of solute
concentration extracted from the solid to the solvent per unit
time (Allaf et al. 2011). Mechanism of extraction of biocom-
pounds from plant matrices is not fully enlightened; therefore,
several mathematical equations have been described in litera-
fure. Statistical errors for fitting the experimental data of
extraction of MA from grape marc to models used in recent
publications are shown in Table 4. Adequacy of the results to
Eq. 1 yielded the lowest /° values, ranging from 0.432 and
0.700, meanwhile fitting to Eq. 2, which considers an expo-
nential behavior for extraction, yielded 2 values between
0.864 and 0.961. The model that represents the extraction
going on two different rates (Eq. 4) yielded low +* values
and high * and SEM values. Linares et al. (2010) proposed an
alternative equation to model extraction of compounds from
plant matrices (Eq. 5); however, for extraction of MA from
grape marc, SEM and  values ranged from 0.0004 to 0.0059
and from 0.0004 and 0.0060, respectively. Buci¢-Koji¢ et al.

Fig. 2 Extraction of
monomeric anthocyanins from

(2007)y and Qu et al. (2010) used the sorption and desorption
concept from Peleg (1998) (Eq. 6) to describe the extraction of
polyphenols from fruit by-products. However, this model did
not present good fitting for separation of anthocyanins from
dried grape marc (lowest 7~ values of 0.762 and highest values
of % and SEM of 0.043 and 0.0682, respectively).

Choosing the best mathematical model to represent pro-
cessing curves is fundamental in order to minimize process-
ing errors, maximize final product quality, and facilitate
designing and simulation of industrial processes. Analysis
of data presented in Table 4 clearly demonstrates that the
best model to describe extraction of anthocyanins from
grape marc is the pseudo-first order (Eq. 3). The +* values
were the highest, varying between 0.985 and 0.999, while 3
and SEM were the lowest, ranging from 0.0001 to 0.0004
and from 0.0001 to 0.0005, respectively. Based on the
statistical analysis, the anthocyanin extraction in the condi-
tions studied is continuous, unlike in two different rates, for
example, as proposed by Cacace and Mazza (2003) (Eq. 4),
and MA presents a unique behavior during extraction from
grape marc, suggesting that diffusion is the main mechanism
in the removal of MA from grape marc.

Figure 2 shows extraction of MA at25, 30, 40, 50, and 60 °
C through time. The beginning of the removal process occurs
at the external surface of the dried residue, where there is the
pigment dissolution and its immediate transport into the ex-
tractor solvent. After this initial period, extraction proceeds
through a network of phenomena including solvent diffusion
within the solid matrix, internal solute solubilization in the
solvent, and solute diffusion in the solvent within the solid
matrix toward the surface to the external environment (Allafet
al. 2011). When the gradient of concentrations between the
solvent and the dried grape material is quite high, extraction
occurs at high rates, until the driven force tends to zero and an
equilibrium concentration is reached.

Table 5 shows kinetic parameters estimated by modeling
experimental data to pseudo-first-order equation. Extraction

grape marc at 60 (empty 1 z
circles), 50 (x marks), 40 i T []
(empty triangles), 30 (empty @
diamonds), and 25 °C (empity 3
squares). Data presented, fitted E )
to a pseudo-first-order model. < - -
are average values of triplicates = S —
from two independent g
experiments o
<
o
-
&
0 T T T T
0 20 40 60 80 100 120 140
Time (min)
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Table 5 Kinetic parameters for

extraction of monomeric antho- T(°C) C.. (mgC3Gg )
cyanins from grape marc
25 0.476+0.024a
30 0.460+0.013a
40 0.536=0.029b
Different letters (a, b, c, d) in the 50 0.843+0.045¢
same column indicate statistical 60 0.906+0.008d

differences (p<0.05)

k (min") a ty/2 (min) Kapae (MIN L
0.034+0.002a 0.481+0.020 12.435+0.623 0.056+0.002
0.071+0.003b 0.480+0.017 5.881+0.230 0.118+0.003
0.094£0.003¢ 0.382+0.012 5.135+£0.117 0.135+0.006
0.092+0.003¢ 0.287+0.015 5.824+0.241 0.119+0.005
0.157+0.008d 0.716+0.036 1.589+0.053 0.436+0.020

yield enhanced with the increase of process temperature. At
60 °C. 0.906 mgC3Gg ' db was extracted from grape marc,
while, 0.843 and 0.536 mgC3Ggfchb were extracted at 50
and 40 °C, respectively. Extraction at 25 and 30 °C had no
significant difference (p=>0.05), being extracted at about
0.476 mgC3Gg ' db. Similar results were found by Negro
and coworkers (2003), who extracted 0.98 mg of anthocya-
nins per gram of grape bagasse at 50 °C. Constant extraction
rate (k value) at 60 °C was 0.157 min "', being the equilib-
rium concentration reached after 15 min of extraction, while
at 50 °C, total removal of MA occurred at 30 min, with &
value of 0.092 min '. For extraction at 25 and 30 %G,
although equilibrium concentration did not differ signifi-
cantly (p>0.05), the & value was enhanced with the increase
of the temperature, as can be observed in the data presented
in Table 5. Extraction of total anthocyanins from berry by-
products took about of 30 min in a batch solid-liquid
process (Cacace and Mazza 2002, 2003). Mantell et al.
(2002), in a continuous extractor apparatus, found an effec-
tive diffusivity of 10.8 10 "m?s ™! for extraction of antho-
cyanins from grape marc at 60 °C, reaching the equilibrium
concentration after 40 min of processing. At 25 °C, Cissé
and coworkers (2012) reached maximum anthocyanin re-
moval yield from roses after 10 min of a batch solid-liquid
extraction.

Increasing of yield, as well as extraction rates (k values),
are related to the increase of the internal energy of the
molecules and to the reduction of dynamic viscosity of
solvent (Cacace and Mazza 2003). However, extraction for
120 min at 60 °C shows clear reduction of concentration of
MA in extract, probably due to initial of thermal degradation
of the pigment. Cissé and coworkers (2012) also observed
similar behavior during extraction of anthocyanins from
Hibiscus sabdariffa. This fact contributes to observation of
work of Cacace and Mazza (2003), where the authors sug-
gest that processing temperature cannot be increased indef-
initely because of heat sensitivity of bioactive compounds.

Integration constants (a values), which represent the in-
tercept of tendency curve to ordered axis (when /=0 min),
were estimated far from zero (an ideal behavior). This
occurs probably because MA is not strongly bound to the
plant matrix and is easily removed. Kapasakalidis et al.
(2006) showed that major of anthocyanins from black currant
pomace are extracted by water—alcohol, and a low amount is

@ Springer

cell wall bound. Then, MA seems to be “instantly” removed to
the solvent. Additionally, the solute solubilization at the sur-
face of the plant matrix, immediately transporting anthocya-
nins into the solvent, is a common phenomenon in extraction
processes (Allaf et al. 2011). Half-time extraction (#y») and
apparent extraction rate (kapar) Were calculated by Eqs. 11 and
12, respectively (Linares et al. 2010). The 1, » values decrease,
and kg, values increase with the increasing temperatures
from 60 to 25 °C, indicating augmentation in both yield and
rate of extraction, at higher temperatures.

Lz :@ (11)
e . MO
Kapar= tijs (12)

Figure 3 shows adequacy of & values against the recipro-
cal absolute temperature to the Arrhenius equation. This
approach allows estimation of the activation energy (£,),
which can be seen as the energy barrier that MA molecules
need to cross in order to be able to be removed from the
grape residue. In the conditions evaluated, activation energy
of MA extraction from grape marc was 29.5 kJ mol ",
Cacace and Mazza (2003) estimated activation energy of
77 kJmol ! for extraction of anthocyanins from milled
berries, and Bucié-Koji¢ et al. (2007) verified the necessity
of 8 kJmol ™' to extract total polyphenols from grape seeds.
E, values of extraction may depend on the food matrix, the

4000
1500 3
3.000
2500 |
2.000-

An(K)

1.500 -
1.000 -
0.500 -

0.000 +

T T T ]
0.0029 0.0031 0.0032 0.0033 0.0034

1T (KY)

0.003

Fig. 3 Arrhenius plot of monomeric anthocyanin extraction rates from
pseudo-first-order model. The regression equation was determined as
v=3,545254x—8.783 ("=0.8265)
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pre-extraction procedures, the target compound, among oth-
er factors.

