
UNIVERSIDADE FEDERAL DA BAHIA 

PROGRAMA DE PÓS-GRADUAÇÃO EM ZOOTECNIA 
 

 

 

 

 

 

QUALIDADE FÍSICO-QUÍMICA E SENSORIAL DE CARNES E PRODUTOS 
CÁRNEOS DE BOVINOS DE TRÊS GRUPOS ZOOTÉCNICOS 

 

 

 

VANESSA PEREIRA MACEDO 

 

 

 

 

 

 

 

 

 

 

 

SALVADOR - BAHIA 

ABRIL 2024 



 
UNIVERSIDADE FEDERAL DA BAHIA 

PROGRAMA DE PÓS-GRADUAÇÃO EM ZOOTECNIA 
 

 

 

 

QUALIDADE FÍSICO-QUÍMICA E SENSORIAL DE CARNES E 

PRODUTOS CÁRNEOS DE BOVINOS DE TRÊS GRUPOS 

ZOOTÉCNICOS 
 

 

 

 

VANESSA PEREIRA MACEDO 
Bacharela em Medicina Veterinária 

Mestre em Ciência de Alimentos 

 

 

 

 

 

 

 

 

 

 

SALVADOR - BAHIA 

ABRIL 2024 



VANESSA PEREIRA MACEDO 

 

 

 

 

 

 

QUALIDADE FÍSICO-QUÍMICA E SENSORIAL DE CARNES E 

PRODUTOS CÁRNEOS DE BOVINOS DE TRÊS GRUPOS 

ZOOTÉCNICOS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SALVADOR - BAHIA 
ABRIL 2024 

Tese apresentada ao Programa de Pós-

Graduação em Zootecnia, da 

Universidade Federal da Bahia, como 

requisito parcial para a obtenção do 

título de Doutora em Zootecnia. 

 

Área de Concentração: Produção de 

Ruminantes e Forragicultura 

Orientador: Prof. Dr. Ronaldo Lopes Oliveira 



3 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

Dados internacionais de catalogação-na-publicação 

(SIBI/UFBA/Biblioteca Universitária Reitor Macedo Costa) 

 

 

Macedo, Vanessa Pereira. 

Qualidade físico-química e sensorial de carnes e produtos cárneos de bovinos de três grupos 

zootécnicos / Vanessa Pereira Macedo. - 2024. 

111 f.: il. 

 

Orientador: Prof. Dr. Ronaldo Lopes Oliveira.  

Tese (doutorado) - Universidade Federal da Bahia, Escola de Medicina Veterinária e Zootecnia, 

Salvador, 2024. 

 

1. Zootecnia. 2. Produção de Ruminantes. 3. Ruminantes – Cruzamentos. 4. Bovinos – Carnes 

e produtos cárneos. 5. Nelore. 6. Angus. 7. Senepol. I. Oliveira, Ronaldo Lopes. II. Universidade 

Federal da Bahia. Escola de Medicina Veterinária e Zootecnia. III. Título. 
CDD - 636.39 

CDU - 636.39 



4 

 

 

 

 

 



5 

 

AGRADECIMENTOS 

 

A Deus, a Jesus Cristo e à minha Família, que são, e sempre serão, meus melhores 

amigos e conselheiros; 

Ao professor e orientador Ronaldo Lopes Oliveira, por todos os ensinamentos e 

orientações pertinentes ao projeto de pesquisa, o que possibilitou a idealização e 

realização dos trabalhos abaixo apresentados; 

Aos colegas e professores que conheci ao longo de todo o período de estudos e 

realização de atividades de pesquisa, pelo aporte de conhecimentos e de colaboração com 

os trabalhos desenvolvidos; 

Ao Grupo de Estudos em Nutrição de Ruminantes (GENRU) e ao Instituto de 

Ciência e Tecnologia da Carne (INCT-Carne), pelo valioso período de aprendizado e 

interação com professores, pesquisadores, estudantes e profissionais alinhados com a 

nossa área de atuação; 

Ao Programa de Pós-graduação em Zootecnia e ao Programa de Pós-graduação 

em Ciência de Alimentos, pela possibilidade de realização do presente trabalho de 

pesquisa durante os cursos de Mestrado e Doutorado, bem como pela possibilidade de 

expansão do aprendizado no exterior; 

À Universidade Federal da Bahia (UFBA), que, através da Pró-Reitoria de 

Pesquisa e Pós-graduação, possibilita ao aluno não só o cumprimento de sua jornada de 

estudos no período de graduação, mas também a expansão de todo o conhecimento 

adquirido aos programas de pós-graduação, pesquisa e extensão implementados pela 

universidade, agregando valor intelectual e ampliando os horizontes para o discente, o 

que trará inúmeros benefícios futuros, não só para o mesmo, mas também para própria 

instituição de ensino e para o país; 

À Fundação Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 

(CAPES) e à Fundação de Amparo à Pesquisa do Estado da Bahia (FAPESB), por todo o 

suporte financeiro ofertado durante o curso de Mestrado e Doutorado, bem como durante 

o Doutorado Sanduíche; 

Aos demais profissionais que, direta ou indiretamente, possibilitaram a adequada 

estrutura física e de pessoal para que as atividades de pesquisa pudessem ser realizadas 

da melhor forma possível. 

 



6 

 

LISTA DE TABELAS 

 

Chapter I. Physicochemical composition, fatty acid profile and sensory attributes of 

meat (Longissimus lumborum muscle) from Nellore and Nellore‑cross bulls 

 

Table 1. Animal, carcass, and Longissimus lumborum traits from Nellore (Nell), ½ Nell 

× ½ Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe)………………..…………..41 

Table 2. Physicochemical composition of Longissimus lumborum from Nellore (Nell), 

½ Nell × ½ Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe)……………………42 

Table 3. Fatty acid composition of Longissimus lumborum from Nellore (Nell), ½ Nell 

× ½ Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe) in mg/100g beef….............43 

Table 4. Fatty acid composition of Longissimus lumborum from Nellore (Nell), ½ Nell 

× ½ Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe) in mg/100g FAME (fatty 

acid methyl esters)….......................................................................................................44 

Table 5. Sums, ratios of fatty acid groups, enzymatic activity, and health-promoting 

compounds in Longissimus lumborum of Nellore (Nell), ½ Nell × ½ Angus (NeAn), and 

¼ Nell × ¼ Ang × ½ Sen (NASe)..………………….…………………………………...45 

Table 6. Longissimus lumborum sensory evaluation results from Nellore (Nell), ½ Nell × 

½ Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe)..…………………………...….46 

 

Chapter II. Effects of processing methods on physicochemical characteristics of 

Carne de Sol fabricated with beef from different cattle zootechnical groups 

 

Table 1. Physicochemical traits of fresh beef (FR) and Carne de sol (CS) from Nellore 

(Nell), ½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe)……..70 

Table 2. Fatty acid concentration (mg/100g fresh beef (FR)/Carne de sol (CS)) from 

Nellore (Nell), ½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ Nellore ¼ Angus 

(NASe)……………………………………………………………………………….…72 

Table 3. Sums, ratios, enzymatic activities and nutritional quality parameters of fresh 

beef (FR) and Carne de sol (CS) from Nellore (Nell), ½ Nellore ½ Angus (NeAn) and 

½ Senepol ¼ Nellore ¼ Angus (NASe)….....................................................................74 

Table 4. Sensory attributes of Carne de sol from Nellore (Nell), ½ Nellore ½ Angus 

 



7 

 

(NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe)...……………………….….….....75 

 

Chapter III. Sensory acceptance, physicochemical traits and fatty acid profile of 

Beef Burgers from three beef cattle zootechnical groups 

 

Table 1. Physicochemical traits of beef burgers from Nellore (Nell), ½ Nellore ½ Angus 

(NeAn) and ¼ Nellore ¼ Angus ½ Senepol (NASe)………………..………………..100 

Table 2. Fatty acid composition (mg 100 g-1 edible product) and health indexes of beef 

burgers from Nellore (Nell), ½ Nellore ½ Angus (NeAn) and ¼ Nellore ¼ Angus ½ 

Senepol (NASe)……………………………………………………………….………101 

Table 3. Sensory ratings of beef burgers from Nellore (Nell), ½ Nellore ½ Angus (NeAn) 

and ¼ Nellore ¼ Angus ½ Senepol (NASe).………………….…….............................102 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 

 

LISTA DE SIGLAS 

 

AI   Atherogenicity index/índice de aterogenicidade 

AL   Ácido linoléico 

ALN   Ácido alfa linolênico 

AMSA   American Meat Science Association 

ANOVA  Analysis of variance 

AOAC   Association of Official Analytical Chemists 

ATP   Adenosina trifosfato 

CAPES  Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 

CIE   Commission International I’Eclarage 

CL   Cooking loss 

CLA   Conjugated linoleic acid/Ácido linoléico conjugado 

DHA   Docosahexaenoic acid 

DPA   Docosapentaenoic acid 

EPA   Eicosapentaenoic acid 

FA   Fatty acids 

FAME   Fatty Acids Methyl Esters   

FAPESB  Fundação de Amparo à Pesquisa do Estado da Bahia 

FIS   Federal Inspection Service 

HDL   High density lipoproteins  

MAPA   Ministério da Agricultura, Pecuária e Abastecimento 

MUFA   Monounsaturated fatty acids 

NIR   Near Infrared 

PUFA   Polyunsaturated fatty acids 

SAS   Statistical Analysis System 

SEM   Standard error of the mean 

SFA   Saturated fatty acids 

TI   Thrombogenicity index/índice de trombogenicidade 

UFA   Unsaturated fatty acids 

WBSF   Warner-Bratzler Shear Force 

WHC   Water Holding Capacity 

 



SUMÁRIO  

Página 

 

Qualidade físico-química e sensorial de carnes e produtos cárneos de bovinos de três grupos 

zootécnicos 

INTRODUÇÃO GERAL..........................................................................................................12 

REVISÃO DE LITERATURA GERAL...................................................................................13 

2.1 Qualidade da carne e genética animal no contexto produtivo.............................................13 

2.2 A importância dos produtos cárneos na alimentação humana.............................................14 

2.2.1 Carne de sol......................................................................................................................17 

2.2.2 Hambúrguer......................................................................................................................19 

REFERÊNCIAS BIBLIOGRÁFICAS......................................................................................21 

 

 

CHAPTER I 

 

Physicochemical composition, fatty acid profile and sensory attributes of meat (Longissimus 

lumborum muscle) from Nellore and Nellore‑cross bulls 

RESUMO………………………………………………………………………………….….33 

ABSTRACT……………………………………………………………………………….….34 

INTRODUCTION………………………………………………………………...……….…35 

MATERIALS AND METHODS……………………………………………………...…..….36 

Ethical considerations, treatment, animals and management……………………………….…36 

Slaughter and physicochemical properties of meat………..……………………………...…..37 

Fatty acid profile………….………………………………………………………..….……...38 

Sensory attributes….………………………………………………………………...………..39 

Statistical analysis….…………………………………………………………………..……..40 

RESULTS ……………………..……………………………………………………………...41 

DISCUSSION………………………………………………………………………...……....46 

CONCLUSIONS………………………………………………..……………...……........…..51 

REFERENCES……………………………………………………………………………..…52 

 

 

 



 

1 

 

 

CHAPTER II 

 

 

Effects of processing methods on physicochemical characteristics of Carne de Sol fabricated 

with beef from different cattle zootechnical groups 

RESUMO……………………………………………………………………………………..60 

ABSTRACT…………………………………………………………………………………..61 

INTRODUCTION………………………………………………………………………....…62 

MATERIALS AND METHODS……………………………………………………...…..….64 

Ethical, animal and research description………………..………………………………….…64 

Physicochemical properties…………………………..………..……………………………...65 

Fatty acid composition………….………………………………………………………….....66 

Sensory attributes….……………………………………………………………………….....67 

Statistical analysis….……………………………………………………………………..…..68 

RESULTS ……………………..………………………………………………………...…....69 

DISCUSSION……………………………………………………………………...………....75 

CONCLUSIONS………………………………………………..……………...……......…....81 

REFERENCES……………………………………………………………………………..…83 

 

CHAPTER III 

 

Sensory acceptance, physicochemical traits and fatty acid profile of beef burgers from three 

beef cattle zootechnical groups 

RESUMO…………………………………………………………………………………….92 

ABSTRACT………………………………………………………………………….…..…..93 

INTRODUCTION………………………………………………………………….…….…..94 

MATERIALS AND METHODS……………………………………………………….…….95 

2.1. Ethical considerations, animals, and general procedures………………………..…….…95 

2.2. Beef burger manufacturing……………………….………..……………………..………96 

2.3. Physicochemical properties………….………………………………………………..….96 

2.4. Fatty acids composition…..………….……………………………………………….......97 

2.5. Sensory attributes….……………………………………………………………..…..…..98 

2.6. Statistical analysis….……………………………………………………………………..99 

RESULTS ……………………..……………………………………………..………….........99 

 

 



 

2 

 

 

DISCUSSION………………………………………………………………………...…......102 

CONCLUSIONS………………………………………………..……………...……....…....104 

REFERENCES………………………………………………………………………..……..105 

CONSIDERAÇÕES FINAIS E IMPLICAÇÕES...................................................................111 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 

INTRODUÇÃO GERAL 

 

O Brasil se consolidou como o segundo maior produtor e o maior exportador mundial 

de carne bovina, contando com 202,78 milhões de cabeças de gado e um volume de abate de 

42,31 milhões de cabeças, e um volume de exportação de cerca de 3,02 milhões de toneladas 

de carne bovina, sendo os principais países compradores a China (42,75%), os Emirados Árabes 

(7,72%) e os Estados Unidos (4,67%) (USDA, 2024; ABIEC, 2024).  

Diante desta realidade, os produtores brasileiros, em meio aos mais diferentes tipos de 

ambiente e sistemas produtivos, enfrentam o grande desafio de produzir animais produtivos e 

rentáveis, e, ao mesmo tempo, alimentos cárneos que atendam aos requisitos de aceitação do 

consumidor (PEREIRA et al., 2015). Dentro das condições extensivas de criação a pasto no 

país, os bovinos pertencentes ao grupo zootécnico Bos taurus indicus, também denominados de 

Bos indicus ou, simplesmente, zebuínos, consolidaram-se como os principais representantes do 

rebanho comercial brasileiro (GORDO et al., 2018; AROEIRA et al., 2017).  

Apesar de bovinos Bos indicus serem mais tolerantes às condições tropicais e aos 

parasitas, a carne destes animais é, tradicionalmente, considerada como de menor maciez e com 

baixa deposição de gordura quando comparada à carne de bovinos de raças Bos taurus taurus 

(também chamados de Bos taurus, ou taurinos) (RODRIGUES et al., 2017; WHEELER et al., 

1990; JOHNSON et al., 1990), comprometendo, assim, a produção de carne de qualidade no 

país.  

Dentro deste contexto, o melhoramento genético do rebanho se insere, portanto, como 

um fator de grande importância na determinação das características de qualidade da carne 

bovina, e, assim, os cruzamentos se tornaram um valioso aliado na busca por melhorias no perfil 

genético do rebanho nacional e, consequentemente, nos atributos de qualidade da carne 

produzida no país. 

Além disso, como a carne é um produto altamente perecível, o seu processamento 

tornou-se necessário no sentido de preservar seus atributos de qualidade. Assim, diferentes 

processos de transformação de carne em produtos cárneos geram produtos mais ou menos 

modificados do que outros e com as mais diversas características sensoriais. Diversos tipos de 

processamento podem ser empregados, como salga, secagem, cozimento, marinação e 

defumação, entre outros (SEMAN et al., 2018; COLLIGNAN et al., 2001).  

A carne de sol é um produto cárneo tradicionalmente consumido no Brasil, e seu 

processo de elaboração consiste, basicamente, na sua salga e desidratação parcial, tendo 

características físico-químicas muito próximas às da carne in natura e baixa vida de prateleira 
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(3 a 4 dias a temperatura ambiente). O seu processo de elaboração é considerado artesanal e 

está sujeito a variações de acordo com critérios regionais (ABRANTES et al., 2014; NORMAN 

e CORTE, 1985). Além disso, ainda não há legislação específica que regule suas características 

de identidade e qualidade. 

O hambúrguer, de grande popularidade no Brasil e no mundo, é um produto cárneo 

industrializado com padrões de identidade e qualidade oficialmente regulados, obtido a partir 

da carne bovina moída, podendo ser adicionada gorduras e outros ingredientes, modelado e 

submetido a processo tecnológico adequado (RIBEIRO et al., 2023; BRASIL, 2022). 

Dessa forma, considerando que os atributos físico-químicos da carne crua podem ter 

papel essencial na determinação da qualidade final do produto processado, a influência genética 

animal nos atributos físico-químicos e sensoriais da carne in natura também poderia ser 

perceptível nos atributos finais de qualidade de produtos cárneos. Portanto, hipotetizou-se que 

os cruzamentos entre as espécies de Bos indicus × Bos taurus podem atribuir melhorias nos 

atributos de qualidade físico-química e sensorial da carne e dos produtos cárneos de bovinos. 

O objetivo foi avaliar os efeitos dos grupos zootécnicos Nelore - Nell, ½ Nelore ½ Angus – 

NeAn e ¼ Nelore ¼ Angus ½ Senepol – NASe sobre os atributos físico-químicos e sensoriais 

da carne e dos produtos cárneos. 

 

 

REVISÃO DE LITERATURA GERAL 

 

 

2.1 Qualidade da carne e genética animal no contexto produtivo  

 

Os atributos de qualidade da carne bovina estão relacionados a parâmetros específicos, 

como as proporções de massa magra e de gordura, a partir das quais são avaliados composição 

e perfil nutricional (CASSAR-MALEK e PICARD, 2016). Dentro destes parâmetros de 

qualidade da carne estão a aparência, o grau de retenção de água e gordura e os atributos de 

aroma, flavor, maciez e suculência (TORNBERG, 2005).  

Alguns dos atributos de qualidade da carne tornaram-se grandes desafios para os 

produtores brasileiros, como a maciez, a deposição de gordura e a uniformidade de produção 

(LAGE et al., 2012). O rebanho bovino brasileiro é composto, em sua maior parte, por animais 

do grupo zootécnico Bos indicus, fator negativo no desenvolvimento destes atributos de 

qualidade, já que são conhecidos pela produção de carne com baixo índice de maciez quando 
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comparado com bovinos Bos taurus, e isso ocorre devido à maior atividade da enzima 

calpastatina no primeiro grupo, levando a uma menor atividade proteolítica miofibrilar 

(MACEDO et al., 2022; PRADO et al., 2008; PRINGLE et al., 1997). Considerando que a 

maciez é um atributo sensorial de maior importância no que diz respeito à satisfação 

proporcionada ao consumidor (VERBEKE et al., 2010; DELGADO et al., 2006), a carne dos 

zebuínos torna-se, portanto menos atrativa ao consumo. 

As raças taurinas europeias britânicas, como a raça Angus, tornaram-se valiosos 

recursos genéticos para melhoria nos atributos de qualidade da carne, mas, ao mesmo tempo, 

apresentam, como características indesejáveis, a sua intolerância ao clima tropical, o que 

interfere negativamente no seu desempenho produtivo (OSU, 2015; BURROW et al., 2001). 

Para solucionar este problema, os cruzamentos tornaram-se aliados eficientes na melhora dos 

atributos de qualidade da carne no país (FERRAZ e FELÍCIO, 2010; GREGORY e CUNDIFF, 

1980).  

Entretanto, deve-se considerar que os animais cruzados ainda podem apresentar 

problemas de adaptabilidade e produtividade, bem como apresentar maiores necessidades 

nutricionais comparados aos zebuínos (NRC, 1996). Deve-se considerar que quanto maior a 

proporção de Bos indicus nos cruzamentos (½ ou mais), a qualidade da carne diminui, 

principalmente no que diz respeito à maciez, bem como quanto maior a proporção de Bos taurus 

(½ ou mais), piores são as características de adaptabilidade e produtividade do rebanho 

(PRINGLE et al., 1997; SHACKELFORD et al., 1995; JOHNSON et al., 1990; WHIPPLE et 

al., 1990; CROUSE et al., 1989). 

Diante disso, os taurinos adaptados tornaram-se mais uma alternativa para a melhoria 

do rebanho brasileiro, sendo recomendados, inclusive, em cruzamentos com Bos indicus e Bos 

taurus para melhoria tanto dos atributos de qualidade da carne quanto na performance produtiva 

dos animais. Bovinos da raça Senepol são caracterizados como taurinos altamente adaptados às 

condições tropicais e com grande potencial para melhorar os atributos de carne e carcaça do 

rebanho (ABCB Senepol, 2024; MACEDO et al., 2022; PEREIRA e SILVA, 2004; 

HAMMOND et al., 1996; HUPP et al., 1978). Apesar disso, as informações na literatura acerca 

da caracterização zootécnica, bem como das características de qualidade da carne produzida 

por esta raça e seus cruzamentos permanecem escassas. 

 

2.2 A importância dos produtos cárneos na alimentação humana 

 

  Devido à alta perecibilidade da carne, o seu processamento torna-se de fundamental 
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importância na preservação dos seus atributos de qualidade, além de possibilitar, assim, a 

produção de uma diversa gama de produtos cárneos, como carne de sol, charque, linguiça 

frescal e hambúrguer (BRASIL, 2000a; BRASIL, 2000b; COLLIGNAN et al., 2001; Norman 

& Corte, 1985). Geralmente, as carnes processadas podem ser fabricadas utilizando-se tanto os 

cortes íntegros obtidos das carcaças, quanto suas aparas e vísceras (LONERGAN et al., 2019).  

De acordo com o American Meat Science Lexicon, a carne pode ser processada de variadas 

formas, sendo que os processos de cominuição, secagem, salga, cura, marinação, defumação, 

acidificação e fermentação, por exemplo, modificam as características físico-químicas da carne 

crua (SEMAN et al., 2018).  

A cocção é outro método de processamento da carne, com modificação das suas 

características físico-químicas. Além da desnaturação das proteínas, com destruição do seu 

conteúdo celular, ocorrem os processos de encurtamento das fibras musculares, agregação e 

formação de gel das proteínas sarcoplasmáticas, além de encurtamento e solubilização do tecido 

conectivo (ROWE, 1989; BENDALL e RESTALL, 1983; CHENG e PARRISH, 1976; JONES 

et al., 1977). A cominuição da carne, seguida de adição de sal e aquecimento, como ocorre nos 

processos de elaboração de hambúrgueres e linguiças e salsichas emulsionadas, modifica de 

forma substancial o arcabouço estrutural da carne, levando a um encurtamento ainda maior das 

fibras, ou pedaços de fibras musculares, podendo formar, inclusive, uma rede protéica densa 

(gel), com uma maior capacidade de reter água por capilaridade (TORNBERG, 2005). 

