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RESUMO

EXTRATO DE FRAMBOESA COMO UMA ESTRATEGIA PARA MELHORAR A
ESTABILIDADE OXIDATIVA DE HAMBUFEGUERES ENRIQUECIDOS COM
ACIDOS GRAXOS OMEGA 3

Autora: Adrieni Santos de Oliveira
Orientador: Paulo Cezar Bastianello Campagnol

Emulses hidrogelificadas (HES) de 6leo de linhaca e proteina de ervilha (PE) foram produzidas
com diferentes concentragdes (0, 5, 7,5 e 10%) de extrato de framboesa obtido por uma técnica
de extracdo verde (micro-ondas de hidrodifuséo e gravidade — MHG). As HEs foram aplicadas
em hambuargueres para substituir 50% do seu teor de gordura animal. O efeito desta
reformulacdo lipidica na qualidade nutricional, tecnoldgica, oxidativa, microbioldgica e
sensorial dos produtos foi avaliado. Além de reduzir em cerca de 43% o teor de gordura, a
reformulacéo lipidica reduziu a relagdo n-6/n-3 PUFAS para niveis saudaveis e também diminui
em 30% a reducéo de didmetro e aumentou em 11% o rendimento no cozimento. A incluséo de
7,5 e 10% de extrato de framboesa nas HEs reduziu os defeitos oxidativos causados pelo
enriquecimento dos hambdrgueres com &acidos graxos dmega 3. Além disso, 0 extrato de
framboesa ndo ocasionou alteracfes no perfil sensorial e na contagem de aerébios mesoéfilos
dos hamburgueres.

Palavras-chave: oxidacao lipidica. 6leo de linhaca. proteina de ervilha. micro-ondas de
hidrodifusao e gravidade. quimica verde.



ABSTRACT

RASPBERRY EXTRACT AS A STRATEGY TO IMPROVE THE OXIDATIVE
STABILITY OF HAMBURGERS ENRICHED WITH OMEGA 3 FATTY ACIDS.

Author: Adrieni Santos de Oliveira
Advisor: Paulo Cezar Bastianello Campagnol

Hydrogelled emulsions (HESs) of linseed oil and pea protein (PP) were produced with four levels
(0, 5, 7.5, and 10%) of raspberry extract (RE) obtained by a green extraction technique
(microwave hydrodiffusion and gravity — MHG). HEs were applied in burgers to replace 50%
of their pork backfat content. The products’ technological, nutritional, oxidative,
microbiological, and sensory properties were evaluated. Besides reducing the fat level by
approximately 43%, the reformulation reduced the n-6/n-3 PUFA ratio to healthy levels,
decreased the diameter reduction by 30%, and increased the cooking yield by 11%. Including
7.5 and 10% of RE in the HEs decreased the oxidative defects caused by the enrichment of the
burgers with omega-3 fatty acids. In addition, the raspberry extract did not cause alterations in

the mesophilic aerobic count and in the sensory profile of the burgers.

Keywords: lipid oxidation. linseed oil. pea protein. microwave hydrodiffusion and gravity.
green chemistry.
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1 INTRODUCAO

A fracdo lipidica dos hamburgueres e da maioria dos produtos carneos é composta por
mais de 40 % de acidos graxos saturados (SFA) (DOMINGUEZ et al., 2019; HECK et al., 2017;
PLEADIN et al., 2021). Aléem disso, estes produtos também possuem uma relacdo de acidos
graxos poliinsaturados (PUFAs) 6mega-6 e 0mega-3 (entre 15 a 20:1) nutricionalmente
desfavoravel para a satide humana (WOOD et al., 2004). Por essas razdes, 0 consumo frequente
de produtos carneos pode ocasionar inflamacdes e favorecer o surgimento de diversas
enfermidades cronicas e alguns tipos de cancer (KLURFELD, 2015).

A substituicdo parcial de gordura animal por 6leos ricos em &cidos graxos dmega-3 €
uma das abordagens mais eficientes para melhorar o perfil lipidico dos produtos carneos e
assim, suprir a demanda dos consumidores preocupados com a salde. No entanto, estes 6leos
sdo altamente sensiveis as reacdes de oxidacdo lipidica (BOLGER; BRUNTON; MONAHAN,
2017; HECK et al., 2020). Desta forma, para que eles possam ser aplicados em produtos carneos
€ necessario utilizar estratégias para melhorar sua estabilidade oxidativa.

Recentemente, algumas técnicas de reestruturacdo tém sido utilizadas para modificar a
consisténcia dos 6leos e assim reduzir os defeitos causados pela sua aplicacdo em produtos
carneos. A hidrogelificacdo ¢ uma das técnicas mais promissoras para esta finalidade, pois além
de ter um baixo custo, também produz géis muito semelhantes a gordura animal, tanto em
aparéncia quanto em funcionalidade (DOMINGUEZ et al., 2021). Em um estudo prévio, nosso
grupo de pesquisa aplicou esta técnica para produzir emulsdes hidrogelificadas (HES) de 6leo
de linhaca com diferentes niveis (0 a 20%) de proteina de ervilha (PE) que foram posteriormente
aplicadas como substitutos de gordura em hamburgueres. As HEs produzidas com 10% de PE
conferiram importantes beneficios nutricionais, tecnologicos e sensoriais aos hamburgueres.
No entanto, a hidrogelificacdo néo foi suficiente para proteger completamente o 6leo de linhaca

das reacdes oxidativas (DE LIMA GUTERRES et al., 2023). Desta forma, € necessario
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pesquisar novas estratégias para aumentar a estabilidade oxidativa de HEs ricas em &cidos
graxos 6mega 3 para permitir sua aplicagdo em nivel industrial. A incorporacdo de compostos
bioativos provenientes de fontes naturais na HE é uma das estratégias mais promissoras para se
atingir este objetivo (HECK et al., 2020, 2021).

A framboesa (Rubus ideaus L.) € uma fruta vermelha que contém uma grande
quantidade de compostos bioativos importantes, como por exemplo, fendlicos, acidos
organicos, vitaminas e minerais. Além disso, a framboesa também contém um alto teor de
antocianinas que possuem um poderoso efeito antioxidante (DE SOUZA et al., 2014). Alguns
estudos ja& reportaram que extratos produzidos com framboesa aumentaram a estabilidade
oxidativa de 6leo de peixe (rico em n-3 PUFAs) (LUTHER et al., 2007) e de alguns produtos
carneos, como por exemplo, pastirma (AKSU et al., 2022), alméndega (TARASEVICIENE et
al., 2022) e hamburguer (KRYZEVICUTE et al., 2017). Desta forma, é plausivel que a
framboesa possa ser eficiente para reduzir a oxidacéo lipidica de produtos carneos enriquecidos
com acidos graxos émega 3.

No entanto, uma questdo importante que deve ser levada em conta é o processo de
extracdo dos compostos bioativos, pois € no minimo contraditério propor melhorar a qualidade
de um alimento se para isto for necessario usar técnicas de extracdo que prejudiquem o meio-
ambiente ou que possam deixar residuos toxicos no produto. E necessario, portanto, utilizar
técnicas de extracdo ambientalmente amigaveis. Neste sentido, Farias et al. (2022)
demonstraram recentemente que a técnica de micro-ondas de hidrodifusédo e gravidade (MHG)
foi capaz de extrair uma grande quantidade de antocianinas da framboesa usando apenas agua
como solvente e com baixo consumo de energia, 0 que vai de encontro com 0s principios da
guimica verde.

Portanto, o objetivo deste estudo foi avaliar se um extrato de framboesa produzido por

uma técnica de extracdo verde (MHG) é capaz de melhorar a estabilidade oxidativa de



hamburgueres enriquecidos com &cidos graxos dmega 3. Para se atingir este objetivo, o extrato
de framboesa foi incorporado em 6leo de linhaca que foi posteriormente hidrogelificado com
PE e aplicado como substituto de gordura de hamburgueres. Além da estabilidade oxidativa,
também foram avaliados os efeitos desta reformulacdo lipidica nas caracteristicas nutricionais,

tecnoldgicas, microbioldgicas e sensoriais dos hamburgueres.
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2 OBEJTIVOS

2.1 Objetivo Geral
Avaliar o efeito do extrato de framboesa na qualidade oxidativa de hamburgueres suinos

enriquecidos com &cidos graxos 6mega-3.

2.2 Objetivos especificos

e Auvaliar a qualidade tecnoldgica dos produtos reformulados.
e Auvaliar a estabilidade oxidativa dos produtos reformulados.

e Determinar as propriedades sensoriais dos produtos reformulados.

11



3 REVISAO DE LITERATURA

3.1 Importéncia dos &cidos graxos 6mega 3

Os acidos graxos 6mega 3 sdo considerados essenciais para a saide humana, uma vez
que ndo podem ser sintetizados pelo corpo e devem ser obtidos por meio da dieta (MASON,;
SHERRATT; ECKEL, 2023; SIMOPOULOS, 2011). Esses acidos graxos, especialmente o
acido eicosapentaenoico (EPA) e o &cido docosaexaenoico (DHA), estdo associados a diversos
beneficios a salde, como redugdo de processos inflamatorios, melhora da fungéo cognitiva,
manutenc¢do da salde cardiovascular e prevencao de doengas cronicas (MASON; SHERRATT;
ECKEL, 2023).

