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RESUMO

O acai (Euterpe Oleracea Mart.) € uma fruta nativa encontrada na regido amazonica e
de alto valor energético e comercial. Seu cultivo vem crescendo de forma consideravel, gerando
um grande volume de residuo que tem por principal constituinte a semente aderida de resquicios
de polpa. Estudos comprovam que esse residuo apresenta quantidades significativas de fibras,
lipidios e compostos fendlicos com atividade antioxidante. Diante disso, 0 objetivo deste
trabalho foi avaliar o potencial antioxidante do extrato de residuo gerado na producéo da polpa
de acai em hamburgueres de carne bovina armazenados sob refrigeracdo e congelamento.
Foram elaborados cinco tratamentos: CON (sem extrato e sem eritorbato de sédio); ERI (500
mg/g de eritorbato de sodio); ERA(B) (750 mg/kg de extrato liofilizado); ERA(M) (1000 mg/kg
de extrato liofilizado) e ERA(A) (1500 mg/kg de extrato liofilizado). As analises de TBARS,
pH, perda por cozimento, cor instrumental, perfil de textura e DPPH foram feitas nos tempos
0, 3, 6 e 10 dias para 0os hamburgueres armazenados em condi¢des de refrigeracao (4°C) e nos
tempos 0, 30, 60 e 90 dias para os hamburgueres congelados (-18°C). No tempo 0 em especifico,
foram feitas analises de composicao centesimal (lipideos, umidade, cinzas e proteinas). Para o
composto liofilizado foram feitas analises de compostos fendlicos totais e DPPH. Os resultados
obtidos evidenciaram que o extrato de residuo de acai contribui para a reducéo da oxidagédo
lipidica dos hambdrgueres, demonstrando ser uma alternativa de antioxidante natural para

produtos carneos.

Palavras-chave: Acai. Euterpe Oleracea Mart. Hamburguer bovino. Residuo. Antioxidante.

Extrato natural. Tecnologia de alimentos. Industria.



ABSTRACT

Acai (Euterpe oleracea Mart.) is a native fruit found in the Amazon region and has a
high energy and commercial value. Its cultivation has been growing considerably and at the
same time, a large volume of waste is generated, being its main constituent, the seed and pulp
that remains attached to it. Studies are proving that this residue has significant amounts of fiber,
lipids and phenolic compounds with antioxidant activity. Therefore, the purpose of this study
were to evaluate the antioxidant potential of the extract produced from these residues, applied
in beef patties stored under freezing and chilling. Five treatments were elaborated: ERA(B)
(750 mg/kg of lyophilized extract); ERA(M) (1000 mg/kg of lyophilized extract); ERA(A)
(1500 mg/kg of lyophilized extract); CON (no extract and no sodium erythorbate); ERI (500
mg/g sodium erythorbate). TBARS, pH, cooking loss/shrinkage, color parameters, texture
profile and DPPH analyzes were performed at times 0, 3, 6 and 10 days for hamburgers stored
under refrigerated conditions (4°C) and at times 0, 30, 60 and 90 days for frozen hamburgers (-
18°C). At 0 time, specifically, analyzes of chemical composition (fat, moisture, ash and
proteins) were made. For the lyophilized compound, analyzes of total phenolic compounds and
DPPH were performed. The results obtained demonstrate that the acai residue extract
contributes to reduce the lipid oxidation of beef patties, proving to be a natural alternative of

antioxidant for meat products.

Keywords: Acai. Euterpe Oleracea Mart. Beef patties. Waste. Antioxidant. Natural extract.
Food technology. Industry.
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1.  INTRODUCAO GERAL

A oxidacdo de é&cidos graxos poli-insaturados em produtos cérneos durante o
armazenamento e cozimento é uma das principais causas da deterioracdo da qualidade desses
produtos, podendo resultar na formagdo de compostos toxicos, como hidroperdxidos lipidicos
e produtos finais de lipoxidacdo avancada (PAPUC et al., 2017; VAN HECKE, VAN CAMP,
DE SMET, 2017). Esses produtos de oxidacdo podem ser parcialmente absorvidos no intestino
e podem ser responsaveis por varias condices patolégicas devido as suas atividades pro-
aterogénicas e citotoxicas (VAN HECKE et al., 2019). A formacdo desses compostos durante
a digestdo de produtos carneos, pode desempenhar um papel central no suposto risco
epidemiologico que vincula o consumo de carne vermelha a doengas crénicas, como doengas
cardiovasculares e cancer colorretal (MICHA, WALLACE, MOZAFFARIAN, 2010; VAN

HECKE et al., 2019).

Antioxidantes sdo aplicados em carnes processadas para reduzir o processo oxidativo, e
muitos extratos naturais de plantas em geral podem contribuir para isso (SHAH, BOSCO, MIR,
2014). Nos ultimos anos, a industria de produtos carneos tem focado no desenvolvimento de
produtos mais saudaveis (MUNEKATA et al., 2020), atendendo um apelo dos consumidores,
que buscam produtos alimenticios “clean label”. Além disso, a preferéncia do consumidor por
aditivos naturais e preocupacdo com a seguranga dos conservantes sintéticos levou a industria
alimenticia a procurar alternativas naturais (NIKMARAM et al., 2018). Os antioxidantes
naturais sdo atraentes para uso em produtos carneos, pois sdo compativeis em termos de
solubilidade e possuem atividade antioxidante que pode ser tdo boa ou melhor que a dos

antioxidantes sintéticos (TURAN; SIMSEK, 2021).

Dentro desse contexto, o acai (Euterpe oleraceae) se torna uma alternativa de fonte
desses compostos antioxidantes. Trata-se de uma fruta comumente consumida no Brasil,

principalmente na regido Norte. E naturalmente disseminado em toda a regido amazdnica
9



(MELO et al., 2016), mas também produzidas em outras regifes do pais. Seus frutos sdo
compostos por 10% de polpa e casca e cerca de 90% de sementes (GONCALVES JUNIOR et
al., 2016). Também possui alto valor energético e é rico em fitoquimicos com propriedades
antioxidantes, antiproliferativas e anti-inflamatdrias (HOGAN et al., 2010; KANG et al., 2011;
YAMAGUCHI et al., 2015). A polpa de acai é o principal produto de interesse na industria,
pois é utilizada como matéria-prima para consumo in natura e como corante natural (BARROS
et al., 2015). Ela contém proteinas, fibras alimentares (RUFINO et al., 2010) e uma grande
quantidade de polifendis extraiveis, que sdo as principais substancias responsaveis pelas

atividades antioxidante, anti-inflamatoria e anticancerigena (BARROS et al., 2015).

As sementes também possuem uma grande quantidade de compostos bioativos e esses
compostos podem ser um fator importante na proposicao de um destino de maior valor para
este subproduto (RODRIGUES et al., 2006; WY COFF et al., 2015). Rodrigues et al. (2006),
realizaram um estudo pioneiro para determinar a composicao fenolica e a atividade antioxidante
dessas sementes. Desde entdo, alguns outros estudos também relataram sobre o perfil fendlico,
antioxidante e propriedades antimicrobianas de sementes de acai (BARROS et al., 2015; MELO

et al., 2016; ROSSETTO et al., 2020).

Diante destas colocacdes, o presente estudo tem como objetivo avaliar o potencial
antioxidante do extrato produzido a partir do residuo obtido do processamento de polpa de acai,

aplicados em hambdrgueres de carne bovina armazenados sob refrigeracdo e congelamento.
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Para melhor entendimento essa dissertagdo foi dividida em dois capitulos, sendo eles:

Capitulo I — Residuo do processamento de acai e outros co-produtos da industria
alimenticia como alternativas de antioxidantes para produtos carneos: Revisao
bibliogréafica sobre residuos da inddstria alimenticia e de residuo de agai como uma alternativa

de antioxidante para aplicacdo em produtos carneos.

Capitulo 11 — Acgai processing residue extract as potential antioxidant in beef patties

at different storage temperatures: Artigo submetido para a revista Meat Science.

2. OBJETIVOS
2.1. Objetivo Geral
Avaliar os efeitos da adic@o de extrato obtido a partir dos residuos do processamento da
polpa de acai, como composto antioxidante em hamburgueres de carne bovina armazenados

sob refrigeracdo e congelamento.

2.2. Obijetivos Especificos
Caracterizar o extrato liofilizado de residuo do processamento de polpa de acai quanto
a quantidade de compostos fendlicos totais e atividade antioxidante. Avaliar a influéncia do
extrato liofilizado de residuo de acai sobre as propriedades de cor, pH, oxidacao lipidica e
atividade antioxidante in vitro de hambarguer bovino, durante estocagem sob refrigeracédo e

congelamento.

11



3. REFERENCIAS

BARROS, L. et al. The powerful in vitro bioactivity of Euterpe oleracea Mart. seeds and related
phenolic compounds. Industrial Crops and Products, v. 76, p. 318-322, 2015.

DE LIMA VEECK, A. P. et al. Estabilidade lipidica de filés de carpa hingara congelados
tratados com extratos de Lippia alba. Ciéncia Rural, v. 45, n. 6, p. 1113-1119, 2015.

GONCALVES JUNIOR, A. C. et al. Biossorc¢éo de Cu (Il) e Zn (1) utilizando o endocarpo de
acai Euterpe oleracea M. em solucdo aquosa contaminada. Acta Scientiarum - Technology,
v. 38, n. 3, p. 361-370, 2016.

HOGAN, S. et al. Antiproliferative and antioxidant properties of anthocyanin-rich extract from
acai. Food Chemistry, v. 118, n. 2, p. 208-214, 2010.

KANG, J. et al. Flavonoids from acai (Euterpe oleracea Mart.) pulp and their antioxidant and
anti-inflammatory activities. Food Chemistry, v. 128, n. 1, p. 152-157, 2011.

MELO, P. S. et al. Antioxidative and prooxidative effects in food lipids and synergism with a-
tocopherol of acai seed extracts and grape rachis extracts. Food Chemistry, v. 213, p. 440-
449, 2016.

