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RESUMO

As reacdes oxidativas consistem em uma série de alteragdes quimicas associadas a efeitos
deletérios na qualidade dos alimentos, as quais tém sido consideradas um dos principais
fatores relacionados a deterioracdo de carnes e derivados. A casca de café, residuo oriundo do
processamento do café, contém substancias quimicas bastante cobicadas, especialmente
compostos fenodlicos, os quais sdo metabolitos secundarios bastante reconhecidos por suas
propriedades antioxidantes, que podem atuar na prevencgéo e controle das reacfes oxidativas.
Este estudo teve como objetivo avaliar a capacidade antioxidante do extrato da casca de café
(Coffea arabica L.) adicionado em hamburguer de frango. Foram elaboradas duas
formulagdes com adicdo do extrato (100 e 200 ppm CAE/Kg), além das formulagdes controle,
sem adicdo de antioxidante e com adicdo de antioxidante sintético. Os produtos foram
caracterizados mediante analises fisicas e quimicas e analisados em intervalos de 15 dias,
guanto a sua estabilidade oxidativa, durante 45 dias de armazenamento sob congelamento. A
adicdo de extrato na propor¢do de 200 ppm CAE/kg de hamburguer demonstrou eficacia
equivalente ao tratamento com adi¢do de antioxidante sintético frente a oxidagdo lipidica.
Quanto a oxidacdo proteica, ndo houve influéncia pré ou antioxidante nos tratamentos. A
adicdo de extrato da casca de café organico em hambdrguer de frango € indicada, sendo assim
considerado como potencial aditivo natural, além do mais, a utilizacdo da casca de café
auxilia minimizando a quantidade de subprodutos agroindustriais gerados pela industria
cafeeira, agregando valor ao produto.

Palavras-chave: Extratos naturais, subprodutos de café, hamburguer, oxidacao lipidica,
oxidag&o proteica.



ABSTRACT

Oxidation reactions are a series of chemical changes that adversely affect food quality and are
considered one of the main factors in the spoilage of meat and meat products. Coffee husks, a
residue from coffee processing, contain highly desirable chemical substances, especially
phenolic compounds, which are secondary metabolites known for their antioxidant properties
that can prevent and control oxidative reactions. The aim of this study was to evaluate the
antioxidant capacity of coffee husk extract (Coffea arabica L.) added to chicken hamburger.
Two formulations with addition of the extract (100 and 200 ppm CAE/kg) were prepared,
besides the control formulations without addition of antioxidants and with addition of
synthetic antioxidants. The products were characterized by physical and chemical analyzes
and tested for oxidative stability at 15-day intervals during 45-day storage under freezing
conditions. The addition of the extract containing 200 ppm CAE/kg hamburger showed
equivalent efficacy to the treatment with synthetic antioxidant against lipid oxidation. As for
protein oxidation, there was no effect of pro- or antioxidant in the treatments. The addition of
organic coffee husk extract in chicken hamburger is indicated and therefore considered as a
potential natural additive. In addition, the use of coffee husks helps to minimize the amount of

agro-industrial by-products generated in the coffee industry and adds value to the product.

Key-words: natural extracts, coffee by-products, Burger, lipid oxidation, protein oxidation.
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1 INTRODUCAO

As reacdes oxidativas consistem em uma série de altera¢fes quimicas associadas
a efeitos deletérios na qualidade dos alimentos, as quais tém sido consideradas um dos
principais fatores relacionados a deterioracdo de carnes e derivados (AMARAL;
SILVA; LANNES, 2018). A industria de produtos carneos tem usado diversas
estratégias para minimizar a degradacdo da qualidade de seus produtos resultantes das
reacOes oxidativas, sendo a aplicacdo de antioxidantes reconhecida como uma dessas
estratégias (ARCANJO et al., 2019).

Os antioxidantes apresentam papel fundamental no aspecto tecnoldgico,
especialmente na manutencdo da qualidade de alimentos pereciveis e prolongamento da
vida de prateleira, auxiliando na manutencdo da qualidade sensorial e nutricional. Por
tais propriedades podem ser adicionados a alimentos suscetiveis a alteracGes oxidativas,
dentre eles destacam-se a carne de frango e seus derivados (ESTEVEZ, 2015; PRETE et
al., 2020).

Entre os derivados carneos, 0 hamburguer se sobressai por ter grande aceitacéo
dos consumidores, principalmente em funcdo da praticidade no preparo; porém, trata-se
de um produto perecivel, sobretudo em decorréncia de danos oxidativos favorecidos por
sua composicao que apresenta alto teor de lipideos insaturados e proteinas. Esses danos
aceleram a deterioracdo e sdo associados a alteracdes sensoriais negativas no produto,
rejeicdo do consumidor, problemas de salde e perdas econdmicas, sendo um problema
tanto para quem o produz quanto para quem o consome (CARVALHO;
SHIMOKOMAKI; ESTEVEZ, 2017; ESTEVEZ, 2015; SOBRAL et al., 2020).

A fim de mitigar esse impasse oxidativo no hamburguer, geralmente sdo
empregados pela industria de alimentos os antioxidantes sintéticos, a exemplo do
Hidroxitolueno Butilado (BHT), Hidroxianisol Butilado (BHA), Propil Galato (PG) e
Terc Butil Hidroquinona (TBHQ) (MARIUTTI; NOGUEIRA; BRAGAGNOLO, 2011).
Embora aprovados por 6rgao de fiscalizacdo e com uso disseminado, a utilizagdo desses
aditivos quimicos tem sido questionada por ser associado a efeitos deletérios a saude
quando consumidos com frequéncia (MURAOKA JUNIOR et al., 2019).

Nesse panorama, a industria da carne enfrenta o duplo desafio de oferecer
produtos processados que sejam estaveis e saudaveis (GULLON et al., 2020). Diante

disto, estudos sobre a adicdo de extratos de subprodutos vegetais na reducdo da
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oxidagdo lipidica e proteica em derivados da carne de frango como alternativa aos
sintéticos sdo de grande interesse, pois além de promover o aproveitamento de
subprodutos, possuem potencial como antioxidantes naturais.

O café é um dos produtos vegetais mais consumidos no mundo (MUSSATTO et
al., 2011), estima-se que nove milhdes de toneladas sdo produzidas anualmente a nivel
mundial, tendo o Brasil como maior produtor (USDA, 2020), podendo ser cultivado em
sistema convencional ou organico, tendo o ultimo, diferencial quanto a potenciais
beneficios ambientais e seguranca alimentar (CONSONNI; POLLA; CAGLIANI,
2018). Resultante da elevada producdo e consumo, sdo gerados grande volume de
residuos durante as etapas de processamento (CRUZ et al., 2015).

Diante desse cenario, tem-se a preocupacdo de estabelecer estratégias para
atender diligéncias quanto ao controle de residuos do café a fim de minimizar impactos
ambientais causados pelo descarte (CATALAN; KOMILIS; SANCHEZ, 2019;
JIMENEZ-ZAMORA; PASTORIZA; RUFIAN-HENARES, 2015; MUSSATTO et al.,
2011).

As cascas representam um dos principais excedentes do processamento do café,
considerando que constitui cerca de 50% do grdo (SETTER et al.,, 2020). Esse
subproduto contém substancias quimicas bastante cobicadas, especialmente compostos
fendlicos, os quais sdo metabdlitos secundérios amplamente distribuidos na natureza e
bastante reconhecidos por suas propriedades antioxidantes (ANGELO; JORGE, 2007;
BONDESSON, 2015).

Nessa perspectiva, Murthy e Naidu (2012) estudaram subprodutos do café
incluindo cascas, quanto a seu conteldo fendlico e potencial antioxidante, 0s
pesquisadores constataram em seu estudo presenca significativa de compostos fenolicos
e boa atividade de eliminagéo de radicais livres, sugerindo ainda a utilizagdo do extrato
da casca como antioxidante natural em alimentos. Nesse sentido, este estudo teve como
objetivo avaliar a capacidade antioxidante do extrato da casca de cafe (Coffea arabica

L.) adicionado em hamburguer de frango.
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2 REFERENCIAL TEORICO

2.1  INDUSTRIA CAFEEIRA: IMPORTANCIA GLOBAL E PRODUCAO
SUSTENTAVEL

Classificado comercialmente como uma commodity agricola, o café é uma das
gue mais se destacam nas transagdes internacionais, bem como na oferta domeéstica, em
termos de quantidade e valor (VEGRO; ALMEIDA, 2020). A producdo do café é
baseada principalmente em duas espécies de plantas com maior significado comercial,
conhecidas como cafés arabica (C. arabica ) e robusta (C. canephora) (USDA, 2020).

O Brasil € responsavel por um terco da producdo mundial do café, liderando a
producdo e exportacdo, além de ocupar o segundo lugar em relagdo ao consumo. No ano
2020, a previsdo de safra de café do Brasil foi avaliada em 59 milhdes de sacas. Desse
total, 44,5 milhGes de sacas referem-se ao produto da espécie arabica (USDA, 2020).

O fruto do café, também chamado de baga ou cereja, é formado pelo epicarpo
(casca), mesocarpo (polpa ou mucilagem), endocarpo (pergaminho), prateira e semente
(ALVES et al., 2017; ESQUIVEL; JIMENEZ, 2012; FARAH; DOS SANTOS, 2015).

No Brasil, a maior parte do Coffea sp. é cultivada em sistemas convencionais de
producdo. No entanto, nos Gltimos anos, a agricultura organica surgiu e esta criando um
novo nicho de mercado para produtos organicos, que se sobressaem devido a origem e
sabor distintos, producéo sustentavel e preocupacgdes socioecondmicas para 0S pequenos
cafeicultores (VAN DER VOSSEN, 2005). A producdo é fundamentada na crescente
demanda por alimentos e ingredientes livres de fertilizantes quimicos ou pesticidas,
considerados naturais e mais seguros para o consumo (FALGUERA; ALIGUER;
FALGUERA, 2012).

Quanto ao processamento, o café pode ser submetido a dois métodos distintos,
via seca ou Umida. No processamento por via seca a secagem e feita diretamente nos
grdos, gerando o café em coco que é beneficiado posteriormente. J4 o processamento

por via Umida consiste na flutuacdo de bagas danificadas e ndo maduras na 4gua o que



18

permite sua separagdo das maduras, que afundam. Em seguida, a pele e a maior parte da
polpa das frutas afundadas sdo removidas mecanicamente (ESQUIVEL; JIMENEZ,
2012).

Independentemente do meétodo utilizado, residuos oriundos do processamento
sdo obtidos, constituindo uma fonte de contaminagdo severa e um sério problema
ambiental (ALVES et al., 2017).

A cafeicultura brasileira € uma das mais exigentes do mundo, em relacdo as
questdes sociais e ambientais, e hd uma preocupacdo em se garantir a producédo de um
café sustentavel, conforme informacdes do Ministério da Agricultura, Pecuaria e
Abastecimento (MAPA) (BRASIL, 2018). Porém, como reflexo a grande producéao
desse alimento, grandes quantidades de subprodutos sdo geradas durante a cadeia
produtiva, por exemplo, polpa, grdos com defeito, pele de pergaminho e cascas (CRUZ
etal., 2015; JIMENEZ-ZAMORA; PASTORIZA; RUFIAN-HENARES, 2015).

Em concordancia com a responsabilidade do desenvolvimento sustentavel na
cadeia cafeeira, pesquisadores tém buscado estratégias para promover um manejo
adequado e fomentar o conceito de sustentabilidade a partir da utilizacdo e valorizagdo
desses excedentes (MAYANGA-TORRES et al., 2017).