As carnes processadas tornam-se fontes de proteínas, vitaminas e minerais, embora, 

muitas vezes, tenham um alto conteúdo em sal e gorduras, quando comparadas à carne fresca, 

e seu consumo pode ser influenciado por diversos aspectos, como aceitação sensorial e 

composição nutricional, custos, segurança alimentar, situação econômica, familiar e/ou 

influência educacional, dentre outros (JIMÉNEZ-COLMENERO et al., 2001; BRASIL, 

2000a). Os embutidos, por exemplo, são ricos em lipídios e possuem características sensoriais 

desejáveis de sabor, maciez e suculência, sendo considerados alimentos de consumo frequente 

no Brasil, como linguiça e salsicha (26,5%) (COSTA et al., 2021).  

A Organização Mundial de Saúde (OMS) recomenda que o consumo diário de sódio 

não ultrapasse 2g, o que equivale a 5g de sal de cozinha (WHO, 2012). Entretanto, dados da 

Global Burden of Diseases Nutrition and Chronic Diseases Expert Group (NUTRICODE), 

estimam que o consumo de sódio pela população mundial seja de 3,95 g/dia (MICHA et al., 

2017) sendo que, no Brasil, este consumo pode chegar a mais de 8 g/dia (MILL et al., 2019). O 

consumo excessivo de sódio tem sido associado a problemas como aumento da pressão arterial, 

doença renal crônica e acidente vascular cerebral (CHOI et al., 2016; MA et al., 2015; KIM et 
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al., 2014; HE et al., 2013).   

Um outro aspecto a ser considerado em carnes e produtos cárneos é a ocorrência de 

oxidação lipídica de triacilgliceróis e fosfolipídios durante o processamento e armazenamento, 

já que os lipídios podem ser oxidados por diversos sistemas catalíticos, como temperatura, 

enzimas, metais, metaloproteínas e microrganismos, ocasionando alterações deletérias em 

flavor, cor, textura e valor nutricional, o que compromete sua qualidade ao consumo (TSIKAS, 

2017; JITTREPOTCH et al., 2006; GRAY et al., 1996; JUNG et al., 1996; FRANKEL, 1996; 

ST. ANGELO et al., 1996; BRADLEY e MIN, 1992; KORYCKA-DAHL e RICHARDSON, 

1978). Assim, a indústria, com o objetivo de inibir estas reações bioquímicas, buscam diversos 

métodos para aumentar a vida de prateleira dos produtos, sendo um deles a aplicação de 

antioxidantes (Barbosa et al., 2019). Os antioxidantes sintéticos são os mais utilizados, como 

butil-hidroxi-anisol (BHA), butil-hidroxitolueno (BHT), terc-butil-hidroquinona (TBHQ) e 

propilgalato (PG), os quais apresentam efeitos adversos à saúde, devido ao seu potencial 

carcinogênico (LORENZO et al., 2018; AGREGÁN et al., 2017; MUNEKATA et al., 2017; 

ŞAHIN et al., 2017; FALOWO et al., 2014; LORENZO, et al., 2013; FAINE et al., 2006). 

O teor de lipídios em produtos cárneos é considerado alto, podendo variar de 20% a 

50%, enquanto que o teor de gordura da fração magra da carne de várias espécies animais 

normalmente não ultrapassa 5% (JIMÉNEZ-COLMENERO et al., 2000). O aumento nos níveis 

de ácidos graxos saturados da dieta, pode levar a enfermidades como doenças cardiovasculares, 

diabetes e obesidade (BINNIE et al., 2014; ALEXANDER, 2013; HENRY et al., 2013; ADA, 

2012; WHO, 2009; DEMEYER et al., 2008). Além disso, o alto conteúdo de ácidos graxos 

ômega-6 (n-6) em relação aos ácidos graxos ômega-3 (n-3) presente na gordura animal pode 

aumentar a razão n-6:n-3, levando ao desenvolvimento de problemas como doenças 

cardiovasculares, aumento na taxa de multiplicação celular e reações alérgicas (VALENCAK 

et al., 2015; SIMOPOULOS, 2002; BEECHER, 1999).  

Entretanto, ao mesmo tempo em que teor de cloreto de sódio (NaCl) e gorduras na carne 

são objeto de preocupação no que diz respeito à sua ingestão inadequada e ao desenvolvimento 

de doenças, ambos são importantes recursos para a melhoria dos aspectos de qualidade dos 

produtos cárneos, melhorando sua textura, sabor e vida de prateleira, pois melhoram a 

solubilização das proteínas miofibrilares da carne e a capacidade de retenção de água, 

diminuindo, com isso, sua perda durante o processo de cozimento, o que melhora a suculência 

e maciez, além de reduzir a atividade de água (aw) e, consequentemente, a chance de 

crescimento microbiano (KWON et al., 2021; COSTA-CORREDOR et al., 2009; BIDLAS e 

LAMBERT, 2008; DESMOND, 2006; RUUSUNEN et al., 2005; HUGHES et al., 1997). Além 
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de contribuir para a formação de emulsões estáveis na carne moída, a ingestão de gorduras é 

importante para o desenvolvimento corporal e manutenção das suas atividades funcionais, pois 

ela é responsável pelo aporte de ácidos graxos e vitaminas lipossolúveis para o corpo, 

melhorando, também, os atributos sensoriais, a textura, o sabor e o aroma da carne 

(NUERNBERG et al., 2005; HUGHES et al., 1997). Assim, a carne pode ser convertida a uma 

grande variedade de produtos cárneos, sendo a maior fonte de energia e de proteínas e 

micronutrientes de alta qualidade, como as vitaminas B12 e D, além de ferro, selênio e zinco 

(PATHIRAJE et al., 2023). 

 

2.2.1 Carne de sol 

 

Nos países em desenvolvimento, a salga e secagem tornaram-se métodos tradicionais de 

conservação da carne, com destaque para a carne de sol, produto cárneo consumido desde 

tempos remotos no país, quando os recursos para refrigeração da carne eram escassos devido à 

baixa condição sócio-econômica da população (NORMAN e CORTE, 1985). 

 A carne de sol é descrita como a carne levemente salgada que foi submetida à 

desidratação parcial e que possui curta vida de prateleira (cerca de 3 a 4 dias à temperatura 

ambiente), sendo caracterizada como quase similar à carne fresca, diferente, portanto, da 

charque e do Jerked beef (OJHA et al., 2017; NORMAN e CORTE, 1985). A carne de sol é um 

produto cárneo tradicional da região nordeste do Brasil e sua fabricação é descrita como 

artesanal, onde a carne é submetida à salga e exposição ao sol e ao vento para secar, mas, em 

verdade, esta carne raramente é exposta ao sol; pelo contrário, ela é armazenada em ambiente 

coberto e bem ventilado.  

 Para fabricação da carne de sol utilizam-se normalmente as carnes bovina ou caprina 

(NORMAN e CORTE, 1985). Entretanto, apesar destas descrições técnicas, não existe nenhum 

protocolo oficial na legislação brasileira sobre a fabricação e as caracterização físico-química e 

sensorial de carne de sol. Em 2019, foi apresentada no Senado uma proposta para implementar 

padrões de fabricação e comercialização de carne de sol, a qual ainda está pendente de 

aprovação (BRASIL, 2019). 

 O processo de fabricação de carne de sol consiste, inicialmente, na utilização de corte 

de carne específico, especificamente aqueles localizados na região de quarto traseiro do animal, 

com destaque para os músculos coxão mole, ou chã de dentro (inclui os músculos 

semimembranoso, adutor, sartório, grácil, pectíneo, obturador interno, obturador externo, 

gêmeos e quadrado femoral), coxão duro, ou chã de fora (inclui o músculo glúteo bíceps, 
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patinho (inclui os músculos reto femoral, vasto lateral, vasto medial e vasto intermediário), 

alcatra (inclui os músculos tensor da fáscia lata, glúteo bíceps, glúteo médio, glúteo acessório 

e glúteo profundo)  e lombo (contrafilé) (GOUVÊA e GOUVÊA, 2007; BRASIL, 1988).  

 Seguindo os princípios da metodologia de GOUVÊA e GOUVÊA (2007), com 

adaptações feitas por GOUVÊA et al. (2017), a elaboração da carne de sol é feita da seguinte 

forma: O corte de carne (coxão mole, músculos Semimembranosus e Adductor femoris) é 

submetido ao processo de adelgaçamento (elaboração da manta), que consiste num corte feito 

na carne de forma que a mesma fique com uma espessura de, no máximo, 5 centímetros. Depois, 

são feitos cortes no sentido das fibras musculares em somente um lado da manta, com espaços 

de 3 a 4 cm entre cada um deles. De outra forma, esses cortes podem ser feitos dos dois lados 

da peça, com espaços de 8 ou 9 cm entre eles, com o cuidado para que estes cortes não atinjam 

o outro na outra face da peça de carne.  

 Após a elaboração da manta e dos cortes, segue-se para o processo de salga. O teor de 

sal pode ser de 5% até um máximo de 8% em relação ao peso da carne utilizada. O sal é, então, 

distribuído ao longo da manta de carne e sua distribuição é feita por fricção da superfície da 

mesma, incluindo os cortes. Depois deste processo, cada peça de carne é colocada em uma 

bandeja plástica ou mesa inox perfuradas, as quais devem ter inclinação suficiente para que a 

salmoura escorra. Neste momento, a temperatura ambiente deve ser de 25 °C. As peças devem 

ser viradas duas vezes a cada 8h ou até 10h, para que ocorra a sua desidratação, e, assim, estarão 

prontas para serem comercializadas e consumidas.  

 Opcionalmente, as peças podem ser ligeiramente lavadas com água para retirar o 

excesso de sal e serem penduradas em ganchos de metal com espaços entre si para permitir a 

circulação homogênea de ar e colocadas por mais 8h a uma temperatura ambiente de cerca de 

25 °C para remoção do excesso de água da lavagem. Além disso, pode-se optar por colocar as 

peças de carne sob o sol da manhã (evitando-se os horários mais quentes) por 30 a 40 min, com 

a parte gordurosa voltada para o sol, sendo que esta etapa tem como único objetivo dourar a 

gordura da carne. Todo o processo de elaboração de carne de sol pode durar cerca de 24 h a 30 

h. 

 A carne de sol é diferente da Charque, a qual é um produto largamente consumido e 

com parâmetros de qualidade regulados por legislação específica, sendo o produto cárneo 

dessecado mais comum na América do Sul (ABRANTES et al., 2014; NORMAN e CORTE, 

1985). Enquanto a charque sofre processos mais intensos de salga seca e úmida e secagem, 

resultando num produto com 44-45% de umidade e 12-15% de NaCl, a carne de sol passa por 

um processo mais suave de salga seca e secagem, resultando em um produto com 64-70% de 
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umidade e 5-6% de NaCl (LIRA et al., 1998). Os diferentes processos de elaboração da carne 

de sol e charque determinam suas diferenças no que diz respeito à vida de prateleira. Enquanto 

a charque normalmente é comercializada a vácuo e tem vida de prateleira de aproximadamente 

180 dias, a carne de sol é comercializada sem atmosfera a vácuo, e, assim, possui uma vida de 

prateleira menor que 7 dias (OJHA et al., 2017; FERREIRA, 2008; NORMAN e CORTE, 

1985).  

 

2.2.2 Hambúrguer 

 

Acredita-se que o hambúrguer tenha se originado na Alemanha, cujo nome (hamburger) 

deriva da cidade de Hamburgo, localizada naquele país, e chegado aos Estados Unidos da 

América por volta de 1904, onde se popularizou (USDA, 2023; RANKEN, 2000). Assim, o 

hambúrguer tornou-se um produto cárneo largamente consumido ao redor do mundo devido à 

sua preparação simples, baixo custo, composição em nutrientes importantes como proteínas de 

alto valor biológico, vitaminas e minerais, além de possuir atributos sensoriais atrativos, e, além 

disso, seu consumo, juntamente com o da salsicha, vem crescendo progressivamente no Brasil, 

com um aumento de cerca de 83% entre 2015 e 2020 (RIBEIRO et al., 2023; ZIEGLER et al., 

2020; RIOS-MERA et al., 2019; HAUTRIVE et al., 2019; OLIVEIRA et al., 2016; 

RAMADHAN et al., 2011; BENDER, 1992). 

O processo de elaboração de hambúrguer envolve, basicamente, os seguintes passos 

(GOUVÊA et al., 2016; GUERREIRO, 2006): Primeiro a carne é moída, e adicionada de 

gordura animal (toucinho) moída. As duas matérias-primas são misturadas manualmente e 

acrescidas de sal a 1,5% e condimentos, como alho, açúcar e pimenta. A massa com os 

ingredientes é, então, misturada manualmente por 20 minutos e colocada em refrigerador a 4°C 

por 12h. Após esse período, a massa é moldada em equipamento específico para hambúrguer 

(a massa deve estar em temperatura de, no máximo, 10°C) e o produto pronto é então embalado 

e congelado abaixo de 0°C, até o momento de seu uso.  

Ao contrário do que ocorre com a carne de sol, onde não há legislação específica que 

caracterize os seus padrões de identidade e qualidade, as características de qualidade do 

hambúrguer são oficialmente reguladas. De acordo com o Regulamento Técnico de Identidade 

e Qualidade de Hambúrguer, o hambúrguer é um produto cárneo industrializado obtido a partir 

da carne moída dos animais de açougue, com ou sem adição de gorduras e outros ingredientes, 

moldado e submetido a processos tecnológicos, sendo classificado como um produto cru, 

cozido, congelado ou resfriado (BRASIL, 2022). Como características físico-químicas, a 
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legislação brasileira estipula ainda que a composição do hambúrguer inclua, obrigatoriamente, 

carnes de diferentes espécies de animais de açougue, sendo os demais ingredientes (água, sal, 

gordura animal, gordura vegetal, condimentos, etc) opcionais.  

O hambúrguer constitui-se em um produto fonte de altos níveis de lipídios e sódio, os 

quais, em excesso, podem levar a doenças cardiovasculares e obesidade (RIOS-MERA et al., 

2019; ZHOU et al., 2019; BARBOSA et al., 2017; SELANI et al., 2016; ABURTO et al, 2013). 

No Brasil, o teor de sódio do hambúrguer (701 mg/100 g de produto) chega a ser maior que na 

Austrália (480 mg/ 110 g de produto) e Estados Unidos (290-400 mg/100 g de produto) 

(INGUGLIA et al., 2017; ANVISA, 2012; WEBSTER et al., 2010).  

A gordura animal adicionada à massa de hambúrguer tem como objetivo melhorar o 

paladar do produto, sendo os toucinhos a fonte principal de gordura, com destaque para o 

toucinho suíno, de cor branca, firme e sem cheiro (GUERREIRO, 2006). Normalmente, os 

teores de gordura animal do hambúrguer podem variar de 9 a 20%, contendo um nível alto de 

ácidos graxos saturados (31 a 42%), os quais estão relacionados a doenças coronarianas, e, 

dessa forma, o consumo excessivo deste produto cárneo pode ser prejudicial à saúde (HECK et 

al., 2019; ALEJANDRE et al., 2017; SELANI et al., 2016; WHO, 2003). O Regulamento 

Técnico de Identidade e Qualidade de Hambúrguer estabelece um teor de gordura máximo no 

produto de 25% (BRASIL, 2022). Segundo a OMS, o teor de gorduras ingerido não deve 

ultrapassar 30% do total de energia ingerida por um adulto (WHO, 2023).  

 Em suma, a elaboração de produtos cárneos visa não só preservar as características de 

qualidade físico-química e microbiológica da carne, preservar sua vida útil e aumentar sua 

segurança ao consumo, mas também é uma forma de agregar valor aos produtos 

comercializados (NARDOCCI et al., 2019; BARBOSA et al., 2019; SEMAN et al., 2018), 

aliado ao fato de que, até os dias atuais, a carne e os produtos cárneos, além de promover uma 

alta saciedade quando do seu consumo, se consolidaram como os mais completos em termos de 

aporte de nutrientes importantes (WESTERTERP-PLANTENGA et al., 2009). 
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Composição físico-química, perfil de ácidos graxos e atributos sensoriais de carne 44 

(músculo longissimus lumborum) de bovinos Nelore e cruzados de Nelore 45 

 46 

RESUMO 47 

 48 

O presente estudo teve como objetivo comparar as características físico-químicas, o perfil de 49 

ácidos graxos e os atributos sensoriais da carne de bovinos dos seguintes grupos genéticos: 50 

Nelore (Nell), ½ Nelore × ½ Angus (NeAn), and ¼ Nelore × ¼ Angus × ½ Senepol (NASe). 51 

Foi utilizado o músculo Longissimus lumborum de 30 bovinos abatidos com peso corporal de 52 

549 ± 32.5 kg. A capacidade de retenção de água foi maior em carnes dos grupos Nell e NeAn 53 

do que no grupo NASe. As amostras de carne do grupo NASe tiveram maior índice L* do que 54 

carnes do grupo NeAn e menores índices a* e b* do que as carnes do grupo Nell. O perfil de 55 

ácidos graxos mostrou que o grupo Nell obteve maiores concentrações de 12:0, 14:0, 18:1 t11, 14:1 56 

c9, 16:1 c9, 18:1 c9, 18:1 c11, 18:2 c9, t11 (ácido linoléico conjugado (CLA)), e 20:3 n-6 do 57 

que as carnes dos grupos NeAn e NASe. As concentrações totais de ácidos graxos saturados, 58 

insaturados e monoinsaturados (ΣSFA, ΣUFA e ΣMUFA) foram maiores e a razão ΣPUFA:ΣSFA  foi 59 

menor no grupo Nell do que no grupo NeAn. A atividade de Δ9–desaturase para C16 foi 60 

significativamente maior nos grupos Nell e NASe do que no grupo NeAn. O índice de 61 

aterogenicidade (IA) teve tendência de decréscimo nos animais cruzados do que no grupo 62 

Nelore. O grupo NASe apresentou carnes com melhores escores de maciez, suculência e 63 

aceitação global do que os grupos Nell e NeAn, e, assim, foi o melhor grupo genético para a 64 

produção de carne bovina dentre todos os grupos testados. 65 

 66 

Palavras-chave: Bos indicus, Bos taurus, cruzamentos, genética, produção, ruminantes 67 

 68 
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 80 
 81 
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Physicochemical composition, fatty acid profile and sensory attributes of meat 95 

(longissimus lumborum muscle) from Nellore and Nellore‑cross bulls 96 

 97 

ABSTRACT 98 
 99 

 100 

This study aimed to compare the physicochemical characteristics, fatty acid composition, and 101 

sensory attributes of the meat from three genetic groups: Nellore (Nell), ½ Nellore × ½ Angus 102 

(NeAn), and ¼ Nellore × ¼ Angus × ½ Senepol (NASe). Longissimus lumborum muscle from 103 

18 slaughtered bulls with a body weight of 549 ± 32.5 kg was used. The water holding capacity 104 

was greater for the Nell and NeAn groups than for the NASe group. Meat samples from the 105 

NASe group exhibited a higher L* index than those from the NeAn group and lower a* and b* 106 

color indexes than those from the Nell group. The meat fatty acid profiles showed that the Nell 107 

group had higher concentrations of 12:0, 14:0, 18:1 t11, 14:1 c9, 16:1 c9, 18:1 c9, 18:1 c11, 108 

18:2 c9, t11 (conjugated linoleic acid (CLA)), and 20:3 n-6 polyunsaturated fatty acid (PUFA) 109 

than the NeAn and NASe groups. The total saturated (ΣSFA), unsaturated (ΣUFA), and 110 

monounsaturated (ΣMUFA) fatty acid concentrations were higher and the ΣPUFA:ΣSFA ratio 111 

was lower in the Nell group than in the NeAn group. The Δ9–desaturase C16 activity was 112 

significantly higher in the Nell and NASe groups than in the NeAn group. The atherogenicity 113 

index (AI) tended to be lower in the crossbreeds than in the Nell breed. The NASe group 114 

presented meat with better tenderness, juiciness, and overall acceptance than the Nell and NeAn 115 

groups and was therefore the best genetic group for beef production of the tested groups. 116 

Keywords Atherogenicity index · Beef · Genetic · Longissimus muscle · Water holding capacity 117 

 118 
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 128 

 129 

 130 

 131 
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Introduction 132 

 133 

The concept of meat quality is very broad and can be influ enced by several factors that 134 

are interrelated within the meat production chain. One of the main factors is the choice of genetic 135 

material because the meat quality varies on the basis of the breed (Rotta et al. 2009). Thus, 136 

genetic improvement is an important tool for increasing meat quality, which can cause problems 137 

in production systems when fat deposition or tenderness is low (Lage et al. 2012). The genotype 138 

Bos indicus is commonly used in meat production (Aroeira et al. 2017) but suffers from the 139 

abovementioned quality deficit (Prado et al. 2008). Taurine breeds have great characteristics 140 

when raised in temperate climates but do not present the same productive attributes when raised 141 

in tropical regions due to environmental stressors, which include hot temperatures and parasites. 142 

In this sense, crossbreeding has been fundamental to improving the beef cattle 143 

production system. Crossbreeding aims to exploit differences to find combinations (crosses) that 144 

best fit the type of production (breeding, rearing, or fattening), as well as the environmental 145 

conditions and market requirements of each region. Thus, beef cattle producers began to explore 146 

genotypes best suited for their production system; that is, genotypes that are more efficient at 147 

converting consumed food into body mass and meeting market demand, especially in terms of 148 

carcass and meat quality, are utilized (Koetz Junior et al. 2019). 149 

Bos taurus and Bos indicus were crossbred to explore complementarity between breeds 150 

and the benefit of heterosis (Gama et al. 2013) in addition to improvements in carcass and meat 151 

traits, such as tenderness (Lage et al. 2012). B. indicus meat was shown to be less tender than B. 152 

taurus meat (Wheeler et al. 1990), and as the proportion of B. indicus increases in the crossbreed, 153 

meat tenderness decreases (Crouse et al. 1989; Johnson et al. 1990; Rubensam et al. 1998). The 154 

difference in shear force between meat from B. taurus and B. indicus is  attributed to the behavior 155 

of the calpain/calpastatin complex during maturation (Whipple et al. 1990; Lana and Zolla 2016), 156 

where calpains partially rupture the myofilaments, rendering the meat softer (Muroya et al. 157 