Conclusions

In conclusion, kinetic extraction studies of anthocyanins
showed to be a fast process to remove anthocyanins from
grape marc at 60 °C using 50 % ethanol-water as solvent at
a liquid-to-solid ratio of 50 mLg . Pseudo-first-order mod-
el was the equation that better represented the extraction in
the temperature range of 25-60 °C, with activation energy
of 29.5 klmol ', reaching extraction yield of 0.906 mg
cyanidin-3-glucoside per gram of dried residue. Grape marc
stands up as a cheap alternative to be used as source of
natural pigments for industrial application, and the knowl-
edge about kinetics extraction of anthocyanins from plant
materials is essential to elucidate the phenomena involved
and better dimensioning equipment for industrial plants.
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Grape marc powder: physicochemical and microbiologial stability during storage

and moisture sorption isotherm

Neste capitulo € apresentado um estudo sobre hilidstéde microbioldgica de
farinha de bagacgo de uva, além da estabilidadeutecompostos fenolicos e de compostos
com atividade antioxidante durante a armazenagepratiuto. Também, sédo apresentados
resultados de isotermas de sor¢do nas mesmas Gesidie armazenagem. Artigo aceito no
ano de 2013 na revista Food and Bioprocess Tecnaol o doil0.1007/s11947-013-
1198-1.
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Abstract In the present work, the stability of grape marc
powder was evaluated during its storage at room conditions
for 6 months. Grape juice marc from Vitis labrusca cv.
“Isabel” was dried to 8.8+0.9 % moisture content (wet basis)
in forced convection drying equipment at 70 °C, crushed and
stored aseptically in dark polyethylene bags and kept at
25+£2 °C for up to 6 months. Grape marc powder was micro-
biologically safe, free of Salmonella sp., Bacillus cereus, and
fecal coliforms. Total phenolic compounds with 1,1-diphenyl-
2-pic-ryl-hydrazyl (DPPH) scavenging capacity and ferric
reducing antioxidant power (FRAP) were stable, although
monomeric anthocyanins and compounds with the capability
of scavenging 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) radicals showed to be susceptible to
degradation through the storage period. Moisture sorption
isotherm at 25 °C for the powder material was determined
by static gravimetric methodology. The sorption isotherm of
the grape marc powder showed a sigmoidal shape (type 1I),
typical of food materials. The experimental data was satisfac-
torily fitted by the GAB (Guggenheim-Anderson—de Boer)
model, giving a monolayer moisture content (X,,) of 6.75 %
(dry basis). Results indicate that grape marc powder can be

V. Sant’Anna - A. H. Englert - L. D. Ferreira Marczak - 1. C. Tessaro
Laboratory of Food Technology and Processing, Chemical
Engineering Department, Federal University of Rio Grande do Sul,
Porto Alegre, RS, Brazil

A. P. F. Corréa - A, Brandelli
Labaoratory of Applied Microbiology and Biochemistry, Institute of
Food Science and Technology, Federal University of Rio Grande do
Sul, Porto Alegre, RS, Brazil

V. Sant’ Anna (<)

DEQUI-UFRGS, Rua Engenheiro Luiz Englert, s/n®,
90040-040 Porto Alegre, Brazil

e-mail: voltairezs(@yahoo.com.br

Published online: 02 October 2013

considered as a potential functional ingredient with an accept-
able stability.

Keywords Grape marc powder - Stability - Isotherm -
Antioxidant activity - Microbiology

Introduction

Grapes are of great economical and nutritional importance
because they are world widely consumed and have high
concentration of polyphenolic compounds, which present a
well-documented protective effect against low density lipo-
protein (LDL) oxidation, reduction of platelet aggregation,
improvement of coronary blood flow, among other beneficial
effects to human health (Demrow etal. 1995; Stein et al. 1999;
Keevil et al. 2000; Cui et al. 2002). During the industrializa-
tion of grape products, large amounts of solid residues are
generated, which are currently discarded by industries, despite
of its high polyphenol contents. Thus, grape residue may be an
important source of dietary fiber and phenolic compounds,
presenting great potential to be used as functional ingredient
(Saura-Calixto 2011).

Recent scientific efforts have focused on the investigation
of potential applications of phenolic extracts as natural anti-
oxidants in the food industry (Maier et al. 2009; Peng et al.
2010; Sant’Anna et al. 2012a). However, antioxidant dietary
fibers are now becoming of great interest as a source of
polyphenolic compounds, vitamins, carotenoids, fibers,
among other compounds (Saura-Calixto 2011). Recently,
Sant’Anna and co-workers (2012a) verified that grape marc
presents compounds with high antioxidant activity, which are
strongly linked to the plant matrix. In this sense, yogurt,
frankfurters and bread fabricated with the addition of grape
byproducts have been developed, showing to increase the
concentration of beneficial compounds in the final product

@ Springer
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(Peng et al. 2010; Mildner-Szkudlarz et al. 2011; Ozvural and
Vural 2011; Codaetal. 2012). Thus, dried grape marc appears
as an interesting alternative to be used as functional ingredient
in the food industries.

For the commercialization and application of phenolic-rich
dried plant material, the stability during short-to-medium stor-
age periods should be carefully investigated. Additionally,
information about moisture sorption isotherms is of great
importance to understand the interaction between water and
non-aqueous food components (Kaymak-Ertekin and Gedik
2004), since water is an active component that controls bio-
chemical reactions, determines texture properties and the over-
all physical and biological behavior (Doporto et al. 2012). A
moisture sorption isotherm describes the relationship between
water activity (a,) and the equilibrium moisture content (X.q)
of a food material at constant temperature (Kaymak-Ertekin
and Gedik 2004; Sahin and Sumnu 2006). Nevertheless, ex-
perimental data regarding sorption isotherm, microbiological
stability and the maintenance of compounds with antioxidant
activity in grape marc powder is still scarce in the literature.

Thus, the objective of the present work is to evaluate
the stability of grape marc powder during storage. The
physicochemical and microbiological properties of the grape
byproduct powder were evaluated through 6 months of stor-
age at 25 °C. The moisture sorption isotherm of the dried plant
material was experimentally obtained at 25 °C and utilized to
evaluate the fitting to common mathematical models that
describe moisture sorption behavior.

Materials and Methods
Plant Material and Storage Conditions
Grape marc powder was obtained as described in Fig. 1. Grape

juice marc from Vitis labrusca cv. “Isabel” was kindly sup-
plied by Vinicola Garibaldi (Garibaldi, RS, Brazil), harvested

Grape juice byproduct I

Drying

Miling |
-

(i Sreng

[ Storage |
[ I ] ]
Polyphenols Antioxidant  pH and Microbiology Isotherm
activity  total acidity

Fig. 1 Flowchart of grape marc powder production
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in 2012. The byproduct was dried to 8.8=£0.9 % moisture
content (wet basis) in a forced convection drying equipment
at 70 °C, and then immediately it was crushed in a domestic
blender (R11764, Walita, Brazil) for 1 min and passed through
a 0.811-mm sieve. Grinder and sieve were sanitized with
70°GL alcohol and allowed to dry previously to sample prep-
aration. After size screening procedure, samples were imme-
diately transferred to sterile dark polyethylene bags inside
laminar chapel flow. Grape marc powders were kept at
25+2 °C for up to 6 months, collected inside laminar chapel
flow at predetermined periods for microbiological and bio-
chemical analysis (Fig. 1). Grape marc powder was analyzed
for its content of proteins, ashes, carbohydrates, humidity and
lipids according to the Association of Official Analytical
Chemists (AOAC 1995).