MICHA, R.; WALLACE, S. K.; MOZAFFARIAN, D. Red and processed meat consumption
and risk of incident coronary heart disease, stroke, and diabetes mellitus: A systematic review
and meta-analysis. Circulation, v. 121, n. 21, p. 2271-2283, 2010.

MUNEKATA, P. E. S.; ROCCHETTI, G.; PATEIRO, M.; LUCINI, L.; DOMINGUEZ, R;;
LORENZO, J. M. Addition of plant extracts to meat and meat products to extend shelf-life and
health-promoting attributes: an overview. Current Opinion in Food Science, v. 31, p. 81-87,
2020.

NIKMARAM, N.; BUDARAJU, S.; BARBA, F. J.; LORENZO, J. M.; COX, R. B;
MALLIKARJUNAN, K.; ROOHINEJAD, S. Application of plant extracts to improve the shelf-
life, nutritional and health-related properties of ready-to-eat meat products. Meat Science, V.
145,n.May, p. 245-255, 2018. Disponivel em: <https://doi.org/10.1016/j.meatsci.2018.06.031>

PAPUC, C. et al. Mechanisms of oxidative processes in meat and toxicity induced by
postprandial degradation products: A Review. Comprehensive Reviews in Food Science and
Food Safety, v. 16, n. 1, p. 96-123, 2017.

RODRIGUES, R. B. et al. Total oxidant scavenging capacity of Euterpe oleracea Mart. (acai)
seeds and identification of their polyphenolic compounds. Journal of Agricultural and Food
Chemistry, v. 54, n. 12, p. 4162-4167, 2006.

ROSSETTO, R. et al. Acai pulp and seeds as emerging sources of phenolic compounds for
enrichment of residual yeasts (Saccharomyces cerevisiae) through biosorption process. Lwt, v.
128, n. April, p. 109447, 2020

RUFINO, M. DO S. M. et al. Bioactive compounds and antioxidant capacities of 18 non-
traditional tropical fruits from Brazil. Food Chemistry, v. 121, n. 4, p. 996-1002, 2010.

12



SHAH, M. A,; BOSCO, S. J. D.; MIR, S. A. Plant extracts as natural antioxidants in meat and
meat products. Meat Science, v. 98, n. 1, p. 21-33, 2014.

TURAN, E.; SIMSEK, A. Effects of lyophilized black mulberry water extract on lipid
oxidation, metmyoglobin formation, color stability, microbial quality and sensory properties of
beef patties stored under aerobic and vacuum packaging conditions. Meat Science, v. 178, n.
March, 2021.

VAN HECKE, T.; VAN CAMP, J.; DE SMET, S. Oxidation during digestion of meat:
interactions with the diet and helicobacter pylori gastritis, and implications on human health.
Comprehensive Reviews in Food Science and Food Safety, v. 16, n. 2, p. 214-233, 2017.

VAN HECKE, T. et al. Long-chain n-3 PUFA content and n-6/n-3 PUFA ratio in mammal,
poultry, and fish muscles largely explain differential protein and lipid oxidation profiles
following in vitro gastrointestinal digestion. Molecular Nutrition and Food Research, v. 63,
n. 22, p. 1-12, 2019.

WY COFF, W. et al. Chemical and nutritional analysis of seeds from purple and white acai
(Euterpe oleracea Mart.). Journal of Food Composition and Analysis, v. 41, p. 181-187,
2015.

YAMAGUCHI, K. K. D. L. et al. Amazon acai: Chemistry and biological activities: A review.
Food Chemistry, v. 179, p. 137-151, 2015.

13



CAPITULO | - RESIDUO DO PROCESSAMENTO DE ACAI E OUTROS CO-
PRODUTOS DA INDUSTRIA ALIMENTICIA COMO ALTERNATIVAS DE

ANTIOXIDANTES PARA PRODUTOS CARNEOS
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RESUMO

Os produtos carneos ocupam um lugar importante no mercado atual. Seu excelente valor é
atribuido as suas abundantes proteinas de alta qualidade. A procura dos consumidores por
produtos carneos mais saudaveis tem encorajado aumento de novos progressos e pesquisas na
area de ingredientes para garantir produtos mais saudaveis, seguros, de qualidade e com
caracteristicas sensoriais conservadas. No que diz respeito a manutencdo desses aspectos de
qualidade, estudos tém sido desenvolvidos para reduzir processos de deterioracdo nos produtos
carneos. A forma mais comum de deterioracdo quimica de produtos carneos é a oxidacao
lipidica. A oxidacédo dos lipidios € um processo complexo e depende da composi¢do quimica
da carne, do acesso a luz e ao oxigénio e da temperatura de armazenamento. Os antioxidantes
podem prevenir a oxidacéo lipidica utilizando diferentes mecanismos. Dentro desse contexto e
considerando o atual perfil de consumidores, varias pesquisas tem sido desenvolvidas a fim de
avaliar a aplicacdo de antioxidantes naturais em produtos a base de carne. Além de extratos de
frutas e vegetais, os residuos gerados pela industria alimenticia também sdo avaliados como
potencias antioxidantes, no que diz respeito a diminui¢do do processo de oxidacao lipidica.
Diante dessas colocacdes o presente capitulo tem como objetivo apresentar uma reviséo
bibliografica a respeito dessas novas alternativas de antioxidantes, com foco no potencial

antioxidante de residuo obtido a partir do processamento de polpa de acai.

Palavras-chave: Produtos carneos. Antioxidantes naturais. Residuo. Oxidacdo lipidica Acai.
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ABSTRACT

Meat products have a very important place in today's market. Their excellent value is attributed
to their abundant high-quality protein. Consumer demand for healthier meat products has
encouraged further progress and research in food ingredients to ensure healthier, safer, and
higher quality products with preserved sensory characteristics. Concerning the maintenance of
these quality aspects, studies have been developed to reduce deterioration processes in meat
products. The most common form of chemical deterioration of meat products is lipid oxidation.
Lipid oxidation is a complex process and depends on the chemical composition of the meat,
access to light and oxygen, and storage temperature. Antioxidants can prevent lipid oxidation
using different mechanisms. Within this context and considering the current consumer profile,
several researches have been developed in order to evaluate the application of natural
antioxidants in meat products. Besides fruit and vegetable extracts, the residues produced by
the food industry have also been evaluated as potential antioxidants, in terms of reducing the
process of lipid oxidation. Given these considerations, the present chapter aims to present a
literature review of these new antioxidant alternatives, with a focus on the antioxidant potential

of the residue obtained from the processing of acai pulp.

Keywords: Meat products. Natural antioxidant. Residue. Lipid oxidation. Acai.
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1. Introducéo

A carne é um tecido muscular que ap0s o rigor mortis passa por mudancas bioquimicas
e enzimaticas que afetam parametros de textura e sabor que conferem as caracteristicas naturais
da carne. E composta por agua, proteinas, lipidios, vitaminas, minerais e uma pequena
propor¢do de carboidratos. A carne e 0s produtos carneos sdo susceptiveis a deterioracdo da
qualidade devido essa rica composicdo nutricional. Essa deterioracdo da qualidade é devida a
alterac6es quimicas e microbianas. A forma mais comum de deterioracdo quimica € a oxidacao
dos lipidios da carne (SHAH; BOSCO; MIR, 2014). A oxidacdo € um fator limitativo na
qualidade e aceitabilidade dos produtos carneos, pois afeta atributos como o sabor, a cor, a
textura e o valor nutricional (RIBEIRO et al., 2019). As reagdes durante a oxidacao lipidica
podem levar a formagdo de maus odores e sabores, alteracbes de textura e cor, devido a
oxidacdo da mioglobina que causa descoloracdo, o que influencia a escolha e aceitacdo do
consumidor (DOMINGUEZ et al., 2018). Além disso, essas reacdes estdo associadas a
formacdo de produtos toxicos considerados nocivos para a saude, estando associados a
patologias como como arteriosclerose, cancer e processos inflamatérios (RIBEIRO et al.,

2019).

A fim de prevenir ou retardar reacdes de oxidacdo em carnes e produtos derivados, a
industria adiciona antioxidantes, sendo a maioria sintéticos, como o butil hidroxianisol (BHA),
hidroxitolueno butilado (BHT) e propil galato (PG) (CUNHA et al., 2018). Algumas pesquisas
tém focado na identificacdo de novos antioxidantes de fontes naturais. Devido ao seu elevado
teor de compostos fenolicos, frutas e outros materiais vegetais sdo fonte de antioxidantes
naturais e constituem uma alternativa aos antioxidantes convencionais atualmente utilizados
(KARRE; LOPEZ; GETTY, 2013). Dessa forma, a preocupacdo e a discussdo sobre a

adequacao da utilizacdo de antioxidantes quimicos em produtos alimentares aumentou e hd uma
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tendéncia na substituicdo destes antioxidantes convencionais por substancias naturais

(LAVADO; LADERO; CAVA, 2021).

As mudancas nos habitos alimentares levaram as pessoas a procurar alimentos mais
saudaveis, mais acessiveis e com um aspecto mais agradavel. Por conseguinte, a indUstria
alimenticia desenvolveu novas formulagdes para aumentar a vida Gtil dos produtos e melhorar
a qualidade e seguranca alimentar (RODRIGUES et al., 2020). A atual tendéncia industrial
deslocou-se para antioxidantes naturais derivados de varios materiais vegetais, ricos em
polifendis de extracdo de radicais. Embora os antioxidantes sintéticos em doses elevadas
possam ser associados a algumas doencas, ha muito menos associacoes de efeitos adversos dos

antioxidantes naturais (JIANG; XIONG, 2016).

2. Consumo de produtos carneos
A carne de vérias espéecies animais ¢ uma das fontes de proteinas mais consumidas e
disponiveis mundialmente. O Brasil ¢ um dos principais produtores, consumidores e
exportadores de carne, ficando entre os primeiros no ranking de producdo mundial para carne

de frango, suina e bovina (HOTZEL; VANDRESEN, 2022).

