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RESUMO

O cultivo de camaréo representa, aproximadamente, 4,5 % da aquicultura mundial, sendo o
camardao branco do pacifico Litopenaeus vannamei a espécie mais cultivada no planeta,
entretanto 48 a 56 % do seu peso sdo descartados como lixo. A elaboracdo de hidrolisados
proteicos tem sido uma forma de reaproveitamento de matéria organica bastante estudada nos
altimos anos. Hidrolisados proteicos podem possuir em sua composigdo peptideos
antioxidantes, podendo ser utilizados como alimentos antioxidantes, ou na industria, como
conservante de alimentos. O objetivo desse estudo foi obter e avaliar a atividade antioxidante
dos peptideos presentes no hidrolisado proteico do camardo. O hidrolisado proteico de
camardo (SPH) foi obtido por hidrolise enzimatica das cabec¢as do camardo utilizando alcalase
a 0,5% e a atividade antioxidante foi avaliada pelos ensaios do DPPH, poder redutor, ABTS+
e atividade quelante do ferro. O SPH obteve uma boa atividade antioxidante pelos ensaios do
ABTS+ (52.24 % + 1,127 a 5 mg/mL), poder redutor (0.442 + 0.045 a 5 mg/mL) e atividade
quelante do ferro (95.874 % + 0.723 a 1mg/mL), porém apresentou uma atividade
eliminadora do radical DPPH em torno de 30 % em todas as concentracdes testadas. O SPH
foi purificado por duas etapas cromatograficas. Primeiramente, o SPH foi submetido a uma
troca i6nica em uma coluna DEAE-Sepharose e a fragdo SPH IP2 com o maior poder redutor
foi submetida a uma cromatografia por exclusdo molecular, em uma coluna de Sephadex G-
25 (1,5x42 cm) e trés fracdes foram obtidas. A fracdo SPH EP3 obtida pela exclusdo
molecular apresentou maior poder redutor na concentracao de 500 pug/mL (0, 437 + 0, 017),
uma alta atividade quelante do ferro (81.19 % + 2.59 a 1mg/mL), porém esta apresentou uma
baixa capacidade de eliminacdo do radical ABTS+ (15,31% + 1,61 a 2mg/mL). Esses
resultados sugerem que o SPH é um importante candidato a alimento com potencial
antioxidante e a quelagéo dos fons Fe** é um dos principais mecanismos pelos quais SPH EP3
exerce sua atividade antioxidante, entretanto estudos subsequentes sdo necessarios para
melhor caracterizar esses peptideos e 0s mecanismos pelos quais exercem atividade

antioxidante.

Palavras-chaves: atividade antioxidante; hidrolisados proteicos; peptideos antioxidantes;

Litopenaeus vannamei



ABSTRACT

Shrimp production represents, near to 4.5 % of worldwide aquaculture. The whiteleg shrimp
Litopenaus vannamei is the most cultivated species in the world, besides that 48 to 56 % of its
body weight are discarded as waste. Protein hydrolysate production has been an extensively
studied way of reusing of organic matter in the last years. They may have antioxidants
peptides in their composition, which could be used as natural antioxidant foods or to prevent
the food spoilage. The objective of this study was to obtain and evaluate the antioxidant
activity of peptides within the Shrimp protein hydrolysate. The Shrimp Protein hydrolysate
(SPH) was obtained by alcalase (0.5 %) enzymatic hydrolysis of Shrimp heads and the SPH
antioxidant activity was evaluated by DPPH, reducing power, ABTS+ and ferrous chelant
activity assays. SPH had a good antioxidant activity by ABTS+ scavenging assay (52.24 % +
1.127 at 5 mg/mL), reducing power (0.442 + 0.045 at 5 mg/mL) and ferrous chelant activity
(95.874 % + 0.723 at Img/mL), but it had a DPPH scavenging activity near of 30 % in all
tested concentrations. Further, the SPH was purified by two subsequent chromatographic
steps. Firstly SPH was purified by an anion exchange DEAE-Sepharose chromatography and
the fraction SPH IP2, which had the best reducing power was fractionated by a size exclusion
chromatography in a 1,5x42 cm Sephadex G-25 column and three fractions were obtained.
The fraction SPH EP3 from size exclusion showed the highest antioxidant activity by
reducing power assay (0.437+ 0.017 at 500 ug/mL). Moreover SPH EP3 showed a high Fe?*
chelant activity (81.19% + 2.59 at Img/mL), but a weak ABTS+ scavenging activity (15.31%
+ 1.61 at 2 mg/mL). These results suggest that SPH could be employed as an antioxidant food
and the Fe®* chelation is an important mechanism by SPH excerpts its antioxidant activity.
Besides that, sequencing studies and antioxidant evaluation by other methodology are
necessary in order to better characterize and understand the mechanisms by which SPH

excerpts its antioxidant activity.

Key-words: antioxidant activity; antioxidant peptides; Litopenaeus vannamei; protein

hydrolysates.



LISTA DE FIGURAS

REVISAO

Figura 1: Pesca por captura e producdo aquicola mundial.

Figura 2: Litopenaeus vannamei .

Figura 3: Produgdo mundial de crustaceos no ano de 2010.

ARTIGO CIENTIFICO

Figure 1: Antioxidant activities of SPH at different concentrations. A) DPPH
scavenging assay; B) ABTS+ scavenging assay; C) Reducing power; D) Ferrous
chelant activity. The assays were made at least in triplicate and the results are
expressed as means + SD. The significance among the different concentration

was analysed by ANOVA test and P value of < 0.05 was considered significant.

Figure 2: Elution profile of SPH separeted by DEAE-Sepharose anion
exchange chromatografy and reducing power of the different fractions at 1

mg/mL (upper panel).

Figure 3: Elution profile of SPH IP2 separated by Sephadex G-25 size

exclusion chromatography and reducing power of the different fractions at 500

Pagina

15
16

17

Pagina

55

56

57



ug/mL(upper panel).

Figure 4: Antioxidant activities of SPH EP3 at different concentrations. A) 58

ABTS+ scavenging assay; B) Ferrous chelant activity. All assays were made at

least in triplicate and the results are expressed as means + SD.



LISTA DE ABREVIATURAS

FAO Food and Agriculture Organization
PH Hidrogenidnic Potential
HAT Hidrogen Atoms Transference
BT Electron Transference
SPH Shrimp Protein Hydrolysate
BH A Butylated Hydroxianisole
BHT Butylated Hydroxitoluene
DPPH e 1,1-diphenyl-2-pycryl-hydrazyl
ABTS 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)

HPLC e High Performance Liquid Chromatography



SUMARIO

1. INTRODUGAO . ..ottt ana st 13
2. FUNDAMENTAGAO TEORICA. ... 15
2.1. Alindustria mundial de pescado e a carciniCultura............c.coocevveienecienncsenee, 15
2.2. Hidrolisad0os PrOtEICOS. .......ecviiieiiecieeiit ettt re e reesbe e e e e nre s 18
2.3. Peptidens antioXidantes.........c.ccueieiiiiiiiieiee e 21
2.4. PUrificacao de PEPLIUEOS. ... .c.eieieiiieieie et 23
B OBUIETIVOS..... e bbb bbbttt bbb 25
TN I =T | ST P SRR 25
3.2, ESPBCITICOS ..ttt 25
4. REFERENCIAS.......ooiiiiiiiie ettt 26
5. ARTIGO CIENTIFICO......coiiiiieieeieeeseeee e e es st s s s 33
ABSTRACT .ttt ettt ettt et b e bttt bbb neene s 34
1. INTRODUCTION . ....cctitiieieie ettt snesnesne e 35
2. MATERIAL AND METHODS....cctitittiiiieinieesereressesnsessasassssssnssssssnsens 37
0 I |V - 1 (=] =L 37
2.2. Preparation of shrimp protein hydrolysates (SPH) c.cccvvuiieiiiiiiiniieiienninnn 37
2.3. ANtIOXIAANT ACTIVITIES.cutueiirniiaretiereeenrsnreaseesessnrsessssssnsssssssnssnssnssssns 38
2.3.1. DPPH sCavenging aCtiVity...ceeeeeeeeteeeeeeeenreneeeesenseescsnsansenscansanscnssanses 38
2.3.2. ABTS SCAVENQING ACHIVITY cueeuiinruriarierrernrsnreesersnsenssssssnssassssessnssnsosnns 38
2.3.3. REAUCING POWEK GSSAY .uuteererenrsaressnsessnssnsonssssssssssssssssssnssssssssssnssssns 39