2006). However, the catalytic activity of these enzymes is inhibited by calpastatin (Koohmaraie 158 

et al. 2002), whose activity in the muscles of B. indicus is higher than that in the muscles of B. 159 

taurus (Rubensam et al. 1998). 160 

  The Nellore breed is most frequently chosen for crossbreeding due to its rusticity, good 161 

performance, and remarkable precocity in relation to other Zebu breeds; additionally, the 162 

Nellore breed presents a higher slaughter carcass yield than other Zebu and Taurus breeds 163 

(Perotto et al. 2009; Carvalho et al. 2019). In addition, between Nellore and Red Angus 164 

crossbreeds show a higher warm carcass yield, higher longis simus dorsi area, higher carcass 165 
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musculature degree, lower bone content (Perotto et al. 2009), and higher fat thickness (Leme 166 

et al. 2000) than other crossbreeds. Thus, three cross- breeds can yield further improvements in 167 

carcass quality, meat production, and animal quality if an adapted Bos taurus animal is used. In 168 

this sense, the Senepol (Hammond et al. 1996) breed stands out due to its high tolerance of a 169 

tropical climate compared to that of other Taurus breeds, but data related to the genetic 170 

characterization of this breed are still sparse (Flori et al. 2012). Furthermore, there is a lack of 171 

information on the physicochemical and sensory meat attributes of this breed and its crosses. 172 

In this context, meat quality improvement is related to the knowledge and control of meat 173 

attributes (Joo et al. 2013). For the meat industry, knowledge about customer meat quality 174 

preferences at the moment of purchase is of great importance (Vimiso et al. 2012). Therefore, the 175 

present study was con ducted to test the hypothesis that animals of the genetic group ¼ Nellore × 176 

¼ Angus × ½ Senepol have a longissimus muscle with improved physicochemical and sensory 177 

traits. 178 

 179 

 180 

Materials and methods 181 

 182 

Ethical considerations, treatment, animals, and management 183 

 184 

The experimental trial was conducted at the Veterinary and Animal Science School of 185 

Federal University of Bahia (UFBA), located in Salvador, Bahia, Brazil. All procedures 186 

followed the guidelines recommended by the Animal Care and Use Committee of the same 187 

institution (CEUA/ UFBA Process number 043/2019). 188 

    The longissimus lumborum muscle from 30 uncastrated, pasture-finished bulls 189 

averaging 24 ± 3 months of age was used. The average daily gain was 0.955 ± 0.100 kg 190 

(producer farm data). Of the 30 muscle samples, ten were from the genetic group Nellore (Nell), 191 

ten from ½ Nellore × ½ Angus (NeAn), and ten from ½ Senepol × ¼ Nellore × ¼ Angus 192 

(NASe). The body weight of the slaughtered animals was 549 ± 32.5 kg, and the muscle pieces 193 

were purchased directly from the producer farm. 194 

   The animals that were born and raised on the same producer farm from where they were 195 

finished were separated by genetic group, kept in different paddocks (one 24-hectare paddock 196 

for each genetic group) containing Brachiaria brizantha cv. Marandu, and provided with 197 

drinking water sources and collective feeders nine meters in length for mineral supplementation 198 
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specific to each category. Feeding was similar for all genetic groups. Animals that were kept in 199 

pasture were supplemented with a 20% crude protein concentrate, offered at 1% of the body 200 

weight (BW). The concentrate consisted of ground corn (54%), soybean meal (40%), and a 201 

mineral mixture (6%). The animals remained separated by group until the predetermined BW 202 

for slaughter (500 to 600 kg) was reached. 203 

 204 

Slaughter and physicochemical properties of meat 205 

 206 

    At the end of the finishing period, the animals were fasted for 16 h and weighed to 207 

obtain body weight at slaughter (BWS); then, they were sent to a commercial slaughterhouse 208 

located 1000 m away from the experimental farm. The animals were slaughtered following the 209 

guidelines of the Federal Inspection Service (FIS) of humane slaughter in accordance with the 210 

Brazilian Ministry of Agriculture and Livestock regulations (Normative no 03/00, MAPA, 211 

Brazil). At slaughter, after skinning and evisceration, the carcasses were cut into two halves, 212 

and the initial pH (pH0) was measured in the longissimus dorsi muscle between the 6th and 7th 213 

ribs using a digital pH meter (model HI99163, HANNA Instruments, São Paulo, Brazil). Then, 214 

the carcasses were sent to the cold chamber where they remained at 4 °C for 24 h. After 24 h, 215 

the final pH (pH24h) of the carcasses was measured using the same procedure previously 216 

described for pH0, both according to the AOAC (2012). A transverse cut was made between the 217 

12th and 13th ribs, section HH (Greiner et al. 2003). Then, samples of the longissimus 218 

lumborum muscle, approximately 2.5 cm thick, were collected, packed in aluminum foil and 219 

plastic film, and frozen in a freezer (− 18 °C) until analysis of the physicochemical properties, 220 

fatty acid composition, and sensory attributes. Before starting the analysis, the meat samples 221 

were thawed in plastic bags in a refrigerator at 10 °C for 20 h. 222 

    The water holding capacity (WHC) was determined in triplicate by the pressure 223 

method described by Hamm (1986), based on the difference in weight of a rectangular meat 224 

sample (2.0 g) before and after roasting. The sample was then subjected to a force equivalent 225 

to 10 kg for 5 min. The amount of water loss from the sample was expressed as  a % of water 226 

retention in the initial sample weight. 227 

    To determine the cooking weight loss (CWL), meat samples with cm3 dimensions and 228 

weighing approximately 15 g were weighed before and after cooking. A stainless-steel 229 

thermocouple (Gulterm 700; Gulton of Brazil) was positioned in the center (geometric) of each 230 

sample to monitor the internal temperature. During cooking, when the internal temperature 231 
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reached 71 °C, the samples were removed from the grill (George Foreman Jumbo Grill 232 

GBZ6BW, Rio de Janeiro, Brazil), placed in plastic packaging, and submerged in an ice water 233 

bath until the sample reached room temperature. The weight loss of each sample was determined 234 

from the difference between the weights before and after cooking and expressed as a percentage. 235 

After being weighed, the samples remained at 4 °C overnight for subsequent texture analysis 236 

according to the American Meat Science Association (AMSA 2016). The cooking yield was 237 

calculated using the following equation: yield = (weight of cooked sample/ weight of raw 238 

sample) × 100. 239 

     A texture analyzer (Texture Analyzer TX-TX2, Mecmesin, NV, USA) fitted with a 240 

Warner–Bratzler-type shear blade with a load of 25 kgf and a cutting speed of 20 cm/min 241 

(Shackelford et al. 1999) was used to determine the shear force. Meat samples were brought to 242 

room temperature prior to Warner–Bratzler shear force (WBSF) analysis. At least three cores 243 

with a 1.27 cm diameter and 2.0 cm length that were parallel to the muscle fibers were removed 244 

from each sample using a cork borer. Each core was sheared perpendicularly to the fiber 245 

direction. 246 

    Longissimus lumborum samples were exposed to air for 30 min. After this period, color 247 

measurements were taken on the surfaces of the samples with a handheld CR-410 Minolta 248 

colorimeter (Chroma Meter CR-410, Konica Minolta, Tokyo, Japan), according to the 249 

Commission International I’Eclarage (CIE) system, using L*, a*, and b* coordinates;  250 

illuminant D65; and a 10° standard observer angle (Milten burg et al. 1992). The saturation 251 

index (chroma, C*) was calculated as C* = (a*2 + b*2)1/2 according to Hunt and King (2012). 252 

    The protein, lipid, moisture, ash, and collagen contents of longissimus lumborum 253 

samples were determined by near-infrared spectroscopy (NIR) in a FoodScan™ apparatus 254 

(FOSS Analytical A/S, Hillerod, Denmark) according to methods approved by the AOAC 255 

(2007). The longissimus water activity (AW) was assessed by using an Aqualab LITE® device 256 

(Decagon Devices Inc., Pullman, WA, USA). 257 

 258 

Fatty acid profile 259 

 260 

    The fatty acid composition was analyzed according to O’Fallon et al. (2007), with 261 

adaptations. Briefly, 0.5 g of the freeze-dried samples was weighed into 12-mL tubes, and 1 262 

mL of internal standard solution in methanol (1 mg 19:0/mL), 5.3 mL of methanol, and 0.7 mL 263 

of 10 N aqueous potassium hydroxide were added to each tube. Then, the tubes were incubated 264 

in a water bath at 55 °C for 1.5 h, and every 20 min, they were vigorously hand-shaken for 5 s. 265 
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The tubes were then cooled in a tap water bath, and 0.58 mL of 24 N aqueous sulfuric acid was 266 

added for a second water bath cycle, as described. The tubes were cooled again in a cold tap 267 

water bath, and 3 mL of hexane was added to each tube. 268 

    The tubes were vortexed (Fisatom 772, São Paulo, Brazil) for 5 min and centrifuged 269 

(Centribio 80-2B, Equipar®, Paraná, Brazil) for 5 min. The supernatants were collected and 270 

placed in GC vials. 271 

    Fatty acid methyl ester (FAME) separation was carried out using a gas chromatograph 272 

(Focus GC Thermo Electron S.P.A., Milan, Italy) fitted with a flame ionization detec tor and 273 

an SP-2560 column (100 m × 0.25 mm × 0.20 µm; Supelco Inc., Bellefonte, PA, USA). The 274 

oven temperature was initially set to 140 °C for 5 min, increased at a rate of 1 °C.min−1 to 220 275 

°C, and held for 25 min. The carrier gas was hydrogen, with a 1.3 mL.min−1 flow rate. The 276 

injector temperature was 250 °C, and the detector temperature was 280 °C. The injection 277 

volume was 1 µL, and the split ratio was 30:1. 278 

    Identification of FAMEs was performed by comparing the methyl ester retention times 279 

in the samples to those of the GLC-674 Standard Mixture (Nu-Chek Prep Inc. Elysian, USA), 280 

containing 52 fatty acids. Quantification was based on the Sukhija and Palmquist (1988) method 281 

and was performed with the following formula: [(total area under the peak) − (area under the 282 

internal standard peak/area of the internal standard) × (internal standard concentration/dry 283 

weight of the sample)]. The results were expressed in miligrams of fatty acid per 100 g of beef 284 

(mg/100 g beef) and as percentages (%) of the total fatty acids as g/100 g FAMEs. 285 

The sums of the total saturated (ΣSFAs), unsaturated (ΣUFAs), monounsaturated 286 

(ΣMUFAs), and polyunsaturated  (ΣPUFAs) fatty acids, Σn–6, and Σn–3 were calculated, as 287 

well as the ΣUFA:ΣSFA, ΣMUFA:ΣSFA, PUFA:SFA, ΣPUFA:ΣMUFA, and Σn–6:Σn–3 288 

ratios. To evaluate the nutritional quality of the lipid fraction of the longissimus lumborum 289 

muscle, the atherogenicity index (AI) and thrombogenicity index (TI) according to Ulbricht and 290 

Southgate (1991) and the relationship between hypocholesterolemic and hypercholesterolemic 291 

fatty acids (h:H) (Santos-Silva et al. 2002) were calculated. The stearoyl Co-A desaturase (∆9 292 

desaturase) activities for 6:0 (palmitic acid) and 18:0 (stearic acid) as well as the elongase 293 

activity (De Smet et al. 2004) were also estimated. 294 

 295 

Sensory attributes 296 

 297 

    Consumer appeal was evaluated using the affective method or hedonic scale of nine 298 

points, evaluating the parameters of flavor, aroma, softness, juiciness, and overall acceptance. 299 
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The panel was composed of 80 untrained testers. During a sensory evaluation, four samples 300 

per treatment, without additional condiments, were provided to each taster in plastic containers 301 

with coded lids; each taster also received water and crackers for intake between tastings to 302 

remove the residual flavor. 303 

    Raw meat samples of each genetic group were cut into cubes of approximately 2.0 cm3 304 

in size and approximately 16 g in weight. The samples were then grilled on a preheated electric 305 

grill (George Foreman Jumbo Grill GBZ6BW, Rio de Janeiro, Brazil) at 170 °C until the 306 

temperature of the geometric center reached 71 °C. The samples were then transferred to 307 

preheated, coded beakers covered with aluminum foil to ensure minimum loss of heat and aroma 308 

volatiles, and the beakers were kept in a water bath (Marconi-Piracicaba-SP, Brazil) at 75 °C 309 

so that the temperature of the samples remained between 65 and 70 °C until distribution to the 310 

tasters. No salt or condiments were added. Water and cream crackers were provided to remove 311 

any aftertaste between tastings. 312 

    Sensory attribute analyses were performed between 09:00 h and 11:00 h in individual 313 

compartments. Sensory attributes were determined using a structured scale of nine points, with 314 

1 meaning disliked very much; 2, very displeased; 3, disliked moderately; 4, slightly disliked; 315 

5, indifferent; 6, liked slightly; 7, liked moderately; 8, liked a lot; and 9, liked very much. The 316 

evaluated attributes were flavor, aroma, tenderness, juiciness, and overall acceptance. 317 

 318 

Statistical analysis 319 

 320 

    Statistical analysis was carried out with the Statistical Analysis System (SAS Institute 321 

Inc., Cary, NC, USA) using analysis of variance (ANOVA) of data from the completely 322 

randomized study design of the three genetic groups (Nellore  (Nell), ½ Nellore × ½ Angus 323 

(NeAn), and ½ Senepol × ¼ Nellore × ¼ Angus (NASe), which included the effects of the 324 

genetic group. Tukey’s test was used to compare least    square means. The means were 325 

significantly different when P < 0.05, and trends were discussed at the level of P < 0.10.  The 326 

following statistical model was used: Yij = μ + si + eij, where Yij = the observed value, μ = 327 

the general mean,   si = the effect of the genetic group, and eij = the effect of the experimental 328 

error in the plots. 329 

 330 

 331 

 332 
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Results 333 

 334 

Animal and carcass traits 335 

 336 

    Slaughter weights (SW; P < 0.001; Table 1) as well as hot carcass weights (HCW; P < 337 

0.001) were significantly different among groups. Hot carcass yield (HCY) (P = 0.041) was 338 

similar among Nell and NeAn groups and differed significantly from NASe. Subcutaneous fat 339 

thickness (SFT) (P = 0.104) was statistically similar among groups. Regarding crossbreds, it 340 

was possible to observe that NASe, which was the lighter, was earlier in SFT compared to NeAn. 341 

Loin eye area (LEA) was not statistically different among groups (P = 0.838). However, it was 342 

observed an advantage to crossbreds, in which SW was lower. This was especially perceived in 343 

NASe, which achieved the same score as Nell, although having the lighter SW. 344 

 345 

 346 

Table 1. Animal, carcass, and Longissimus lumborum traits from Nellore (Nell), ½ Nell × ½ Angus 347 

(NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe) 348 

Trait 
Genetic groups 

SEMΣ p - value
†
 

Nell NeAn NASe 

Slaughter weight (kg) 615.7
a
 531.7

b
 473.3

c
 11.733 < 0.001 

Hot carcass weight (kg) 311.2
a
 270.5

b
 229.9

c
 7.740 < 0.001 

Hot carcass yield (%) 50.5
a
 50.8

a
 48.6

b
 0.594 0.041 

Subcutaneous fat thickness (mm) 3.33 2.08 2.33 0.384 0.104 

Loin eye area (cm2) 64.6 67.8 64.6 4.257 0.838 
ΣSEM standard error of the mean 349 
†Means with different superscript letters in the same row differ (P < 0.05; P < 0.10) 350 

 351 

 352 

 353 

Physicochemical properties 354 

 355 

    There was no difference among groups (P > 0.05) in the initial and final (24 h) pH; 356 

C* (saturation) color parameter; shear force; cooking loss; protein, lipid, moisture, ash, or 357 

collagen contents; or water activity of the longissimus lumborum samples (Table 2). The WHC 358 

(P = 0.002) of all groups was high, with significantly higher scores for the Nell and NeAn groups 359 

(averaging 83.4% and 82.2%, respectively) than for the NASe group (78.3%). Meat samples from 360 

the NASe group exhibited a trend of higher L* (P = 0.070) than those from the NeAn group and 361 

lower a* (P = 0.091) and b* (P = 0.085) values than those from the Nell group; that is, the 362 

NASe meat was brighter and less intensely red and yellow than the meat from the other groups. 363 



 

42 

 

 

Table 2. Physicochemical composition of Longissimus lumborum from Nellore (Nell), ½ Nell × 364 

½ Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe) 365 

Attribute 
Genetic group 

SEMA p- valueB 
Nell NeAn NASe 

pH0 (initial pH) 6.98 6.70 6.80 0.118 0.276 

pH24 h (final pH) 5.90 5.72 5.85 0.082 0.379 

Water holding capacity (%) 83.4
a
 82.2

a
 78.3

b
 1.153 0.002 

Color parameters 

       L* (lightness) 37.8 37.2 39.0 0.827 0.070 

       a* (redness) 23.1 22.9 22.4 0.336 0.091 

       b* (yellowness) 7.37 7.04 6.92 0.288 0.085 

Chrome*(saturation) 24.2 23.9 23.5 0.408 0.117 

Shear force (kgf/cm2) 7.46 6.84 7.62 0.938 0.527 

Cooking loss (%) 28.4 32.9 31.2 1.673 0.192 

Protein (%) 22.9 22.9 23.3 2.442 0.501 

Lipid (%) 1.51 1.02 1.07 0.187 0.236 

Moisture (%) 73.0 73.5 73.3 0.406 0.671 

Ash (%) 2.45 2.55 2.30 0.193 0.707 

Collagen (%) 1.34 1.47 1.16 0.104 0.151 

Water activity 0.983 0.982 0.981 0.002 0.780 
ASEM standard error of the mean 366 
BMeans with different superscript letters in the same row differ at p < 0.05, and trends are 367 

discussed at the level of p < 0.10 368 

 369 

 370 

 371 

Fatty acid composition 372 

 373 

    The longissimus lumborum fatty acid profile in g/100 g beef  (Table 3) showed that the 374 

muscle from the Nell group had the highest amount of ΣSFAs, with higher trend for 375 

concentrations of 12:0 (P = 0.068) and 14:0 (P = 0.009) than those in the meat from the NeAn 376 

and NASe groups, which were similar in the composition of these fatty acids. The Nell group 377 

had significantly higher amounts of 18:1 t11 (P = 0.026), 14:1 c9 (P = 0.042), 16:1 c9 (P = 378 

0.029), and 18:1 c9 (P = 0.023), and a trend to 18:1 c11 (P = 0.076) than the NeAn and NASe 379 

groups, which were similar in the composition of these fatty acids. The PUFAs 18:2 c9 and t11 380 

(conjugated linoleic acid (CLA)) in longissimus lumborum samples from the Nell breed were 381 

higher than those in samples from the NeAn breed but similar to those in the NASe samples. 382 

For the 20:3 n-6 fatty acid, the Nell breed samples also had higher levels than the other two 383 

genetic groups. However, the 20:5 n-3 concentration was higher in the NeAn breed than in the 384 

Nell breed. The SFAs 15:0, 16:0, 17:0, and 18:0; MUFA 15:1 c10; and PUFAs 18:2 n-6, 18:3 385 
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n-3, 20:4 n-6, and 22:5 n-3 did not differ among the compared genetic groups. 386 

 387 

 388 

Table 3. Fatty acid composition of Longissimus lumborum from Nellore (Nell), ½ Nell × ½ 389 

Angus (NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe) in mg/100 g beef 390 

Fatty acid (mg/100 beef) 
Genetic group 

SEMA p- valueB 
Nell NeAn NASe 

Saturated fatty acids (SFAs) 

12:0 2.80 0.79 1.21 0.199 0.068 

14:0 47.33
a
 19.05

b
 22.66

b
 5.660 0.009 

15:0 9.85 5.39 7.39 1.454 0.168 

16:0 361.5 232.0 246.5 40.87 0.120 

17:0 19.45 12.61 14.06 2.406 0.225 

18:0 336.3 260.3 248.9 38.00 0.333 

Monounsaturated fatty acids (MUFAs) 

18:1 t11 45.15
a
 19.65

b
 25.37

b
 5.682 0.026 

14:1 c9 4.47
a
 1.42

b
 2.50

ab
 0.527 0.042 

15:1 c10 1.61 1.99 1.81 0.232 0.673 

16:1 c9 38.34
a
 20.91

b
 25.42

b
 4.079 0.029 

18:1 c9 489.5
a
 280.0

b
 303.0

b
 49.45 0.023 

18:1 c11 15.34 11.08 11.90 1.214 0.076 

Polyunsaturated fatty acids (PUFAs) 

18:2 n-6 68.6 57.4 55.4 4.844 0.153 

18:3 n-3 20.61 16.39 16.48 1.622 0.158 

18:2 c9, t11 4.08 1.54 3.04 0.506 0.067 

20:3 n-6 4.72 3.46 3.45 0.359 0.057 

20:4 n-6 18.89 20.10 18.45 1.154 0.605 

20:5 n-3 5.55
b
 7.16

a
 6.28

ab
 0.365 0.041 

22:5 n-3 12.38 13.51 12.76 0.613 0.513 
ASEM standard error of the mean 391 

BMeans with different superscript letters in the same row differ at p < 0.05, and trends are 392 

discussed at the level of p < 0.10 393 

 394 

 395 

    FAMEs (Table 4), the SFA C14:0 was affected by the genetic group (P = 0.0069), being 396 

greater in the Nell groups, followed by the NeAn and NASe groups, which were similar in the 397 

composition of this fatty acid (P > 0.05). The SFAs C12:0, C15:0, C16:0, C17:0, and C18:0 398 

were not affected by the genetic group (P > 0.05). The MUFA C14:1 c9 also showed a genetic 399 

group effect, being greater in the Nell group than in the NeAn and NASe groups, which were 400 

similar in the composition of this fatty acid (P > 0.05). MUFAs C18:1 t11, C14:1 c9, C15:1 401 

c10, C16:1 c9, C18:1 c9, and C18:1 c11 were not affected by the genetic group, and PUFAs 402 
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C18:2 n-6, C18:3 n-3, C18:2 c9, t11, C20:3 n-6, C20:4 n-6, C20:5 n-3, and C22:5 n-3 did not 403 

differ among the genetic groups evaluated (P > 0.05). 404 

 405 

 406 

Table 4 Fatty acid composition of Longissimus lumborum from Nellore (Nell), ½ Nell × ½ Angus 407 