O aprimoramento no processamento de produtos carneos, de um modo geral, esta
relacionado com o maior aproveitamento da matéria prima, agregacéo de valor a matéria prima
original, atendimento as exigéncias dos consumidores, conservacdo e incentivo ao
desenvolvimento de novos produtos (GOMIDE, L. A. M.; RAMOS, E. M.; FONTES, P. R,,

2006).

Dentro desse contexto, 0s produtos semiprontos para 0 consumo, entre estes, 0s produtos
carneos, se apresentam como excelente alternativa para o mercado (SILVA, 2004). Para o

consumidor, estes produtos representam uma étima opcdo diante da crescente necessidade de
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minimizar o tempo de preparo dos alimentos, principalmente para a populacdo dos grandes

centros urbanos (PINHEIRO et al., 2008).

Produtos como os hamburgueres se tornaram opgao crescente entre a populagéo, bem
como as hamburguerias, redes de restaurantes fast food entre outros. Entende-se por
hambdrguer o produto carneo industrializado obtido da carne moida dos animais de agougue,
adicionado ou ndo de tecido adiposo e ingredientes, moldado na forma de disco ou na forma
oval, e submetido a processo tecnoldgico adequado. Quando ndo totalmente cozidos, como 0s
semicozidos, os pré-fritos, os parcialmente cozidos e os apenas grelhados, sdo classificados
como produtos crus. Também pode ser classificado como “produto cru, cozido, congelado ou
resfriado”. Deve conter composicdo quimica de no maximo 25% do teor de gordura, 3% de

carboidratos e no minimo 15% de proteina (MAPA, 2022).

Para produtos carneos e consequentemente para hamburgueres, aditivos considerados
naturais ganham importancia devido ao seu potencial de promoc¢do da saude por meio de
mecanismos que ndo sao observados convencionalmente. Notavelmente, seu uso € restrito a
promocdo da saude (ROBERFROID, 2009). Em particular, a aceitacdo desses alimentos pelo
consumidor tem sido reconhecida como um fator chave para negociar com sucesso as

oportunidades de mercado (SIRO et al., 2008).

3. Produtos carneos mais saudaveis
A carne e 0s produtos carneos constituem parte significativa da dieta humana em todo
0 mundo devido ao seu elevado teor proteico e valor nutricional. No entanto, devido a maior
concentracdo de acidos graxos saturados e acidos graxos trans neles presentes, 0 seu consumo
esta associado a riscos para a saude. (MANZOOR et al., 2022).
O consumo excessivo de produtos a base de carne pode estar associado a algumas

consequéncias negativas para a salde. Algumas carnes processadas contém niveis elevados de
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sal e nitritos, que podem aumentar o risco de algumas doengas. Dentro desse contexto, a
industria da carne esta constantemente evoluindo para atender as expectativas e demandas dos
consumidores modernos. 1sso engloba o desenvolvimento de novas técnicas de processamento,
como a utilizacdo de ingredientes naturais e a reducdo do uso de conservantes e aditivos
(TEIXEIRA; RODRIGUES, 2021).

Do ponto de vista ambiental, o desenvolvimento de novos produtos carneos mais
saudaveis poderia ser uma forma de diminuir o impacto da producao de carne sobre o ambiente.
De fato, investigacOes anteriores mostram que 0s consumidores sdo favoraveis a ideia de
substituir ou acrescentar componentes naturais a produtos carneos saudaveis, e estariam
dispostos a substituir a carne tradicional por alternativas mais saudaveis (BARONE et al.,
2021).

Varios estudos tem sido realizados, numa tentativa de melhorar a qualidade nutricional
dos produtos carneos, modificando o seu perfil de &cidos graxos, por exemplo (HECK et al.,
2020).

A crescente procura por produtos carneos mais saudaveis e com propriedades funcionais
tem estimulado a investigacao da procura de novos ingredientes capazes de reduzir ou substituir
alguns compostos mais restritos como gordura, sal, nitritos, até mesmo a carne. A substituicdo
de carne, gordura, sal, fosfatos e nitritos pela inclusdo de diferentes plantas, cereais,
leguminosas, sementes, algas, incluindo coprodutos e subprodutos, tem sido cada vez mais
estudada (PEREZ MONTES et al., 2021).

O desenvolvimento de produtos carneos mais saudaveis com valores acrescidos,
relacionados com a dieta e baixo teor calérico, tornou-se um dos alvos principais da industria
alimenticia. Varias fibras dietéticas, isoladamente ou em combinacdo, foram avaliadas para

substituir a gordura em produtos a base de carne, a fim de alterar os atributos de satde e manter
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as propriedades de textura desejaveis, em resultado das suas diferentes propriedades funcionais

(HAN; BERTRAM, 2017).

4. Processos oxidativos em produtos carneos
A oxidacdo lipidica é o principal processo pelo qual ocorre perda de qualidade da carne
e seus produtos, depois da deterioragdo microbiana (GRAY, GOMAA, BUCKLEY, 1996).
Contudo, enquanto as reacOes deteriorantes, microbiolégicas e/ou enzimaticas, podem ser
inibidas com o emprego de baixas temperaturas, a oxidacdo lipidica continua ocorrendo a
temperatura de congelamento, embora numa velocidade reduzida. Além disso, este processo
destroi as membranas intracelulares, diminuindo a suculéncia e o valor nutricional do alimento

(PIEDADE, 2007).

O processo de oxidacdo se inicia na ligacdo carbono-hidrogénio adjacente a dupla
ligacdo da cadeia de carbono e pode ser catalisado por muitos fatores, especialmente ambientais
(umidade, temperatura, luz e oxigénio), presenca de metais (cobre, ferro e manganés), de
enzimas e pigmentos (ADAMS, 1999). O processo auto oxidativo pode ser explicado em trés

fases: iniciacdo, propagacao e término segundo modelo proposto por Farmer (1942):

. Iniciacdo: [11. Término:
R-H — Re + He Re +Re* — R-R
I1. Propagacéo: R-O-O¢ + R+ — R-0-0O-R
Re + O; — R-O-O¢ R-O-O¢ + R-O-O¢ — R-O-O-R + O

RO-O+¢ + RH — R-O-OH + Re
Onde: RH — Acido graxo insaturado; Re - Radical livre; ROO- - Radical peroxido e
ROOH - Hidroperéxido.

Nas fases de iniciacdo e propagacdo, a presenca de radicais livres, que sdo

moléculas extremamente reativas, é decisiva (ADAMS, 1999). Essas formas reativas sao
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normalmente produzidas durante o metabolismo do oxigénio nos tecidos e sdo chamadas
de espécies reativas de oxigénio. Estes compostos dividem-se em radicais (O2" e HO*) ou
nao radicais (H202). Alguns deles sdo produzidos durante o metabolismo aerdbio das
células vivas, como o radical superdxido (O2’), que € formado pela adicdo de um elétron
extra ao oxigénio molecular (O2), durante o processo de reducdo do oxigénio na cadeia
respiratéria mitocondrial. Da mesma forma, os macréfagos, quando estimulados,

produzem O-- e H20> durante o processo normal de fagocitose.

Os é&cidos graxos insaturados da membrana celular sdo muito suscetiveis aos
radicais livres (HO® ou RO¢) devido a sua estrutura quimica, que permite a retirada de um
atomo de hidrogénio de um dos grupos —CH>" da cadeia carbdnica e a consequente
formacdo de um radical livre de carbono (-+CH’), iniciando, assim, 0 processo de
peroxidacdo lipidica. Estes radicais de carbono, que sdo instaveis e suscetiveis ao
oxigénio molecular (O.), se reestruturam rapidamente na forma de dienos conjugados,
dando origem ao radical peroxila (ROO¢). Segundo o modelo proposto por Farmer
(1942), este radical tem a capacidade de retirar um atomo de hidrogénio de outro acido
graxo insaturado intacto, propagando a reacdo em cadeia até que todo acido graxo

insaturado da membrana seja completamente oxidado a hidroperéxido (ROOH).

A oxidacdo lipidica em carnes pode ser determinada através do valor de
substancias reativas ao acido tiobarbitdrico (TBARS) segundo Tarladigs et al. (1960),
visto que produtos primarios de oxidacdo lipidica se constituem inicialmente de
hidroperdxidos, os quais sdo rapidamente decompostos em varias substancias reativas ao
acido 2- tiobarbiturico (TBA), particularmente carbonilas, sendo o malonaldeido o
elemento mais importante. O produto da reacdo destas substancias com o TBA é colorido

e absorve fortemente em 532nm.
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A cor também é um dos principais parametros indicadores de qualidade na maioria
dos alimentos e pode ser utilizada para acompanhar a qualidade oxidativa de carnes
frescas. Em produtos carneos, este parametro tem importante influéncia na decisdo de
compra pelos consumidores e na sua aceitagdo. E uma propriedade funcional e esta
intimamente relacionada as outras, como pH, capacidade de retencdo de dgua, capacidade
emulsificante e a textura. A alteracdo de cor na carne durante o armazenamento
congelado se deve a oxidacdo da oximioglobina, de coloracdo vermelho- brilhante, a
forma de metamioglobina (mioglobina oxidada), de coloracdo marrom (PAINE &

PAINE, 1983).

5. Antioxidantes
Antioxidantes sdo substancias utilizadas para combater e retardar as alteracGes
oxidativas nos produtos carneos que, embora manipulados e mantidos em condi¢cdes
adequadas de embalagem e temperatura, ficam expostos a deterioracdo de ordem
intrinseca, promovida por acdes de enzimas, oxigénio existente no meio, temperatura e

luminosidade (SHIMOKOMAKI et al., 2006).