2.3.4. Ferrous Chelant aCtiVity . cieeeereieeeeereeeeeerenreereeacensescnnsensescensenscnnsnnes 39



2.4. Purification SPH antioxidant peptides.......ccoceveiiiiniieiieiiiiiiniiecnrcnieacens 40

2.4.1. Anion exchange chromatography........ccccevveiiniiiiiiiiniiiiiieiiniiieninnennes 40
2.4.2. Size exclusion chromatography...ccceeeeeeeiieiieiieiiiiniieiiernirniiecsecsensansens 40
2.5. StatiStiCal @NalYSiS.eeieeiieireenriniiereernrenrenseessontsnssssnssnsassessnssnsosssssnsans 40
3. RESULTS AND DISCUSSION ..uiiiuiiiniinieneiiniiniesesenionssssssssssssssssnssnsssses 41
3.1. SPH Production and antioXidant aCtiVity....ccceeeeeeereateeenrenrsecsecessnsensenns 41
3.2. Purification of Shrimp protein hydrolysate......ccecveeieiiiiiieiieiirinienreecenens 44
3.3. Antioxidant activities of SPH EP3......ccccuieiiiiiiiiiiiiiiiiiiiiiiiiiiiininenne, 44
4. CONCLUSIONS. ..t itiiitiitiiieiinienttentesetsstsssssasssssssssssssssssssssossssnsonssssses 45
ACKNOWLEDGMENTS. .t iitiiiiiiiiiiiieiiiiietinisnessasssssssssssssssssssssosssssssnss 46
REFERENCES. ... tiiiitiiiiiiiiiiieiietinietetsstontosssssssssssssssssssssssssssssssnsosss 47
6. CONCLUSOES. .....uuuuitrtieeeiiiiiiiiiretteeeeeeeeiirreeeee s e s s eeiareeaeeeesssssnnnnnne 59
0 N 0 1 T 60
8. TRABALHOS PUBLICADOS PARALELAMENTE.........cccoiii i 68
8L L. ATTIZO. ..ottt bbbttt bbb ere s 68

S T =1 (=] 1 (< T 69



13

1. INTRODUCAO

A indastria mundial de pescado gera uma grande quantidade de refugo ou subprodutos
com alto teor nutritivo. O reconhecimento da limitacdo de recursos naturais e 0 aumento da
poluicdo tém enfatizado a necessidade de uma melhor utilizacdo de subprodutos da industria
pesqueira (GUERARD; SELLOS, e LE GAL, 2005). A recuperacdo e utilizagdo desses
materiais tém grande importancia na reducdo de problemas ambientais e maximizacdo dos
beneficios econdmicos. Além disso, os subprodutos representam importantes biorrecursos,
podendo ser utilizados na producdo de alimentos, produtos de cuidado a saude e farmacos; ou
ainda, como rag0es especiais para peixes e outros animais. (JE et al., 2009).

Segundo dados da Organizagdo das NacGes Unidas para Agricultura e Alimentagéo,
FAO, (2012) o L. vannamei € a espécie de camardo mais cultivada no mundo. Entretanto,
apos o processamento, uma parte consideravel é descartada como lixo (SOLANO et al.,
2009). Este subproduto é fonte de uma grande quantidade de biomoléculas, tais como
polissacarideos, proteinas e minerais. Apresentando alguns destes compostos propriedades
benéficas a saude, tal como controle da producao de radicais livres.

O termo “radical livre” refere-se a qualquer espécie molecular com um ou mais
elétrons desemparelhados, caracteristica esta, que promove uma natureza quimica instavel a
molécula, tornando-a muito reativa. De fato, quando reagem com o DNA, RNA, proteinas e
lipideos, provocam efeitos tdxicos. Radicais livres incluem tanto as espécies reativas de
oxigénio( EROs; como, superdxido (0O2-), hidroxil (OH-), hidroperoxil (HOO-), peroxil
(ROO-) e alcoxil (RO-), bem como as espécies reativas de nitrogénio (LEE e LEE, 2006;
TUDEK et al., 2010; ZIECHA et al. 2011).

Em humanos, a oxidagdo de moléculas por radicais livres pode ocasionar doencas
crbnicas, tais como: diabetes, doencas cardiovasculares, desordens neurodegenerativas e
cancer (DONG et al.,2008). Além do mais, a peroxidacao lipidica € uma grande preocupagao
para a industria alimenticia e ao consumidor final, pois promove alteracGes indesejaveis no
sabor e odor do produto, além originar produtos potencialmente toxicos (LIN e LIANG,
2002).

No sentido de prevenir a deterioracdo dos alimentos e proteger contra doencas, €
importante inibir a oxidacdo dos lipideos e a formagao de radicais livres nos alimentos e no

corpo (AMES, 1983). Nos ultimos anos, tém se dado grande importancia a procura de novos
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antioxidantes naturais, para usos medicinais e alimentares, em substituicdo aos antioxidantes
sintéticos (BOUGATEF et. al, 2010).

Recentemente, o processo de hidrdlise enzimatica com proteases tem recebido
bastante atencdo. Hidrolisados proteicos ou peptideos podem afetar funcGes relacionadas a
salde do individuo, tais como: pressao sanguinea e fungdo antioxidante (CLEMENTE, 2000).
Além disso, estudos recentes tém demonstrado que hidrolisados proteicos de peixe, obtidos
por hidrélise enzimatica, podem ser utilizados como antioxidantes naturais (YOU et al., 2010;
LEE, JEON E BYUN, 2011)

Embora estudos sobre os efeitos antioxidantes de peptideos isolados de hidrolisados de
carcaca das mais diversas espécies marinhas tenham sido realizados. Ainda pouco foi relatado
sobre a purificacdo de peptideos com atividade antioxidante de espécies da carcinicultura
Além disso, a grande expressividade do Litopenaeus vannamei para carcinicultura mundial
traz como desvantagem o aumento da producdo de residuos potencialmente danosos ao meio-
ambiente. Dessa forma, este estudo justifica-se pela sua importancia biotecnoldgica,
econbmica e ambiental, tendo em vista que a obtencdo de peptideos antioxidantes, além de
minimizar o impacto ambiental resultante do seu processamento, resulta em um produto novo

e de alto valor agregado.
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2. FUNDAMENTACAO TEORICA

2.1. A indastria mundial de pescado e a carcinicultura

Os ultimos anos trouxeram um aumento crescente na producdo de recursos pesqueiros
destinados ao consumo humano. Em 2010 foram produzidos, aproximadamente, 148 milhGes
de toneladas de pescado, representando um crescimento de 8,1% em relacdo ao ano de 2006
(FAO, 2012a). Apesar de a captura representar a maior parcela da producédo
(aproximadamente 59,7%), o principal responsavel por esse aumento tem sido a aquicultura,
que cresceu 26,7% no periodo de 2006 a 2010, ao passo que foi observado uma queda de 1,5
% na producdo por captura neste mesmo periodo (Figura 1). Além disso, dados preliminares
da Organizacdo das NagOes Unidas para a Agricultura e Alimentacdo (FAO) para 0 ano de

2011 apontam que esta relagdo permanecera nos proximos anos.

Pesca por captura e producio aguicola mundial

Milhdes de toneladas

160

BN Prodraveio pela aquicultura
BN Producio por captura

140

50 55 &0 65 T 75 B 85 90 9 00 o5 10

Figura 2: Pesca por captura e produgdo aquicola mundial (Fonte: FAO (2012a), modificado).

Segundo o ultimo boletim da FAO, referente ao ano de 2010, a grande maioria da
producéo de pescado (86,4%) destinou-se ao consumo humano, sendo este comercializado na
forma viva, fresca, refrigerada ou processada. Os demais 13,6%, aproximadamente 20,2
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milhGes de toneladas foram destinados para usos nao-alimenticios. Deste grupo, 75% foram
comercializados como farinha ou dleo de peixe e apenas 25% foram utilizados para outros
usos, tais como matéria-prima para alimentacdo animal e usos farmacéuticos (FAO, 2012a).

O camardo branco do pacifico, Litopenaeus vannamei (Boone, 1935) (classe
Crustacea, ordem Decapoda, familia Penaeidae) (Figura 2), € uma espécie oriunda da costa
sul americana do Oceano Pacifico com acentuada predominancia na faixa costeira do
Equador, sendo cultivado em todos os paises produtores de camardo do mundo ocidental. Esta
espécie apresenta em geral, uma taxa de crescimento uniforme e facil adaptabilidade a
diferentes condic@es fisico-quimicas do meio ambiente, tais como salinidade e temperatura
(Dos SANTOS, 2009). Segundo dados da FAO (2012b) o L. vannamei é a espécie de
crustdcea mais cultivada no mundo, registrando uma producdo de aproximadamente 2,7

milhdes no ano de 2010 (Figura 3)

Figura 2: Litopenaeus vannamei Foto A.M. Arias (Fonte: http://www.ictioterm.es)



http://www.ictioterm.es/
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Figura 3: Producdo mundial de crustaceos no ano de 2010. (Fonte: FAO (2012a),
modificado)

O L. vannamei foi introduzido no Brasil na década de 1980 e demonstrou alta
adaptabilidade as condi¢des climaticas brasileiras, devido a sua rusticidade, rapidez no
crescimento, ampla faixa de tolerancia a salinidade e capacidade de aproveitar dietas com
niveis proteicos variando de 20 a 40 % (COSTA, 2004). Nos dias atuais, € a espécie de
camarao de producdo predominante no pais, que ocupa o posto de 7° produtor mundial, com
sua producdo concentrada na regido Nordeste (MINISTERIO DA PESCA E
AQUICULTURA, 2010)