As principais fontes de acidos graxos 6mega 3 sdo os peixes de aguas frias e profundas,
como o salméo e a sardinha, e 6leos de peixe (BERGE; BARNATHAN, 2005; MASON;
SHERRATT; ECKEL, 2023). No entanto, também é possivel encontrar acidos graxos 6mega
3, como o acido alfa-linolénico (ALA), em Gleos vegetais, como o 6leo de linhacga e o 6leo de
chia (SIMOPOULOS, 2011). O ALA pode ser convertido em EPA e DHA no organismo,
embora a eficiéncia dessa conversdo seja limitada (SIMOPOULOS, 2011).

A incorporacdo de acidos graxos 6dmega 3 em produtos alimenticios tem sido uma
estratégia para aumentar o0 consumo desses nutrientes essenciais e promover a saude
(SHAHIDI; AMBIGAIPALAN, 2018). No entanto, os &cidos graxos dmega 3 sdo altamente
sensiveis a oxidacdo, o que pode limitar sua aplicacdo em produtos alimenticios e afetar a
gualidade e a estabilidade desses produtos (JACOBSEN et al., 2008). Por isso, é necessario
desenvolver estratégias para proteger os acidos graxos 6mega 3 da oxidacdo e garantir a
qualidade dos produtos enriquecidos.

A substituicdo parcial de gorduras animais por 6leos ricos em dmega 3 € uma abordagem

eficiente para melhorar o perfil lipidico de produtos carneos, como hamburgueres (HECK et
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al., 2019; JIMENEZ-COLMENERO; SANCHEZ-MUNIZ; OLMEDILLA-ALONSO, 2010).
No entanto, é fundamental garantir a estabilidade oxidativa desses 6leos para permitir sua
aplicacdo em nivel industrial e garantir a qualidade e a seguranca dos produtos enriquecidos
(WANG et al., 2021).

Em resumo, os acidos graxos émega 3 sdo essenciais para a saude humana e tém sido
incorporados em produtos alimenticios para aumentar sua ingestdo. No entanto, é necessario
desenvolver estratégias para proteger esses acidos graxos da oxidacdo e garantir a qualidade e

a estabilidade dos produtos enriquecidos.

3.2 Impacto negativo dos acidos graxos saturados

Os acidos graxos saturados (SFA) tém sido associados a efeitos negativos na salde,
principalmente devido ao seu impacto nos niveis de lipidios no sangue. O consumo excessivo
de &cidos graxos saturados pode aumentar os niveis de colesterol total e LDL (“colesterol
ruim"), o que pode levar ao desenvolvimento de doencas cardiovasculares e outros problemas
de saude, como obesidade, diabetes tipo 2 e alguns tipos de cancer (Hooper et al., 2020; Kaur
et al., 2020).

Produtos carneos, como hamburgueres, salsichas e embutidos fermentados, sdo fontes
significativas de acidos graxos saturados na dieta (DOMINGUEZ et al., 2019; HECK et al.,
2017; PLEADIN et al., 2021) Esses produtos também apresentam uma relacéo nutricionalmente
desfavoravel de acidos graxos poliinsaturados dmega-6 e dmega-3, 0 que pode contribuir para
0 desenvolvimento de inflamagdes e doencas cronicas (WOOD et al., 2004). Por isso, €
importante buscar estratégias para reduzir a quantidade de acidos graxos saturados nesses
produtos e desta forma melhorar seu perfil lipidico.

Uma das abordagens mais eficientes para reduzir a quantidade de &cidos graxos

saturados em produtos carneos é substituir parcialmente a gordura animal por 6leos vegetais
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ricos em acidos graxos insaturados, como o 6leo de linhaca e o 6leo de canola (HECK et al.,
2019, 2022; JIMENEZ-COLMENERO; SANCHEZ-MUNIZ; OLMEDILLA-ALONSO,
2010). No entanto, essa substituicdo pode afetar a textura e a estabilidade oxidativa dos
produtos, exigindo estratégias adicionais para garantir a qualidade dos produtos enriquecidos
(ALEJANDRE et al., 2016).

Outra abordagem é a incorporagdo de compostos bioativos, como antioxidantes
naturais, que podem ajudar a proteger os acidos graxos insaturados da oxidacdao e melhorar a
qualidade e a estabilidade dos produtos enriquecidos (HECK et al., 2020, 2021). Essa estratégia
pode ser combinada com a substituicdo de gorduras animais por 6leos vegetais ricos em acidos
graxos insaturados para criar produtos carneos com um perfil lipidico mais saudavel.

Em conclusdo, o consumo excessivo de acidos graxos saturados, presente em produtos
carneos, tem sido associado a efeitos negativos na salide. Reduzir a quantidade de acidos graxos
saturados e melhorar o perfil lipidico desses produtos é fundamental para promover a satde do

consumidor. A substitui¢do parcial da gordura animal por 6leos vegetais

3.3 Compostos bioativos da framboesa e seu potencial antioxidante

A framboesa (Rubus idaeus L.) é uma fruta vermelha conhecida por seu elevado teor de
compostos bioativos, como 4&cidos fendlicos, acidos organicos, vitaminas, minerais e
antocianinas (DE SOUZA et al., 2014; DIBLAN; OZKAN, 2021). Esses compostos si0
responsaveis pelo sabor, cor e propriedades antioxidantes da framboesa, contribuindo para seus
beneficios & saude e seu potencial uso em aplicagdes alimenticias (SUMMEN; ERGE, 2014).

As antocianinas sdao um grupo de pigmentos naturais encontrados em frutas vermelhas,
como a framboesa, e tém sido amplamente estudadas por suas propriedades antioxidantes (Aksu
et al., 2020). Esses compostos podem proteger os acidos graxos insaturados da oxidacdo e

melhorar a estabilidade dos produtos enriquecidos (LUTHER et al., 2007). Alem disso, as
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antocianinas podem atuar como agentes quelantes de metais e inibidores da oxidacdo
enzimatica, contribuindo para a protecdo antioxidante (AKSU; TURAN; SAT, 2020).

O uso de extratos de framboesa como aditivos naturais tem sido investigado em diversos
produtos carneos, como pastirma (AKSU et al., 2022), almdndegas (TARASEVICIENE et al.,
2022)e hamburgueres (KRYZEVICUTE et al., 2017). Os resultados desses estudos indicam
que os compostos bioativos da framboesa, especialmente as antocianinas, podem melhorar a

estabilidade oxidativa desses produtos e ajudar a reduzir a oxidagao lipidica.

3.4 Hidrogelificacdo como estratégia para incorporacdo de 6leos ricos em acidos graxos
odmega-3 em produtos carneos

A hidrogelificacdo é um processo no qual uma solucéo aquosa de polimeros hidrofilicos
e Oleos é transformada em um gel tridimensional (DOMINGUEZ et al., 2021). Essa técnica
permite a incorporacdo de 6leos ricos em acidos graxos 6mega-3 em produtos carneos,
melhorando seu perfil lipidico e atendendo a demanda dos consumidores preocupados com a
salde (DE LIMA GUTERRES et al., 2023).

A hidrogelificacdo oferece varias vantagens, como baixo custo, facil aplicacdo e
producdo de géis com caracteristicas semelhantes & gordura animal (DOMINGUEZ et al.,
2021). No entanto, a técnica também enfrenta desafios, como a necessidade de melhorar a
estabilidade oxidativa dos 6leos incorporados para evitar a oxidacdo lipidica e garantir a
qualidade dos produtos enriquecidos (DE LIMA GUTERRES et al., 2023; DE OLIVEIRA et
al., 2023).

Em um estudo prévio, a aplicacdo de emulsdes hidrogelificadas (HES) de 6leo de linhaca
com diferentes niveis de proteina de ervilha (PE) foi investigada como substituto de gordura
em hamburgueres (DE LIMA GUTERRES et al., 2023). Os resultados mostraram que as HES

com 10% de PE proporcionaram beneficios nutricionais, tecnoldgicos e sensoriais aos
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hamburgueres. No entanto, a hidrogelificagdo ndo foi suficiente para proteger completamente
0 6leo de linhaga das reacdes oxidativas.

A incorporagdo de compostos bioativos provenientes de fontes naturais, como extratos
de framboesa, pode ser uma estratégia promissora para melhorar a estabilidade oxidativa de
HEs ricas em &cidos graxos 6mega-3 (HECK et al., 2020, 2021). Esses compostos bioativos,
como as antocianinas, podem proteger os acidos graxos insaturados da oxidacéo, contribuindo
para a qualidade e a durabilidade dos produtos enriquecidos (KRYZEVICUTE et al., 2017;
LUTHER et al., 2007).

Em sintese, a hidrogelificacdo é uma técnica valiosa para a incorporacao de 6leos ricos
em &cidos graxos 6mega-3 em produtos carneos. No entanto, é essencial melhorar a estabilidade
oxidativa desses Oleos para garantir a qualidade dos produtos enriquecidos. A adicdo de
compostos bioativos, como extratos de framboesa, pode ser uma solucdo eficaz para enfrentar

esse desafio.

3.5 Técnicas de extracao verde

A quimica verde se baseia em uma série de principios que buscam minimizar o impacto
ambiental e garantir a sustentabilidade dos processos quimicos. Esses principios incluem o uso
de matérias-primas renovaveis, a reducdo do consumo de energia, a eliminacdo de substancias
toxicas e a aplicacdo de técnicas de extracdo menos agressivas ao meio ambiente (CVJETKO
BUBALO et al., 2016).

A técnica de micro-ondas de hidrodifusdo e gravidade (MHG) é um método de extragdo
verde que utiliza a energia das micro-ondas para aquecer e extrair compostos bioativos de
materiais vegetais, como a framboesa (FARIAS et al., 2022). A MHG se destaca por seu baixo
consumo de energia e pelo uso de agua como solvente, 0 que a torna uma técnica

ambientalmente amigavel e em conformidade com os principios da quimica verde.
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Outras técnicas de extracdo, como a extracdo por solventes, a extracdo supercritica e a
extracdo por ultrassom, também tém sido utilizadas para obter compostos bioativos de matérias-
primas vegetais. No entanto, essas técnicas podem apresentar limitacdes em termos de
sustentabilidade e seguranga.