A utilizacdo de antioxidantes em produtos alimenticios € controlada pela
legislacdo dos paises e padrdes internacionais. Deste modo, apenas alguns compostos
reconhecidos como seguros pelas organizacGes internacionais como a Food and
Agriculture Organization (FAO), Joint Expert Committee (JECFA) e a Wordl Health
Organization (WHOQO) sdo permitidos para o uso em alimentos. A aprovacdo dos
antioxidantes para a utilizacdo em alimentos, requer estudos toxicolégicos sobre a

possibilidade de efeitos mutagénicos, teratogénicos e carcinogénicos (SOARES, 2008).

Tipos diferentes de antioxidantes sintéticos, como Hidroxitolueno Butilado
(BHT), Hidroxianisol Butilado (BHA), Propil Galato (PG) e Terc Butil Hidroquinona

(TBHQ) ainda sédo utilizados em algumas categorias de produtos carneos para controlar a
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oxidacdo (MARIUTTI et al, 2011). Eles funcionam sequestrando radicais livres ou
diminuindo a formagé&o de radicais iniciadores, aumentando assim o tempo de estocagem
de produtos derivados da carne (DINESH et al, 2015). Entretanto, varios paises limitaram
0 uso de aditivos considerados prejudiciais a satde. Essas limitacGes instigam indUstria,
academia e consumidores a buscarem opg¢des naturais como alternativas para esses

aditivos (BABAOGLU et al, 2022).

Dessa forma, uma atencgdo especial tem sido dada a um nimero de plantas que
podem ser utilizadas como potencial fonte de antioxidantes. Nesse sentido, varios estudos
cientificos estdo sendo realizados com o objetivo de encontrar aditivos naturais com
espectro amplo de atividade antioxidante, para melhorar a qualidade e vida de prateleira
de produtos carneos (SAMPAIO et al.,, 2012; DE LIMA VEECK et al., 2015;

FRATIANNI et al., 2010).

Os antioxidantes naturais podem ser extraidos de vegetais e plantas. Muitas ervas
e especiarias, utilizadas como condimentos em alguns produtos, séo excelentes fontes de
compostos fendlicos. Tais substancias tém demonstrado alto potencial antioxidante,
podendo ser usadas como conservantes naturais para alimentos (ANDREO; JORGE,

2006).

A eficacia dos diferentes antioxidantes naturais foi relatada na reducdo da
oxidacdo lipidica e proteica, mudanca de coloracdo e crescimento microbiano em
produtos carneos (CROUS-MASO et al., 2018). Os compostos fendlicos exibem grande
quantidade de propriedades fisioldgicas, como antialérgica, antiaterogénica, anti-
inflamatdria, antimicrobiana, antitrombotica, cardioprotetora e vasodilatadora, mas o
principal efeito dos compostos fendlicos tem sido atribuido a sua acao antioxidante em

produtos carneos (BALASUNDRAM, 2006).
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6. Residuos da industria alimenticia como alternativa de antioxidantes

A recuperacdo de residuos biodegradaveis em compostos inofensivos para o
ambiente é de grande importancia para manter a sustentabilidade agricola. Uma grande
variedade de polifendis e peptideos com atividade antioxidante tem sido extraidos de
residuos de leguminosas e frutas. Estes compostos tém o potencial para satisfazer as
necessidades da industria alimenticia, introduzindo compostos antioxidantes alternativos
de fontes naturais e formulando novos produtos “green-label” (TKACZEWSKA et al.,
2022).

As cargas de residuos nas plantas de processamento da inddstria alimenticia
podem ser significativamente reduzidas através da utilizacdo de métodos de
processamento novos ou modificados, ou através do tratamento e reutilizagdo na
instalacdo. Varios processos estdo sendo desenvolvidos nesse sentido, com o objetivo de
converter os materiais residuais em biocombustiveis, ingredientes alimentares e outros
bioprodutos de valor agregado (MAKRIS; BOSKOU; ANDRIKOPOULOQS, 2007).

Como exemplo de subproduto, o bagaco de azeitona e as aguas residuais da
producdo de azeitona tém despertado preocupacdes ambientais, no que diz respeito a sua
gestdo e eliminacdo. A recuperacdo de compostos fendlicos a partir destes residuos tem
apresentado interesse consideravel para as industrias de alimentos e nutracéuticos, devido
ao seu grande potencial como antioxidante (ARAUJO et al., 2015).

A biomassa liberada pela indUstria de dleos essenciais para 0 ambiente exerce um
forte impacto poluidor e débito econdmico. Neste sentido, a gestdo de residuos vegetais
constitui uma forca motriz por detras do desenvolvimento de diferentes estratégias de
valorizacdo dos residuos agricolas e industriais como fonte de produtos e ingredientes de

alto valor agregado (SKENDI et al., 2022).
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Os residuos de frutas e vegetais sdo fontes ricas em compostos fendlicos, fibras
alimentares, outros metabolitos biologicamente ativos e nutrientes essenciais. Os 0leos
essenciais estao entre os produtos de alto valor das cascas de citricos, especiarias e plantas
aromaticas. Pesquisas recentes apontam para as excelentes atividades farmacéuticas,
antioxidantes e antimicrobianas desses 6leos essenciais (VISAKH et al., 2022).

A casca de citricos, por exemplo, é uma valiosa fonte natural de diversos
compostos bioativos, incluindo polifendis, pectinas, proteinas, pigmentos, fibras
dietéticas e 6leos essenciais. A composi¢cdo quimica e as atividades bioldgicas das cascas
de citricos sdo bem conhecidas. Os compostos polifendlicos, carotenos, dleos essenciais,
e pectina foram identificados como os principais fitoquimicos presentes nas cascas de
citricos. Compostos antidiabéticos, antibacterianos, anticancerigenos, antioxidantes,
antifungicos, anti-inflamatorios, anti-ulcerativos, atividades antivirais e efeito
neuroprotetor da casca de citricos tém sido amplamente investigados (WEDAMULLA et

al., 2022).

7. Acai e seu subproduto
O acaizeiro é uma palmeira da familia Arecaceae amplamente difundida e
cultivada na Amazonia brasileira. Ocorre de forma espontanea na regido amazoénica e tem
se destacado pela importancia econdmica para a fruticultura regional, sobretudo para o
estado do Para onde a producdo e a comercializacdo da polpa movimentam grandes
mercados (NEVES et al., 2015). Alcanca em torno de 15 a 20 metros de altura e 12 a 18

centimetros de didmetro. Dele sdo extraidos o palmito e o fruto para o consumo alimentar.

Embora na terminologia popular seja mais conhecido como agai, outras
denominacgGes sdo de uso frequente nas areas de ocorréncia como: acai do Par, acai do
baixo amazonas, acai de touceira, acai de planta, jucara e jucara de touceira
(NASCIMENTO et al., 2008).
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O acai atraiu interesse mundial devido ao seu sabor exotico e suas propriedades
bioativas, como capacidade antioxidante e atividade anti-inflamatéria (KANG et al.,
2011; PACHECO et al., 2007; HEINRICH et al., 2011; SCHAUSS et al., 2006). A polpa
do acai possui alto teor de compostos fendlicos tais como como antocianinas,

proantocianidinas, outros flavonoides e lignina (SCHAUSS et al., 2006).

Em estudo recente, Bellucci et al. (2022), obtiveram resultados favoraveis na
aplicacdo de extrato de polpa de acai em hamburgueres de carne suina armazenados sob
refrigeracdo. O extrato foi adicionado aos hamburgueres nas concentracdes de 250, 500
e 750 mg/kg de hambdrguer. Na concentracdo de 250mg/kg de extrato, ocorreram as
menores alteracbes nos parametros de cor dos hamburgueres, semelhanca no efeito de
protecdo contra oxidacéo lipidica quando comparado ao eritorbato de sodio e aumento da
capacidade antioxidante dos hamburgueres durante os periodos de estocagem refrigerada

(0, 5e 10 dias).

O acai é uma opgdo viavel para enriquecer diferentes formulacdes, dada sua
composicdo rica em flavonoides (alto teor de antocianinas), alem de ser uma fruta
amplamente cultivada no Brasil e comercializada na forma de polpa congelada (HOGAN
et al., 2010). Os efeitos benéficos atribuidos ao acai e seus derivados estdo associados ao
seu conteudo significativo em compostos fendlicos, o que estimulou diversos
pesquisadores a identifica-los e evidenciar suas propriedades farmacolégicas, incluindo
atividades antiproliferativas, anti-inflamatoria, antioxidante e cardioprotetora

(HEINRICH et al., 2011).

As propriedades antioxidantes dos compostos fendlicos presentes neste fruto, vem
despertando o interesse ndo somente do setor alimenticio, mas também das industrias de
cosméticos e de farmacos (SCHRECKINGER et al., 2010). O elevado consumo dos
frutos de acai esta relacionado aos beneficios & salde, associados a elevada capacidade
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antioxidante (SCHAUSS et al., 2006; PACHECO et al., 2007) atribuida, principalmente
as antocianinas. Entretanto, outros compostos fenolicos tais como &cido ferulico,
epicatequina e acido p-hidroxibenzoéico também contribuem com a agdo antirradical livre

observada na polpa desta fruta (DEL POZO-INSFRAN et al., 2014).

O fruto do acai é composto por 10% de polpa e casca e cerca de 90% sementes
(GONCALVES JUNIOR et al., 2016). A polpa de acai é o principal produto de interesse,
pois sdo utilizados como matéria-prima para consumo in natura nas industrias de

alimentos e como corante natural (BARROS et al., 2015).

As etapas de processamento para obtencdo da polpa de acai envolvem a separagéo
de materiais estranhos; selecdo dos frutos sadios e maduros; higienizagéo; repouso em
agua morna (aproximadamente 40°C) durante 30 minutos, para 0 amolecimento da polpa
e casca e o despolpamento. A etapa realizada posteriormente ao despolpamento depende
da finalidade do produto, sendo designados processos que garantam a conservagdo do

produto e posterior comercializacdo (SANTOS et al, 2008).