Physicochemical Analysis

Grape marc powder was analyzed for pH and total acidity
according to the AOAC (1995) within the storage period
studied. For pH and total acidity, 75 ml of boiled distilled
water at 25 °C was added to 10 g of sample and homogenized
every 10 min for | h. The extract had its pH measured using a
digital pH meter (Quimis Q400M, Sao Paulo, Brazil) and its
total acidity by titration with 0.1 M sodium hydroxide solu-
tion, the latter being expressed as milligram of acid per gram
of dried sample (mg acid g ).

Extraction of total phenolic content (TPC) and monomeric
anthocyanins (MA) was performed according to Sant’ Anna and
co-workers (2012a, b). Briefly, dried samples (1 g) were added
to 50 ml of 50 % ethanol aqueous solution and extraction was
performed at 60 °C for 1 h, TPC in the extracts was determined
by the Folin-Ciocalteau method (Singleton and Rossi 1965)
using gallic acid as standard. The absorbance of the reaction
mixfure was measured at 765 nm by a UV-1600 spectropho-
tometer (Pro-Analise, Brazil), and results were expressed
as mg gallic acid equivalent per gram of dry bagasse weight
(mg GAE g ). MA were determined using the pH differential
method (Lee et al. 2005). MA values were expressed as
cyanidin-3-glucoside and results expressed as mg of cyanidin
3-glucoside per gram of dry bagasse (mg C3G g ).

Antioxidant Activities

The antioxidant properties of the grape marc powder were
evaluated by the 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS), 1,1-diphenyl-2-pic-ryl-hydrazyl
(DPPH) and ferric reducing antioxidant power (FRAP) as-
says. For the ABTS radical scavenging, the ABTS™ solution
was diluted with ethanol to an absorbance of 0.7 at 734 nm.
An aliquot of 30 ul of extract was mixed with 1 ml of the
diluted ABTS™ solution and an absorbance (734 nm) reading
was taken after 6 min. Distilled water, instead of sample, was
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used as a control. The results were expressed as: ABTS
scavenging activity (%)=[1—(4/44)]*x 100, where A is the
absorbance of the test and A, is the absorbance of the control
(Re et al. 1999).

FRAP activity of the extracts was measured as described
elsewhere (Zhu et al. 2006). Samples of 1 ml of extracts were
mixed with 2.5 ml phosphate buffer (0.2 mol I'", pH 6.6) and
2.5 ml potassium ferricyanide (10 mg mI™"), and the resultant
mixture was subsequently incubated at 50 °C for 20 min.
Then, 2.5 ml TCA (10 %, v/w) was added and the mixture
was centrifuged (3,000xg for 10 min). The supernatant (1 ml)
was mixed with 2.5 ml distilled water and 0.2 ml ferric
chloride (1 mg ml™"), and the absorbance was measured at
700 nm. Higher absorbance of the reaction mixture indicated
greater reducing power.

The DPPH antioxidant activity was evaluated according to
Brand-Williams et al. (1995). In the dark, aliquots of 0.1 ml
sample was transfemed to test tubes with 3.9 ml radical DPPH
(60 pmol 1! DPPH solution, diluted in methyl alcohol). After
45 min, the scavenging activity was measured spectrophoto-
metrically by the decrease in absorbance at 517 nm. Likewise,
these same proportions (0.1 ml distilled water and 3.9 ml
DPPH radical) were used as a control, using methyl alcohol
a blank. The results were expressed as scavenging activity
(%)=[1—(4/4)]* 100, where 4 is the absorbance of the test
and A4 is the absorbance of the blank.

Microbiological Analysis

Grape marc powder was aseptically collected from the storage
bags every 30 days. Samples were then subjected to quantifi-
cation of total viable bacteria and yeast, total and fecal coli-
forms, Salmonella spp. and Bacillus cereus. The methodolo-
gies used were conducted according to the Brazilian Ministry
of Agriculture and Food Supply (MAPA), which follows the
methods recommended by the American Public Health
Association (APHA 2001).

Moisture Sorption Isotherm

The moisture sorption isotherm at 25 °C was determined by
static gravimetric methodology (Al-Muhtaseb et al. 2002;
Sahin and Sumnu 2006). Saturated electrolyte aqueous solu-
tions (potassium hydroxide, potassium acetate, magnesium
chloride, potassium carbonate, magnesium nitrate, potassium
nitrite, sodium chloride, potassium chloride and copper (1I)
sulphate — all with reagent grade purity) were utilized to
produce relative humidities varying between 8 % and 97 %
(Young 1967). Samples (triplicate) with approximately 5 g
of the grape marc powder were weighted in 25 ml glass
beakers and placed inside hermetically sealed containers,
each with a different electrolyte solution (and consequently
relative humidity).

The containers were placed inside a temperature-controlled
chamber with air circulation (CL350; ColdLab, Piracicaba,
SP, Brazil) and kept at the specified temperature (25 °C). After
the first week, one sample of each container was weighted
every 3-5 days to check whether chemical equilibrium was
attained (i.e., constant weight). With the purpose of preventing
microbiological contamination and growth in the samples,
thymol or toluene were added to the sealed containers along
with the samples (Sahin and Sumnu 2006; Cassini etal. 2006).
After equilibrium was reached (between 20 and 48 days),
the moisture content of the samples was determined by mea-
suring the weight loss after drying for 3 h in a laboratory
oven (Biomatic 303, Biomatic Aparelhos Cientificos Ltda.,
Porto Alegre, RS, Brazil) at 105 °C. In equilibrium, the water
activity (a,,) of the sample is equal to the relative humidity
(%) of the gaseous phase inside the container divided by 100
(Sahin and Sumnu 2006).

Data Analysis

The storage stability experiments were conducted in trip-
licate. Obtained values were compared using Tukey’s test by
Statistica 11, and differences were considered statistically
significant for p<0.05.

The isotherm measurement procedure was conducted in two
independent experiments. Six mathematical models were fitted
to the experimental data (equilibrium moisture (X.y) versus
water activity [a]) via nonlinear regression using MATLAB®.
Oswin, Halsey, BET, GAB (Guggenheim-Anderson-de Boer),
Peleg and D’arcy Watt models are mathematically described
by Egs. 1-6, respectively (Cassini et al. 2006):

a &
Xeq:A(l*ﬂw) (1)
A \'/s .
Koy = 2
= (ln aw) @)
ra (X mCaw) (1I=(N + DayNa)™) )
BT (T-awf{1-(C—Daw—Cal™
XnCKay
Hea = (1—Kay)(1—Kay + CKay) @)
mn Hy
Xeq = A|37+K3a; (Sj
G K|K2(a‘.w +K +K}K.1(£w 6
eq — 1 +K|(lw 50w l‘K}dw ( )

where 4, B, X,,, C,N. K. ky,n, ks, n,, K|,K,, K3, K4, and
K5 are constants (i.e., model parameters).
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These isotherm models are widely studied for food mate-
rials and details are found elsewhere (Park et al. 2002; Cassini
et al. 2006). Fitting quality was assessed via the coefficient of
determination (Rz) and the mean relative deviation (MRD)
obtained from the nonlinear regression. A good fit must show
MRD values below 10 % (Park et al. 2002).

Results and Discussion

The use of dried grape marc as a functional ingredient is an
increasing trend in the food and phammaceutical industries.
Thus, the behavior of biochemical and microbiological prop-
ertics of the grape residue powder during its storage were
evaluated in order to understand the impact over the grape
marc powder stability. Grape marc powder utilized in the
present work, according to the proximate analysis performed,
showed 11.87 % moisture, 9.58 % crude protein, 8.15 %
lipids, 1.45 % ashes and 68.95 % carbohydrates in dry basis.

Figure 2 shows the pH and the total acidity of the grape
marc powder through the storage period. The pH was not

Time (days)

significantly (p>0.05) altered during the storage. The total
acidity, on the other hand, decreased as the time was in-
creased. This parameter showed a significant difference
(p <0.05) from the initial value after the third month. Organic
acids are closely related to the total acidity content and they
possibly were degraded during grape marc powder storage,
consequently decreasing the acidity value (Margalit 1997;
Sahari et al. 2004; Toit et al. 2011).