Ap0s o processamento do pescado, geralmente 40 % da matéria inicial é destinada ao
consumo humano, o restante (60%) séo considerados como residuos sendo descartados como
lixo (DEKKERS et al., 2011). Esses subprodutos contém uma boa quantidade de material
proteico que pode ser reaproveitado na forma de farinha, silagem, fertilizante e alimentacéo
animal. Entretanto, esta atividade apresenta uma baixa rentabilidade o que tem direcionado a
industria para obtencdo de produtos com maior valor agregado. (HSU, 2010;
ARVANYTOIANNIS, 2008; HE, FRANCO e ZHANG, 2013). Além disso, devido a sua alta
concentracdo de matéria organica, o residuo de processamento do pescado é classificado
como um dos mais dispendiosos para se eliminar (HE, FRANCO e ZHANG, 2013), sendo seu
descarte uma preocupacao constante da industria. Nesse contexto, uma das principais questfes
a ser considerada é o melhor aproveitamento da biomassa resultante do processamento dos
recursos pesqueiros (GUERARD, SELLOS e LE GAL, 2005).
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A carcinicultura representa, aproximadamente, 4,5 % da aquicultura mundial, com
uma producéo estimada de 3,8 milhdes de toneladas em 2010, movimentando mais de U$D
16 bilhdes (FAOb, 2012). Segundo Sachindra e colaboradores (2005) 48% a 56 % do peso do
camardo (cefalotérax e exoesqueleto) sdo descartados como lixo impréprio para consumo.
Todo esse subproduto gerado representa um importante problema de descarte, bem como
compreende um poluente em potencial para 0 meio-ambiente (FERRER et al., 1996) .

Entretanto, o residuo de camardo é uma importante fonte de biomoléculas e minerais
(SACHINDRA e BASKAR, 2008), havendo um nimero consideravel de estudos apontando
0s subprodutos do processamento do camardo como fontes carotendides (SANTOS, et al.,
2012), polissacarideos, proteinas e glicosaminoglicanos (CAHU et al., 2012). Ha ainda
estudos demonstrando processos que convertem este residuo em produtos com atividades
biologicas (SACHINDRA e BASKAR, 2008; BENJAKUL et al., 2009; SANTOS et al.,
2012).

Tendo em vista o variado leque de moléculas bioativas que podem ser obtidas dos
subprodutos do processamento do camardo. O uso desses compostos na producédo de produtos
de cuidado a saude pode representar uma solucdo aos problemas de descarte e a baixa
rentabilidade gerada pelos metodos tradicionais de reaproveitamento. Gerando um produto

novo e de alto valor agregado.

2.2. Hidrolisados proteicos

A organizacdo mundial da satde recomenda as proteinas do pescado como fontes de
aminoacidos essenciais (USYDUS et al., 2009). Uma vez que o0s subprodutos do
processamento do pescado sdo ricos nessas moléculas, umas das formas de aproveitamento
desse residuo pela indudstria € na producdo de hidrolisados proteicos. Compreendem-se por
hidrolisados proteicos, produtos da quebra de proteinas em pequenos peptideos por um
processo de hidrolise (HE, FRANCO e ZHANG, 2013; PESUPULETI e BRAUN, 2010). Este
procedimento ndo sé mantém o teor de aminoacidos essenciais, COmo promove uma serie de
propriedades ao produto final, tornando possivel sua aplicagdo na industria farmacéutica e de
alimentos (HE, FRANCO e ZHANG, 2013).

A hidrdlise pode ser realizada por um processo quimico, utilizando acidos e bases, sob

altas temperatura e pressdo; ou bioldgico, por meio de enzimas (PESUPULETI e BRAUN,
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2010). Sua agdo pode modificar as propriedades do residuo por trés vias: diminuindo o peso
molecular, aumentando o nimero de grupos ionizaveis e expondo grupos hidrofobicos. Essas
modificacbes sdo responsaveis por melhorar propriedades fisico-quimicas, tais como
solubilidade, capacidade emulsificante e capacidade de ligacdo ao 6leo. Exercendo efeitos
diretos sobre o desempenho e o comportamento do hidrolisado em sistemas alimentares
(PANYAM e KILARA, 1996; HE, FRANCO e ZHANG, 2013).

A hidrolise quimica apresenta como vantagem um processo de producdo mais rapido,
a alta recuperagdo de proteinas e 0 baixo custo. Entretanto é um processo de dificil controle de
qualidade, além de gerar um produto de baixa funcionalidade, pouco palatavel e com baixa
qualidade nutricional (HE, FRANCO e ZHANG, 2013; CHOBERT et al., 1996). Devido a
estas limitacBes, sua utilizacdo esta restrita, principalmente, a produtos de baixo valor
agregado, como fertilizantes (KRISTINSSON e RASCO, 2000; SANMARTIN et al.,2009).

Na hidrolise biolégica sdo usadas enzimas proteoliticas. Essas enzimas séo
classificadas, segundo seu mecanismo de agdo em: 1) endoproteases, responsaveis por clivar
ligacBes peptidicas no interior das moléculas, produzindo peptideos de comprimentos
relativamente grandes; e 2) exoproteases, enzimas que removem aminoacidos das regides N- e
C- terminais, hidrolisando as ligacdes peptidicas terminais (Clemente, 2000).

Em comparacdo com a hidrdlise quimica, o uso da hidrolise enzimatica é mais
vantajoso por produzir hidrolisados mais homogénios, tornar o hidrolisado mais palatavel,
manter o valor nutritivo e reduzir o conteudo de sal do produto final. Suas desvantagens sdo o
alto custo e o maior tempo de processamento (KRISTINSSON e RASCO, 2000;
SANMARTIN et al.,2009).

Por dispensar o custo de enzimas comerciais, a utilizacdo de enzimas do proprio
organismo (autdlise) também tem sido relatado (SHAHIDI et al, 1995), principalmente na
producdo de molhos e silagem (KRISTINSON e RASCO, 2000), bem como racdo animal
(LEAL et al., 2010). Entretanto, devido a0 menor tempo requerido para obter graus de
hidrolise semelhantes aos da autolise e ao melhor controle das condi¢bes de hidrdlise,
produzindo composicdes e perfis peptidicos mais consistentes, 0 uso das enzimas comerciais
tem sido, em geral, preferido, em comparacdo aos processos autoliticos (ANUSHA,
SARAMANAYAKA e LI-CHAN, 2011).

Quanto a faixa de pH de atividade, as enzimas que trabalham em faixas proximas ao
neutro, como a alcalase, neutrase e flavourzyme tém sido usadas, preferencialmente, as
acidas. Isso se deve aos efeitos indesejaveis do baixo pH sobre o hidrolisado. Dentre esses

efeitos estdo, a reducdo do teor proteico, a queda no valor nutricional, devido a destruicéo de
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aminodacidos essenciais; e reducdo na funcionalidade do hidrolisado devido ao excesso de
hidrélise (KRISTINSSON e RASCO, 2000).

Muitas dessas enzimas que trabalham em faixas de pH proximas ao neutro sdo de
origem microbiana. As enzimas microbianas possuem maior estabilidade de temperatura e
pH, além de serem consideradas mais eficientes na hidrolise de proteinas do residuo de
pescado (HERPANDI et.al, 2011). A alcalase é uma endopeptidase alcalina obtida do
microrganismo Bacillus licheniformis que, por produzir um produto com gosto suave mesmo
em elevados graus de hidrolise, tem sido intensivamente empregada pela industria, sendo
considerada uma das melhores enzimas para o preparo de hidrolisados proteicos (BENJAKUL
e MORRISSEY, 1997; KRISTINSSON e RASCO, 2000; CENTENARO et al. 2009).

Os peptideos bioativos obtidos pelo processo de hidrolise sdo fragmentos proteicos
que, alem de atuarem como fonte de nitrogénio e aminoacidos, possuem inimeras fungdes
fisioldgicas em potencial, incluindo atividades antioxidante, opidide, imunomodulatoria,
antibacteriana, antitrombdtica e anti-hipertensiva (MURRAY e FITZGERALD, 2007). Em
geral, esses peptideos possuem 2 a 20 aminoacidos de comprimento e estdo presentes na
sequencia da proteina de origem, sendo liberados durante a digestdo gastro-intestinal e/ou
durante o processamento do alimento (HARNEDY e FITZGERALD, 2012).

O tipo de peptideo bioativo a ser gerado de uma fonte proteica em particular depende
da sequéncia primaria da proteina em questdo e da especificidade da enzima a ser utilizada
(HARNEDY e FITZGERALD, 2012). Além disso, a escolha cuidadosa de condi¢des como
temperatura, pH e controle de tempo de hidrolise é crucial para a obtencdo de hidrolisados
com as propriedades bioativas e funcionais desejaveis (SARAMANAYAKA e LI-CHAN,
2011).