No despolpamento, sdo obtidos residuos que podem ser destinados a outros
processos. As sementes de acai, por exemplo, em alguns casos sdo destinadas a
agroindustria de residuos (agregada a fertilizantes, por exemplo) e algumas partes desse
residuo retornam ao solo por semeadura (WY COFF et al., 2015). No entanto, as sementes
também possuem uma grande quantidade de compostos bioativos que podem ser um fator
importante na proposicdo de um destino de maior valor para este subproduto

(RODRIGUES et al., 2006; WYCOFF et al., 2015).

Estudos recentes elucidam o potencial antioxidante de sementes de agai,
pontuando que, apesar do fato de que os frutos do acai tenham sido amplamente
estudados, ainda se faz necessaria a adequacao do destino das sementes, 0 que vem sendo

abordado em alguns estudos e apenas recentemente tém atraido a atencdo da comunidade
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cientifica. Rodrigues et al. (2006) realizaram um estudo pioneiro para determinar a
composicdo fendlica e atividade antioxidante de sementes de agai. Neste estudo,
constatou-se que o extrato de semente de acai, quando obtido através da digestdo em
metanol, exibiu atividade antioxidante devido ao seu contetdo oligomérico e de
procianidinas. Desde entdo, alguns estudos também relataram sobre o perfil fendlico,

antioxidante e propriedades antimicrobianas de sementes de agai (MELO et al., 2021).

8. Concluséo

O aproveitamento de residuos da industria alimenticia como antioxidante é uma
area de pesquisa que tem ganhado cada vez mais interesse nos ultimos anos. Diversos
estudos tém demonstrado que os residuos de algumas frutas, legumes e cereais contém
compostos antioxidantes e podem ser utilizados como alternativas naturais aos
antioxidantes sintéticos presentes em muitos alimentos. O uso de antioxidantes naturais,
derivados de residuos da industria alimenticia, também pode ter beneficios econdmicos e
ambientais, uma vez que esses residuos geralmente sdo descartados e podem ser uma
fonte de matéria-prima de baixo custo. Esses antioxidantes naturais podem ser
adicionados diretamente nos produtos carneos ou utilizados como aditivos em
embalagens de alimentos para aumentar a vida Gtil dos produtos. Também podem ser
aplicados sozinhos ou em combinagdo com outros antioxidantes, dependendo do produto

e das condicGes de processamento.
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Abstract

Some fruit processing residues have shown antioxidant properties, stimulating the study
of their applicability in meat products. The aim of this study was to evaluate the
antioxidant potential of acai processing residue extract in beef patties stored under
refrigeration for 10 days and under freezing for 90 days. Five treatments were tested: a
control with no antioxidant (CON), sodium erythorbate added (ERY) and three more with
low (L-AR), medium (M-AR) and high (H-AR) concentrations of agai residue added. The
acai processing residue extract contributes to the reduction of lipid oxidation in beef
patties. At the end of the analysis (after 90 days), the highest value of oxidation was
recorded for the control treatment, the remaining treatments (ERY, L-AR, M-AR and H-
AR) all had much lower and similar levels of lipid oxidation. The L-AR treatment had
the least effect on the color parameter of beef patties. The acai processing residue extract
at low and medium concentrations showed significant antioxidant potential, without

compromising the color of beef patties.

Keywords: Euterpe oleracea Mart. meat products. Residue. Antioxidant. Natural extract.

Food industry.
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1. Introduction

The oxidation of polyunsaturated fatty acids in meat products during storage and
cooking is one of the main causes of the deterioration in the quality of these products, which
may result in the formation of toxic compounds, such as lipid hydroperoxides and end products
with advanced lipid oxidation (Papuc et al., 2017; Van Hecke, Van Camp & De Smet, 2017).
These oxidation products can be partially absorbed in the intestine and may be responsible for
various pathological conditions due to their proatherogenic and cytotoxic activities (Van Hecke
etal., 2019). The formation of these compounds during the digestion of meat products may play
a central role in the supposed epidemiological risk that links red meat consumption to chronic
diseases such as cardiovascular disease and colorectal cancer (Micha et al., 2010).

Antioxidants are added to processed meats to reduce the oxidative process, and many
natural plant extracts can contribute to this (Shah., Bosco & Mir, 2014). In recent years, the
meat product industry has focused on the development of healthier products (Munekata et al.,
2020). Consumers dislike synthetic antioxidants due to their carcinogenicity and this has
resulted in the development of clean label products. Furthermore, consumer preference for
natural additives and concern about the safety of synthetic preservatives has led the food
industry to look for natural alternatives (Nikmaram et al., 2018). Natural antioxidants are
attractive for use in meat products, as they are compatible in terms of solubility and have
antioxidant activity as good as or better than synthetic antioxidants (Turan & Simsek, 2021).

Within this context, acai (Euterpe oleraceae Mart) has become an alternative source of
these antioxidant compounds. It is a fruit commonly consumed in Brazil, mainly in the North
region. It occurs naturally throughout the Amazon region (Melo et al., 2016), but also produced
in other regions of the country. Its fruit is composed of 10% pulp and peel and about 90% of
seeds (Gongalves Junior et al., 2016). It also has high energy value and is rich in phytochemicals

with antioxidant, antiproliferative and anti-inflammatory properties (Hogan et al., 2010; Kang
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et al.,, 2011; Yamaguchi et al., 2015). The acai pulp is the main product of interest in the
industry, as it is used as a raw material for fresh consumption and as a natural pigment (Barros
et al., 2015). It contains proteins, dietary fiber (Rufino et al., 2010) and a large number of
extractable polyphenols, which are the main substances responsible for antioxidant, anti-
inflammatory and anti-carcinogenic activities (Barros et al., 2015).

The seeds also have a large content of bioactive compounds and such compounds might
be an important factor in adding a higher value to this by-product (Rodrigues et al., 2006;
Wycoff et al., 2015). Rodrigues et al. (2006), performed a pioneer study to determine the
phenolic composition and antioxidant activity of these seeds. Since then, other studies have also
reported on the phenolic profile, antioxidant and antimicrobial properties of acai seeds (Barros
et al., 2015; Melo et al., 2016; Rossetto et al., 2020).

Given these considerations, the present study aims to evaluate the antioxidant potential
of acai processing residue extract, applied to beef patties stored under refrigeration and under

freezing.

2. Materials and Methods

2.1.0btaining acai processing residue extract and its characterization

The industrial residue of acai pulp processing was obtained from a local producer in the
city of Sdo José do Rio Preto - SP. Once the residue has been collected (Figure 1A) distilled
water was added (1:2 proportion) to obtain the mixture which was homogenized for 10 minutes,
with the use of a propeller stirrer (Fisatom® stirrer, model 713, 80W). At that point, 4 by-
products were obtained: water associated with the extracted compounds (Fig. 1E); a dried acai
pulp paste that remained adhered to the seed (Fig. 1C); the fiber adhered to the seed (Fig. 1D)
and finally the seeds (Fig. 1B). Fig. 1 illustrates the by-products.

The content shown in Figure 1E was centrifuged (4500 rpm for 20 minutes) and the

supernatant was filtered through a 0.05 mm nylon mesh, then placed in Falcon tubes, frozen,
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and freeze-dried. The freeze-dried powdered agai residue extract was applied in three different
concentrations, as shown in Table 1: 0.075% (750 mg.kg™); 0.1 % (1000 mg.kg™), and 0.15%
(1500 mg.kg™). These concentrations were obtained from preliminary tests reported in a study
by Bellucci et al. (2022) that applied acai pulp extract in pork patties.

2.2.Beef patties manufacture

To prepare the beef patties, beef chuck was used (moisture = 70.17%, protein = 17.50%
and fat = 11.23%) and pork back fat (moisture = 23.45%, protein = 10.23% and fat = 65.51%)
ground in a 10 mm disc. Five formulations of beef patties were made: Control — CON; Sodium
Erythorbate (500 mg.kg™) — ERY;; acai residue extract low concentration (750mg.kg™) - L-AR;
acai residue extract medium concentration (1000 mg.kg™) - M-AR and acai residue extract high
concentration (1500 mg.kg?) - H-AR. The formulations of the different treatments are
presented in Table 1.

The ingredients were mixed and homogenized. The contents were weighed (80 grams
each) and shaped into portions. The beef patties were prepared with a diameter of 80 mm and
a thickness of 10 mm.

A total of 420 beef patties were prepared: four for each treatment x five treatments (CON,
ERY, L-AR, M-AR and H-AR) x seven sampling points (0, 3, 6 and 10 days — refrigerated
(4°C); 30, 60 and 90 days — frozen (-18°C)) x three different processing replicates (n=3;
different days with different raw materials and the same ingredients).

2.3.Analytical Methods
2.3.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity
DPPH radical scavenging analysis was performed according to the method described by
Brand-Williams, Cuvelier and Berset (1995), with some modifications. Briefly, 1 g of the acai
residue extract was diluted in 20 mL of methanol and the necessary dilutions were performed.

Then, 100 pL of the sample was mixed with 3,900 pL of DPPH solution (60 pM in methanol)
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and incubated for 10 min at 37 °C. Absorbance measurements were taken at 515 nm and the
results were expressed using Trolox as standard: mg Trolox Equivalent (TE)/g sample.
2.3.2. The total phenolic compounds (TPC) determination
The quantification of total phenolic compounds was carried out following the method
described by Singleton, Orthofer and Lamuela-Raventds (1999) with some modifications. At
first, dilutions of the acai residue extract were made in water and methanol (0.5 grams of sample
to 5 mL of water and 5 mL of methanol). A 0.5 mL aliquot of the sample was transferred to a
test tube and Folin-Ciocalteu reagent (2.5 mL) was added and after 2 minutes 7.5% Na>CO3
solution (2 mL) was added. After incubating the test tubes at 50 °C for 15 minutes, the
absorbance (760 nm) was measured. The TPC was expressed as mg of gallic acid equivalent
(GAE)/g of sample.
2.3.3. pH and centesimal composition
The centesimal composition of beef patties was obtained through the determination of
moisture, protein and ash following the official method of the Association of Official Analytical
Chemistry (AOAC, 2007) and determination of lipids by the method described by Bligh & Dyer
(1959). The results of proximate composition were expressed as a percentage (%).
For pH measurement, digital pH meter equipment (mPA-210, MS TECNOPON), was
used, calibrated with two standard solutions of pH 4 and 7, at room temperature. Each beef
patties unit was placed on a clean plate and the probe was introduced in 3 different parts of each

piece. The pH of each unit was defined by the average of these 3 values.