TPC and MA concentrations in grape products are related
to the benefits that the consumption of the fruit may bring to
the human health due to their antioxidant capabilities. Table 1
shows the TPC and MA concentrations, together with the
three types of antioxidant capabilities (ABTS, DPPH and
FRAP), for the grape marc powder through the 6 months of
storage. As can be seen in Table 1, the TPC was not affected
significantly (p>0.05) for the stored product. The MA con-
centration, on the other hand, started to decrease significantly
(p <0.05) after the third month of storage. Polyphenolic com-
pounds may degrade depending upon many factors such as
temperature, light exposure, air oxidation phenomena, among
others (Yousif etal. 2000; de Ancos et al. 2000; Vashisht et al.

Table 1 Total phenolic content

(TPC), monomeric anthocyanin Time TPC (mg GAE g h MA (mg C3G g By ABTS (%) DPPH (%) FRAP {Abs 700 nm)

(MA), ABTS and DPPH scav- (days)

enging activities and the FRAP of

grmpe marc powder during 0 31.53£2.30° 2.01+0.03* 2676134  90.88+522"  2.15+0.12°

180 days of storage 15 31.30+1.61° 2.00+0.12° 2539+098°  9224+391°  2.13+0.10°
30 28.98+2.71% 2.14+0.21° 25.76+0.80"  88.34+698"  2.11+0.09"
45 28.89+1.38 2.00+0.18% 26.98+1.89°  90.01+407  2.05+0.17*
60 30.56+1.30° 1.88+0.03% 24.16+1.76" 8987091  2.1120.11*
90 31.54+1.03" 1.63+0.,05" 25.09+091%  93,10=544"  2.00+0.17*
120 29.53+1.10° 1.55+0.09° 2603+1.05°  9033+490°  240+0.19°

b Dyifferent superscripts letters 150 30.132032° 1.42+0.10" 24.02+089"  9045+344"  220+0.11°

within same column indicate sta- 180 28294220 1.2940.01° 21.79£1.11%  91.03£1.98  2.11£007*

tistical differences (p<0.05)
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2011). Anthocyanins and flavonols are present outside the
cellular vacuoles of vegetable cells, while most glycosides of
phenolic compounds are localized inside them (Chism and
Haard 1996; Torres et al. 2010; Sakihama et al. 2002; Vega-
Galvez et al. 2012). Consequently, the compounds stored
outside the organelles are more sensitive to degradation, with
MA being more exposed to degradation factors in the grape
marc powder. TPC, on the other hand, possibly experienced a
protective effect via cellular inclusion, leading to the phenolic
compounds not being degraded during the storage period and
therefore higher TPC values being measured.

The antioxidant capability of the grape marc powder was
measured by the ABTS and DPPH scavenging activities and
the FRAP capacity of the compounds extracted from the dried
residue during 180 days of storage of the dried grape marc
(Table 1). Results show that compounds with DPPH scaveng-
ing capability were stable during the storage period, present-
ing the capability of stabilizing 90 % of the free radical in
the assays. DPPH is a free radical that accepts an electron
or a hydrogen radical, becoming a stable molecule (Brand-
Williams et al. 1995). The ABTS radical scavenging activity

80

60 4

40 4

20 4

Moisture, dry basis (%)

0

0.0 02 04

By

086 0.8 1.0

Fig. 4 Moisture sorption isotherm for grape marc powder at 25 °C.
SYMBOLS represent experimental data points and the LINE corre-
sponds to the GAB model fitting

of the grape marc was stable up to 5 months of storage, and
started a significant (p <0.05) decrease with 180 days of
storage. The radical ABTS is reduced with concomitant
conversion to a colorless product in the presence of antiox-
idants with hydrogen-donating or chain-breaking properties
(Re et al. 1999). Iron acts as a catalyst for the generation of
hydroxyl radicals, potentially contributing to diseases related
to oxidative stress and stimulating lipid peroxidation in foods
(Pownall et al. 2010; Zhang et al. 2010). Grape marc poly-
phenolic compounds showed stable iron-binding capacity
through the storage period. The antioxidant activity in the
dried grape byproduct seems to be related to the presence total
phenolics in the residue and less with anthocyanins, since
the concentration of MA decreased during the experiment
period and the antioxidant activity was not affect, likewise
TPC. Grape byproducts are rich in condensed tannins, flavo-
nols, phenolic acids, which shows high antioxidant capability
(Sant’Anna et al. 2012a). Results show that polyphenols are
stable in grape marc powder, indicating that it may be stored at
room conditions without damage of their antioxidant capability.

Additionally to the biochemical stability of the dried grape
by-product, the microbiological behavior of the powder
throughout the storage time is an important issue. Figure 3
shows the results for the analysis of total and fecal coliforms,

Table 2 Performance of

models (i.e., regression Model (eq.) R MRD
parameters) to describe (%)
the isotherm of grape -
marc powder at 25 °C Oswin (Eq. 1) 0.9906 7.06
Halsey (Eq. 2) 0.9770 15.02
BET (Eq. 3) 09792 1725
GAB (Eq. 4) 09914 5.10
Peleg (Eq. 5) 0.9878 10.10
D'arcy Watt (Eq. 6) 09871 12,60
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Salmonella spp., B. cereus, total viable bacteria and yeasts in
the product. Microbiological analysis showed that the grape
residues submitted to drying process with hot air at 70 °C was
free of Salmonella spp. and B. cereus, two important patho-
genic bacteria in the food. Total and fecal coliforms were also
inactivated by the drying procedure and did not grow in the
powder during the 180 days of storage. Total viable bacteria
content in the grape marc powder grew in the dried samples
significantly (p <0.05) after 60 days of storage and slightly
multiplied throughout the time. In the beginning of the storage
there was an absence of yeast growth in the product. After
30 days of storage, there was a presence of about 107 UFC g '
of viable yeast, which kept growing up to 180 days. The
results suggest that the grape marc powder was kept microbi-
ologically safe in relation to pathogenic bacteria during the
storage period in ambient conditions. However, for long stor-
age the product may undergo degradation due to the growth of
yeast and other spoilage microorganisms.

Water sorption of foodstuffs is of great interest for the food
science and engineering area. Sorption isotherms of food
products may provide viable information for drying, aeration
and storage operations, helping on maximization of stability
and quality during packaging and storage of food products
(Doporto et al. 2012). Figure 4 presents experimental results
obtained for the equilibrium moisture content (dry basis) ver-
sus water activity (a,) for the grape marc powder at 25 °C. As
expected, results show that equilibrium moisture increases
with the increase in a.. At higher a values, equilibrium
moisture sharply increased, leading the isotherm to a sigmoidal
shape, which is classified as type 1l (Sahin and Sumnu 2006).
This seems to be in agreement to powder food materials,
like with results obtained for pinhdo flour (Cladera-Olivera
etal. 2009), 3-carotene encapsulated in pinhdo starch (Spada
et al. 2013), unpeeled banana flour (Bezemra et al. 2013), as
well as ahipa and cassava flours (Doporto et al. 2012).

Table 2 shows the results for adequacy of the experimental
isotherm data to Eqs. 1-6. Results show that GAB model
showed the best fit to the experimental data (R*=0.9914 and
MRD=5.10%). Additionally, the Oswin model showed also a
satisfactory fitting to the experimental data (i.e., MRD<10 %
and R*>0.99). In the GAB equation, X ,, represents the mono-
layer moisture content and C, K are adsorption constants
related to the energies of interaction between the first and
further adsorbed water molecules at the individual sorption
sites (Sahin and Sumnu 2006). The parameters obtained from
the fit were X,,=0.0675 g H,O g~ (dry basis); C =27.03 and
K=0.9068. Therefore, the monolayer moisture content for the
grape marc powder at 25 °C corresponds to 6.75 % (dry basis),
showing that the moisture of the material studied (8.8 %,
wet basis; 9.6 %, dry basis) is slightly higher than the
content corresponding to a monolayer of water molecules on
its surface (which would not be expected to easily vaporize
upon forced convection drying at 70 °C). Labuza (1984) has

@ Springer

stressed that the maximum monolayer moisture content for
foods corresponds to 10 % (dry basis), because when this
value is exceeded, the stability of the product is compromised.
Moreover, a , lower than 0.6 guarantee microbiologic stability
offood systems (Jay et al. 2005). Thus, since the water activity
of the grape marc powder is 0.38, calculated using the fitted
GAB model for an X, value of 0.096 g H-O g_' (dry basis), it
can be stored at ambient conditions with an acceptable stabil-
ity. In an analogous way, an a,, value of 0.18 is obtained
corresponding to the monolayer moisture content (X,,,), show-
ing that the material, if dried to such moisture, is also micro-
biologically stable (a,<0.6).