Uma abordagem promissora € o aproveitamento dos residuos para aplicagdes
inovadoras em matrizes alimentares no intuito de associar o reaproveitamento ao seu
potencial tecnolégico em alimentos (MARTUSCELLI; ESPOSITO; MASTROCOLA,
2021; RIBEIRO; JORGE, 2017). No entanto, é necessario um sistema integrado por
produtores, distribuidores e consumidores, juntamente com organizacfes e

pesquisadores a fim de alcancar tais objetivos (ALVES et al., 2017).

2.2 APROVEITAMENTO DA CASCA DE CAFE NA INDUSTRIA DE
ALIMENTOS

A casca de café € um dos principais residuos solidos obtidos durante o
processamento do café (ESQUIVEL; JIMENEZ, 2012), estima-se que para cada
tonelada de café produzida, cerca de 1 tonelada de casca é gerada durante o

processamento a seco, enguanto no processamento Umido sdo obtidas mais de 2
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toneladas (SAENGER et al., 2001). No entanto, ndo ha proje¢des lucrativas para esse
tipo de subprodutp e seu descarte constitui um grande problema (PRATA; OLIVEIRA,
2007).

Pesquisadores tém buscado meios para melhor gerenciamento desse subproduto.
Nesse sentido, Tello, Viguera e Calvo (2011) buscaram extrair cafeina de cascas de café
da variedade robusta (C. canephora) usando didxido de carbono em condicOes
supercriticas. Os pesquisadores sugeriram as cascas como uma matéria-prima passivel
de utilizacdo em alimentos no ponto de vista econdmico e industrial, por ser um
subproduto abundante da industria cafeeira constituido de compostos de interesse.

A casca de café tem sido investigada principalmente por seu potencial
antioxidante a partir da obtencdo de extratos. Dessa forma, Andrade et al. (2012)
obtiveram extratos de casca e de borra de café (C. arabica) e analisaram a composicao e
a atividade biologica dos extratos. Os extratos de casca de café obtidos apresentaram
concentracOes relevantes de &cidos clorogénicos e cafeina, além de boa capacidade
antioxidante.

De forma semelhante, Garcia e Del Bianchi (2015) estudando a composicéao
fenolica e capacidade antioxidante de residuos de café (C. canephora), tais como polpa,
borra e casca, concluiram que dentre os residuos avaliados, 0 maior teor de fenois foi
encontrado na casca de café. Ainda atribuiram a presenca desses compostos a atividade
sequestradora e poder redutor de radicais livres, evidenciando seu potencial
antioxidante.

Iriondo-Dehond et al. (2019) objetivaram validar a casca de café, o pergaminho
e a pele de prata como novos ingredientes alimentares. Com esse intuito, obtiveram
extratos, tendo as cascas como matéria-prima de maior rendimento de extracdo. Os
achados demonstraram a presenca de cafeina e compostos fenolicos. Por fim, indicaram
a conversdo de subprodutos do café em ingredientes alimentares seguros, evitando a
geracdo de residuos. Inferindo ainda que o processo de fracionamento é um processo
sustentavel e de baixo custo, que pode ser facilmente realizado pela industria cafeeira.
Ja Collazo-Bigliardi, Ortega-Toro e Chiralt (2019) estudaram a aplicagdo do extrato
incorporando-o em embalagens compostas de acido polilatico e amido, a fim de conferir

maior potencial de conservacdo em produtos, as propriedades antioxidantes dos filmes



20

foram testadas por sua eficacia em preservar o 6leo de girassol da oxidacéo, concluindo
que a adigéo apresentou capacidade antioxidante na conservacao do produto.

No que tange a adicdo direta em alimentos, poucos estudos foram reportados.
Dentre eles, Ribeiro e Jorge (2017) adicionaram parcialmente e totalmente o extrato
hidroalcodlico de casca de café (C. arabica) em 0leo de soja com o propdésito de avaliar
seu efeito antioxidante durante armazenamento e substituir antioxidantes sintéticos. O
extrato foi considerado apto para ser utilizado na substituicdo total ou parcial,
apresentando efeito sinérgico quando utilizado juntamente com os sintéticos.

Sob uma visdo geral, 0s pesquisadores indicam as cascas de café como matéria-
prima conveniente para ser transformada em ingrediente alimentar. Essa perspectiva é
fomentada pela obtencdo de extratos constituidos de compostos funcionais, sendo de
interesse principalmente pelo seu potencial antioxidante, mostrando vantagem de ser
sustentavel, eficiente e vidvel (BONDESSON, 2015; RIBEIRO; JORGE, 2017).
Ademais 0s compostos encontrados na casca de café podem ser elencados como
compostos bioativos, os quais, no caso do café, vém sendo associado a efeitos beneficos
contra varias patologias, entre elas doengas neurologicas, cancer, distirbios metabdlicos
e disfuncBes hepaticas (MESSINA et al., 2015).

Entre os compostos bioativos presentes no fruto do café, os compostos fendlicos
se destacam por sua acao antioxidante (PEREIRA et al., 2020). Os &cidos clorogénicos
sdo a principal classe responsavel pela atividade antioxidante, pois apresentam
propriedades de eliminacdo de radicais livres in vitro e minimizam a propagacdo de
processos oxidativos (CASTRO et al., 2018).

2.3 ANTIOXIDANTES

Halliwell (1995) definiu antioxidantes como "qualquer substancia que atrasa,
impede ou remove dano oxidativo a uma molécula alvo”. Portanto sdo substancias
adicionadas aos alimentos capazes de retardar os processos oxidativos, doar ou remover
elétrons, neutralizar os radicais livres, sequestrar o oxigénio, alterar o potencial redox

do sistema e/ou reduzir as oxidacdes indesejaveis dos produtos (APAK et al., 2016).
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Os antioxidantes podem ter origem natural (BOEIRA et al., 2020) ou sintética
(SERRA; MACIA; ESTEVEZ, 2016). Os antioxidantes sintéticos Hidroxitolueno
Butilado (BHT), Hidroxianisol Butilado (BHA), Propil Galato (PG) e Terc Butil
Hidroquinona (TBHQ) sdo os mais utilizados (MARIUTTI; NOGUEIRA,;
BRAGAGNOLO, 2011), porém estdo sendo associados a efeitos negativos ligados a
implicac@es a saide (MURAOKA JUNIOR et al., 2019). Em relagdo aos antioxidantes
oriundos de fontes naturais, ainda ndo existem relatos sobre a adicdo do extrato de
cascas de café em carne ou derivados, porém hd um crescimento na utilizacdo de
extratos naturais de outras plantas constituidas de compostos bioativos adicionados em
produtos a base de carne de frango (CANDAN; BAGDATLI, 2017).

Estudos recentes confirmam a eficacia de antioxidantes naturais de origem
vegetal atuando como alternativa segura, a fim de controlar a oxidacdo de produtos
carneos avicolas (MENEGALI et al., 2020; PEREIRA et al., 2017).

Ao analisar o efeito de extratos naturais (Salvia rosmarinus e Camellia sinensis)
no armazenamento congelado de hamburgueres de frango comparando-os com 0s
efeitos do antioxidante sintético BHA, Pires et al. (2017) constataram que 0 extrato
comercial de alecrim pode substituir o antioxidante sintético BHA na proporcdo de 20
mg/kg para alecrim a 480 mg/kg em hambulrgueres de frango, garantindo sua
estabilidade durante quatro meses de armazenamento congelado.

Ja Longato et. al. (2019) estudaram o efeito antioxidante do extrato de pele de
aveld em hamburgueres de frango durante armazenamento refrigerado. Os resultados
foram positivos quanto a aceitacdo sensorial e ao poder antioxidante desse extrato. Em
contrapartida, concluiram que grandes concentracGes afetaram negativamente a
estabilidade lipidica dos hambdrgueres. O uso direto do extrato de capim-limdo em
linguica de frango em condicdes refrigeradas foi investigado por Boeira et al. (2020) e
constataram a eficacia do extrato frente ao poder de inibicdo microbiana e de oxidagéo
aumentando o prazo de validade do produto e quanto a aceitacdo sensorial pelo

consumidor.

2.4 CARNE DE FRANGO E DERIVADOS: IMPORTANCIA E LIMITACOES
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Um estudo divulgado pelo Ministério da Agricultura, Pecuaria e Abastecimento
(MAPA) sobre as perspectivas da agropecuaria brasileira para a proxima década revelou
que a producdo da carne de frango no Brasil € a que mais devera crescer em relacdo a
outros tipos de carne, atingindo uma taxa de crescimento de 33,4% (2,8% ao ano), ou
seja, passando de 13.440 mil toneladas em 2017, para 17.930 mil toneladas em 2027. O
estudo também projetou um crescimento de 29,5% no consumo da carne de frango nos
proximos dez anos (BRASIL, 2017).

A popularidade da carne de frango industrial esta atribuida a sua
disponibilizacdo com custo inferior a outras carnes e por ser uma fonte de proteina
acessivel. Fatores como a falta de limitacdo cultural para o seu consumo, facilidade de
utilizacdo para a elaboracdo de produtos carneos e o perfil mais saudavel, por ter baixo
teor de gordura, concentracdo de &cidos graxos poliinsaturados, contetdo de proteinas e
aminoacidos essenciais necessarios ao ser humano, influenciam em uma maior
aceitacdo pelo consumidor em relagdo a outras carnes (OZUNLU; ERGEZER; GOKCE,
2018; ZHANG; WU; GUO, 2016).

Paralelamente ao aumento da producdo e consumo de carne de frango com
caracteristicas mais saudaveis, a demanda por praticidade e variedade de alimentos tem
crescido continuamente, pois o perfil de preferéncia dos consumidores vem se
modificando ao longo do tempo, decorrente das mudancas ocorridas no estilo de vida da
sociedade (MENEGALLI et al., 2020).

O hamburguer de frango € um derivado carneo que atende as expectativas de
consumidores que procuram um produto de facil e rapido preparo, além de ser um
alimento popular, sendo bastante consumido mundialmente (RODRIGUEZ-CARPENA;
MORCUENDE; ESTEVEZ, 2011). Segundo o Regulamento Técnico para produco de
hamburguer (BRASIL, 2000), o mesmo é definido como sendo o “produto carneo
industrializado obtido da carne moida dos animais de agougue, adicionado ou ndo de
tecido adiposo e ingredientes, moldado e submetido a processo tecnoldgico adequado”.
A legislacdo brasileira menciona, ainda, como critério de identidade e qualidade para
hambdrguer o valor maximo de 23% de lipideos e minimo de 15% de proteina
(BRASIL, 2000).

Apesar das vantagens apresentadas, limitacdes relacionadas a qualidade de

produtos a base de carne em decorréncia da composi¢cdo quimica e das etapas de
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processamento sdo reportadas com frequéncia, e representam um problema para a
indUstria processadora como, por exemplo, as reacdes de oxidacdo (CARVALHO;
SHIMOKOMAKI; ESTEVEZ, 2017; ROCHA et al., 2020; UTRERA; ESTEVEZ,
2012).

2.5 PERFIL LIPIDICO DA CARNE DE FRANGO E DERIVADOS

Os lipidios desempenham um papel importante na qualidade dos produtos
alimenticios, influenciando positivamente nas qualidades sensoriais e tecnoldgicas,
tornando-os mais atrativos para o consumo. Além disso, conferem valor nutritivo ao
produto, constituindo fonte de energia metabdlica, &cidos graxos essenciais e vitaminas
lipossoluveis (BAGGIO; BRAGAGNOLO, 2006). Os lipidios em produtos carneos sao
compostos por acilglicerideos e colesterol, fosfolipidios, glicolipidios, glicerideos
parciais e &cidos graxos livres (MEDINA et al., 2015).