2.3.4. Cooking parameters
To determine the cooking loss and shrinkage rate, first the beef patties were weighed on
a semi-analytical scale and measured in diameter in both the vertical and horizontal directions.
The beef patties were placed on a baking sheet in the following order: CON, ERY, L-AR, M-

AR and H-AR; three patties for each treatment; single cooking batch. After that, the samples
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were cooked in an electric oven (FELS3, Imeque, Brazil) with two internal resistances at a
temperature of 120 °C. Using a thermocouple (ITTH-1400, Instrutemp, Brazil), the internal
temperature of the beef patties was measured until it reached 72 °C. Then the samples were
cooled at room temperature and weighed and measured in diameter again. The cooking loss and
shrinkage was determined by the difference between the initial and final weights and

measurements, as described by Honikel (1998), and the results expressed as a percentage (%).

2.3.5. Texture profile
Texture profile analysis was performed after the samples had been cooked and them
cooled at room temperature (25 °C). The samples were cut into 1 x 1 x 1 cm pieces (height x
width x length). They were then compressed twice at 60% at 3.33 mm.s to obtain the force-
time curves. Texture parameters (hardness, springiness, cohesiveness and chewiness) were
obtained on a Texturometer (TA-XTPIlus, Stable Micro Systems, Godalming, UK) equipped
with a cylindrical probe (planar surface area of 19.85 cm?). Hardness was mesured as the peak
force during the first compression cycle, cohesiveness was calculated by the ratio between the
area of the second curve to the area of the first compression curve, springiness by the ratio of
the time of the second compression cycle to the time of the first compression cycle and
chewability was the product between the hardness, cohesiveness and elasticity values (Bourne,
1978). Texture Exponent 32 software (version 1.0.0.68, StableMicro Systems, Vienna Court,
UK) was used to obtain the data. The test was carried out with ten repetitions of each treatment.
2.3.6. Instrumental color
To determine the color parameters, a ColorFlex45/0 spectrophotometer, (Hunterlab,
Reston, United States) was used. The following settings were used: illuminant D65, observer
angle 10° and aperture for reading the sample was 0.75 cm. The reading was performed with
Universal Software version 4.10 and the CIELAB color specification system with the
parameters: L* (luminosity, a* (red color intensity) and b* (yellow color intensity). Ten
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readings were taken for each treatment using three different beef patties of the same treatment,
with a blooming time of 20 minutes.
2.3.7. Lipid oxidation (TBARS)

For lipid oxidation, the TBARS index was determined by reaction between oxidation
products and thiobarbituric acid (TBA), forming compounds that can be measured in a
spectrophotometer at 532 nm (Vyncke, 1969). Briefly, 5 g of the sample was homogenized with
25 ml of 7.5% trichloroacetic acid for 2 min in an ultra-turrax homogenizer (IKA-Werke GmbH
& Co. KG, Staufen im Breisgau, Germany). After centrifugation, 5ml of the filtered supernatant
was added to 5 ml of 0.02 M TBA solution and warmed in a water bath (96 °C for 40 min). The
curve for 1,1,3,3-tetraethoxypropane (TEP) was used as the standard and the results were
expressed as mg malonaldehyde (MDA)/kg sample.

2.3.8. Invitro antioxidant capacity

The beef patties were homogenized and freeze-dried at each sampling point (0, 3, 6, 10,
30, 60 and 90 days). Then, following the method described by Carvalho et al. (2017) with
adaptations, the antioxidant capacity was evaluated using DPPH radical scavenging, where 2 ¢
of the freeze-dried sample was diluted in 20 ml of methanol and homogenized using T18 digital
ultra-turrax (IKA®-Werke GmbH & Co0.KG, Germany). The samples were centrifuged at
10,000 g for 10 min and filtered. Then the method described in 2.3.1 was performed. The
%DPPH values were obtained using the following equation:

o Abs (blank) — Abs (sample)
%Inhibition = Abs (blank) x 100

2.3.9. Stistical analyses
To evaluate the effect of treatment and storage times, the refrigerated (0, 3, 6 and 10
days) or chilled (30, 60 and 90 days) storage times were considered a fixed effect along with

the treatment (CON, ERY, L-AR, M-AR and H-AR) and the interaction between them was also
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included in the model as a fixed effect. Repetition of manufacture (n=3) was a random effect.
The STATISTICA version 7 (StatSoft, Inc., 2004) software was used to interpret and analyze
the results obtained. The means of the parameters were compared by Tukey’s Test, when

ANOVA (General Linear Model - GLM) indicated a significant level (P < 0.05) of difference.

3. Results and discussion

3.1.Antioxidant activity and total phenolic compounds (TPC) of freeze-dried extract

In this study, the TPC analysis showed that there was 166.83 mg GAE/g for the acai
residue extract. Bellucci et al. (2022), who conducted a study with agai pulp, obtained a value
0f612.54 mg GAE/g of extract. A study by Melo et al. (2021) evaluated the antioxidant capacity
of agai seeds, obtaining a value of 64.58 mg GAE/g for the freeze-dried seed. The differences
in results are associated with the different extraction methods used in the studies. Rossetto et
al. (2020) stored the acai seeds in an oven at 50°C and later, in the extraction used 30 °C,
obtaining a final value of 1900 mg GAE/g of extract.

The antioxidant activity measured through the analysis of the DPPH radical scavenging
was 19.27 umol Trolox/g of extract, lower than that obtained by Bellucci et al. (2022) for agai
pulp (47.57 umol Trolox/g). A similar value was obtained in the study by Martins et al. (2020)
(16.95 umol Trolox/g), which performed the extraction process of acai seeds with methanol and
ethyl acetate. A significantly higher value was obtained by Melo et. al. (2021). In their study,
the extraction process was performed in a 57% ethanol solution at room temperature (25 °C),
the result being 622.81 umol Trolox/g extract.

3.2.Centesimal composition

The mean centesimal composition of the different beef patty treatments is presented in

Table 2. The different concentrations of acai residue extract and the addition of sodium

erythorbate did not affect the centesimal composition of the beef patties.
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Neither did Bambeni et al. (2021) find a significant difference in the values of
centesimal composition for beef patties with extracts of grape (Vitis vinifera) and tangerine
(Citrus reticulata) residues. Similarly, Turan and Simsek (2021) observed no significant
difference for moisture, fat and ash values in patties containing freeze-dried blackberry extract.
A similar study performed by Bellucci et al. (2022) obtained no difference in the values of
centesimal composition between treatments and control, in pork patties containing freeze-dried
extract of acai pulp.

3.3.pH and lipid oxidation (TBARS)

Table 3 shows that there was no significant difference in pH between the treatments
(P>0.05), the highest value being 5.78 and the lowest 5.60.

Bellucci et al. (2022) also found no difference between the pH values of pork patties
with acai pulp extract under both storage conditions. However, Bellucci et al. (2021) observed
a difference between the pH values in pork patties when red pitaya (Hylocereus monacanthus)
extract was added. In that study, the pH values of patties with pitaya extract increased on the
sixth day of chilled storage, followed by a decrease in the last days of storage.

Babaoglu et al. (2022) also noted a difference in pH for beef patties with four different
extracts (blackberry, black chokeberry, blueberry and redcurrant). In that study, the lowest pH
values were seen in the first days of storage. Another study, that also obtained significant
differences in pH, was conducted by Zahid et al. (2020). In this case, the bovine patties added
with clove extract (in different concentrations) showed a decrease in pH value during the time
of chilled storage.

The results obtained for TBARS showed significant differences between the samples
(P<0.05) (Figure 2).

For chilled beef patties, the control treatment had the higher TBARS values, since only

salt was added (0.392; 0.462; 0.713 and 0.836 mg of malonaldehyde per kg of sample at days
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0, 3, 6 and 10, respectively). Over the storage time, the TBARS values increased for all
treatments, with the highest values registered at 10 days, showing that the rate of lipid oxidation
of the samples increases proportionally over the storage period. Comparing the ERY treatment
with the different concentrations of acai residue extract (L-AR, M-AR and H-AR), there was
no significant difference between the amounts of malonaldehyde in these samples at the
different times. This shows that the three different concentrations of acai residue extract used
in this research were as efficient as the ERY treatment.

The frozen beef patties also presented an increase in malonaldehyde concentration over
the storage days. The control treatment (CON) showed the highest TBARS values for all days
(0.233, 0.367, 0.413 and 0.568 mg of malonaldehyde per kg of sample for 0, 30, 60 and 90,
respectively). At day 0, CON showed the highest TBARS value, being statistically similar to
the treatments with the low and high concentration of acai residue extract (L-AR and H-AR).
After the other storage intervals (30, 60 and 90 days), ERY and the three different
concentrations of acai residue extract (L-AR, M-AR and H-AR) were statistically similar,
regarding the amount of malonaldehyde in the samples. Therefore, acai residue extract added
to beef patties in different concentrations has a positive effect in reducing the process of lipid
oxidation.