A extracgéo por solventes, por exemplo, geralmente requer o uso de solventes organicos,
que podem ser toxicos e prejudiciais ao meio ambiente (HARITH et al., 2023). A extracdo
supercritica, embora seja mais seletiva e eficiente, envolve o uso de altas pressbes e
temperaturas, o que resulta em um maior consumo de energia e maior custo operacional (LACK
et al., 2001). A extracédo por ultrassom, por sua vez, pode gerar calor excessivo e degradagéo
dos compostos bioativos sensiveis ao calor (GONZALEZ et al., 2022). Em contraste, a técnica
de MHG oferece uma abordagem mais sustentavel e segura para a extracdo de compostos
bioativos, como antocianinas, sem comprometer a eficiéncia e a qualidade do produto final
(FARIAS et al., 2022).

Em resumo, as técnicas de extracdo verde, como a MHG, representam uma alternativa
promissora as abordagens convencionais de extracdo, proporcionando beneficios ambientais e
de seguranca, sem comprometer a qualidade e a eficacia dos compostos bioativos extraidos. A
aplicacdo dessas técnicas em conjunto com a hidrogelificacdo e a incorporacdo de compostos
bioativos em produtos carneos pode levar ao desenvolvimento de produtos mais saudaveis e

sustentaveis.
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4 DESENVOLVIMENTO
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Abstract: Hydrogelled emulsions (HEs) of linseed oil and pea protein (PP) were produced with four
levels (0, 5, 7.5, and 10%) of raspberry extract obtained by a green extraction technique (microwave
hydrodiffusion and gravity—MHG). HEs were applied in burgers to replace 50% of pork backfat
content. The products’ technological, nutritional, oxidative, microbiological, and sensory properties
were evaluated. Besides reducing the fat level by approximately 43%, the reformulation reduced the
n-6/n-3 PUFA ratio to healthy levels, decreased the diameter reduction by 30%, and increased the
cooking yield by 11%. Including 7.5 and 10% of raspberry extract in the HEs decreased the oxidative
defects caused by the enrichment of the burgers with omega-3 fatty acids. In addition, the raspberry
extract did not cause alterations in the mesophilic aerobic count and the burgers’ sensory profile.

Keywords: lipid oxidation; linseed oil; pea protein; microwave hydrodiffusion and gravity; green
chemistry

1. Introduction

The high consumption of saturated fatty acids (SFA), which constitute over 40% of the
lipid fraction in burgers, has been linked to negative health consequences [1]. Moreover, an
imbalanced omega-6 to omega-3 ratio (between 15 to 20:1) in these products can exacerbate
health risks, such as chronic diseases and certain types of cancer [2,3]. To address these
concerns, incorporating oils rich in omega-3 fatty acids can improve the lipid profile of
burgers. However, these healthful oils are susceptible to lipid oxidation, necessitating
strategies to enhance their oxidative stability when applied to burgers.

Hydrogelation, a restructuring technique, is employed to modify oil consistency and
mitigate the issues associated with its application in meat products [4]. Besides being
cost-effective, it produces gels with appearance and functionality akin to animal fat. In a
previous study, our research group utilized this technique to create hydrogelled emulsions
(HEs) of linseed oil containing varying levels (0 to 20%) of pea protein (PP) as fat replacers
in burgers. HEs with 10% PP significantly enhanced the burgers’ nutritional, technological,
and sensory properties, but hydrogelation alone was insufficient to protect linseed oil from
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oxidative reactions fully [5]. Thus, further research is needed to explore strategies to bolster
the oxidative stability of omega-3-rich HEs for industrial applications. One such approach
involves incorporating bioactive compounds from natural sources into HEs [6,7].

The potential health benefits of functional foods enriched with bioactive compounds
have garnered considerable attention in recent years. These bioactive compounds im-
prove the nutritional profile of foods and offer protective effects against various diseases.
Consequently, there is a growing interest in identifying and incorporating natural antioxi-
dants into food formulations to enhance both the quality and shelf-life of products while
promoting health benefits for consumers.

Raspberries (Rubus ideaus L.), a red fruit abundant in bioactive compounds, such as
phenolics, organic acids, vitamins, minerals, and anthocyanins with potent antioxidant
properties [8], can potentially enhance the oxidative stability of omega-3-enriched meat
products. Previous studies have demonstrated that raspberry extracts can enhance the
oxidative stability of fish oil (rich in n-3 PUFAs) [9] and various meat products, such
as pastirma [10], meatballs [11], and burgers [12]. The mechanism by which raspberry
extracts exert their antioxidant effects can be attributed to the presence of anthocyanins.
Anthocyanins are natural pigments that possess strong antioxidant properties. They work
by scavenging free radicals and preventing lipid oxidation, which can be detrimental to the
quality and shelf life of meat products.

However, the extraction technique for obtaining bioactive compounds is a crucial
factor. Employing environmentally harmful extraction methods or those leaving toxic
residues contradicts the goal of improving food quality. Thus, eco-friendly extraction
techniques are necessary. Farias et al. [13] demonstrated that the MHG technique effectively
extracted many anthocyanins from raspberries using only water as a solvent and with low
energy consumption, aligning with green chemistry principles.

Considering this context, the current study seeks to determine if raspberry extract,
obtained using the eco-friendly MHG method, can improve the oxidative stability of
burgers enriched with omega-3 fatty acids. To pursue this objective, the raspberry extract
was combined with linseed oil. This blend was subsequently hydrogelled with pea protein
(PP) and utilized as a fat substitute in burgers. In addition to evaluating the oxidative
stability, the effects of this lipid reformulation on the burgers’ technological, nutritional,
microbiological, and sensory characteristics were also evaluated.

2. Materials and Methods
2.1. Elaboration of the Raspberry Extract by MHG

Raspberry anthocyanin extracts were produced in a microwave oven (NEOS-GR,
Milestone, Bergamo, Italy). Two hundred grams of frozen fruit were cut in half and
submitted to microwave heating (600 Watts) for 9 min. These conditions were optimized
previously by Farias et al. [13] to extract the highest concentration of bioactive constituents
of raspberry. The raspberry extract was produced in triplicate.

2.2. Elaboration of Hydrogelled Emulsions Enriched with Raspberry Extract and Application in Burgers

The formulations of the hydrogelled emulsions (HEs) are shown in Table 1. The HEs
were prepared according to the procedure described in de Lima Guterrez [5], and the
raspberry extract was added to the aqueous phase. The burgers of the Control treatment
were prepared with the following formulation: 78.4% pork, 20% pork backfat, 1.5% salt,
and 0.1% garlic powder. The burgers of the treatments GEO, GE0.5, GE0.75, and GE1
were prepared with a 50% replacement of the pork backfat content of the Control by the
HEs produced with 0 (HEO), 5 (HES), 7.5 (HE7. 5) and 10% (HE10) of raspberry extract,
respectively. Thus, the levels of raspberry extract in the burgers of treatments GEO, GE0.5,
GEO0.75, and GE1 were 0, 0.5, 0.75, and 1%, respectively. The burgers (100 g, 11 cm in
diameter and 2.5 cm thick) were produced as described by de Lima Guterres et al. [5] and
individually packaged in high-density polyethylene bags measuring 18 x 14 cm (Extrusa-
Pack, Sao Paulo, SP, Brazil). The packages (50 pm thick) had oxygen and water vapor
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transmission rates of 1434 cm®/m?.day and 0.6 g/m?.day, respectively. The burgers were
placed in styrofoam trays and kept in darkness for 12 days at 4 £ 0.1 °C. Three independent
replicates of each HE and each batch of burgers were produced using the same ingredients
and raw materials to limit experimental errors. Hence, 500 g of each HE and 30 burgers of
each treatment were prepared in each independent replicate.

Table 1. Formulations of hydrogelled emulsions of linseed oil and pea protein enriched with raspberry
extract.

(%) HEO HE5 HE?7.5 HE10
Linseed oil 25 25 25 25
Pea protein 10 10 10 10
Tween 80 1 1 1 1
Carrageenan 4 4 4 4
Raspberry extract 0 5 7.5 10
Water 60 55 52.5 50
Total 100 100 100 100

2.3. Determination of Chemical Composition and Fatty Acid Profile

The chemical composition (moisture, protein, lipids, and ash) and fatty acid profile
of the burgers were analyzed in triplicate immediately after production. AOAC methods
950.46, 992.15, and 920.153 [14] were employed to determine moisture, protein, and ash
contents, respectively. Lipid content was extracted and quantified using the Bligh and
Dyer [15] method. Lipids were transesterified to fatty acid methyl esters (FAMEs) using
the Hartman and Lago [16] method. FAMEs were measured according to the conditions
outlined by de Lima Guterres et al. [5], with results expressed as grams of fatty acids per
100 g of the product. Atherogenicity (Al) and thrombogenicity (TI) indices were computed
using the following equations [17]:

gy C12:0+ (4% C14:0) +C16:0
~  (LPUFA) + (L MUFA)

)

Cl4:0+C16:0+C18:0
= 3 @)
(0.5><ZMUFA)—i—(O.S><n—6)+(3><n_3)+(n;)

2.4. Technological Properties

The weight and the diameter of three raw burgers per treatment from each indepen-
dent replicate were measured. Next, the burgers were cooked to 72 °C in the core. Cooking
was performed on a grill (Multi Grill, Britania, Brazil) set at 150 °C. The burgers were
turned every 2 min to ensure even cooking. The cooked burgers were cooled to 25 °C, and
their weight and diameter were again measured. The following equations were used to
calculate the diameter reduction and the cooking yield:

diametery, — diameter copked «

Y%diameterreduction = i ;
iameter,

100 3)

ight
WeLZNL yoked % 100 (4)

Y%cookingyield =
Jocookingyield weight,
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2.5. Determination of Instrumental Color

A colorimeter (Model CR-400, Konica Minolta Sensing Inc., Osaka, Japan) was used
to measure the burgers’ L*, 4%, and b* values during the storage (1, 4, 8, and 12 days
of storage). The equipment operated with the following parameters: illuminant D65,
observation angle of 10°, and aperture of 1.5 cm. The colorimeter was calibrated before
each measurement session using a standard white plate. Two raw burgers per treatment
from each independent replicate were used for instrumental color determination on each
analysis day. The plastic packaging was previously removed, and the color determination
was performed at six different points of each burger. AE values were calculated for each
treatment by comparing the L*, a*, and b* values from days 4, 8, and 12 with day 1 of storage
according to the equation:

AE = [(L* — L) + (@* — a%)* + (b — b%)’]°° ®)

AE is calculated as the square root of the sum of squared differences between the L*,
a*, and b* coordinates for a given treatment on days 4, 8, and 12 compared to day 1 [18].