As carnes de aves sdo ricas em lipidios, destacando-se os acidos graxos
insaturados (AGI), que sdo encontrados em abundancia em carne de frango e seus
derivados (NKUKWANA et al., 2014). Santos et al. (2020) constataram teor total de
acidos graxos insaturados superior a 65% na fracdo lipidica de frangos que, ao ser
adicionada em hamburguer emulsionado de frango, foram identificados principalmente
acido oleico (C18:1) e linoleico (C18:2). Em concordancia e evidenciando a presenca
desses compostos em produtos de frango, Lima et al. (2021) identificaram os mesmos
acidos graxos como principais AGI em linguicas de frango. No entanto, altas taxas de
acidos graxos insaturados associados a condi¢cBes favoraveis podem promover alta

oxidacéo de proteinas e lipidios em produtos carneos.

2.6 OXIDACOES EM PRODUTOS CARNEOS

As reacdes de oxidagdo sé@o limitantes na qualidade e aceitabilidade de produtos

a base de carne, pois podem interferir negativamente em atributos como cor, textura,
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sabor, valor nutricional e formacdo de compostos toxicos. Os iniciadores das reacoes
oxidativas em cadeia habitualmente sdo radicais livres associados a integracdo do
oxigénio com lipidios, proteinas, pigmentos e vitaminas, sendo os principais alvos nos
produtos carneos (RIBEIRO et al., 2019).

Entre os alimentos de origem animal, a carne de frango e derivados tém sido
reconhecidos como altamente sensiveis aos processos oxidativos (ESTEVEZ, 2015).
Alguns indutores da oxidagdo, chamados pro-oxidantes sdo componentes naturais do
musculo pds-morte, como metais de transi¢do (ferro, zinco), mioglobina e perdéxido de
hidrogénio. Essas espécies quimicas promovem a oxidacdo lipidica e proteica
facilitando a formagdo de radicais livres por meio de mecanismos variados
(CARVALHO; SHIMOKOMAKI; ESTEVEZ, 2017).

A oxidacao lipidica é, ap6s a deterioracdo microbiana, um dos principais
problemas relacionados a conservacao de produtos susceptiveis (SHAH; BOSCO; MIR,
2014). Essa reacdo vem sendo bastante documentada e elucidada ao longo dos anos
quanto a sua ocorréncia em produtos céarneos avicolas (LADIKOS; LOUGOVOIS,
1990; XIONG et al., 2019).

Trata-se de um processo bastante complexo no qual os acidos graxos insaturados
reagem com o oxigénio molecular resultando em perdxidos formadores de radicais
livres (AMARAL; SILVA; LANNES, 2018). Os fatores que influenciam a oxidacao
lipidica incluem métodos de coccao, tipos de ingredientes usados durante o processo,
embalagem e condicBes de armazenamento (DAS et al., 2020).

Esse processo provoca o desenvolvimento de sabores e odores desagradaveis,
alteracOes na cor, producdo de substancias potencialmente toxicas como malondialdeido
e oxidos de colesterol, aléem da reducéo do valor nutricional devido a decomposicéo de
vitaminas lipossolUveis, acidos graxos essenciais e antioxidantes, fatores que levam os
consumidores a rejeitar o produto (AMARAL; SILVA; LANNES, 2018; RIBEIRO et
al., 2019). Os compostos gerados incluem hidrocarbonetos, aldeidos, cetonas, alcoois,
ésteres e 4cidos, que causam o aparecimento de sabores e odores estranhos na carne
(DOMINGUEZ et al., 2019).

Outra alteracdo oxidativa que acomete carne de frango e derivados € a oxidacao
proteica, a qual recentemente vem ganhando espaco em pesquisas relacionadas aos seus

mecanismos e causas, bem como os efeitos negativos e formas de mitigar



25

(ARMENTEROS et al., 2013; ESTEVEZ, 2011). A oxidacio de proteinas é uma
modificacdo covalente de uma proteina induzida diretamente por espécies reativas de
oxigénio ou indiretamente por reacdo com produtos secundarios de estresse oxidativo,
como também da interacdo entre proteinas, especialmente os centros de nitrogénio ou
enxofre dos residuos de aminodcidos reativos da proteina (FALOWO; FAYEMI;
MUCHENUJE, 2014; TRAORE et al., 2012). As principais alteracdes oxidativas sdo a
formagdo de carbonilas e tidis de oxidacdo em cadeias laterais de aminodcidos de
proteinas (ESTEVEZ, 2011).

O impacto da oxidacdo de proteinas na qualidade da carne ainda é objeto de
varios estudos, mas geralmente envolve a perda de aminoécidos essenciais, alteracdes
na textura, alteracdo na funcionalidade das proteinas e digestibilidade prejudicada
(LUND et al., 2011). Utrera e Estevez (2013) reportaram uma variedade de alteracfes
quimicas sofridas por proteinas durante o armazenamento congelado de risséis de
frango, incluindo carbonilacéo, carboxilacéo e formacéo de ligagcOes cruzadas.

Além disso, a oxidacdo dos pigmentos também é reconhecida como uma das
principais causas da deterioracdo da qualidade da carne fresca e processada durante a
cadeia produtiva (FERREIRA et al., 2017), pois um fator importante na qualidade da
carne de aves é o0 aspecto da cor da carne crua ou processada, tendo sua importancia
atribuida a associacdo que consumidores fazem entre coloracéo e qualidade (DROVAL
etal., 2012).

O principal pigmento que corresponde a coloracdo caracteristica da carne é a
mioglobina, uma proteina intracelular sollvel em agua que pode ser encontrada na
forma de mioglobina, oximioglobina e metamioglobina. Sabe-se que o processo de
oxidacdo dos pigmentos ocorre pela concentracdo de oxigénio que leva a oxidacdo do
ion ferro presente na molécula de mioglobina. Quando ha exposicdo dessa molécula ao
ar, esta € oxigenada resultando na reducéo do ion ferro (Fe++), gerando a oximioglobina
(coloracdo vermelho-parpura). Com o prolongamento dessa exposicao, o ion férrico é
convertido na sua forma oxidada (Fe+++), originando a metamioglobina (coloragéo
marrom), tornando a carne pouco atrativa para o consumidor (RIBEIRO et al., 2019).

Além da mioglobina, a cor da carne de aves depende da concentracdo e do
estado quimico dos pigmentos da carne como hemoglobina, citocromo C e seus

derivados, e presenca de ligantes complexos com pigmentos heme (FLETCHER, 2002),
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e é afetada por fatores, como idade das aves, género, origem genética, dieta, gordura
intramuscular e varidveis de processamento (TOTOSAUS; PEREZ-CHABELA;
GUERRERO, 2007).

Enquanto essas modificacfes quimicas sdo grandes ameacas a qualidade da
carne de aves e de produtos derivados, o conhecimento e o controle dos fatores como
estresse, taxa de declinio do pH, temperatura das carcacas e de armazenamento,
composi¢do da gordura, exposicdo a luz e oxigénio, grau de dispersdo dos lipideos,
natureza do material usado para acondicionamento, Atividade de agua (Aa) e presenca
de agentes pré e antioxidantes tornam-se necessarios para manter a estabilidade da carne
e dos produtos derivados (DAS et al., 2020; ESTEVEZ, 2015).
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3 MATERIAL E METODOS

3.1 DELINEAMENTO EXPERIMENTAL

A pesquisa foi executada em duas etapas, conforme Figura 1. As analises foram
realizadas no Laboratorio de Analises Quimicas — LAQA e no Laboratério de Flavor-
LAF, ambos pertencentes ao Departamento de Engenharia de Alimentos do Centro de
Tecnologia da UFPB.

Figura 2. Delineamento Experimental

1° etapa — Obtencio do extrato e determinaciio de compostos fenolicos
I,‘ rqe \I
Casca Secagem e Obtenciiodo | | Compostos fendlicos i
, ! totais e capacidade !
de cafe moagem extrato ] antioxidante |
2° etapa — Elaboracio dos hambirgueres e analises
e “ 4 N\
Hamburguer controle | ___
(HC) ( Aa; pH; CRA; Perfil de ) o TBARS (crue
= J textura grelhado); Aroma
*(dia 0 requentado (WOF)
( Hamburguer + h ~ (dia 0) )
antnoxnd?llfltg)smtetlco " Umida de; proteinas; ~ \ /
~ O lipidios; cinzas 4 A
o
( Hamburguer + extrato ) N (dia 0) ) Compostos carbonilicos
100 ppm CAE s 4 e \
(HE100) Oxidagdo lipidica; \ S
~ d Oxidacdo proteica; '1 d N
' Hambtirguer + extrato N **(dias 0, 15, 30, 45) Colorimetria CieLab
200 ppm CAE ) Alteracdes na cor \_ J
(HE200) | Perfil de volateis
~ g L “ox(dias 0 e 45)

FONTE: Autor (2022)
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A partir das cascas de café obteve-se o extrato que foi caracterizado de acordo
com seu contetdo fendlico total e capacidade antioxidante, pelos métodos DPPH,
ABTS e FRAP.

A segunda etapa compreendeu a elaboracdo de quatro formulacdes de
hambdrguer: i) hamburguer de frango, sem antioxidante — controle negativo (HC); ii)
hamburguer de frango adicionado de antioxidante sintético — controle positivo (HS); iii)
HE100 (Hamburguer de frango com extrato da casca de café a 100ppm equivalente a
acido clorogénico); iv) HE200 (Hambdrguer de frango com extrato da casca de café a
200ppm equivalente a acido clorogénico). Em seguida os produtos elaborados foram
caracterizados mediante analises fisicas e quimicas e quanto a sua estabilidade
oxidativa. Para as andlises de oxidacdo lipidica e proteica foi designado o intersticio de
15 dias partindo do tempo zero e finalizando no quadragésimo quinto dia, totalizando
quatro tempos de analise durante armazenamento sob congelamento (-18 °C), para
andlise de cor e compostos volateis, as amostras foram analisadas no inicio (dia 0) e ao

final (dia 45) do tempo de armazenamento.

3.2  MATERIA-PRIMA E OBTENCAO DO EXTRATO

Foram utilizadas cascas de café da espécie Coffea arabica L., fornecidas pela
Fazenda Yaguara Ecologica localizada na cidade de Taquaritinga do Norte,
Pernambuco. Nesta fazenda sdo produzidos café 100% ardbica e typica, seu
processamento é realizado pela via Umida, tendo a casca como residuo gerado.

A obtencdo do extrato da casca de café foi realizada segundo a metodologia
proposta por Silva et al. (2020). Inicialmente as cascas do café foram secas em uma
estufa com circulacdo de ar forgada a 40 °C por 48 horas e logo apds foram moidas em
mixer. Em seguida, a matéria-prima (casca desidratada) foi homogeneizada
manualmente por 5 minutos com a solugédo extratora (agua:etanol 1:1) 1:10 (p:v), sendo
submetida a incubacdo em banho-maria a 60 °C por 60 min. Depois a mistura foi
centrifugada a 3.500 x g por 20 min a 10 °C em centrifuga universal refrigerada e o
sobrenadante recolhido e filtrado em papel de filtro.
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3.3 CARACTERIZACAO DO EXTRATO DE CASCA DE CAFE

3.3.1 Composicao de fenolicos totais

O teor fenodlico total (TPC) do extrato foi determinado pelo método de Folin-
Ciocalteau com adaptacbes de Andrade et al. (2012). Aliquotas de 100 pL do extrato
foram homogeneizadas com 7.900 uL de agua destilada, 500 puL do reagente Folin
Ciocalteau (2 M) e 1.500 pL de carbonato de sodio & 20%. Em seguida, os frascos
foram agitados e mantidos em repouso, no escuro, por 2 horas, seguidos de leitura em
espectrofotometro UV-VIS (Quimis, Q798U, S&o Paulo, Brasil), a 765 nm. Os
resultados foram calculados com o auxilio de uma curva padrdo de &cido clorogénico
(10 a 50 pug. mL1) e expressos em miligramas de acido clorogénico equivalente (CAE)
por grama do extrato (mg CAE g?).