Bellucci et al. (2022) also observed that all concentrations of acai pulp extract were
effective in delaying the process of lipid oxidation in chilled pork patties. Beef patties added
with sugar cane fiber, tomato peel and tangerine peel, when compared to samples with modified
atmosphere, showed reasonable preservation rates of lipid oxidation, with the highest rates
obtained by tangerine peel (Liang et al., 2022). Selani et al. (2011) found that pieces of chicken
meat (raw and cooked), with wine industry waste extract added, showed TBARS values

statistically similar to sodium erythorbate and BHT (butylated hydroxytoluene).
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3.4.Instrumental color

Fig 3 shows the results of color analysis for chilled beef patties, and Fig. 4 for frozen
ones. The color parameters showed variations both over time and among the different
treatments for chilled beef patties (P<0.05). For the luminosity parameter (L*), a decreasing
trend was observed for all treatments over time, with the highest values presented at time 0
(ranging from 44.1 to 46.7) (Table 5). For the chilled M-AR treatment no significant difference
was observed for luminosity throughout the storage time. There was no significant difference
between the L* values among the treatments after 3 days. For frozen beef patties, the luminosity
was not significantly affected after 30 and 60 days when comparing the 5 different treatments
(Table 6). The lowest values were obtained at 90 days of storage for the M-AR and H-AR
treatments (40.1 and 41.5 respectively).

Regarding the a* parameter, for all treatments, a decrease was observed over the storage
period (Table 5). For chilled beef patties, the highest value was observed for ERY treatment on
day 0 (16.5), being statistically similar to the treatments with acai residue extract (L-AR, M-
AR and H-AR). The H-AR treatment had the lowest value on the 10th day of storage (6.8).
Thus, the acai extract in low concentration (L-AR), contributed positively to preserving the
intensity of red color of the beef patties, being statistically similar to ERY. For frozen beef
patties, the a* parameter did not change during the 90 days of storage. Only at day 0, CON
obtained the lowest value for the parameter (14.8). The other treatments were statistically
similar at that same time (P<0.05).

The b* parameter was also affected by the addition of acai residue extract in different
concentrations, a decrease of this value occurring over the time in chilled storage. At day 0,
there was no statistical difference among the treatments (P>0.05). In general, the lowest value
for b* parameter over time were recorded for the CON and H-AR treatments, which were 11.7

and 11.0 respectively. Treatments L-AR and M-AR were statistically similar to treatment ERY,
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demonstrating that, in lower concentrations, the agai residue extract contributes positively to
the parameter in question. In frozen beef patties, the treatments had no significant difference at
30 days (P>0.05). At 60 days, treatments M-AR and H-AR were statistically similar to the
result obtained by ERY. At 90 days, L-AR and M-AR were statistically similar to ERY. Thus,
the three different concentrations of acai residue extract made a positive contribution to the b*
parameter.

A study conducted by Prommachart et al. (2020) showed that black rice water extract
(Oryza sativa L.), when applied to beef patties in three different concentrations, also influenced
the color parameters. The luminosity values (L*) decreased as the concentration of the extract
increased in the samples. However, on the fourth day of storage, no statistical difference was
observed among the samples. The lowest concentration of the black rice extract was the one
that contributed the most to preserving the parameters a* and b*.

Muifio et al. (2017) noted that waste extract obtained from the production of olive oil,
added to lamb patties provided stabilization of the color parameters of the samples, with small
variations between the different concentrations used.

A study conducted by Bellucci et al. (2021) found that red pitaya extract influenced the
color parameters of pork patties over storage times. Only the L* parameter showed no
significant difference between the different extract concentrations.

Selani et al. (2011), in their study, found that the addition of wine industry waste extract
to raw and cooked chicken meat (stored under freezing) promotes changes in the color
parameters of the meat, significantly reducing the L* value.

3.5.Cooking loss and shrinkage rate

The cooking loss for chilled beef patties ranged from 22.16% to 25.56%, with no

significant difference between the treatments (Table 4). The shrinkage ranged from 12.81% to

15.36%, also with no significant difference between the treatments (P>0.05).
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For the frozen beef patties, the cooking loss varied between 21.91% and 24.78%,
different from the chilled beef patties, with no significant differences between the treatments.
For the shrinkage, the variation was between 12.62% and 14.45%, presenting no significant
difference (P>0.05). The values obtained for cooking loss and shrinkage of the chilled and
frozen beef patties were similar.

The cooking loss and shrinkage, under both sets of storage conditions, for all five
treatments, show that the acai residue extract had no influence on these parameters.

Parafati et al. (2021) reported that the encapsulated prickly pear (Opuntia ficus indica
(L.) Mill) extract was able to retain liquids in the cooking process of beef patties, obtaining low
cooking losses and shrinkage. Bellucci et al. (2022) found no significant differences in the
cooking loss and shrinkage for different concentrations of acai pulp extract added to pork

patties.

3.6.Texture profile

The texture profile analysis showed no significant difference (P>0.05) between the five
treatments, under both sets of storage conditions (4 °C and -18 °C) (Table 7). In other words,
acai residue extract did not influence the texture parameters of the samples.

Bellucci et al. (2021), as well as Bambeni et al. (2021), when applying natural extracts
in meat products, observed that only the cohesiveness parameter showed a difference from the
other treatments, with the control treatment having the highest value for that parameter.

Paiva et al. (2021) obtained considerable differences in texture parameters (hardness,
chewiness and springiness) when they added acerola powder, rosemary and licorice extract to
nuggets containing mechanically separated caiman meat.

3.7.In vitro antioxidant capacity

The results of this study were similar to those reported by Bellucci et al. (2022), where

ERY showed the highest values for in vitro antioxidant activity (%DPPH) (Fig. 5). In contrast,
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the lowest values were seen for CON, except after 10 days, where M-AR had the lowest value.
Comparing L-AR, M-AR and H-AR, all of them had a statistically similar parameter throughout
the storage times, for both temperatures studied (4 °C and -18 °C), except after 10 days, where
the M-AR treatment had a significant lower value of 12.39.

Bellucci et al. (2021) also identified the highest antioxidant capacity values (ug
Trolox/g) for the treatment with erythorbate at 500 mg/kg concentration in pork patties with
total replacement of animal fat. In this study, three different concentrations of red pitaya extract
were analyzed and the three were statistically similar for in vitro antioxidant capacity but with
significantly higher value on the 18th day of storage for the treatment with extract added at a

high concentration.

4. Conclusion
The addition of acai residue extract in beef patties reduced the lipid oxidation, indicating
its antioxidant potential in meat products. For the color parameters, the low concentration (750
mg.kg™?) of acai residue extract proved to be more effective at different storage temperatures.
The acai residue extract in beef patties did not affect texture, pH values, cooking loss and

shrinkage at either storage temperature, showing it to be an alternative natural antioxidant.
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Table 1. Formulation of all treatments of beef patties.

Proportion (%)

Treatments Beef Sodium Residue

chuck Pork back fat erythorbate Salt extract Water
CON 75 15 - 1.2 - 8.80
ERY 75 15 0.05 1.2 - 8.75
L-AR 75 15 - 1.2 0.075 8.72
M-AR 75 15 - 1.2 0.1 8.70
H-AR 75 15 - 1.2 0.15 8.65

CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg?); M-AR: acai residue extract medium concentration (1000 mg.kg?); H-AR: acai residue
extract high concentration (1500 mg.kg™).

Table 2. Centesimal composition of beef patties.

Parameters CON ERY L-AR  M-AR  H-AR SEM Sig
Moisture (%) 67.80  68.89 6799 68.46 68.70 0.45 n.s.
Protein (%) 17.43 1759  16.56 16.99 16.73 0.02 n.s.
Fat (%) 1268 11.84 12.74 11.89 12.36 0.69 n.s.
Ashes (%) 2.18 2.06 2.24 2.67 2.56 0.01 n.s.

SEM: Standard error of the mean; Sig: Significance; n.s.: Not significant (P>0.05).

CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg*); M-AR: acai residue extract medium concentration (1000 mg.kg?); H-AR: acai residue
extract high concentration (1500 mg.kg™).

Table 3. pH values of beef patties under two sets of storage conditions.

Days CON ERY L-AR  M-AR H-AR SEM  Sig
0 5.54 5.61 5.51 5.61 5.54 0.02 n.s.
3 5.63 5.60 5.58 5.64 5.67 0.02 n.s.
4°C 6 571 5.73 5.66 5.72 5.70 0.01 n.s.
10 5.76 5.74 5.74 5.75 5.78 0.00 n.s.
SEM 0.01 0.01 0.02 0.02 0.01
Sig n.s. n.s. n.s. n.s. n.s.
30 5.56 5.60 5.59 5.53 5.51 0.02 n.s.
60 5.56 5.59 5.59 5.56 5.57 0.01 n.s.
-18°C 90 5.61 5.59 5.62 5.62 5.63 0.01 n.s.
SEM 0.02 0.01 0.02 0.02 0.01
Sig n.s. n.s. n.s. n.s. n.s.

SEM: Standard error of the mean; Sig: Significance; n.s.: Not significant (P>0.05).

CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg?); M-AR: acai residue extract medium concentration (1000 mg.kg?); H-AR: acaf residue
extract high concentration (1500 mg.kg™).
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Table 4. Cooking loss and shrinkage of beef patties under two sets of storage conditions.
Chilled beef patties

Parameters CON  ERY L-AR  M-AR _ H-AR SEM  Sig
Cooking loss (%)
0 22.55 23.34 24.69 24.78 2216 025 ns.
3 24.48 24.99 24.48 25.56 23.62 024 ns.
6 23.29 23.75 23.69 25.19 2299 0.23 ns.
10 23.56 24.77 24.29 24.78 23.14 019 ns.
SEM 0.28 0.27 0.22 0.13 0.20
Sig n.s. n.s. n.s. n.s. n.s.
Shrinkage (%)
0 12.81 13.12 13.46 14.18 13.25 0.15 ns.
3 14.60 15.36 14.91 14.85 1288 0.17 ns.
6 13.15 15.00 15.18 15.33 1395 0.18 ns.
10 15.28 14.52 15.17 15.15 1439 0.16 ns.
SEM 0.23 0.21 0.17 0.14 0.23
Sig n.s. n.s. n.s. n.s. n.s.