(NeAn), and ¼ Nell × ¼ Ang × ½ Sen (NASe) in mg/100 g FAME (fatty acid methyl esters) 408 

Fatty acid 
Genetic group 

SEMA p- valueB 
Nell NeAn NASe 

Saturated fatty acids (SFAs) 

C12:0 0.22 0.07 0.11 0.03 0.1799 

C14:0 3.29
a
 2.17

b
 1.70

b
 0.27 0.0069 

C15:0 3.51 0.68 2.65 1.69 0.6110 

C16:0 17.85 22.25 21.35 2.43 0.5029 

C17:0 1.32 1.30 1.19 0.09 0.5031 

C18:0 25.21 22.50 26.59 1.92 0.3578 

Monounsaturated fatty acids (MUFAs) 

C18:1 t11 5.74 5.21 2.11 2.16 0.5452 

C14:1 c9 0.34a 0.21b 0.13b 0.03 0.0353 

C15:1 c10 0.18 0.18 0.25 0.05 0.5949 

C16:1 c9 2.41 2.44 4.19 0.86 0.5276 

C18:1 c9 28.89 27.90 26.14 2.52 0.7117 

C18:1 c11 1.56 2.11 1.15 0.47 0.5603 

Polyunsaturated fatty acids (PUFAs) 

C18:2 n-6 4.47 5.89 5.86 0.89 0.4807 

C18:3 n-3 1.37 1.54 1.82 0.19 0.2981 

C18:2 c9, t11 0.33 0.29 0.21 0.05 0.2624 

C20:3 n-6 0.71 0.90 0.34 0.23 0.3384 

C20:4 n-6 1.33 1.92 2.07 0.26 0.1787 

C20:5 n-3 0.41 0.96 0.72 0.15 0.1233 

C22:5 n-3 0.86 1.50 1.43 0.20 0.1463 
ASEM standard error of the mean 409 

BMeans with different superscript letters in the same row differ at p < 0.05, and trends are 410 

discussed at the level of p < 0.10 411 

 412 

 413 

 414 

 415 

 416 

    The ΣPUFA, ΣUFA:ΣSFA, ΣMUFA:ΣSFA, Σn-6, Σn-3, and Σn-6:Σn-3 values and the 417 

Δ9–desaturase C18 and elongase enzymatic activities did not differ among the genetic groups 418 

(Table 5). Trends were observed for the ΣSFA (P = 0.077), ΣUFA (P = 0.086) and ΣMUFA 419 

(P = 0.057) concentrations were higher and the ΣPUFA:ΣSFA ratio was lower (P = 0.053) in 420 
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the Nell group than in the NeAn and NASe groups, which were similar in these fatty acid indices. 421 

The Δ9–desaturase C16 activity (P = 0.082) was significantly higher in the Nell and NASe groups 422 

than in the NeAn group. The AI (P = 0.070) of the longissimus lumborum tended to be lower in 423 

the crossbreeds than in the Nell breed. There was no difference among the groups in terms of 424 

the TI index (P = 0.401) or h:H index (P = 0.386). 425 

 426 

 427 

 428 

Table 5. Sums, ratios of fatty acid groups, enzymatic activity, and health-promoting 429 

compounds in Longissimus lumborum of Nellore (Nell), ½ Nell ½ Angus (NeAn) and ¼ Nell 430 

¼ Angus ½ Sen (NASe) 431 

Item (mg/100g beef) 
Genetic group 

SEMA p- valueB 
Nell NeAn NASe 

Sum of groups and ratios 

  ΣSFA 767.7
a
 529.6

b
 539.9

b
 84.67 0.017 

  ΣUFA 685.0 466.8 501.8 60.40 0.086 

  ΣMUFA 552.8 347.8 386.9 55.00 0.057 

  ΣPUFA 127.9 119.0 114.9 7.798 0.509 

  ΣUFA: ΣSFA 0.899 0.912 0.988 0.048 0.448 

  ΣMUFA: ΣSFA 0.732 0.670 0.733 0.026 0.209 

  ΣPUFA: ΣSFA 0.125 0.157 0.163 0.023 0.053 

  Σn-6 88.7 80.9 77.3 5.315 0.367 

  Σn-3 39.6 38.1 37.6 3.148 0.890 

  n-6:n-3 2.08 2.13 2.09 0.080 0.919 

Enzymatic activity 

  Δ
9
– desaturase C16 8.94 8.29 9.44 0.277 0.082 

  Δ
9
– desaturase C18 56.7 52.2 55.6 1.481 0.150 

  Elongase 66.5 68.3 67.2 0.890 0.368 

Health indexes 

  Atherogenicity Index (AI) 0.795 0.647 0.642 0.045 0.070 

  Thrombogenicity Index (TI) 1.68 1.53 1.43 0.101 0.401 

  h:H
C Index 1.26 1.39 1.40 0.077 0.386 

ASEM standard error of the mean 432 

BMeans with different superscript letters in the same row differ at p < 0.05, and trends are 433 

discussed at the level of p < 0.10 434 

CHypocholesterolemic:hypercholesterolemic fatty acid ratio 435 

 436 

 437 

 438 

 439 
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Sensory attributes 440 

 441 

  The NASe group presented meat with better tenderness (P = 0.001), juiciness (P = 442 

0.023), and overall acceptance (P = 0.018) than the Nell and NeAn groups, which were not 443 

different in terms of these attributes. There was no difference among the groups in terms of the 444 

aroma (P = 0.786) and flavor (P = 0.315) of the longissimus lumborum samples (Table 6). 445 

 446 

 447 

 448 

Table 6. Longissimus lumborum sensory evaluation results from Nellore (Nell), ½ Nell ½ 449 

Angus (NeAn) and ¼ Nell ¼ Angus ½ Sen (NASe) 450 

AttributesA 
Genetic group 

SEMB p- valueC 
Nell NeAn NASe 

Aroma 6.61 6.48 6.51 0.144 0.786 

Flavor 6.75 6.43 6.56 0.150 0.315 

Tenderness 5.83
b
 5.91

b
 6.86

a
 0.207 0.001 

Juiciness 5.90
b
 6.04

b
 6.56

a
 0.178 0.023 

Overall acceptance 6.29
b
 6.20

b
 6.81

a
 0.163 0.018 

AHedonic scale (1 meaning disliked very much; 2 very displeased; 3 disliked moderately; 4 451 

slightly disagree; 5 indifferent; 6 liked slightly; 7 liked moderately; 8 liked very much; and 9 452 

liked very much) 453 

BSEM standard error of the mean 454 

CMeans with different superscript letters in the same row differ at p < 0.05, and trends are 455 

discussed at the level of p < 0.10 456 

 457 

 458 

 459 

Discussion 460 

 461 

Animal and carcass traits 462 

 463 

    Slaughter (SW) and carcass (HCW) weights differed significantly among groups and 464 

were greater as higher was the Bos indicus genetic inclusion. Zebu is considered late to body 465 

growth compared to crossbreds (Perotto et al. 2000), with lower intramuscular fat deposition 466 

(marbling) (Maggioni et al. 2010) and tenderness of meat (Johnson et al. 1990). Considering 467 

the absence of information on literature about NASe animals, its weights were slightly 468 

increased the observed in literature for purebreds Senepol (452 kg) under hot environments 469 
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(Chase et al. 1993). Higher hot carcass yield (HCY) in Nell and NeAn groups followed the 470 

described by Maggioni et al. (2010), in Nell (52.6%) and ½ Nell ½ European (52.6%), with 471 

a slight decrease in ¼Nell ¾European. This trait is related to the internal organs’ weights 472 

(respiratory and gastrointestinal), which are removed during slaughtering procedures (Miguel 473 

et al. 2014). Nellore is known as having a small digestive trait than Bos taurus, which contributes 474 

to its higher HCY, compared to taurine breeds (Lopes et al. 2012). So, Bos indicus presence in 475 

crossbreeding promotes an increase in HCY (Rotta et al. 2009). Therefore, this fact probably 476 

contributed to the lack of differences between Nell and NeAn in the present study. In general, 477 

LEA was proportionally low in Nell and increased in crossbreds. NASe, which achieved the 478 

lowest weights, reached similar measurements of Nell. Miguel et al. (2014) also found higher 479 

LEA in ½ Nel ½ Angus than in Nell breeds. 480 

 481 

 482 

Physicochemical properties 483 

 484 

   The average initial and final pH (24 h) in the longissimus lumborum samples observed 485 

in the present study did not differ between the evaluated genetic groups. An appropriate 486 

reduction in the final pH in relation to slaughter was observed, and the pH values 24 h after 487 

slaughter remained in the range of 5.4 to 5.9, which is considered adequate for maintaining 488 

quality and shelf life (Matarneh et al. 2017). Acidification of the muscle is caused by the 489 

accumulation of lactic acid from ATP resynthesis of glucose from glycogen stores (Duarte 490 

et al. 2011). The final pH of the three genetic groups was close to the upper limit because cattle 491 

kept exclusively on pasture normally have relatively low glycogen availability at slaughter 492 

and therefore a relatively low final meat pH (Neath et al. 2007). Thus, the average values 493 

found in the present study (close to the upper limit of the acceptable range) were possibly a 494 

reflection of the diet (pasture finishing) associated with the appropriate antemortem 495 

conditions. 496 

    The results of the C* color parameter, shear force, cooking loss, protein, lipid, 497 

moisture, ash, and collagen contents and water activity of longissimus lumborum showed no 498 

differences among the genetic groups. In this work, the average shear force was not 499 

influenced by the genetic group, nor was the average cooking loss, which was not expected 500 

since B. taurus and B. taurus × B. indicus crossbred animals show lower values of shear 501 

strength than Nell animals (Wulf et al. 2002; Belew et al. 2003; Bianchini et al. 2007). On 502 

a centesimal scale, fat is the component of muscle in Bos sp. with the greatest variation, and 503 
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usually, the amount of deposited fat is determined by the balance between dietary energy and 504 

metabolic requirements (NRC 1996). In the present study, the absence of an effect of the 505 

genetic group on the fat content may be justified by the possible similarities between these 506 

animals in terms of their rates of intake and nutrient requirements. 507 

However, the longissimus lumborum samples from the Nell and NeAn groups had 508 

higher WHC values and were darker than the NASe samples. Wulf et al. (1997) found a darker 509 

color of meat from B. indicus than from B. taurus breeds, indicating a trend toward a darker 510 

color in Zebu animals. Highly temperamental cattle can develop a relatively dark meat color 511 

(Voisinet et al. 1997a) due to their water metabolism, and as the B. indicus percentage in 512 

crossbreeding increases, cattle temperament becomes more undesirable, which can promote 513 

beef darkening (Voisinet et al. 1997b). 514 

The results indicated lower L* (luminosity) and higher a* (redness) and b* (yellowness) 515 

values in Nell and NeAn meat than in NASe meat, which agrees with the findings of Voisinet 516 

et al. (1997a), who found that cattle with darker meat exhibited a more excitable temperament. 517 

In general, the mean L* values found in the meat of both the Nell and NeAn genetic groups were 518 

low, demonstrating that these meats were darker than the typical averages. Factors reported in 519 

the literature to influence the luminosity of meat are the animal diet, age, and physical activity 520 

and the amount of color pigments, amount of fat, and final pH of the meat (Muchenje et al., 521 

2009). In the present study, the animals used were not castrated, and the meat presented a lower 522 

L* intensity than did meat from castrated animals, possibly due to a lower amount of 523 

intramuscular fat in the former. Muchenje et al. (2009) describe that, in cattle, the average 524 

brightness varies between 33.2 and 41.0, the average a* value varies between 11.1 and 23.6, 525 

and the average b* value varies between 6.1 and 11.3. Abularach et al. (1998) classified 526 

meat as dark when L* < 29.68 and meat as light when L* > 38.51. Regarding the intensity of a 527 

red color, they considered an a* value < 14.83 as low and an a* value > 29.27 as high; for the 528 

intensity of a yellow color, b* < 3.40 was low and b* > 8.28 was high. Thus, it can be inferred 529 

that the only meat considered satisfactory in terms of this classification was from the NASe 530 

group. 531 

 532 

 533 

Fatty acid composition 534 

 535 

    The higher concentrations of 14:0, 16:0, and 18:0 in the Nell meat than in the NeAn and 536 

NASe meat were in accordance with Rossato et al. (2010) and Bressan et al. (2011), who also 537 
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observed higher concentrations of these SFAs in B. indicus animals. These results can indicate 538 

a tendency for Zebu breeds to accumulate more SFAs than European breeds, which probably 539 

influenced the differences found between the Nell and crossbred groups. 540 

   The increased content of ΣMUFAs, especially 18:1 c9, in meat from the Nell group 541 

compared to that in meat from the crossbred groups may be related to the breed type. Bressan 542 

et al. (2016) found few differences in MUFA concentrations according to the genetic group, with 543 

higher concentrations in B. indicus than in B. taurus × B. indicus. According to Smith et al. 544 

(2009), the breed type may affect desaturase activities and, hence, the concentration of MUFAs. 545 

The Nell meat had a significantly higher concentration of 18:1t–11 than the meat from the other 546 

groups, which was probably related to the higher intake of 18:2n–6 and 18:3n–3 by the Zebu 547 

breed than by the crossbreeds, with increased intermediate fatty acid production (incomplete 548 

biohydrogenation) (Rossato et al. 2010). 549 

  The Δ9–desaturase activities were similar between the NASe and Nell groups. Gama 550 

et al. (2013) also observed no significant genetic influence on Δ9–desaturase–C16 activity and 551 

no difference in Δ9–desaturase–C18 activity among B. indicus and crossbreeds. 552 

   In addition to 18:1t–11, CLA was primarily present in meat from the Nell group, 553 

followed by that in the meat of the NASe group. CLA can be synthetized by the conversion of 554 

18:1t–11 in tissues (Bauman et al. 1999), and this process is also initiated by desaturases (Smith 555 

et al. 2009). The fatty acids 18:1 t11 and CLA are primarily formed in triacylglycerols, and 556 

their concentrations increase as the fat content increases (Wood et al. 2008). Thus, the 557 

differences found in the 18:1t–11 and CLA contents are also probably due to the differences in 558 

Δ9–desaturase activities, which are described as more active in animals with a higher fat content 559 

(Aldai et al. 2006). This fact can also explain the decreased Δ9–desaturase activities in the NeAn 560 

group, which had lower lipid proportions, indicating no influence of the genetic group. 561 

Meat from animals with only Nellore genetics (Nell) showed a higher ΣSFA content 562 

than meat from the crossbred groups, and SFAs are more harmful to human health than other 563 

fatty acids (Scientific Review Committee 1990).  Metz et al. (2009) also observed that the ΣSFA 564 

content is higher in animals with a predominance of Zebu over taurine in their genetics. 565 

    The ΣPUFA:ΣSFA ratio was lower in the Nell genetic group than in the other groups 566 

(0.125) but was low in all three genetic groups, ranging from 0.125 to 0.163, similar to that 567 

observed by Climaco et al. (2011) in a study with a B. taurus × B. indicus crossbreed. According 568 

to the Department of Health (DHA 1994), a diet is considered unhealthy if the ΣPUFA:ΣSFA 569 

ratio is less than 0.4. Additionally, according to the DHA (1994), the Σn–6:Σn–3 ratio should be 570 
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less than 4:1. Although there were no significant differences among the groups, the ratio in all 571 

three genetic groups was approximately 2:1; that is, the ratios were in compliance with the 572 

recommendations of the DHA and well below the average ratio found in the Western diet, which 573 

is 17:1 (Wood et al. 2008). However, according to these authors, a 1:1 ratio is currently 574 

recommended for a healthy diet. 575 

    The lack of significant differences in most of the fatty acid composition parameters 576 

among the genetic groups corroborates the findings of Pires et al. (2008), who also did not 577 

observe differences in fatty acid composition between four genetic groups (Nellore, Nellore × 578 

Canchim, Nellore × Limousin and Aberdeen Angus × Nellore) and commented that one of the 579 

main factors affecting the lipid composition of meat is feed. In this study, the AI found in Nell 580 

(0.79) was above the range stated by Ulbricht and Southgate (1991) for beef (0.70), and the AI 581 

was decreased significantly in the crossbreeds. SFAs 12:0, 14:0, and 16:0 have the most pro- 582 

atherogenic potential, whereas ΣMUFAs and ΣPUFAs have antiatherogenic effects (Ojha et al. 583 

2017). 584 

    Conversely, the TI gradually decreased as the B. indicus percentage decreased, 585 

indicating the ability of crossbreeding to decrease the accumulation of undesirable ΣSFAs 586 

compared to that in the Nell group. The h:H index evaluates cholesterol metabolism: as h:H 587 

increases, the cholesterol content decreases, and while 12:0 and 14:0 lead to a 588 

hypercholesterolemic index, PUFAs lead to an increase in the hypocholesterolemic effect (Ojha 589 

et al. 2017). The cross breed groups tended to have increased hypocholesterolemic activity, 590 

related to their significantly lower undesirable SFA contents. As described earlier, the Nell meat 591 

had the highest SFA content, especially the contents of 14:0, 16:0, and 18:0, reflecting an 592 

increased accumulation of these undesirable fatty acids, which negatively impacted the Zebu 593 

meat health indexes. 594 

 595 

 596 

Sensory attributes 597 

    As the percentage of Nell genetics increased, tenderness decreased. Thus, the Nell and 598 

NeAn groups (100% and 50% of B. indicus) had the lowest acceptance scores. This was related 599 

to their increased tendency to produce less tender meat, as stated by Johnson et al. (1990) and 600 

Crouse et al. (1989), and the resulting lower sensory acceptance, as found by Elzo et al. (2012) 601 

and Phelps et al. (2017). However, despite the NASe group achieving the highest sensory rating, 602 

this parameter was not in line with the higher SF achieved by this group. These opposing results 603 
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probably occurred due to intrinsic longissimus traits, since, according to Shackelford et al. 604 

(1995), this muscle presents a high variation in tenderness from carcass to carcass. Longissimus 605 

was described as having both glycolytic and intermediate fibers, and according to Ashmore et 606 

al. (1972), the proportions of these fiber types are highly variable even in the same muscle. 607 

Moreover, glycolytic fibers are more common in the muscle surface, whereas oxidative fibers 608 

are often found in the deepest fraction of the muscle (Armstrong and Phelps 1984). This 609 

distribution probably affected the results found in this study, since there was no standardization 610 

related to the fiber distribution during the sampling protocol, thus leading to variable results. 611 

In addition to its increased tenderness, the meat from the NASe group was juicier, with a 612 

value that was near that found by Phelps et al. (2017) for ½ Angus × ½ Brahman. Similarly, 613 

Elzo et al. (2012) found intermediate sensory acceptance of ½ Angus × ½ Brahman. In both 614 

works, as well as in the present study, the authors observed that as the Zebu genetic proportion 615 

increased, the sensory ratings decreased, which indicated that crossbreeding was effective at 616 

improving this sensory parameter. 617 

    Despite the absence of data related to the NASe group in the literature, the results 618 

demonstrated the higher performance of this genetic group than of the other genetic groups in 619 

terms of sensory acceptance. According to Nassu et al. (2017), sensory evaluation is more 620 

effective at measuring tenderness, juiciness, aroma, and flavor than is instrumental analysis, 621 

since human sensory perception is more effective at detecting differences than are instruments. 622 

Thus, sensory acceptability is a highly important aspect of rating beef quality in terms of 623 

consumer purchasing decisions (Destefanis et al. 2008). 624 

 625 

 626 

Conclusions 627 

    The NASe crossbreed was preferred over Nellore and Nellore × Angus for beef 628 

production. This genotype had the most desirable color and best fatty acid profile, characterized 629 

by a low undesirable SFA content. NASe produced  the most attractive meat for consumers, 630 

with the best tenderness and juiciness. 631 

 632 

 633 

 634 

 635 

 636 

 637 
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Efeitos dos métodos de processamento sobre as características físico-químicas e 36 

sensoriais de Carne de sol fabricada com carne bovina de diferentes grupos zootécnicos 37 

 38 
 39 

RESUMO 40 

 41 

O conjunto de propriedades determinantes dos atributos de qualidade da carne está associado 42 

com a percepção dos atributos sensoriais e o perfil nutricional da carne magra. No que diz 43 

respeito aos produtos cárneos, a complexidade e intensidade dos processos aplicados para 44 

modificar as propriedades físico-químicas da carne fresca exercem papel essencial na 45 

determinação da qualidade final do produto processado. Carne de sol é um produto cárneo 46 

tradicional brasileiro elaborado de forma artesanal, não havendo nenhum protocolo oficial na 47 

legislação do país relacionado à caracterização de sua fabricação e de seus atributos físico-48 

químicos e sensoriais. Neste estudo, o objetivo foi avaliar a extensão das mudanças físico-49 

químicas e sensoriais da carne bovina para sua conversão em Carne de sol e os efeitos de três 50 

grupos zootécnicos sobre os atributos de qualidade de carne e Carne de sol. Os grupos genéticos 51 

foram Nelore (Nell), ½ Nelore ½ Angus (NeAn), e ½ Senepol ¼ Nelore ¼ Angus (NASe). A 52 

Carne de sol melhorou os atributos de capacidade de retenção de água, força de cisalhamento, 53 

perdas por cocção e atividade de água. Entretanto, este produto cárneo diminuiu o teor de ácidos 54 

graxos poliinsaturados e piorou os seus parâmetros nutricionais. O grupo genético NASe 55 

apresentou carne com melhor atividade da enzima ∆9-dessaturase para C16 na carne fresca e 56 

aumentou os teores de 22:5 n-3 e total n-3 total em Carne de sol. A inclusão de Bos taurus não 57 

alterou a qualidade sensorial de Carne de sol. 58 

 59 
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Effects of processing methods on physicochemical characteristics of Carne de sol 71 

fabricated with beef from different cattle zootechnical groups 72 

 73 
 74 

ABSTRACT 75 

 76 

The set of properties that determine meat quality is associated with the perception of sensory 77 

attributes and the nutritional profile of the lean. For processed meats, the complexity and 78 

intensity of processes applied to modify the physicochemical properties of the fresh source play 79 

an essential role in determining the final quality of the processed product. Carne de sol is a 80 

brazilian traditional meat product made in an artisanal way, and there are not any official 81 

protocols on brazilian legislation related to the manufacturing, physicochemical and sensory 82 

characterization of this meat product. In this study, our goal was to evaluate the extent of 83 

biochemical transformation of fresh beef into Carne de sol and the effects of three crossbred 84 

groups on the quality attributes of fresh beef and Carne de sol. Genetic groups included Nellore 85 