3.3.2 Avaliacdo da capacidade antioxidante do extrato

3.3.2.1 Atividade Sequestradora do Radical 2,2-difenil-1picrilhidrazila (DPPH)

A capacidade sequestradora do radical DPPH do extrato avaliado foi
determinada seguindo a metodologia descrita por Brand-Williams, Cuvelier e Berset
(1995). Uma aliquota de 100 uL do extrato foi adicionada a 3,9 mL do radical DPPH
(%) em metanol. Apds homogeneizacdo, foi realizada a leitura no tempo zero apenas do
ensaio branco, contendo radical livre e solvente e todos os ensaios foram mantidos a 25
°C por 30 minutos. Em seguida a atividade de eliminacdo do radical de acordo com a
capacidade antioxidante dos extratos foi verificada a 515 nm em espectrofotdmetro UV-
VIS (Quimis, Q798U, Séo Paulo, Brasil) e a capacidade de sequestrar radicais livres foi
calculada de acordo com a equacdo adequada. A curva de calibracao foi preparada com
0 padrdo de Trolox (50-1000 uM) e os resultados foram expressos em umol de

equivalente Trolox (TE) por grama de amostra (umol TE/g).
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3.3.2.2 Capacidade Antioxidante Equivalente ao Trolox (TEAC)

A capacidade sequestradora do radical ABTS+ foi determinada seguindo a
metodologia proposta por Re et al. (1999). Uma aliquota de 30 puL da amostra foi
adicionada a 3000 pL do radical ABTS+ (%) em metanol. Ap6s homogeneizacéo, foi
realizada a leitura no tempo zero apenas do ensaio branco, contendo radical livre e
solvente, e todos os ensaios em triplicata foram mantidos a 25 °C por 6 minutos. Em
seguida, a atividade de eliminacdo do radical de acordo com a capacidade antioxidante
dos extratos foi verificada a 734 nm em espectrofotébmetro UV-VIS (Quimis, Q798U,
Sdo Paulo, Brasil), zerando-se o equipamento com etanol. A curva de calibracdo foi
preparada com padréo Trolox (100-2000 uM), e os resultados foram expressos em pmol

de equivalentes de Trolox (TE) por grama de amostra (umol TE/g).

3.3.2.3 Poder Antioxidante de Reducgéo do Ferro (FRAP)

A capacidade das amostras em reduzir o ion ferro foi avaliada utilizando a
metodologia descrita por Benzie e Strain (1999), com adaptac6es. O reagente FRAP foi
preparado pela mistura de tampdo acetato (300 mmol/L - pH 3,6) e uma solucdo de
TPTZ (2,4,6-tripiridil-s-triazina) 10 mmol/L em HCI 40 mmol/L e 20 mmol/L de FeCI3
a 10:1:1 (v:v:v). Uma aliquota de 90 pL do extrato foi adicionada a 270 pL de agua
destilada e 2,7 mL do reagente FRAP, seguida de homogeneizacdo e incubacdo em
banho-maria a 37°C por 30 minutos. Posteriormente, de acordo com o potencial
antioxidante, a atividade de reducdo do ferro (Fe3+) para a forma ferrosa (Fe2+) do
extrato foi verificada a 595 nm em espectrofotdometro UV-VIS (Quimis, Q798U, S&o
Paulo, Brasil), utilizando-se solvente e reagente FRAP como branco. Com base na curva
de calibragéo preparada com diferentes concentragcbes de Trolox (50-1000 uM), os
resultados foram expressos como mg de equivalente Trolox (TE) por grama de amostra
(mg TE/qg).
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34  ELABORACAO DOS HAMBURGUERES

Os hamburgueres foram elaborados no Laboratério de Tecnologia de Carnes do
Centro de Tecnologia da UFPB. Foram produzidos: i) hambdrguer de frango, sem
antioxidante — controle negativo (HC); ii) hamburguer de frango adicionado de
antioxidante sintético — controle positivo (HS); iii) HE100 (Hamburguer de frango com
extrato da casca de café a 100ppm equivalente a &cido clorogénico); iv) HE200
(Hambdrguer de frango com extrato da casca de café a 200ppm equivalente a acido

clorogénico).

3.5 ANALISES FiSICAS E QUIMICAS

Os hamburgueres foram avaliados quanto aos pardmetros de Atividade de Agua,
pH, capacidade de retencdo de agua (CRA), Perfil de textura (TPA) e composicao
quimica (umidade, proteinas e lipidios).

3.5.1 Atividade de Agua e pH

A atividade de &gua das amostras foi obtida utilizando AQUALAB. O pH foi
determinado segundo a metodologia descrita pela AOAC (2000), procedimento n°
981.12, em pHmetro Modelo Q400 AS (Quimis Aparelhos Cientificos Ltda., Diadema,
SP, Brasil).

3.5.2 Capacidade de Retenc¢do de Agua (CRA)

A analise foi realizada acordo com a metodologia de Hamm (1960). Em uma
folha de papel de filtro, foram pesados 2 g da amostra que posteriormente foi sobreposta
por outra folha de papel de filtro. O conjunto foi colocado entre duas placas de acrilico,
sob um peso de 10 kg por um periodo de 5 minutos. Por fim, foi retirada a amostra do
papel de filtro e pesada novamente. A porcentagem do CRA foi calculada de acordo

com a Equacéo (2):
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P, —P;
%CRA = 100 — |=——Lx 100

Equacéo 1. Calculo para determinacdo do CRA

Pi = Peso da amostra antes da prensagem;

Pf = Peso da amostra apds a prensagem.
3.5.3 Perfil de Textura

Os hamburgueres foram submetidos a analise de perfil de textura, utilizando um
texturdbmetro TA-XT plus (Stable Micro Systems, Survey, UK) acoplado a uma probe
cilindrica de ago inoxidavel (P/2”), de 50 mm. Os hamburgueres foram grelhados por 3
minutos de cada lado, com controle da temperatura interna de 75 °C. Logo ap0s, foram
cortados em cilindros de 30 milimetros de comprimento x 5 milimetros de altura e
analisadas em triplicata para cada tratamento. As condi¢Bes para a analise de textura
foram as seguintes: velocidade de 2,0 mm/s no pré-teste e no teste e velocidade de 2,0
mm/s no pos-teste, forca de 5,0 g e tempo de 5s entre ciclos. Os parametros de textura
de dureza, coesividade, adesividade, resiliéncia, gomosidade e mastigabilidade foram
analisados utilizando o software Texture Expert for Windows 1.20 (Stable Micro
Systems\TE32L \versdo 6.1.4.0 Inglaterra).

3.5.4 Composi¢do quimica parcial
Foram realizadas as analises quimicas de umidade e proteinas de acordo com a

metodologia proposta pela AOAC (2000). Os lipideos foram dosados conforme foi
proposto por Folch, Lees e Stanley (1956).
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3.6 ANALISES DE ESTABILIDADE OXIDATIVA

3.6.1 Medicao das substancias reativas ao acido tiobarbiturico (TBARS)

A determinacdo do numero de TBARS das amostras foi realizada conforme
método de Rosmini et al. (1996). As amostras foram pesadas (2,5 g para amostras cruas
e 1 g para amostras grelhadas) e foram homogeneizadas em 1 mL de sulfanilamida
0,5%, 10 mL de acido tricloroacético (TCA) 10% e 5 mL de agua destilada com o
auxilio de um Ultra Turrax a 8000g por 30 segundos. Em seguida, os tubos foram
agitados por 5 minutos para favorecer a extracdo das substancias reativas ao acido
tiobarbiturico (TBARS) e centrifugados por mais 5 minutos a 3500 RPM e 4 °C. O
sobrenadante foi filtrado para tubos de ensaio de 15 mL. Adicionando-se ao filtrado 5
mL de &cido tiobarbitirico (TBAR) 0,02 M, a mistura foi submetida a aquecimento em
banho-maria a 100 °C por 35 minutos. Posteriormente, os tubos foram resfriados em
banho de gelo e a absorbancia foi lida a 532 nm contra um branco contendo 5 mL de
TCA 10%, 5 mL de agua destilada e 5 mL de TBA 0,02 M. O nimero de TBARS foi
quantificado com o auxilio de uma curva padrdo de 1,1,3,3tetraetoxipropano (TEP),

variando de 0,06 a 1,0 pg/mL.

3.6.2 Aroma requentado (WOF)

Os hamburgueres foram grelhados em ambos os lados em chapa aquecida por
inducdo até atingir temperatura interna de 75 °C. Posteriormente, foram armazenados
sob refrigeracdo (4 °C) sob a incidéncia de luz fluorescente pelo periodo de 48 horas.
Apbs esse periodo, as amostras foram entdo reaquecidas em micro-ondas por 1 minuto e
30 segundos (IGENE; PEARSON, 1979) com modifica¢des. Por fim, seguiu-se com a
determinacdo do numero de TBARS, realizada conforme método de Rosmini et al.
(1996), usando 0,7 g de amostra.

3.6.3 Perfil de volateis
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O perfil volatil das amostras foi quantificado nos tempos 0 e 45 dias de
armazenamento em triplicata usando a técnica de microextracdo em fase sélida (SPME)
e um dispositivo SPME (Supelco) contendo uma fibra de 65 um de polidimetilsiloxano /
divinilbenzeno (PDMS / DVB), que foi ativado de acordo com as recomendacdes do
fabricante (250 °C / 30 min). Dois gramas de amostra previamente preparadas em
grelha foram transferidos para um frasco de vidro de 20 mL selado com uma tampa de
rosca contendo um septo revestido de Teflon (Supelco). O frasco de vidro foi deixado
por 5 min a 60 °C para equilibrio, e a fibra foi exposta ao headspace por 60 min a 60 °C.
Os volateis absorvidos foram dessorvidos da fibra SPME na porta do injetor (sem
divisdo) do equipamento de cromatografia gasosa-espectrometria de massa (GC-MS)
(Agilent Technologies, Little Falls, DE, EUA). A separacdo cromatografica foi
realizada em VF-5MS (30 m x 0. Coluna de 25 mm x 0,25 um). A temperatura inicial
do forno foi mantida a 40 °C por 2 min e gradualmente aumentada a 4 ° C min.-1 até
atingir 280 °C, permanecendo nesta temperatura por 10 min. O hélio foi usado como
gas de arraste (taxa de fluxo de 1,2 mL min —1). Os compostos volateis foram
identificados no espectrémetro de massa (impacto eletrdnico de 70 eV), e 0s espectros
de massa foram confirmados por comparacao com aqueles presentes no banco de dados
NIST (National Institute of Standards & Technology, EUA) e pela comparacgdo de seus
indices de retengdo linear (LRI) com os de compostos conhecidos. O LRI de cada
composto foi calculado usando os tempos de retencdo de uma série homdéloga de n-
alcanos C6-C25. Os resultados sdo expressos como porcentagens relativas (SOUTO et
al., 2021).