2.6. Determination of pH and TBARS Values

The pH and TBARS values of the burgers were measured on days 1, 4, 8, and 12 of
storage. Two raw burgers per treatment from each independent replicate were analyzed
in triplicate on each day of storage. pH measurements were taken using a pre-calibrated
pH meter (Model 130 MA; Mettler Toledo, Sao Paulo, Brazil) with pH 4.0 and 7.0 buffer
solutions (Merck, Germany). The readings were obtained from a homogenized solution
consisting of 5 g of sample and 50 mL of distilled water. TBARS values were expressed as
mg of malondialdehyde per kg of the sample, and the analytical procedure was performed
using the methodology described by Bruna et al. [19].

2.7. Microbiological Analysis

The quantification of aerobic mesophilic microorganisms was performed on days 1, 4,
8, and 12 of storage, according to Silva et al. [20]. Two raw burgers per treatment from each
independent replicate were analyzed in triplicate on each day of storage.

2.8. Sensory Analysis

The sensory profile of the burgers was determined using a descriptive sensory analysis
following the procedures outlined by Wang et al. [21]. The Federal University of Santa Maria’s
Human Research Ethics Committee approved the protocol (CAAE 28514820.0.0000.5346).

Fifteen tasters, aged between 20 and 55 years, were selected using triangular and
basic taste recognition tests according to Stone and Sidel’s [22] methodology. In a Free
Choice Profiling session, the tasters defined descriptor terms for characterizing samples
and evaluating color and aroma changes related to lipid oxidation during storage.

On day 1, a descriptive analysis was conducted to assess the impact of lipid reformula-
tion on the sensory profile of cooked burgers, focusing on fishy aroma, characteristic aroma,
fishy taste, characteristic taste, and softness. Burgers were cooked, cut into eight pieces, and
kept at 60 °C in aluminum foil until the sensory analysis. Samples not evaluated within
60 min were discarded.

During storage (days 1, 4, 8, and 12), a descriptive analysis was performed to examine
the effect of lipid oxidation on the color and aroma of raw burgers. Descriptors included
characteristic color, oxidized color, characteristic aroma, and rancid aroma. Raw burgers
were removed from packaging, placed in Petri dishes, and kept at 4 °C. Samples not
analyzed within 30 min were discarded.

Sensory analysis was conducted in individual booths with fluorescent lighting. Sam-
ples were coded with three random numbers and presented to panelists in a monadic
manner using a completely balanced block [23]. A 9 cm unstructured scale was used to
evaluate the descriptors (1—little and 9—very).



Foods 2023, 12, 1631

50f16

2.9. Statistical Analysis

The entire experiment was conducted three times on separate days. Levene and
Shapiro-Wilk tests confirmed that the data followed a normal distribution. Grubbs test was
employed to remove outliers (p < 0.05). A generalized linear model was used to analyze the
results. Fixed effects in the model included “treatments” and “storage time.” Repetitions
and tasters were incorporated into the model as random effects. The interaction between
“treatments” and “storage time” was also assessed. Tukey’s test was utilized for mean
comparisons (p < 0.05).

3. Results and Discussion
3.1. Chemical Composition and Fatty Acid Profile

The chemical composition of the bioactive compound-enriched burgers is presented
in Table 2. The moisture content in the reformulated samples was higher (p < 0.01) than
the Control, which was expected due to the presence of 50-60% water in the HEs. The
protein and ash contents were unaffected (p > 0.05) by substituting pork backfat with HEs.
However, the reformulated samples had around 43% less fat than the Control (p < 0.001).

Table 2. Chemical composition (%) of pork burgers enriched with bioactive compounds.

Control GEO0 GEO0.5 GEO0.75 GE1 SEM Sig.
Moisture 65.1P 67.12 66.92 66.62 67.02 1.4 o
Protein 19472 18.34 18.7 2 1844 20.02 0.4 n.s.
Lipid 21.82 12.3b 12.5b 12.6° 12.3b 0.4 ok
Ash 292 272 312 2472 252 0.2 n.s.
Mean values in the same row with identical letters displayed no significant variation (p > 0.05), according to
Tukey’s analysis. Groupings: Control group: 20% pork back fat; GEO, GE0.5, GE0.75, and GE: 50% replacement
of pork back fat with hydrogel emulsion made from linseed oil and pea protein, containing 0, 0.5, 0.75, and
1% raspberry extract, respectively. SEM: Standard error of the mean. Sig: n.s. (not significant), ** (p < 0.01),
*** (p < 0.001).

Apart from the reduced fat content, the reformulated burgers also exhibited a more
nutritionally favorable fatty acid profile for human health (Table 3). The primary nutritional
advantage of lipid reformulation was the 50% reduction in lauric (C12:0), myristic (C14:0),
and palmitic acids (C16:0), which are positively associated with increased LDL cholesterol
(Low-Density Lipoproteins) [2]. Moreover, stearic acid (C18:0) content was reduced by
approximately 50% in the reformulated samples, which is beneficial for the product’s
nutritional quality. Although stearic acid has a neutral impact on triglycerides and total
cholesterol, its overall effect on cardiovascular disease development remains uncertain [24].
Table 3. Fatty acid composition (represented as grams of fatty acids per 100 g of the sample) in pork
burgers enhanced with bioactive components.

Control GEO0 GE0.5 GE0.75 GE1 SEM Sig
C12:0 0.022 0.01° 0.009 0.009 ® 0.008 ° 0.00
C14:0 0342 0.14°¢ 017" 0.16 b¢ 0.15¢ 0.01 b
C14:1 0.0122 0.007® 0.006 P 0.008 0.007 P 0.00
C15:0 0.0342 0.017° 0.017 be 0.018° 0.013°¢ 0.00
C16:0 4.76 2 2.35°¢ 2.52°P 249° 2.45b¢ 0.10
C16:1 0.64 2 0.27 b 0.30° 0.29 be 0.24°¢ 0.02 o
C17:0 0.142 0.07° 0.07° 0.07° 0.07° 0.00 o
C:17:1 n10 cis 0.09 2 0.04° 0.04° 0.04° 0.04° 0.00
C18:0 2.852 145¢ 1.59°P 159 1.36°¢ 0.06 o
C18:1 n9 cis 8.512 434°¢ 451° 454b 4.36°¢ 0.17 o
C18:2 n6 trans 0.042 0.02° 0.02° 0.02° 0.02° 0.00 .
C18:2 né6 cis 3.582 2.12°b 1.96¢ 2.07 b 2.01 be 0.06
C20:0 0.042 0.02° 0.02° 0.02° 0.02° 0.00 o
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Table 3. Cont.

Control GE0 GE0.5 GE0.75 GE1 SEM Sig
C18:3 n6 0.008 2 0.005 P 0.003 0.007 @b 0.006 2P 0.00
C18:3 n3 0.38¢ 1.252b 1.09P 1.07° 1.402 0.04
C20:2 n6 0.172 0.07" 0.07° 0.08b 0.06° 0.00 e
C22:0 0.009 be 0.0122 0.008 ¢ 0.011 2P 0.009 be 0.00 =
C20:3 n3 0.0252 0.013 be 0.009 4 0.016° 0.009 <d 0.00
C20:3 n6 0.027 2 0.014b 0.014" 0.015P 0.012"b 0.00
C20:4 n6 0.132 0.07b 0.054 0.07 be 0.06 <4 0.00
C24:0 0.002°¢ 0.004 b 0.004 b 0.004 2P 0.005 2 0.00
C24:1 n9 0.002 2 0.001P 0.001 © 0.001 ¢ 0.000 4 0.00
C22:6 (DHA) 0.008 2 0.004b 0.003 b 0.004 P 0.004 b 0.00 e
Y'SFA 8.612 427¢ 460" 457b 423¢ 0.17 ot
Y MUFA 13.352 8.10" 7.99 b 8.09P 8.12P 0.22 ok
Y PUFA 4332 3.55P 322¢ 3.33 be 3.56P 0.04 4t
PUFA/SFA 032¢ 0442 0.40° 0.41b 0.442 0.00 #ht
Y'n-3 0.44° 1.29 ab 1.12b 1.11b 1432 0.04 .
Yn-6 3.992 2.32b 2.14°¢ 2.28be 2.19 be 0.07 ek
n-6/n-3 9.102 1.80 be 1.91P 2.06P 1.53¢ 0.30 e
Al 0.352 0.25¢ 0.29°P 0.28 be 0.26 be 0.00 ot
TI 0.652 0.39°¢ 0.44 b 043P 0.39°¢ 0.01

Mean values in the same row with identical letters displayed no significant variation (p > 0.05), according to Tukey’s
analysis. Groupings: Control group: 20% pork back fat; GEO, GE0.5, GE0.75, and GE: 50% replacement of pork
back fat with hydrogel emulsion made from linseed oil and pea protein, containing 0, 0.5, 0.75, and 1% raspberry
extract, respectively. SEM: Standard error of the mean. Sig: ** (p < 0.01), *** (p < 0.001). SFA = saturated fatty acids;
MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; n-6 = omega-6; n-3 = omega-3. Al:
atherogenic index; TI: thrombogenic index.