(Nell), ½ Nellore ½ Angus (NeAn), and ½ Senepol ¼ Nellore ¼ Angus (NASe). Carne de sol 86 

increased water activity and hence its shelf life than fresh meat. Carne de sol improved the 87 

physicochemical properties of water holding capacity, shear force, cooking loss and water 88 

activity, however, this meat product had impaired PUFA contents and FA health indexes. NASe 89 

provide better ∆9-C16 activity to fresh meat and increased 22:5 n-3 and total n-3 content in 90 

Carne de sol. The inclusion of Bos taurus did not alter the sensory quality of Carne de sol. 91 

 92 

Keywords: Angus, crossbreeding, meat products, Nellore, quality attributes, Senepol 93 
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Introduction 113 

 114 

  Beef quality is related to specific parameters, such as lean and fat proportions, in which 115 

composition and nutritional profile can be evaluated, as well as sensory aspects, especially 116 

tenderness and juiciness (Cassar-Malek & Picard, 2016). Some quality attributes became a big 117 

challenge for Brazilian producers, as tenderness, fat deposition and uniformity, and cattle 118 

genetic improvement can be an important alternative to solve these problems (Lage et al., 2012).  119 

 The commercial beef herd in Brazil is mainly represented by Bos indicus animals 120 

(Aroeira et al., 2017). Although Bos indicus breeds are more tolerant to tropical conditions and 121 

parasites, the meat of those animals is usually tougher and leaner when compared with the meat 122 

of Bos taurus breeds (Johnson et al., 1990).  123 

  Bos taurus breeds, such as Angus, are a great resource to improve meat traits, however, 124 

they are intolerant to tropical conditions, impairing the productivity attributes (Burrow et al., 125 

2001; OSU, 2015). Regarding this situation, crossbreeding was established as an efficient tool 126 

to improve these quality parameters. The introduction of Angus breed in South of Brazil 127 

improved beef quality, producing tender and marbled meat, but, in other regions of the country, 128 

crosses with Zebu herd (especially Nellore) became predominant in order to improve Brazilian 129 

cattle genetics, since crossbreds have better carcass and meat traits than Zebu (Ferraz & Felício, 130 

2010; Miguel et al., 2014; Aroeira et al., 2016). 131 

  However, over the years, many authors had observed that the crossbreeding among these 132 

two genetic groups produces cattle with high nutritional needs, and, furthermore, as the 133 

proportion of Bos indicus increases (½ or more), beef quality decreases, especially tenderness, 134 

and ½ Bos taurus or more may impair adaptability traits, since Bos indicus breeds uses to better 135 

regulate their body temperature under heat stressed conditions compared to Bos indicus × Bos 136 

taurus crosses (Masroor et al., 2022; Macedo et al., 2022; Deb et al., 2014; Pringle et al., 1997; 137 

NRC, 1996; Shackelford et al. 1995; Johnson et al., 1990; Whipple et al., 1990; Crouse et al., 138 

1989).  139 

  Adapted Bos taurus is recommended to be used in crossbreeding involving Bos indicus 140 

and Bos taurus in order to improve both productivity and adaptability of this group (Burrow, 141 

2006). Senepol breed is a tropically adapted taurine with great potential to improve carcass and 142 

meat traits (Hupp, 1978; Hammond et al., 1996). Despite this, information about its genetic 143 

characterization as well as the physicochemical and sensory attributes of meat from this breed 144 

and its crosses remain sparse. 145 

  Regarding beef quality, meat is a highly perishable food, and its processing is an 146 
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important tool for its preservation (Norman & Corte, 1985). Processing includes salting, drying, 147 

cooking, marinating, smoking and anothers, and some traditional products around the world use 148 

these processing methods, such as Carne de sol (meat of the sun) in Brazil (Collignan et al., 149 

2001).  150 

  In developing countries, salting and drying became traditional methods for meat 151 

preservation, and Carne de sol was consumed since ancient times in Brazil, being developed as 152 

an alternative to the lack of access to refrigeration systems due socioeconomics difficulties of 153 

population (Norman & Corte, 1985). Sodium chloride (NaCl) is an important resource for 154 

maintenance of quality attributes of meat and meat products, by increasing their shelf life and 155 

contributing to improved taste and flavor (Ruusunen et al., 2005; Bidlas & Lambert, 2008), and, 156 

furthermore, contributes with lowering of water losses during cooking (Vandendriessche, 157 

2008). 158 

  Carne de sol is described as a slightly salted meat submitted to partial dehydration, 159 

which leads it to have a short shelf-life (about 3 to 4 days at room temperature), being described 160 

as almost similar to fresh meat, different from charque (Charqui) and jerked beef (Norman & 161 

Corte, 1985; Ojha et al., 2017). It is a traditional meat product from north-east region of Brazil, 162 

and its manufacturing is typically an artisanal technique, where meat was primarily submitted 163 

to salting and exposure to the sun and wind in order to dry, and, in truth, it is seldom exposed 164 

to sun nowadays, being rather placed in covered and well-ventilated environments. The 165 

resources for its manufacturing are mainly meats from bovines or goats (Norman & Corte, 166 

1985). However, despite these technical descriptions, there are not any official protocols on 167 

Brazilian legislation related to the manufacturing and physicochemical and sensory 168 

characterization of Carne de sol.  169 

  On the other hand, Charqui is a widely consumed, regulated, and the most common dry 170 

meat product in South America (Abrantes et al., 2014; Norman & Corte, 1985). While Charqui 171 

goes through a very intense dry and wet-salting and drying process, resulting in a product with 172 

44-45% of moisture and 12-15% of NaCl, Carne de sol goes through lighter dry-salting and 173 

drying processes, resulting in a product with 64-70% of moisture and 5-6% of NaCl (Lira et al., 174 

1998).  175 

  Nowadays, Carne de sol produced for commercialization purposes is fabricated in 176 

butcher stores, where the drying process differs from the process performed during the colonial 177 

period. Carne de sol is dried in closed and ventilated rooms instead of under the sun. The 178 

different manufacturing processes used for Charqui and Carne de sol also determine different 179 

shelf stability. While Charqui is usually commercialized under vacuum conditions and has a 180 
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shelf life of approximately 180 days, Carne de sol is commercialized with no vacuum and has 181 

a shelf life of 3 to 4 days at room temperature (Ferreira 2008; Norman & Corte, 1985; Ojha et 182 

al., 2017). 183 

  Therefore, due to the mild drying and dry-salting processes used to fabricate Carne de 184 

sol, we hypothesized that the genetic composition of animals affects the quality of meat and its 185 

does not occur equally for all meat products. 186 

  In this study, we evaluated the effect of processes used to manufacture Carne de sol on 187 

initial physicochemical attributes of fresh beef and the effects of three zootechnical groups, 188 

including a Bos indicus breed (Nellore - Nell), a Bos indicus (Nellore) and Bos taurus (Angus) 189 

cross (½ Nellore and ½ Angus - NeAn), and a three-way cross of Bos indicus and Bos taurus 190 

cross (Senepol), Bos indicus (Nellore) and Bos taurus (Angus) (½ Senepol ¼ Nellore ¼ Angus 191 

– NASe) on physicochemical attributes and sensory attributes of Carne de sol. 192 

 193 

 194 

Materials and Methods 195 

 196 

Ethical, animal and research description 197 

 198 

 The present study was conducted at the Veterinary and Animal Science School of the 199 

Federal University of Bahia (UFBA), Salvador, Bahia, Brazil. Ethical animal procedures were 200 

performed in accordance to the Guidelines stated by the Animal Care and Use Committee of 201 

the same institution (CEUA/UFBA, Process number 043/2019). 202 

  Eighteen steers, averaging 24 months, from the groups Nellore (Nell), ½ Nellore ½ 203 

Angus (NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe), pasture finished, were used. All the 204 

animals were finished in two paddocks, each of them measuring 24 hectares, containing 205 

Brachiaria brizantha cv. Marandu. Drinking sources and mineral supplementation were also 206 

offered. Furthermore, the animals received concentrate of ground corn (54%), soybean meal 207 

(40%) and mineral mixture (6%) at 1% of body weight (BW). The BW to slaughter was 208 

predetermined when the steers reached about 500 to 600 kg. 209 

  Thus, the animals were fasted for 16 h solids and then sent to the slaughter in a 210 

commercial slaughterhouse. The slaughter procedures also followed the guidelines of the 211 

Federal Inspection Service (SIF) of humane slaughter, in accordance with Brazilian Ministry 212 

of Agriculture, Cattle and Supplying (Ministério da Agricultura, Pecuária e Abastecimento - 213 

MAPA) regulations (Normative nº 03/00, MAPA, Brazil, 2000). 214 
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Physicochemical properties 215 

 216 

  After slaughter, skinning and evisceration, the carcasses were cut into two halves and 217 

the initial pH (pH0) was measured in Longissimus dorsi muscle, between the 6th and 7th ribs, 218 

using a digital potentiometer model HI99163 (HANNA Instruments, São Paulo, Brazil). Then 219 

the carcasses were sent to the cold chamber where they remained cooled for 24 hours at 4 °C. 220 

After 24 h, the carcasses final pH (pHF) was measured using the same procedure early described 221 

for pH0. Portions of Semimembranosus muscle and Adductor femoris muscle samples were 222 

collected and placed into plastic bags for physicochemical and sensory evaluation, as well as 223 

the manufacturing of salted and sun-dried meat to be submitted to the same analysis. 224 

  The pH of fresh meat (Semimembranosus muscle and Adductor femoris muscles) was 225 

measured in three different parts of the samples using a digital potentiometer model HI99163 226 

(HANNA Instruments, São Paulo, Brazil). 227 

  The manufacturing process of salted and sun-dried meat followed Gouvêa & Gouvêa 228 

(2007), with adaptations. About three kilograms (3 kg) of Semimembranosus muscle were used, 229 

and the excess of connective tissue and fat was removed in order to allow better salt penetration. 230 

Following this step, each sample was divided in half, and four parallel cuts of about 5 cm thick 231 

were made in direction to muscle fibers. After this, salt was added at a proportion of 5% (±150 232 

g), and thus it was rubbed onto the meat surfaces and cut on both sides. The samples thus were 233 

kept at 25° C in white plastic trays and turned at every 8 h, and when meat exudate drainage 234 

occurred (after 16h) they were washed in potable water. Each sample was suspended on 235 

stainless metal hooks, with enough space to allow air circulation between them, remaining for 236 

8h to dry at 25 °C in order to allow the release of excess water. This process was finished after 237 

24 h, when the salted sun-dried meat samples were placed into labeled plastic bags and 238 

submitted to refrigeration (4 °C) for further physical-chemical and sensory analysis. Other 239 

portions of fresh and salted and sun-dried meats were chilled at -20 °C for fatty acids profile 240 

and centesimal composition. 241 

    After manufacturing procedures, the pH of Carne de sol was measured in triplicate using 242 

a digital potentiometer model HI99163 (HANNA Instruments, São Paulo, Brazil). 243 

   The water holding capacity (WHC) evaluation was performed in triplicate using the 244 

pressure method described by Hamm (1986) and Xie et al. (2023). The fresh and salted and 245 

sun-dried meat samples (2 g) were subjected to a force equivalent to 10 kg for 5 min, and the 246 

difference in weight before and after the pressure force was calculated. The amount of water 247 

loss of the sample was expressed in percentage of water expressed. 248 
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    After samples had been exposed to the air for 30-min, Lightness (L*), Redness (a*), 249 

Yellowness (b*) and Color saturation (C*) were measured on the surfaces of the samples, with 250 

a handheld CR-410 Minolta Colorimeter (Chroma Meter CR-410, Konica Minolta, Tokyo, 251 

Japan), according to the Commission International I’Eclarage (CIE) system, using L*, a*, b* 252 

coordinates, iluminant D65 and 10° standard observer. Previous calibration was carried out 253 

using white and black tiles. L*, a*, b* and C* [C* = (a*2 + b*2)1/2] were assessed (Hunt & 254 

King, 2012). 255 

     Sections of the samples were cut into 2.5 × 2.5 cm thick cubes and weighed before 256 

cooking. The samples were cooked on a grill (George Foreman Jumbo Grill GBZ6BW, Rio de 257 

Janeiro, Brazil) at 170 °C. The geometric center temperature of the slices was measured with 258 

portable digital thermometers (Gulterm 700-10S, São Paulo, Brazil). When the temperature 259 

reached 71 °C, the samples were cooled at room temperature, and following weighed. The 260 

cooking loss was calculated by the difference between initial and final weights being expressed 261 

as percentage (AMSA, 2016). 262 

  The cooked samples were wrapped into aluminum foil and stored at 4 °C for 12 h. In 263 

the following day, samples were brought to room temperature prior to Shear Force (SF) 264 

analysis. The SF was measured by a texture analyzer (Texture Analyser TX-TX2, Mecmesin, 265 

Nevada, United States) fitted with a Warner–Bratzler type shear blade with load of 25 kgf and 266 

a cutting speed of 20 cm/min (Shackelford et al., 1999). At least three cores with about 1.27 cm 267 

diameter and 2.0 cm length that were parallel to the muscle fibers were removed from each 268 

sample using a cork borer. Each core was sheared perpendicularly to the fiber direction.  269 

    Protein, lipid, moisture, ash and collagen were determined by using Near Infrared 270 

Spectroscopy (NIR) in FoodScanTM apparatus (FOSS Analytical A/S, Hillerod, Denmark) 271 

according to the method approved by AOAC (2007). 272 

   The water activity (aw) of the samples was assessed by using the Aqualab LITE® (Decagon 273 

Devices Inc., Pullman, WA, USA) device. 274 

 275 

Fatty acids composition 276 

 277 

  The fatty acids composition was carried out according to O’Fallon et al. (2007), with 278 

adaptations. Briefly, 0.5 g of freeze-dried samples were weighed into 12-mL tubes, and 1 mL 279 

of internal standard (N5252-1G; Sigma-Aldrich) solution in methanol (1mg19:0/mL), 5.3 mL 280 

of methanol and 0.7 mL of 10N potassium hydroxide in aqueous solution were added. Then, 281 

the tubes were incubated in a water bath under 55 °C for 1.5 h, and at each 20 min., they were 282 
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handshaking in a vigorous way for 5 seconds. The tubes were then cooled in a tap water bath, 283 

and 0.58 mL of 24N sulfuric acid in aqueous solution was added for a new water bath cycle, as 284 

described. Then, the tubes were cooled again in a cold tap water bath, and 3 mL of hexane was 285 

added. The test tubes were mixed with a vortex (Fisatom 772, São Paulo, Brazil) for 5 min and 286 

centrifuged for 5 min (CENTRIBIO 80-2B, EQUIPAR Ltda., Paraná, Brazil). The supernatant 287 

was collected and placed into GC vials. 288 

  The fatty acid methyl esters (FAME) separation was carried out using a gas 289 

chromatograph (Focus GC Thermo Electron S.p.A, Milan, Italy) fitted with a flame ionization 290 

detector and SP-2560 column (100 m x 0.25 mm x 0.20 µm; Supelco Inc., Bellefonte, PA, 291 

USA). The initial oven temperature was set to 140 °C for 5 min., and increased at a rate of 1 292 

°C.min-1 to 220 °C, held for 25 min. The carrier gas was hydrogen, with a 1.3 mL.min-1 flow 293 

rate. The injector temperature was 250 °C and the detector temperature was 280 °C. The 294 

injection volume was of 1µL, and the split ratio was of 30:1. 295 

  The identification of the FAME was done by comparing sample methyl esters retention 296 

times against the GLC-674 Standard Mixture (Nu-Chek Prep Inc. Elysian, USA), containing 297 

52 fatty acids. The quantification was based on Sukhija & Palmquist (1988) method, using the 298 

formula:[(𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑝𝑒𝑎𝑘𝑠) – (𝑎𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑)/299 

(𝑎𝑟𝑒𝑎 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑)  ×  (𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛/300 

𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒)]. The results were expressed in milligrams of fatty acid per 100 301 

grams of beef (mg/100g). 302 

  The sum of total saturated (SFA), unsaturated (UFA) monounsaturated (MUFA) and 303 

polyunsaturated fatty acids (PUFA), n-6 and n-3 were calculated, as well as UFA:SFA, 304 

MUFA:SFA, PUFA:SFA, PUFA:MUFA and n–6:n–3 ratios. To evaluate the nutritional quality 305 

of the lipid fraction of the samples, the Atherogenicity index (AI), Thrombogenicity index (TI) 306 

(Ulbricht & Southgate, 1991) and the relationship between hypocholesterolemic and 307 

hypercholesterolemic fatty acids (h:H) (Santos-Silva et al., 2002) were calculated. The stearoyl 308 

Co-A desaturase (∆9 desaturase) activities for 16:0 (palmitic acid) and 18:0 (stearic acid) as 309 

well as the elongase activity (De Smet et al., 2004) were also estimated. 310 

 311 

 312 

Sensory attributes 313 

 314 

  The Longissimus sensory evaluation was carried out according to American Meat 315 

Science Association guidelines (AMSA, 2016), using a panel of 70 consumers and a 9 points 316 
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hedonic scale, the evaluated scores meaning: 1: desliked extremely; 2: desliked very much; 3: 317 

desliked moderately; 4: desliked slightly; 5: indifferent; 6: liked slightly; 7: liked moderately; 318 

8: liked very much; 9: liked extremely.  319 

  The samples, without any condiments, were pooled by a zootechnical group, and cooked 320 

at 170 °C on a grill (George Foreman Jumbo Grill GBZ6BW, Rio de Janeiro, Brazil). When 321 

the geometric center reached 71°C, the samples were cut into 2 cm cubes, coded, covered in an 322 

aluminum foil and placed in a water bath at 75 °C, in order to maintain them heated and to 323 

prevent volatile aroma compounds losses. The sensory panel was conducted from 9:00 to 12:00 324 

h. Each consumer received three samples, representing the three genetic groups, and was 325 

offered Water and Salt type biscuits and water between the tastings, in order to remove 326 

aftertaste. The sensory attributes evaluated were flavor, aroma, tenderness, juiciness, overall 327 

acceptance and preference. 328 

 329 

 330 

Statistical analysis 331 

 332 

 Statistical analysis was carried out by the Statistical Analysis System 9.4 (SAS Institute 333 

Inc., Cary, NC, USA) using Analysis of Variance for a completely randomized design and three 334 

treatments (zootechnical groups), where the effects of zootechnical groups were included. 335 

Tukey’s test was used in order to compare least squares means. The means were significantly 336 

different when P < 0.05. The statistical model used was the following:  337 

   Yij = µ + αi + βj + (αβ)ij + eij,  338 

Where Yij = the observed value, µ = the general mean, αi = the effect of the zootechnical group, 339 

βj = the effect of the type of meat, (αβ)ij = the interaction effect of the zootechnical group and 340 

the type of meat, and eij = the effect of the experimental error in the plots. The model also 341 

included zootechnical groups and types of meat (Fresh meat and Carne de sol) along with their 342 

interactions as fixed effects. For sensory analysis, the statistical model used was Yij = µ + si + 343 

eij., where: Yij = the observed value, µ = the general mean, s = the effect of the zootechnical 344 

group, and eij = the effect of the experimental error in the plots. 345 

 346 

 347 

 348 

 349 

 350 
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Results 351 

 352 

Physicochemical traits 353 

 354 

Physicochemical results are presented in Table 1. Regarding meat type, Carne de sol 355 

had the lowest pH values (P < .001) compared to fresh meat. It was observed that NASe reached 356 

the lowest pH, being significantly different from the Nell group (P = 0.008). It was observed 357 

an interaction effect (P = 0.021) between type of meat and genetic group, where Carne de sol 358 

was associated with the more intense pH dropping by NASe.  359 

Carne de sol had lower lightness (L*) (P < .001), redness (a*) (P < .001) and Chroma 360 

(C*) (P < .001) than fresh meat. For Carne de sol, NASe had significantly higher L* (P = 0.005) 361 

compared to Nell and NeAn. For the fresh meat, crossbreeds had lower a* than Nell group (P 362 

= 0.008). For C*, genetic differences were observed for fresh meat, where NASe was 363 

significantly different from Nell (P = 0.004), reaching the highest value. 364 

Significant differences in WHC were observed between the two types of meat (P < 365 

.001), with significantly lower expressed water to Carne de sol (higher water holding capacity) 366 

compared to fresh meat. Genetic differences were observed only for fresh meat, and the NeAn 367 

group had the highest water retention (lower water expressed) compared to Nell (P = 0.026). 368 

These differences in fresh meat were statistically associated (P = 0.018). 369 

Carne de sol had significantly lower CL (P < .001) and SF (P < .001), and the lowest 370 

contents in Protein (P < .001) and Moisture (P < .001) compared to fresh meat. On the other 371 

hand, this meat product obtained significantly higher ashes (P < .001) and collagen (P < .001) 372 

contents. Carne de sol significantly had lower values of aw compared to fresh meat (P < .001). 373 

Genetic differences for aw were only observed in Carne de sol, where NeAn had the lowest 374 

values compared to Nell (P = 0.011). There was an interaction effect between the lowering of 375 

aw by NeAn and Carne de sol (P = 0.045). 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 
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Table 1. Physicochemical traits of fresh beef (FR) and Carne de sol (CS) from Nellore (Nell), 385 

½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe) 386 

mt Attribute 
Genetic groups 

Mean  SEM 
P-value 

Nell NeAn NASe mt G mt*G 

FR 
pH 

5.49 5.41 5.49 5.46A 0.054 
<.001 

0.119 
0.021 

CS 5.37a 5.35ab 5.27b 5.33B 0.036 0.008 

FR 
L* 

36.7 37.7 38.6 37.68A 1.020 
<.001 

0.137 
0.372 

CS 31.2b 31.3b 34.0a 32.15B 0.794 0.005 

FR 
a* 

20.7b 21.8a 22.0a 21.48A 0.387 
<.001 

0.008 
0.428 

CS 18.0 18.0 19.6 18.54B 0.923 0.226 

FR 
b* 

5.68 6.24 6.42 6.12 0.320 
0.109 

0.076 
0.595 

CS 6.14 6.29 7.03 6.49 0.528 0.228 

FR 
C* 

21.4b 22.6ab 23.1a 22.40A 0.479 
<.001 

0.004 
0.524 

CS 19.10 19.04 20.90 19.67B 1.025 0.207 

FR 
WHC (%) 