3.6.4 Quantificacdo de compostos carbonilicos

A oxidacdo das proteinas foi avaliada a partir da quantificacdo de compostos
carbonilicos totais das amostras apds derivatizagdo com 2,4 dinitrofenilhidrazina
(DNPH) segundo a metodologia de Ganhdo, Morcuende e Estévez (2010). Onde cerca
de 1 g da amostra foi homogeneizada com tampao Na3PO4 20mM pH 6,5 e NaCl 0,6
M. Deste homogeneizado, cerca de 150uL foram utilizados para determinar a
concentracdo de proteinas e o contetdo de compostos carbonilicos. Para os dois casos,

foi adicionado 1 mL de acido tricloroacético (TCA) 10% e a mistura foi centrifugada a
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frio (4 °C) por 5 minutos a 5000 rpm para precipitacdo das proteinas. Para a
determinacdo dos compostos carbonilicos, foi adicionado 1 mL de HCI 2M e DNPH
0,2%, enquanto para a determinacdo das proteinas foi adicionado 1 mL apenas de HCI
2M. Em seguida, as proteinas e compostos carbonilicos foram mantidos em repouso
durante 1 hora, a temperatura ambiente. ApoOs este periodo, as proteinas foram
precipitadas novamente com 1 mL de TCA 10% e centrifugadas a 10000 rpm por 10
min. Foram lavadas duas vezes com etanol/acetato de etila (1:1 v/v) seguidas de
centrifugacdes a 10000 rpm por 5 min, entre cada lavagem. As proteinas precipitadas
foram dissolvidas em 1,5 mL de tampdo Na3PO4 20mM pH 6,5 e cloridrato de
guanidina 6M. A concentragdo de proteinas das amostras foi calculada a partir da leitura
das absorbancias a 280 nm com auxilio de uma curva padrdo de albumina. A quantidade
de compostos carbonilicos foi expressa em nmol de carbonilicos por mg de proteina,
usando um coeficiente de extin¢cdo molar de hidrazonas (21,0 nM-1 cm-1) com leituras

da absorbancia a 370 nm.

3.6.5 Colorimetria

As caracteristicas de cor foram avaliadas pela escala CIE L* a* b* por meio de
colorimetro Konica Minolta (Modelo CR-400, Osaka, Japdo). Para leitura dos
parametros L* (luminosidade) a* (intensidade de vermelho/verde) e b* (intensidade de
amarelo/azul), foram fixadas as seguintes condic@es: iluminante C, angulo de visdo 8°,
angulo padrdo do observador 10°, especular incluida, conforme especificagdes da
Comission Internationale de L’éclairage (CIE, 1986). O instrumento, antes da realizagédo
das leituras, foi calibrado colocando o cabecal do medidor verticalmente sobre o centro
da placa de calibragdo branca (lluminante C: Y=92,84 X=0,3136 Y=0,3201).

3.7 ANALISE ESTATISTICA

Os dados obtidos foram avaliados por analise de variancia (ANOVA), baseada
niveis de significancia de 5%, seguida pelo teste de Tukey, para comparacdo das
medias. Foi utilizado o software IBM SPSS versdo 21 para analise de compostos

voléateis e Minitab ® 19 Statistical software para as demais analises. A Analise de
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Componentes Principais (ACP) foi gerada a partir do auto-escalonamento dos dados das
andlises de cor instrumental, oxidacdo e de compostos volateis (aldeidos). Os dados
foram analisados utilizando o software XLSTAT (versdo 2014.5.03, Addinsoft, New
York, USA) e o pré-tratamento dos dados (auto-escalonamento) foi realizado no
software MATLAB (The Mathworks, Inc., versao 7.10.0.499, Natick, MA, R2010a).
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Oxidative stability of chicken burgers using organic coffee husk extract

Abstract:

The antioxidant capacity of organic coffee husk extract (Coffee arabica L.) added to
chicken burgers was evaluated. Two formulations were prepared: with addition of the
extract (100 and 200 ppm CAE/kg), in addition to control formulations without the
addition of antioxidant, and with the addition of synthetic antioxidant. The products
were characterized by physical and chemical analysis and analyzed for oxidative
stability during 45 days of storage under freezing. The addition of extract in the
proportion of 200 ppm CAE/kg of hamburger revealed efficacy against lipid oxidation
equivalent to treatment with a synthetic antioxidant. As for protein oxidation, there was
no pro or antioxidant influence in the treatments. The addition of organic coffee husk
extract to chicken hamburgers is thus indicated, being considered as a potential natural
additive. In addition, the use of coffee husks helps to minimize the lager amounts of

agro-industrial by-products generated by the coffee industry.

Keywords: natural antioxidant; meat products; lipid oxidation; protein oxidation
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1 Introduction

The popularity of industrial chicken meat is attributed to its low cost availability
and for being an accessible source of protein. This accessibility also includes ease of use
for elaboration of meat products and for presenting a healthier nutritional profile, with
lower fat contents, and excellent consumer acceptance

There are many products made from chicken available on the market, such as
hamburgers, sausages, bolognas, nuggets, and chicken based hams. Of those mentioned,
chicken hamburger stands out, since it is considered one of the most popular and
appreciated meat products in the world. The high consumption and acceptance of

chicken hamburger is due to its easy preparation and low price

However, one of the problems in the process of making and storing hamburgers
is oxidation, whether lipid or protein, this is due to the high concentration of unsaturated
lipids and proteins in the formulations. These trigger undesirable changes in color,
aroma, flavor, and texture . In view of this, it is necessary
to use antioxidants, which may be of synthetic origin (butylated hydroxyanisole - BHA,
butylated hydroxyltoluene - BHT and tertiary butylhydroxyquinine - TBHQ), or natural
extracts, essential oils, or flours, among others

In sum, studies have been performed with the aim of encouraging the use of
natural antioxidants, since the frequent use of synthetic antioxidants can be harmful to

health. Researchers find it in extracts from plant sources for antioxidant applications
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that can replace the synthetic antioxidants commonly used in meat products (Pateiro et
al., 2021).

From this point of view, Menegali et al. (2020) studied the effect of pink pepper
extract on the oxidative stability of chicken burgers and concluded that the extract was
as effective as the synthetic antioxidant (BHT) in retarding oxidative processes. From
study extracts, we highlight those obtained from agro-industrial by-products, such as
coffee husk

Brazil is considered the world's largest producer and exporter of coffee, and is
also the second largest consumer market for the product, with two species of coffee
being grown, mainly Arabica and Robusta (or Conilon) (ICO, 2021). These are
cultivated using conventional or organic management, with the latter having a
differential in terms of potential environmental benefits and food security

. In any case, processing leads to the production of wastes, such as husks
generated during processing (Iriondo-DeHond et al., 2019). According to

, coffee husks are characterized as exhibiting secondary metabolites, such as
caffeine, tannins, and polyphenols, themselves raw materials for obtaining bioactive
compounds of interest from food. The bioactive compounds that have been most widely
studied (and are found in plant sources) are phenolic compounds, which in addition to
presenting several health benefits, also have numerous applications in science and the
food industry, with emphasis on their antioxidant activity (lriondo-DeHond et al.,
2019).

The antioxidant properties of the coffee husk are attributed to the presence of
caffeine and chlorogenic acid, these are the main phenolic compounds found in the husk

. Our study aimed to evaluate the
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antioxidant capacity of coffee husk extract (Coffee arabica L.) when added to chicken

hamburgers.

2 MATERIAL AND METHODS
2.1 Raw materials and obtaining the extract

Coffee husks of the species Coffea arabica L. were supplied by Fazenda
Yaguara Ecoldgica in the town of Taquaritinga do Norte, Pernambuco, Brazil (Latitude:
—7.88809, 36°5’°33” West), where 100% Arabica and Typica organic coffee is produced
using the wet process, with the husks as a by-product after the pulping phase.
Harvesting was carried out in the spring. Coffee husk extract was obtained according to
the methodology proposed by (M. de O. Silva et al., 2020), for extracting phenolic
compounds from coffee husks. First the coffee husks were dried in an oven with forced
air circulation (Luca-82/250, Lucadema, Sdo José do Rio Preto, Brazil) at 40°C for 48 h,
and then they were ground using a mixer — crusher (R11364, Philips, Varginha, Brazil).
The raw material (dehydrated peel) was manually homogenized for 5 min with an
extraction solution (water:ethanol 1:1) 1:10 (p:v), followed by incubation in a water
bath at 60°C for 60 min. The mixture was then centrifuged at 3,500 x g for 20 min at
10°C in a refrigerated universal centrifuge (SL-706, Solab, Piracicaba, Brazil), and the

supernatant collected and filtered using filter paper.

2.2 Determination of total phenolic compounds
The total phenolic content (TPC) of the extract was determined using the Folin-
Ciocalteau method proposed by Andrade et al. (2012) with adaptations. 10 pL aliquots

of the extract were homogenized with 7,990 pL of distilled water, 500 puL of Folin
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Ciocalteau reagent (2 M), and 1,500 puL of 20% sodium carbonate. The flasks were
shaken and then kept at rest, in the dark, for 2 h, followed by reading in a UV-VIS
spectrophotometer (Quimis, Q798U, Sao Paulo, Brazil), at 765 nm. The results were
calculated using a standard chlorogenic acid curve (10 to 50 pg . mL "V in milligrams of

chlorogenic acid equivalent (CAE) per gram of extract (mg CAE g 2.

2.3 GC/MS profile of coffee husk extract

The volatile profile of the samples was quantified (in triplicate) using the solid
phase micro-extraction technique (SPME) and an SPME device (Supelco) containing a
65 um fiber of polydimethylsiloxane/divinylbenzene (PDMS/DVB), which was
operated according to the manufacturer's recommendations (250°C/30 min). Two mL of
the extract was transferred to a 20 mL glass vial and sealed with a screw cap with a
Teflon-coated septum (Supelco). The glass vial was left for 5 min at 60°C to reach
equilibrium, and the fiber was exposed to the headspace for 60 min at 60°C. The
absorbed volatiles were desorbed from the SPME fiber in the inlet port (non-splitting)
of the gas chromatography-mass spectrometry (GC-MS) equipment (Agilent
Technologies, Little Falls, DE, USA). Chromatographic separation was performed in a
VF-5MS (30 m x 0. 25 mm x 0.25 um column). The initial oven temperature was
maintained at 40°C for 2 min and gradually increased by 4°C min~! until reaching
280°C, and remaining at this temperature for 10 min. Helium was used as the carrier gas
(flow rate 1.2 mL min ). Volatile compounds were identified in the mass spectrometer
(70 eV electronic impact), and the mass spectra were confirmed by comparison with
those present in the NIST database (National Institute of Standards & Technology,

USA), and by comparing their linear retention indices (LRI) with those of known
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compounds. The LRI of each compound was calculated using the retention times of a
homologous series of C6-C25 n-alkanes. Results were expressed as relative

percentages.

2.4 Assessment of antioxidant capacity
2.3.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) Radical Sequestering Activity

The DPPH radical scavenging capacity of the evaluated extract was determined
according to the methodology described by Brand-Williams et al. (1995). A 100 pL
aliquot of the extract was added to 3.9 mL of the DPPH radical (%) in methanol. After
homogenization, only the blank was read at time zero, containing free radical and
solvent, and all tests were kept at 25°C for 30 min. The radical scavenging activity
according to the antioxidant capacity of the extracts was verified at 515 nm in a UV-
VIS spectrophotometer (Quimis, Q798U, Sédo Paulo, Brazil), and the ability to scavenge
free radicals was calculated. The calibration curve was prepared with a Trolox standard
(50-1000 uM) and the results were expressed as pmol of Trolox equivalent (TE) per
gram of sample (umol TE/Q).

