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Tabacaria (residuo)
- Fernando Pessoa -

Estou hoje vencido, como se soubesse a verdade.

Estou hoje Itcido, como se estivesse para morrer,

E ndo tivesse mais irmandade com as coisas

Sendo uma despedida, tornando-se esta casa e este lado da rua
A fileira de carruagens de um comboio, e uma partida apitada
De dentro da minha cabeca,

E uma sacudidela dos meus nervos e um ranger de 0ssos na ida.

Estou hoje perplexo, como quem pensou e achou e esqueceu.
Estou hoje dividido entre a lealdade que devo

A Tabacaria do outro lado da rua, como coisa real por fora,

E a sensacdo de que tudo é sonho, como coisa real por dentro.

Falhei em tudo.

Como ndo fiz proposito nenhum, talvez tudo fosse nada.

A aprendizagem que me deram,

Desci dela pela janela das traseiras da casa.

Fui até ao campo com grandes propositos.

Mas 14 encontrei s6 ervas e arvores,

E quando havia gente era igual a outra.

Saio da janela, sento-me numa cadeira. Em que hei de pensar?

Que sei eu do que serei, eu que ndo sei 0 que sou?

Ser 0 que penso? Mas penso tanta coisa!

E héa tantos que pensam ser a mesma coisa que nao pode haver tantos!
Génio? Neste momento

Cem mil cérebros se concebem em sonho génios como eu,

E a histdria ndo marcard, quem sabe?, nem um,

Nem haverd sendo estrume de tantas conquistas futuras.

N&o, ndo creio em mim.

Em todos os manicémios ha doidos malucos com tantas certezas!

Eu, que ndo tenho nenhuma certeza, sou mais certo ou menos certo?
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A minha mae Loide Lopes, avé Ester Laurentino e irma

Rafaella Lopes. Minhas forgas.
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RESUMO

A aquicultura é um dos mais promissores agronegocios em desenvolvimento no mundo.
A utilizacdo de residuos do processamento de organismos aquaticos é considerada uma
atividade necessaria, pois aléem de diminuir a quantidade de residuos bioldgicos
depositados em aterros e cursos d’agua também representa uma importante fonte de
moléculas bioativas de valor agregado, permitindo que a aquicultura seja uma atividade
sustentavel ecologicamente e economicamente. No processamento de camardes,
aproximadamente 30-70% do peso total do animal é considerado residuo, embora ainda
possua uma consideravel quantidade de proteinas de musculo, pigmentos, lipideos e
alguns carboidratos e polissacarideos como a quitina. Esses materiais podem ser
recuperados e aplicados como novos produtos de valor agregado ou simplesmente
abastecendo a estrutura de cultivo local. Neste trabalho, utilizou-se o residuo do
beneficiamento dos camarBes Litopenaeus vannamei e Macrobrachium rosenbergii,
para a obtencdo de insumos para a aquicultura. Espécimes foram obtidos de
carcinocultores locais e descabegcados manualmente, o material foi acondicionado em
sacos plasticos contendo 1 kg e acondicionados a -20°C até serem utilizados. Triturou-
se com agua destilada (1:1) e este homogenato foi analisado quanto a capacidade
proteolitica e entdo submetido a autdlise enziméatica por 30 min. e 2h a 45°C sob
agitacdo. Apos esse tempo, o material foi aquecido a 100°C por 10 min. para inativacdo
enzimatica e entdo filtrado para separacdo de fases. A fase liquida do processo realizado
com a espécie L. vannamei foi misturada ao farelo de soja para originar quatro
diferentes bioprodutos. Desses bioprodutos foram realizadas analises microbioldgicas
especificas e de mesofilos, obtencdo de composicdo chemical, aminograma, composicao
de &cidos graxos e testes de inibicdo proteolitica. Do liquido do M. rosenbergii foram
obtidos os niveis proteicos, de lipideos, cinzas e carboidratos. A parte sélida (carapaca)
foi separada e extraida com etanol 90% para delipidacdo e obtencdo de carotenoides. O
residuo sélido foi tratado para obtencdo de quitina e producédo de quitosana.

Palavras-chave: Litopenaeus vannamei. Macrobrachium rosenbergii. Residuos.

Fonte proteica.
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ABSTRACT
Aquaculture is one of the most promising agribusiness development in the world. The
use of the processing of aquatic waste is considered a necessary activity because in
addition to reducing the amount of organic waste going to landfill and water streams
also represents an important source of bioactive molecules of added value, enabling
aquaculture is one ecologically and economically sustainable activity. In the processing
of shrimp approximately 30-70% of the total weight of the animal is considered as
waste while still have a considerable amount of muscle proteins, pigments, lipids and
some carbohydrates and polysaccharides such as chitin. These materials can be
recovered and applied as new value-added products or just supplying the local farming
structure. In this work, we used the processing of the waste from shrimp Litopenaeus
vannamei and Macrobrachium rosenbergii, to obtain supplies for aquaculture.
Specimens were obtained from local carcinocultores and headless manually, the
material was placed in plastic bags containing 1 kg, and stored at -20°C until used.
Trituration with distilled water (1: 1) and this homogenate was assayed for proteolytic
capacity and then subjected to enzymatic autolysis for 30 min. and 2h at 45 ° C under
stirring. After this time the material was heated at 100 ° C for 10 min. for enzyme
inactivation and then filtered to separate the phases. The liquid phase of the process
carried out with the L. vannamei species was mixed with soybean meal to yield four
different bioproducts. These products were made specific microbiological testing and
mesophilic, obtaining chemical composition, aminogram, fatty acid composition and
proteolytic inhibition tests. The liquid M. rosenbergii were obtained-protein levels,
lipid, ash and carbohydrates. The solid portion (the carapace) was separated and
extracted with 90% ethanol to delipidation and obtain carotenoids. The solid residue

was treated to obtain chitin and chitosan production.

Keywords: Litopenaeus vannamei. Macrobrachium rosenbergii. Processing waste.

Protein source.
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1. Introducéo

A aquicultura € a prética de cultivo de organismos que apresentam, pelo menos,
uma parte do seu ciclo de vida em ambientes aquaticos. Essa pratica possui as seguintes
classificacOes: piscicultura - cultivo de peixes de aguas doce e salgada; malacocultura -
cultivo de moluscos; carcinicultura - criagdo de camardes; algicultura - producdo de
algas; ranicultura - criacdo de ras; reptilcultura - criacdo de jacarés (MPA, 2013).

A alimentacdo consiste num dos fatores mais importantes do cultivo de peixes.
Através do alimento, os animais obtém a energia necessaria para sintetizar moléculas
requeridas para o desenvolvimento, sobrevivéncia e realizar agdes tais como:
locomocdo, reproducdo e defesa. A farinha de peixe € a principal fonte proteica dietéaria
que satisfaz as exigéncias dos aminoacidos essenciais e nao essenciais na producédo de
racao para a aquicultura (TACON, 2007).

A maioria das farinhas comerciais de peixe € produzida a partir de varias
espécies e pode ser rotulada em fungdo da cor (branca ou marrom), espécie de pescado,
procedimento de manufatura ou pais de origem. A qualidade destas farinhas depende de
varios fatores, tais como, método de captura do pescado, temperatura e tempo de
estocagem antes do processamento, e composicdo dos componentes do pescado
processados (OLIVEIRA, 2002). Apesar de ser um ingrediente de alto valor protéico, a
sua grande participacdo na composicdo dos custos das racGes tem conduzido ao
interesse continuo na identificacdo e desenvolvimento de novas fontes alternativas de
proteinas.

O crescimento da indudstria de pescado tem gerado uma grande quantidade de
residuos e subprodutos que representam um desafio para os empresarios do setor e para
a comunidade cientifica especializada, que buscam estratégias para que essa atividade
seja sustentavel e ecologicamente viavel (BEZERRA et al., 2001). A producdo de
farinha ou hidrolisado protéico a partir de subprodutos das inddstrias pesqueiras
representa uma excelente alternativa para o incremento da oferta de proteina animal
(MACKIE, 1982; HAARD, 1992; KENT, 1997), j& que estes subprodutos sdo

usualmente descartados. Devido ao grande volume de camardes cultivado e capturado, a
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farinha de residuos tem sido identificada como uma fonte de proteina animal de grande
potencial (FANIMO et al., 2000), podendo contribuir ainda para a redugdo de
problemas ambientais pela inadequada destinacdo destes residuos no processamento
(HEU et al., 2003). Uma das possiveis solucBes é transformar esses residuos em
material para uso na formulacdo de racbes para animais, inclusive peixes
(CAVALHEIRO et al., 2007). No processamento do camardo, geralmente sdo
removidas a cabeca, 0 exoesqueleto e a porcdo posterior. Estes subprodutos
correspondem a, aproximadamente 52% do seu peso total, 0 que torna importante seu
aproveitamento, do ponto de vista econémico, industrial e ambiental (HEU et al., 2003).

Silva (2006) elaborou um hidrolisado protéico a partir de cabecas de camarao
marinho Litopenaeus vannamei, por autélise enzimética, obtendo-se um concentrado
protéico, o qual foi considerado uma excelente fonte alimentar, sobretudo de
aminoacidos.

Existem vérias metodologias para a obtencdo de hidrolisado protéico a partir de
produtos e subprodutos pesqueiros (GILDBERG, 1993). A presenca de enzimas
proteoliticas no trato digestorio de animais aquaticos tem uma influéncia significante na
producdo de hidrolisados. Essa producdo pode ser realizada através do processo de
autolise ou por um método de hidrolise, através da adi¢do de enzimas (SHAHIDI et al.,
1995). Gildberg e Stenberg (2001) demonstraram que a proteina dos subprodutos do
camardo pode ser hidrolisada por proteases comerciais e recuperada como hidrolisado
protéico com alto contetdo de aminoacidos essenciais.

Com isso, o objetivo do trabalho foi a obtencdo de alguns insumos, de potencial

uso na aquicultura, a partir de rejeitos da industria de beneficiamento de camaréo.
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2. Objetivos

2.1. Objetivo Geral

Obter insumos passiveis a utilizacdo pela aquicultura a partir de residuos do

beneficiamento de camardes cultivados.

2.2. Objetivos Especificos

- Obter hidrolisados proteicos dos camardes Litopenaeus
vannamei e Macrobrachium rosenbergii;

- Produzir novos bioprodutos a partir da mistura do hidrolisado do camaréo L.
vannamei e farelo de soja;

- Determinar a composicdo centesimal, aminograma e composi¢do de acidos
graxos dos bioprodutos;

- Avaliar a inibicdo proteolitica de algumas espécies de peixes importantes para
aquicultura na presenca dos bioprodutos e seus componentes;

- Extrair moléculas bioativas da carapaca do M. rosenbergii e
produzir quitosana;

- Avaliar a capacidade floculante da quitosana obtida do M. rosenbergii sob

espécies de microalgas cultivadas.
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3. Revisdo Bibliografica

3.1. Aquicultura e o Panorama da producéo de pescados

A aquicultura é um setor que tem crescido em média 9% ao ano, principalmente
devido a alta demanda mercadoldgica que se mostra superior a capacidade de captura do
pescado (GATLIN et al., 2007). De acordo com Hardy (2009), a captura ndo produz
anualmente a quantidade necessaria para garantir a demanda de consumo, sendo assim a
aquicultura deve-se coadunar com a captura de pescado. Para espécies marinhas, entre
1974 e 2011 a captura sustentavel caiu de 90% para 71%, sendo, atualmente,
considerada ndo sustentavel, o que provoca a sobrepesca (FAO, 2014).

Em 2012, a aquicultura mundial produziu mais de 66 milhGes de toneladas de
pescado. Nesse cenadrio uma das maiores representantes de producdo é a China, com
mais de 43 milhGes de toneladas de pescado. Segundo o Ministério da Pesca e
Aquicultura (2013), a aquicultura brasileira, em 2011, produziu mais de 600 mil
toneladas de pescado, representando um aumento de 51,2% na producdo entre 0s anos
de 2009-2011 (Figura 1).

Figura 1: Producéo de pescado no Brasil, no ano de 2011. Adaptada MPA, 2013.
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Mundialmente, no ano de 2012, a captura das principais espécies de camarao
chegou ao seu méximo de 3,4 milhGes de toneladas (FAO, 2014). No Brasil, a producéo

de camardes, oriundos da captura e da aquicultura, chegou a somar mais de 108 mil
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toneladas (MPA, 2013). Estima-se que 52% do total dessa producéo brasileira, mais de
56 mil toneladas, originem os subprodutos do beneficiamento de camardo - cabeca,
carapagca e cauda (HEU et al., 2003).

3.2. Ingredientes Proteicos

As ragOes produzidas comercialmente possuem uma gama de variedades de
formas e composicao especificas as necessidades de diferentes espécies de peixes e suas
fases de cultivo. As dietas especificas para peixes carnivoros, como o0 pintado
(Pseudoplatystoma corruscans), o dourado (Salminus brasiliensis) e a truta arco-iris
(Oncorhynchus mykiss) possuem um maior teor de proteina, entre 40 e 48%,
comparadas as racdes para peixes onivoros como as tilapias (Oreochromis niloticus),
carpa comum (Cyprinus carpio), pacu (Piaractus mesopotamicus), tambaqui
(Colossoma macropomum), entre outros, que variam entre 24 e 32% de proteina. Na
avaliacdo da qualidade das dietas utilizadas para alimentagdo de peixes, o teor de
proteina é um dos parametros mais utilizados (KUBITZA; CYRINO; ONO, 1998).

Nas décadas de 1980 e 1990, ocorreram mudancas climéticas que diminuiram
drasticamente a pesca das espécies de peixes responsaveis pela fabricacdo da farinha de
peixe. Quando a pesca dessas espécies caiu, 0 preco desse ingrediente farinha de peixe
subiu, acarretando numa diminuicdo da porcentagem desse ingrediente na formulacéo
das racfes e um aumento na utilizacdo de fontes proteicas alternativas. Em 2006, além
dos fenbmenos naturais, uma baixa na disponibilidade natural das espécies, utilizadas
no fabrico da farinha de peixe e um aumento na demanda desse ingrediente pela
aquicultura, fez com que o preco dessa farinha aumentasse ainda mais. Esse fato,
mostrou que a producdo anual de farinha de peixe ndo é suficiente para a demanda da
aquicultura, havendo uma diminuicdo na utilizagdo desse ingrediente (HARDY, 2009).

Dentre as fontes de proteina de origem vegetal, a soja Glycine max (L) é
considerada, a nivel global, como a op¢do com maior potencial para substituir a farinha
de peixe na formulagdo das racGes comerciais, pois apresenta um alto teor de proteinas,
baixos teores de carboidratos e fibras, alta digestibilidade, e bom padrdo de aminoacidos

essenciais quando comparados a outras fontes de proteina vegetal (ALAM et al., 2005).
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3.3. Nutrientes necessarios na alimentacao de peixes

A formulagéo de racdes de alto valor nutricional e boa digestibilidade depende
do conhecimento fisioldgico da digestdo da espécie de peixe a ser cultivada, como
também de seu manejo alimentar e da exigéncia dos nutrientes essenciais, em especial
as exigéncias energéticas, de proteinas e aminoacidos (PORTZ; FURUYA, 2013). Essa
alimentacéo utilizada em cultivos intensivos de peixes chega a representar 50% do total
dos custos, destes a proteina € o nutriente que representa maior valor econdmico
(PEREIRA et al., 2012). Esses nutrientes irdo afetar o crescimento, a eficiéncia
dietética, a composicdo corporal, a resposta econdémica e 0s impactos ambientais do
manejo desses animais (PORTZ; FURUYA, 2013).

A energia é necessaria a todos os processos fisiologicos dos peixes e eles a
adquirem na alimentacdo na forma de gordura, proteina e carboidrato (KAUSHIK e
MEDALE, 1994). Essa energia necessaria ao metabolismo dos peixes é basicamente
oriunda das fontes de lipideos, além das fontes proteicas, jA 0s carboidratos estdo
presentes em menores quantidades nas dietas ofertadas por possuirem menor
representacdo energética (TOCHER, 2003).

3.3.1. Proteinas e aminoacidos

As proteinas sdo 0s principais constituintes organicos dos peixes, chegando a
representar 75% do total da matéria seca corporal. Essas proteinas possuem varias
funcdes: estrutural (masculos, queratina e colageno), metabdlica (na forma de enzimas e

horménios), transportadora de substancias e participante do sistema de defesa do
organismo. Esse nutriente, quando digerido, libera aminoacidos livres que serdo
absorvidos e formardo novas proteinas ocasionando o crescimento e reparando tecidos e
6rgdos danificados (PORTZ; FURUYA, 2013).

A concentracdo ideal de proteinas em racdes para peixes depende do balanco
entre a energia digestivel e a proteina bruta (PORTZ; FURUYA, 2013). Uma dieta
deficiente energeticamente resulta em uma baixa taxa de crescimento, pois a proteina
ingerida sera utilizada para producgéo de energia, ja uma alta concentragdo energetica na

alimentacdo ira originar peixes gordurosos, caracteristica ndo desejada em peixes
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cultivados (NRC, 1993, 2011). Porém, quando a alimentacdo tem um nivel proteico
mais elevado que o necessario, havera um gasto energético extra para que 0S
aminoacidos ingeridos em maior quantidade sejam metabolizados (PORTZ; FURUYA,
2013).

Por muitos anos as formulacdes de racdes se baseavam nas necessidades de
proteina bruta do animal, essas necessidades sdo bastante variaveis entre as espécies e
idade do animal (Tabela 1). Porém, a evolucdo no conhecimento fez com que a insercao
de proteina ndo esteja apenas baseada na proteina bruta, mas sim no balanceamento da
exigéncia dos aminoacidos essenciais de cada espécie, se suprindo as necessidades
desses amino&cidos, e se adicionando industrialmente aqueles que se apresentam
deficientes (PORTZ; FURUYA, 2013).

3.3.2. Lipideos

Sdo moléculas quimicamente diversas que possuem como caracteristica em
comum a insolubilidade em agua (NELSON E COX, 2011). Os lipideos sdo importantes
por possuirem diversas fungdes, dentre elas pode-se citar: sdo uma das principais fontes
de energia para 0s peixes; mantém a estrutura, estabilidade e permeabilidade das
membranas plasmaticas; sdo a fonte de acidos graxos essenciais; sdo precursores dos
horménios (GARCIA et al., 2013).

A literatura sobre lipideos para peixes é incompleta, muitas informacGes sobre o
metabolismo dessas macromoléculas em nutricdo de peixes é desconhecida ou deduzida
do conhecimento produzido para mamiferos. Além de que, grande parte das pesquisas
atuais sobre a nutricdo lipidica em peixes foi realizada em peixes de aguas frias ou
temperadas, portanto sendo ainda menores o0s resultados para peixes de aguas tropicais.
Quando fala-se das exigéncias nutricionais dessas moléculas em dietas, para peixes e
mesmo outros animais, sdo pouquissimo conhecidas (GARCIA et al., 2013).
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Tabela 1. Requerimento proteico para algumas espécies de peixes de interesse

econémico.
Espécie/ Peso corporal Rquerimento - . -
de Proteina Bruta Héabito Alimentar Referéncia
Nome comum (9 (%)
Oreochromis niloticus/ 0,8-15,5 28 Onivoro Bomfim et al., 2008
Tilapia do Nilo
Oreochromis niloticus/ 100 - 500 25,11 Onivoro Righetti et al., 2011
Tilapia do Nilo
Arapaima gigas/ 120 48,6 Carnivoro Ituassu et al., 2005
Pirarucu
Cichla sp./ 10-30 37-41 Carnivoro Sampaio et al., 2000
Tucunaré
Pseudoplatystoma 53-54 39 Carnivoro Castro Silva, 2013
fasciatum/Cachara
Sciaenops ocellatus/ 2 40 Carnivoro Serrano et al., 1992
Corvindo de pintas
Ictalurus punctatus/ 27 24 Onivoro Robinson e Li, 1997
Bagre do canal
Rhamdia quelen/ 131,4 50 Onivoro Camargo et al., 2005
Jundia
Leporinus macrocephalus/ 0,625 34 Onivoro Feiden et al., 2009
Piavucu

Proteinas, carboidratos e lipideos sdo utilizados na obtencdo de energia, porém
os lipideos possuem um maior valor calérico quando comparado com essas outras
biomoléculas, sendo assim, sdo mais eficientes na obtencéo energética (GLENCROSS,
2009; BUREAU et al., 2002). Em espécies de peixes carnivoras marinhas os lipideos
sdo a principal fonte energética pois esses animais possuem uma baixa capacidade de
utilizar carboidratos para obter energia (SMITH, 1989).