23.63a 18.73b 22.79ab 21.72A 1.656 
<.001 

0.026 
0.018 

CS 10.98 11.92 12.19 11.70B 0.587 0.325 

FR 
CL (%) 

33.4 32.5 33.3 33.11A 1.131 
<.001 

0.932 
0.483 

CS 20.6 22.9 25.2 22.91B 1.375 0.626 

FR 
SF (kfc/cm2) 

6.38 5.79 6.55 6.24 A 0.631 
<.001 

0.463 
0.496 

CS 3.70 3.16 3.19 3.35 B 0.245 0.059 

FR 
Protein (%) 

22.9 22.7 23.1 22.88A 0.275 
<.001 

0.701 
0.965 

CS 21.5 21.3 21.5 21.43B 0.217 0.646 

FR 
Lipid (%) 

1.18 1.13 0.782 1.03 0.132 
0.498 

0.256 
0.690 

CS 1.41 1.04 1.02 1.16 0.175 0.895 

FR 
Moisture (%) 

72.5 73.0 73.3 72.92A 0.250 
0.004 

0.227 
0.527 

CS 71.8 72.1 72.0 71.98B 0.180 0.842 

FR 
Ashes (%) 

3.44 3.19 2.87 3.17 B 0.131 
<.001 

0.084 
0.327 

CS 5.26 5.59 5.46 5.44 A 0.257 0.907 

FR 
Collagen (%) 

1.59 1.38 1.37 1.45 B 0.083 
<.001 

0.286 
0.058 

CS 1.77 2.04 1.78 1.87 A 0.064 0.062 

FR 
aw 

0.979 0.977 0.977 0.978A 0.001 
<.001 

0.125 
0.045 

CS 0.944a 0.937b 0.940ab 0.940B 0.003 0.011 

Means with different letters in the same row differ (P < 0.05). Means with different 387 

superscripted letters in the same column differ (P < 0.05). SEM: standard error of the mean. 388 

WHC: water holding capacity; CL: cooking loss; SF: shear force; aw: water activity. mt: meat 389 

type. G: genetic group. 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 
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Fatty acid composition 398 

 399 

  The results of the main fatty acid composition of fresh meat and Carne de sol are 400 

presented in Table 2. 401 

  Regarding SFA concentration, the significant differences were observed only for meat 402 

type. Carne de sol presented the highest concentrations of C14:0 (P = 0.030), C17:0 (P = 0.031) 403 

and C18:0 (P = 0.021) compared to fresh meat.  404 

  Regarding MUFA content, Carne de sol significantly had the lowest concentration of 405 

C15:1 c10 (P < .001). In fresh meat, there were observed genetic differences in C18:1 c9 406 

concentration (P = 0.013), where Nell significantly had the highest values of C18:1 c9 407 

compared to NASe. 408 

  There were significant differences in some long chain PUFA concentrations regarding 409 

meat type. Fresh meat presented the highest concentrations of C20:4 n-6 (P < .001), C20:5 n-3 410 

(P < .001) and C22:5 n-3 (P < .001) compared to Carne de sol. Regarding genetic differences 411 

found in Carne de sol, the C18:2 n-6 concentration was significantly higher for NASe (P = 412 

0.010) compared to NeAn. Regarding C20:3 n-6 concentration, there were observed genetic 413 

differences in fresh meat (P < .001), where Nell group had the highest values compared to 414 

crossbreds, and in Carne de sol (P = 0.001), where Nell had higher concentration compared 415 

only to NeAn. In Carne de sol, there were significant differences in the concentrations of C20:5 416 

n-3 (P = 0.001), where NASe had higher values compared only to Nell, and C22:5 n-3 (P < 417 

.001), where NASe had the highest values (P < .001) compared to the other groups. There were 418 

interaction effects between Carne de sol and these genetic differences found for C22:5 n-3 419 

content (P = 0.018). 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 
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Table 2. Fatty acid concentration (mg/100g fresh beef (FR)/Carne de sol (CS)) from Nellore 432 

(Nell), ½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe) 433 

mt FA 
Genetic groups 

Mean  SEM 
P-value 

Nell NeAn NASe mt G mt*G 

Saturated Fatty Acids (SFA) 

FR 
14:00 

19.43 14.71 10.18 14.50B 4.111 
0.030 

0.110 
0.917 

CS 25.39 18.76 19.01 21.05A 3.771 0.124 

FR 
15:00 

4.22 4.29 4.85 4.42 1.490 
0.080 

0.914 
0.881 

CS 5.70 5.70 7.21 6.20 1.344 0.521 

FR 
16:00 

232.0 195.0 151.9 190.7 35.80 
0.075 

0.117 
0.988 

CS 273.3 232.7 229.7 245.2 34.76 0.341 

FR 
17:00 

10.63 10.01 6.87 9.09 B 2.363 
0.031 

0.244 
0.616 

CS 13.40 13.26 12.22 12.96A 2.276 0.895 

FR 
18:00 

194.9 196.7 129.2 172.4B 34.91 
0.021 

0.098 
0.716 

CS 237.6 244.4 209.2 230.4A 37.64 0.623 

Monounsaturated Fatty Acids (MUFA) 

FR 
18:1 t11  

17.00 14.29 12.13 14.33 4.732 
0.167 

0.625 
0.878 

CS 19.37 20.56 15.16 18.50 2.634 0.102 

FR 
15:1 c10  

2.22 2.75 2.85 2.61A 0.262 
<.001 

0.052 
0.643 

CS 1.78 1.88 2.00 1.89B 0.155 0.071 

FR 
16:1 c9  

23.52 21.37 19.99 21.52 4.168 
0.175 

0.716 
0.896 

CS 28.58 23.68 22.36 25.02 3.132 0.297 

FR 
18:1 c9  

397.1a 281.8ab 240.5b 306.5 51.28 
0.355 

0.013 
0.323 

CS 385.1 318.3 329.9 344.5 47.37 0.549 

FR 
18:1 c11  

14.68 12.22 11.68 12.86 1.651 
0.975 

0.174 
0.791 

CS 13.13 11.89 12.30 12.45 1.025 0.434 

Polyunsaturated Fatty acid (PUFA) 

FR 
18:2 n-6 

76.63 73.11 68.75 72.83 7.099 
0.073 

0.549 
0.131 

CS 65.23ab 56.94b 71.13a 64.43 4.179 0.010 

FR 
18:3 n-3 

21.64 20.11 19.00 20.25 2.432 
0.128 

0.550 
0.312 

CS 17.94 15.98 19.43 17.89 1.387 0.085 

FR 
18:2 c9,t11 

4.99 1.59 3.55 3.35 1.052 
0.125 

0.059 
0.316 

CS 2.43 1.60 3.29 2.37 0.462 0.126 

FR 
20:3 n-6 

6.43a 4.24b 4.49b 5.05 0.466 
0.072 

<.001 
0.175 

CS 5.12a 3.49b 4.36ab 4.32 0.393 0.001 

FR 
20:4 n-6 

27.88 26.65 26.64 27.06A 1.731 
<.001 

0.764 
0.080 

CS 21.50 20.80 22.96 21.68B 1.062 0.087 

FR 
20:5 n-3 

8.94 9.81 9.19 9.31 A 0.713 
<.001 

0.504 
0.124 

CS 6.80b 7.66ab 8.69a 7.71 B 0.390 <.001 

FR 
22:5 n-3 

15.74 16.74 16.66 16.38A 0.886 
<.001 

0.997 
0.018 

CS 12.09b 13.04b 15.76a 13.63B 0.583 <.001 

Means with different letters in the same row differ (P < 0.05). Means with different 434 

superscripted letters in the same column differ (P < 0.05). SEM: standard error of the mean. 435 

FA: fatty acid. mt: meat type. G: genetic group. 436 
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 438 

  The results for fatty acids sums, ratios, enzymatic and nutritional quality parameters for 439 

fresh meat and Carne de sol are presented in Table 3. Fresh meat presented significantly the 440 

highest PUFA (P < .001) and Σ n-6 (P = 0.016), as well the highest Σ UFA: Σ SFA (P < .001), 441 

Σ MUFA: Σ SFA (P < .001), Σ PUFA: Σ SFA (P < .001) and n-6:n-3 (P < .001) ratios compared 442 

to Carne de sol. 443 

  The genetic differences were observed only for Carne de sol. PUFA (P = 0.002), Σ n-6 444 

(P = 0.015) and Σ UFA: Σ SFA (P = 0.026) were higher in NASe compared to NeAn. Σ PUFA: 445 

Σ SFA (P = 0.004) ratio and Σ n-3 (P = 0.002) were higher only in the NASe group compared 446 

to those with higher Nellore degree. For Σ MUFA: Σ SFA ratio, NASe and Nell were 447 

statistically similar, obtaining higher values when compared to NeAn (P = 0.040). Furthermore, 448 

crossbreds lowered the n-6:n-3 ratio compared to Nell (P = 0.001).  The use of Carne de sol 449 

and the genetic differences found on PUFA content (P = 0.033) and Σ UFA: Σ SFA (P < .001) 450 

and n-6:n-3 (P < .001) ratios were statistically associated. 451 

  Regarding enzymatic activity, differences related to meat type were observed. Fresh 452 

meat had the highest ∆9-C16 (P < .001), ∆9-C18 (P = 0.002) and Elongase (P < .001) activities 453 

compared to Carne de sol. There were observed genetic differences in ∆9-C16 and ∆9-C18 454 

activities for both fresh meat and Carne de sol. For fresh meat (P < .001), the ∆9-C16 activity 455 

was higher for NASe compared to the other groups, and for Carne de sol (P = 0.018) the ∆9-456 

C16 activity was higher in NASe when only compared to NeAn. The ∆9-C18 activity was the 457 

same in fresh meat (P = 0.001) and Carne de sol (P < .001), with NASe and Nell being 458 

statistically similar, reaching the highest activities compared to NeAn. The elongase showed 459 

genetic differences (P = 0.046) only for Carne de sol, with increased activity for NASe 460 

compared to Nell. 461 

  Regarding nutritional quality parameters, differences for meat type were found. AI (P 462 

< .001) and TI (P < .001) were higher in Carne de sol than in fresh meat. On the other hand, 463 

the h:H index was higher in fresh meat than in Carne de sol (P < .001). It was also observed 464 

genetic differences in TI and h:H. The TI for Carne de sol, was lower in the NASe group 465 

compared to NeAn (P = 0.039). The h:H ratio in fresh meat was higher in NASe compared to 466 

Nell. Furthermore, the results in genetic traits found in ∆9-C16 (P < .001), ∆9-C18 (P = 0.003) 467 

and elongase (P < .001) activities, as well in AI (P = 0.003), TI (P = 0.022), h:H (P < .001) 468 

were associated with the type of meat used (Carne de sol or fresh meat). 469 

 470 
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Table 3. Sums, ratios, enzymatic activities and nutritional quality parameters of fresh beef (FR) 471 

and Carne de sol (CS) from Nellore (Nell), ½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ 472 

Nellore ¼ Angus (NASe) 473 

mt trait 
Genetic groups 

Mean SEM 
P-value 

Nell NeAn NASe mt G mt*G 

Sum of groups and ratios 

FR 
Σ SFA 

471.9 474.2 434.1 464.0 87.02 
0.385 

0.999 
0.739 

CS 514.9 529.9 489.2 512.6 54.77 0.902 

FR 
Σ UFA 

620.8 521.9 567.0 573.9 72.34 
0.769 

0.401 
0.113 

CS 513.3 518.6 578.9 534.4 45.94 0.482 

FR 
Σ MUFA 

462.3 372.4 403.2 417.5 62.24 
0.796 

0.376 
0.142 

CS 382.7 402.2 435.0 404.9 44.55 0.685 

FR 
Σ PUFA 

158.6 149.5 163.8 156.5A 13.11 
<.001 

0.601 
0.033 

CS 130.5ab 116.4b 143.9a 129.5B 6.551 0.002 

FR 
ΣUFA:ΣSFA 

1.18 1.11 1.31 1.26 A 0.092 
<.001 

0.091 
<.001 

CS 1.13ab 0.872b 1.18a 1.04 B 0.097 0.026 

FR 
ΣMUFA:ΣSFA 

0.849 0.783 0.924 0.836A 0.051 
<.001 

0.131 
0.525 

CS 0.852a 0.772b 0.845a 0.822B 0.034 0.040 

FR 
ΣPUFA:ΣSFA 

0.226 0.218 0.232 0.224A 0.025 
<.001 

0.941 
0.441 

CS 0.172b 0.147b 0.223a 0.178B 0.017 0.004 

FR 
Σ n-6 

110.9 104.0 99.88 104.9A 8.244 
0.016 

0.434 
0.085 

CS 91.85ab 81.27b 92.63a 88.58B 4.811 0.015 

FR 
Σ n-3 

47.61 47.38 45.96 46.98 4.184 
0.081 

0.913 
0.108 

CS 38.69b 34.82b 45.52a 39.68 2.641 0.002 

FR 
n-6:n-3 

2.29 2.18 2.19 2.221A 0.073 
<.001 

0.571 
<.001 

CS 2.39a 2.16b 2.05b 2.198B 0.064 0.001 

Enzimatic activity 

FR 
Δ9– C16 

9.07b 9.95b 11.84a 10.36A 0.429 
<.001 

<.001 
<.001 

CS 9.50ab 9.35b 10.49a 9.74 B 0.363 0.018 

FR 
Δ9– C18 

63.90a 59.73b 66.15a 63.22A 1.582 
0.002 

0.001 
0.003 

CS 62.69a 56.97b 62.00a 60.56B 1.386 <.001 

FR 
Elongase 

67.70 69.29 69.22 68.79A 0.743 
<.001 

0.082 
<.001 

CS 67.01b 68.83a 68.29ab 68.04B 0.635 0.046 

Nutritional quality parameters 

FR 
AI 

0.540 0.529 0.600 0.550A 0.047 
<.001 

0.683 
0.003 

CS 0.628 0.603 0.576 0.604B 0.037 0.230 

FR 
TI 

1.10 1.16 1.01 1.10 B 0.081 
<.001 

0.467 
0.022 

CS 1.34ab 1.45a 1.21b 1.34 A 0.099 0.039 

FR 
h:H 

1.69b 1.83ab 2.15a 1.90 A 0.149 
<.001 

0.016 
<.001 

CS 1.52 1.49 1.62 1.54 B 0.068 0.082 

 474 

 475 

 476 

 477 

 478 
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Means with different letters in the same row differ (P < 0.05). Means with different 479 

superscripted letters in the same column differ (P < 0.05). SEM: standard error of the mean. 480 

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty 481 

acids; Δ9– C16: desaturase activity for palmitic acid; Δ9– C18: desaturase activity for stearic 482 

acid; AI: atherogenicity index; TI: thrombogenicity index; h:H: 483 

hypocholesterolemic/hypercholesterolemic ratio. mt: meat type. G: genetic group. 484 

 485 

 486 

Sensory attributes 487 

 488 

  Regarding the taste panel of Carne de sol, panelists did not detect significant differences 489 

when evaluating the effects of zootechnical groups on sensory attributes (Table 4). No 490 

significant effects were observed for any attribute when evaluating the interaction between 491 

genetic groups and processing. 492 

 493 

 494 

Table 4. Sensory attributes of Carne de sol from Nellore (Nell), ½ Nellore ½ Angus (NeAn) 

and ½ Senepol ¼ Nellore ¼ Angus (NASe). 

Attribute 
Genetic groups  

SEM P - value 
Nell NeAn NASe  

Aroma 7.56 7.60 7.49  0.107 0.777 

Flavor 7.89 7.77 7.70  0.097 0.444 

Tenderness 7.66 7.27 7.30  0.137 0.120 

Juiciness 7.57 7.50 7.23  0.123 0.156 

Overall desirability 7.71 7.40 7.70  0.106 0.091 

SEM: standard error of the mean. 

 

 495 

Discussion 496 

 497 

Physicochemical traits 498 

 499 

 The methods employed during fabrication lowered pH values from 5.46 to 5.33 (P < .001), 500 

and these values was within the range found by Gesteira et al. (2019) on the same meat product. 501 

Adding 2% NaCl in meat matrices lowers the isoelectric point of the myofibrillar system from 502 

pH 5.0 to 4.0 (Hamm, 1962). In this study, this slight decrease in pH was expected since NaCl 503 

was applied superficially, not into the deeper layers of the lean. Filgueras et al. (2016) 504 

demonstrated that when NaCl is used on muscle surfaces simulating a dry salting process, the 505 
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penetration of both ions into the interior is slow, and the maximum depth is reached in 5 or 30 506 

min. Therefore, whatever the dry salting time, the penetration of NaCl into the muscle will 507 

eventually reach a maximum and limited depth. Although significant, the slight difference in 508 

pH values (0.1) is due to the superficial process of dry salting, which limited NaCl diffusion 509 

into the lean. Conversely, the pH of Carne de sol was similar to the pH values reported for 510 

Charqui, a product that undergoes a lengthy wet (brining) and dry salting process of about 5 511 

days (Lara et al., 2003). Although brining the fresh meat with NaCl may lead to an improved 512 

linear diffusion of those ions into the lean and even into the perimysium (Filgueras et al., 2016), 513 

it seems that the effects of dry and wet salting on pH are similar when methods are used to 514 

fabricate Charqui or Carne de sol. 515 

Genetic differences were observed for Carne de sol, where NASe reached the lowest 516 

pH compared to de zebu group Nell. Bos taurus genotype promotes faster maturation process 517 

than Bos indicus genotype into the 24 h postmortem (Whipple et al., 1990) because of the higher 518 

calpastatin activity of zebu breeds, which leads to inhibition of calpain and therefore impairing 519 

the drop of pH (Bridi & Constantino, 2009). Therefore, this fact can explain the significant 520 

differences between Nell (Bos indicus) and NASe (25% Bos indicus, 75% Bos taurus). Another 521 

explanation can be the effect of salt addition on the samples, altering the water behavior inside 522 

meat cells and hence leading to unspecific differences between the three groups of cattle, 523 

excluding thus a genetic influence in this parameter, since the fresh meat did not showed any 524 

genetic differences between samples. Macedo et al. (2022) also did not find any genetic 525 

difference in pH of fresh meat Longissimus from the same genetic groups studied. 526 

  The superficial salting and drying processes altered instrumental color, producing Carne 527 

de sol with lower lightness (L*), Redness (a*), and Chroma. Applying NaCl on the meat surface 528 

induces changes in the heme structure and hydrophobic portions of the myoglobin and increases 529 

concentrations of metmyoglobin (Liu et al., 2022; Torres et al., 1988). Allied with the drying 530 

process, NaCl speeds up water loss via osmotic dehydration, changes the shape and volume of 531 

muscle fibers, and partially impregnates the tissue with its solid particles (Raoult-Wack, 1994; 532 

Rastogi et al., 2002). Those biochemical and physical changes on myoglobin and myofibrils 533 

directly affect color reflection when light is emitted on the meat's surface. While the darkening 534 

effect of drying and salting limited the overall reflection of all wavelengths emitted by the 535 

colorimeter, the wavelength associated with red color was absorbed by the surface, leading to 536 

less reflection and consequently lower a* values (AMSA, 2012). Hence, the lower values of L* 537 

and a* decreased values of Chroma, indicating less color intensity and discoloration (Møller & 538 

Skibsted, 2006).  539 



 

77 

 

 

 Carne de sol from NASe were lighter than products from Nell and NeAn. Although a 540 

statistical trend (P = 0.07) reported by Macedo et al. (2022) suggested that fresh strip loins 541 

obtained from NASe steers were lighter than loins from Nell, there is still minimal research 542 

detailing the effects of Senepol inheritance on beef quality attributes. Previous research 543 

evaluating color attributes of beef from Senepol-crossed steers showed no significant 544 

differences in L* when evaluating Senepol inheritance within genetic groups containing Angus, 545 

Nellore, and native breeds (Afonso et al., 2020). 546 

Carne de sol had the lowest expressed water (highest WHC) and the lowest values of 547 

CL. The addition of salt promotes an increase in the myofibrillar protein hydration and hence a 548 

higher water retention capacity, thus reducing the cooking losses (Vandendriessche, 2008). The 549 

stronger binding of Cl- ions to the positively charged myofibrillar proteins leads to the 550 

exposition of the negatively charged proteins and to a repulsion between them, thus leading to 551 

an increase in their swelling and water retention capacity (Hamm, 1986).  552 

In fresh meat, WHC was significantly higher for NeAn than for Nell. Macedo et al. 553 

(2022) found that NASe had a tendency to have less WHC than cattle with higher proportion 554 

of Nellore genotype. The genetic differences between the three groups disappeared in the Carne 555 

de sol group, probably due to the homogeneous application of NaCl for all the samples during 556 

manufacturing, which may have offset the genetic effect of these groups. 557 

The mean values of Protein, Moisture, Ashes, SF, aw and collagen parameters found for 558 

Carne de sol in the present study were near the found by Ishihara et al. (2013) and Gesteira et 559 

al. (2019) for this partially dehydrated meat product. The values of aw were within the expected 560 

to fresh meat (0.98 to 0.99) and Carne de sol (about 0.94) (Norman & Corte, 1985; Leistner & 561 

Rödel, 1975), and these results showed that Carne de sol had higher chemical and 562 

microbiological stability than fresh meat. However, lower values (0.86 to 0.88) were found by 563 

Araújo et al. (2022), when evaluating Carne de sol (salted and sun-dried beef) from Nellore fed 564 

different levels of lauric acid on their diets, applying the same proportion of salt of the present 565 

study (5%). Regarding the genetic differences found in Carne de sol between NeAn and Nell 566 

and the absence of these differences in fresh meat, Macedo et al. (2022) also did not find any 567 

genetic differences in aw of fresh meat when they evaluated these three genetic groups of cattle. 568 

It is needed to consider some possible unspecific interference of NaCl in the samples, affecting 569 

the water behavior into them and thus leading to the differences found. 570 

 A lower moisture value is the primary desirable outcome when dehydration and salting 571 

processes are used to manufacture cultural dry and semi-dry meat products such as Jerky, 572 

Biltong, Charqui, Cecina, Cabanossi, and Pemmican (Cheng et al., 2022; Ngapo et al., 2021; 573 
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Swanepoel et al., 2016; Petit et al., 2014; Garcia et al., 1997; Norman & Corte, 1985). 574 