Conclusions

In conclusion, grape marc powder produced by drying at
70 °C in hot air equipment presented to be microbiologically
safe during the storage period in ambient conditions.
Additionally, it may be stored at room conditions with mini-
mal degradation of phenolics and compounds with antioxidant
activity. The moisture sorption isotherm of the grape marc
powderat 25 °C showed a sigmoidal shape (type II), typical of
food materials. The data was satisfactorily fitted by the GAB
model, giving a monolayer moisture content (X ,,) of 6.75 %
(dry basis), indicating good stability at usual conditions of
storage.
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CAPITULO 12

The effect of the incorporation of grape marc powdein fettuccini pasta properties

Neste capitulo € apresentado o artigo sobre agocagéo de farinha de bagaco de
uva na formulagcdo de massa tipo fettuccini, caddstma Platarforma Brasil com o
protocolo nimero 241.529. Foram avaliados a capdeidle absor¢cdo de agua e perda de
solidos da massa, o teor de compostos fendlicagtetantocianinas monoméricas, assim

como a capacidade antioxidante das massas cororadnacdo do residuo de uva seco.

12.1 Artigo: The effect of the incorporation of grgpe marc powder in fettuccini pasta
properties
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Abstract

Several studies have been conducted to evaluatpateatiality of grape residues to be
used in the food industry. In the present work, itterporation of grape marc powder in
fettuccini pasta preparation was evaluated overcasking, nutraceutical and sensory
properties. Incorporation of the dried byprodud dbot interfere in the water absorption

and in the solid loss of the pasta after cookingcedure. Addition of the grape residue
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increased the antioxidant capacity of the produst th the incorporation of polyphenols
stemmed from grape. Sensory analysis showed thatparation of 2.5% of grape marc
power had the best acceptance by the member-pautél, lower changes of colour,

according to the CIELAB method. Results show tinat development of fettuccini pasta
added of grape marc is an interesting alternatoreusing the grape juice byproduct,
potentially reflecting on final product costs amgresenting a way of the industrial waste

management.

Keywords: grape marc powder; pasta; antioxidant activitysseil analysis; colour.

12.1.1 Introduction

Consumers’ demand for nutritional diets, rich inmpmunds with functional
properties has increased since several researalresshown their beneficial effects to the
human health, preventing and combating severaladese Grapes have world widely
economical and nutritional importance, because theeye good sensorial acceptance by
consumers and are phenolic-rich fruits, presentiredl documented protective effect
against LDL oxidation, reduction of platelet agréga improvement of coronary blood
flow, among other beneficial effects to human Heéldemrow et al., 1995; Stein et al.,
1999; Kevil et al., 2000; Cui et al., 2002). In timelustrial processing of grapes, large
amounts of solid residue are generated and oftesidered discard. However, several
studies have shown that grape marc presents higherds of dietary fibers and
polyphenolic compounds (Saura-Calixto, 2011; Samt&et al., 2012a), indicating that the
dried grape byproduct has great potential to be& asefunctional ingredient in the food
area.

Antioxidant dietary fibers are now being of greaterest due to their source of
polyphenolic compounds, vitamins, carotenoids, rBbeamong others (Saura-Calixto,
2011). In this sense, yogurt, frankfurters and trealded of grape byproducts have been
developed showing to increase the concentratiomenfeficial compounds in the final
product (Peng et al., 2010; Mildner-Szkudlarz et2011; Ozvural and Vural, 2011; Coda

et al., 2012). Pasta is a traditional cereal-bgseduct which represents a good vehicle for
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the addition of nutrients because it is well acedpivorldwide due to the low cost, ease
production and sensory attributes (Chillo et @0& Mildner-Szkudlarz et al., 2011).

Thus, the objective of the present work is to eatduthe incorporation of grape
marc powder in the preparation of fettuccini pa€ia.this basis, nutritional, sensorial and

cooking properties of the pasta were analyzed.

12.1.2 Material and Methods
12.1.2.1 Grape marc powder (GMP)

Grape juice marc fronvitis labruscacv. “Isabel” was gently supplied by Vinicola
Garibaldi (Garibaldi, RS, Brazil), harvested in 20The byproduct was dried in a forced
convection drying equipment at 70 °C, and then evashed in domestic blender (RI1764,
Walita, Brazil) for 1 min and passed through a Q.8Im sieve. Grape marc powder (GMP)
utilized in the present work, according to the esirhal analysis, had 10.87% of humidity,
9.58% of crude protein, 8.15% of lipids, 2.45% shes and 68.95% of carbohydrates in

wet basis.

12.1.2.2 Pasta preparation and cooking

Fresh pasta was prepared with wheat flour, watdr difierent concentrations of
GMP. Fettuccini pastas were coded as FPO, FP25, /.5, according to the percentage
of GMP incorporation: 0%, 2.5%, 5% and 7.5%, retipely. For each formulation, wheat
flour, grape byproduct powder and water (30%) wetiged using an industrial mixer
(G.Paniz, Mod 90334, Brazil) for 10 minutes, toabthomogeneous dough. The premixed
dough was extruded (40 + 2 °C), through a die,h@ $ame equipment, to obtain the
fettuccini shaped pasta. Then, samples of 10 gasfapwere, submitted to cooking in 170
mL boiling distilled water for 10 minutes.

12.1.2.3 Pasta Quality

12.1.2.3.1 Pasta cooking properties

The American Association of Cereal Chemists Offidieethods 16-50 and 16-51 (AACC,
2000) were used to determine optimum cooking tioegking loss and cooked weight

(water absorption). Fettuccini (10g) was brokerm ipieces of 5 cm and cooked in 170 ml
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of boiling tap water. The optimal cooking time waken to be when, after squeezing the
fettuccini between two glass plates, the white dooen the strands disappeared. After
cooking, fettuccini was drained and the cookingewatollected. Cooked fettuccini was
rinsed with water for 30 seconds and drained fa& minute to expel the remaining water.
The rinsate was combined with the cooking waterwaijhed after complete evaporation
(reaching dryness) and expressed as a percentdlye ofiginal pasta weight as a cooking

loss. At this stage, fettuccini samples were wallgioedetermine the cooked weight.