O nivel ideal de lipideos em dietas variam a partir de diversos fatores: o habitat
natural da espécie a ser cultivada, o habito alimentar dela, a temperatura das &guas, a
fase de desenvolvimento do animal, quantidade de proteina da racdo e até a quantidade
de carboidrato presente na dieta. De um modo geral, considera-se que insercGes de 10 a
20% de lipideos nas racBes fardo com que a proteina seja bem utilizada para
crescimento e ndao haverd um grande acumulo de gordura nos tecidos (GARCIA et al.,
2013).

Todos o0s seres vivos sintetizam acidos graxos, como os acido palmitico (16:0) e
0 &cido estearico (18:0) (NELSON; COX, 2011). Porém, nenhum vertebrado consegue
sintetizar o acido linoléico (18:2 n-6) e o linolénico (18:3 n-3), sendo estes, portanto,
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considerados acidos graxos essenciais (NRC, 2011). Uma dieta deficiente em acidos
graxos essenciais pode estacionar o crescimento dos animais e aumentar a mortalidade
no cultivo, pode, também, ocasionar patologias como erosdo das nadadeiras, palidez,
aumento no volume do figado, reducdo no potencial reprodutivo, entre outras (NRC,
1993; SARGENT, et al., 2002; GLENCROSS, 2009).

3.3.3. Carboidratos e Fibras

Para carboidratos, ndo existe uma exigéncia de inclusdo em dietas para peixes,
porém a auséncia desse nutriente ocasiona o catabolismo de proteinas e lipideos para a
sintese de energia. Com isso, incluir adequadamente carboidratos na racdo evita que a
proteina seja utilizada para gerar energia, além de minimizar a liberacdo de compostos
nitrogenados na agua (FRACALOSSI; RODRIGUES; GOMINHO-ROSA, 2013).

Os carboidratos presentes em ingredientes vegetais possuem, a grosso modo,
amido e fibras. Apds a ingestdo do amido havera uma quantidade maior de glicose
disponivel para o peixe por algumas horas, essa glicose entdo podera ser usada como
fonte imediata de energia, pode ser estocada na forma de glicogénio, originar outros
compostos (como aminoacidos ndo essenciais) ou ser excretada (FRACALOSSI;
RODRIGUES; GOMINHO-ROSA, 2013).

Desde os anos 50 diversos autores elaboraram defini¢fes para fibra alimentar.
Em 1953, Hipsley definiu fibra como constituinte das paredes celulares que nao sao
digeriveis. Para a FAO (1998) a fibra dietaria € um material comestivel, de origem
vegetal ou animal, que ndo consegue ser hidrolisada por enzimas digestorias humanas.
Segundo a Agéncia Nacional de Vigilancia Sanitaria, a fibra alimentar € qualquer
material comestivel que ndo serd hidrolisado pelas enzimas enddgenas do trato
digestorio humano (BRASIL, 2003).

3.4. Digestao em peixes
O conhecimento sobre a dieta e o0s habitos alimentares é essencial na

compreensdo de varios aspectos da biologia dos peixes sendo muito importante para a

aplicagdo na aquicultura e na formulagdo de ragGes. Nas Ultimas décadas numerosos
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trabalhos mostraram 0s conteddos estomacais de diversas espécies de peixes,
evidenciando as diferentes fontes de nutrientes utilizadas por eles (fito e zooplanctons,
macroalgas, plantas aquéticas, insetos, crustdceos, moluscos, outros peixes, aves,
mamiferos, entre outros). De acordo com seu habito alimentar os peixes foram
categorizados em: herbivoros, onivoros ou carnivoros/piscivoros (GROSSELL et al.,
2011).

Segundo Pillay (1952) a natureza do alimento ingerido depende primeiro da
morfologia do trato digestorio e do comportamento alimentar do peixe e segundo da
composicdo e quantidade do alimento que esta disponivel no meio. As estruturas
macroscopicas e microscopicas dos Orgdos digestérios se relacionam com a natureza
dos alimentos e a forma como eles s&o ingeridos. Com isso, 0 comprimento do intestino
tem relacdo com o habito alimentar do animal (CHAVES E VAZZOLER, 1984).

Em aquicultura a formulacdo das racfes € uma etapa muito importante. Varias
caracteristicas, como tamanho do pélete, consisténcia e palatabilidade, tém que ser
levadas em consideracdo para que a ragdo seja atrativa para o animal. Quanto a
morfologia do tubo digestério dos peixes elucidam questdes da organizacdo espacial
dos drgdos e a sua relacdo com dados fisioldgicos e bioguimicos (Fig. 2) (GROSSELL
etal., 2011).

Figura 2: Esauema do trato dicestorio de espécies de peixes. Adaptado de
GROE Pancreas

Esdfago

Estémago Intestino Anterior Intestino Posterior

Anatomicamente a divisdo esdfago e estbmago ndo é claramente demarcada. Os
cecos pildricos, 6rgdo que ndo esta presente em todos os peixes, possuem células muito
parecidas com as do intestino e apresenta as func¢des de digestdo e absorgdo. Além da
digestdo, o trato digestério nos peixes tem a funcdo de osmorregulagdo, respiracdo e
defesa (GROSSELL et al., 2011). As espécies de peixes diferem bastante na capacidade
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de digestdo. Esta variacdo reflete diferencas anatdbmicas e funcionais do trato
gastrointestinal e dos 6rgédos associados. Os peixes onivoros possuem funcdes digestivas
capazes de hidrolisar uma variedade maior de alimentos quando comparados com 0s
peixes carnivoros (ALMEIDA et al., 2006).

No estdmago comeca a quebra fisica e enzimatica do alimento. Neste 6rgao a
secrecdo do HCI converte o pepsinogénio em pepsina e inicia a hidrdlise das proteinas
(YUFERA et al., 2004; WU et al., 2009; GROSSELL et al., 2011). Quando o bolo
alimentar segue para o intestino a acdo das enzimas secretadas pelos 6rgaos acessorios
(pancreas e figado) continuam o processo de hidrdlise das proteinas até peptideos e irdo
fazer a digestdo das gorduras e carboidratos para que possam ser absorvidos pelas
células intestinais (Figura 3) (GROSELL et al., 2011).

Na producdo das racBes os ingredientes protéicos de origem animal, como
farinhas de peixe e de lula, possuem um alto percentual protéico, porém apresentam
custos elevados (MENDOZA et al., 2001). Os ingredientes de origem animal
apresentam um balanceamento ideal entre aminodcidos e outros nutrientes essenciais
(LEMOS; EZQUERRA E GARCIA-CARRENO, 2000), porém para que 0s custos com
esses ingredientes ndo sejam muito altos sdo utilizados na fabricacdo de racdes, como
matéria prima, subprodutos oriundos do processamento de pescados, como farinhas de
0ss0s, Visceras e escamas (HUGHES, 2001).

As proteinas de origem vegetal, como o farelo de soja, sdo largamente utilizadas
na formulacéo de racdes, pois diminuem os custos com a producdo da racdo, porém elas
apresentam menores indices protéicos e uma variedade de fatores anti-nutricionais
(PIKE E HARDY, 1997).

Uma vez que todos os ingredientes utilizados na formulacdo das racdes irdo
influenciar diretamente na digestdo do animal, é necessario que a matéria prima
utilizada nas racGes ndo seja de tdo baixa qualidade para que os animais possam digerir

e absorver 0s nutrientes.
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Figura 3: Esquema do processo de digestdo no trato digestério dos peixes (GROSELL et
al., 2011).
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3.5. Quitina e Quitosana

Uma das formas de agregar valor aos residuos de camardo é a extracdo de
quitina de sua carapaga para posterior producdo de quitosana. A quitina e a quitosana
possuem varias utilizagdes, dentre elas pode-se citar: agente antioxidante, cicatrizagdo
Ossea, agente redutor de colesterol, producdo de filmes comestiveis, agente floculante,
estimulante de crescimento vegetal, estimulante do sistema imune, imobilizacdo de
células, producdo de colunas cromatograficas, entre outras (DATTA, BASU E DATTA,
1984; KRAJEWSKA, 2004; RINAUDO, 2006; KIM, 2013).

A quitina é o segundo biopolimero mais abundante na natureza, sendo a celulose
0 mais abundante. Essas duas moléculas se diferem pela presenca de um grupo
acetoamino na quitina em substituicdo a uma hidroxila da celulose (Fig. 4) (DUTTA et
al., 2015). A carapaca de camarGes pode ter em sua composicdo até 11% de quitina.
Além dos crustaceos, essa molécula também é encontrada no exoesqueleto dos insetos e
na parede celular dos fungos (SYNOWIECKI E AL-KHATEEB, 2000).
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Figura 4: Estrutura da quitina e da celulose.
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A quitosana é um polissacarideo composto por ligacdo p(1—4) de N-acetil-D-
glicosamina e D-glicosamina obtido da hidrdlise alcalina do grupamento N-acetil da
quitina (Fig. 5), esse processo pode ser realizado comercialmente numa faixa entre 80 e
85% de desacetilacdo (Fig. 6) (CAHU, 2014).

A quitina tem os grupamentos acetamido nos residuos de N-acetil-glucosamina e
a quitosana tem como predominéncia os grupamentos amino na glucosamina. Quando o
grau de desacetilagdo (GD) é inferior a 0,5 o polimero é considerado quitina e acima de
0,5 tem-se a quitosana (Fig. 7). A quitina pode ser encontrada na natureza parcialmente
desacetilada, esse composto tém microestrutura predominantemente cristalina, o que
ndo permite dissolucdo na maioria dos solventes, representando um dos maiores
problemas relacionado ao seu uso. Porém a quitosana apresenta estrutura menos
cristalina que a quitina, pois perdeu grupos acetis, o que ocasiona uma maior
solubilidade em meio aquoso, embora ndo seja solivel em valores de pH neutros e
alcalinos (RINAUDO, 2006).

Figura 5: Estrutura da quitina e quitosana.
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Figura 6: Processo de desacetilacdo da quitina em quitosana. Adaptado Kumar, 2000.
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A partir dos residuos oriundos do processamento dos camardes foi elaborado um
processo de recuperacdo de biomoléculas e producdo de bioprodutos destinados a
aquicultura (CAHU, 2014). A figura 8 apresenta um esquema que resume as etapas do
processo. Apos todas as etapas obtem-se hidrolisados proteicos, bioprodutos, quitina,

quitosana e um proteinato de calcio.
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Figura 8: Esquema do processo de recuperagdo de biomoléculas e producdo de
bioprodutos a partir de residuos do processamento de camardes cultivados. Adaptado de
Caht et al., 2012.
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3.6. Os camardes Litopenaeus vannamei e Macrobrachium rosenbergii

A classificacdo taxondmica do L. vannamei, segundo Pérez-Farfante (1997), e
do M. rosenbergii, por De Grave et al. (2013), esta apresentada na Tabela 2.

Por ser a principal espécie de camardo cultivada no mundo, o L. vannameli
(Figura 9A) é uma espécie de camardo muito bem estudada (TACON, 2007).
Caracteriza-se pelo rostro serrilhado com um ou dois dentes e oito a nove dentes dorsais
(HENDRICKX, 1996). Este camardo marinho é oriundo do oceano Pacifico, distribui-se
de Sonora, no México, até o norte do Peru, em aguas com profundidade maxima de 72
m (HOLTHUIS, 1980). Além do Pacifico essa espécie de camardo pode ser encontrada
em varios paises, onde foi introduzida em sistemas de cultivo semi-intensivo e

intensivo. Umas das vantagens dessa espécie é a sua adaptabilidade a aguas turvas e
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com baixa concentracdo de oxigénio. Durante seu desenvolvimento, este camaréo tende
a apresentar um habito alimentar onivoro, demonstrando alta capacidade de digerir
proteinas de fontes vegetais (CUZON et al., 2004).

Tabela 2: Classificacdo taxondmica das espécies de camardo Litopenaeus vannamei
(PEREZ-FARFANTE, 1997) e Macrobrachium rosenbergii (DE GRAVE et al., 2013).

Espécie
Litopenaeus vannamei Macrobrachium rosenbergii

Téxon
Reino Animalia Animalia
Filo Arthropoda Arthropoda
Subfilo Crustacea Crustacea
Classe Malacostraca Malacostraca
Ordem Decapoda Decapoda
Superfamilia Penaeoidea Palaemonoidea
Familia Penaeidae Palaemonidae
Género Litopenaeus Macrobrachium

A desova de L. vannamei acontece em mar aberto, no periodo noturno
(BARBIERI JUNIOR E OSTRENSKY NETO, 2002). Logo ap6s a eclosdo dos ovos, as
larvas - seis fases como nauplios, trés como protozoea e trés como mysis (KITANI,
1986) - passam a fazer parte do plancton e deixando-se levar pelas correntes irdo habitar
aguas com salinidade entre 30% e 40% (CLARK, 1992). Apos passar por todas as fases
larvais se tornam pds-larvas. Estas sdo bentdnicas e migram para regides perto da costa,
com menor profundidade, que possuam aporte fluvial e salinidade mais moderada. Apés
2 ou 3 meses 0S juvenis retornam a bacia oceanica. Toda essa migragdo mostra a
capacidade de adaptacdo das pds-larvas e juvenis de L. vannamei a grandes variacdes de
salinidade, temperatura e pH (TRUJILLO, 1997).

O Macrobrachium rosenbergii (Figura 8B) foi uma das primeiras espécies de
camarbes a ser estudada cientificamente, tendo ilustracdes datadas de 1705. E um
camardo de agua doce e salobra que vive em aguas tropicais e subtropicais, se distribui
naturalmente no sul e sudeste da Asia e na Austrélia, foi introduzido, notavelmente, no
Brasil, na Tailandia e na india (NEW, 2002). E no Brasil é a espécie de 4gua doce mais

cultivada em escala comercial (FAO, 2010).


http://www.catalogueoflife.org/col/browse/tree/id/4abc51f2c9607de08509ad74c6f18733
http://www.catalogueoflife.org/col/browse/tree/id/74f715ba8762ecb277f258304b973f73
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Esse camardo possui um rostro longo e desenvolvido com dentes na margem
posterior e inferior, sua carapaca e seu abdome se mostram lisos e com o segundo par de
patas longas, robustas e providas de dedos em quela (PIMENTEL, 2003). A postura dos
ovos ocorre entre 6 e 20 horas depois do acasalamento, a fémea carrega sua ninhada
durante todo o periodo de incubacéo, que dura cerca de 19 dias e deve ocorrer na faixa
de temperatura entre 26 e 28°C (LING, 1978). Apds a eclosdo as larvas migram para
aguas salobras e 14 passam por oito estagios. Apds os estagios larvais os animais se
tornam pos-larva e agora comecam a migracao para a agua doce, onde irdo se tornardo
adultos férteis (NEW, 2002; LING, 1978).

Figura 9: Exemplares das espécies Litopenaeus vannamei (A) e Macrobrachium

rosenbergii (B).

3.7. Microalgas

Microalgas sdo seres unicelulares, fotossintéticos, que habitam aguas doces e
salgadas e possuem grande importancia econdmica (LOURENCO, 2006; MATA,
MARTINS E CAETANO, 2010). Até o ano de 2009 estimou-se que existam 30000
espécies de microalgas identificadas, embora esses microorganismos sejam conhecidos
h& muitos séculos sua producdo em larga escala esta datada dos anos 1960 em paises
asiaticos e europeus (SPOLAORE et al. 2006; GOUVEIA et al. 2008).

Alguns géneros, como Chlorella, Dunaliella e Scenedesmus, sdo ricos em
proteinas, vitaminas e lipideos sendo usados para alimentacdo de peixes, crustaceos,
moluscos e da espécie humana (BRENNAN E OWENDE, 2010; MATA, MARTINS E
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CAETANO, 2010). Além da utilizagdo de microalgas na nutricdo animal outras funcdes
sdo bem descritas atualmente: producdo de biocombustiveis (DEMIRBAS, 2010;
SUALI, SARBATLY, 2012); bioindicador (PULZ E GROSS, 2004); fonte de
pigmentos (LARKUM E KUHL, 2005; Holdt & Kraan, 2011; Pangestutia & Kim,
2011); importancia farmacéutica (CORNISH E GARBARY, 2010; SHIRATORI et al.
2005), entre outras.

Duas espécies de importancia biotecnoldgica foram utilizadas nos experimentos.
A espécie Chlorella vulgaris (Figura 10A) e a Scenedesmus subspicatus (Figura 10B)

com classificacdes taxonémicas apresentadas na tabela 3.

Figura 10: Microalgas Chlorella vulgaris (A) e Scenedesmus subspicatus (B)
(UTEX, 2016).
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O género Chlorella geralmente se apresenta com células globulares de diametro
entre 3 e 8 um, algumas de suas espécies possuem tolerancia a altas temperaturas
podendo apresentar crescimento entre 15°C e 40°C. Em cultivos, Chlorella vulgaris
(Figura 10A) se mostra com altas produtividades, o que a torna um dos organismos mais
utilizado na producdo de biomassa de algas (DANTAS, 2013). Essa espécie é muitas
vezes utilizada como suplemento alimentar e também nas industrias de cosmético e
farmacéutica por apresentarem em sua composi¢cdo proteinas, carotendides, alguns
imunoestimuladores, polissacarideos diversos, lipideos, vitaminas e alguns minerais que
suprem variadas necessidades dessas industrias (TOKUSOGLU E UUNAL, 2003;
LIANG, SARKANY E CUI, 2009; DANTAS, 2013).

Quanto a Scenedesmus subspicatus (Figura 10B) também apresenta altas taxas
de crescimento e é utilizada como um organismo modelo para estudos toxicoldgicos
(BEHRA et al, 1999, MA et al., 2003, WIND & BELARGER, 2006, DAUS et al 2010,
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GUCLU E ERTAN, 2012). A biomassa dessa espécie produzida em cultivo de larga
escala pode apresentar um contetdo de 50-56% de proteina (SOEDER E HEGEWALD,
1988). O perfil de &cidos graxos de Scenedesmus spp. torna essas espécies potenciais
micro-organismos para a producdo de biodiesel (Harman-Ware et al., 2013; Ramirez,
2013; Hernandez et al., 2014).

Tabela 3: Classificacdo taxondmica das espécies de microalgas Chlorella vulgaris
(BEYERINCK, 1890) e Scenedesmus subspicatus (CHODAT, 1926).

Espécie
Taxon Chlorella vulgaris Scenedesmus subspicatus
Reino Plantae Plantae
Filo Chlorophyta Chlorophyta
Subfilo Chlorophytina Chlorophytina
Classe Trebouxiophyceae Chlorophyceae
Ordem Chlorellales Sphaeropleales
Familia Chlorellaceae Scenedesmaceae
Género Chlorella Scenedesmus

3.8. Floculacdo de Microalgas

Para que o potencial biotecnoldgico das microalgas seja explorado € necessario
gue esses organismos sejam produzidos em larga escala e um dos principais gargalos
dessa producdo € a recuperacdo desses micro-organismos de seu cultivo. Os processos
mais utilizados para a recuperacdo da biomassa séo a floculagéo, filtracdo, sedimentacao
e centrifugacdo (Tabela 4). A escolha do processo dependente de caracteristicas como o
tamanho da célula, a densidade dessa microalga no cultivo e o valor dos produtos que
serdo produzidos (BRENNAN E OWENDE, 2010).

Na floculacdo hé a formacdo de flocos, aglomerados de particulas em suspensao,
que se tornam pesados e terminam por sofrer sedimentacdo (GREGORY E O'MELIA,
1989). Ela pode ocorrer de duas formas: para algumas espécies de microalgas pode

acontecer naturalmente, no processo denominado autofloculacdo (LAVOIE E DE LA
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NOUE, 1987) ou como resposta a alteracdes na concentragdo de nitrogénio, oxigénio
dissolvido ou pH do meio (MILLEDGE E HEAVEN, 2013).