H& indmeros estudos na literatura que apontam para as diversas propriedades
bioldgicas dos hidrolisados proteicos de organismos marinhos. Entre elas destacam-se a
atividade, anti-hipertensiva (RAGHAVAN e KRISTINSON, 2009; JUNG et al., 2006),
anticancer (ALEMAN et al., 2011), antifadiga (YOU et al., 2011), bem como a atividade
antioxidante (DEKKERS et al., 2011; WU, CHEN e CHIAU., 2003; DONG et al., 2008;
YOU et al, 2010; ). Outros estudos ainda demonstraram hidrolisados com funcionalidades
antioxidantes e anti-hipertensivas mistas (KANTAPHANT, BENJAKUL e KISHIMURA,
2011; JE et al., 2009; BENJAKUL et al., 2009).
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2.3. Peptideos antioxidantes

Os radicais livres sdo atomos de oxigénio altamente reativos, formados durante o
metabolismo aerdbio, que apresentam uma estrutura instavel de elétrons desemparelhados
(KLOMPONG et al., 2007). Esses radicais estdo associados com a ocorréncia de diversas
doengas, como aterosclerose, cancer e inflamagdo (FROLICH e RIEDERER, 1995;
MURAMATSU, 1995). Sob condi¢des normais, nosso sistema de defesa pode remover esses
radicais por meio de antioxidantes enzimaticos (Superoxido dismutase e glutationa
peroxidase), e/ou ndo enzimaticos (vitaminas, co-enzimas e co-fatores) (JOHANSEN et al.,
2005). Entretanto, quando radicais livres sdo produzidos em excesso esse sistema fica
sobrecarregado, 0 que causa efeitos danosos para a célula, devido a oxidagdo de lipideos,
proteinas, DNA e enzimas (PHILANTO, 2006).

Os radicais livres produzidos ndo provocam apenas prejuizos ao organismo, mas
também a industria alimenticia, por meio da peroxidacao lipidica, a qual promove alteracdes
indesejaveis no sabor e odor do produto, além originar produtos potencialmente toxicos (LIN
e LIANG, 2002). Antioxidantes sdo Uteis em retardar a peroxidacao lipidica e seus produtos
secundarios. Com isso, mantém o sabor, a textura e, em alguns casos, a cor do produto
durante seu periodo de estocagem. (ANUSHA, SARAMANAYAKA e LI-CHAN, 2011).
Além disso, antioxidantes reduzem a oxidacdo das proteinas, bem como, sua interacdo com
grupos carbonil, responsaveis por alteracbes na funcionalidade das mesmas (ELIAS,
KELLERBY E DECKER, 2008).

Antioxidantes sintéticos, tais como BHT, BHA e TBHT tém sido usados pela
industria para prolongar o tempo de prateleira dos alimentos. Entretanto, tem sido observado
que esses compostos produzem efeitos danosos a satde, com isso, muitos estudos estdo sendo
realizados no sentido de se obter novos antioxidantes naturais (HALLIWELL e WHITEMAN,
2004).Nos ultimos anos, foram purificados peptideos antioxidantes de hidrolisados de
subprodutos de diversas espécies marinhas, tais como Hypoptychus dybowskii (LEE, JEON e
BYUN, 2011), Otolithes ruber (NAZEER, KUMAR e GANESH, 2012), Sardinella aurita
(BOUGATEFF et al, 2010), Gadus macrocephalus (NGO et al., 2011), Oreochromis niloticus
(NGO et al, 2010 e ), Chlorella ellipsoidea (KO, KIM e JEON, 2012). Esses peptideos podem
exercer sua atividade eliminando radicais livres, quelando metais de transi¢do ou inibindo a
peroxidacéo lipidica (ERDMANN, CHEUNG e SCHRODER, 2008; SARMADI e ISMAIL,

2010). Apesar de sua relagcdo estrutura-atividade antioxidante ainda ndo estar estabelecida,
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estudos sugerem que o tipo, a posicéo e o grau de hidrofobicidade dos aminoacidos presentes
parecem exercer um papel essencial sobre a atividade antioxidante (HARNEDY e
FITZGERALD, 2012).

A atividade antioxidante ndo pode ser mensurada baseada em apenas um modelo e, na
pratica, mais de um teste e utilizado na avaliacdo da atividade antioxidante de interesse
(ALAN, BRISTI e RAFIQUZZMAN, 2012). Os ensaios para a avaliagdo in vitro da atividade
antioxidante sdo divididos em dois grupos de reacdes: reacOes de transferéncia de atomos de
hidrogénio (HAT); e reacdes de transferéncia de elétrons (ET) (HUANG, OU e PRIOR,
2005).

Os ensaios de HAT quantificam a habilidade de um antioxidante de doar atomos de
hidrogénio, por meio de uma reacdo de competicdo entre 0 composto antioxidante e um
substrato (HUANG, OU e PRIOR, 2005). Os ensaios de ET mensuram a capacidade redutora
do composto, relacionando-a a mudangas na coloracdo da reacdo (HUANG, OU e PRIOR,
2005). Nessa categoria se enquadram os ensaios de DPPH e de poder redutor total.

Além disso, como dito anteriormente, os peptideos antioxidantes também podem atuar
como quelantes de metais de transi¢cdo. A reducdo da oxidagdo resultante da quelacdo de
metais de transicdo pode ser avaliada por uma reagdo espectrofotométrica na qual a interacéo
do antioxidante com o fon Fe?" presente no meio é determinada pela formagdo de um
complexo colorido com a ferrozina (NAJAFIAN e BABJI, 2012).

Na analise da atividade antioxidante in vivo, a amostra é testada em animais de
laboratorio, como camundongos e ratos, utilizando um regime dosagem definido para o
respectivo teste a ser empregado. Apos esse periodo, 0s animais sdo normalmente sacrificados
e as amostras de sangue e tecidos utilizadas para 0s ensaios. Nesta categoria estdo incluidas a
avaliacdo das enzimas envolvidas na defesa contra o estresse oxidativo, tais como catalase e
glutationa-s-transferase, bem como a analise de substancias derivadas do acido tiobarbitarico
(ALAN, BRISTI e RAFIQUZZMAN, 2012).

A maioria dos peptideos antioxidantes possui pesos moleculares variando de 500 a
1800 Da, além de, frequentemente, apresentarem residuos hidrofobicos, como valina e
leucina, no seu N-terminal, e residuos de prolina, histidina, tirosina, triptéfano, metionina e
cisteina na sua sequencia (SARAMANAYAKA e LI-CHAN, 2011). Residuos hidrofobicos,
como valina ou leucina facilitam a interacdo de peptideos na interface 6leo-agua, facilitando a
eliminacdo de radicais livres na fase lipidica (RANATHUNGA et al., 2006)

Uma vez que a oxidacdo de lipideos promove o desenvolvimento de um sabor

indesejavel e produtos potencialmente toxicos, a atividade antioxidante dos hidrolisados
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proteicos pode ser aplicada a produtos alimenticios para estender sua vida de prateleira (HE,
FRANCO e ZHANG, 2013). Em um estudo realizado por Dekkers e colaboradores (2011) foi
possivel aumentar o tempo de prateleira do musculo vermelho do Dourado (Coryphaena
hippurus) apos sua imersdo em hidrolisado proteico de tilapia.

Segundo SARMADI e ISMAIL (2010), por estarem inativos na sequéncia nativa da
proteina, os peptideos contidos nos hidrolisados proteicos podem ser utilizados como
produtos farmacéuticos. HOU e colaboradores (2009), em estudo realizado em camudongos
ICR, machos, observaram efeito protetor de peptideos contidos na gelatina da pele do Gadus
macrocephalus contra o foto envelhecimento induzido pela radiagdo. NAZEER, KUMAR e
GANESH (2012) observaram que o peptideo isolado do hidrolisado proteico de Otolithes

ruber reduziu o estresse oxidativo em ratos e o dano, in vitro, ao DNA.

2.4. Purificacéo de peptideos

De maneira a obter um produto mais puro e com maior atividade, algumas estratégias
de separacdo e purificagdo podem ser empregadas. Membranas seletivas para baixos pesos
moleculares sdo Uteis em concentrar peptideos antioxidantes dos componentes de maior massa
molecular, como cadeias polipeptidicas ndo-digeridas e enzimas (SARAMANAYACA e LI-
CHAN, 2011). Entretanto, para purificar peptideos com atividades especificas, esses
processos devem ser acoplados as técnicas cromatograficas (POULIOT, GAUTHIER e
GROLEAU, 2006). A cromatografia por exclusdo molecular é utilizada para obter fracGes
peptidicas mais puras e com maior atividade. Esse nivel de pureza é necessario ao
desenvolvimento de produtos farmacéuticos (HE, FRANCO e ZHANG, 2013).

Atualmente, o método de separacdo de peptideos mais utilizado é a cromatografia
liguida de alta eficiéncia (HPLC), permitindo répida separacdo e deteccdo de suas
caracteristicas hidrofilicas e hidrofobicas (SHAHIDI e ZHONG, 2008). Neste tipo de
cromatografia s@o utilizadas bombas de alta pressdo que aceleram o movimento das moléculas
pela coluna, aumentando significativamente a resolucdo (LEHNINGER, 2011). Além disso, a
cromatografia liquida associada a espectrometria de massas (LC-MS/MS) é dtil na
identificacdo das sequéncias peptidicas.