12.1.2.3.Zxtraction and evaluation of polyphenols

Extraction of total phenolic content (TPC) and mmeoic anthocyanins (MA) was
performed according to Sant’/Anna and co-workersl20b). Briefly, dried samples (19)
were added to 50 mL of 50% ethanol and extractiaa performed at 60 °C for 1 h. TPC in
the extracts was determined by the Folin-Ciocaltemthod (Singleton and Rossi, 1965)
using gallic acid as standard. The absorbance efrélaction mixture was measured at
765 nm by UV-1600 spectrophotometer (Pré-AnalisgzB), and results were expressed
as mg gallic acid equivalent per gram of dry péstg GAE 100¢). Analysis of condensed
tannin content (CTC) was carried out accordinghermethod of Price et al. (1978), which
involves the reaction of the samples with vandlalution. The absorbance was measured at
500 nm and results were calculated and expressedgaspicatechin equivalents (mg of
ECE/ 100g of dried sample). Monomeric anthocya(iih8) were determined using the pH
differential method (Lee et al., 2005). Absorbamees measured at 520 and 700 nm of
samples diluted separately in 0.025 mdl lpotassium chloride buffer pH 1.0 and
0.4 mol L sodium carbonate buffer pH 4.5. MA values wereresged as cyanidin-3-
glucoside (molar extinction coefficient of 26,90@ii* mol* and molecular weight of
449.2 g mof). The units for extracted MA were expressed asofngyanidin 3-glucoside
per 100 gram of dry samples (mg C3G 180g

Antioxidant analysis were performed by the deteation of 2,2-azino-bis-(3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) radisaavenging activity (Re et al., 1999).
The ABTS radical cation was produced by reactingriol L* ABTS stock solution with
140 mmol L' potassium persulfate, and allowing the mixturstand in the dark for 16 h

at room temperature before use. For the assayABIES™ solution was diluted with
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ethanol to an absorbance of 0.7 at 734 nm. An aiiqfi30uL of extract was mixed with
1 mL of ABTS" solution and an absorbance (734 nm) reading weantafter 6 min.
Trolox solutions (100-20QfM) were used as standards aedults were expressed (ai¥l

Trolox Equivalent per 1009 of dried pasta.

12.1.2.3.3 Colour evaluation of pasta

The colour of fresh and cooked (10 minutes/ 10G&@uccini pasta was measured
with a Hunter Lab Colorimeter (MiniScan XE Plus,sim, VA). The samples were placed
in the colorimeter and the color reading expressetiunterL*, a* and b* values. Results
were expressed as color different(AlE) between fresh (pasta not cooked) and cooked

pasta, calculated as follows:

AE =AL? + A2’ + A0 Q)

Where 4L was calculated ad* freshsample— L* cooked sample;
Jawas calculated a-9--*fresh sample™ a*cooked sample;

4b was calculated ad* freshsample™ b*cooked sample.
Results are the means of independent duplicatendietions.

12.1.2.4 Sensorial analysis

A 50-member panel performed the sensorial profildighe four samples, which
were presented simultaneously. The panel membeaignasl the intensity of liking or
disliking, using verbal hedonig-point scale(1l represented low intensity of liking and 9
represented high intensity of likingf cooked fettuccini pasta: appearanm#our, texture,

flavor, aftertaste andverall acceptance.

12.1.2.5 Data analysis
Results are shown as average standard deviatiahleést triplicate measurements.

Analysis of Variance (One-way ANOVA) followed by dher LSD post hoctest was
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performed using Statistica 7.1 (StatSoft, U.S.Aapd differences were considered

statistically significant whep < 0.05.

12.1.3 Results and Discussion

The use of dried grape marc as a functional ingrt¢ds an increasing trend in the
food industries. Thus, the study of its incorpamatin new products and the effect of the
addition on nutraceutical and technological prapsris an important step. Grape marc
power (GMP) was added to pasta formulation and gbsnon the cooked product

characteristics were evaluated.

12.1.3.1 Water absorption and cooking loss

No differences were observed in processing forrobipasta (100% wheat flour) or GMP
enriched pastas. Table 11.1 shows the cookingtguaiaracteristics of control fettuccini
pasta and GMP enriched fettuccini pastas (FP2.53 BRd FP7.5). There was no
statistically significantgg > 0.05) difference in optimum cooking time.

Table 11.1Cooking characteristics of control and grape maneger enriched pasta

Samples Percentage weight increase(%) Solid loys (%
Control 89.20 + 7.54 5.45 + 0.09
FP2.5 94.90 + 6.98 5.38+0.18
FP5 88.70 + 0.10 6.18 +0.20
FP7.5 85.24 + 0.44 6.35 +0.07

a Cooking time: 4 min.
bC pifferent superscripts letters within same columdic¢ate statistical differencep € 0.05).
According to Borneo and Aguirre (2008) this paraenetas defined as the cooking

time needed for “white pasta center core” to dig@ppvhen pasta was squeezed between 2
glass plates (2.5 cm x 2.5 cm). For all samples,atimum cooking time was around 4
min and the other cooking characteristics (solgkland percentage weight increase) were
evaluated at this standard cooking time.

Measurement of solid loss (or cooking loss) is ohéhe important parameters in
assessing its overall quality. According to recstudies, during pasta cooking, soluble

parts of starch and other soluble components inmofudon-starch polysaccharides leach
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into the water, and as a result, the cooking wageomes cloudy and thick (Tan, Li & Ta,
2008; Fu, 2008, Aravind et al., 2012). The resulthcated that solid loss of the fettuccini
pasta significantly went up only when the incorpiora of GMP increased from 2.5 to
5.0%. No differenceg(> 0.05) were found between control and FP2.5,elbag, between
FP5 and FP7.5. Ajila et al. (2010) found similasukés for dried macaroni with mango peel
powder addition, though with higher values of stdigls for 5.0% and 7.5% (8.24+0.08 and
8.71+0.36, respectively) of mango peel powder ipooation.

Granito et al. (2003) reported the influence of gemature on the cooking loss,
indicating that the use of higher temperaturesifdrgtage) in pasta manufacture produce
lower cooking losses. In the present work, fres$tgpavas produced without a drying step,
and even so, the solid losses were lower thanabdts reported by Ajila et al. (2010) for
semolina dried macaroni (85°C/3 hours), at all levef mango peel powder addition
(2.5%, 5.0% and 7.5%). This way, pasta can be naatwied without loss of quality, in
spite of the fact that it has been made withoutddima and without undergoing a drying
stage.

In the particular case of this work, as reportedAbgvind et al. (2012), the cooking
loss could be attributed to changes in the glutetepn network because of the interference
of GMP, which is rich in dietary fiber content. ketl, several reports have shown that the
addition of non-gluten flours in the production pédsta dilute the gluten strength, and
interrupt and weaken the overall structure of pgRi@yas-Duarte et al., 1996) which can
result in a negative change (Gallegos-Infante .e28l10; Sabanis et al., 2006). According
to Hoseney (1999), for a good-quality pasta, copkirss should be lower than 12%, which
is reached by the pastas made with grape marc péoverll levels of addition.

At 4-min cooking time the percentage of weight @ase was statistically equal for
all fettuccini pasta samples, which shows thatgteme marc power incorporation did not

affect the product quality.

12.1.3.2 Polyphenols
TPC, CTC and the MA are related to the benefits tina consumption of the fruit
may bring the human health due to their antioxidaaptability. Additionally, the combined

effect of dietary fibers and antioxidant compoum@s shown to be more effective than
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each of their effects separately (Pérez-Jiméned.eP008; Saura-Calixto, 2011). Grape
juice marc is a phenolic-rich by-product of the doondustry and presents high
concentration of TPC and CTC strongly bounded toglant matrix, indicating to be an
interesting alternative as functional ingredierar{®nna et al., 2012a). Table 11.2 shows
the TPC, CTC, MA and the antioxidant capabilityragted from the raw and cooked pasta.

Table 11.2Total phenolic content (TPC), monomeric anthocydMA), Condensed tannin content
(CTC) and ABTS savenging activities of fettuccini pasta addedrafpg marc powder.

Samples TPC (mgCTC (mg ECE MA (mg ABTS @M TEC
GAE 100g") 100g%) C3G 100g) 100gY)
RFPO 69.52+6.01 52.05+3.9%" n.d. 100.05+9.28
CFPO 61.20+5.1% 58.88+5.07" n.d. 92.24+3.97

RFP2.5 104.09+7.38 139.42+21.5% 6.70+0.4%8" 336.34+6.9%F
CFP2.5 05.45+3.78  145.07+18.1% 5.25+0.56" 305.57+10.0%

RFP5 215.70+15.75 253.32+3.5% 13.25+0.86° 557.85+20.9%°
CFP5 194.55+10.35 242.39+5.76¢ 10.05+0.9%° 453.50+45.4%

RFP7.5 295.45+14.60 380.45+9.08° 20.22+1.66" 775.60+54.9%°
CFP7.5 299.06+9.69 365.41+10.0% 17.94+0.89" 655.99+45 4%

n.d. not detected

b pitferent superscripts indicate statistical diffieces p < 0.05) between raw and cooked pasta.
AB.CD pitferent superscripts indicate statistical diffaces | < 0.05) due to the addition of grape marc
powder.