[Equation 1 here]
2.3.2 Trolox Equivalent Antioxidant Capacity (TEAC)

The ABTS+ radical scavenging capacity was determined according to the
methodology proposed by Re et al. (1999). A 30 pL aliquot of the sample was added to
3000 pL of the ABTS+ radical (%) in methanol. After homogenization, only the blank
test was read at time zero, containing free radical and solvent, and all tests in triplicate
were kept at 25°C for 6 min. The radical scavenging activity according to the

antioxidant capacity of the extracts was verified at 734 nm in a UV-VIS



o1

spectrophotometer (Quimis, Q798U, Sdo Paulo, Brazil), zeroing the equipment with
ethanol. The calibration curve was prepared with a Trolox standard (100-2000 uM), and
the results were expressed in pmol of Trolox equivalents (TE) per gram of sample

(umol TE/qQ).

2.3.3 Iron Reducing Antioxidant Power (FRAP)

The ability of the samples to reduce iron ions was evaluated using the
methodology described by Benzie & Strain (1999), with adaptations. The FRAP reagent
was prepared by mixing acetate buffer (300 mmol /L - pH 3.6) and a solution of 10
mmol /L TPTZ (2,4,6-tripyryl-s-triazine) in 40 mmol /L HCI and 20 mmol /L FeCls at
10:1:1 (v:viv). A 90 pL extract aliquot was added to 270 uL of distilled water and 2.7
mL of FRAP reagent, this was followed by homogenization and incubation in a water
bath at 37°C for 30 min. Subsequently, according to the antioxidant potential, the
activity for reducing iron (Fe 3 to the ferrous form (Fe 2% of the extract was verified at
595 nm in a UV-VIS spectrophotometer (Quimis, Q798U, Sdo Paulo, Brazil), using
solvent with FRAP reagent as a blank. Based on the calibration curve prepared with
different concentrations of Trolox (50-1000 uM), the results were expressed as mg of

Trolox equivalent (TE) per gram of sample (mg TE/qQ).

2.5  Hamburguers preparation

Thigh and lower leg of slaughtered chickens (humanitarian slaughter) were
purchased from local companies in Jodo Pessoa, Paraiba, Brazil. The burgers were
prepared in the support laboratory of the Technology Centre of the Federal University

of Paraiba.
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The thighs and lower legs were boned and the skin was separated and frozen. Then,
the meat and skin were ground separately in an industrial grinder (model MC 160,
Ibrasmak, Sao Paulo, Brazil) with a 6 mm disk. The preparation of the chicken burgers
consisted of a mixture of 70% chicken meat, 10% skin, 18% ice water and 2% salt
(sodium chloride) for the control sample. For the samples with synthetic antioxidant,
0.1% BHT was added to subtract the percentage of added water, and for the samples
with coffee husk extract, 3.8% and 7.6% were added, corresponding to a total phenolic
content equivalent to 100 and 200 ppm CAE/Kg, respectively, to subtract the percentage
of water in the control sample. After mixing, the burgers (80 g) were formed in a plastic
mold (10 cm diameter) and then wrapped with plastic and aluminum foil. The samples
were stored at -18 °C in a commercial freezer.

Four hamburger formulations were produced: HC (negative control chicken
burger - no antioxidant); HS (Positive control chicken burger - with synthetic
antioxidant), HE100 (Chicken burger with coffee husk extract at 100ppm equivalent to
chlorogenic acid), and HE200 (Chicken burger with coffee husk extract at 200ppm
equivalent to chlorogenic acid).

The four formulations were analyzed for partial chemical (moisture, protein and
fat) and physical (pH, Aa, WRC, and TPA) characterization at storage time O;
evaluation of color and volatiles profile (0 and 45 days); and lipid and protein oxidation

at four storage times (0, 15, 30, and 45 days) under freezing (-18°C).

2.4.1. Grilled hamburgers
Burgers were subjected to heat treatment on a grill (CKSTGR 3007, Oster, China)

previously heated to 175 °C. Cooking was performed by heat transfer through direct
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contact of the hot surface on both sides of the sample until the temperature reached 75
°C in the centre of the product, measured with a skewer thermometer (INCOTERM®,
China). The burgers were then cooled to a temperature of 25 °C to perform the

appropriate analyses, acording to (Santos et al., 2020).

2.6 Physico-chemical properties determination
2.6.1 Moisture, protein and lipid contents determination

Analyses were performed on the raw samples. Moisture content was determined
by the thermogravimetric method in an oven at 105 + 2 °C (TE -393, Tecnal, Sdo Paulo,
Brazil) to constant weight, and protein was determined by the Kjeldahl method using a
conversion factor of 6.25 according to AOAC (2010). Lipids of the crude samples were

measured according to the suggestion of Folch et al. (1957).

2.6.2 pH and water activity

The pH was determined on 5g of the raw samples using a digital pH meter
(Quimis Aparelhos Cientificos Ltda., model Q400 RS Diadema, SP, Brazil) equipped
with a glass electrode (Quimis Aparelhos Cientificos Ltda., model QA338-ECV)
calibrated with a pH 7.0 = 0,02 and 4.0 = 0,02 buffer solution according to AOAC
(2010). The water activity of the raw samples was obtained using electronic hygrometer
(Aqualab 4TE, Decagon Devices, California, USA) calibrated with 6 M NaCl solution

(Aw=0.760  0.03).
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2.6.2 Water Retention Capacity (WRC)

The Water Retention Capacity (WRC) analysis was performed according to the
methodology of Hamm (1960), with adaptations. On a sheet of filter paper, 2 g of the
raw sample were weighed, and later superimposed on another sheet of filter paper. The
set was placed between two acrylic plates, under a weight of 5 kg for a period of 5 min.
The sample was then removed from the filter paper and weighed again. The WRC
percentage was calculated according to Equation (2).

[Equation 2 here]
2.6.3 Texture Profile Analysis (TPA)

The hamburgers were submitted to texture profile analysis, using a texturometer
(TA-XTplus, Stable Micro Systems, Survey, UK) coupled to a 50 mm stainless steel
(P/2) cylindrical probe. The hamburgers were grilled, using an internal temperature
control of 75°C. Soon after, they were cut into 30 mm long x 5 mm high cylinders and
analyzed in triplicate for each treatment. The conditions for texture analysis were as
follows: speed of 2.0 mm/s in the pre-test, the test, and post-test, force of 5.0 g, and time
of 5s between cycles. The texture parameters of hardness, cohesiveness, adhesiveness,
resilience, gumminess, and chewiness were analyzed using the Texture Expert software

for Windows 1.20 (Stable Micro Systems\TE32L\version 6.1.4.0 England).

2.7 Oxidative evaluation of hamburgers

2.7.1 Instrumental color
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The instrumental color (L *, a *, b *) of the raw hamburgers was determined during
frozen storage (0 and 45 days) using a colorimeter (CR-400, Konica Minolta, Osaka,

Japan) .

2.7.2 Determination of the TBARS index in hamburgers

The TBARs values of raw and grilled hamburgers were determined using the 2-
thiobarbituric acid (TBA) method developed by Rosmini et al. (1996) and calculated
from a standard curve of 1,1,3,3 tetraethoxypropane (TEP). Results were expressed as

mg of TBARSs per kg of hamburger.

2.7.3 Warm aroma (WOF)

The hamburgers were grilled on both sides on an induction hot plate until
reaching an internal temperature of 75°C. Subsequently, they were stored under
refrigeration (4°C) in fluorescent light for 48 h. After this, the samples were then
reheated in a microwave for 1 min and 30 seconds, was performed according to the
methodology of lgene & Pearson (1979), with modifications. Finally, the TBARS

number was determined according to the method proposed by Rosmini et al. (1996).

2.7.4 Volatile profile

The volatile profile of the samples was quantified at 0 and 45 days of storage (in
triplicate) using the solid phase micro-extraction technique (SPME) and an SPME
device (Supelco) containing a 65 um fiber of polydimethylsiloxane/divinylbenzene
(PDMS/DVB), which was operated according to the manufacturer's recommendations

(250°C/30 min). Two grams of previously prepared gridded sample were transferred to
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a 20 mL glass vial and sealed with a screw cap containing a Teflon coated septum
(Supelco). The chromatographic analysis conditions were described in detail in Item

2.3.

2.7.5 Quantification of carbonyl compounds

Protein oxidation was evaluated from the quantification of total carbonyl
compounds in the samples after derivatization with 2,4 dinitrophenylhydrazine (DNPH)
according to Ganhdao et al. (2010). One gram (1g) of the sample was homogenized with
20mM Na3PO4 buffer, pH 6.5, and 0.6M NaCl. From this homogenate, about 150uL
were used to determine the protein concentration and the carbonyl compound contents.
In both cases, 1 mL of 10% trichloroacetic acid (TCA) was added, vortexed (\Vx-38,
lonlab, Araucaria, Brazil), and then followed by cold centrifugation (4°C) for 5 min at
5000 rpm for protein precipitation. For determination of carbonyl compounds, 1 mL of
2M HCI and 0.2% DNPH was used. For determination of proteins, 1 mL of 2M HCI
was added. The proteins and carbonyl compounds were then kept at rest for 1 h at room
temperature under constant stirring. After this, the proteins were precipitated again with
1 ml of 10% TCA and centrifuged at 10000 rpm for 10 min. Subsequently, they were
washed three times with ethanol/ethyl acetate (1:1 v/v) followed by centrifugation at
10,000 rpm for 5 min, between each wash. The precipitated proteins were dissolved in
1.5 ml of 20mM Na3PO4 buffer, pH 6.5, and 6M guanidine hydrochloride. The protein
concentration of the samples was calculated from the absorbance reading at 280 nm
with the aid of an albumin standard curve. The carbonyl compounds content was
expressed as nmol of carbonyl compounds per mg of protein, using a hydrazone molar

extinction coefficient (21.0 nM* cm) with absorbance readings at 370 nm.
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2.8  Statistical analysis

The data obtained were evaluated using analysis of variance (ANOVA),
followed by factor analysis using the Minitab ® 19 Statistical software, and based on 5%
significance levels. Principal component analysis (PCA), heat map, and hierarchical
clustering were performed in XLSTAT software (version 2014.5.03, Addinsoft, New
York, USA) from the preprocessed (autoscaled) data for volatile compounds and/or
instrumental color and/or oxidation. Autoscaling of the data was performed in

MATLAB software (The Mathworks, Inc., version 7.10.0.499, Natick, MA, R2010a).

3 RESULTS AND DISCUSSION

3.1 Total phenolic compounds and antioxidant activity of the organic coffee husk
extract

The total phenolic content of the hydroethanolic coffee husks extract presented
24.13 = 0.58 mg CAE/g. This value was higher than that of Iriondo-DeHond et al.
(2019), who analyzing by-products of the coffee industry in terms of phenolic
compounds, found a value of 15.6 £+ 6 mg CAE/g in aqueous coffee husk extracts.
Silva et al., (2020) reported that results may reveal different phenolic contents and
antioxidant activities depending on the extraction method and conditions.

Coffee husks are a source of phenolic compounds that exhibit antioxidant
properties against DPPH and ABTS radicals and also present iron-reducing potential

Andrade et al. (2012).
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When evaluating antioxidant activity, the action of the extract against the DPPH
and ABTS radicals, and its iron reducing power (FRAP) was verified (Table 1). As for
the DPPH radical, the extract presented an inhibition percentage of 84.95%. Yet in a
study developed by Abrahdo et al. (2010) for the free radical scavenging activity of
coffee samples, values around 60 to 70% were obtained, lower than those observed in
the present study.