Communities around the globe have historically used drying and salting processes to minimize 575 

microbial growth and increase product shelf life (Mediani et al., 2022). However, although 576 

countries have different regulations regarding moisture levels for dry and semi-dry products, 577 

the moisture value and aw of Carne de sol were 71.98% and 0.94 when compared with 72.92% 578 

and 0.98 of fresh beef, respectively. Although those reported values differed statically, this 579 

research suggests that the literature characterization of Carne de sol as a dry product (Aykın 580 

Dinçer, 2021; Costa &Silva, 2001; Norman & Corte, 1985) conflicts with its moisture content. 581 

Values of moisture for fresh beef varying from 68 to 74% have been widely reported in the 582 

literature (Pouzo et al., 2023; Yeh et al., 2018; Hunt et al., 2014; Rubio et al., 2007; Pietrasik 583 

& Shand, 2005), whereas for traditional semi-dry and dry intact products, values of moisture 584 

vary from 21 to 50% (Cheng et al., 2022; Ngapo et al., 2021; Swanepoel et al., 2016; Petit et 585 

al., 2014; Garcia et al., 1997; Norman & Corte, 1985). However, the lack of official 586 

manufacturing patterns for Carne de sol impairs the correct comparisons between this meat 587 

product and the fresh meat. 588 

As mentioned, the Brazilian government does not officially regulate Carne de sol 589 

production and handling. In 2019, a bill was presented to the Brazilian Senate to implement 590 

manufacturing and commercialization standards for Carne de sol (BRASIL, 2019). While the 591 

bill approval is still pending, future regulatory efforts must ensure that Carne de sol is produced 592 

by following good manufacturing practices (GMPs) and that the final product re-enters the cold 593 

chain for further handling and distribution. The moisture values for Carne de sol, even 594 

undergoing mild salting and drying processes, were around 72%, similar to fresh beef. 595 

Therefore, based on its moisture content and lack of standard production processes, it is 596 

imperative that after the bill passes the Senate, regulatory documents detailing manufacturing 597 

and handling procedures are elaborated to ensure product wholesomeness at commercial retail. 598 

Regarding the increased collagen content in Carne de sol than in fresh meat, Youssef et 599 

al. (2007) reported similar results for salted dry products, showing an increase in insoluble 600 

collagen in Charqui compared with fresh beef. Despite the fact that there is a direct relationship 601 

between SF and collagen (Christensen et al., 2011), the higher collagen content did not 602 

detrimentally affect SF of Carne de sol, which was significantly lower when compared with 603 

cooked fresh beef. The lower values of SF in Carne de sol can be attributed to the addition of 604 

NaCl, which loses collagen fibers by breaking H bonds of the molecule lysing their 605 

polysaccharide complexes (Li et al., 2016; Krasulya et al., 2019). Carne de sol had a 606 

significantly better SF score than fresh meat. From the information in Belew et al. (2003), it 607 
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can be concluded that this meat product was considered “tender” (values between 3.2 and 3.9 608 

kgf), while fresh meat was considered “hard”, since its score was above 4.6 kgf. 609 

For the fixed effect of the genetic group, we initially hypothesized that including Bos 610 

taurus could improve some of the quality attributes of fresh beef and Carne de sol. Moraes et 611 

al. (2011) demonstrated that beef from ½ Nellore ½ Angus and ½ Nellore ½ Simmental steers 612 

had lower SF when compared with beef obtained from pure Nellore. Therefore, due to higher 613 

calpastatin activity in Bos indicus beef (Rodrigues et al., 2017; Pringle et al., 1997; Whipple et 614 

al., 1990; Johnson et al., 1990), we expected to observe lower SF in meat products from NeAn 615 

and NASe. In fact, the effects of genetics were observed only for L*, C*, WHC and aw. The 616 

similar SF values across all genetic groups were mainly driven by the Bos indicus (Nellore) 617 

inheritance. Thrift and Thrift (2002) reported that beef obtained from Bos indicus and its 618 

derivatives usually show higher instrumental tenderness; however, lower values can be 619 

achieved when Bos taurus breeds account for ⅝ of total inheritance. 620 

Regarding the fact Carne de sol had lower protein than fresh meat, it is important to 621 

emphasize that Carne de sol is a meat product partially dehydrated (Gouvêa & Gouvêa, 2007), 622 

thus water, protein and other substances can be lost from the meat. The increased ash content 623 

in Carne de sol was also observed by Gouvêa et al. (2017). It is important to consider the 624 

addition of salt (NaCl) during Carne de sol manufacturing, which probably increased the ash 625 

content observed, since salt is an additional source of minerals.  626 

When compared with fresh beef, Carne de sol showed significantly higher WHC (lower 627 

expressed water) and lower CL. In the raw product, the lower moisture loss observed while 628 

evaluating WHC was possibly determined by the barrier resulting from the surface dehydration 629 

led by salting and drying. This barrier prevented water from being released from deeper layers 630 

of the lean (Vidal et al., 2019). The CL was higher in fresh beef than in Carne de sol. Although 631 

the moisture content of Carne de sol and fresh beef was about 71±1% before cooking, the CL 632 

of fresh beef was about 1.4-fold higher than Carne de sol.  This is due to the incorporation of 633 

NaCl in the surface of the lean and the propagation of its ions towards the inner layers, which 634 

increases the ionic strength of Carne de sol. According to Puolanne and Peltonen (2013), high 635 

ionic strength and a higher pH (5.34) compared with an average isoelectric pH value of 636 

structural proteins (5.0) increase the WHC of meat matrices. Results of this study suggested 637 

that the higher ionic strength played a decisive role in retaining more moisture in Carne de sol 638 

than in fresh beef during cooking. 639 

 640 

 641 
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Fatty acid composition 642 

 643 

  Regarding the decreasing in PUFA concentration and the increasing in SFA 644 

concentration for Carne de sol, it is known that salt is considered as pro-oxidant, and 645 

phospholipids are the most susceptible FA to suffer lipid oxidation. Thus, it is important to 646 

emphasize that SFA is less susceptible to oxidation than UFA (Resconi et al., 2013; Mottram, 647 

1998; Marmer et al., 1984; Mottram & Edwards, 1983), and thus this fact probably affected the 648 

opposite concentrations found for SFA and PUFA. The genetic differences detected in Carne 649 

de sol for C18:2 n-6, C20:3 n-6 (differences also for fresh meat), C20:5 n-3 and C22:5 n-3 were 650 

very unspecific, and it was possible that salt influenced these results considering the lipolytic 651 

effect of salt on triglycerides and phospholipids due to hydrolysis or enzymatic activity, leading 652 

to the release of glycerol and free fatty acids (FFA), highly susceptible to oxidation (Nachtigall 653 

et al., 2019; Demeyer, 2004). Thus it is possible that the application of salt during Carne de sol 654 

manufacturing randomly affected the results found in the present study. 655 

  In Carne de sol, there were observed significant genetic differences for Σ PUFA, sums 656 

and ratios, whereas in fresh meat these genetic differences were not found. Macedo et al. (2022) 657 

also did not find in fresh meat any statistic differences in Σ PUFA, Σ UFA: Σ SFA and Σ MUFA: 658 

Σ SFA, as well Σ n-6, Σ n-3 and n-6:n-3, suggesting a possible random effect of addition of 659 

NaCl on the parameters studied in the present work. The authors only found a significant 660 

increase in Σ PUFA: Σ SFA, where crossbreeds had higher ratios, and this was the only 661 

difference found for fresh meat compared to the present study. Carne de sol significantly 662 

decreased n-6:n-3 ratio compared to fresh meat, and crossbreds of Carne de sol lowered the n-663 

6:n-3 ratio in this meat product, which is a positive result, since the ideal ratio for a healthy diet 664 

is in the 1:1 range, despite 2:1 being recommended (Wood et al., 2008; DHA, 1994). 665 

  These reductions on PUFA content and their ratios was accomplished by the reduction 666 

of some enzymatic activities, as shown by ∆9-C18, which decreased for Carne de sol. It was 667 

also observed genetic differences in ∆9-C16 e ∆9-C18 activities for both types of meat, with 668 

improved activity for NASe and lower activity for NeAn. Evaluating fresh meat of the same 669 

groups of cattle, Macedo et al. (2022) found genetic differences only for ∆9-C16, with the same 670 

increased activity for NASe and lower activity for NeAn. In Carne de sol, elongase achieved 671 

better activities for NASe than Nell. These results showed non specific values and it was 672 

possible they may have been influenced by salt during Carne de sol manufacturing. 673 

  Nutritional quality parameters also followed the decrease in PUFA’s contents and sums, 674 

with increased AI and TI and decreased h:H for Carne de sol. These findings may have been 675 
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related to the decreasing in PUFA contents and the increasing in C14:0, since salt promotes 676 

lipid oxidation and phospholipids have high tendency to be oxidized compared to triglycerides 677 

(Resconi et al., 2013; Mottram, 1998; Mottram & Edwards, 1983). Considering that many 678 

PUFA are antithrombogenic and hipocholesterolemic, they can reduce the risk of heart diseases, 679 

as EPA and DHA (Wijendran & Hayes, 2004; Enser et al., 2001; McDonald et al., 1989; 680 

Mattson & Grundy, 1985), and, at the same time, many SFA, as C12:0, C14:0 and C16:0, are 681 

thrombogenic and hipercholesterolemic, increasing the risk of heart attack (Ojha et al., 2017; 682 

Yu et al., 1995; Hornstra & Lussenburg, 1975), the results found in the present study 683 

demonstrates the increased risk of  the elevated consume of Carne de sol with high levels of 684 

salt. Regarding genetic differences for nutraceutical compounds, the results in the present study 685 

differed from the results reported by Macedo et al. (2022) for fresh beef from the same groups 686 

of cattle. The authors found a trend in crossbreds in to have lower AI compared to Nell. 687 

However, no statistical differences in TI and h:H parameters of the same group of cattle were 688 

found. 689 

 690 

Sensory attributes 691 

 692 

  The genetic composition of the experimental units used in this research did not affect 693 

the sensory attributes for Carne de sol probably due the effect of manufacturing of this meat 694 

product, and thus offset any breed difference found in the panel. The absence of studies on 695 

literature about genetic groups and quality traits of meat products is a negative factor to 696 

correctly discuss the present results. 697 

  The scores reached by Carne de sol were about 7 (liked moderately) and demonstrated 698 

good sensory acceptance. Studies about Carne de sol from Nellore breeds found scores near to 699 

the found in the present study: (Araújo et al., 2022; Gesteira et al., 2019; Gouvêa et al., 2017).  700 

Gouvêa et al. (2017) compared Carne de sol and fresh meat and observed improved scores for 701 

Carne de sol compared to the fresh meat. Although no genetic effect have been studied, these 702 

results indicated a possibly pattern in Carne de sol to have sensory scores around 7, at least in 703 

beef from Nellore. 704 

 705 

Conclusions 706 

 707 

  Carne de sol improved physicochemical attributes of the meat, with better shear force, 708 

lower cooking loss and water activity compared to fresh meat. However, this meat product 709 
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negatively affected FA profile, impairing PUFA content and the health indexes. Carne de sol 710 

reached good sensory scores, showing great acceptability by the consumers. In its turn, fresh 711 

meat had the best composition of Σ PUFA, Σ UFA: Σ SFA, Σ MUFA: Σ SFA, Σ PUFA: Σ SFA, 712 

Σ n-3 and n-6:n-3 ratio, and thus it is still a better source of these nutrients, improving health 713 

compounds compared to Carne de sol. 714 

            The differences between genetic groups found in this study were more accurate for fresh 715 

meat than for Carne de sol, since salt application appeared to offset the changes in the quality 716 

attributes evaluated. NASe produced beef with better lightness, the highest C22:5 n-3 and ∆9-717 

C16 activity. Overall, including Bos taurus breeds did not alter the sensory attributes of Carne 718 

de sol. More research is necessary to study the influence of the genetic group on the changes in 719 

physicochemical attributes of meat products, as well the interaction effects found between them 720 

and the genetic groups on these traits. 721 

 722 

 723 

Acknowledgments 724 

 This work was funded by the Coordination and Improvement of Higher Level or Education 725 

Personal (CAPES) and the Bahia State Research Support Foundation (FAPESB). 726 

 727 

Declaration of Competing Interest  728 

 The authors declare no conflict of interest associated with this publication and no 729 

financial support for this work that could have influenced the outcome. 730 

 731 

Author Contributions 732 

Ronaldo L. Oliveira, Analívia M. Barbosa, and Leilson R. Bezerra: Conceptualization, 733 

Methodology, Funding acquisition. 734 

Vanessa P. Macedo and Thadeu M. Silva: Data curation.  735 

Amilton S. de Mello: Formal analysis, Software.  736 

Ronaldo L. Oliveira and Amilton S. de Mello: Visualization.  737 

Vanessa P. Macedo: Writing - Original draft.  738 

Amilton S. de Mello: Writing - Reviewing & Editing.  739 

 740 

 741 

 742 

 743 



 

83 

 

 

References 744 

 745 

1. Abrantes, M. R., Sousa, A. C. P., Araújo, N. K. S. de, Sousa, Ê. S. de, Oliveira, A. R. 746 

M. de, & Silva, J. B. A. da. Avaliação microbiológica de carne de Charqui produzida 747 

industrialmente. Arquivos Do Instituto Biológico, 2014, 81(3), 282–285. 748 

https://doi.org/10.1590/1808-1657000942012 749 

 750 

2. Afonso, T. M., Carvalho, C., Janaína Conte Hadlich, Rodrigues, V., Dayse Andrade 751 

Barros, de, B., & Maurício Scoton Igarasi. Use of crosses for sustainability in livestock 752 

farming in the Brazilian Meio-Norte region. Revista Brasileira de Zootecnia, 2020, 753 

49. https://doi.org/10.37496/rbz4920190228 754 

 755 

3. AMSA. American Meat Science Association. Guidelines for cookery, sensory 756 

evaluation and instrumental tenderness measurements of meat. American Meat 757 

Science Association. 2016. 758 

 759 

4. AOAC. Official Methods of Analysis. Washington DC: AOAC INTL. 2007. 760 

 761 

5. Aroeira, CN, Torres Filho, RA, Fontes, PR, Gomide, LAM, Ramos, ALS, Ladeira, MM, 762 

Ramos, EM. Freezing, thawing and aging effects on beef tenderness from Bos indicus 763 

and Bos taurus cattle. Meat Science, 2016; 116: 118-125. 764 

 765 

6. Aroeira CN, Torres Filho, R de A, Fontes, PR. Ramos, A de LS, Gomide, LA de M, 766 

Ladeira, MM, Ramos, EM. Effect of freezing prior to aging on myoglobin redox forms 767 

and CIE color of beef from Nellore and Aberdeen Angus cattle. Meat Science. 2017; 768 

125:16-21. 769 

 770 

7. Aykın Dinçer, E. Dried Meat Products Obtained by Different Methods from Past to 771 

Present. Food Reviews International, 1–20, 2021. 772 

https://doi.org/10.1080/87559129.2021.1956944 773 

 774 

8. Belew, J. B.; Brooks, J. C.; McKenna, D. R.; Savell, J. W. Warner-Bratzler shear 775 

evaluations of 40 bovine muscles. Meat Science. 2003; 64:507-512, 2003. 776 

 777 

9. Bidlas E, Lambert RJW. Comparing the antimicrobial effectiveness of NaCl and KCl 778 

with a view to salt/sodium replacement. International Journal of Food Microbiology. 779 

2008; 124: 98-102. 780 

 781 

10. Brasil. (2019). Senado Federal, Projeto de lei 5744, de 2019. Dispõe sobre o preparo 782 

e a comercialização de carne de sol e dá outras providências. 783 

https://www25.senado.leg.br/web/atividade/materias/-/materia/139645 784 

 785 

11. Bridi, A. M.; Constantino, C. Qualidade e avaliação de carcaças e carnes bovinas. In: 786 

XXX Congresso Paranaense dos Estudantes de Zootecnia. Proceedings of the XXX 787 

Congresso Paranaense dos Estudantes de Zootecnia, Maringá, Brazil, 2009, 1-18p. 788 

 789 

12. Burrow, HM, Moore, SS, Johnston, DJ, Barendse, W, Bindon, BM. Quantitative and 790 

molecular genetic influences on properties of beef: a review. Australian Journal of 791 

Experimental Agricultural. 2001; 41: 893-919. 792 

 793 

https://doi.org/10.1590/1808-1657000942012


 

84 

 

 

13. Burrow, H. M. (2006). Utilization of diverse breed resources for tropical beef 794 

production. In: 8th World Congress on Genetics Applied to Livestock Production. 795 

Belo Horizonte, Brazil. 796 

 797 

14. Cassar-Malek I, Picard B. Strategies to improve meat quality and safety. The Scientific 798 

World Journal, 2016, 11p. doi:http://dx.doi.org/10.1155/2016/2185323. 799 

 800 

15. Chizzolini, R.; Novelli, E.; Zanardi, E. Oxidation in traditional Mediterranean meat 801 

products. Meat Science. 1999; 49:S87-S99. 802 

 803 

16. Christensen, M.; Ertbjerg, P.; Failla, S.; Sañudo, C.; Richardson, R. I.; Nute, G. R. 804 

Relationship between collagen characteristics, lipid content and raw and cooked texture 805 

of meat from young bulls of fifteen European breeds. Meat Science. 2011; 87:61-65. 806 

 807 

17. Collignan A, Bohuon P, Deumier F, Poligné I. Osmotic treatment of fish and meat 808 

products. Journal of Food Engineering, 2001; 49: 153-162. 809 

 810 

18. Crouse JD, Cundiff LV, Koch RM, Koohmaraie M, Seideman SC. Comparisons of Bos 811 

indicus and Bos Taurus inheritance for carcass beef characteristics and meat 812 

palatability. Journal of Animal Science, 1989; 67: 2661-2668. 813 

 814 

19. Da Costa, E. L.,Silva, J. A. (1999). Qualidade sanitária da carne de sol comercializada 815 

em açougues e supermercados de João Pessoa – PB. Boletim do Centro de Pesquisa 816 

de Processamento de Alimentos, UFP, 17, 2, 137-144. 817 

https://core.ac.uk/download/pdf/328054563.pdf 818 

 819 

20. Demeyer, D. Meat Fermentation: Principles and Applications; Marcel Dekker Inc.: 820 

New York, NY, USA, 2004. 821 

 822 

21. De Smet S, Raes K, Demeyer D. Meat fatty acid composition as affected by fatness and 823 

genetic factors: a review. Animal Research, 2004; 53: 81-98. 824 

 825 

22. Desmond, E. Reducing salt: A challenge for the meat industry. Meat Science. 2006; 826 

74:188-196. 827 

 828 

23. Enser, M.; Scollan, N.; Gulati, S.; Richardson, I.; Nute, G.; Wood, J. The effects of 829 

ruminally-protected dietary lipid on the lipid composition and quality of beef muscle. 830 

Anais…Proceedings of the 47th International Congress of Meat Science and 831 

Technology, v. 1, p.12-13, 2001. 832 

 833 

24. Farouk, M. M., Wieliczko, K. J., & Merts, I. Ultra-fast freezing and low storage 834 

temperatures are not necessary to maintain the functional properties of manufacturing 835 

beef. Meat Science, 66, 171–179, 2003. 836 

 837 

25. Ferraz JBS, Felício PE. Production systems – Na example from Brazil. Meat Science. 838 

2010; 84: 238-243. 839 

 840 

26. Ferreira, J. A. N. (2008). Agroquimica: Processamento tecnológico do Charqui, 841 

Carne-de-Sol e jerked beef. 842 

http://agroquimica.blogspot.com/2008/08/processamento-tecnolgico-do-Charqui.html 843 

http://agroquimica.blogspot.com/2008/08/processamento-tecnolgico-do-Charqui.html


 

85 

 

 

 844 

27. Filgueras, R. S., Peyrin, F., Vénien, A., Hénot, J. M. & Astruc, T. Sodium Chloride 845 

Diffusion during Muscle Salting Evidenced by Energy-Dispersive X-ray Spectroscopy 846 

Imaging. Journal of Agricultural and Food Chemistry, 2016, 64(3), 699–705. 847 

https://doi.org/10.1021/acs.jafc.5b04058 848 

 849 

28. Gesteira, S. M.; Oliveira, R. L.; Trajano, J. da S.; Ribeiro, C. V. de M.; Costa, E. I. de 850 

S.; Ribeiro, R. D. X.; Pereira, E. S.; Bezerra, L. R. 2019; 14:e0216047. 851 

 852 

29. Gesteira, S. M.; Oliveira, R. L.; Silva T. M.; Ribeiro, R. D. X.; Ribeiro, C. V. D. M.; 853 

Pereira, E. S.; Lanna, D. P. D.; Pinto, L. F. B.; Rocha, T. C.; Vieira, J. F.; Bezerra, L. 854 

R. Physicochemical quality, fatty acid composition, and sensory analysis of Nellore 855 

steers meat fed with inclusion of condensed tannin in the diet. Journal of Food Science. 856 

2018; 83:1366-1372. 857 

 858 

30. Gouvêa JAG, Gouvêa AAL. Tecnologia de fabricação da carne de sol. Bahia: Rede 859 

de Tecnologia da Bahia-REDETEC/BA, 23p. Dossiê Técnico. 2007. 860 

 861 

31. Gouvêa, A. A.; Oliveira, R. L.; Leão, A. G.; Bezerra, L. R.; Assis, D. Y.; Albuquerque 862 

I. R.; Pellegrini C. B.; Rocha, T. C.; Effects of licury cake in Young Nellore bull diets: 863 

salted sun-dried meat is preferred rather than fresh meat by consumers despite similar 864 

physicochemical characteristics. Journal of the Science of Food and Agriculture. 865 

2017; 97:2147-2153. 866 

 867 

32. Gregory KE, Cundiff LV. Crossbreeding in beef cattle: evaluation of systems. Journal 868 

of Animal Science, 1980; 51: 1224-1242. 869 

 870 

33. Hamm, R. (1962).ÜberdasWasserbindungsvermögendesSaugetiermuskels.XMitt. 871 

DerEinflussvonSalzenaufProteinladungundWasserbindungsvermögen. 872 

ZeitschriftfürLebensmitteluntersuchungund-Forschung,116,511(Ref.Hamm, 873 

1972,pp.72–83.). 874 

 875 

34. Hamm R. Functional properties of the myofibrillar system and their measurements. In: 876 

P. J. Bechtel (Ed.), Muscle as food (pp. 135-199). Orlando, FL: Academic Press, Inc. 877 

1986. 878 

 879 

35. Hammond AC, Olson TA, Chase CC, Bowers Jr, EJ, Randel RD, Murphy CN, Vogt 880 

DW, Tewolde A. Heat tolerance in two tropically adapted Bos taurus breeds, Senepol 881 

and Romosinuano, compared with Brahman, Angus, and Hereford cattle in Florida. 882 