Control raw fettuccini pasta presented 69.52 mg @Agg' of TPC,
52.05 mg ECE § of CTC, antioxidant activity of 100.05 mM TEC 100gMA was not
detected in the pasta produced only with wheatrflé&2.5, the pasta in which there was
the incorporation of 2.5% of GMP, enhanced sigaiifity (p < 0.05) an concentration of
TPC to 104.09 mg GAE 100gCTC to 139.42 mg ECE 108gMA to 6.70 mg C3G 100g
! and antioxidant activity to 336.34 mM TEC 100e\s expected, higher incorporation of
the dried by-product to the pasta blend enhanggdfigiantly (p < 0.05) the concentration
of polyphenols and the antioxidant capability ire tfettuccini pasta (Table 2). Similar
results were found by Ovando-Martinez and co-wak@009), when banana flour was
added to spaghetti pasta and by Mildner-Szkudlad: @-workers (2011) adding grape

marc powder in bread formulations.
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Additionally to the incorporation of the grape bgguct to the pasta formulation, it
is essential to evaluate the availability of théypbenol in the ready-to-eat product. The
cooking procedure affected significantly € 0.05) the MA content and the antioxidant
activity of the fettuccini pasta evaluated. RFPp®sented 6.70 mg C3G 10bgand
antioxidant activity to 336.34 mM TEC 108gafter the cooking procedure, the samples
decreased their content of both parameters tor8®83G 100g and antioxidant activity
to 305.57 mM TEC 1004 Anthocyanins, largely presented in grape produats,soluble
and heat-sensitive pigments with high antioxidactivity presented outside the cellular
vacuoles of vegetable cells (Torres et al., 20I0us, the lower content of MA in the
cooked pasta may be due to intense leaching dthegooking procedure and/or due to
thermal degradation. Results suggest that capabilithe pasta ofcavenginghe ABTS
free radicals are related to the presence of apémas in the final product.

The concentration of TPC and CTC in the raw andkedgasta was not affected
(p > 0.05) by the cooking procedure. Most glycosidéphenolics are stored inside the
organelles of vegetable cells (Chism and Haardg;198@kihama et al., 2002; Torres et al.,
2010;), which may present a protective effect @&fsthcompounds. Moreover, Sant’Anna
and co-workers (2012a) observed that CTC from gnaaec are phenolics are highly
bounded to the plant matrix, which suggests thaseéhcompounds are not suitable to the
leaching phenomenon. The results indicate thatpttesence of polyphenols was little
affected by the processing conditions, and incafiom of grape juice residue in fettuccini

pasta may be a viable way to allocate this phenaicingredient.

12.1.3.3 Colour analysis

The results of the CIELAB analysis of the fettucgiasta are presented in Figure
11.1.L*-values decreased with the increase of incorpomatf GMP in the pasta blend,
indicating that the samples turned darker. Thisesause the formulation was changed by
incorporating a blackish ingredient instead of atevingredient, which is wheat flour. The
increase of tha&*-values were accompanied by the increased of nherporation of the
GMP.
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Figure 12.1 Colour analysis of the fettuccini pasta by CIELABethod. RFPO: raw control

samples, without addition of grape marc powder; @F®oked control samples, without addition
of grape marc powder; RFP2.5: raw fettuccini pasth 2.5% of grape marc powder incorporation;
CFP2.5: cooked fettuccini pasta with 2.5% of graparc powder incorporation; RFP5: raw
fettuccini pasta with 5% of grape marc powder ipooation; CFP5: cooked fettuccini pasta with
5% of grape marc powder incorporation; RFP7.5: fattuccini pasta with 7.5% of grape marc
powder incorporation; CFP7.5: cooked fettuccini tpasvith 7.5% of grape marc powder
incorporation.

This was expected, since th& parameter is related to the redness of the sample
analyzed and the grape residue added to the pkestd s an anthocyanin-rich product.
Positiveb*-values are related to the yellowness of the sag)pghus it did not present any
pattern in the fettuccini preparation. The cookprgcedure implied in high reduction of
the L* and a* parameter, possibly due to the leaching procésthe anthocyanins. The
difference of color&E) calculated by the Equation 1, showed controlgptspresent slight
color difference wit/AE of 8.52. Incorporation of the grape marc powadeplied on high
loss of changes of color of the pasta after thekiogoprocedureAE for incorporation of
FP2.5, FP5 and FP7.5 were 22.26, 15.67 and 21e3pectively, due to leaching and

thermal degradation of pigments in the fettuccastp.
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12.3.4 Sensorial Analysis

Additionally to maintaining bioactivity of polyphets after product processing, the
quality of the product is even more critical. Figur2.2 shows the results of the sensorial
analysis of the fettuccini pasta developed with $hbstitution of wheat flour by GMP,
where higher scores are related to better acceptafrtbe attributed evaluated.

Sensory evaluation of fettuccini pasta samples skow general, that as the level
of grape marc powder increased, the product appeararoma, colour, texture, flavor,
aftertaste and overall acceptance decreased: iséitstion of wheat flour resulted in lower
level of liking. Analysis of variance (ANOVA), sheaad that the appearance of the FP2.5,
product with the lowest addition of grape marc pewddid not differ significantly
(p > 0.05) from the control samples, while this atite in FP5 and FP7.5 had significant
change f < 0.05). Since there was the incorporation of #Hedint ingredient, panel
members possibly identified an alteration of theeas of the traditional pasta, leading to a
slight rejection of the pasta in comparison to plasta made only with wheat flour. In the
same way, product colour was significantly affecgea 0.05) due the substitution of the
wheat flour. However, the fettuccini pasta addedgpe marc powder did not differ
significantly ¢ > 0.05) among them.

Appearance
8

Overall

Colour
Acceptance

=== FPO
—FP2.5

FPS
Aftertaste Aroma

e FP7.5

Flavor Texture

Figure 12.2 Sensorial analysis of four different fettuccinistea FPO (control samples, without
addition of grape marc powder), FP2.5 (substitutib@.5% of wheat flour by grape mar powder),
FP5 (substitution of 5% of wheat flour by grape mpawder), FP7.5 (substitution of 7.5% of wheat
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flour by grape mar powder).

Pasta is a complex matrix and the mechanisms efdation of incorporation of
plant residues in the formulation still remain uokm. In relation to texture, fettuccini
pasta added of the dried grape residue had signtfic (p < 0.05) lower acceptance in
relation to the control sample, but did not diff@gnificantly @ > 0.05) among them,
according to the ANOVA. Addition of fiber-rich pradts may increase the water
absorption of the blend, due to the interactiormken water and hydroxyl groups of
polysaccharides through hydrogen bonding, resultifggher hardness of the final product
(Mildner-Szkudlarz et al., 2011). This fact may gibyy have induced lower acceptance of
the fettuccini pasta added of dried grape marc.

FP2.5 samples had similgr ¥ 0.05) acceptance of flavor and overall accegdoc
the control sample, although it presented sigmificgp < 0.05) rejection in relation to
aftertaste. Higher substitution resulted in lowereptability p < 0.05) in relation to flavor,
aftertaste and overall acceptance. Fettuccini gasdad of GMP did not differ significantly
(p > 0.05) among them in these attributes. Thisifapbssibly related to the fact that grape
juice residue presents high concentration of catschnd tannins (Torres et al., 2010;
Sant'Anna et al., 2012), which are responsible &stringent flavors (Scharbert and
Hofmann, 2005). Then, the increase of the incompmraof grape marc powder may
increase the undesirable sensorial attribute, imgly high rejection of the product.