Increasing omega-3 fatty acids and decreasing omega-6 fatty acids also offer nutritional
benefits to burgers, as consuming foods with an n-6/n-3 ratio greater than 4 is positively
linked to inflammatory reactions and cardiovascular diseases [25]. The lipid reformula-
tion’s nutritional advantages were further demonstrated by improvements in other critical
nutritional indices, such as an increased PUFA /SFA ratio and decreased atherogenicity and
thrombogenicity indices.

3.2. Technological Properties

The diameter reduction and cooking yield results are shown in Figure 1. The refor-
mulated burgers showed a diameter reduction after cooking approximately 30% less than
the Control (p < 0.001). Furthermore, lipid reformulation increased the cooking yield by
about 11% (p < 0.001). These results indicate that the reformulated products retained more
water and fat during cooking, which benefits their sensory quality. This improvement in
technological quality is due to the high water and fat retention capacity of the PP that was
added to HE [26]. Agreeing with these results, de Lima Guterres et al. [5] also reported
better burger cooking properties with the replacement of animal fat by HEs made with 10 to
20% PP. Other studies have also reported the beneficial effect of PP on the technological
properties of restructured [27] and emulsified [28] meat products. The addition of raspberry
extract did not change the analyzed cooking properties.
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Figure 1. Technological properties of pork burgers enriched with bioactive compounds. Distinct
letters demonstrated significant variations in Tukey’s analysis (p < 0.05). Error bars represent the
standard error of the mean. Regimens: Control group: 20% pork back fat; GEO, GE0.5, GE0.75, and
GE: 50% replacement of pork back fat using hydrogel emulsion derived from linseed oil and pea
protein, incorporating 0, 0.5, 0.75, and 1% raspberry extract, correspondingly.

3.3. Instrumental Color

The L*, a*, and b* values of the burgers shortly after production (day 1) are presented
in Table 4. There were no significant differences (p > 0.05) in the L*, a*, and b*values
between the sample prepared with HE without raspberry extract (GEO) and the Control.
This result aligns with a previous study that found no differences in L*, 4%, and b* values
when replacing animal fat with HEs made from linseed oil containing up to 10% PP [5].
Adding the raspberry extract to the HEs did not alter the values of the burgers’ L*, a*, and
b*. This finding is significant because numerous studies have reported that incorporating
natural extracts can negatively impact the color of meat products, rendering their use
unfeasible [29-31].

Table 4. Instrumental color (day 1) of pork burgers enriched with bioactive compounds.

Control

GEO0 GE0.5 GE0.75 GE1 SEM Sig.

LX-

b>(-

56.6 2
692
1622

58.3 4 55.02 5432 5122 1.3 n.s.
718 6.052 6.52 574 0.6 n.s.
1702 16.82 1552 16.22 0.8 n.s.

Mean values in the same row with identical letters displayed no significant variation (p > 0.05), according to
Tukey’s analysis. Groupings: Control group: 20% pork back fat; GEO, GE0.5, GE0.75, and GE: 50% replacement
of pork back fat with hydrogel emulsion made from linseed oil and pea protein, containing 0, 0.5, 0.75, and 1%
raspberry extract, respectively. SEM: Standard error of the mean. Sig: n.s. (not significant).
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AE
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AE values were calculated to display the color differences between treatments imme-
diately after production (day 1) and after 4, 8, and 12 days of refrigerated storage (Figure 2).
After four days of refrigerated storage, all treatments had AE values lower than 5, indicating
that the L*, a* and b* values remained close to their initial levels, and consumers would
struggle to detect color differences [32,33]. After eight days of refrigerated storage, the
Control and GEO samples exhibited visually perceptible AE values (above 5). However,
samples with raspberry extract (GE0.5, GE0.75, and GE1) maintained AE values below 5
during this period, with the GE1 sample staying beneath the visually detectable threshold
until the end of storage (day 12).

Il Control
B GEO
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m GEIl
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! !
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] ]
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] ]
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] ]
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Storage Days

Figure 2. AE values of burgers calculated for each treatment by comparing the color differences
on days 4, 8, and 12 with day 1. Distinct letters demonstrated significant variations in Tukey’s
analysis (p < 0.05). Error bars represent the standard error of the mean. Regimens: Control group:
20% pork back fat; GEO, GE0.5, GE0.75, and GE: 50% replacement of pork back fat using hydrogel
emulsion derived from linseed oil and pea protein, incorporating 0, 0.5, 0.75, and 1% raspberry
extract, correspondingly.

3.4. pH and TBARS

The interaction between the fixed factors (treatments and storage time) significantly
(p < 0.001) influenced pH evolution (Figure 3). Right after manufacturing, the pH values
of all samples were between 5.8 and 5.9 (p > 0.05). These pH values are within the range
commonly reported for burgers [34].
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Figure 3. pH values of bioactive compound-enriched pork burgers. Distinct letters demonstrated
significant variations in Tukey’s analysis (p < 0.05). Error bars represent the standard error of the
mean. Regimens: Control group: 20% pork back fat; GE0, GE0.5, GE0.75, and GE: 50% replacement
of pork back fat using hydrogel emulsion derived from linseed oil and pea protein, incorporating 0,
0.5,0.75, and 1% raspberry extract, correspondingly.

The pH values of all treatments remained stable until the 4th day of storage (p > 0.05).
From the 8th day of storage, pH values increased, with the highest increase observed in
the GEO sample at the end of storage. This increase is due to proteolytic reactions that,
when degrading proteins, release alkaline compounds [35]. De Lima Guterres et al. [5]
also observed a more pronounced increase in pH during storage for burgers containing
PP, which might be associated with proteolytic and oxidative reactions. In the present
study, treatments with raspberry extract showed lower pH values after 12 days of storage
than GEO (p < 0.001). Therefore, this result suggests that the raspberry extract may have
protected PP from oxidative reactions since the anthocyanins present in the extract are
more stable at a lower pH range [10].

TBARS values were significantly influenced (p < 0.001) by the interaction between
treatments and storage time (Figure 4). At the beginning of storage, the TBARS values of
the GEO sample were already significantly higher than the Control. Throughout storage,
the Control exhibited lower TBARS values than the reformulated treatments, except on
day 1 when samples GE(.75 and GE1 had similar values. This difference can be easily
explained by examining omega-3 fatty acid content differences between the Control and
the reformulated samples (Table 2), as this fatty acid is highly susceptible to oxidative
reactions [36]. This increase in lipid oxidation due to the enrichment with omega-3 fatty
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acids is commonly reported and represents one of the main challenges to overcome when
incorporating healthy oils into meat products [37,38].

2.0

1.0+

0.5+

0.0~

IR Control
M GEO
M GE0.5
B GE0.75
m GEI1

— 0o

o
3

de def  def

ch

Storage Days

Figure 4. TBARS values for bioactive compound-enriched pork burgers. Distinct letters demonstrated
significant variations in Tukey’s analysis (p < 0.05). Error bars represent the standard error of the
mean. Regimens: Control group: 20% pork back fat; GEO, GE0.5, GE0.75, and GE: 50% replacement
of pork back fat using hydrogel emulsion derived from linseed oil and pea protein, incorporating 0,
0.5, 0.75, and 1% raspberry extract, correspondingly.

Samples containing raspberry extract (GE0.5, GE0.75, and GE1) demonstrated lower
(p <0.001) TBARS values than the GEO sample (without raspberry extract) throughout
storage. The most significant difference was observed at the end of storage (day 12) when
samples GE0.5, GE0.75, and GE1 had TBARS values 30% lower than GEO. It should be noted
that although the samples with raspberry extract exhibited greater lipid oxidation than the
Control, their TBARS values remained below the sensorially detectable limit (<1.0 mg of
MDA /kg of the sample) throughout storage [39].

Farias et al. [13] reported that the raspberry extract used in this study contained a high
concentration of anthocyanins, with cyanidin-3-dihexoside being the major compound.
This finding explains the antioxidant effect observed in samples GE0.5, GE0.75, and GE1,
as anthocyanins have the ability to stabilize free radicals by donating hydrogen atoms. This
process reduces the rate of oxidative reactions [30]. In agreement with these results, Aksu
et al. [10] reported improved oxidative stability in pastirma supplemented with 4 and 5%
aqueous raspberry extract.



Foods 2023, 12, 1631

110f 16

3.5. Microbiological and Sensory Analysis

The interaction between “treatments” and “storage time” had a significant impact
(p < 0.001) on the development of mesophilic aerobic microorganisms (Figure 5). In all
treatments, the initial count of aerobic mesophilic microorganisms was below 4 log CFU
g~ (p > 0.05). After 12 days of storage, the count reached values signifying the end of the
product’s shelf life (6 log CFU g’l) [40] in all treatments. The raspberry extract did not
interfere with the evolution of the mesophilic aerobic count. Similarly, other studies did
not report an antimicrobial effect of extracts with a high content of phenolic compounds in
meat products [41-43].