Tabela 4: Processos mais utilizados para a recuperacdo de biomassa de microalgas
cultivadas (Adaptacdo MILLEDGE E HEAVEN, 2013).

Concentracéo de solidos secos

Processo Vantagens Desvantagens
(%)
. 5 Eficiente com  muitas Altos investimentos
Centrifugacdo . ) L 10-22
especies de microalgas. operacionais.
) Muito limitado a espécie e
o Variada gama de ) ]
Filtracdo ] mais adequado a celulas 2-27
membranas e filtros. )
maiores.
) Depende da espécie, mais
Baixos custos, pode ser ]
) 3 . adequado a células densas,
Sedimentacédo utilizada como  etapa ) 0,5-3
o processo demorado, baixa
preliminar. 3 .
concentragdo de sélidos.
y Grande diversidade de L
Floculagéo Deposicéo do floculante 3-8

floculantes, custos variados.

A maioria das microalgas possui superficie externa carregada negativamente,
essas microalgas permanecem estaveis em suspensdo devido a repulsao elétrica entre as
células de algas e a repulsdo das células e as moléculas de agua (USDE, 1984;
UDUMAN, DANQUAH E HOADLEY, 2010). O processo de floculacdo envolve a
alteracdo da estabilidade desse sistema e pode ser provocado por substancias
inorgénicas e organicas. Dentre as inorganicas tem-se as mais comuns as que possuem

I** e Fe**, j4 os polimeros catidnicos sdo as substancias organicas mais utilizadas

ions A
nos processos de floculacao de microalgas (USDE, 1984; Grima et al., 2003).

Os grupos amino carregados positivamente tornam a quitosana um bom agente
floculante de microalgas e sua digestibilidade e baixa toxicidade fazem dela ideal na
recuperacdo de microalgas destinadas a alimentagdo humana e de animais aquaticos
(LUBIAN, 1989). Além de ndo apresentar toxicidade a quitosana se mostra um bom

floculante para espécies de microalgas de &agua doce e marinhas (NIGAM,
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RAMANATHAN E VENKATARAMAN, 1980; LAVOIE E DE LA NOUE, 1983;
MORALES, DE LA NOUE E PICARD, 1985; SUKENIK, BILANOVIC E SHELEF,
1988).
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5. CAPITULO I

Os resultados desse trabalho que estdo apresentados no artigo “A high protein
content meal based on shrimp processing waste and soybean meal: Potential use in
replacement of fish meal and its inhibitory effect on fish digestive enzymes”

(manuscrito) serdo submetidos a publicacdo no periodico Animal Feed Science and
Technology. (ISSN: 0377-8401)
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Abstract

The ration represents the largest cost in aquatic animals farming. The protein source
from these as the fish meal is one of the most important components in aquaculture.
Fishmeal has been recognized as the main source of protein for its availability of
essential nutrients (proteins and lipids) and its well balanced amino acid profile. The
discovery of an alternative low-cost protein source and good amino acid profile is of
high importance. This study aimed to formulate three products with variations in shrimp
protein hydrolysate (SPH) concentrations. The hydrolysate used was obtained from
shrimp Litopenaeus vannamei processing wastes by autolysis. The three bioproducts
demonstrated excellent levels of proteins and lipids. The analysis of enzymatic
inhibition demonstrated that the three bioproducts showed low inhibition of alkaline
proteases of the digestive tracts of different species of fish. The chemical score shows
that the essential amino acid levels of the three bioproducts are ideal for the production
of balanced diets. Bioproducts based on SPH can be advantageous for its low cost and
good nutritional value. Cultivation experiments are being carried out in order to
evaluate the zootechnical effects of formulated diets with SPH bioproduct in farmed fish

and shrimp.

Key-words: Shrimp protein; bioproduct; Litopenaues vannamei; enzymatic inhibition.
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5.1. Introduction

It is estimated that 50% of shrimp processing industrial production corresponds
to a set of residues and subproducts consist of head, tail and carapace (Islam, et al.
2004). According to the FAO (2014), in 2012, the shrimp processing generated 1.7
million tons of these subproducts worldwide. In Brazil, in 2011, the industry produced
more than 19,000 tons of waste (MPA, 2013).

Previously, fish subproducts had no great relevance in the trade, and therefore its
discard was considered a problem because raised the cost of production. Two decades
ago there was an optimization in the use of these subproducts due to a rethink,
increasingly frequent, the sustainability practices. Such a context, stimulated an raise in
awareness of economic, social and environmental aspects that are involved in these
subproducts (FAO, 2012).

Is known the largest cost in a fish farming is the protein source from these to the
fish meal is one of the most important components of the aquaculture. This fishmeal has
been recognized as the main source of protein because of its availability of essential
nutrients (proteins and lipids) and its well balanced amino acid profile (Sun, et al.
2015).

The expansion of aquaculture generates a great demand in food production used
in these culture systems (Gatlin, et al. 2007). Tacon (2009) provides for the production
of feed for aquaculture at 36 million tons for the year 2015. In 2012, 21 million tons of
fish were used for the production of fishmeal and fish oil. This significant production is
declining because only 35% of fish meal was produced from fish waste in the same year
(FAO, 2014).

Thus, the unstable production and the high price of fish meal made it difficult to
attend the growing demand for production of the food industry for aquaculture. All this
makes research directed to the replacement of fish meal by more sustainable and less
costly products become priority (Sun, et al. 2015).

Several papers describe the production of a protein hydrolysate shrimp waste
using outer enzymes to degrade proteins. Catalase is widely used in the process (Dey;
Dora, 2014a; Silva, 2006; Gildberg; Stenberg, 2001), also of other enzymes such as
chymotrypsin, trypsin, papain, pepsin (Silva, 2006), and proteases derived from
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microorganisms (Dey; Dora, 2014b). The addition of enzymes that process can make it
unviable, since the enzymatic extraction is an expensive process. To solve this problem,
Cao et al. (2009) suggest to use the endogenous enzymes present in shrimp head as
phosphorylases, lipases, and digestive enzymes.

Thus, the objective of this work was to develop a methodology for the
production of a bioproduct (BP33, BP50, BP67) resulting from a mixture of protein
hydrolysate, with variation in the concentration soybean meal and the hydrolysate. This

product has great potential to replace fish meal in feed formulations for aquaculture.

5.2. Material and Methods

5.2.1. Hydrolysates

The heads of the shrimp Litopenaeus vannamei were obtained from a local fish
processing industry (Noronha Pescados). The protein hydrolysate was prepared
according to Cahu, et al. (2012). The heads were ground with distilled water (at
concentration 1: 1), the liquid obtained was placed in a container in a water bath at 45 +
2°C with constant agitation of 300 rpm to occur protein hydrolysis. After 120 minutes
of hydrolysis the material was heated at 100°C for 10 minutes to stop hydrolysis. The
compound was then filtered into a 1 mm sieve and the liquid obtained was frozen at
-20°C.

5.2.2. Bioproducts

The protein hydrolysates were mixed with soy flour at concentrations of 33%
(BP33), 50% (BP50) and 67% (BP67) hydrolysed. The mixtures were brought to 100°C
for 4 hours, then were put on trays in an oven at 60°C for 48 hours. The dried flour were
then ground in a bench grinder (IKA ® AllBasico, IKA ® Works, Inc., China) to
reduce the particle size.

5.2.3. Chemical composition, amino acids and fatty acids
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The analysis of the chemical composition, amino acid profile and fatty acids
were made in CBO Analysis Laboratory. The following analyzes were performed:
humidity (AOAC, 1996), crude protein (AOAC, 1995a), ether extract (UK, 1982), ash
(AOAC, 1995b), carbohydrates, fiber, essential amino acids (White et al, 1986 and
Hagen et al., 1989) and fatty acids (AOAC, 2007).

5.2.4. Chemical score of Bioproducts and Indispensable Amino Acid Index (IAAI)

Indispensable Amino Acid Index (IAAI) and chemical scores of bioproducts
were calculated according to Hardy and Barrows (2002), relative to the EAA profile
based on the reference amino acid in whole-egg protein. Indispensable Amino Acid
Index (IAAL) is the ratio of the indispensable amino acid in the test protein (TP) divided
by the indispensable amino acids in whole-egg protein (WEP) a follows:

HIS(TP) ISO{TP]  LEL{TP) ARG(TP)

= . 100
HIST(WEP) = SO{WEP) ' LEL{WEP] ARG[WEP)

1AAL

Chemical scores were calculated using the following equation:

EAA in test protein{g/kg)

EAA amino acd in whole — egg protein(g/kg) =100

Chemical score =

5.2.5. Crude Extracts

To obtain the tissue, the fish species Oreochromis niloticus (Nile tilapia),
Pseudoplatystoma coruscans (pintado), Astronotus ocellatus (Oscar), Cichla ocellaris
(tucunaré) and Prochilodus costatus (curimatd) obtained on the local market. A cut at
the height of the lateral line was performed to remove the intestine and pyloric caeca or
animal (depending on species). The preparation of crude extracts was performed
according to the method described by Bezerra et al. (2001). The organs were weighed

and homogenized with 15 mM saline at a ratio of 1:5 (W/V). The homogenates extracts
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were then centrifuged at 10,000 xg for 15 minutes at 4°C, the supernatant was collected
and stored at -20°C.

5.2.6. Crude extract protein quantification

Quantitation was performed using the BCA kit for proteins detection Thermo
Scientific, according to the manufacturer's methodology.

5.2.7. Enzymatic activity

For total proteolytic activity was used azocasein substrate (1% in Tris-HCI 10
mM pH 8.0) at room temperature (25°C) using the methodology of Leighton et al.
(1973) adapted for Alencar et al. (2003). The enzymatic reaction consisted of incubating
30 pL samples (crude extract of the intestine or caeca of fish species) with 50 pL of
azocasein substrate (1%), being jointly carried out the reaction of white: 30 uL sample
with 50 pL of buffer (10 mM Tris-HCI pH 8.0). The reaction lasted 60 minutes and was
stopped with the addition of 240 pL of trichloroacetic acid (TCA) 10%. After addition
of the acid to wait 15 minutes to stop the reaction, and then the samples were
centrifuged at 8,000 xg for 5 minutes. After centrifugation, 70 puL of the supernatant
was added to 130 puL of 1M NaOH in a microplate. The measurement of absorbance

was performed in microplate reader at a wavelength of 450 nm.

5.2.8. Inhibitory effects of the ingredients

To evaluate the inhibitory effects adapted the methodology proposed by Lemos
et al. (2004). The ingredients were dissolved for 16 hours in buffer (10 mM Tris-HCI
pH 8.0) at a ratio of 1:12 on the magnetic stirrer, the contents were later centrifuged and
the supernatant separated. In addition to the analyzes of the samples were made tests
with positive control and negative control.

For the assays were incubated with 20uL ingredient dissolved and 10uL crude
extract (for 90 minutes). To this mixture was added 50mL of 1% azocasein, pH 8.0. The

negative control in parallel was made (dissolved ingredient (10uL) + crude extract
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(20uL) + buffer (50mL)), a positive control (10uL of crude extract + 20uL buffer + 50
uL of azocasein) and white reaction: buffer (30uL) + 1% azocasein (50mL). The rest of
the assay was performed according to the protocol activity with azocasein - Item 2.6.

(Alencar et al., 2003). Inhibition was calculated as percentage of residual activity.

5.2.9. Data analysis

For data analysis were descriptive statistics used based on percentages through
Excel 2007 and statistical inference with normality test (Kolmogorov-Smirnov),
homogeneity of variances (Bartlett), analysis of variance (ANOVA) and Tukey's test,
with significance level P <0.05, using 7.7 Assistat and beta program Origin 8.0.

5.3. Results and Discussion

5.3.1. Chemical composition, amino acids and fatty acids

Percentages of protein, lipid, ash, fiber and other ingredients each bioproduct are
shown in Table 1. The levels of nutrients proved quite close among bioproducts.

Burr et al (2012) farmed rainbow trout (Oncorhynchus mykiss) using a mixture
of protein sources to replace fishmeal. Three different mixtures were used one with soy
concentrate the other with barley concentrate and a last with higher levels of corn
gluten. Beyond these ingredients all mixtures have led corn gluten, poultry meal, blood
meal and soybean meal. All mixtures showed around 63% crude protein, and gluten
meal with lipid mixture showed the highest value (4.6%). Even if all of these
ingredients have been shown with a good level of crude protein, they needed amino acid
supplementation (lysine, methionine, threonine, and taurine) according to the needs of
the fish in question. Of all the mixtures used in the cultivation of rainbow trout, only
composed of concentrated soy showed similar growth to control animals, the other two
showed less weight gain.

When the ingredients of the aforementioned authors are compared to the present
work it is noted that the amount of crude protein of bioproducts are at the same level

and some have even more protein and the lipid levels were higher. The source plant
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protein of the present work is the same as in the study Burr et al (2012) showed
satisfactory growth of the animals.

For Nile tilapia commercial rations usually present fishmeal 10%. The
availability of fishmeal is declining and its cost is growing investment in research for
the replacement of this ingredient by other more sustainable has increased (Furuya et al,
2004a). The soybean meal has low costs and high levels of protein is an ingredient
commonly used in replacement of fishmeal (El-Sayed, 1998). Furthermore, in salmonid
and Nile tilapia farming it has been observed that the use of vegetable protein sources
such as soy decrease the phosphorus excretion, thus reducing water pollution (Bergheim
& Sveier, 1995; Furuya, 2004a). Even though with these advantages of soybean meal to
be used with caution, because it has low availability of essential amino acids and
various types of enzyme inhibitors (Krogdahl, Lea & Olli 1994; Furuya, 2004a).

The need to replace the fish meal by vegetal ingredients led to an increase in
studies of fiber in the diet of fish (Fracalossi; Rodrigues; Gominho-Rosa, 2013). These
fibers directly influence the intestinal functions which can be presented in animal feed
as a main anti-nutritional factors (Hetland et al., 2004). High levels of fiber in the diet
can increase the viscosity of the intestinal digesta, reducing the digestibility of protein
and fat, slow intestinal transit and increase the moisture content of feces, factors that
may cause a decrease in the animal growth (Storebakken, 1985; Leenhouwers et al.,
2006; Rodrigues et al., 2012).

The maximum levels of fibers which can be included in the feed and which will
not cause negative effects on the animal growth may vary from species to species.
Amirkolaie et al. (2005) suggested that fiber levels for the Nile tilapia can not exceed
8%. Hansen and Storebakken (2007) were able to include up to 15% of fiber in the diet
of rainbow trout (Salmo gairdneri) without loss on the grwoth performance and nutrient
digestibility. However Hilton et al. (1983) observed a decrease in the growth of these
trout fed levels between 10% and 20% of including fibers.

Some years ago the diets are based on crude protein needs of the fish being
cultivated but at present these diets are formulated from the amino acid requirement of
each species. Thus when protein sources do not respond to the demand of all the
necessary amino acids ones that had disabled will be added to the diets industrially
(Portz; Furuya, 2013).
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All aminograms of bioproducts are shown in Table 2. In diets, amino acids are
divided into two groups: essential and nonessential. Essential amino acids are not
produced by the body the inclusion of these diet making it necessary. As for the
nonessential produced by the body itself and is not therefore necessary to add these in
diets (Buxbaum, 2007). For fish essential amino acids are arginine, histidine, leucine,
isoleucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine (Halver;
Delong; Mertz, 1957; Arai et al., 1980).

In rations where there is a replacement of animal to vegetable source protein,
lysine generally shown as one of the most limiting amino acid in the production of such
food (Mai et al., 2006). In some studies the reduction in lysine availability levels caused
lower growth, smaller feed efficiency and health problems such as erosion on the dorsal
and caudal fin (Ketola, 1983; Guillaume et al., 1999). Li et al. (2008) conducted
experiments with varying levels of lysine and also demonstrated a direct interference of
lysine in the growth and animal health.

In tilapia, Oreochromis niloticus, lysine levels should be between 5.5-6% of the
total ration protein (Furuya et al., 2004b; Furuya et al., 2006; Takishita et al., 2009;
Bomfim et al., 2010). For pacu, Piaractus mesopotamicus, the level of this amino acid
should be between 4.7 to 5.7% crude protein (Bicudo et al., 2009; Abimorad et al.,
2010) and tambaqui requirement shown around 7% (Oliveira; Miranda; Correia, 2013).

Another amino acid that may prove limiting is methionine, particularly in diets
containing high percentages of soybean meal and peanut meal (Mai et al., 2006).
Commonly this amino acid is found in conjunction with another amino acid, cystine
which facilitates methionine synthesis can then get to spare 40-60% of methionine in
the diets (Wilson, 2002). The requirement of these amino acids for pacu the varies
between 1.6-1.7% (methionine+cystine) crude protein ration (Bicudo et al., 2009;
Abimorad et al., 2010). For tilapia requirement of these two amino acids is around 3.2%
and catfish (Rhamdia quelen) 4.3% total protein of the dietary offered (Santiago; Lovell,
1988; Montes Girao; Fracalossi, 2006).

Proteins, carbohydrates and lipids are molecules that are used as energy sources,
lipids are macromolecules that have the highest caloric values releasing large amount of
energy (Glencross, 2009). In fish, especially marine carnivores, the lipids appear as

main energy source because its metabolize carbohydrates capacity is reduced. However
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the species of herbivorous/omnivorous fish can metabolize complex carbohydrates and
thus can also use them as an energy source (Watanabe, 1982; Smith, 1989).

Table 3 are the levels of fatty acids present in bioproducts. In general the levels
of the fatty acids in bioproduct with lower concentrations of hydrolysate were lower
levels fatty acids than those of two other bioproducts. The bioproducts the same
concentration soy and hydrolysate and with a higher concentration of hydrolyzed and
exhibited levels of fatty acids next.

Some authors have shown that the composition of fatty acids in the diet is
directly connected the specific and nonspecific immunity (Montero et al., 2010; Xu et
al., 2010; Zuo et al., 2012; Kiron et al., 2011; Sun et al., 2011; Li et al., 2013; Chen et
al., 2016). Polyunsaturated fatty acids (PUFAs) of the n-6 and n-3 series operate
regulators of cell signaling and gene expression and the most powerful modulators of
cell membrane fluidity (Calder, 2006; Yagoob and Calder, 2007).

5.3.2. Chemical score of Bioproducts and Indispensable Amino Acid Index (1AAI)

The chemical score of essential amino acids and and indispensable amino acids
index of BP30, BP50, BP67, fish meal and soybean meal are shown in Table 4.

The nutritional value of the ingredients used in diets based on the composition of
essential amino acids and the composition supplies the animal needs. Chemical score
has been used to evaluate the nutritive value of a protein. This parameter compares
levels of essential amino acids between the test and standard proteins (Bhaskar et al.,
2006). Values next to 100% is considered of high nutritional value (Silva et al, 2014).

Silva et al (2014) produced fish hydrolysates and found chemical score values
greater than those of the present work however all the essential amino acids of
bioproducts presented satisfactory levels which shows that the three ingredients can be
used in the formulation well balanced diets.

5.3.3. Protein quantification and total proteolytic activity assay

The protein quantification results and proteolytic activity of crude extracts from
the gut of Oreochromis niloticus (Nile tilapia), Pseudoplatystoma coruscans (pintado),
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Astronotus ocellatus (oscar) and Cichla ocellaris (tucunaré) and pyloric caeca of
Prochilodus costatus (curimatd) they are contained in Table 5.

The proteolytic activities were statistically different for all species analyzed, the
species with the highest activity was the Oscar and the lowest activity tucunaré. But
both species had a much lower value than found by Soares et al. (2008), in tucunaré
analysis the authors found endogenous activity of alkaline proteases of 61.2 + 4.8 and
Cavero (2004) found 74.21 + 4.52 for those same enzymes. The difference may be
related to feeding species (Sabapathy & Teo, 1993), in addition to age and eating habits
that can interfere with the enzymatic activity values.

Omnivorous fish usually have a very diverse enzymatic arsenal usually with
high values for most enzymes. However the Nile tilapia did not show as significant
values corroborating the hypothesis that the power used for these fish could be out of

the nutritional requirements of the species.