Mildner-Szkudlarz and co-workers (2011) verifiedattht is possible to mix rye
bread with up to 6% of grape marc with satisfactegsorial performance. Pollard at 10%
substitution had minimal impact on quality with héy antioxidant activity and fiber.
Above 30%, pasta has undesirable colour, sensayepies and higher starch digestion
(Aravind et al., 2012). Results suggest that FR2dgsented the best global acceptance
among the samples developed, corroborating to dea bf using plant residues as an
alternative to produce foods.

12.1.4 Conclusion
The present work showed that the incorporationrapg marc powder in fettuccini
pasta composition is an interesting alternativeoiporation of 2.5% of GMP did not
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interfere in the pasta cooking quality, and inceebthe polyphenolic concentration and the
antioxidant activity in the product. Sensorial as& suggests that this formulation had
similar acceptance and colour changes, accordinedCIELAB method, in comparison

with the traditional fettuccini pasta. It is impant to understand the bioavailability of these
polyphenols in a product matrix, in order to pravideal values for our health and
wellbeing. Therefore, more studies are essentialltov the proper utilization of GMP as a

functional ingredient.
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CAPITULO 13

Consideracgdes Finais

O presente trabalho apresentou estudos de utiizédgdsmose direta em sistema
ideal e para a concentracdo de suco de uva. Tanfr@m realizados estudos para o
aproveitamento do bagaco resultante do procestbdeacéo do suco de uva.

Estudos em sistema ideal, com agua pura como dkgém mostraram que 0s
aumentos da diferenca de pressao osmatica, da dazabbmentacdo e da temperatura do
sistema acarretaram em aumento do fluxo de agasésatrda membrana. Os resultados
mostraram também que o fendmeno de polarizacaogmmentracdo interna a membrana é
um limitate tecnoldgico da técnica, reduzindo digativamente o desempenho do fluxo de
permeado. Os experimentos com suco de uva mostguano aumento da diferenca de
pressdo osmodtica entre a alimentacdo e o agent&tiosre a temperatura acarretaram no
incremento dos fluxos de agua e sal através da ma@abO aumento da vazdo de
alimentacdo das solu¢cdes mostrou que houve aurderitaxo de agua e a diminui¢cdo do
fluxo de sal durante a concentracdo do suco de@saesultados estdo de acordo com o
comportamento descrito na literatura, uma vez ggesparametros implicam em aumento
da forgca motriz na interface da membrana, senddenémenos de polarizagcdo por
concentracao fatores determinantes no desempenhprab@sso. Ainda, os trabalhos
mostraram que 0 suco concentrado por osmose di&ba perde suas propriedades
antioxidantes. Contudo, foi observado o transpdeesddio da solucdo osmatica para o
suco, mas em concentragcdes pequenas, ndo afetami@gades da bebida.

Os resultados de secagem do bagaco de suco de asaamm que maiores
temperaturas e velocidades de ar de secagem impkoa um processo de desidratagcéo
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mais rapido. A retencdo de compostos bioativos sEstrou maior em menores
temperaturas. Em relacéo a velocidade do ar dgeecan retencdo da concentracdo dos
compostos fendlicos totais foi maior quando foratiizadas maiores fluxos de ar. Os
flavonois e flan-3-0is foram sensiveis ao aumenteoalocidade de ar de secagem devido a
degradacdes oxidativas. Secagem utilizando tempagte velocidades do ar mais
elevadas levaram a bagaco de uva secos com maiamesntracbes de compostos com
atividade antioxidante. Isso possivelmente se deyermacdo de compostos durante o

processamento que apresentam tal atividade.

Os resultados sobre extracdo de compostos fendlicosagaco de suco de uva
mostraram que grande parte de compostos fenélicogipalmente taninos condensados,
estdo fortemente ligados na matriz do residuo eséé@dacilmente extraiveis com solventes
organicos. Aléem disso, esses compostos ainda apaesgrande capacidade antioxidante,
principalmente poder quelante de ferro (atividad®adionada a prevencdo de doengas
ligadas ao estresse oxidativo) o que mostra o gragudencial do bagagco de uva ser
utilizado em aplicacdes alimentares, tanto na fadmaxtratos fendlicos, quanto na forma
de farinha. O estudo cinético de extracdo de cotapdendlicos e de antocianinas de
bagaco de uva é importante para entender os ferm@neswolvidos no seu processamento e
melhor dimensionar os equipamentos em plantas tingiss Etanol em concentracdo de
50% em uma relacéo de 50 mL por grama de bagagwadeesultou em maior extracao dos
compostos do residuo da industria produtora de. sdicoodelo de pseudo-primeira ordem
foi 0 modelo que melhor representou a extracédo istensa de batelada na faixa de
temperatura de 25-60°C, com energia de ativacdrdoesso de 23 kJ mblpara
compostos fendlicos e de 29,5 kJ thphara antocianinas monoméricas. Grande parte dos
polifendis esta fortemente ligada ao bagaco e néwtréivel com solvente, assim como
grande parte dos bioativos com atividade antioxalgomoder redutor e atividade quelante
esta ligada.

No presente trabalho também foram realizados estde@stabilidade da farinha de
bagaco de uva. Os resultados mostraram que os stwspfenolicos e compostos com
atividade sequestrante de radiais DPPH e de fesrongstraram estaveis durante o

armazenamento do produto a 25°C por um periodordesgs. Antocianinas e compostos
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com a atividade de sequestrar radiais ABTS se arastr sensiveis a degradagéo durante o
armazenamento. Neste trabalho também foi verificgad® a farinha de bagaco de uva se
mostrou livre de&Salmonellasp.,Bacillus cereug coliformes fecais, havendo a necessidade
de cuidados com o crescimento de bolores e levedlinante a armazenagem. Os dados
mostrados nesse artigo ainda mostram que a curisotgema de sorcdo do bagaco de uva
a 25°C tem um comportamento sigmoidal, sendo o lmode GAB o que melhor se
adequou aos dados experimentais.

Finalmente, foram elaboradas massas tipo fettycsirostituindo farinha de trigo
por farinha de bagago de uva. Os resultados mastrque a adi¢do do subproduto do suco
de uva néo interferiou na absorcdo de agua e m pler sélidos da massa durante o seu
cozimento. Houve grande incremento de compostasiées, antocianinas e de compostos
com atividade antioxidante nos produtos adicionabofarinha de bagaco de uva, sendo a
massa tipo fettuccini com melhor aceitacdo aqueta qpie se adicionou 2,5% do
subproduto na sua preparagao.

Os resultados desse trabalho mostram que a osnmmese&um processo de separagao
por membranas que tem grande potencial de sexaatdlicomo pré-concentracdo de suco
de uva, nédo interferindo nas propriedades nutragdo produto depois de ser processado
pela técnica. Os estudos com o subproduto do seicwalindicaram que a secagem por ar
guente com passagem forcada de ar é uma alterpatissobter um produto microbilogica
e bioquimicamente estavel durante o seu armazenaneem condicdes usuais. Assim,
farinha de bagaco de uva se motra como um compfiemtional com potencial para ser

utilizado tanto na industria de alimentos quantagecultura familiar.

Trabalhos futuros

Os resultados do presente trabalho indicam quesestudos devem ser realizados
nas areas abordadas a fim de promover a concemtiacduco de uva por OD e utilizagdo
de farinha de bagaco de uva a nivel industrialreElntls possiveis topicos a serem
pesquisados futuramente, citam-se:
- sintese de membranas que permitam maior flux@gle transmembrana durante a

concentracao de alimentos liquidos e maior retede&mdio ao longo do processamento;
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- comparacao do efeito da concentracdo do sucaitp@acdo de calor e por OD quanto
alteracbes na composicdo de compostos fendlicnsdeaate antioxidante, aroma, cor e
outras caracteristicas sensoriais e nutriciongieitantes;

- modelar e simular os fendmenos de transporte gie d&ransmembrana durante a
concentracdo de alimentos liquidos por OD;

- extrair compostos fendlicos do bagaco de uvalisamalo sua concentracdo em
cromatografia liquida de alta performance;

- estudar novos parametros de secagem, visandsidratacdo do bagaco de uva com
maior eficiéncia,

- desenvolver produtos com farinha de bagaco denvaivel industrial.
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