Il Control
B GEO
m GEO0.S
B GEO0.75
M GEl
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gh 9

ohi ghi
iik J K

Storage Days

Figure 5. Mesophilic aerobic microorganisms count (Log CFU g~!) in bioactive compound-enriched
pork burgers. Distinct letters demonstrated significant variations in Tukey’s analysis (p < 0.05). Error
bars represent the standard error of the mean. Regimens: Control group: 20% pork back fat; GEO,
GEO0.5, GE0.75, and GE: 50% replacement of pork back fat using hydrogel emulsion derived from
linseed oil and pea protein, incorporating 0, 0.5, 0.75, and 1% raspberry extract, correspondingly.

The results of the sensory evaluation performed shortly after manufacturing (day 1)
of the burgers are shown in Figure 6. Previous studies reported that adding linseed oil to
burgers gave a fishy aroma and taste, impairing the products’ sensory quality [7]. In this
study, adding HE containing 25% linseed oil did not increase the sensory perception of
the burgers’ fishy aroma and fishy taste (p > 0.05). Furthermore, replacing pork backfat
with HE without raspberry extract did not significantly affect the attributes “softness”,
“characteristic aroma”, and “characteristic taste” of the burgers. The enrichment of HE with
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raspberry extract also did not cause significant changes in the sensory descriptors. This
result is essential considering that some studies have reported a decrease in the sensory
quality of meat products supplemented with plant extracts [44,45].

Control
GEO
GE0.5
GEO0.75
GE1

Fishy aroma

ns

| TTII

ns

T

Fishy taste Softness Pleasant aroma Pleasant taste

Figure 6. Results of the sensory evaluation performed shortly after manufacturing (day 1) of the
burgers enriched with bioactive compounds. Distinct letters demonstrated significant variations in
Tukey’s analysis (p < 0.05). Error bars represent the standard error of the mean. Regimens: Control
group: 20% pork back fat; GEO, GE0.5, GE0.75, and GE: 50% replacement of pork back fat using
hydrogel emulsion derived from linseed oil and pea protein, incorporating 0, 0.5, 0.75, and 1%
raspberry extract, correspondingly. n.s. (not significant).

In this study, changes in sensory descriptors of color and aroma related to lipid
oxidation were also analyzed during burger storage (1, 4, 8, and 12 days) (Figure 7). No
significant interactions were observed between the factors “storage time” and “treatments”
in any sensory descriptor analyzed (p > 0.05). For this reason, the effects of the factors
“storage time” and “treatments” are presented separately in Figures 7a and 7b, respectively.

The sensory descriptors analyzed were not significantly affected until the 4th day of
storage. Significant changes in oxidative stability were sensorially identified from the 8th
day of storage, being even more potentiated at the end of storage (day 12) (p < 0.05). These
results align with the evolution of AE (Figure 2) and TBARS (Figure 4) values.
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Figure 7. Sensory descriptors of color and aroma related to lipid oxidation analyzed during burger
storage (1, 4, 8, and 12 days). (a,b): effects of the factors “storage time” and “treatments”, respectively.
Distinct letters demonstrated significant variations in Tukey’s analysis (p < 0.05). Error bars represent
the standard error of the mean. Regimens: Control group: 20% pork back fat; GE0, GE0.5, GE0.75,
and GE: 50% replacement of pork back fat using hydrogel emulsion derived from linseed oil and pea
protein, incorporating 0, 0.5, 0.75, and 1% raspberry extract, correspondingly.
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The GO sample showed a significant reduction during storage in the descriptors
“characteristic aroma” and “characteristic color” notes concerning the Control. In addition,
GO had the highest score in the “rancid aroma” attribute among all treatments. This result is
consistent with the higher TBARS values in GO during storage (Figure 4). GO also exhibited
a higher score for the “oxidized color” attribute compared to the Control, which aligns
with both the TBARS results and the progression of AE values (Figure 2). These findings,
therefore, confirm that substituting pork backfat with HE-containing a high concentration
of omega-3 fatty acids significantly compromised the oxidative quality of the burgers.
Other researchers obtained similar results when applying oils rich in omega-3 fatty acids to
meat products [46-48]. Incorporating raspberry extract in HE reduced the sensory defects
observed in the analyzed descriptors. The best results were observed in samples containing
HEs produced with 7.5% and 10% of raspberry extract (GE0.75 and GEL1), corresponding to
0.75% and 1% of raspberry extract in the burger, respectively. The fact that samples GE0.75
and GE1 presented scores significantly similar to the Control in all sensory descriptors
analyzed during storage is well correlated with the evolution of AE (Figure 2) and TBARS
(Figure 4) values. Therefore, these results prove that the raspberry extract reduced the lipid
oxidation caused during storage by the enrichment of burgers with omega-3 fatty acids.

4. Conclusions

In this study, substituting 50% of pork backfat with HEs created from linseed oil and
PP led to improved nutritional and technological qualities in the burgers without impacting
the growth of mesophilic aerobic microorganisms. However, both instrumental and sensory
analyses revealed a decrease in the burgers” oxidative stability due to the proposed lipid
reformulation. Including 7.5% and 10% raspberry extract in the HEs mitigated the oxidative
issues resulting from omega-3 fatty acid enrichment, rendering them undetectable to the
senses. Consequently, the study’s findings demonstrate the feasibility of producing health-
ier burgers with satisfactory technological, oxidative, and sensory qualities by replacing
50% animal fat with HEs composed of linseed oil, PP, and raspberry extract.

Author Contributions: Conceptualization, R.W. and P.C.B.C.; formal analysis, ] M.L. and G.N;
funding acquisition, P.C.B.C.; investigation, A.5.d.O., B.A.d.S., C.A.A.E, LP.C, M.W.S.C. and M.B.P;
methodology, M.T.B.,, RW., AJ.C.,].S.B., ] M.L. and G.N.; project administration, P.C.B.C.; supervision,
P.C.B.C,; visualization, P.C.B.C.; writing—original draft, A.5.d.O. and P.C.B.C.; writing—review &
editing, B.A.d.S., CAAF,LPC, MWS.C, M.B.P, M.T.B,, RW.,, A]J.C,].S.B., ] M.L. and G.N. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Research Ethics Committee
of the Federal University of Santa Maria (RS, Brazil) (CAAE: 57433316.8.0000.5346).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This research received partial funding from the Coordination for the Improve-
ment of Higher Education Personnel—Brazil (CAPES)—Finance Code 001 and by the Conselho
Nacional de Desenvolvimento Cientifico e Tecnolégico—CNPq. A.J. Cichoski, C.J.C. ].M. Lorenzo,
G. Nieto, and P.C.B. Campagnol are part of the HealthyMeat network, supported by CYTED (ref.
119RT0568).

Conflicts of Interest: The authors declare no conflict of interest.

1.  Heck, R.T,; Lucas, B.N.; dos Santos, D.].P,; Pinton, M.B.; Fagundes, M.B.; de Aratjo Etchepare, M.; Cichoski, A.].; de Menezes, C.R;
Barin, ].S.; Wagner, R.; et al. Oxidative stability of burgers containing chia oil microparticles enriched with rosemary by green-
extraction techniques. Meat Sci. 2018, 146, 147-153. [CrossRef] [PubMed]

Klurfeld, D.M. Research Gaps in Evaluating the Relationship of Meat and Health. Meat Sci. 2015, 109, 86-95. [CrossRef] [PubMed]


https://doi.org/10.1016/j.meatsci.2018.08.009
https://www.ncbi.nlm.nih.gov/pubmed/30145411
https://doi.org/10.1016/j.meatsci.2015.05.022
https://www.ncbi.nlm.nih.gov/pubmed/26043666

Foods 2023, 12, 1631 15 of 16

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

Heck, R.T.; Dos Santos, B.A.; Lorenzo, ].M.; Ruiz-Capillas, C.; Cichoski, A.].; de Menezes, C.R.; Campagnol, P.C.B. Replacement of
Saturated Fat by Healthy Oils to Improve Nutritional Quality of Meat Products. In Food Lipids: Sources, Health Implications, and
Future Trends; Academic Press: Cambridge, MA, USA, 2022; pp. 461-487. [CrossRef]

Dominguez, R.; Munekata, P.E.; Pateiro, M.; Loépez-Fernandez, O.; Lorenzo, ]. M. Immobilization of Oils Using Hydrogels as
Strategy to Replace Animal Fats and Improve the Healthiness of Meat Products. Curr. Opin. Food Sci. 2021, 37, 135-144. [CrossRef]
de Lima Guterres, L.; Pinton, M.B.; dos Santos, B.A.; Correa, L.P.; Cordeiro, M.W.S.; Wagner, R.; Cichoski, A.].; Lorenzo, ] M.;
Campagnol, P.C.B. Hydrogelled Emulsion from Linseed Oil and Pea Protein as a Strategy to Produce Healthier Pork Burgers with
High Technological and Sensory Quality. Meat Sci. 2023, 195, 109028. [CrossRef]

Heck, R.T.; Ferreira, D.F,; Fagundes, M.B.; Dos Santos, B.A.; Cichoski, A.]J.; Saldafia, E.; Lorenzo, ].M.; de Menezes, C.R,;
Wagner, R.; Barin, ].S.; et al. Jabuticaba Peel Extract Obtained by Microwave Hydrodiffusion and Gravity Extraction: A Green
Strategy to Improve the Oxidative and Sensory Stability of Beef Burgers Produced with Healthier Oils. Meat Sci. 2020, 170, 108230.
[CrossRef] [PubMed]