5.3.4. Inhibitory effects of the ingredients

The effects inhibition of the ingredients over crude extract proteases of the
digestive tract fish studied are shown in table 6. For all species studied soybean meal
had the highest inhibition rate, this can be explained by the fact that soy include
peptides that bind to the enzymes chymotrypsin, trypsin and carboxypeptidase, leaving
them inactive (Pike; Hardy, 1997; Silva; Silva, 2000).

Soybean meal came to present a residual activity of 27.4 + 6.8% for Nile tilapia
(species had greater inhibition of proteases in the presence of soybean). The tucunare
despite being a carnivore showed a reasonable residual activity to the feed (70.6 *
11.3%). This fact is very interesting for aquaculture as it could reduce costs in the
production of animal food for this species. Already pintado showed no similarity to the
tucunaré in relation to soybean meal, in this case the residual proteolytic activity was
42.9 + 4.2%, suggesting that this species has increased demand for animal protein.
Soybean inhibitors action is still observed in the cutivation of other aquatic organisms,
as observed in studies in Litopenaeus vannamei and Litopenaeus californiensis (Garcia-
Carrefio et al., 1997).
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The fish meal has good nutritional values for the supply and absorption of
protein and amino acids (Pezzato et al., 1997). Thus it is expected that the residual
activity values of crude extracts tested are higher for this ingredient. All species showed
good activity values to be subjected to fishmeal, especially omnivorous. This denotes an
important input in the production of animal food. But is not a sustainable response and
its use in the manufacture of feed for other animals has increased the cost (Mendoza et
al., 2001; Martins, 2011;. Faria et al, 2001). Thus replacing the alternative food fish
meal are being tested in the search for cost reduction and the increase in nutrients gains
(Boscolo et al, 2011; Signor et al., 2007).

The bioproducts tested were satisfactory compared to the soybean meal and fish
meal. Their residual enzyme activities were mostly higher than those observed for
soybean meal, and similar in some cases fish meal. The hydrolysate showed minimal
inhibition for Nile tilapia with a residual activity of 94.9 + 9.5%, BP33, BP50, BP67,
showed low inhibition, 70.5 + 8.1%; 92.1 + 2.4% and 83.6 + 6.0%, respectively. For
pintado, hydrolyte, BP33, BP50 and BP67 showed low inhibition (residual activity of
70.3 £6.0%, 77.2% *+ 1.8, 88.2 + 2.4% and 93.2% = 1.6, respectively). The hydrolysate
was presented as an excellent choice for the Oscar as the result (99.8 + 3.6%) is close to
the maximum, the BP33 products, BP50 and BP120 also showed good values, 84.5 + 7
0%; 113.4 £ 4.9% and 82.4 + 5.3%, respectively. The residual proteolytic activity of the
tucunaré to the hydrolysate was 117.2 + 13.4%, these values indicate great action of
enzymes. Presented to the satisfaction of the BP33 (79.4 + 21.4%), BP50 (74.9 + 1.2%),
and BP67 (69.6 £ 2.6%). The Curimatd is species detritivore also showed good
acceptance of bioproducts, with residual activity for the hydrolysate of 87.9 £ 7.2%.
The bioproducts BP33, BP50 and BP67 also showed good values, 75.5 + 3.3%; 70.0 +
8.1% and 73.7 + 5.8%, respectively.

Analyzing inhibition species was observed that Nile tilapia was lower with use
of the hydrolysate (94.9 + 9.5%) without the addition of vegetable sources. Oscar the
better option was the bioproduct BP50 (113.4 + 4.9%) with addition of 50% of
vegetable protein sources. For pintado the most satisfactory result was with the supply
of the bioproduct BP67 (93.2 + 1.6%). Regarding the tucunaré the best results were also

in the absence of sources of vegetable origin the hydrolysate showing 117,2 + 13,4%
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residual activity. And curimata also showed higher residual activity with hydrolysate
(87.9 £ 7.2%).

Although most species have been better activity in the presence of hydrolysate,
the use of other bioproducts noteworthy, due to higher than soybean meal and similar to
fishmeal. The bioproducts shown to be an excellent alternative for the feed industry,
since for obtaining them are used waste from the own fishing industry increased of
vegetable protein, making these more cost effective protein sources, since it had low
inhibition rate of proteases and a good amount of crude protein. Even though studies in
some species of fish have satisfactory growth using protein sources of vegetable origin
it is important to note that the bioproduct even using soybean showed lower inhibition
of digestive tract proteases which can be attributed to inactivation of these inhibitors of

this preparation methodology ingredient.

5.4. Conclusions

The products presented here show with excellent protein levels, fatty acids and
fiber. The residual proteolytic activity of several species of fish have shown that
possessed low bioproducts proteolytic inhibition. Even if the soybean when in contact
with enzymes in the digestive tract of fish inhibits the enzymatic activity after the
preparation of the bioproduct enzyme inhibition experiments showed that these
inhibitors have been inactivated. The protein hydrolysate besides showing an excellent
source when mixed with soy in a product with optimal essential amino acid profile

feeding aquatic animals.
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Table 1: Chemical composition of BP33, BP50, BP67 (%).

. Bioproduct

Nutrient

BP33 BP50 BP67
Protein 58,04 60,51 64,73
Ether Extract 7,65 10,29 10,45
Fiber 3,89 2,92 2,40
Ash 8,35 9,24 9,69
Other nutrients 22,07 17,04 12,73
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Table 2: Essentials and nonessentials amino acids composition (%) of the BP33, BP50,

BP67 and other ingredients used in feeds for aquatic organism. (DM basis)

Amino acids BP33 BP50 BP67 Fish Meal Soybean Meal
Essentials

Phenylalanine 2,60 2,63 2,76 1,81 1,91
Valine 2,64 2,83 3,02 2,59 1,90
Arginine 4,38 4,57 4,84 3,78 3,05
Thryptophan 0,51 0,56 0,57 0,39 0,80
Threonine 1,97 2,10 2,22 1,99 1,51
Leucine 4,21 2,23 4,55 3,77 2,91
Histidine 1,39 1,40 1,48 1,40 1,25
Isoleucine 2,15 2,23 2,36 2,15 1,75
Methionine 0,70 0,98 1,08 1,80 0,47
Lysine 3,92 4,10 4,47 3,98 2,57
AAE 24,47 23,63 27,35 23,66 18,12
Nonessentials

Cystine 1,13 1,22 1,32 - -
Aspartic Acid 6,93 6,78 6,97 - -
Glutamic Acid 10,27 10,05 10,48 - -
Proline 3,44 3,77 4,23 - -
Tyrosine 2,04 2,11 2,21 - -
Serine 2,80 2,71 2,81 - -
Alanine 3,51 3,96 4,48 - -

(-) Data not provide by the authors.
AAE: total essential amino acids

®Halver (1995)
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Table 3: Percentages fatty acids in bioproducts 33%, 50% and 67%.

76

Bioproduct
Fatty acids 533 5p5o Sp1o0
Butyric Acid (C4) 0,02 NC 0,03
Lauric Acid (C12) 0.0 NC 0,0
Myristic Acid (C14:0) 0,03 0,05 0,05
Pentadecanoic Acid(C15:0) 0,01 0,02 0,02
Palmitic Acid (C16:0) 1,41 1,95 1,96
Margaric Acid (C17:0) 0,03 0,05 0,05
Estearic Acid (C18:0) 0.44 0,64 0,64
Avrachidic Acid (C20:0) 0,02 0,02 0,02
Heneicosanoic acid(C21:0) 0,01 0,01 0,01
Behenic Acid (C22:0) 0,03 0,02 0,02
Tricosanoic ( C23:0) 0,01 0,01 0,01
Lignoceric Acid (C24:0) 0,01 0,01 0,01
Saturated Fat 2,01 2,78 2,83
Palmitoleic Acid (C16:1) 0,08 0,13 013
Oleic Acid (C18:1n9c) 1,43 2,06 2,11
Cis-Eicosenoic Acid (C20:1) 0,06 011 011
Erucic Acid (C22:1n9) 0,01 0,02 0,02
Nervonic Acid (C24:1) 0,02 0,02 0,02
Monounsaturated 1,62 2,36 2,42

2,33 2,58 2,51

Linoleic Acid (C18:2n6)
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Gamma Linolenic Acid (C18:3n6) 0,00 0,01 0,01
Linolenic Acid (C18:3n3) 0,23 0,22 0,20
Cis-Eicosadienoic Acid (C20:2) 0,12 0,20 0,21
Cis-Eicosatrienoic Acid (C20-3n3) 0,02 0,03 0,03
Cis-Eicosatrienoic Acid (C20:3n6) 0,02 0,03 0,03
Avrachidonic Acid (C20:4n6) 0.11 018 0,19
Docosadienoic Acid (C22:2n6) 0,00 0,00 0,0

Cis-Eicosapentaenoic Acid (C20:5n3) 0,26 0.43 0,45
Cis-Docosahexaenoic Acid (C22:6n3) 0,92 1,48 1,58
Polyunsaturated Fat 4,02 5,14 5,20
Elaidic Acid (C18:1n9t) 0,01 0,01 0,01
Trans Fat 0,01 0,01 0,01
Unsaturated Fats 5,64 7,51 7,62
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Table 4: Indispensable Amino Acid Index (IAAI) and chemical score of amino acids of
BP33, BP50 and BP67 compared with fish meal and soybean meal. (DM basis)

Chemical scores = limiting amino acid in test protein/amino acid in whole-egg protein (%0) Whole egg

Amino acids amino acids
BP33 BP50 BP67 Fishmeal® Soybean Meal® (g/kg)
Phenylalanine 41,27 41,75 43,81 28,73 30,32 63,0
Valine 36,67 39,31 41,94 35,97 26,39 72,0
Arginine 66,36 69,24 73,33 57,27 46,21 66,0
Thryptophan 34,00 37,33 38,00 26,00 53,33 15,0
Threonine 45,81 48,84 51,63 46,28 35,12 43,0
Leucine 45,76 24,24 49,46 40,98 31,63 92,0
Histidine 57,92 58,33 61,67 58,33 52,08 24,0
Isoleucine 27,92 28,96 30,65 27,92 22,73 77,0
Methionine 17,50 24,50 27,00 45,00 11,75 40,0
Lysine 56,00 58,57 63,86 56,86 36,71 70,0
IAAIP 429,21 431,07 481,34 423,34 346,27 -
®Halver (1995).

PAccording to Hardy and Barrows (2002).
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Table 5: Protein quantification and proteolytic activity of crude extracts Oreochromis

niloticus, Prochilodus costatus, Pseudoplatystoma coruscans, Astronotus ocellatus and

Cichla ocellaris.

Protein quantification

Proteolytic activity*

Species . O
(mg - mL™) (U - mg Proteina™)
a d
Nile tilapia (O. niloticus) 41117 1,66 + 0,08
a b
Curimata (P. costatus) 4102152 1,89+0,20
ab c
Pintado (P. coruscans) 3,5121,07 1,85+0,09
a a
Oscar (A. ocellatus) 4,203 +1,6 1,92 +0,08
2,12 +1,04° 1,29 +0,25°

Tucunaré (C. ocellaris)

*Substrate - Azocasein 1.0% pH 8.0.

Different letters overwritten in the same column indicate statistical difference (P <0.05) by Tukey test. Values

are mean * standard deviation of three replicates.
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Table 6: Residual proteolytic activity (%) present in the digestive tract of crude extracts

of Nile tilapia, pintado, oscar, tucunaré and curimata under the influence of ingredients

that may be used in the feed industry.

Residual proteolytic activity (%)*

Ingredients

Nile tilapia Pintado Oscar Tucunaré Curimata
Soybean meal 274+6,8 429142 452 +7,3 70,6+£11,3 452 +£3.2
Fish meal 100,7 £10,1 89,6 £+11,8 1152 +£9,7 101,9+14,4 89,9+0,2
Hydrolysate 94,9+95 70,3+6,0 99,8+3,6 117,2 +13,4 879+72
BP 33 705+8,1 772+18 845+7,0 794 +214 755+3,3
BP 50 921+24 88,2+7,0 113,4+49 749+12 70,0+8,1
BP 67 83,6 +6,0 932+1,6 824+53 69,6 +2,6 73,7158
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6. CAPITULO 11

Os resultados do presente trabalho estdo apresentados no artigo intitulado
"Biological value of shrimp protein hydrolisates with different time of hydrolis and
its pottential application in tropical fish feed" (manuscrito) e serdo submetidos ao
periédico LWT- Food Science and Technology. (ISSN: 0023-6438)

LWT-
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Abstract

The feed used in aquaculture need high protein levels and a good amino acid profile.
The degree of hydrolysis of the protein source in diets influences directly the quality of
provided protein. This work aims at the production of two bioproducts based on
hydrolysates with times of 30 and 120 minutes of hydrolysis. The values of the
chemical composition demonstrated levels of proteins, lipids, ash, fiber and others
components very close between both bioproducts. The chemical score values showed
that the amino acid level in bioproducts is demonstrated with ideal values for use in
balanced rations. The absence of specific microorganisms based on the requirement of
Brazilian Health Surveillance Agency (ANVISA) demonstrates the good
microbiological quality of the products. The mesophilic analysis showed that the
bioproducts can be stored up to four and a half months at room temperature without risk
to health. These data can support industrial uses of the bioproducts, which requires
increased shelf stability time and resistance to microbial spoilage.

Key-words: Protein hydrolysate; bioproduct; extended shelf life.
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6.1. Introduction

Waste shrimps are a rich source of amino acids, peptides, protein and other
useful biochemicals which may be recovered for utilization in various applications,
including animal feed (Simpson, 1998). It is estimated that 52% of total shrimp
production originates byproducts - head, shell and tail (Heu et al., 2003).

Aquaculture intensification and others ecological issues directly affect fish
species populations used to produce fish meal. Thus, this kind of flour has became
expensive and a ecologically unfriendly choice. This situation raised a demand for new
adequate proteins sources to amino acids requirements and, at the same time, a search to
reduce production costs and maximizes fish production and minimize ecological
impacts caused by culture systems (Cyrino et al., 2010).

The feed used in aquaculture need high protein levels and a good amino acid
profile. In general, protein sources like blood meal, soybeam meal and peanut meal,
don't have adequate nutritional values and essential amino acids profile similar to fish
meal (Portz, Cyrino, 2003; Leal et al., 2010).

Protein hydrolysis is the process whereby peptide bonds of the proteins are dug
peptides yielding, this process can be performed by acids, bases and enzymes.
Enzymatic hydrolysis, in addition to being more efficient than chemical hydrolysis, has
larger application in food products (Kristinsson & Rasco, 2000; T onon et al., 2016).
Usually the shrimp processing by-products are submitted to enzymatic hydrolysis with
proteases such as alcalase, papain, pepsin, chymotrypsin or trypsin (Chalamaiah et al,
2012). The protein hydrolysis by-products using selected proteolytic enzymes allows a
certain control of the products formed. The use of appropriate concentrations of enzyme
and knowledge of reaction times allow production of hydrolyzed compounds of
different molecular structures and thus different functional properties that can find
applications in various food formulations (Santos et al., 2009).

Proteolytic enzymes use, however, limits the production of these byproducts
shrimp head because the process more expensive. One way around this difficulty is the
use of endogenous enzymes present in the head of shrimp (phosphorylases and lipases)

and hepatopancreas (digestive enzymes) (Cao et al., 2009).
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The nutritional quality of these hydrolysates is related to their content of low
molecular weight peptides, especially di- and tripeptides these are absorbed faster than
free amino acids and proteins (Silvestre; Hamon e Yvon, 1994; Shimamura et al., 1999;
Boza, 2000).

The hydrolysis time used is of utmost importance for the peptide composition of
the protein hydrolysate. Thus, this paper aims to produce two bioproducts (hydrolysate
and vegetal protein), potential use in aquaculture, with different hydrolysis times (BP30
and BP120).

6.2. Material and Methods

6.2.1. Hydrolysates

The heads of the shrimp Litopenaeus vannamei were obtained from a local fish
processing industry (Noronha Pescados LTDA, Recife, PE - Brazil). The protein
hydrolysate was prepared according to Cahu, et al. (2012). The heads were ground with
distilled water (1:1 p/v), the liquid obtained was placed in a container in a water bath at
45 £2°C with constant agitation of 300 rpm to occur protein hydrolysis. Two treatments
were performed in the first hydrolysis treatment was carried out for 30 minutes and the
second hydrolysis lasted 120 min.

After 30 minutes and 120 minutes hydrolysis of the material was heated at
100°C for 10 minutes to stop hydrolysis. The compound was then filtered into a 1 mm

sieve and the liquid obtained was frozen at -20°C.
6.2.2. Bioproducts

The protein hydrolysates were mixed with soy flour at concentrations of 67%
hydrolysed and 33% soy.The mixtures were brought to 100°C for 4 hours, then were put
on trays in an oven at 60°C for 48 hours. The dried flour were then ground in a bench

grinder (IKA ® Al1Baésico, IKA ® Works, Inc., China) to reduce the particle size.

6.2.3. Chemical composition, amino acids and fatty acids
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The analysis of the chemical composition, amino acid profile and fatty acids
were made in CBO Analysis Laboratory. The following analyzes were performed:
humidity (AOAC, 1996), crude protein (AOAC, 1995a), ether extract (UK, 1982), ash
(AOAC, 1995b), carbohydrates, fiber, essential amino acids (White et al, 1986 and
Hagen et al., 1989) and unsaturated fatty acids (AOAC, 2007).

6.2.4. Chemical score of Bioproducts and Indispensable Amino Acid Index (IAAI)

Indispensable Amino Acid Index (IAAI) and chemical scores of bioproducts
were calculated according to Hardy and Barrows (2002), relative to the EAA profile
based on the reference amino acid in whole-egg protein. Indispensable Amino Acid
Index (IAAL) is the ratio of the indispensable amino acid in the test protein (TP) divided
by the indispensable amino acids in whole-egg protein (WEP) a follows:

HIS(TP) ISO{TP]  LEL{TP) ARG(TP)

TAAL = .
HIST(WEP) = SO{WEP) ' LEL{WEP] ARG[WEF)

= 100

Chemical scores were calculated using the following equation:

EAA in test protein{g/kg)

EAA amino acd in whole — egg protein(g/kg) =100

Chemical score =

6.2.5. Shelf-life evaluation

6.2.5.1. Specific Microorganisms

Microbiological analysis (molds and yeasts, Coliforms at 45°C, Coagulase
positive Staphylococci, Salmonella and Pseudomonas spp) of bioproducts (BP30 and
BP120) were performed to certify microbiological contamination at time 0 and at the
end of production time. Analyses were performed in Experiment Laboratory and Food
Analysis (LEAAL) of the Nutrition Department at the Federal University of

Pernambuco.
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6.2.5.2. Total count of mesophilic microorganisms

The total count of mesophilic in bioproducts (BP30 and BP120) were performed
every 15 days. 5 mg bioproduct samples were dissolved in 5 ml of peptone water and
homogenized under sterile conditions in biological safety cabinet Pachane (PA 410).
They were collected 250 pL and 500 pL each sample and inoculated on 2 Petri dishes.
To each plate was added 10 ml of Plate Count Agar (PCA - Standard Methods Agar
Acumedia). The samples were homogenized immediately after being poured into the
medium by rotations of the Petri dishes to obtain uniform dispersion of colonies. After
complete solidification the plates are inverted and incubated for 2 days at 37°C for

mesophilic microorganisms count.

6.3. Results and Discussion

6.3.1. Chemical composition, amino acids and fatty acids of Bioproducts

Chemical composition analyses of bioproducts are in Table 1. Next values of
proteins, lipids, ash, fibers and others components were found in the composition of
bioproducts.

The demand for ingredients that can replace fishmeal in the feed in aquaculture
has taken a lot of strength in recent years. Sun et al. (2015) proposed a cotton seed meal
fermented for feeding Acanthopagrus schlegelii. In their work they compared feeding of
fish meal, cotton seed flour and fermented cotton seed meal. Fishmeal they used had
levels of 64.8% protein, 4% lipid and 11.1% ash, alternative levels of protein
ingredients showed 47.1% and 48.8% for the cotton seed flour and for cotton seeds
flour fermented, respectively. The content of lipids showed near values 1.4 and 1.5% for
cotton seeds flour and cotton seed flour fermented, respectively.