For the ABTS radical, the extract obtained an inhibition percentage of 92.81%.
Andrade et al. (2012) found a similar value when using the ABTS test in ethanolic
coffee husks extract by an ultrasonic method, obtaining a result of 91.5% inhibition. As
for iron reducing power (FRAP), the extract presented a potential of 23.38 + 0.1 pumol
TE/g. This value is close to that observed by Ribeiro et al. (2019), they evaluated the
antioxidant capacity of the ethanolic coffee husks extract subjected to ultrasound, to
obtain 22.77 pmol TE/g.

[Table 1 here]

The results of ABTS, DPPH and FRAP tests show that the organic coffee husk
extract has antioxidant potential and is able to slow down oxidative reactions through
different mechanisms of action against different radicals, proving its suitability as an
additive for products susceptible to oxidative damage. The antioxidant capacity of the
extract analyzed in this study could be related to the content of phenolic compounds
(Iriondo-DeHond et al., 2019). Silva et al. (2020) reported that this property could be
mainly related to the concentration of chlorogenic acid, an important phenolic

compound in coffee husks.

3.2 GC-MS extract analysis
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Forty-seven volatile compounds were identified and classified according to their
chemical group, including esters, aldehydes, alcohols, ketones, terpenes, hydrocarbons,
acids, and furan (Table 1). The ester group was the most abundant, accounting for
34.04% of the identified compounds, followed by aldehydes, which accounted for
29.79% of the total compounds, and alcohols, which accounted for 12.76% of the
detected compounds.

These groups were also identified in the study of Pua et al. (2021), where in
samples of "Cascaras" (aqueous extract of dehydrated coffee husks) they were identified
as the main chemical groups: Alcohols, esters, aldehydes, acids and ketones, which
together accounted for 91 of the compounds detected. The presence of these compounds
is indicative of possible precursors of flavors and aromas added to foods (Giuffrida et

al., 2020).

3.2 Chemical and physical evaluation of chicken burgers

The four formulations (HC, HS, HE100, and HE200) were evaluated for
physical and chemical parameters, the values obtained are shown in Table 2. With the
exception of pH, the other parameters showed no significant difference between the
samples (p < 0.05), i.e. the addition of coffee husk extract and the synthetic antioxidant
(BHT) had no effect on the value of these parameters in the samples, indicating
standardization between the formulations, which have only an antioxidant effect as
desired.

[Table 2 here]

3.3 Instrumental color
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As for the color parameters in the raw samples (Figure 1), it can be observed that
the values of L* (luminosity) of the treatments with coffee husk extract did not differ
significantly from each other at any time (p>0.05), differing only from the treatments
HC (without antioxidant) and HS (with synthetic antioxidant), indicating that the
addition of extract affected luminosity, making the HC and HS treatments darker in
relation to the other treatments.

Evaluating the parameter for intensity of the color red (a*), the analysis of
variance indicated the interference of coffee husk extract additions, promoting greater
red color intensity in the HE100 and HE200 chicken burgers (p>0.05). Analyzing the
values of b* (yellow color intensity), it was observed that the addition of the coffee
husk extract caused alterations resulting in an increase in the intensity of yellow.
However, in all samples, with storage time, increasing intensities occurred, this is
justified by formation of lipid and/or protein oxidation compounds that affect this
parameter (Carvalho et al., 2017).

[Figure 1 here]

3.4 Oxidative stress

The TBARS values for raw and grilled hamburgers were significantly (p<0.005)
influenced by the treatment type and storage period. Evaluating the results (Figure 2a
and 2b) it can be seen that at all times analyzed (0, 15, 30, and 45 days) both the activity
of the synthetic antioxidant and the organic coffee husk extract (100 and 200 ppm) in
the hamburgers were effective; reducing oxidation reactions as compared to the control
sample, at percentages of HS: 84%, HE100: 67%, and HE200: 88%, in the raw samples;

and HS: 68%, HE100: 63%, and HE200: 67%, in the grilled samples.



61

As for the raw samples, it is important to note that the control hamburger (HC)
presented a TBARS value at day 0 of storage, 3 times higher than the other treatments
(HS, HE100, and HE200); and 4 to 11 times higher at 45 days (Figure 2a).

On the 45th day of storage, it was observed that the HE200 sample (0.22 mg
MDA/kg) promoted more antioxidant activity than the HS sample, supplemented with
BHT (0.35 mg MDAJ/Kg). This evidenced the potential of the extract at this
concentration. The reduction of oxidation levels during the storage of meat products,
when caused plant extracts is provided by the antioxidant activity of their bioactive
compounds, especially phenolics. In the case of coffee husks, chlorogenic acid, among
others compounds is critical (M. de O. Silva et al., 2020).

Results similar to those reported in this research were found by Menegali et al.
(2020) when analyzing chicken burgers supplemented with pink pepper extract and
stored under refrigeration. At the end of the storage time, the formulations with
synthetic antioxidant (BHT) and those with the addition of pink pepper extract
presented TBARS values significantly lower than the control (no antioxidant).

In sum, when evaluating the data regarding the amount of malondialdehyde/kg of
the grilled samples, with the exception of the control hamburger, it was observed that the
values found were lower than 2.0 mg/kg, which is a satisfactory, since rancid odors can
be sensorially identified in meat at concentrations above 2.0 mg/kg by untrained
individuals (Silva et al., 2018). It is noteworthy that treatments with the addition of either
synthetic antioxidant or coffee husk extract were within the acceptable limits throughout
the 45 days. The control hamburger exceeded 2 mg MDA/kg on the last day of evaluation
for both the raw and grilled samples, an expected result, considering that no antioxidant

was added to this sample.
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The HS and HE200 hamburgers, after being grilled, obtained equivalent values
(0.11 mg MDA/Kkg) only on day 0. Although the samples with the addition of extract
showed a higher concentration of MDA in relation to those treated with BHT, both
obtained values lower than those obtained from the control sample, in addition to
remaining below the 2 mg/kg value, generating acceptable data after heat treatment.

Utrera et al. (2015) evidence that during heat treatment, exposure to oxygen,
along with dehydration, and subsequent matrix breakdown caused by heat, likely leads
to interaction between pro-oxidants and unsaturated fatty acids, explaining the observed
increase in TBARS during storage, and demonstrating the need for the addition of
antioxidants.

Since the bioactive (phenolic) compounds present in the supplemented organic
coffee husk extract are resistant to high temperatures, due to the pre-preparation process
(Estévez, 2021), the hamburgers (grilled and treated) with extract with a higher
proportion of phenolic compounds (HE200) presented oxidative stability after heat
treatment.

It is also emphasized that the raw and grilled samples with the greater
proportion of extract (HE200) stood out in relation to the lower concentration (HE100).
In addition, the HE100 sample presented a significant increase in the rate of TBARS
during the storage period, demonstrating its susceptibility to lipid oxidation, likely due
to the lesser amount of extract used.

The values corresponding to the reheated aroma (WOF) at the 45 day storage
period are shown in Figure 2c. The lowest lipid stability was recorded for the control
hamburger, which showed a peak at 30 days (2.87 mg MDA/kg) and reduction at day 45

(253 mg MDA /kg), exceeding the threshold sensory perception value of
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malondialdehyde. Of the samples, the hamburgers with BHT (HS) and with extract
(HE200) were more efficient in reducing lipid oxidation at the end of storage (45 days),
depending on its antioxidant activity.

Similar to the TBARS analysis of the raw and frozen samples, HS and
HE200 obtained the same values at time 0. Another similar behavior is observed in the
tendency to increase at day 15 and decrease at day 30. This decrease observed in the
samples can be explained by the formation of secondary lipid oxidation products that do
not react with thiobarbituric acid, degradation of malondialdehyde during storage,
and/or possible reaction of already formed malondialdehyde with proteins, amines and
other compounds during storage (Silva et al., 2018).

As for the HE100 sample, the values were close to the level of sensorially
perceptible malondialdehyde (< 2mg MDAJ/Kg), indicating that the extract in this
proportion left the hamburger susceptible to oxidation as compared to the positive
control with addition of BHT (synthetic antioxidant).

Foods are normally subjected to many procedures that promote an intense
pro-oxidative environment, as well as the effect of the heat generated during cooking,
temperature, and exposure time can potentiate oxidative reactions (Estévez, 2021). With
the increasing demand for meat-based convenience products, the meat industry needs to
be aware of the WOF problem and the need to monitor the development of undesirable
odors, as the occurrence of WOF odors in meat products is related to consumer rejection
(Lungu et al., 2020).

It was evident that the addition of coffee husk extract as an antioxidant
protected the samples under the test conditions. Thus, according to the data obtained,

the replacement of BHT by coffee husk extract in adequate proportions is feasible.
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Plant-derived antioxidants can also be successfully used to prevent the development of
WOF in meat products (Lungu et al., 2020). They can increase shelf life (in terms of
WOF), and decrease lipid oxidation, in addition to meeting consumer demands for
products considered natural.

The oxidative stability of the proteins, related to the carbonyl content in the
hamburgers was not significantly affected by either the treatments or storage time
(Figure 2d). The data obtained demonstrate that the HS, HE100, and HE200 treatments
did not act as pro-oxidants or as antioxidants, when comparing day 0 to day 45.

[Figure 2 here]
3.5 Volatiles Profile

The Heat Map (in Figure 3) shows a graphical representation of the
chromatographic data obtained. A total of 63 volatile compounds were detected in the
samples, including aldehydes, alcohols, esters, hydrocarbons, ketones, aromatics,
furans, terpenes, phenols, and other compounds.

[Figure 3 here]

Aldehyde compounds were the main volatile components (30.16%), presenting
as the majority group in all samples, however, in the HS and HE200 samples, they were
identified to a lesser extent. The development of these compounds can occur rapidly
during heat treatment, releasing grilled flavors; or slowly during storage, contributing to
a rancid appearance and off-flavor (Bassam et al., 2022).

Certain aldehydes, with emphasis on hexanal and pentanal, are recognized for
imparting rancid flavors to meat products. This derives from the oxidation of lipids,
which are considered the main flavor markers of meat degradation (Qi et al., 2021). It is

reported that the predominance of hexanal, noted in hamburgers, can be attributed to its
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multiple synthesis pathways, since it can be generated from the oxidation of
polyunsaturated fatty acids present in meat (Ortufio et al., 2021). It is also worth noting
that other compounds found in the samples, such as heptanal, octanal, nonanal, (Z2)-4-
decenal, decanal, and (E, E)-2,4-decadienal also derive from lipid oxidation (Qi et al.,
2021).

The excessive presence of these volatiles in samples not treated with antioxidant
compounds is consistent with results obtained in our lipid oxidation analyses, and is in
agreement with data reported by other researchers, emphasizing the need for the
addition of antioxidants (Sohaib et al., 2017). There was also a considerable increase in
the values of the aforementioned aldehyde compounds in the HE100 sample at the end
of the storage time, reinforcing the concept that the influence of the organic coffee husk
extract in this proportion did not effectively act against oxidation when compared to
performance of the synthetic antioxidant (HS) or the (HE200) extract in the chicken
burgers.

As mentioned earlier (Iltem 3.4), reheated aroma (WOF) is considered an
essential quality parameter in meat and meat products, with hexanal being the most
important WOF compound (Beltran et al., 2003). Researchers have shown that this
compound is correlated with TBARS levels in meat samples (Gao et al., 2019).

On the other hand, referring to aldehydes, the HS and HE200 samples
obtained relatively lower intensities as compared to the other treatments, this is in
accordance with the oxidation analyses performed in previous sections.