Heck, R.T.; da Rosa, J.L.; Vendruscolo, R.G.; Cichoski, A.].; Meinhart, A.D.; Lorini, A.; Paim, B.T.; Galli, V.; Robalo, S.S.;
Dos Santos, B.A; et al. Lipid Oxidation and Sensory Characterization of Omega-3 Rich Buffalo Burgers Enriched with Chlorogenic
Acids from the Mate (llex paraguariensis) Tree Harvesting Residues. Meat Sci. 2021, 179, 108534. [CrossRef]

De Souza, V.R.; Pereira, P.A.P,; Da Silva, T.L.T.; De Oliveira Lima, L.C.; Pio, R.; Queiroz, F. Determination of the Bioactive
Compounds, Antioxidant Activity and Chemical Composition of Brazilian Blackberry, Red Raspberry, Strawberry, Blueberry and
Sweet Cherry Fruits. Food Chem. 2014, 156, 362-368. [CrossRef]

Luther, M,; Parry, J.; Moore, J.; Meng, J.; Zhang, Y.; Cheng, Z.; Yu, L. (Lucy) Inhibitory Effect of Chardonnay and Black Raspberry
Seed Extracts on Lipid Oxidation in Fish Oil and Their Radical Scavenging and Antimicrobial Properties. Food Chem. 2007, 104,
1065-1073. [CrossRef]

Aksu, M.1,; Erdemir, E.; Turan, E.; Oz, E. Chemical, Microbial, Color, Oxidative and Sensory Properties of Clean-Label Pastirma
Produced with Raspberry Water Extracts as a Novel Ingredient. Meat Sci. 2022, 186, 108737. [CrossRef]

Taraseviciene, Z.; Cechovicieng, L; Paulauskiene, A.; Gumbyté, M.; Blinstrubiené, A.; Burbulis, N. The Effect of Berry Pomace on
Quality Changes of Beef Patties during Refrigerated Storage. Foods 2022, 11, 2180. [CrossRef]

Kryzevicate, N.; Jaime, I.; Diez, A.M.; Rovira, J.; Venskutonis, P.R. Effect of Raspberry Pomace Extracts Isolated by High Pressure
Extraction on the Quality and Shelf-Life of Beef Burgers. Int. ]. Food Sci. Technol. 2017, 52, 1852-1861. [CrossRef]

Farias, C.A.A.; Moraes, D.P,; Neuenfeldt, N.H.; Zabot, G.L.; Emanuelli, T.; Barin, ]J.S.; Ballus, C.A.; Barcia, M.T. Microwave Hy-
drodiffusion and Gravity Model with a Unique Hydration Strategy for Exhaustive Extraction of Anthocyanins from Strawberries
and Raspberries. Food Chem. 2022, 383, 132446. [CrossRef] [PubMed]

Association of Official Analytical Chemists (AOAC). Official Methods of Analysis, 18th ed.; AOAC: Washington, DC, USA, 2010.
Bligh, E.G.; Dyer, W.J. A rapid method of total lipid extraction and purification. Can. J. Biochem. Physiol. 1959, 37, 911-917.
[CrossRef] [PubMed]

Hartman, L.; Lago, R.C. Rapid Preparation of Fatty Acid Methyl Esters from Lipids. Lab Pract. 1973, 22, 475-476. [PubMed]
Ulbricht, TL.V.; Southgate, D.A.T. Coronary Heart Disease: Seven Dietary Factors. Lancet 1991, 338, 985-992. [CrossRef] [PubMed]
de Oliveira Faria, M.; Cipriano, TM.; da Cruz, A.G.; Santos, B.A.D.; Pollonio, M.A.R.; Campagnol, P.C.B. Properties of Bologna-
Type Sausages with Pork Back-Fat Replaced with Pork Skin and Amorphous Cellulose. Meat Sci. 2015, 104, 44-51. [CrossRef]
[PubMed]

Bruna, ].M.; Ordéiiez, J.A.; Fernandez, M.; Herranz, B.; de la Hoz, L. Microbial and Physico-Chemical Changes during the
Ripening of Dry Fermented Sausages Superficially Inoculated with or Having Added an Intracellular Cell-Free Extract of
Penicillium Aurantiogriseum. Meat Sci. 2001, 59, 87-96. [CrossRef] [PubMed]

Da Silva, N.; Taniwaki, M.H.; Junqueira, V.C.A ; Silveira, N.F.A.; Okazaki, M.M.; Gomes, R.A.R. Microbiological Examination
Methods of Food and Water: A Laboratory Manual; CRC Press: Boca Raton, FL, USA, 2019.

Wang, H.; Feng, X.; Suo, H.; Yuan, X.; Zhou, S.; Ren, H,; Jiang, Y.; Kan, J. Comparison of the Performance of the Same Panel with
Different Training Levels: Flash Profile versus Descriptive Analysis. Food Qual. Prefer. 2022, 99, 104582. [CrossRef]

Stone, H.; Sidel, J.L. Sensory Evaluation Practices, 3rd ed.; Academic Press: Oxford, UK, 2004; pp. 1-374. [CrossRef]

Macfie, H.J.; Bratchell, N.; Greenhoff, K.; Vallis, L.V. Designs to balance the effect of order of presentation and first-order carry-over
effects in hall tests. J. Sens. Stud. 1989, 4, 129-148. [CrossRef]

Mason, R.P; Sherratt, S.C.R.; Eckel, R.H. Omega-3-Fatty Acids: Do They Prevent Cardiovascular Disease? Best Pract. Res. Clin.
Endocrinol. Metab. 2022, 101681. [CrossRef]

Huang, C.; Chiba, L.I,; Bergen, W.G. Bioavailability and Metabolism of Omega-3 Polyunsaturated Fatty Acids in Pigs and
Omega-3 Polyunsaturated Fatty Acid-Enriched Pork: A Review. Livest. Sci. 2021, 243, 104370. [CrossRef]

Ball, ].J.; Wyatt, R.P; Lambert, B.D.; Smith, H.R.; Reyes, T.M.; Sawyer, ].T. Influence of Plant-Based Proteins on the Fresh and
Cooked Characteristics of Ground Beef Patties. Foods 2021, 10, 1971. [CrossRef]

Baugreet, S.; Kerry, ].P; Botinestean, C.; Allen, P.; Hamill, R M. Development of Novel Fortified Beef Patties with Added
Functional Protein Ingredients for the Elderly. Meat Sci. 2016, 122, 40-47. [CrossRef]

Oztiirk-Kerimoglu, B. A Promising Strategy for Designing Reduced-Fat Model Meat Emulsions by Utilization of Pea Protein-Agar
Agar Gel Complex. Food Struct. 2021, 29, 100205. [CrossRef]


https://doi.org/10.1016/B978-0-12-823371-9.00008-3
https://doi.org/10.1016/j.cofs.2020.10.005
https://doi.org/10.1016/j.meatsci.2022.109028
https://doi.org/10.1016/j.meatsci.2020.108230
https://www.ncbi.nlm.nih.gov/pubmed/32659546
https://doi.org/10.1016/j.meatsci.2021.108534
https://doi.org/10.1016/j.foodchem.2014.01.125
https://doi.org/10.1016/j.foodchem.2007.01.034
https://doi.org/10.1016/j.meatsci.2022.108737
https://doi.org/10.3390/foods11152180
https://doi.org/10.1111/ijfs.13460
https://doi.org/10.1016/j.foodchem.2022.132446
https://www.ncbi.nlm.nih.gov/pubmed/35202925
https://doi.org/10.1139/y59-099
https://www.ncbi.nlm.nih.gov/pubmed/13671378
https://www.ncbi.nlm.nih.gov/pubmed/4727126
https://doi.org/10.1016/0140-6736(91)91846-M
https://www.ncbi.nlm.nih.gov/pubmed/1681350
https://doi.org/10.1016/j.meatsci.2015.02.002
https://www.ncbi.nlm.nih.gov/pubmed/25688689
https://doi.org/10.1016/S0309-1740(01)00057-2
https://www.ncbi.nlm.nih.gov/pubmed/22062509
https://doi.org/10.1016/j.foodqual.2022.104582
https://doi.org/10.1016/B978-0-12-672690-9.X5000-8
https://doi.org/10.1111/j.1745-459X.1989.tb00463.x
https://doi.org/10.1016/j.beem.2022.101681
https://doi.org/10.1016/j.livsci.2020.104370
https://doi.org/10.3390/foods10091971
https://doi.org/10.1016/j.meatsci.2016.07.004
https://doi.org/10.1016/j.foostr.2021.100205

Foods 2023, 12, 1631 16 of 16

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Riazi, F; Zeynali, F.; Hoseini, E.; Behmadi, H.; Savadkoohi, S. Oxidation Phenomena and Color Properties of Grape Pomace on
Nitrite-Reduced Meat Emulsion Systems. Meat Sci. 2016, 121, 350-358. [CrossRef]

Lorenzo, ].M.; Pateiro, M.; Dominguez, R.; Barba, EJ.; Putnik, P; Kovacevi¢, D.B.; Shpigelman, A.; Granato, D.; Franco, D. Berries
Extracts as Natural Antioxidants in Meat Products: A Review. Food Res. Int. 2018, 106, 1095-1104. [CrossRef] [PubMed]
Lavado, G.; Ladero, L.; Cava, R. Cork Oak (Quercus suber L.) Leaf Extracts Potential Use as Natural Antioxidants in Cooked Meat.
Ind. Crop. Prod. 2021, 160, 113086. [CrossRef]

Mokrzycki, W.; Tatol, M. Color Difference Delta E-A Survey. Mach. Graph. Vis. Int. ]. 2011, 20, 383-411.