H& um grande nimero de trabalhos utilizando a ultra-filtracdo, bem como diversos

processos cromatograficos na purificacdo de peptideos de diversas espécies marinhas (JE,
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PAEK e KIM, 2005; KUMAR, NAZEER e JAIGANESH, 2011; REN et al., 2008)).
Entretanto, devido ao alto custo de producédo, tanto o fracionamento por membrana, quanto o

processo de purificacdo ainda sdo dificeis de aplicar em escala industrial (HE, FRANCO e

ZHANG, 2013).
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3. OBJETIVOS

3.1. Geral

Obter, purificar e caracterizar peptideos antioxidantes do hidrolisado proteico do subproduto
do processamento do camardo branco do pacifico (Litopenaeus vannamei) por técnicas

cromatograficas.

3.2. Especificos

e Obter peptideos por hidrélise proteolitica do residuo do Litopenaeus vannamei;
e Auvaliar a atividade antioxidante do hidrolisado proteico de camarao;

e Separar o hidrolisado proteico por cromatografia por traca iénica em uma
coluna de DEAE-Sepharose;

e Auvaliar a atividade antioxidante das fragdes obtidas pela troca iénica pelo
ensaio do poder redutor;

e Separar a fragcdo com maior atividade obtida na troca I6nica numa coluna de
exclusdo molecular Sephadex G-25;

e Avaliar a atividade antioxidante das fracdes obtidas pela exclusdo molecular
pelo ensaio do poder redutor;

e Caracterizar a atividade antioxidante da fragdo com melhor poder redutor
obtida pela cromatografia por exclusdo molecular pelos ensaios do ABTS+ e

atividade quelante do ferro.
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ABSTRACT

Shrimp production represents 4.5% of worldwide aquaculture, but 48 to 56% of its weight is
discarded as waste. Protein hydrolisates production has been extensively studied way of
reusing of organic matter. The objective of this work was to purify and evaluate antioxidant
activity of the shrimp protein hydrolysate of Litopenaeus vannamei waste.Heads were
hydrolysed by alcalase and a Shrimp protein hydrolysate (SPH) was obtained. The SPH
showed a good antioxidant activity by ABTS+ assay (52.24+1.127%) reducing power
(0.442+0.045) and ferrous chelant activity (95.874+0.723) at 5 mg/mL. SPH was fractionated
by anion exchange DEAE-Sepharose and a size exclusion G-25 chromatography and the
fractions were evaluated by reducing power assay. SPH EP3 from G-25 chromatography
showed the highest reducing power (0.437+0.017 at 500 pg/mL). SPH EP3 was also
evaluated by its ABTS+ and Ferrous chelant activity. SPH EP3 showed a weak ABTS+
scavenging activity (15.309+1.608% at 2 mg/mL), but a powerful Fe?* chelating activity
(81.19+2.59 at 1mg/ml), suggesting that chelation of metals plays a pivotal role in its
antioxidant activity. However other experiments are necessary to better clarify the SPH EP3

antioxidant nature.

Key words: Antioxindant in vitro assays, Antioxidant peptides, Litopenaeus vannamei,

Protein hydrolysates.
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1. Introduction:

In recent years an increase in the production of fishery resources for human
consumption has been observed and aquaculture is the mainly responsible for this growth
(FAO 2012a). Shrimp production represents, approximately 4.5 % of worldwide aquaculture
and in 2010 a production of 3.8 millions of tones was observed (FAO 2012b). The White
Pacific shrimp (Litopenaeus vannamei) is the most cultivated specie in the world and
according to the last FAO bulletin, in 2010 nearly of 2.7 millions of tones were produced
around the world (FAO, 2012b), however about 48 to 56 % of its production
(cephalothoraxes and exoskeleton) are discarded as non edible waste (Sachindra et al., 2005).
Due to its high concentration of organic matter the waste generated by fishery processing is
taken as one o mostly onerous to eliminate and the better utilization of the fishery processing
generated biomass is an important matter to be considered (Guerard, Sellos & le gal, 2005;
He, Franco & Zhang, 2013)

Shrimp by-products are important sources o biomolecules and minerals (Sachindra &
Baskar, 2008) and its importance as sources of carothenoisds (Santos et al., 2012),
polysaccharide, proteins and glycosaminoglicans (Cahd et al., 2012) was observed.
Furthermore, other studies have demonstrated biological processes which convert shrimp by-
products in a final different product with biological activities (Sachindra & Baskar, 2008;
Santos et al., 2012; Faithong et al., 2010; Binsan et al., 2008; Benjakul et al., 2009). And the
reuse of shrimp residue may be a profitable alternative for dealing with disposal problems,
yielding high added value products with biomedical applications.

Protein hydrolysates are breakdown products of protein digestion by a hydrolysis
process (He, Franco & Zhang, 2013; Pesupuleti & Braun, 2010). This process may result in

the production of bioactive peptides, peptides with 2-20 amino acids of length, which are
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present in the native sequence of the protein and liberated after gastro-intestinal digestion or
during the food processing (Harnedy & Fitzgerald, 2012). Furthermore, in addition to acting
as a source of protein and amino acids, these bioactive peptides have potential physiologic
functions, including opioid, immunomodulatory, antibacterial, antithrombotic, anti-
hypertensive and antioxidant (Murray & Fitzgerald, 2007).

Free radicals are highly reactive oxygen atoms formed during aerobic metabolism,
which have an unstable structure of unpaired electrons (Klompong et al., 2007). When free
radicals are produced in excess it causes deleterious effects to the cells, due to the oxidation of
lipids, proteins, DNA and enzymes (Philanto, 2006). Therefore, free radicals are associated to
many chronic diseases, such as atherosclerosis, cancer and inflammation (Frélich e Riederer,
1995; Muramatsu, 1995). Moreover, free radicals entail losses to industry by lipid
peroxidation process, which promotes undesirable changes in odor and flavor of food and
generates toxic products (Lin & Liang, 2002). In order to avoid these undesirable changes and
increase shelf life of food, synthetic antioxidants, such as butylated hydroxitoluene (BHT) and
butylated hydroxianisole (BHA) have been applied. However studies have pointed to the
harmful effects of these compounds to health and many studies have been conducted to obtain
antioxidants from natural sources (Halliwell e Whiteman, 2004).

A growing number of studies have been demonstrated the purification of antioxidant
peptides from many marine sources (Lee,Jeon e Byun, 2011; Nazeer, Kumar e Ganesh, 2012;
Ko, Kim e Jeon, 2012; Ngo et al, 2010; Ngo et al., 2011; Bougatef et al, 2010). These natural
antioxidants can perform their activities by scavenging free radicals, chelating transition
metals or inhibiting the lipid peroxitation (Erdmann, Cheung e Schrdder, 2008; Sarmadi &
Ismail, 2010).

There are several reports about the use of shrimp by-product to obtain new products

with antioxidant activities. Sachindra and Bhaskar (2008) and Faithong et al. (2010) obtained
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protein hydrolysates with antioxidant activities using fermentation hydrolysis of shrimp by-
products. Benjakul et al. (2009) employed flavourzyme hydrolysis to improve antioxidant and
other biological activities from Mugoong, an extract paste from the Cephalotorax of white
shrimp. Besides that, limited information is available about the purification of antioxidant
peptides from shrimp sources. So, the aim of this study was to purify and characterize
antioxidant peptides from a protein hydrolysate produced by an enzymatic hydrolysis of

pacific white shrimp, Litopenaeus vannamei, by-products.

2. Materials and methods:

2.1. Materials:

Litopenaeus vannamei cephalotorax were provided by Noronha Pescados, Recife, PE,
Brazil and stored at -20° C until use. Alcalase was purchases from Novo Nordisk (Bagsvaerd,
Denmark). 1,1-diphenyl-2-pycryl-hydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS), Potassium persulfate and 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-
p,p’-disulfonic acid monosodium salt hydrate (ferrozine) were purchased from Sigma

Chemical Co (St. Louis, MO). All other reagents used in this study were of analytical grade.

2.2. Preparation of shrimp protein hydrolysates (SPH):

Briefly, shrimp heads were mixed with distilled water with 1:1 (w/v) ratio and boiled
at 100°C for 10 minutes in order to inactivate the endogenous enzymes. Then the mixture was
cooled in room temperature and the Alcalase in a final concentration of 0.5 % (v/v) was

added. The hydrolysis was performed for three hours at 40°C. After that, the mixture was
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boiled for 10 minutes to stop the reaction. The SPH was centrifuged for 10000 x g for 10
minutes and the supernatant were collected and stored at -20°C for posterior antioxidant

activities. All hydrolysis and antioxidant activities were performed at least in triplicate.