Hydrolysates of tilapia carcasses show average levels of 52% protein, values
below the bioproduct studied (Silva et al, 2014). However a protein level close to this
work was obtained in a viscera hydrolysate Persian sturgeon (Acipenser persicus) with

exogenous enzyme (Ovissiopour et al, 2009).
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The compositions values of essential and nonessential amino acids for fish found
bioproducts, fish meal and soybean meal are shown in Table 2. Glutamic acid, aspartic
acid and arginine amino acids were highest expression in both bioproducts. These
amino acids were also more expressive in shrimp hydrolysate (Tonon et al., 2016) and
to hydrolysates obtained from the blue shark skin (Rodriguez-Diaz et al., 2011).
Hydrolysates of Nile perch (Lates niloticus), grass carp (Ctenopharyngodon idella) and
Nile tilapia (Oreochromis niloticus) showed a higher content of glycine and alanine
(Wasswa, Tang & Gu, 2008).

Proteolytic hydrolysis is a process used to increase the nutritional value of
proteins by improving their digestibility (Li et al., 2010), as the time of hydrolysis will
influence the size of the formed peptides, some studies with shrimp hydrolysates
showed that hydrolysis has two stages. The first stage reaction speed maximum was
shown as the high molecular weight proteins showed intense degradation of the peptide
bonds. The second stage begins with a one hour reaction where there is a decrease in
rate which reaches the stationary behavior in six hours. This reduction reaction rate can
be explained by the reduced amount of peptide bonds breaking available for possible
inhibition by products formed during the reaction and the enzyme autolysis process
(Gonzalez-Tello et al. 1994; Guerard, Guimas, & Binet, 2002, Tonon et al., 2016).

Table 3 shows the composition of fatty acids of bioproducts. Essential fatty acids
are those that are not produced by the body itself, these must be included in the diet.
These essential fatty acids are divided into two groups: derivatives of linoleic acid -
omega-6 group (n-6); and derivatives linolenic acid - omega-3 group (n-3) (Calder,
2012). All these fatty acids are considered essential present in the composition of
bioproducts.

According to Sargent et al. (2002) fatty acids: C16:0, C18:1 n-9, C20:1 n-9,
C22:1 n-9, C20:5 n-3 (EPA) and C22:6 n-3 (DHA), are the main fish used as the energy
source for development, growth and fish swimming in addition to the reproductive
process. For Atlantic salmon (Salmo salar) there is a positive correlation between the
levels of fatty acids with 18 carbons in the muscles, especially C18:1 n-9 and C18:2 n-6
(LA), and maximum swimming speed these animals (McKenzie et al, 1998).

In addition to the energy function, lipid form the cell membranes. In fish, fatty
acids forming the phospholipid molecules are mainly 16:0, 18:1 n-9, C20:5 n-3 (EPA)
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and C22:6 n-3 (DHA). In these organisms the DHA is the main component of cell
membranes of the brain and retina cell (Sargent, 2002). Diets with a low level of this
fatty acid decreased visual capacity of herring larvae (Clupea harengus) and the total
size of the brain and the regions responsible for vision and swimming larvae of Seriola
quinqueradiata ("yellowtail™), and make them dispersed without the ability to form
schools (Bell et al, 1995; Ishizaki et al, 2001).

6.3.2. Chemical score of Bioproducts and Indispensable Amino Acid Index (IAAI)

The chemical score and indispensable amino acids index of BP30, BP120, fish
meal and soybean meal are in table 4. From the essential amino acid levels,
indispensable amino acid and index (IAAI) and chemical score is usually used to
evaluate the nutritive value of a protein source. This parameter compares the amino
acids in a test protein with those in whole-egg protein (Hardy and Barrows, 2002) and
values next to 100% is considered of high nutritional value.

All chemical scores of bioproducts presented higher values than fish meal and
soybean meal however Silva et al. (2014) they found higher values for their fish
hydrolysates. Fish meal demonstrated that tryptophan and isoleucine are limiting amino
acids for soybean meal were the limiting amino acids isoleucine, valine and methionine.
For all these amino acids the chemical score showed appropriate for bioproducts. All
these values show that both bioproducts have good nutritional levels and can be used as

protein sources in fish feed.

6.3.3. Shelf-life evaluation

6.3.3.1. Specific Microorganisms

The analyzes of specific microorganisms in the beginning and end of shelf-life
experiment are present in Tables 5 and 6. The Brazilian Health Surveillance Agency
(ANVISA) establishes health microbiological standards for food and determines the
criteria for completion and interpretation of results of microbiological analysis of food

for human consumption. As tolerance limit for indicative sample fish fresh, chilled or
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frozen not eaten raw, fixed the following amounts: 103 CFU/g for Staphylococcus
positive coagulase, 102 MPN/g Coliform and absence of Salmonella sp, the latter being
classified as danger of moderate severity (Silva & Filho, 1999). The maximum limit for
heterotrophic bacteria aerobic psychrotrophic (BHAP) for seafood is 107 CFU/g
(ICMSF, 1986). All values are found within the required standard.

In fish processing industry, hygiene procedures are essential to ensure product
quality. Thus, the use of rigorous hygiene, following appropriate standards, favors the
quality control, enables production costs, satisfy consumers and protect them against
risks to their health and to respect the rules and microbiological standards recommended
by law (Germano & Germano, 2001).

The Salmonella is a patogenic agent that can stand for long periods in various
types of materials. These microorganism can therefore pose a hazard in animal feed.
Even though seafood derivatives are not very susceptible to Salmonella but some strains
seem able to adapt to this type of substrate. Many studies are conducted to reduce
contamination of foods or ingredients of these foods in the factory (Vestby et al., 2009;
Jones, 2011; Pastore et al, 2013).

In this study the presence of Salmonella was not detected in both bioproducts.
Samples collected by Jones (2011) in a fish meal factory were negative for the presence
of Salmonella too.

Tabib, Jones and Hamilton (1981) analyzed ingredients for poultry feed and
found to fish meal and soybean meal values of molds and coliforms much higher than
found for the bioproducts. Coliforms were on average 50 units per gram for two
ingredients and the mold presented a mean of 100 units to the soybean meal and 200 for

fishmeal.

6.3.3.2. Total count of mesophilic microorganisms

The count of mesophilic micro-organisms is presented in Table 7. The
bioproducts had their storage time of five months.
Most of the pathogenic micro-organisms and is mainly represented by

mesophilic bacteria and molds. All micro-organisms that are a risk to food safety
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multiply ideally located in the middle range of 30°C to 45°C (Germano, Germano &
Ungar, 2003).

Bueno-Solano et al., (2009) reported total mesophilic of 1730 cfu in shrimp
protein hydrolysate and this number does not represent a health risk. This value is much
higher than that found in 125 days of bioproduct stored at ambient temperature.
Gongalves and Viegas (2007) had 120 days of shrimp silage stability from

measurements of the Chemical composition and non-protein nitrogen levels.

6.4. Conclusion

Chemical composition analysis of bioproducts using hydrolysates with different
hydrolysis times no showed significant difference in the levels and composition of
amino acids and fatty acids. Microbiological analysis both bioproducts were within

required levels and proved microbiologically stable for five months.
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Table 1: Chemical composition of the bioproducts. (DM basis)
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. Bioproduct
Nutrient
BP30 (%) BP120 (%)
Protein 66,11 64,73
Ether extract 6,77 10,45
Fiber 2,49 2,40
Ash (%) 11,18 9,69

Others (%) 13,45 12,73
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Table 2: Essentials and nonessentials amino acids composition (%) of the bioproducts

and other ingredients used in feeds for aquatic organism. (DM basis)

Amino acids BP30 BP120 Fish meal® Soybean Meal®
Essentials (%)

Phenylalanine 2,84 2,76 1,81 1,91
Valine 2,90 3,02 2,59 1,90
Arginine 5,49 4,84 3,78 3,05
Thryptophan 0,57 0,57 0,39 0,80
Threonine 2,62 2,22 1,99 1,51
Leucine 4,67 4,55 3,77 2,91
Histidine 1,55 1,48 1,40 1,25
Isoleucine 2,49 2,36 2,15 1,75
Methionine 1,45 1,08 1,80 0,47
Lysine 4,03 4,47 3,98 2,57
AAE 28,61 27,35 23,66 18,12
Nonessentials (%)

Cystine 0,74 1,32 - -
Aspartic Acid 6,55 6,97 - -
Glutamic Acid 10,28 10,48 - -
Proline 4,62 4,23 - -
Tyrosine 2,30 2,21 - -
Serine 3,13 2,81 - -
Alanine 4,21 4,48 - -

(-) Data not provide by the authors.
AAE: total essential amino acids
®Halver (1995)
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Table 3: Fatty acids composition of bioproducts (%). (DM basis)

Bioproducts

Fatty acids
BP30 BP120
Butyric Acid (C4) ND 0,03
Lauric Acid (C12) ND 0,0
Myristic Acid (C14:0) 0,02 0,05
Pentadecanoic Acid(C15:0) 0,02 0,02
Palmitic Acid (C16:0) 1,17 1,96
Margaric Acid (C17:0) 0,03 0,05
Estearic Acid (C18:0) 0,44 0,64
Arachidic Acid (C20:0) 0,01 0,02
Heneicosanoic acid(C21:0) ND 0,01
Behenic Acid (C22:0) 0,01 0,02
Tricosanoic ( C23:0) 0,01 0,01
Lignoceric Acid (C24:0) 0,02 0,01
Saturated Fat 1,73 2,83
Palmitoleic Acid (C16:1) 0,07 0,13
Oleic Acid (C18:1n9c) 1,31 2,11
Cis-Eicosenoic Acid (C20:1) 0,05 0,11
Erucic Acid (C22:1n9) ND 0,02
Nervonic Acid (C24:1) 0,01 0,02
Monounsaturated 1,44 2,42
Linoleic Acid (C18:2n6) 2,03 2,51
Gamma Linolenic Acid (C18:3n6) ND 0,01
Linolenic Acid (C18:3n3) 0,15 0,20
Cis-Eicosadienoic Acid (C20:2) 0,01 0,21
Cis-Eicosatrienoic Acid (C20-3n3) 0,01 0,03
Cis-Eicosatrienoic Acid (C20:3n6) 0,01 0,03
Arachidonic Acid (C20:4n6) 0,14 0,19
Docosadienoic Acid (C22:2n6) ND 0,0
Cis-Eicosapentaenoic Acid ND 0,45
(C20:5n3)
Cis-Docosahexaenoic Acid 0,45 1,58
(C22:6n3)

Polyunsaturated Fat ND 5,20
Elaidic Acid (C18:1n9t) ND 0,01

Trans Fat ND 0,01
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Unsaturated Fats ND 7,62

ND - not detected
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Table 4: Indispensable Amino Acid Index (IAAI) and chemical score of amino acids of

bioproducts compared with fish meal and soybean meal. (DM basis)

Chemical scores = limiting amino acid in test protein/amino acid in whole-

Amino acids egg protein (%) Whole egg
amino acids (g/kg)
BP30 BP120 Fish meal® Soybean meal®
Phenylalanine 45,08 43,81 28,73 30,32 63,0
Valine 40,28 41,94 35,97 26,39 72,0
Arginine 83,18 73,33 57,27 46,21 66,0
Thryptophan 38,00 38,00 26,00 53,33 15,0
Threonine 60,93 51,63 46,28 35,12 43,0
Leucine 50,76 49,46 40,98 31,63 92,0
Histidine 64,58 61,67 58,33 52,08 24,0
Isoleucine 32,34 30,65 27,92 22,73 77,0
Methionine 36,25 27,00 45,00 11,75 40,0
Lysine 57,57 63,86 56,86 36,71 70,0
IAAIP 508,97 481,34 423,34 346,27 -
*Halver (1995).

PAccording to Hardy and Barrows (2002).
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Table 5: Specific microorganisms analysis of the products on the first day of

production.
Coliforms 45 °C C(;agurlla?e Positive Sal I Yeastic, dand Pseudomonas
Bioproducts MPN/ taphylococeus aimonetia spp motas aeruginosa
P g CFU/g CFU/g g
BP30 <30 <10 Absence <10 <1l1
BP120 <3.0 <10 Absence <10 <11

MPN = Most Probable Number

CFU = colony forming unit
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Table 6: Specific microorganisms analysis of the products on the last day experiment of

Shelf-life.
Coliforms 45 °C Coagurlla?e Positive I I Yeastic, and Pseudomonas
Bioproducts MPN/g Staphylococeus Salmonella spp molds aeruginosa
CFU/g CFUl/g
BP30 <3.0 <10 Absence <10 <11

BP120 <3.0 <10 Absence <10 <11
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Table 7: Total count of mesophilic microorganisms for five months of storage

bioproducts at ambient temperature.

Estorage days

Bioproducts Mesophilic (CFU/g)
Days 0 15 30 45 60 75 90 95 110 125 140
BP30 ND ND ND ND ND ND ND ND ND 1.0x10? Uncountable
BP120 ND ND ND ND ND ND ND ND ND 1.3x10? Uncountable

CFU = colony forming unit/g
ND - not detected
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7. CAPITULO 11l

Esse artigo intitulado "Bioactive molecules from Malaysia giant prawn
(Macrobrachium rosenbergii) processing waste" (manuscrito) sera submetido a revista
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Abstract

Shrimp processing wastes are recognized sources of bioactive molecules that are
recovered and have many potential applications. The freshwater prawn Macrobrachium
rosenbergii, also known as giant Malaysia prawn, a species of shrimp native to the
Indo-pacific region, has been farmed by small local producers in Northeastern Brazil,
due to its resistance and easily adaptation to the climate conditions. The good fillet
quality is also a attractive characteristic of M. rosenbergii, while its non-food by-
products (cephalotorax, carapace, pereiopods and tail) can constitute approximately
50% of the whole animal. These residues can be used as sources of biomolecules, as
value added products apart of the main commercial product. In this work, we analyzed
the recovery of protein, chitin, chitosan and carotenoids from M. rosenbergii heads
submitted to autolysis. Moreover, the chitosan produced was evaluated as a flocculant
agent for microalgae biomass production. The liquid protein hydrolysate recovered after
autolysis showed a protein content of 73.66% (DM basis), representing a good source of
animal protein for feed production. The chitin content in 1 kg of shrimp by-product after
extraction was 22 g, while produced chitosan obtained was 14 g. Chitosan infrared
spectra showed glucosamine bands as described by other works and the degree of
deacetylation was calculated as 80,27%. Carotenoids extract showed absorbance profile
similar to other shrimp extract, and accounted as total carotenoids for 5.7g/kg of shrimp
by-product. The flocculant efficacy of chitosan was comparable to NaOH and aluminum
polychloride and superior at a concentration of 5 ppm. These data suggest that
biomolecules from M. rosenbergii processing by-products are easily recovered using

simple steps and have potential for technological applications in biological systems.

Key-words: Protein hydrolysate; chitosan; carotenoids; microalgae flocculants.
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7.1 Introduction

Aquaculture is the practice of cultivating aquatic organisms, and it has grown
considerably over the years. This growth includes the commercial cultivation of various
species of shrimps and prawns intended for human consumption (Ponce-Palafox et al.,
2006). When it comes to freshwater shrimps, the "Giant Shrimp" (Macrobrachium
rosenbergii) is usually considered one of the most important aquaculture species in the
world (Pillai et al., 2012). This economic importance is due in large part to their
biological characteristics: tolerance to many different environments, rapid growth,
relatively large size, good quality of meat and omnivore feeding behavior (Muralisankar
etal., 2014).

In aquaculture, the most expensive factor throughout the whole production is the
feed costs. Animal protein represent the major bottleneck for feed production, which
depends of the organism being farmed and other factors like protein conversion and
nutritional quality. The utilization of aquaculture processing waste for nutrients
recovery allows the chain of production to be more sustainable, and represents an
important source of valuable biomolecules for feed production and other technological
applications.

These shrimps, like other crustaceans and insects too, have their exoskeleton
composed of chitin, the second most abundant polysaccharide in nature, importante
because it is animal origin and also has a fibrous structure (Dutta et al., 2015). This
polysaccharide can be modified through deacetylation yielding a compound known as
chitosan (Chen et al., 1998).

Chitin and chitosan natural polymers without toxicity, they are also
biodegradable and biocompatible in nature. These biomaterials can be easily processed
into various forms such as membranes, gels, microparticles, nanoparticles and
nanofibers (Anitha et al., 2014).

From the characteristics described these biopolymers have various applications:
flocculating microalgae (Gualtieri et al, 1988; Xu et al, 2013; Farid et al, 2013)
treatment of industrial pollutants (Songkroah et al., 2004), antimicrobial activity
(Salaberria et al. 2014, Dutta et al., 2015; Younes & Rinaudo 2015), production of
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nanoparticles with various features (Mincea et al., 2012; Zeng et al., 2012), biomedical
and pharmaceutical applications (Yusof et al., 2003; Anitha et al., 2014), among others.

In addition, apart from chitin, other molecules can be extracted from the shrimp
processing waste industry: proteins, enzymes, calcium, carotenoids, vitamins and
glycosaminoglycans (Cahu et al., 2012). Carotenoids are present as natural pigments,
liposoluble, synthetized bybacteria, algae and angiosperms, and animals acquire through
the diet.. Today, at least 750 different carotenoids have been identified, these pigments
are responsible for the yellow to red color in plants and animals, as well as the variety
of stains brown, blue, purple, green and black present in fish and crustaceans (Britton,
Liaaen-Jensen; Pfander, 2012).

Thus, the present study aimed in the extraction and characterization of
commercially important biomolecules, such as chitin, chitosan, glycosaminoglycans and
carotenoids waste processing giant shrimp Macrobrachium rosenbergii, in addition to

obtaining a protein hydrolysate.

7.2. Material and Methods

7.2.1. Processing waste Raw-material

Fresh heads of shrimp M. rosenbergii were obtained from a producer in Recife,
PE. The material was collected and placed on ice for transport to the laboratory, then it

was weighed and separated into 1 kg plastic bags for freezing at -20°C for later use.

7.2.2. Protein hydrolysate, centesimal composition and fatty acids

The protein hydrolysate was prepared according to Cahu, et al. (2012). The
heads were ground with distilled water (at concentration 1: 1), the liquid obtained was
placed in a container in a water bath at 45 + 2°C with constant stirring of 300 rpm for
120 minutes to occur protein hydrolysis. After 120 minutes hydrolysis the material was
heated at 100 ° C for 10 minutes to stop hydrolysis. The liquid was then filtered on a 1
mm sieve and the liquid obtained was frozen at -20°C.
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The analysis of the chemical composition were made in CBO Analysis
Laboratory. The following analyzes were performed: humidity (AOAC, 1996), crude
protein (AOAC, 1995a), ether extract (UK, 1982), ash (AOAC, 1995b), carbohydrates,
fiber (White et al, 1986; Hagen et al., 1989) and fatty acids (AOAC, 2007)

7.2.3. Extraction of chitin and chitosan preparation

The solid residue which was retained in the preparation of protein hydrolysate
was washed with water and dried at 70 ° C. After dry, the residue was treated with 1M
HCI for removal of NaHCO3; and 1 M NaOH to deproteinization. For depigmentation it
was used potassium permanganate (KMnO,) and 0.5% sodium dithionite (Na;S,04) 1%.
The chitin flakes were washed with distilled water and dried at 70°C. The dry chitin was
added 500 mL of 50% NaOH in water bath at 65°C for 24 hours with constant stirring.
The N-deacetylation procedure was performed twice.

Chitosan was washed with distilled water until reaching neutral pH and then
dried at 70 ° C. After drying was pulverized using a mill (IKA ® AllBaésico, IKA ®
Works, Inc., China) to have particles with 250 micrometers. Then 1% chitosan was
solubilised in 3% acetic acid and filtered on filter paper (14 mM), precipitated with 1M
NaOH until reaching pH 11 and then the pH was neutralized to pH 7. After the
neutralization was purified chitosan centrifuged (10,000 x g for 15 min at 25 ° C) and

lyophilized to a fine powder was obtained.