Frozen beef patties
Parameters

CON ERY L-AR M-AR H-AR SEM  Sig

Cooking loss (%)

0 22.55 23.34 24.69 24.78 22.16 0.18 ns.
30 22.89 23.36 22.93 23.66 2229 010 ns.
60 22.83 23.85 23.21 23.51 23.71 027 ns.
90 23.44 23.51 21.91 22.66 2204 022 ns.
SEM 0.24 0.28 0.29 0.22 0.29

Sig n.s. n.s. n.s. n.s. n.s.

Shrinkage (%)

0 12.81 13.12 13.46 14.18 1325 014 ns.
30 13.12 12.62 13.58 13.17 1335 020 ns.
60 13.64 13.40 14.07 13.44 1337 019 ns.
90 13.36 14.16 14.45 13.90 13.34 018 ns.
SEM 0.22 0.21 0.25 0.19 0.16

Sig n.s. n.s. n.s. n.s. n.s.

SEM: Standard error of the mean; Sig: Significance; n.s.: Not significant (P>0.05).

CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg?); M-AR: acai residue extract medium concentration (1000 mg.kg?*); H-AR: acaf residue
extract high concentration (1500 mg.kg™).
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Table 5. Color parameters of beef patties stored at 4°C.

Parameters  Days CON ERY L-AR M-AR H-AR SEM Sig
L* 0 45,54 46.772 45,07 44.1° 46,272 0.27 0.00
3 45,8~ 45,48 44.,3A8 44.1 44,378 0.27 n.s

6 45.2A 45 gABa 43.47Bb 44.,0°° 43.0BC¢c 0.24 0.00
10  43.58® 44,28 42.08¢ 42.8" 42.2¢¢ 0.15 0.00

SEM  0.24 0.25 0.24 0.32 0.27
Sig 0.00 0.00 0.00 n.s. 0.00
a* 0 14.8A 16.572 15.3Aab 15.4Aab 15.3Aab 0.16 0.00
3 10.3B2 11.08a 10.68¢2 9.48b 9.38b 0.11 0.00
6 9,3Cab 9.8ca 9,5BCab 9,2Bab 8.78b 0.08 0.00
10 8.4C2 8.4Pa 8.8¢a 7.8Cb 6.8C¢ 0.09 0.00
SEM  0.19 0.27 0.24 0.22 0.21
Sig 0.00 0.00 0.00 0.00 0.00
b* 16.2A 16.3~ 16.9A 16.5* 16.8~ 0.08 n.s.

0

3 14,282 14.782 14.682 14,582 13.580 0.08 0.00
6 13.78° 14.082 14.0%2 14.08ab 13.280 0.11 0.00
10 11.7¢0 13.3¢2 13.0%2 13.0%2 11.00 0.10 0.00
SEM  0.13 0.17 0.17 0.14 0.17

Sig 0.00 0.00 0.00 0.00 0.00

&b Mean values in the same row (for different treatments, on the same day), with different letters indicating
significant difference. (P<0.05); A Mean values in the same column (on different days, for same treatment) with
different letters indicating significant difference. (P<0.05). SEM: Standard error of the mean; Sig: Significance;
n.s.. Not significant (P>0.05). CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™); L-AR:
acaf residue extract low concentration (750mg.kg™); M-AR: acai residue extract medium concentration (1000
mg.kg™); H-AR: acai residue extract high concentration (1500 mg.kg?).
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Table 6. Color parameters of beef patties stored at -18°C.

Parameters  Days CON ERY L-AR M-AR H-AR SEM Sig
L* 0 45 5Rb 45 7Ab 45 A 4417 46.6%2 0.25 0.00
30 44178 45.0A 43.1B 43.0° 42.1B 0.28 n.s.
60 42.38 44,178 43.08 4352 42.68 0.33 n.s.
90 43,0782 42 .38 43.082 40.18° 41.58° 0.31 0.00

SEM 0.37 0.35 0.21 0.37 0.36

Sig 0.04 0.01 0.00 0.00 0.00
a* 0 14.8° 16.5%2 15.3% 15.4% 15.3% 0.22 0.00
30 14.4 14.3A8 15.1 14.4 13.7 0.32 n.s.
60 14.0 12.68 14.6 14.0 13.8 0.36 n.s.
90 12.7 12.28 13.6 12.9 13.5 0.35 n.s.

SEM 0.36 0.40 0.34 0.39 0.33

Sig n.s. 0.00 n.s. n.s. n.s.
b* 0 16.24 16.34 16.94 16.5% 16.8 0.10 n.s.
30 16.0% 16.078 16.178 16.2A8 16.3 0.11 n.s.
60 15.47 16.082 15.380 15,548 15.5% 0.13 0.05
90 14.75° 14.2¢0 15.982 15.482 14.5° 0.13 0.00

SEM 0.14 0.13 0.14 0.15 0.15

Sig 0.00 0.00 0.00 0.01 0.00

&b Mean values in the same row (for different treatments, on the same day), with different letters indicating
significant difference. (P<0.05); A Mean values in the same column (on different days, for same treatment) with
different letters indicating significant difference. (P<0.05). SEM: Standard error of the mean; Sig: Significance;
n.s.. Not significant (P>0.05). CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™); L-AR:
acai residue extract low concentration (750mg.kg™); M-AR: acai residue extract medium concentration (1000
mg.kg™); H-AR: acai residue extract high concentration (1500 mg.kg?).
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Table 7. Texture parameters analysis of beef patties at day 0.

Parameters CON ERY L-AR M-AR H-AR SEM Sig
Hardness (N) 2291 23.69 2377 2418 2187 0.38 ns.
SEM 047 044 071 0.43 0.44

Cohesiveness (N.sec) 0.71 0.69 0.68 0.68 0.67 0.01 ns.
SEM 0.01 001 0.01 0.01 0.01

Springiness (mm) 0.62 064 0.62 0.64 0.67 0.01 ns.
SEM 0.01 001 0.01 0.01 0.01

Chewiness (N.mm) 1152 1232 1230 1251 1246 0.34 ns.
SEM 032 033 031 0.31 0.30

SEM: Standard error of the mean; Sig: Significance; n.s.: Not significant (P>0.05).

CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg?); M-AR: acai residue extract medium concentration (1000 mg.kg?); H-AR: acai residue
extract high concentration (1500 mg.kg™).

z cii . ?

Figure 1. By-products obtained through the processing of acai residue. A) base residue from
acai processing; B) acai seeds after removal of fibrous content; C) pulp residual content that
remains adhered to the seed after processing; D) fibrous content detached from the seed; E)
water after removal of by-products.

61



0,9
0,8

ABa

6 days

“ICON *ERY ML-AR #M-AR " H-AR

0,7

60 days

= CON =ERY ML-AR ®M-AR " H-AR

Figure 2. TBARS of beef patties of all treatments. (A) chilled (4°C). (B) frozen (-18°C)

ab Mean values on the same day for different treatments, with different letters indicating significant difference
(P<0.05); A8 Mean values for the same treatment on different days with different letters indicating significant
difference (P<0.05). Errors bars corresponding to standard error (S.E.). CON: without antioxidant; ERY: with
sodium erythorbate (500 mg.kg™); L-AR: acai residue extract low concentration (750mg.kg™); M-AR: acai residue
extract medium concentration (1000 mg.kg?); H-AR: acai residue extract high concentration (1500 mg.kg™).

62



L-AR M-AR H-AR
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Figure 3. Photographs of chilled beef patties treatments. A) raw; B) cooked.
CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg™); M-AR: acai residue extract medium concentration (1000 mg.kg™); H-AR: acai residue

extract high concentration (1500 mg.kg™).

L-AR M-AR H-AR
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Figure 4. Photographs of frozen beef patties treatments. A) raw; B) cooked.
CON: without antioxidant; ERY: with sodium erythorbate 500 mg.kg™?); L-AR: acai residue extract low
concentration (750mg.kg™); M-AR: acai residue extract medium concentration (1000 mg.kg™); H-AR: acai residue

extract high concentration (1500 mg.kg™).
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Figure 5. In vitro antioxidant activity (%DPPH) of all treatments of beef patties, over 90 days
of storage. (A) chilled (4°C). (B) frozen (-18°C).

ab Mean values on the same day for different treatments, with different letters indicating significant difference
(P<0.05); ~B Mean values for the same treatment on different days with different letters indicating significant
difference (P<0.05). Errors bars corresponding to standard error (S.E). CON: without antioxidant; ERY: with
sodium erythorbate 500 mg.kg'); L-AR: acai residue extract low concentration (750mg.kg™); M-AR: agai residue
extract medium concentration (1000 mg.kg?); H-AR: acai residue extract high concentration (1500 mg.kg™).
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CONCLUSAO GERAL

Os residuos da industria alimenticia podem ser uma fonte de antioxidantes naturais.
Esses residuos podem conter compostos antioxidantes naturais, como polifendis, flavonoides,
carotenoides, vitaminas e outros compostos bioativos.

Os residuos da industria alimenticia, como cascas de frutas e legumes, sementes e graos,
podem ser fonte valiosa desses antioxidantes naturais. A utilizacdo desses residuos ndo apenas
reduz o desperdicio de alimentos, mas também proporciona uma alternativa mais sustentavel e
econbmica aos antioxidantes sintéticos usados na inddstria de alimentos.

Dentro desse contexto, o extrato de residuo de acai demonstrou ser uma alternativa de
antioxidante natural para aplicacdo em produtos carneos, uma vez que contribuiu para a reducéo
de oxidacéo lipidica, alem de conservar outros parametros fisico quimicos dos hamburgueres
bovinos conservados sob refrigeracdo e congelamento.

Seria oportuno novos estudos com diferentes formas de obtengéo do extrato do residuo
de acai a fim de avaliar o efeito na quantificacdo de compostos bioativos com propriedades
antioxidantes. Além disso, também é oportuno a aplicacdo do extrato de residuo de acai em
outros produtos carneos como os fermentados e emulsionados para avaliar a estabilidade

oxidativa, dentre outras propriedades.
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