2.4. Antioxidant activities:

2.4.1. DPPH scavenging activity:

DPPH scavenging activity was performed as Je et al. (2009). Briefly, 100 pL of
hydrolysate samples at 0.25; 0.5; 1.0; 2.0 and 5.0 mg/mL were mixed with 100 pL of 150 uM
of DPPH in ethanol 99,5 % solution. This mixture was kept in the dark at room temperature
for 30 minutes and the absorbances were measured at 517 nm using a Bio-rad xMark™
spectrophotometer. The radical scavenging activity (RSA) was measured using the following
equation: DPPH inhibition = [1-(Asample = Ablank)/Acontrol] *100. Where the blank was the

sample mixed with ethanol and the control was the DPPH solution without sample.

2.4.2. ABTS scavenging activity:

The ABTS+ radical scavenging was performed as Wang and Xiong (2005). A solution
of ABTS+ was prepared at the final concentration of 7 mM of ABTS and 2.45 mM of
potassium persulfate. This mixture was incubated for 12 to 16 hours at room temperature
before the assay and thrn was diluted in 0.2 M of PBS ( pH 7.4) until the desired absorbance
of 0.70 + 0.02 at 734 nm. After that, 20 pL of the samples were added to 1980 puL of ABTS+
diluted solution. The mixture was homogenized for 30 seconds, left at dark for 6 minutes.

After that the absorbancies were measured at 743 nm in a Bio-rad SmartSpec™ 3000
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spectrophotometer and the ABTS+ scavenging activity was measured according to the

following equation: ABTS inhibition (%) = [1-(Asampte /Acontro1)]*100 .

2.4.3. Reducing power assay

Reducing power assay was made as described by Oyaizu (1986) with modifications.
Two hundred microliters of the samples were mixed to 200 pL of 0,2M fosfate buffer (pH
6.6) and 200 pL of potassium ferricyanide. This mixture was incubated at 50°C by 20 minutes
and the reaction was stopped adding 200 uL of a 10% TCA solution. Further, 125 pL of these
samples were mixed with 125 pL of distilled water in a microplate and 20 pL of FeCl; was
added to each well. The reducing power was observed by an increase in absorbance at 700

nm.

2.4.4. Ferrous chelant activity:

The Fe** ion chelant activity was determined by Benjakul et al. (2005) with
modifications. Samples (200 uL) were mixed to 800 pL of distilled water. Then 100 uL of 2
mmol/L FeCl; solution and 200 puL of 5 mmol/L ferrozine solution were added. This mixture
was kept at room temperature for 20 minutes and the absorbance was read at 562 nm.
Distilled water was used as control. The hydrolysed chelant activity (HCA) was expressed by

the following equation: HCA (%) = [1-(Asampte /Acontro1)]*100.
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2.5. Purification SPH antioxidant peptides

2.5.1. Anion exchange chromatography

In order to separate the fraction with highest antioxidant activity, 50 mg of lyophilized
SPH were loaded onto a DEAE-Sepharose anion exchange column (8mL) equilibrated with
distilled water in a linear gradient of NaCl (0 — 1.5 M) at a ImL/min flow. Each fraction was
collected as 2 mL and the peaks were monitored at 280 nm. Each peak was lyophilized and

the antioxidant activities were measured by reducing power at Img/mL.

2.5.2. Size exclusion chromatography

The fraction number 2 (SPH IP2 - 8 mg) with highest antioxidant activity obtained by
DEAE-Sepharose column was further loaded onto a Sephadex G25 molecular exclusion
column (1.5 x 42 cm) equilibrated with distilled water. Each fraction was collected as 2 mL at
0.4 mL/min rate flow and the peaks monitored at 280 nm. The peaks were lyophilized and
concentrated at 500 pg/mL and evaluated by reducing power assay. The most active fraction
from reducing power assay was also evaluated by ABTS+ scavenging assay and ferrous

chelant activity assay.

2.6. Statistical analysis

SPH production and antioxidant assays were made at least in triplicate and antioxidant

assays from SPH and its purified fraction were expressed by means + SD. Significant.

Statistical comparisons of the means values were evaluated by analysis of variance
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(ANOVA), using the GraphPad Prism (version 5; GraphPad Software Inc., San Diego,

U.S.A)) and a P value of <0.05 was considered as the level of statistical significance.

3. Results and Discussion

3.1. SPH Production and antioxidant activity

In this work the SPH was produced by Alcalase hydrolysis. Alcalase is a microbian
endopeptidase derived from Bacillus licheniformis which, due to produce hydrolysates with
mild taste even in high degrees of hydrolysis, has been extensively used by industry and is
considered one of the best enzymes to produce protein hydrolysates (Benjakul and Morrissey,
1997; Kristinsson & Rasco, 2000; Centenaro et al. 2009). Furthermore, Alcalase works at a
pH range next to the neutral, avoiding the low pH undesirable effects, such as destruction of
essential amino acids and loss of functionality due to excess of hydrolysis (Kristinsson &
Rasco, 2000).

The antioxidant activity should not be concluded based in only one methodology and
several antioxidant in vitro assays are carried out for evaluating antioxidant activity (Alan,
Bristi & Rafiquzzman, 2012). In this work the antioxidant activity of SPH was evaluated by
DPPH scavenging assay, reducing power assay, ferrous chelant activity and ABTS+
scavenging assay (Figure 1).

The DPPH is a stable free radical, which gives rise to a deep violet color due to a
delocalization in a spare electron in the molecule. When this solution is mixed with a
substrate that can donate an electron or a hydrogen atom, it gives rise to the reduced form of
DPPH and, consequently, loss of violet color, leading to the formation of a yellow pale

compound (Alan, Bristi & Rafiquzzman, 2012). In this work, five different crescent
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concentrations were evaluated in order to obtain a dose-response curve, besides that,
statistical significance was only observed between 0.25 and 1 mg/mL; and 0.25 and 2.0
mg/mL. All other concentrations had no significant difference on DPPH scavenging assay
(Figure 1A). This result does not corroborate with the evidence of growing of DPPH
scavenging activity with the increase of concentration (Je et al., 2009; Ngo et al., 2010; Ko et
al., 2012) of the antioxidant compound..

The SPH free radical scavenging activity was also tested against the radical cation
ABTS+. This kind of free radical scavenging assay can be applied to both lipophilic and
hydrophilic compounds, and it has been widely used as antioxidant activity assay in several
natural compounds (Miliauskasa, Venskutonisa, & van Beek, 2004). Different to the observed
from DPPH scavenging assay, the SPH scavenging activity against ABTS+ free radical
increased with increasing concentration (Figure 1B) and a ABTS+ scavenging activity of 52 +
1.127% at 5 mg/mL was observed. Demonstrating that the SPH was effective in scavenge this
free radical in a dose-dependent manner.

In order to clarify the results about the free radical scavenging activity, the SPH
reducing power was evaluated. Reducing power assay is often used to evaluate the ability of
an antioxidant to donate an electron or a hydrogen atom (Yildirim et al., 2000). In this
method the antioxidant compounds causes the reduction of the Fe3+/ferricyanide complex to
the ferrous form, which is measured at 700 nm and increases in absorbance of the reaction
mixture indicate the reducing power of the samples (Jayaprakash et al., 2001). The Fig1 C
demonstrates the increasing in SPH electron donating ability among the different
concentrations. Thus can suggest that Shrimp protein hydrolysate has antioxidant activity and
aspects of the samples may have interfered in the DPPH scavenging assay, which confirm the
need to evaluate in vitro antioxidant activity by two or more assays. Besides that DPPH still is

one of the most widely used test as the initial evaluation of antioxidant activity and several



43

studies has used this assay associated to reducing power and other assays in the avaluation of
antioxidant activity (Li et al., 2008; Je et al., 2009; Galla et al., 2012).

The iron Fe** Chelant activity of SPH was also evaluated and the decrease of the red
color ferrozine-Fe** complex reflected the efficacy of the samples to compete against the
ferrozine for the Fe?* ion (Figure 1D). The chelation of metal ions can reduce the amount Fe**
or Cu®* available to take part in the Fenton reaction and decrease the formation of the
hydroxyl radical from the superoxide anion (Oboh, Raddatz & Henle, 2008). Zhu, Zhou and
Qian (2006) obtained a hydrolysate with a high ferrous ion chelating activity of 89 % at 1
mg/mL using alcalase hydrolysis of wheat germ. In this study it was observed that SPH
chelated near to 96% of Fe?* in the system at 1 mg/mL. This result demonstrates that SPH has
a remarkable Fe?" chelating activity and it can contribute to prevent the formation of hydroxyl
radical and, ultimately prevent lipid and DNA oxidation.