7.2.4. FT-IR spectra of chitin and chitosan

FT-IR spectra of chitin and chitosan samples were measured in KBr pellets in
transmission mode within a range of 4000-500 cm* using an FT-IR Bomem MB100
spectrophotometer. The degree of deacetylation (DD%) was calculated based on the
ratio A1320/A1420 reported by Brugnerotto et al. (2001):

DD% = 100- [(A1320/A1420 — 0.3822)/0.03133].
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7.2.5. Carotenoid pigments extraction

The carapace and the centrifugation precipitate were incubated with 1000 mL
90% (v/v) ethanol each overnight. The ethanol solution was collected and additional
ethanol incubation was performed again the ethanolic solution absorbance was
performed at 470 nm. The ethanolic solutions obtained from the incubations were
collected together (about 2000 mL), concentrated under vacuum at 37°C using a rotary
flash evaporator and dried under N2 atmosphere. From now on, all experiments were
undertaken preventing from light conditions under N2 conditions to avoid possible
cis/trans isomerization and oxidation of the carotenoids and stored at —20°C until
analyses. The approximate amounts of carotenoid amounts in the ethanolic solutions
were spectrophotometrically determined (Ultrospec 3000 pro spectrophotometer; Bio-
Rad) according to the formula (Schiedt and Liaaen-Jensen, 1995): mg carotenoids=
(A.vol.1000)/A'1,,.100 Where A, vol and A, stand for the absorbance at 470 nm,
volume in mL and the astaxanthin specific absorption coefficient in ethanol,

respectively.
7.2.6. Microalgae Culture

The species of microalgae Chlorella vulgaris and Scenedesmus subspicatus used in
this study was obtained from the Culture Centre of Algae of Universidade Federal Rural
de Pernambuco, Brazil. The microalgae inoculum were cultivated in semicontinuous
culture indoors. The indoor cultures of microalgae were grown with autoclaved
freshwater and Provasoli medium in 2 L bottles bubbled with air, incubated in a
controlled temperature room (24°C). The bottles were irradiated with daylight
fluorescent tubes (light intensity, 4000Lux) for 72 hours. Algal biomass was estimated

with use of a Neubauer chamber and optical microscope.
7.2.7 Microalgae Flocculation

The effect of three dosages of a three types of flocculant on microalgal

flocculation was studied at room temperature in a 27 1-liter jars for one specie
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microalgae. Aluminium polychloride (PAC), NaOH and chitosan at concentrations of 1,
2 and 5 ppm each one were tested. After addition of the flocculating agent was stirred
for 30 seconds and the pH was measured using a Hanna HI19828 Multiparameter. After
24 hours of incubation samples were collected and counted the cells with use of a

Neubauer chamber.

7.2.8. Data analysis

For data analysis were descriptive statistics used based on percentages through
Excel 2007 and statistical inference with normality test (Shapiro-wilk), analysis of
variance (ANOVA), Dunnett’s test and Tukey's test, with significance level P <0.05,
using 7.7 Assistat and GraphPad Prism version 5.00 for Windows, GraphPad

Software, San Diego California USA, www.graphpad.com.

7.3. Results

7.3.1. Chemical composition of hydrolysate

The liquid phase is the protein hydrolysate, the analysis of chemical composition
are found in table 1. The dry matter content in the present study hydrolyzate was around
4.5% for the hydrolysate Litopenaeus vannamei shrimp this content was 9% (Cahu et
al., 2012). As the quantity of protein in the dry matter of the hydrolyzate M. rosenbergii
showed high values even in comparison with hydrolyzate of O. niloticus and L.
vannamei (Table 1) (Robert, et al. 2014; Silva et al. 2014).

Hydrolysates shrimps can be used as ingredients in nutritional supply to other
aquatic animals or as a flavoring agents (Cavalheiro, Souza and Bora, 2007; Leal et al.
2010). The use of endogenous enzymes for the hydrolysis of shrimp reduce process
costs and have a great capacity in the release of amino acids threonine, serine, valine,
isoleucine, tyrosine, histidine and tryptophan (Cahu et al., 2012).

7.3.2. Chitin and Chitosan
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After washing the shells pass by the demineralization process, deproteinization
and bleached at the end chitin is obtained. Chitin suffers alkaline deacetylation
processes to yield chitosan. For a kilogram of shrimp waste was obtained 45g of crude
chitin and the end 22g of purified chitin and 14g chitosan (Table 2). Chitosan was
further purified and presented complete dissolution in 3% (v/v) acetic acid in water,
which demonstrates that chitin was successfully converted to chitosan.

For Litopennaeus vannamei were extracted 50g/kg of crude chitin, obtaining a
final yield 25g and 17g purified chitin and chitosan, respectively (CAHU et al. 2012). In
another study were obtained 88g/kg of crude chitin for shrimp species Penaeus
semisulcatus (Mizani, Aminlari and Khodabandeh, 2005).

To obtain chitin and chitosan from crustacean carapace it is important that the
step of deproteinization remove all proteins that are closely associated to the chitin. This
process, together with the demineralization will yield a protein concentrate and calcium
in amounts that will vary from species to species (Muhlia-Almazén et al. 2002; Coward-
Kelly, Agbogbo and Holtzapple, 2006; Cahu et al. 2012).

The FT-IR of chitin and chitosan from M. rosenbergii showed in Figure 1. The
characteristics found are in accordance with described previously profiles (Paulino et
al., 2006).The degree of acetylation for chitosan was calculated to be 80,27%, coffering
solubility to chitosan in acidic media. Previous works with chitosan L. vannamei
showed degrees of deacetylation near 79%, confirming the present results (Cahu et al.,
2012). The degree of deacetylation is important because it is he who differs the chitosan
from chitin (Kasaai et al., 2000). The bands at 1640-1671 cm™* are attributed to the
vibrations of the amide | bond and correspond to the amide | stretching of C O. The
band at 1339 cm™* corresponds to a CO-NH deformation of the CH, group (amide 111
of chitin (Figure 1A). The band at 1556-1560 cm ™ corresponds to the stretching or N H
deformation of amine Il and the bands between 890 and 1160 cm™' represent
polysaccharide structures. For chitosan, the band at 1560 cm ™ was more intense than
that at 1639 cm ™, which suggests effective deacetylation (Figure 1B). When chitin
deacetylation occurs, the band observed at 1660 cm™* decreases and then increases
again at 1560 cm*, indicating the presence of NH, groups. The band from 1500 to 1700
cm * demonstrates an intensification of the peak at 1560 and a decrease at 1639-1660
cm 1. The band between 3400-3500cm™ correspond to the —OH vibration and is also
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characteristic of polysaccharides. The chitin spectrum showed more peaks compared to
chitosan, but this is probably due to some extent of contamination with residual proteins
in the process of purification.

7.3.3. Carotenoid pigments extraction

The carotenoids extraction scanning spectra are presented in Figure 2. The
graphic shows characteristic absorption values for carotenoids in the range between 400
to 500nm. Extracts of L. vannamei and M. rosenbergii showed a carotenoid amount of
4.08 and 2.85 mg/mL, respectively. L.vannamei spectra has a well defined peak for
asthaxanthin at 470 nm, that is the major carotenoid component for this shrimp (Cahu et
al.,, 2012; Santos et al., 2012). The extracted carotenoids can be used in the
pigmentation of fish meat and feed supplementation (Cano-Lopez et al, 1987;
Cavalheiro, Souza and Bora, 2007). The spectra for M. rosenbergii presents a broad
absorbance range, which suggests that carotenoids molecules are more evenly
distributed. Further analyses of the composition of this extract will elucidate the profile

and other technological approaches on recovering these pigments from M. rosenbergii.

7.3.4. Microalgae flocculation

Cell counts of Scenedesmus subspicatus and Chlorella vulgaris in flocculation
experiments are in Figures 3 and 4, respectively. For Scenedesmus subspicatus
treatment with concentration of 5 ppm of chitosan was shown that the more efficient
flocculation (84,35%). The other chitosan concentrations did not achieve statistical
difference with the Sodium hydroxide (NaOH), a flocculating agent previously used,
treatments. Aluminum polychloride (PAC) concentrations, showed no flocculation for
the specie involved (Fig. 3). All treatments showed pH from 9,58+0,02 to 9,97+0,03
(Table 3).

For Chlorella all flocculating agents showed flocculation with efficiencies
between 93.2% and 51.59%. Chitosan 5 ppm was also the most effective (93.2%). For
this species the pH varied between 8.04+0,03 and 9.14+0,06 (Table 3).
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Several studies show that pH change is very effective for flocculating
microalgae, an increase of pH between 8.5 and 10.5 is capable of flocculating
microalgae of the species Phaeodactylum tricornutum (Sirin et al., 2011), Anabaena
marina (Gonzélez-Lopez et al., 2009) or Dunaliella tertiolecta (Horiuchi et al., 2003).
Chitosan and substances with aluminum in its constitution are widely used in the
flocculation of Chlorella sp and P. tricornutum (Harith et al., 2009; Sirin et al., 2011).

In general the cells of microalgae are negatively charged so the use of cations or
cationic polymers are efficient for flocculation of these cells, the Aluminum
polychloride and Polyferric sulfate proved efficient (Sirin et al, 2011; Jiang et al. 1993).
For Chlorella and Scenedesmus presents the PAC efficiency below 80% in most cases
(Papazi et al., 2010). In the present study the PAC was not efficient in the Scenedesmus
subspicatus and the Chlorella showed maximum efficiency of 77.72% for the
concentration of 5 ppm corroborating the studies.

For Scenedesmus subspicatus and Chlorella chitosan obtained from M.
rosenbergii to 5 ppm presented flocculation efficiency 84,35% and 93,2%, respectively.
Commercial chitosan in a previous state for the same species was not efficient even at
high concentrations (Granados et al., 2012). The concentration of 5 ppm is well below
the concentrations used for Lubian (1989) (10 ppm to 160 ppm) to flocculate species of
marine microalgae with an average efficiency of 75%.

In other study there was a 90% reduction of the turbidity using a commercial
chitosan at pH 7 to pH 9 there was no reduction in turbidity (Divakaran and Pillai,
2002). For Phaeodactylum tricornutum to commercial chitosan shows efficiency of
90% at 20 ppm and pH 9.9 (Sirin et al., 2012). Wu et al. (2015) demonstrated that 5
ppm of chitosan flocculation efficiency Scenedesmus sp. was around 20% reaching its
maximum of 90% with a concentration of 20 ppm. In the same study NaOH
concentrations reached 2000 ppm 90% efficiency of flocculation.

In most studies NaOH is used for pH flocculation or as an alkali in combination
with a flocculating agent to adjust the pH (Harith et al., 2009; Knuckey et al., 2006;
Vandamme et al., 2010; Wu et al., 2012; Wu et al., 2015).

The results of the experiments showed that chitosan obtained from M.
rosenbergii, at a low concentration, was more effective than commercial chitosan and

other flocculating agents. This result is very important since this Chitosan is a non-toxic
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polymer and was obtained from shrimp waste. Biomass of microalgae recovered with
chitosan that can be used in food and aquatic animals because their residues do not offer
health risk.

7.4. Conclusions

Shrimp processing wastes are valuable sources of biomolecules, which can be
recovered with simple steps. The application of the recovered molecules allows the
aquacultured shrimp industry to be more economically viable and environment friendly.
Protein hydrolysate with high quality can be used as a substitute for fish meal in feeds;
carotenoid pigments are powerful antioxidants and also a required component for fillet
coloration of salmonid fish; chitin and chitosan are vastly versatile polysaccharides with
many biotechnological applications, such as flocculant agents, but also as antimicrobial,
antioxidant and biocompatible fiber. Other biomolecules can be extracted with the
present method, such as shrimp oil, glycosaminoglycans and minerals from chitin
treatment. More studies are being carried out in order to fully characterize these

biomolecules and suggest novel applications.
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Table 1: Chemical composition of the M. rosenbergii hydrolysate (%) and others

species of aquatic animals.

Macrobrachium rosenbergii

Nutrient Oreochromis niloticus® Litopenaeus vannamei®
Hydrolysate DM basis

Water content 95,52 0,00 - -

Protein 3,30 73,66 58,48* 64,50*

Ether Extract 0,61 13,61 37,47* 11,20*

Fiber 0,10 2,20 18,70* -

Minerals 0,47 10,49 2,67* 11,10*

2 Silva et al. (2014)

® Robert et al. (2014)

*DM basis

(-) Data not provide by the authors.
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Table 2: Chitin and chitosan composition obtained from the shells of shrimps waste

Macrobrachium rosenbergii and Litopenaeus vannamei.

Component Macrobrachium rosenbergii Litopenaeus vannamei®
Chitin 22,00 25,00
Chitosan 14,00 17,00

 Cahu et al (2012)
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Figure 1: FT-IR chitin (A) and chitosan (B) from M. rosenbergii.
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Figure 2: Spectrum of ethanol extracts of carotenoids L. vannamei and M. rosenbergii.
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Table 3: After 24h, pH treatments of microalgae species Scenedesmus subspicatus and

Chlorella vulgaris, was exposed to different concentrations of flocculating agents PAC,

NaOH and chitosan.

Flocculant agent (ppm)

Scenedesmus subspicatus

Chlorella vulgaris

Inicial
Chitosan 1
Chitosan 2
Chitosan 5
PAC 1
PAC 2
PAC 5
NaOH 1
NaOH 2
NaOH 5

8,86
9,92+0,06
9,93+0,02
9,97+0,03
9,69+0,07
9,89+0,05
9,96+0,01
9,93+0,06
9,58+0,01
9,58+0,02

8,29
8,73+0,02
8,71+0,02
8,57+0,08
9,14+0,06
9,00+0,04
8,86+0,08
8,23+0,07
8,04+0,03
8,04+0,03
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Figure 3: Cell count of Scenedesmus subspicatus 24 hours after the addition of

flocculant (A) and Efficiency of flocculation (B).
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Figure 4: Cell count of Chlorella 24 hours after the addition of flocculant (A) and

Efficiency of flocculation (B).
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8. Considerac0es Finais

Todos os anos, toneladas de residuos do processamento de camardes sdo levadas
a aterros sanitarios. O descarte inadequado desse material ndo sO representa mais
poluicdo para aterros e cursos d’agua, dado a alta reatividade, como também um 6nus
para o0 setor produtor que precisa arcar com 0s custos do descarte. Esses residuos sdo
fonte de macromoléculas bioativas que possuem inimeras aplicac6es biotecnoldgicas. O
presente trabalho elaborou quatro bioprodutos proteicos como fontes alternativas de
proteinas para dietas de peixes, utilizando cabecas de camardo cinza, além de formular
uma metodologia para a recuperagdo de quitina, quitosana e carotendides dos residuos
do processamento de M. rosenbergii cultivado localmente. A recuperacdo destes
biomaterias vem atender a demanda de proteina animal necessaria para fabricacdo de
racOes e ao crescente mercado por produtos naturais versateis com fungdo na salde
humana e animal. Seu potencial uso, por exemplo, na aquicultura e na biotecnologia sdo
alternativas promissoras para 0s produtos convencionais. Constitui-se, assim, uma
oportunidade sustentavel e de expressao econémica de reaproveitamento dos residuos.

O agronegécio no Brasil necessita cada vez mais de novas tecnologias para
melhoramento de producdo, enquanto mantém o sistema vidvel economicamente e
ecologicamente. Os processos biotecnoldgicos aqui descritos poderédo ser aplicados para
grandes empresas como também para pequenos produtores, como é o caso dos
aquicultores de M. rosenbergii. Um bioproduto a base de proteina vegetal e de camardo
é passivel de ser implementado em ragfes para cultivo de animais aquéaticos, e 0s
residuos do processamento deste cultivo quando recuperados serdo aplicados aos
subsequentes, gerando também co-produtos para outras formas de aplicacdo. Esta
abordagem ciclica ¢ uma nova tendéncia que comeca a se estabelecer como protétipo e

com potencial para grandes e pequenos produtores.
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Anexos

Anexo 1

Guia para submisséo de trabalhos ao periodico: Animal Feed Science and Technology

Guide for Authors

1. Original Research Papers (Regular Papers)
2. Review Articles

3. Short Communications

4. Book Reviews

Original Research Papers should report the results of original research. The material should not have
been previously published elsewhere, except in a preliminary form.

Review Articles should cover subjects falling within the scope of the journal which are of active
current interest.

A Short Communication is a concise but complete description of a limited investigation, which will
not be included in a later paper. Short Communications should be as completely documented, both by
reference to the literature and description of the experimental procedures employed, as a regular paper.
They should not occupy more than six printed pages (about 12 manuscript pages, including figures, tables
and references).

Book Reviews will be included in the journal on a range of relevant books which are not more than
two years old. Book reviews will be solicited by the Book Review Editor. Unsolicited reviews will not
usually be accepted, but suggestions for appropriate books for review may be sent to the Book Review
Editor:

Professor G. Flachowsky

Federal Research Centre of Agriculture
Institute of Animal Nutrition
Bundesallee 50

D-38116 Braunschweig

Germany

Manuscripts describing the use of commercial feed products are welcome, but should include the
following information: major components, contents of active ingredients (for example enzyme activities).
Independent verification, as opposed to a manufacturers guarantee, is always desirable and often avoids
difficulties in the review process, especially where there are no, or few, treatment impacts. The Editors
reserve the right to reject any manuscript employing such products, wherein this information is not
disclosed.

Submissions concerning feedstuff composition are welcome when published and/or accepted
analytical procedures have been employed. However, unusual feedstuffs and/or a wide range of data are
pre-requisites

Submissions concerning NIRS may be suitable when more accurate, precise or robust equations are
presented. Mathematical, technical and statistical advancement, may constitute the foundation for
acceptance. For more details see the editorial in VVol. 118/3-4.

Contact details for submission
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Authors should send queries concerning the submission process or journal procedures to
AuthorSupport@elsevier.com. Authors can determine the status of their manuscript within the review
procedure using Elsevier Editorial System.

Page charges

This journal has no page charges.

Ethics in Publishing

For information on Ethics in Publishing and Ethical guidelines for journal publication see =+

http://www.elsevier.com/publishingethics and =http://www.elsevier.com/ethicalguidelines.
Policy and ethics

The work described in your article must have been carried out in accordance with The Code of Ethics
of the World Medical Association (Declaration of Helsinki) for experiments involving humans =+
http://www.wma.net/e/policy/b3.htm; EC Directive 86/609/EEC for animal experiments =
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; Uniform Requirements for
manuscripts submitted to Biomedical journals m=+http://www.icmje.org. This must be stated at an
appropriate point in the article.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years of
beginning the submitted work that could inappropriately influence, or be perceived to influence, their
work. See also =+http://www.elsevier.com/conflictsofinterest.

Submission declaration

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere including electronically in the same form, in English or in any other language,
without the written consent of the copyright-holder.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing Agreement'
(for more information on this and copyright see =http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal Publishing Agreement’
form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations (please consult =+http://www.elsevier.com/permissions). If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult =+
http://www.elsevier.com/permissions.

Retained author rights

As an author you (or your employer or institution) retain certain rights; for details you are referred to:
=+http://www.elsevier.com/authorsrights.



mailto:AuthorSupport@elsevier.com
http://www.elsevier.com/publishingethics
http://www.elsevier.com/ethicalguidelines
http://www.wma.net/e/policy/b3.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://www.icmje.org/
http://www.elsevier.com/conflictsofinterest
http://www.elsevier.com/copyright
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
http://www.elsevier.com/authorsrights

133

- Karollina Lopes de Siqueira Soares -

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit
the paper for publication. If the funding source(s) had no such involvement then this should be stated.
Please see =+http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit =+
http://www.elsevier.com/fundingbodies.

Language and language services

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who require information about language editing and copyediting services pre- and post-
submission please visit =#http://www.elsevier.com/languageediting or our customer support site at
http://epsupport.elsevier.com for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts source files to a single PDF file
of the article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Poorly written and/or presented manuscripts (relative to the journal's guidelines) may be returned to
authors for upgrading by the editorial office, prior to a review for scientific merit.

Before preparing their manuscript, it is suggested that authors examine the editorial by the Editors-in-
Chief in Vol. 134/3-4, which outlines several practices and strategies of manuscript preparation that the
Editors-in-Chief have found to be successful. This editorial also outlines practices that can lead to
difficulties with reviewers and/or rejection of the manuscript for publication. There is also an example of
an Animal Feed Science and Technology manuscript available on the journal website at =+
http://www.elsevier.com/locate/anifeedsci.

Submit your article

Please submit your article via =http://ees.elsevier.com/anifee/

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of 3 potential referees.
Note that the editor retains the sole right to decide whether or not the suggested reviewers are used.