Volatile compounds containing functional alcohol groups also stood out in terms
of their presence in hamburgers, they corresponded to 19.05% of the identified

compounds. With the exception of 3-methyl-1-butanol, which showed higher intensity
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in the HE200 sample, it is noted that similar to the aldehydes, the HS and HE200
samples obtained lower alcohols intensity in relation to the other samples and that at the
end of the storage time, the alcohols, for the most part, became statistically similar for
the HE100 samples in relation to HC.

Other volatile compounds such as ketone (2,5-octanedione), certain
hydrocarbons (decane, dodecane, and tridecane), and furan (2-pentylfuran) also stood
out in the HC sample, such groups are the result of the oxidative decomposition of
unsaturated fatty acids and lipids (Liu et al., 2022). It is worth mentioning that at day
45, the HE100 sample showed a significant increase in its intensity for 2,5-octanedione
and 2-pentylfuran.

The presence of two compounds identified as pyrazines (2-Ethyl-3,5-
dimethylpyrazine and 2,5-Dimethyl-3-isobutylpyrazine) were found in the samples with
the extract additions, in agreement with Murthy et al. (2019) who reported that this
group was found in coffee samples, qualifying them as roasted, nutty, and toasty
aromas.

Although lipid oxidation is often associated with negative effects on meat
products Dominguez et al. (2019), it has been shown that (depending on the
concentration) lipid oxidation products can positively contribute to meat aroma. When
in moderate levels, they lead to a positive contribution through the formation of free
fatty acids. On the other hand, negative effects are caused by the excess of lipid-derived
volatiles which when increasing are mostly related to flavor rejection (Bassam et al.,
2022).

In summary, similar to the lipid oxidation analyses (TBARS and WOF), we

point out that according to the volatile profile, the extract additions promoted less


https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/chemistry/oxidative-decomposition
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/chemistry/oxidative-decomposition
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/chemistry/unsaturated-fatty-acid
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/chemistry/unsaturated-fatty-acid
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impact on the development of volatile compounds originating from lipid oxidation. At
the same time, by the end of the storage time, it was noted that the hamburger
supplemented with the extract equivalent to 200 ppm CAE was superior to the addition
of extract equivalent at 100 ppm CAE, reinforcing the advantage of using the higher

proportion of extract in chicken burgers.

3.6 Principal Component Analysis (PCA)

Principal component analysis was applied to evaluate the behavior of organic
coffee husk extract (HE100 and HE200) in chicken burgers, as compared to the use of
synthetic antioxidant, and a control (without antioxidant). PCA was performed using
instrumental color, TBARS (raw and grilled), WOF, carbonyl, and aldehyde content as
variables (Figure 4). The principle components F1 and F2 presented respective
variances of 50.58% and 20.74%.

[Figure 4 here]

The HS and HE200 samples remained in the same quadrants throughout the
storage days, demonstrating similar behavior. It is worth mentioning that the oxidation
parameters evaluated were not predominant in these samples, emphasizing that these
treatments suffered less impact from oxidative reactions than the control sample over
the 45 days of storage under freezing. The oxidation parameters were evaluated from
time 0 to 45 days as compared to the HC sample and the HE100 sample became more
prone to oxidation as it reached 45 days of storage. Thus, the addition of the extract in
the proportion of 200 ppm was alone satisfactory, similar to the behavior of the

synthetic antioxidant.
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In sum, considering the a* and b* color parameters, these were positioned in the
quadrants containing the HS and HE200 samples. The parameter a* (redness) was
predominant at time O for these samples, and on day 45 the parameter b* (yellowing)

was directed to the quadrant of these samples.

4 CONCLUSION

It was concluded that the addition of coffee husk extract at a concentration of
200 ppm equivalents to chlorogenic acid to chicken hamburgers promoted satisfactory
effects against lipid oxidation, presenting results similar to the synthetic antioxidant
BHT. The addition of organic coffee husk extract to chicken burgers is indicated and
considered a potential natural additive. The use of coffee husks helps to minimize the
amount of agro-industrial by-products generated in the coffee industry and adds value to

the product.
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Equation 1. Percentage of DPPH radical inhibition

(ADPPH — Extract Abs

Inhibition =
Ug Inhibition ADPPH

]x 100

Where, ADPPH is the absorbance of the DPPH solution and " Extract Abs " is the

absorbance of the sample.
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Equation 2. Calculation to determine WRC

P, —P;
%WRC = 100 —|———%x 100

i

Where, Pi is the sample weight before pressing and Pf is the sample weight after

pressing.
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Table 1. Results for antioxidant activity and chemical identification of organic coffee

husk extract

Antioxidant Activity Coffee husk extract Literature
Total Phenolics (mg CAE/qQ) 24.13 £ 0.58 15.60 *
%DPPH inhibition 84.95 + 0.02 60 a 70**
% ABTS inhibition 92.81+0.01 91.50 ***
FRAP (umol TE/g) 23.38+0.1 22.77 ***%

Identification of husk coffee extract by GC-MS (AU x 10%)

Compounds IRL AREA (COUNT)
ESTER

Ethyl heptanoate 1099 17
Methyl octanoate 1125 7,73
Methyl salicylate 1192 27,9
Ethyl decanoate 1396 11,7
Ethyl dodecanoate 1596 236
Methy! tetradecanoate 1725 31,4
Ethyl tetradecanoate 1795 18,6
2-Ethylhexyl salicylate 1806 28,9
Isopropyl myristate 1826 37
Homosalate 1885 33,9
Methyl hexadecanoate 1926 218

Ethyl hexadecanoate 1994 55,4



Methyl linoleate
Methyl linolenate
Ethyl linoleate

Ethyl linolenate
ALDEHYDE
Hexanal

Heptanal
(2)-2-Heptenal
Benzaldehyde
Benzeneacetaldehyde
(E)-2-Octenal
Nonanal

Decanal
2,5-Dimethylbenzaldehyde
Undecanal
Dodecanal
Tetradecanal
Pentadecanal
2-Hexylcinnamaldehyde
ALCOHOL
1-Octen-3-ol
2-Ethyl-1-hexanol

(E)-2-Octen-1-ol

2092

2098

2162

2171

794

899

954

956

1042

1057

1103

1205

1213

1307

1409

1613

1714

1748

977

1029

1068

201
182
4,61

11,4

5,22
6,62
1,4
12,2
6,52
8,44
84,4
35,8
211
17
44,8
18,7
126

36,8

1,54
7,08

5,19
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Octanol 1071 3,49

Nonanol 1171 12,9
Dodecanol 1474 16

KETONES

2-Nonanone 1093 1,89
Benzophenone 1627 161
6,10,14-Trimethyl-2 1847 18,2
pentadecanone

TERPENES

-Damascenone 1385 34,1
Geranyl acetone 1453 5,85
-Famesene 1457 3,91
HYDROCARBON

Tetradecane 1399 11,8
Pentadecane 1495 5,6
ACID

Decanoic acid 1376 68,5
Dodecanoic acid 1568 28,6
FURAN

2-Pentylfuran 990 1,58

TE: Trolox equivalent. * Iriondo-DeHond et al. (2019); **Abrahé&o et al. (2010);

*** Andrade et al. (2012); ****Ribeiro, Luzia and Jorge (2019).
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Table 2. Physical and chemical evaluation of chicken hamburger with and without

addition of organic coffee husk extract.

HAMBURGER

PARAMETER

HC HS HE100 HE200
Moisture 76.00+0.18 76.19+0.07 74.68 £1.26 76.12+0.10
Protein 14.81 + 0.53 14.63 + 0.52 14.68 + 0.15 14.27 £0.24
Lipids 3.75+0.34 4.25 +0.04 4.37+0.08 453 +0.49
Aa 0.99+0.003 0.99+0.001 0.99 £0.001 0.99 + 0.0004
pH 6.55°+0.02  6.48°+0.01 6.522°+0.02  6.51%° +0.02
WRC 68.39 £ 0.01 67.67+1.67 69.75+1.14 68.96+ 0.71
TEXTURE PROFILE ANALISYS - (TPA)
Toughness 15.43+0.92 15.96 £0.04 16.54+ 0.01 16.53+ 0.44
Adhesiveness 0.83+ 0.003 0.81+0.01 0.81+0.01 0.81+0.02
Elasticity 0.93+0.003 0.91+0.001 0.93+0.001 0.92 +0.001
Cohesiveness 0.76 £ 0.01 0.72+0.004 0.77 £0.01 0.78 £ 0.001
Gumminess 1356 +1.07 13.30+19.72 12.45+0.84 13.96 + 0.58
Chewability 12.39 + 0.98 11.83+0.19 10.69 + 1.05 11.59 +0.48
Resilience 0.39+0.01 0.38 £ 0.08 0.39+0.04 0.40x0.01

*HC= Antioxidant-free chicken burger; HS=Chicken burger with synthetic antioxidant; HE100= Organic Coffee
Husk Extract Chicken Burger — equivalent to 100 ppm CAE, and HE200= Organic Coffee Husk Extract Chicken
Burger — equivalent to 200 ppm CAE. * > Means followed by different letters on the same line differ statistically

from each other by Tukey's test (p<0.05). The Tukey test was applied at the 5% probability level.



Figure 1. Results for Instrumental Color - Raw Samples
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*HC= Antioxidant-free chicken burger; HS=Chicken burger with synthetic antioxidant; HE100= Chicken burger with

coffee husk extract — equivalent to 100 ppm CAE, and HE200= Chicken burger with coffee husk extract — equivalent

to 200 ppm CAE. Results are expressed as means + standard deviations. Different lowercase letters indicate

significant differences (p < 0.05) between samples at the same time of storage; Different capital letters indicate

significant differences (p < 0.05) between the same samples over time of storage. (*L=luminosity; a*=red content,

b*=yellow content).
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Figure 2. Hamburger Oxidation Results

(a) raw frozen burger (c) Warmed-over flavor
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*HC= Antioxidant-free chicken burger; HS=Chicken burger with synthetic antioxidant; HE100= Chicken burger with
coffee husk extract — equivalent to 100 ppm CAE, and HE200= Chicken burger with coffee husk extract — equivalent
to 200 ppm CAE. Results are expressed as means + standard deviations. Different lowercase letters indicate

significant differences (p < 0.05) between samples at the same time of storage; Different capital letters indicate

significant differences (p < 0.05) between the same samples over the storage time.



Figure 3. Hierarchical cluster and heat map applied to burger volatiles profile.
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Figure 4.

Principal Component Analysis
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5 CONSIDERACOES FINAIS

Diante dos resultados apresentados e considerando as condicGes analisadas na
pesquisa, é possivel concluir que o extrato de casca de café organico adicionado a
hamburguer de frango na propor¢do de 200 ppm CAE/kg de carne mostrou-se
equivalente ao antioxidante sintético BHT frente a oxidacdo lipidica, no periodo de 45
dias sob armazenamento congelado, mostrando potencial promissor para ser utilizado
como antioxidante em hamburgueres de frango. Quanto a oxidacgdo proteica, ndo houve

influéncia pré ou antioxidante ao longo do tempo de armazenamento.

Para estudos futuros, sugere-se analises referentes a possivel acédo
antimicrobiana do extrato de casca de café em hambdrguer de frango, como também
analise sensorial dos hambdrgueres, a fim de avaliar a percepcdo dos consumidores
quanto a adicdo desse novo ingrediente. Sugere-se, ainda, a adicdo de extrato de casca
de café em outros produtos carneos, objetivando gerenciar um subproduto rico em
compostos de interesse para a industria de alimentos e disseminar uma nova alternativa
qgue atue como antioxidante quando adicionado em produtos a base de carne,
solucionando problemas provenientes das reacdes oxidativas, contribuindo, assim, para
avancos cientificos e tecnoldgicos quanto ao uso de subprodutos oriundos da inddstria

cafeeira.