Several reports in literature have associated the improvement of antioxidant activity
with the alcalase hydrolysis of different protein sources. Li et al., (2008) obtained a protein
hydrolysate with antioxidant and radical scavenging activities from chickpea protein
hydrolyzed by alcalase. Galla et al., (2012) obtained protein hydrolysates with antioxidant and
good functional properties from alcalase-hydolysis of Channa striatus and Labeo rohita roe
protein. Xie et al., (2013) observed that hydrolysis by alcalase enhanced the antioxidant
activity and bioavailability of casein hydrolysates compared with gastrointestinal-hydrolysis.
These authors also observed a cytoprotective effect of casein hydrolysates against H,O, injury
in a HepG2 cell culture. The antioxidant and radical scavenging activities of shrimp protein
hydrolysate obtained by alcalase hydrolysis corroborate with these results and suggest that

SPH is a good candidate for a functional ingredient in commercial products.
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3.2. Purification of Shrimp protein hydrolysate:

In order to obtain a purer product, the shrimp protein hydrolysate was subjected to two
purification processes. Firstly, 50 mg of SPH were dissolved in distillated water and loaded in
an anion exchange DEAE-Sepharose column. As shown in Figure 2, SPH was fractionated
into 3 sub-fractions, one unbounded and two bounded fractions (SPH IP1, SPH IP2 and SPH
IP3, respectively). All the fractions was pooled, lyophilized and measured for antioxidant
activity by reducing power assay. The fraction SPH IP2 showed the highest reducing power
(0.330 + 0.033 at 1 mg/mL) and was further purified by size exclusion chromatography in a
Sephadex G-25 column. Figure 3 shows the elution profile of SPH IP2 fraction separated by
molecular size exclusion chromatography. Three sub fractions were obtained (SPH EP1, SPH
EP2 and SPH EP3, respectively). All these fractions were pooled, lyophilized and tested for
reducing power assay at 500pug/mL and SPH EP3 fraction showed the highest reducing power
activity(0,437 + 0,017). This result is in agreement with the finding that peptides with small
molecular weights have better antioxidant activity (Cheung et al., 2012; Lee, Jeon & Byun,
2011; Ko, Kim & Jeon, 2012; Zhong et al., 2011; Li et al., 2008 and Wang et al., 2012).
Furthermore, the increase in reducing power of SPH EP3and the decrease in concentration
compared to SPH IP2 reflects the efficiency of chromatographic processes for the purification

of peptides antioxidants.

3.3. Antioxidant activities of SPH EPS3:

Since SPH EP3 fraction had the best antioxidant activity, it was tested for ferrous

chelant activity and its scavenging activity against ABTS+, in order to elucidate the different

mechanism by which SPH EP3 exercises its antioxidant activity (Figure 4). After the
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purification process SPH EP3 retained its iron chelant ability, showing a Fe?* chelant activity
higher than 81 % and ICs, near of 0,6 mg/mL. However, despite the high Fe?* chelant activity,
SPH EP3 showed a weak free radical scavenging at the concentrations tested by ABTS+
scavenging assay (15.31+1.61 %). It suggests that the chelation of transition metals is a
pivotal way to SPH EP3 exerts its antioxidant activity. Previously reports have associated
amino acid residues of Ser and His to iron chelant activity in fish proteins (Wu et al., 2012;
Guo et al., 2013). Lee and Song (2009) associated the chelant activity of the nonapeptide
Asp-Leu-Gly-Glu-GIn-Tyr-Phe-Lys—Gly from porcine serum albumin to the presence of
Asp, Glu and Lys within its sequence. So, based on these evidences we can suggest that
Shrimp protein hydrolysate of Litopenaeus vannamei and its purified fraction SPH EP3 can be
rich in one or more of these amino acids residues.Besides that, many reports have revealed the
correlation between antioxidant activities and the reducing power of bioactive compounds
(Bougatef et al., 2010) and the antioxidant and radical scavenging activity of SPH EP3 should

be evaluated by other assays.

4. Conclusions:

This study demonstrates that pacific white shrimp by-products hydrolysates by
alcalase hydrolysis can be employed as antioxidant peptides source. Furthermore, it was
purified an antioxidant peptide fraction with a high reducing power and Fe?* chelant activity,
but a weak free radical scavenging activity. Furthermore, it is necessary to evaluate the
sequence of peptides within SPH EP3 and another antioxidant studies in vitro and in vivo

should be conducted in order to better characterize SPH EP3 antioxidant activity.
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Figure 1. Antioxidant activities of SPH at different concentrations. A) DPPH
scavenging assay; B) ABTS+ scavenging assay; C) Reducing power; D) Ferrous
chelant activity.The assays were made at least in triplicate and the results are
expressed as means + SD. The significance among the different concentration was

analysed by ANOVA test and P value of < 0.05 was considered significant.

55



e
»
[
*
*
*

o
%)
1

(=
=
i

Reducing power
o
[\

o
(=)

N

3
']

—
N

N
o
e
-

—
o
1

—
(=
i

Absorbance (280 nm)

o o
2 %
[ ]

50 100 150 200
Elution volume (mL)

o
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exchange chromatografy and reducing power of the different fractions at
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6. CONCLUSOES

> Os hidrolisados proteicos obtidos pela hidrolise enzimatica dos sub-produtos do
processamento do camardo branco do pacifico Litopenaeus vannamei podem ser empregados

como fonte de peptideos com atividade antioxidante;

> O processo de purificacao foi eficaz na obtencdo de uma fracdo peptidica com maior

poder redutor;

> A fracdo SPH EP3 possui uma notavel capacidade de quelagdo do ion Fe**, sugerindo

que este seja um dos principais mecanismos envolvidos na atividade antioxidante do SPH;

> Estudos de sequenciamento e a avalia¢do da atividade antioxidante do SPH se fazem

necessarios para uma melhor caracterizacao das fragcdes peptidicas presentes no hidrolisado.
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(e.q., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more Information and a full list of supported databases.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fants that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

» Sjze the lllustrations close to the desired dimensions of the printed version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created In a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped {pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Please insert the following text before the standard text - Photographs, charts and diagrams are all
to be referred to as "Figure(s)" and should be numbered consecutively in the arder to which they
are referred. They should accompany the manuscript, but should not be Included within the text. All
Illustrations should be clearly marked with the figure number and the author’s name. All figures are
to have a caption. Captions should be supplied on a separate sheet.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.q., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
Indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color lllustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the lllustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended In the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results’ or
'Personal communication'. Citation of a reference as 'in press’ implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.q., after the reference list) under a
different heading if desired, or can be included in the reference list.

Example: CTAHR (College of Tropical Agriculture and Human Resources, University
of Hawali). Tea (Camellia sinensis) a New Crop for Hawail, 2007. URL
hetp://www.ctahr. hawail.edu/oc/freepubs/pdf/tea 04 07.pdf . Accessed 14.02.11.

All publications cited In the text should be presented In a list of references following the text of the
manuscript. No more than 30 references should be cited in your manuscript. In the text refer to
the author's name (without initials) and year of publication (e.g. "Steventon, Donald and Gladden
(1994) studied the effects..." or "...similar to values reported by others (Anderson, Douglas, Morrison
& Weiping, 1990)..."). For 2-6 authors all authors are to be listed at first citation. At subsequent
citations use first author et al.. When there are more than 6 authors, first author et al. should be
used throughout the text. The list of references should be arranged alphabetically by authors' names
and should be as full as possible, listing all authors, the full title of articles and journals, publisher
and year. The manuscript should be carefully checked to ensure that the spelling of authors' names
and dates are exactly the same in the text as in the reference list.

Reference style

Text: Citations in the text should follow the referencing style used by the American
Psychological Assoclation. You are referred to the Publication Manual of the American Psychological
Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered from
http://books.apa.org/books.cfm?ld=4200067 or APA Order Dept., P.O.B. 2710, Hyattsville, MD
20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', ‘c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-55.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter
4).

Reference to a chapter In an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research In their own words and
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to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mall to create an AudioSlides presentation after acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary flles supplied will be
published online alonaside the electronic version of your article in Elsevier Web products, Including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed Instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further detalls of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

» Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

* Keywords

= All figure captions

» All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

» References are In the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (including the Web)
» Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and In print, or ta be reproduced In color on the Web (free of charge) and in black-and-white in print
» If only color on the Web Is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

Additional Information

Abbreviations for units should follow the suggestions of the British Standards publication BS 1991,
The full stop should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.), % and /'
should be used in preference to ‘per cent' and 'per'. Where abbreviations are likely to cause ambiguity
or may not be readily understood by an international readership, units should be put In full.

Current recognised (IUPAC) chemical nomenclature should be used, although commonly accepted
trivial names may be used where there is no risk of ambiguity.

The use of proprietary names should be avoided. Papers essentially of an advertising nature will not
be accepted.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier {DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which Is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly ‘Articles in press’ because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
Journal Physics Letters B):

http://dx.doi.org/10.1016/).physietb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.
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Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author {If we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs {also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We will
do everything possible to get your article published quickly and accurately - please let us have all your
corrections within 48 hours. It is important to ensure that all corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent corrections
cannot be guaranteed. Proofreading s solely your responsibility. Note that Elsevier may proceed with
the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked version of the published article and includes a cover sheet
with the journal cover image and a disclaimer outlining the terms and conditions of use). For
an extra charge, paper offprints can be ordered via the offprint order form which Is sent once
the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier WebShop's
'‘Create Your Own Book' service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For Inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.
You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs at nhttp://www.clsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.