Use past tense for current findings, and the present tense for "truths™ and hypotheses.
Article Structure

Manuscripts should have humbered lines, with wide margins and double spacing throughout, i.e.
also for abstracts, footnotes and references. Every page of the manuscript, including the title page,
references, tables, etc., should be numbered continuously. However, in the text no reference should be
made to page numbers; if necessary, one may refer to sections. Avoid excessive usage of italics to
emphasize part of the text.

Introduction
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State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

If reference is made to AOAC, ISO or similar analytical procedure(s), the specific procedure
identification number(s) must be cited. A number of references for neutral and acid detergent fibre (NDF,
ADF) assays exist, and an alternative reference to the now out-of-print USDA Agriculture Handbook 379
must be used. There are many options for NDF and ADF assays (e.g. sodium sulfite, alpha amylase,
residual ash), which must be specified in the text. For more details see the editorial in Vol. 118/3-4.

The following definitions should be used, as appropriate:

a. aNDFom-NDF assayed with a heat stable amylase and expressed exclusive of residual ash.

b. NDFom-NDF not assayed with a heat stable amylase and expressed exclusive of residual ash.

c. aNDF-NDF assayed with a heat stable amylase and expressed inclusive of residual ash.

d. NDF-NDF assayed without a heat stable amylase and expressed inclusive of residual ash.

e. ADFom-ADF expressed exclusive of residual ash.

f. ADF-ADF expressed inclusive of residual ash.

g. Lignin (sa)-Lignin determined by solubilization of cellulose with sulphuric acid.

h. Lignin (pm)-Lignin determined by oxidation of lignin with permanganate.

While expressions of NDF and ADF inclusive of residual ash will continue to be acceptable (i.e., the
terms aNDF, NDF and ADF above), the Editors-in-Chief highly recommend reporting all fibre values,
including digestibilities, on an OM basis. Silica is partially soluble in ND, is quantitatively recovered in
AD, and so may contribute to the ‘fibre' values and to subsequent digestibility coefficients.

Reporting ‘hemicellulose’ values as the difference between NDF and ADF is generally only
acceptable if the analyses have been sequential on the same sample. Crude fibre (CF), nitrogen-free
extract (NFE) and total digestible nutrients (TDN) are not acceptable terms for describing feeds and
should only be referred to in a historical context.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. Avoid extensive
citations and discussion of published literature. Combined 'Results and Discussion' sections are only
acceptable for 'Short Communications', except under compelling circumstances.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

« Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name, and, if available, the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address" (or "Permanent address") may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be retained as
the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract
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The abstract should be clear, descriptive and not longer than 400 words. It should contain the
following specific information: purpose of study; experimental treatments used; results obtained,
preferably with quantitative data; significance of findings; conclusions; implications of results if
appropriate.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or
proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in SI. You are urged to consult IUB: Biochemical
Nomenclature and Related Documents: =+http://www.chem.gmw.ac.uk/iubmb/ for further information.

Authors and Editors are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International Code
of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature. All biotica (crops,
plants, insects, birds, mammals, etc.) should be identified by their scientific names when the English term
is first used, with the exception of common domestic animals. All biocides and other organic compounds
must be identified by their Geneva names when first used in the text. Active ingredients of all
formulations should be likewise identified.

Sl or Sl-derived units should be used throughout (e.g. MJ and not Kcal for energy concentrations).
Concentrations should be expressed on a 'per kg' basis (w/w); however, w/v, v/v, mol/mol or M may be
accepted depending on the circumstances. In addition, 'units' and 'equivalents' are acceptable. Normality
should be avoided, as it may be ambiguous for certain acids. If analytical standards have been used, they
should be specified by name (e.g. yeast RNA) and form (e.g. lactose monohydrate). Percents should only
be used when describing a relative increase or decrease in a response. Proportions should be maximum
1.0 or <1.0. For more details see the editorial in Vol. 118/3-4.

Percent is only used to indicate relative changes. For composition, both w/w (often solids
composition g/kg) and w/v (e.g. g/L), v/v (e.g. m/L), mol/mol or M can be accepted depending on the
circumstances. Specify units (e.g. g/L) and never as percent. Digestibility/metabolisability and
degradability should always be expressed as a coefficient (not %), and the content of, for example, the
digestible component should be expressed as g/kg: thus, the coefficient of digestibility of dry matter is
0.8, while the content of digestible dry matter is 800g/kg. A distinction between true and apparent
digestibility should be made, as well as between faecal and ileal (e.g. coefficient of total tract apparent
digestibility - CTTAD). The terms 'availability' and 'bioavailability' should be avoided without definition
in context.

In chemical formulae, valence of ions should be given as, e.g. Ca®*, not as Ca*™. Isotope numbers
should precede the symbols e.g. 0. The repeated use of chemical formulae in the text is to be avoided
where reasonably possible; instead, the name of the compound should be given in full. Exceptions may be
made in the case of a very long name occurring very frequently or in the case of a compound being
described as the end product of a gravimetric determination (e.g. phosphate as P,Os).

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
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Powers of e are often more conveniently denoted by exp. Number consecutively any equations that have
to be displayed separately from the text (if referred to explicitly in the text).

If differences between treatments are statistically significant, this should be indicated by adding the
actual 'P' value obtained. If 0.10 > P > 0.05, then differences can be considered to suggest a trend, or
tendency, to a difference, but the actual 'P' value should be stated. Further information on this issue can be
found in Animal Feed Science and Technology Vol. 129/1-2.

Spaces should be used between all values and units, except for the following: Between the value and
degrees or percent. In equations around ~ and /. In probability expressions (P<0.05). When probability
values are given, the 'P' should be a capital letter.

Artwork

Electronic artwork

General points

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

* Save text in illustrations as "graphics" or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.

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

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

 Submit each figure 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 Regardless of the application used, when your electronic artwork is finalised, 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: Vector drawings. Embed the font or save the text as "graphics”.

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office applications
please supply "as is".

Please do not:

* Supply embedded graphics in your wordprocessor (spreadsheet, presentation) document;

* Supply files that are optimised for screen use (like GIF, BMP, PICT, WPQG); the resolution is too
low;

* Supply files that are too low in resolution;

. Submit graphics that are disproportionately large for  the content.
All data in figures should have a measure of variation either on the plot (e.g., error bars), in the figure
legend itself, or by reference to a table with measures of variation in the figure legend.

Explanations should be given in the figure legend(s). Drawn text in the figures should be kept to a
minimum.

If a scale is given, use bar scales (instead of numerical scales) that must be changed with reduction.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS 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.g.,
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 illustrations.

Tables
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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

All publications cited in the text should be presented in a list of references following the text of the
manuscript. 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. The accuracy of the references is the
responsibility of the author(s).

References published in other than the English language should be avoided, but are acceptable if they
include an English language 'Abstract' and the number of non-English language references cited are
reasonable (in the view of the handling Editor) relative to the total number of references cited.

In the text refer to the author's name (without initial) and year of publication, followed - if necessary
- by a short reference to appropriate pages. Examples: "Since Peterson (1988) has shown that...". "This is
in agreement with results obtained later (Kramer, 1989, pp. 12-16)".

If reference is made in the text to a publication written by more than two authors, the hame of the
first author should be used followed by "et al.". This indication, however, should never be used in the list
of references. In this list names of first author and co-authors should be mentioned.

References cited together in the text should be arranged chronologically. The list of references should
be arranged alphabetically on authors' names, and chronologically per author. If an author's name in the
list is also mentioned with co-authors the following order should be used: publications of the single
author, arranged according to publication dates - publications of the same author with one co-author -
publications of the author with more than one co-author. Publications by the same author(s) in the same
year should be listed as 2001a, 2001b, etc.

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.g., after the reference list) under a different
heading if desired, or can be included in the reference list.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) have recently shown ...."

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., 2000. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York. Reference
to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in: Jones,
B.S., Smith, R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
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References concerning unpublished data and "personal communications™ should not be cited in the
reference list but may be mentioned in the text.
Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: =+http://www.nlm.nih.gov/tsd/serials/lji.html;

List of serial title word abbreviations: =http://www.issn.org/2-22661-L TWA-online.php;
CAS (Chemical Abstracts Service): =+http://www.cas.org/sent.html.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way as a
figure or table by referring to the video or animation content and noting in the body text where it should
be placed. All submitted files should be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material is directly usable, please provide the files
in one of our recommended file formats with a maximum size of 30 MB and running time of 5 minutes.
Video and animation files supplied will be published online in the electronic version of your article in
Elsevier Web products, including ScienceDirect: =+http://www.sciencedirect.com. Please supply 'stills'
with your files: you can choose any frame from the video or animation or make a separate image. These
will be used instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at =+http://www.elsevier.com/artworkinstructions.
Note: since video and animation cannot be embedded in the print version of the journal, please provide
text for both the electronic and the print version for the portions of the article that refer to this content.

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 files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: =rhttp://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
It is hoped that this list will be useful during the final checking of an article prior to sending it to the
journal's Editor for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

+» E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded

Keywords

* All figure captions

+ All tables (including title, description, footnotes)

Further considerations

» Manuscript has been "spellchecked" 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)
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* Color figures are clearly marked as being intended for color reproduction on the Web (free of
charge) and in print or to 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://epsupport.elsevier.com.

Additional Information

Authors should use the "Track Changes' option when revising their manuscripts, so that any changes
made to the original submission are easily visible to the Editors. Those revised manuscripts upon which
the changes are not clear may be returned to the author.

Specific comments made in the Author Comments in response to referees' comments must be
organised clearly. For example, use the same numbering system as the referee, or use 2 columns of which
one states the comment and the other the response.

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. The correct format for citing a DOI is shown as follows (example taken from a
document in the journal Physics Letters B): doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on the web, they are guaranteed never
to change.

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://www.adobe.com/products/acrobat/readstep2.html. 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/acrobat/acrrsystemregs.html#70win.

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. Therefore, it is important to ensure that all of your
corrections are sent back to us in one communication: please check carefully before replying, as inclusion
of any subsequent corrections cannot be guaranteed. Proofreading is 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. For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. 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 inquiries relating to the submission of articles (including electronic submission where available)
please  visit this journal's homepage. You can track accepted articles at =
http://www.elsevier.com/trackarticle and set up e-mail alerts to inform you of when an article's status has
changed. Also accessible from here is information on copyright, frequently asked questions and more.
Contact details for questions arising after acceptance of an article, especially those relating to proofs, will
be provided by the publisher.
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Anexo 2

Guia para submisséo de trabalhos ao periodico: LWT- Food Science and Technology.

INTRODUCTION

LWT - Food Science and Technology is an official journal of the Swiss Society of Food Science and
Technology (SGLWT/SOSSTA) and the International Union of Food Science and Technology (IUFoST).
LWT - Food Science and Technology is an international journal that publishes innovative papers in the
fields of food chemistry, biochemistry, microbiology, technology and nutrition. The work described
should be innovative either in the approach or in the methods used. The significance of the results either
for the science community or for the food industry must also be specified. Contributions that do not fulfil
these requirements will not be considered for review and publication. Submission of a paper will be held
to imply that it presents original research, that it has not been published previously, and that it is not under
consideration for publication elsewhere.

Papers featuring animal trials are outside the scope of the journal and will not be considered for
publication.

Types of paper
Three types of peer-reviewed papers will be published:

Timely Reviews. These concise reviews should present a focused aspect on a topic of current interest
or an emerging field. They are not intended as comprehensive literature surveys covering all aspects of
the topic, but should include all major findings and bring together reports from a number of sources. They
should aim to give balanced, objective assessments by giving due reference to relevant published work,
and not merely present the prejudices of individual authors or summarise only work carried out by the
authors or by those with whom the authors agree. Undue speculation should also be avoided. These
reviews will receive priority in publication.

The reviews may address pertinent issues in food science, technology, processing, nutritional aspects
of raw and processed foods and may include nutraceuticals, functional foods, use of "omics" in food
quality, food processing and preservation, and food production. Topics to be covered should be at the
cutting edge of science, well thought out, succinct, focused and clear. Ideally, the review should provide a
view of the state of the art and suggest possible future needs and trends. All articles will be subjected to
peer review process.

Submit an abstract of the proposed review to the Reviews Editor (Professor Shridhar Sathe,
ssathe@fsu.edu for consideration prior to preparing the full length manuscript. Abstract of the proposed
work should include the following: a. The abstract should identify the need for the proposed article, the
intended audience, and five key words.

b. Title (120 characters or less)

c. Short abstract (< 300 words).

d. Identify the address and contact information for the contact author. The contact information should

include author name, postal address, telephone number, fax number, and email.

e. Anticipated time needed to complete the proposed work once the initial abstract has been approved

Manuscript Preparation

a. All lines and pages must be continuously numbered.

b. All text should be double-spaced.

c. Total manuscript length < 3,000 words (text portion).

d. Total number of Tables < 5.

e. Total number of figures < 5.

f. Maximum number of references (including those cited in tables and figures) not to exceed 50.
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g. In the reference list identify five (5) key references (indicated by an * in front of the reference in
the reference section). In two to three sentences explain why this reference is a key reference.

Research Papers. Reports of complete, scientifically sound, original research which contributes new
knowledge to its field. The paper must be organised as described in Article Structure below. Papers
should not exceed 5000 words (approximately 18 typed pages).

Research Notes. Brief reports of scientifically sound, original research of limited scope of new
findings. Research Notes have the formal organisation of a full paper. Such notes will receive priority of
publication. Research notes should not exceed 2500 words (approximately 9 typed pages).

Contact details for submission

Submission for all types of manuscripts to LWT - Food Science and Technology proceeds totally
online. Via the Elsevier Editorial System (EES) website for this journal, http://ees.elsevier.com/Iwt, you
will be guided step-by-step through the creation and uploading of the various files.

Page charges
This journal has no page charges.

Revised papers received more than three months after reviewers' comments were sent may be treated
as new submissions, at the discretion of the Editor. If the author has not replied to reminders/enquiries
about revisions within 6 months, the paper will be considered to have lapsed, and any subsequent
submission will be treated as a new submission and must be submitted to the journal using the above
process, addressed to the Editor-in-Chief, with an explanation that it had previously been submitted to the
journal.

BEFORE YOU BEGIN

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

By submitting this manuscript, the authors agree that text, equations, or figures from previously
published articles or books have been clearly identified in full and their origin clearly explained in the
adjacent text, with appropriate references given at the end of the paper. Duplication of text is rarely
justified, even with diligent referencing. Exceptions may be made for descriptions of standard
experimental techniques, or other standard methods used by the author in the investigation; but an
appropriate citation is preferable. Authors who duplicate material from their own published work in a new
article, without clearly identifying the repeated material and its source as outlined above, are self-
plagiarising.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years of
beginning the submitted work that could inappropriately influence, or be perceived to influence, their
work. See also http://www.elsevier.com/conflictsofinterest.

Submission declaration

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere including electronically in the same form, in English or in any other language,
without the written consent of the copyright-holder.

Authorship
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All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the article or
revising it critically for important intellectual content, (3) final approval of the version to be submitted.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts: Before the accepted manuscript is published in an online issue: Requests to add or
remove an author, or to rearrange the author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must include: (a) the reason the name should be
added or removed, or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from
all authors that they agree with the addition, removal or rearrangement. In the case of addition or removal
of authors, this includes confirmation from the author being added or removed. Requests that are not sent
by the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed. After the accepted manuscript is published in an online issue:
Any requests to add, delete, or rearrange author names in an article published in an online issue will
follow the same policies as noted above and result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement'
(for more information on this and copyright see http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal Publishing Agreement’
form or a link to the online version of this agreement. Subscribers may reproduce tables of contents or
prepare lists of articles including abstracts for internal circulation within their institutions. Permission of
the Publisher is required for resale or distribution outside the institution and for all other derivative works,
including compilations and translations (please consult http://www.elsevier.com/permissions). If excerpts
from other copyrighted works are included, the author(s) must obtain written permission from the
copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors
in these cases: please consult http://www.elsevier.com/permissions.

Retained author rights
As an author you (or your employer or institution) retain certain rights; for details you are referred to:
http://www.elsevier.com/authorsrights.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit
the article for publication. If the funding source(s) had no such involvement then this should be stated.
Please see http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

Open access

This journal offers you the option of making your article freely available to all via the ScienceDirect
platform. To prevent any conflict of interest, you can only make this choice after receiving notification
that your article has been accepted for publication. The fee of $3,000 excludes taxes and other potential
author fees such as color charges. In some cases, institutions and funding bodies have entered into
agreement with Elsevier to meet these fees on behalf of their authors. Details of these agreements are
available at http://www.elsevier.com/fundingbodies. Authors of accepted articles, who wish to take
advantage of this option, should complete and submit the order form (available at
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http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain
many rights as an author, including the right to post a revised personal version of your article on your
own website. More information can be found here: http://www.elsevier.com/authorsrights.

Language and language services

Please write your text in good English (American or British usage is accepted, but not a mixture
ofthese). Authors who equire information about language editing and copyediting services pre- and post-
submission please visit http://webshop.elsevier.com/languageservices or our customer support site at
http://support.elsevier.com for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts source files to a single PDF file
of the article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in EES, or a department.

Review Process

A peer review system involving two or three reviewers is used to ensure high quality of manuscripts
accepted for publication. The Editor-in-Chief and Editors have the right to decline formal review of the
manuscript when it is deemed that the manuscript is 1) on a topic outside the scope of the Journal, 2)
lacking technical merit, 3) focused on foods or processes that are of narrow regional scope and
significance, 4) fragmentary and provides marginally incremental results, or 5) is poorly written.

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers are
used.

Peer Reviews

It is the journal policy to keep the peer reviewing anonymous. Names of reviewers are only revealed
if they are in agreement with the request of the author. When submitting a manuscript, authors may
indicate names of experts who are not suitable/appropriate for reviewing the paper.

PREPARATION

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes will
be removed and replaced on processing the article. In particular, do not use the wordprocessor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When
preparing tables, if you are using a table grid, use only one grid for each individual table and not a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text graphics will
be required whether or not you embed your figures in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check'’
functions of your wordprocessor.

All lines must be consecutively numbered throughout the manuscript.

Article structure
Subdivision - numbered sections
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Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering
also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief
heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate humbering: Eqg. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq.
(B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

 Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name and, if available, the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address. Contact
details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be retained as
the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from the
article, so it must be able to stand alone. For this reason, References should be avoided, but if essential,
then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should be avoided, but
if essential they must be defined at their first mention in the abstract itself.

Abstracts should not exceed 200 words for research papers and notes, or 300 words for reviews.

Highlights
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Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will be
used for indexing purposes.

If possible the Food Science and Technology Abstracts (FSTA) Thesaurus should be used (IFIS
Publ.,Shinfield, Reading RG2 9BB, UK http://www.foodScienceCentral.com).

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or
proof reading the article, etc.).

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Do not use %, ppm, M, N, etc. as units for concentrations. If analytical data are reported, replicate
analyses must have been carried out and the number of replications must be stated.

Database linking and Accession numbers

Elsevier aims at connecting online articles with external databases which are useful in their
respective research communities. If your article contains relevant unique identifiers or accession numbers
(bioinformatics) linking to information on entities (genes, proteins, diseases, etc.) or structures deposited
in public databases, then please indicate those entities according to the standard explained below.

Authors should explicitly mention the database abbreviation (as mentioned below) together with the
actual database number, bearing in mind that an error in a letter or number can result in a dead link in the
online version of the article. Please use the following format: Database ID: xxxx Links can be provided
in your online article to the following databases (examples of citations are given in parentheses):

» GenBank: Genetic sequence database at the National Center for Biotechnical Information (NCBI)

(GenBank ID: BA123456)

« PDB: Worldwide Protein Data Bank (PDB ID: 1TUP)

+ CCDC: Cambridge Crystallographic Data Centre (CCDC ID: Al631510)

» TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020)

* NCT: ClinicalTrials.gov (NCT ID: NCT00222573)

* OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240)

* MINT: Molecular INTeractions database (MINT ID: 6166710)

* MI: EMBL-EBI OLS Molecular Interaction Ontology (Ml ID: 0218)

« UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9HOH5)

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often more conveniently denoted by exp. Number consecutively any equations that have
to be displayed separately from the text (if referred to explicitly in the text).


http://www.foodsciencecentral.com/

146

- Karollina Lopes de Siqueira Soares -

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and present the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.
* Save text in illustrations as 'graphics' or enclose the font.

« Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

 Submit each figure 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

Regardless of the application used, when your electronic artwork is finalised, 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: Vector drawings. Embed the font or save the text as ‘graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply ‘as is'.

Please do not:

* Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPQ); the resolution is too
low;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS 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.g.,
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 illustrations.

Figure captions
Figures must be comprehensible without reference to the text. Ensure that each illustration has a
caption. Supply captions separately, not attached to the figure. A caption should comprise a brief title (not
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on the figure itself) and a description of the illustration. Keep text in the illustrations themselves to a
minimum but explain all symbols and abbreviations used in the caption. If analytical data are reported,
replicate analyses must have been carries out. State the number of replications and provide standard error
or other evidence of reliability of the data.

Tables

Number tables consecutively in accordance with their appearance in the text. Include a short but
informative title. Provide the experimental conditions, as far as they are necessary for understanding. The
reader should not have to refer to the text in order to understand the tables. 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. If analytical data are reported, replicate analyses must have been carried out.
State the number of replications and give standard error or other evidence of reliability of data.
Probabilities may be indicated by * P < 0.05, ** P < 0.01 and *** P < 0.001.

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.g., after the reference list) under a different
heading if desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the
text) to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management

packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only need
to select the appropriate journal template when preparing their article and the list of references and
citations to these will be formatted according to the journal style which is described below.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. 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?id=4200067 or APA Order Dept., P.O.B. 2710, Hyattsville, MD 20784,
USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK. Details concerning this referencing style can
also be found at http://linguistics.byu.edu/faculty/henrichsenl/apa/apa01.html. 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, 51-59.
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Reference to a book:
Strunk, W., Jr., & White, E. B. (1979). The elements of style. (4th ed.). New York: Longman,
(Chapter4).

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.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way as a
figure or table by referring to the video or animation content and noting in the body text where it should
be placed. All submitted files should be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material is directly usable, please provide the files
in one of our recommended file formats with a preferred maximum size of 50 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions please visit
our video instruction pages at http://www.elsevier.com/artworkinstructions. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

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,
highresolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside 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 details 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

* Telephone and fax 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 to be reproduced in color on the Web (free of charge) and in black-and-white in
print


http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
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« 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.

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. The correct format for citing a DOI is shown as follows (example taken from a
document in the journal Physics Letters B): doi:10.1016/j.physletb.2010.09.059 When you use the DOI to
create URL hyperlinks to documents on the web, the DOIs are guaranteed never to change.

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 is 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. For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. 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.

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit this
journal's homepage. 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
(http:/lwww.elsevier.com/authorFAQ) and/or contact Customer Support via http://support.elsevier.com.

Anexo 3

Guia para submisséo de trabalhos ao periddico: International Journal of Biological

Macromolecules.
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INTRODUCTION AIMS AND SCOPE International Journal of Biological Macromolecules is an
established international journal of research into chemical and biological aspects of all natural
macromolecules . It presents the latest findings of studies on the molecular structure and properties of
proteins, macromolecular carbohydrates, glycoproteins, proteoglycans, lignins, biological poly-acids, and
nucleic acids. These findings must be new and novel rather than a repeat of earlier or analogous published
work. The scope includes biological activities and interactions, molecular associations, chemical and
biological modifications, and functional properties. Papers on related model systems, structural
conformational studies, theoretical developments and new analytical techniques are also welcome. All
papers are required to focus primarily on at least one named biological macromolecule. This naming
should appear in the title, the abstract and the text of the paper. Examples of papers which are not
appropriate for International Journal of Biological Macromolecules include: papers where the biological
macromolecule has not been characterized by modern analytical techniques (including molecular weight)
rather than historical methods. e.g. colorimetric assays. papers which focus on biological, physiological
and pharmacological aspects of non-macromolecules attached to, or mixed with, biological
macromolecules. papers on the materials science of biocomposites where there is no mention of any
specific biological macromolecule. papers where the structure or role of the biological macromolecule is
not the major proportion of the study. routine studies of extraction of macromolecules without
purification and characterization of the extracted molecule. applications of macromolecules where the
structure of the macromolecule is completely unknown. Papers where the molecular weight of the
biological molecule is less than five thousand. Paper which are majorly about clinical studies and animal
trials, where a biological macromolecule is not the biologically active agent, and/or the biological
macromolecule is not the major focus of the study. Introductory information Please follow the Guide For
Authors instructions carefully to ensure that the review and publication of your paper is as swift and
efficient as possible. These notes may be copied freely. All contributions are read by two or more referees
to ensure both accuracy and relevance, and revisions to the script may thus be required. On acceptance,
contributions are subject to editorial amendment to suit house style. When a manuscript is returned for
revision prior to final acceptance, the revised version must be submitted as soon as possible after the
author's receipt of the referee's reports. Revised manuscripts returned after four months will be considered
as new submissions subject to full re-review. Types of paper Contributions falling into the following
categories will be considered for publication: * Original high-quality research papers (preferably no more
than 20 double-line-spaced manuscript pages, including tables and illustrations) ¢ Short communications,
for rapid publication (no more than 10 double-line-spaced manuscript pages including tables and figures)
International Journal of Biological Macromolecules also publishes book reviews, conference reports and a
calendar of forthcoming events. Contact details for submission Articles should be submitted to
http://ees.elsevier.com/ijbiomac/. For queries, please refer to our support page at
http://epsupport.elsevier.com. BEFORE YOU BEGIN Ethics in publishing For information on Ethics in
publishing and Ethical guidelines for journal publication see https://www.elsevier.com/publishingethics

and https://www.elsevier.com/journal-authors/ethics.
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Human and animal rights If the work involves the use of human subjects, the author should ensure that
the work described has been carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving humans,
http://www.wma.net/en/30publications/10policies/b3/index.html; Uniform Requirements for manuscripts
submitted to Biomedical journals, http://www.icmje.org. Authors should include a statement in the
manuscript that informed consent was obtained for experimentation with human subjects. The privacy
rights of human subjects must always be observed. All animal experiments should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care and
use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should clearly
indicate in the manuscript that such guidelines have been followed. All animal studies need to ensure they
comply with the ARRIVE guidelines. More information can be found at
http://www.nc3rs.org.uk/page.asp?id=1357. Conflict of interest All authors are requested to disclose any
actual or potential conflict of interest including any financial, personal or other relationships with other
people or organizations within three years of beginning the submitted work that could inappropriately
influence, or be perceived to influence, their work. See also https://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing. Results submitted for
publication should refer to their previous findings in the same way as they would refer to results from a
different group. This applies not only to figures or tables, or parts of them, but has to be understood in a
wider sense. Submission declaration and verification Submission of an article implies that the work
described has not been published previously (except in the form of an abstract or as part of a published
lecture or academic thesis or as an electronic preprint, see https://www.elsevier.com/sharingpolicy), that it
is not under consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if accepted, it
will not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your article may
be checked by the originality detection service CrossCheck https://www.elsevier.com/editors/plagdetect.
Contributors Each author is required to declare his or her individual contribution to the article: all authors
must have materially participated in the research and/or article preparation, so roles for all authors should
be described. The statement that all authors have approved the final article should be true and included in
the disclosure. Each author should have participated sufficiently in the work to justify authorship. This
participation must include: (a) critically important intellectual contribution to the conception, design,
and/or analysis and interpretation; (b) drafting the manuscript or critically reading it; and (c) thorough
reading and final approval of the version to be published. Participation solely in the collection of data or
provision of funds, space or equipment does not justify authorship. All authors take public responsibility
for the paper as a whole, i.e., conception and design, data, analysis, and interpretation. The

acknowledgement section should list (a) other contributors for whom authorship is not justified, e.g.
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technical help; (b) financial and material support. Changes to authorship Authors are expected to consider
carefully the list and order of authors before submitting their manuscript and provide the definitive list of
authors at the time of the original submission. Any addition, deletion or rearrangement of author names in
the authorship list should be made only before the manuscript has been accepted and only if approved by
the journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written confirmation (e-mail,
letter) from all authors that they agree with the addition, removal or rearrangement. In the case of addition
or removal of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication of the
manuscript will be suspended. If the manuscript has already been published in an online issue, any
requests approved by the Editor will result in a corrigendum. Article transfer service This journal is part
of our Article Transfer Service. This means that if the Editor feels your article is more suitable in one of
our other participating journals, then you may be asked to consider transferring the article to one of those.
If you agree, your article will be transferred automatically on your behalf with no need to reformat. Please
note that your article will be reviewed again by the new journal. More information about this can be
found here: https://www.elsevier.com/authors/article-transfer-service. Copyright Upon acceptance of an
article, authors will be asked to complete a 'Journal Publishing Agreement' (for more information on this
and copyright, see https://www.elsevier.com/copyright). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a ‘Journal Publishing Agreement' form or a link
to the online version of this agreement. Subscribers may reproduce tables of contents or prepare lists of
articles including abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative works, including
compilations and translations (please consult https://www.elsevier.com/permissions). If excerpts from
other copyrighted works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these
cases: please consult https://www.elsevier.com/permissions. For open access articles: Upon acceptance of
an article, authors will be asked to complete an 'Exclusive License Agreement' (for more information see
https://www.elsevier.com/OAauthoragreement). Permitted third party reuse of open access articles is
determined by the author's choice of user license (see https://www.elsevier.com/openaccesslicenses).
Author rights As an author you (or your employer or institution) have certain rights to reuse your work.
For more information see https://www.elsevier.com/copyright. Role of the funding source You are
requested to identify who provided financial support for the conduct of the research and/or preparation of
the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection,
analysis and interpretation of data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be stated. Funding body
agreements and policies Elsevier has established a number of agreements with funding bodies which

allow authors to comply with their funder's open access policies. Some authors may also be reimbursed
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for associated publication fees. To learn more about existing agreements please visit
https://www.elsevier.com/fundingbodies. Open access This journal offers authors a choice in publishing
their research: Open access * Articles are freely available to both subscribers and the wider public with
permitted reuse * An open access publication fee is payable by authors or on their behalf e.g. by their
research funder or institution Subscription ¢ Articles are made available to subscribers as well as
developing countries and patient groups through our universal access programs
(https://www.elsevier.com/access). * No open access publication fee payable by authors. Regardless of
how you choose to publish your article, the journal will apply the same peer review criteria and
acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons user
licenses: Creative Commons Attribution (CC BY) Lets others distribute and copy the article, create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an article (such
as a translation), include in a collective work (such as an anthology), text or data mine the article, even for
commercial purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the author's honor or
reputation. Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) For non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work (such
as an anthology), as long as they credit the author(s) and provided they do not alter or modify the article.
The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing. Green open access Authors can
share their research in a variety of different ways and Elsevier has a number of green open access options
available. We recommend authors see our green open access page for further information
(http://elsevier.com/greenopenaccess). Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the version that
has been accepted for publication and which typically includes author-incorporated changes suggested
during submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. This journal has an embargo
period of 12 months. Language (usage and editing services) Please write your text in good English
(American or British usage is accepted, but not a mixture of these). Authors who feel their English
language manuscript may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language Editing service available
from Elsevier's WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support
site (http://support.elsevier.com) for more information. Informed consent and patient details Studies on
patients or volunteers require ethics committee approval and informed consent, which should be
documented in the paper. Appropriate consents, permissions and releases must be obtained where an

author wishes to include case details or other personal information or images of patients and any other
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individuals in an Elsevier publication. Written consents must be retained by the author and copies of the
consents or evidence that such consents have been obtained must be provided to Elsevier on request. For
more information, please review the Elsevier Policy on the Use of Images or Personal Information of
Patients or other Individuals, https://www.elsevier.com/patient-consent-policy. Unless you have written
permission from the patient (or, where applicable, the next of kin), the personal details of any patient
included in any part of the article and in any supplementary materials (including all illustrations and
videos) must be removed before submission. Submission Our online submission system guides you
stepwise through the process of entering your article details and uploading your files. The system
converts your article files to a single PDF file used in the peer-review process. Editable files (e.g., Word,
LaTeX) are required to typeset your article for final publication. All correspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail. Referees Authors are
required to submit with their articles, the names, complete affiliations (spelled out), country and contact
details (including current and valid (preferably business) e-mail address) of six potential reviewers. Email
addresses and reviewer names will be checked for validity. Please ensure that the e-mail addresses are
current. Reviewers who do not have an institutional e-mail address will only be considered if their
affiliations are given and can be verified. When compiling this list of potential reviewers please consider
the following important criteria: they must be knowledgeable about the manuscript subject area; must not
be from your own institution; at least two of the suggested reviewers must be from another country than
the authors’; and they should not have recent (less than four years) joint publications with any of the
authors. However, the final choice of reviewers is at the editors' discretion. PREPARATION Use of word
processing software It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not use the
word processor's options to justify text or to hyphenate words. However, do use bold face, italics,
subscripts, superscripts etc. When preparing tables, if you are using a table grid, use only one grid for
each individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see also
the Guide to Publishing with Elsevier: https://www.elsevier.com/guidepublication). Note that source files
of figures, tables and text graphics will be required whether or not you embed your figures in the text. See
also the section on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the
'spell-check’ and 'grammar-check’ functions of your word processor. Article Structure You should arrange
your contribution in the following order: 1. The paper title should be short, specific and informative. All
author's names and affiliations should be clearly indicated. Please also indicate which author will deal
with correspondence and supply full postal address, telephone and fax numbers, and e-mail address. 2.
Self contained abstract of approximately 200 words, outlining in a single paragraph the aims, scope and
conclusions of the paper. 3. Three keywords, for indexing purposes; 4. The text suitably divided under
headings. 5. Acknowledgments (if any). 6. References (double spaced, and following the journal style). 7.

Appendices (if any). 8. Tables (each on a separate sheet). 9. Captions to illustrations (grouped on a
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separate sheet or sheets). 10. Illustrations, each on a separate sheet containing no text, and clearly labelled
with the journal title, author's name and illustration number. Subdivision - numbered sections Divide your
article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2,
...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal
cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each
heading should appear on its own separate line. Essential title page information ¢ Title. Concise and
informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae
where possible. ¢ Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lowercase
superscript letter immediately after the author's name and in front of the appropriate address. Provide the
full postal address of each affiliation, including the country name and, if available, the e-mail address of
each author. » Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or
was visiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as a footnote to that
author's name. The address at which the author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for such footnotes. Abstract A concise and
factual abstract is required. The abstract should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented separately from the article, so it must be able
to stand alone. For this reason, References should be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if essential they must be
defined at their first mention in the abstract itself. Keywords Immediately after the abstract, provide a
maximum of 6 keywords, using American spelling and avoiding general and plural terms and multiple
concepts (avoid, for example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing purposes. Math
formulae Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed separately
from the text (if referred to explicitly in the text). Figures (to be uploaded as separate file(s), see below)
and tables should be numbered in Arabic numerals. In the text they should be referred to as Fig. 1, Table
2, e.g. 3 etc. (not as fig. 1, figure 1; tab. 2, table 2). A calibration bar should be given on all micrographs.
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 fonts that look

similar. * Number the illustrations according to their sequence in the text. * Use a logical naming
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convention for your artwork files. « Provide captions to illustrations separately. ¢ Size the illustrations
close to the desired dimensions of the published version. ¢ Submit each illustration as a separate file. A
detailed guide on electronic artwork is available on our website:
https://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.

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 online (e.g., 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 online only. For further information on the preparation of electronic
artwork, please see https://www.elsevier.com/artworkinstructions. Tables Please submit tables as editable
text and not as images. Tables can be placed either next to the relevant text in the article, or on separate
page(s) at the end. Number tables consecutively in accordance with their appearance in the text and place
any table notes below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical rules.
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. References in a special issue Please ensure that the words 'this issue' are added
to any references in the list (and any citations in the text) to other articles in the same Special Issue.
Reference management software Most Elsevier journals have their reference template available in many
of the most popular reference management software products. These include all products that support

Citation Style Language styles (http://citationstyles.org), such as Mendeley
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(http:/lwww.mendeley.com/features/reference-manager) and Zotero (https://www.zotero.org/), as well as
EndNote (http://endnote.com/downloads/styles). Using the word processor plug-ins from these products,
authors only need to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations as shown in this
Guide. Reference style Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given. Example: "..... as
demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...." List: Number the references
(numbers in square brackets) in the list in the order in which they appear in the text. Examples: Reference
to a journal publication: [1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific
article, J. Sci. Commun. 163 (2010) 51-59. Reference to a book: [2] W. Strunk Jr., E.B. White, The
Elements of Style, fourth ed., Longman, New York, 2000. Reference to a chapter in an edited book: [3]
G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website: [4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13.03.03).

Video data Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body text
where it should be placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly usable, please
provide the files in one of our recommended file formats with a preferred maximum size of 150 MB.
Video and animation files supplied will be published online in the electronic version of your article in
Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at https://www.elsevier.com/artworkinstructions.
Note: since video and animation cannot be embedded in the print version of the journal, please provide
text for both the electronic and the print version for the portions of the article that refer to this content.
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 to
help readers understand what the paper is about. More information and examples are available at
https://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation e-
mail to create an AudioSlides presentation after acceptance of their paper. Supplementary material
Supplementary material can support and enhance your scientific research. Supplementary files offer the

author additional possibilities to publish supporting applications, high-resolution images, background
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datasets, sound clips and more. Please note that such items are published online exactly as they are
submitted; there is no typesetting involved (supplementary data supplied as an Excel file or as a
PowerPoint slide will appear as such online). Please submit the material together with the article and
supply a concise and descriptive caption for each file. If you wish to make any changes to supplementary
data during any stage of the process, then please make sure to provide an updated file, and do not annotate
any corrections on a previous version. Please also make sure to switch off the "Track Changes' option in
any Microsoft Office files as these will appear in the published supplementary file(s). For more detailed
instructions please visit our artwork instruction pages at https://www.elsevier.com/artworkinstructions.
Data in Brief Authors have the option of converting any or all parts of their supplementary or additional
raw data into one or multiple Data in Brief articles, a new kind of article that houses and describes their
data. Data in Brief articles ensure that your data, which is normally buried in supplementary material, is
actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon
publication. Authors are encouraged to submit their Data in Brief article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted, your Data in Brief
article will automatically be transferred over to Data in Brief where it will be editorially reviewed and
published in the new, open access journal, Data in Brief. Please note an open access fee is payable for
publication in Data in Brief. Full details can be found at http://www.journals.elsevier.com/data-in-brief.
Please use the following template to write your Data in Brief: https://www.elsevier.com/dib-template.
Database linking Elsevier encourages authors to connect articles with external databases, giving readers
access to relevant databases that help to build a better understanding of the described research. Please
refer to relevant database identifiers using the following format in your article: Database: xxxx (e.g.,
TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See https://www.elsevier.com/databaselinking for
more information and a full list of supported databases. 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 details 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 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 Internet) Printed version of
figures (if applicable) in color or black-and-white ¢ Indicate clearly whether or not color or black-and-
white in print is required. For any further information please visit our customer support site at
http://support.elsevier.com. 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
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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/j.physletb.2010.09.059 When you use a DOI to create links to
documents on the web, the DOIs are guaranteed never to change. Online proof correction Corresponding
authors will receive an e-mail with a link to our online proofing system, allowing annotation and
correction of proofs online. The environment is similar to MS Word: in addition to editing text, you can
also comment on figures/tables and answer questions from the Copy Editor. Web-based proofing provides
a faster and less error-prone process by allowing you to directly type your corrections, eliminating the
potential introduction of errors. If preferred, you can still choose to annotate and upload your edits on the
PDF version. All instructions for proofing will be given in the e-mail we send to authors, including
alternative methods to the online version and PDF. We will do everything possible to get your article
published quickly and accurately. 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. 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 is solely your
responsibility. Offprints The corresponding author, at no cost, will be provided with a personalized link
providing 50 days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. 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:/lwebshop.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/booklets). AUTHOR INQUIRIES You can
track your submitted article at https://www:.elsevier.com/track-submission. You can track your accepted
article at https://www.elsevier.com/trackarticle. You are also welcome to contact Customer Support via

http://support.elsevier.com.