Keokamnerd, T.; Acton, J.C.; Han, 1.Y.; Dawson, P.L. Effect of Commercial Rosemary Oleoresin Preparations on Ground Chicken
Thigh Meat Quality Packaged in a High-Oxygen Atmosphere. Poult. Sci. 2008, 87, 170-179. [CrossRef]

Heck, R.T,; Saldafia, E.; Lorenzo, ].M.; Correa, L.P; Fagundes, M.B.; Cichoski, A.]J.; de Menezes, C.R.; Wagner, R.; Campagnol, P.C.B.
Hydrogelled Emulsion from Chia and Linseed Oils: A Promising Strategy to Produce Low-Fat Burgers with a Healthier Lipid
Profile. Meat Sci. 2019, 156, 174-182. [CrossRef]

Estévez, M. Protein Carbonyls in Meat Systems: A Review. Meat Sci. 2011, 89, 259-279. [CrossRef] [PubMed]

Amaral, A.B.; Da Solva, M.V,; Lannes, S.C.D.S. Lipid Oxidation in Meat: Mechanisms and Protective Factors—A Review. Food Sci.
Technol. 2018, 38, 1-15. [CrossRef]

Heck, R.T.; Vendruscolo, R.G.; de Araujo Etchepare, M.; Cichoski, A.J.; de Menezes, C.R.; Barin, ].S.; Lorenzo, ].M.; Wagner, R.;
Campagnol, P.C.B. Is It Possible to Produce a Low-Fat Burger with a Healthy n — 6/n — 3 PUFA Ratio without Affecting the
Technological and Sensory Properties? Meat Sci. 2017, 130, 16-25. [CrossRef] [PubMed]

Heck, R.T,; Fagundes, M.B.; Cichoski, A.]J.; de Menezes, C.R.; Barin, ].S.; Lorenzo, ].M.; Wagner, R.; Campagnol, P.C.B. Volatile
Compounds and Sensory Profile of Burgers with 50% Fat Replacement by Microparticles of Chia Oil Enriched with Rosemary.
Meat Sci. 2019, 148, 164-170. [CrossRef]

Dominguez, R.; Pateiro, M.; Gagaoua, M.; Barba, FJ.; Zhang, W.; Lorenzo, ]. M. A Comprehensive Review on Lipid Oxidation in
Meat and Meat Products. Antioxidants 2019, 8, 429. [CrossRef]

Capita, R ; Alvarez-Gonzalez, T.; Alonso-Calleja, C. Effect of Several Packaging Conditions on the Microbiological, Physicochemi-
cal and Sensory Properties of Ostrich Steaks during Refrigerated Storage. Food Microbiol. 2018, 72, 146-156. [CrossRef]

de Almeida, PL.; de Lima, S.N.; Costa, L.L.; de Oliveira, C.C.; Damasceno, K.A.; dos Santos, B.A.; Campagnol, P.C.B. Effect
of Jabuticaba Peel Extract on Lipid Oxidation, Microbial Stability and Sensory Properties of Bologna-Type Sausages during
Refrigerated Storage. Meat Sci. 2015, 110, 9-14. [CrossRef]

Baldin, J.C.; Michelin, E.C.; Polizer, YJ.; Rodrigues, I.; de Godoy, S.H.S.; Fregonesi, R.P.; Pires, M.A.; Carvalho, L.T;
Favaro-Trindade, C.S.; de Lima, C.G; et al. Microencapsulated Jabuticaba (Myrciaria cauliflora) Extract Added to Fresh Sausage as
Natural Dye with Antioxidant and Antimicrobial Activity. Meat Sci. 2016, 118, 15-21. [CrossRef]

Aksu, M.1; Turan, E.; Sat, 1.G. Effects of Lyophilized Red Cabbage Water Extract and PH Levels on the Quality Properties of
Pastirma Cemen Paste during Chilled Storage. . Stored Prod. Res. 2020, 89, 101696. [CrossRef]

Latoch, A.; Stasiak, D.M. Effect of Mentha Piperita on Oxidative Stability and Sensory Characteristics of Cooked Pork Sausage.
J. Food Process Preserv. 2015, 39, 1566—1573. [CrossRef]

Tamkuté, L.; Vaicekauskaité, R.; Melero, B.; Jaime, I.; Rovira, J.; Venskutonis, PR. Effects of Chokeberry Extract Isolated with
Pressurized Ethanol from Defatted Pomace on Oxidative Stability, Quality and Sensory Characteristics of Pork Meat Products.
LWT 2021, 150, 111943. [CrossRef]

Wongpattananukul, S.; Nungarlee, U.; Ruangprach, A.; Sulong, S.; Sanporkha, P.; Adisakwattana, S.; Ngamukote, S. Effect of Inca
Peanut Oil on Omega-3 Polyunsaturated Fatty Acids, Physicochemical, Texture and Sensory Properties in Chicken Sausage. LWT
2022, 163, 113559. [CrossRef]

Cittadini, A.; Dominguez, R.; Munekata, P.E.S.; Pateiro, M.; Sarriés, M.V.; Manuel Lorenzo, J. Use of Oil Mixture Emulsion
Hydrogels as Partial Animal Fat Replacers in Dry-Fermented Foal Sausages. Food Res. Int. 2022, 161, 111881. [CrossRef] [PubMed]
Bolger, Z.; Brunton, N.P.; Monahan, E]J. Effect of Mode of Addition of Flaxseed Oil on the Quality Characteristics of Chicken
Sausage Containing Vitamin E and Omega 3 Fatty Acids at Levels to Support a Health Claim. Food Funct. 2017, 8, 3563-3575.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.meatsci.2016.07.008
https://doi.org/10.1016/j.foodres.2017.12.005
https://www.ncbi.nlm.nih.gov/pubmed/29579903
https://doi.org/10.1016/j.indcrop.2020.113086
https://doi.org/10.3382/ps.2007-00066
https://doi.org/10.1016/j.meatsci.2019.05.034
https://doi.org/10.1016/j.meatsci.2011.04.025
https://www.ncbi.nlm.nih.gov/pubmed/21621336
https://doi.org/10.1590/fst.32518
https://doi.org/10.1016/j.meatsci.2017.03.010
https://www.ncbi.nlm.nih.gov/pubmed/28347883
https://doi.org/10.1016/j.meatsci.2018.10.017
https://doi.org/10.3390/antiox8100429
https://doi.org/10.1016/j.fm.2017.10.007
https://doi.org/10.1016/j.meatsci.2015.06.012
https://doi.org/10.1016/j.meatsci.2016.03.016
https://doi.org/10.1016/j.jspr.2020.101696
https://doi.org/10.1111/jfpp.12383
https://doi.org/10.1016/j.lwt.2021.111943
https://doi.org/10.1016/j.lwt.2022.113559
https://doi.org/10.1016/j.foodres.2022.111881
https://www.ncbi.nlm.nih.gov/pubmed/36192994
https://doi.org/10.1039/C7FO00929A
https://www.ncbi.nlm.nih.gov/pubmed/28880330

5 CONSIDERACOES FINAIS
Este estudo investigou o impacto da substituicdo de 50% da gordura animal por HEs

elaborados com oOleo de linhaga, PP e extrato de framboesa na qualidade nutricional,
tecnoldgica, oxidativa e sensorial de hamburgueres. Os resultados demonstraram que a
reformulacéo lipidica proposta melhorou significativamente o perfil de &cidos graxos dos
hambdrgueres, conferindo beneficios nutricionais relevantes, como a redugéo de acidos graxos
saturados e 0 aumento de &cidos graxos dmega-3.

Além disso, a utilizacdo de HEs também beneficiou as propriedades tecnoldgicas dos
hamburgueres, com uma redugdo menor do didmetro apds o cozimento e um maior rendimento
de cocgcdo em comparacdo ao controle. No entanto, a reformulacéo lipidica também resultou
em uma menor estabilidade oxidativa dos hamburgueres, como evidenciado pelos valores
instrumentais e sensoriais de cor e aroma relacionados a oxidacao lipidica. A adi¢do de extrato
de framboesa aos HEs demonstrou ser eficaz na mitigacdo desses efeitos negativos, reduzindo
a oxidacdo lipidica e mantendo a qualidade sensorial dos hamburgueres ao longo do
armazenamento refrigerado.

Os hamburgueres reformulados ndo apresentaram diferencas significativas na evolucao
de microorganismos aerobios meséfilos em comparacdo com o controle, indicando que a
substituicdo da gordura animal por HEs ndo afetou negativamente a seguranca microbioldgica
dos produtos. A avaliacdo sensorial também revelou que a inclusdo de HEs e extrato de
framboesa ndo comprometeu a qualidade sensorial dos hamburgueres em termos de aroma,
sabor e textura, mantendo-se em niveis aceitaveis para 0s consumidores.

Em concluséo, este estudo mostrou que é possivel produzir hamburgueres com
caracteristicas nutricionais mais saudaveis e com qualidade tecnoldgica, oxidativa e sensorial
satisfatoria através da substituicdo de 50% da gordura animal por HEs elaborados com 6leo de

linhaca, PP e extrato de framboesa. Essa abordagem inovadora pode ser aplicada pela industria
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de alimentos para desenvolver produtos carneos mais saudaveis e sustentaveis, atendendo as
crescentes demandas dos consumidores por opgoes alimentares que promovam a salde e o bem-

estar sem comprometer a qualidade e o prazer sensorial.
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