© Copynght 2012 Elsevier | http://www.elsevier.com
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8. TRABALHOS PUBLICADOS PARALELAMENTE:

8.1. Artigo:

Technolegets

00

A Pislication af
the Instute of

Journal of mm

Shrimp Waste Extract and Astaxanthin:
Rat Alveolar Macrophage, Oxidative
Stress and Inflammation

Suzan . Zantos, Thiago B. Cahd, Guilherme 0. Firmino, Célia C.MME. de Castro, Luiz B. Carvalho Ir., Ranilson 5. Bezerra,

and Jas& L. Lima Filho

Abstract: Astaxanthio is a carotenodd known o have anticoddant and antiindammacocy propecties. This study examined
if shoimp astaxanthin modulates the production of superowide (07 2), mitric oxide (MO8, and tamor pecoosis Gcor-e
{TIF—z) in rat abvealar macrophages. The oxdarve effact wasinduced by phoabol oovristate acetate and popaly sacharide.
The creatment was compared with supercuids dismutase, butylited hydeoogptoloene, commercial asaxanthing M-mtrc-
L-argimine methyl ester and L- canavanine, all adounigersd as @ 43.5-pg'ml dese in the presence of 1% EdOHS0.5%
DpAS0. All eregtments maincained cell viabilicy, ax chearved in the MTT assay, and thrimp extract increassd the viable
ahveolir macophage: to 168%, Shomp extract and commercial istaxamthin showed o mpprewive effact on the peneration
of bath free radicals O 3 and IO, whiile porified shriomp asaxantchin was specific to MO T F-of secretion was cormelated
with MO production. However, in this correlation, the shrimp extract completely inhibited THF—. In the Lght of
thess findings, the anticotidant actdon demomtmied in this stody suggests that the shomp extract could be comidensd as

a pomiing :ource of bioactwe substances with antoddant and anti-infammatory activicy
Eeywords: alvenlar macrophages, andomdant, ssfaxanchin, shrimp waste, THF-o

Practical Application:

The hydmbiz proces: of shrimp wase genemees biowctve produces that 2dd economic value o

shrimp processiog mainly because they moy boee applications in mutmceutcal and animal #ed indmtrg

Introduction

Becendy, in Brazil thers has been 2 mpid growth of commer-
cial shrimyp farming bated mainly an the wpecies Lisaperarie pan-
maTes, TEprEserKing an important commodity whae preduction
reached €5000 t in 2009 (Bocha 20000, Howewsr, & generate:
high Jevels of discarded solid waie ([from S0 po T0% of tofal wet

i in the form of head and abdominal exakeleton (Binsan
and oehers 2008). The recovery of biomaolecules from chis wane
can be an altsroative toadd economic value to shrimp procsssing
[Handawari and cthers 2008} Production of carctenoids har be-
come the chject of indaurial interest, with global market Gaure:
af IS §766 milkion in 2007, efwhich aaxanthin reprasenied 28%
[BOC Besearch 2008).

The antiozidant activiy of carobenadds arites primarily & a con-
sequence of the ahility ofthe conjugated double-bonded stnactups
to delocalize unpairsd alectrons (Valks and others 2006). Astacan-
thin & a reddith-colored C-40 compound, with powerful hroad-
ranging anticaddant efect that oocurs nahually in a wids wristy
af living copamitmy, such 2 microalgas, fangl, complex planty, and

ME 20811429 Subemied 1102702000, Aeoepard 401030 E Asthon Son-
dor, Tl Fr'-l:l, Ci'mq. Conadhe, ond Fiha aw snth Labwraiine de
I—M Lizr, Frdewd dr Personbue— UFRFE

u-ihf' i dr Ennmelapo—L AREMNT, Dupr. dr
WDWEmm&dﬁmndnuﬂm
dr Enzvwchgia—LARENT, Dvpr. dr Blagadnicar' [TFPE, Da s o i

7312 Instituis -:fF-: d TiJ1I1 |-:'| £

cripracean (Hixwin and others 2006; Campoin and ochers 2011).
Furthermare, 2 neroroprotective (Lo and cthes 2010}, antitumac
Wann and others 2011) carceenoid effsct and its bepefic mle on
the infammation induced by lipopalysaccharide (LPE) in murine
macrophages {Ohgami and others 2003) hawe besn thown.

Alwealar [AM] genemiess reactive arygen species
(RO such ax supercaide amdon (Tiwari and Eakkar 2009). It is
the fiot line of defense against inhaled particler. The imbalance
betmeen the sxposurs to coodant and the endegenows anticox-
dants i found to play an impomant mole in variows pathological
condiions including sthma, acute cespictory distress syndome,
chronic ohitructive pulmonary dieeass, idiopathic pLﬂmm::.rj B-
bemds, cardiowarcular dysfunction, neumdegenemiive diseasss, im-
MUINOSUPETEEion, Cancer, premanire ageing, and o on [Tiwan
and Kakkar 2009).

Mitric oxide (MO is aleo produced by ativated macrophages
and has been shown to be iowolved in the pathopepesis of acute
ard chromic infammatory dissases (Meilnen ind others 1997},
During the i ¢ procas, MO production increase: to
lewels that make the compound cytoboic to the cells by react-
img with wapercaide aniom to produce percayracrice (OMNOO™;
Sautebin 2000). This MO production by macrophages de=pends
upon induced MO syrchase (MNOE), which can be actvated by
wariows agents, inclading LPS, interfron-gamma, tumor necrosis
factor { THF-al, and 50 on (Palmer and otbeo 195%). The e=fore,
large amounes of MO preduction induced by bacterial LPS ar cy-

tokines play an impertant role in endotoxemma and inBammatory
condiiome (Bellot and others 190€).
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8.2. Patente:

2o

FRELATORIO DESCEITIVO DA PATENTE DE INVENCAOQ

PRIOCESSC PARA FRODUGAC BORRADIAGAC DE UM PRODUTS FROTEIDD
E LIFIDICO A PARTIR DO HIDROLISATD
PROTEICD DE FETRE

CAMPO DA INWENCAD

A presanse imencds diz regpafio 3 o processo para a prodegio de idrolinados
prosedcos de peives & dos eus adeos de formo emenil O prodeio & obtido 2 panir de
resifoos da indimely progueina & pode sor wiilimado pela as inddmichis de commitica,
alimesticia = ggacifetica A presenie dmvenclo sefers-ge mok pariculaomers 3
aohcagda de wm processo e sepamido s comsenaglo com aapkicagdo d- radaglo ram
ammesiar o temno de praselein de hidrolioados protedoos & olecs de pedves de foron

esidnil com aplicagles biotecooldgicas.

DESCRICAD DO ESTADDO DA TECNICA

i fld @ o fem de o valor ecomdiEmico, o e rendEmesdio vara deaccedo oom
o dosmindo tecooligico das emprecas procestadons de pascado & pode chegar ame 30 e
4% do peso do anima] dependendo da ezpicis, 2 ovira pascels & commiderado como
residoo saodo compomio por resios e camoe, cabega, prle, cmtox, ascamas e viscesas
Logo, os residoos da dodeoria de procestameno de pescado, por exemolo, da tildnds,

represeniam Je 60 2 T da madca-prima Atmlmems esies sesideos gerados so




De: webmaster@inpi.gov.br

Para: "patentes dine propesq" <patentes_dine.propesq@ufpe.br>

Enviadas: Sexta-feira, 21 de Dezembro de 2012 14:36:04

Assunto: INPI informa: seu pedido foi depositado. Processo M2 BR 10 2012 032931 0 GRU N2.:0000221200804397

7Sr. Usuario,
Este & um email automatico e ndo é necessario responder a esta mensagem.
vocé acaba de apresentar um pedido de patente ao Instituto Nacional da Propriedade Industrial.

Lermbramos da necessidade de a partir da data de hoje, acompanhar o seu pedido, Para isso, utilize a numeragio do pedido
encaminhada nesta mensagem.

Esse acompanharmento deverd ser efetuado da seguinte forma:

Consulte semanalmente, pelo nimero do processo, a Revista Eletrénica da Propriedade Industrial - RPI (Edigdo Patentes - disponivel
em formato .pdf no portal {www.inpi.gov.br), na qual serdo publicados todos os atos relativos ao seu pedido de patente.

Ern alguns casos excepcionais (refmessas por Via Postal ou por Postos Avangados do INPI), poderdo existir exigéncias formais para o
seu pedido {com prazo de 30 (trinta) dias para o cumprimento) sem que a via com ndmero de processo chegue até vocé, Nestes
casos, utilize a numeragdo encaminhada nesta mensagem para acompanhar o andamento do processo. Esta mensagem de notificagdo
& encaminhada no momento em que o pedido for protocolado em uma de nossas recepgdes,

Ratificamos a importidncia do acompanhamento semanal de seu pedido, visto que o mesmo pode ser alvo de uma exigéncia formal, gque
deverd ser cumprida em 30 (trinta) dias a partir da publicagdo na RPI, sob pena de anulagdo do ndmero do pedido. Protocolo
019120000393 na Unidade Representacdo de Pernambuco, em 21/12/2012 15:36:00.

Anote o Nomero do seu Processo BR 10 2012 032931 0

webrmaster - INPI

Cleide Marques
Técnica em PI
UFPE/PROPESG/DINE
Fone: (81)2126-8958
Fa (81)2126-8600
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