Journal of Animal Science, 1996; 74: 295-303. 883 

 884 

36. Hornstra, G.; Lussenburg, . N. Relationship between the type of dietary fatty acid and 885 

arterial thrombosis tendency in rats. Atherosclerosis. 1975; 22:499-516. 886 

 887 

37. Hunt, M. R., Garmyn, A. J., O'Quinn, T. G., Corbin, C. H., Legako, J. F., Rathmann, 888 

R. J., Brooks, J. C., & Miller, M. F. (2014). Consumer assessment of beef palatability 889 

from four beef muscles from USDA Choice and Select graded carcasses. Meat 890 

Science, 98(1), 1–8. https://doi.org/10.1016/j.meatsci.2014.04.004 891 

 892 

38. Hunt MC, King A. Meat color measurement guidelines. American Meat Science 893 



 

86 

 

 

Association, Champaign, Illinois USA, 61820 2012. 894 

 895 

39. Hupp HD. History and Development of Senepol Cattle. College of the Virgin Islands, 896 

Agricultural Experiment Station Report, 1978, p.12. 897 

 898 

40. Ishihara, Y.; Moreira, R.; de Souza, G.; Salviano, A.; Madruga, M. Study of the Warner-899 

Bratzler Shear Force, Sensory Analysis and Sarcomere Length as Indicators of the 900 

Tenderness of Sun-Dried Beef. Molecules. 2013; 18:9432-9440. 901 

 902 

41. Johnson, D. D.; Huffman, R. D.; Williams, S. E.; Hargrove, D. D. Effects of percentage 903 

Brahman and Angus breeding, age-season of feeding and slaughter end point on meat 904 

palatability and muscle characteristics. Journal of Animal Science. 1990; 68:1980-905 

1986. 906 

 907 

42. Krasulya, O., Tsirulnichencko, L., Potoroko, I., Bogush, V., Novikova, Z., Sergeev, A. 908 

I., Kuznetsova, T. G., & Sambandam Anandan. The study of changes in raw meat salting 909 

using acoustically activated brine. Ultrasonics Sonochemistry, 2019, 50, 224–229. 910 

https://doi.org/10.1016/j.ultsonch.2018.09.024 911 

 912 

43. Lage JF, Paulino PVR, Valadares Filho SC, Souza, EJO, Duarte MS, Benedeti PDB, 913 

Souza, NKP, Cox RB. Influence of genetic type and level of concentrate in the finishing 914 

diet on carcass and meat quality traits in beef heifers. Meat Science, 2012; 90: 770-774. 915 

 916 

44. Lara, J. A. F., Senigalia, S. W. B., Oliveira, T. C. R. M., Dutra, I. S., Pinto, M. F., & 917 

Shimokomaki, M. (2003). Evaluation of survival of Staphylococcus aureus and 918 

Clostridium botulinum in charqui meats. Meat Science, 65(1), 609–613. 919 

https://doi.org/10.1016/s0309-1740(02)00254-1 920 

 921 

45. Leistner, L.; Rödel, W. The significance of water activity for micro-organisms in meats. 922 

In: Duckworth, R. B. Water Relations of Foods. London: Academic Press, p.309-323, 923 

1975. 924 

 925 

46. Lira, G. M., Shimokomaki, M., Torres, E. A. F. da S., & Mancini-Filho, J. (1998). 926 

Avaliação da oxidação lipídica na carne de sol. In Anais. Rio de Janeiro: Faculdade de 927 

Saúde Pública, Universidade de São Paulo. 928 

 929 

47. Li, X., Wang, Y., Li, J., & Shi, B. Effect of sodium chloride on structure of collagen 930 

fiber network in pickling and tanning. Journal of the American Leather Chemists 931 

Association, 2016, 111, 4. 932 

https://journals.uc.edu/index.php/JALCA/article/download/3689/2881 933 

 934 

48. Liu, H., Li, Q., Jiang, S., Zhang, M., Zhao, D., Shan, K., & Li, C. Exploring the 935 

underlying mechanisms on NaCl-induced reduction in digestibility of myoglobin. Food 936 

Chemistry, 2022, 380, 132183. https://doi.org/10.1016/j.foodchem.2022.132183 937 

 938 

49. Macedo, V. P.; Ribeiro, R. D. X.; Araújo, S. A. de; Souza, M. N. S.; Andrade, E. A. de; 939 

Ribeiro, C. V. de M.; Souza, C. O. de; Silva, T. M.; Barbosa, A. M.; Bezerra, L. R.; 940 

Silva Júnior, J. M. da; Oliveira, R. L. Physicochemical composition, fatty acid profile 941 

and sensory atributes of meat (longissimus lumborum muscle) from Nellore and 942 

Nellore-cross bulls. Tropical Animal Health and Production. 2022; 54:1. 943 

https://doi.org/10.1016/j.ultsonch.2018.09.024
https://doi.org/10.1016/s0309-1740(02)00254-1
https://journals.uc.edu/index.php/JALCA/article/download/3689/2881


 

87 

 

 

 944 

50. Marmer, W. N.; Maxwell, R. J.; Williams, J. E. Effects of dietary regimen and tissue 945 

site on bovine fatty acid profiles. Journal of Animal Science. 1984; 59:109-121. 946 

 947 

51. Mattson, F. H.; Grundy, S. M. Comparison of effects of dietary saturated, 948 

monounsaturated, and polyunsaturated fatty acids on plasma lipids and lipoproteins in 949 

man. Journal of Lipid Research. 1985; 26:194-202. 950 

 951 

52. Mcdonald, B. E.; Gerrard, J. M.; Bruce, V. M.; Corner, E. Comparison of the effect of 952 

canola oil and sunflower oil on plasma lipids and lipoproteins and on vivo thromboxane 953 

A2 and prostacyclin production in healthy young men. The American Journal of 954 

Clinical Nutrition. 1989; 50:1382-1388. 955 

 956 

53. Mediani, A., Hamezah, H. S., Jam, F. A., Mahadi, N. F., Chan, S. X. Y., Rohani, E. R., 957 

Che Lah, N. H., Azlan, U. K., Khairul Annuar, N. A., Azman, N. A. F., Bunawan, H., 958 

Sarian, M. N., Kamal, N., & Abas, F. A comprehensive review of drying meat products 959 

and the associated effects and changes. Frontiers in Nutrition, 2022, 9. 960 

https://doi.org/10.3389/fnut.2022.1057366 961 

 962 

54. Møller, J. K. S., & Skibsted, L. H. Myoglobins: the link between discoloration and lipid 963 

oxidation in muscle and meat. Química Nova, 2006, 29(6), 1270–1278. 964 

https://doi.org/10.1590/s0100-40422006000600024 965 

 966 

55. Moraes, I., Veiga, P., Marcos Inácio Marcondes, de, S., Jucilene Cavali, Laura Franco 967 

Prados, de, M., & Edênio Detmann. Beef quality traits of Nellore, F1 Simmental × 968 

Nellore and F1 Angus × Nellore steers fed at the maintenance level or ad libitum with 969 

two concentrate levels in the diet. Revista Brasileira de Zootecnia, 2011, 40(12), 970 

2894–2902. https://doi.org/10.1590/s1516-35982011001200037 971 

 972 

56. Mottram, D. S. Flavour formation in meat and meat products: a review. Food 973 

Chemistry. 1998; 62:415-424. 974 

 975 

57. Mottram, D. S.; Edwards, R. A. The role triglycerides and phospholipids in the aroma 976 

of cooked beef. Journal of Science of Food and Agriculture. 1983; 34:517-522. 977 

 978 

58. Miguel GZ, Faria MH, Roça RO, Santos CT, Suman SP, Faitarone ABG, Delbem NLC, 979 

Girao LVC, Homem JM, Barbosa EK, Su LS, Resende FD, Siqueira GR, Moreira AD, 980 

Savian TV. Immunocastration improves carcass traits and beef color attributes in 981 

Nellore and Nellore x Aberdeen Angus crossbred animals finished in feedlot. Meat 982 

Science, 2014, 96:884-891. 983 

 984 

59. Nachtigall, F. M.; Vidal, V. A. S.; Pyarasani, R. D.; Domínguez, R.; Lorenzo, J. M.; 985 

Pollonio, M. A. R.; Santos, L. S. Substitution effects of NaCl by KCl and CaCl2 on 986 

lipolysis of salted meat. Foods. 2019; 8:595. 987 

 988 

60. Ngapo, T. M., Champagne, C., Chilian, C., Dugan, M. E. R., Gariépy, S., Vahmani, P., 989 

& Bilodeau, P. (2021). Pemmican, an endurance food: Past and present. Meat 990 

Science, 178, 108526. https://doi.org/10.1016/j.meatsci.2021.108526 991 

 992 

61. Norman GA, Corte OO. Dried salted meats: charque and carne-de-sol. FAO 993 



 

88 

 

 

Production and Health Paper no. 51. FAO/UNO, Rome, Italy, pp 1-32. 1985. 994 

http://www.fao.org/3/x6555e/x6555e00.htm 995 

 996 

62. NRC. Nutrient requirement of beef cattle. 7th ed. Washington, DC: National Academy 997 

Press. 1996 998 

 999 

63. O’Fallon JV, Busboom JR, Nelson ML, Gaskins, CT. A direct method for fatty acid 1000 

methyl ester synthesis: Application to wet meat tissues, oils, and feedstuffs. Journal of 1001 

Animal Science, 2007; 85: 1511. 1002 

 1003 

64. Ojha KS, Harrison SM, Brunton NP, Kerry JP, Tiwari BK. Statistical approaches to 1004 

access the effect of Lactobacillus sakei culture and ultrasound frequency on fatty acid 1005 

profile of beef jerky. Journal of Food Composition and Analysis, 2017; 57:1-7. 1006 

 1007 

65. Ordóñez, J. A.; Hierro, E. M.; Bruna, J. M.; Hoz, L. D. L. Changes in the components 1008 

of dry-fermented sausages during ripening. Critical Reviews in Food Science 1009 

Nutrition. 1999; 39:329-367. 1010 

 1011 

66. OSU. Oklahoma State University. Breeds of Livestock – Angus Cattle. Breeds of 1012 

Livestock, Department of Animal Sciences. 2015. 1013 

http://afs.okstate.edu/breeds/cattle/angus/index-2.html. 1014 

 1015 

67. Petit, T., Caro, Y., Petit, A.-S., Santchurn, S. J., & Collignan, A. (2014). 1016 

Physicochemical and microbiological characteristics of biltong, a traditional salted 1017 

dried meat of South Africa. Meat Science, 96(3), 1313–1317. 1018 

https://doi.org/10.1016/j.meatsci.2013.11.003 1019 

 1020 

68. Petit, G., Jury, V., Lamballerie, M. De, Duranton, F., Pottier, L., & Martin, J. Salt intake 1021 

from processed meat products: benefits, risks and evolving practices. Comprehensive 1022 

Reviews in Food Science and Food Safety, 2019, 18, 1453-1473. 10.1111/1541-1023 

4337.12478. 1024 

 1025 

69. Pietrasik, Z., & Shand, P. J. Effects of mechanical treatments and moisture enhancement 1026 

on the processing characteristics and tenderness of beef semimembranosus roasts. Meat 1027 

Science, 2005, 71(3), 498–505. https://doi.org/10.1016/j.meatsci.2005.04.029 1028 

 1029 

70. Pouzo, L. B., Ceconi, I., Davies, P., Méndez, D., Ortiz Miranda, S. G., Testa, M. L., & 1030 

Pavan, E. Animal performance and meat quality characteristics from feedlot-finished 1031 

steers fed increasing levels of wet distillers grain. Meat Science, 2023, 204, 109214. 1032 

https://doi.org/10.1016/j.meatsci.2023.109214 1033 

 1034 

71. Pringle TD, Williams SE, Lamb BS, Johnson DD, West RL. Carcass characteristics, the 1035 

calpain proteinase system, and aged tenderness of Angus and Brahman crossbred steers. 1036 

Journal of Animal Science. 1997; 75:2955-2961. 1037 

 1038 

72. Puolanne, E., & Peltonen, J. (2013). The effects of high salt and low pH on the water-1039 

holding of meat. Meat Science, 93(2), 167–170. 1040 

https://doi.org/10.1016/j.meatsci.2012.08.015 1041 

 1042 

73. Raoult-Wack, A. L. Recent advances in the osmotic dehydration of foods. Trends in 1043 

http://afs.okstate.edu/breeds/cattle/angus/index-2.html


 

89 

 

 

Food Science & Technology, 1994, 5(8), 255–260. https://doi.org/10.1016/0924-1044 

2244(94)90018-3 1045 

 1046 

74. Rastogi, N. K., Raghavarao, K. S. M. S., Niranjan, K., & Knorr, D. Recent 1047 

developments in osmotic dehydration: methods to enhance mass transfer. Trends in 1048 

Food Science & Technology, 2002, 13(2), 48–59. https://doi.org/10.1016/s0924-1049 

2244(02)00032-8 1050 

 1051 

75. Resconi, V. C.; Escudero, A.; Campo, M. M. The development of aromas in ruminant 1052 

meat. Molecules. 2013; 18:6748-6781. 1053 

 1054 

76. Rodrigues, A. C., Ladeira, M. M., Coelho, T. C., Gionbelli, M. P., Júnior, J. M. O., & 1055 

Moreira, G. M. Chemical composition, color, and tenderness of beef from Nellore and 1056 

Nellore × Angus steers fed whole shelled corn diets. Journal of Animal Science, 1057 

2017, 95(suppl_4), 184–185. https://doi.org/10.2527/asasann.2017.373 1058 

 1059 

77. Rubio L., M. S., Méndez M., R. D., & Huerta-Leidenz, N. (2007). Characterization of 1060 

beef semimembranosus and adductor muscles from US and Mexican origin. Meat 1061 

Science, 76(3), 438–443. https://doi.org/10.1016/j.meatsci.2006.12.008 1062 

 1063 

78. Ruusunen, M., & Puolanne, E. Reducing sodium intakes from meat products. Meat 1064 

Science, 2005, 70, 531-541. 10.1016/j.meatsci.2004.07.016. 1065 

 1066 

79. Ruusunen M, Vainionpää J, Lyly M, Lähteenmäki L, Niemistö M, Ahvenainen R, 1067 

Puolanne E. Reducing sodium content in meat products: The effect of the formulation 1068 

in low-sodium ground meat patties. Meat Science, 2005; 69: 53-60. 1069 

 1070 

80. Santos-Silva J, Bessa RJB, Santos-Silva F. Effect of genotype, feeding system and 1071 

slaughter weight on the quality of light lambs II. Fatty acid composition of meat. 1072 

Livestock Production Science. 2002; 77: 187-194. 1073 

 1074 

81. Shackelford SD, Wheeler TL, Koohmaraie M. Relationship between Shear Force and 1075 

trained sensory panel tenderness ratings of 10 major muscles from Bos indicus and Bos 1076 

taurus cattle. Journal of Animal Science. 1995; 73: 3333-3340. 1077 

 1078 

82. Shackelford SD, Wheeler TL, Koohmaraie M. Tenderness classification of beef: II. 1079 

Design and analysis of a system to measure beef Longissimus Shear Force under 1080 

commercial processing conditions. Journal of Animal Science, 1999; 77: 1474-1481. 1081 

 1082 

83. Sukhija PS, Palmquist DL. Rapid method for determination of total fatty acid content 1083 

and composition of feedstuffs and feces. Journal of Agricultural Food Chemistry. 1084 

1988; 36: 1202-1206. 1085 

 1086 

84. Swanepoel, M., Leslie, A. J., & Hoffman, L. C. Comparative analyses of the chemical 1087 

and sensory parameters and consumer preference of a semi-dried smoked meat product 1088 

(cabanossi) produced with warthog (Phacochoerus africanus) and domestic pork 1089 

meat. Meat Science, 2016, 114, 103–113. 1090 

https://doi.org/10.1016/j.meatsci.2015.12.002 1091 

 1092 

85. Torres, E., Pearson, A. M., Gray, J. I., Booren, A. M., & Shimokomaki, M. (1988). 1093 

https://doi.org/10.1016/0924-2244(94)90018-3
https://doi.org/10.1016/0924-2244(94)90018-3


 

90 

 

 

Effect of salt on oxidative changes in pre- and post-rigor ground beef. Meat 1094 

Science, 23(3), 151–163. https://doi.org/10.1016/0309-1740(88)90031-9 1095 

 1096 

86. Thrift, F. A., & Thrift, T. A. (2002). The Issue of Carcass Tenderness Expressed by 1097 

Cattle Varying in Bos indicus Inheritance11Published with approval of the director of 1098 

the Kentucky Agricultural Experiment Station as Journal Article 02-07-42. The 1099 

Professional Animal Scientist, 18(3), 193–201. https://doi.org/10.15232/s1080-1100 

7446(15)31522-9 1101 

 1102 

87. Ulbricht TLV, Southgate DAT. Coronary heart disease: seven dietary factors. Lancet, 1103 

1991; 338: 985-92. 1104 

 1105 

88. Vandendriessche F. Meat products in the past, today and in the future. Meat Science, 1106 

2008; 78: 104-113. 1107 

 1108 

89. Vidal, V. A. S., Bernardinelli, O. D., Paglarini, C. S., Sabadini, E., & Pollonio, M. A. 1109 

R. (2019). Understanding the effect of different chloride salts on the water behavior in 1110 

the salted meat matrix along 180 days of shelf life. Food Research International, 125, 1111 

108634. https://doi.org/10.1016/j.foodres.2019.108634 1112 

 1113 

90. Whipple G, Koohmaraie M, Dikeman ME, Crouse JD, Hunt MC, Klemm RD. 1114 

Evaluation of attributes that affect Longissimus muscle tenderness in Bos taurus and 1115 

Bos indicus cattle. Journal of Animal Science. 68: 2716-2728, 1990. 1116 

 1117 

91. Wijendran, V.; Hayes, K. C. Dietary n-6 and n-3 fatty acid balance and cardiovascular 1118 

health. Annual Review of Nutrition. 2004; 24:597-615. 1119 

 1120 

92. Xie, Y., Zhou, K., Chen, B., Ma, Y., Tang, C., Li, P., Wang, Z., Xu, F., Li, C., Zhou, 1121 

H., & Xu, B. (2023). Mechanism of low-voltage electrostatic fields on the water-1122 

holding capacity in frozen beef steak: Insights from myofilament lattice arrays. Food 1123 

Chemistry, v.428, 136786. https://doi.org/10.1016/j.foodchem.2023.136786 1124 

 1125 

93. Yeh, Y., Omaye, S. T., Ribeiro, F. A., Calkins, C. R., & de Mello, A. S. Evaluation of 1126 

palatability and muscle composition of novel value-added beef cuts. Meat 1127 

Science, 135, 79–83, 2018. https://doi.org/10.1016/j.meatsci.2017.08.026  1128 

 1129 

94. Youssef, E. Y., Garcia, C. E. R., Yamashita, F., Shimokomaki, M. Chemical basis for 1130 

beef Charqui Meat Texture. Brazilian Archives of Biology and Technology, 50, 719–1131 

724, 2007. https://doi.org/10.1590/S1516-89132007000400018 1132 

 1133 

95. Yu, S.; Derr, J.; Etherton, T. D.; Kris-Etherton, P. M. Plasma cholesterol-predictive 1134 

equations demonstrate that stearic acid is neutral and monounsaturated fatty acids are 1135 

hypocholesterolemic. The American Journal of Clinical Nutrition. 1995; 61:1129-39 1136 

 1137 

 1138 



91 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

CHAPTER III 13 

 14 

SENSORY ACCEPTANCE, PHYSICOCHEMICAL TRAITS AND 15 

FATTY ACID PROFILE OF BEEF BURGERS FROM THREE BEEF 16 

CATTLE ZOOTECHNICAL GROUPS 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 



 

92 

 

 

Aceitação sensorial, atributos físico-químicos e perfil de ácidos graxos de hambúrgueres 35 

de bovinos de três grupos zootécnicos 36 

 37 
 38 
 39 

RESUMO 40 

 41 

Bovinos da espécie Bos indicus tornaram-se um valioso recurso em países de climas tropical e 42 

subtropical; entretanto, estes animais produzem carne com grau de dureza indesejável quando 43 

comparados com bovinos Bos taurus, os quais, por sua vez, não conseguem ter desempenho 44 

satisfatório quando inseridos em ambiente tropica e, neste caso, os cruzamentos podem ser 45 

utilizados como uma grande ferramenta de melhoria do perfil genético do rebanho. Os produtos 46 

cárneos são importantes fontes de proteína em países em desenvolvimento, e o hambúrguer é 47 

um produto amplamente consumido ao redor do mundo. Três grupos genéticos de bovinos, 48 

(Nelore (Nell), ½ Nelore × ½ Angus (NeAn), and ¼ Nelore × ¼ Angus × ½ Senepol (NASe)) 49 

foram utilizados para avaliar os atributos físico-químicos e sensórias de hambúrgueres de carne 50 

bovina. Os animais cruzados afetaram positivamente os parâmetros de qualidade dos 51 

hambúrgueres, especificamente luminosidade e umidade (P < 0.05), e diminuíram as 52 

concentrações dos ácidos graxos saturados indesejáveis (P < 0.05) quando comparados ao 53 

grupo Nell. Os animais cruzados também obtiveram melhores escores de maciez (P = 0.005) e 54 

suculência (P = 0.006) do que o grupo Nell. Entretanto, o processamento pode modificar os 55 

atributos físico-químicos da carne, resultando em mudanças inespecíficas no produto cárneo 56 

que podem interferir negativamente na interpretação dos resultados. Assim, mais estudos 57 

envolvendo grupos zootécnicos e atributos de qualidade de hambúrgueres tornam-se 58 

necessários.  59 

 60 

 61 

Palavras-chave: atributos de qualidade, cruzamentos, Bos indicus, Bos taurus, produtos 62 

cárneos 63 

 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 



 

93 

 

 

Sensory acceptance, physicochemical traits and fatty acid profile of beef burgers from 78 

three beef cattle zootechnical groups 79 

 80 
 81 
 82 

ABSTRACT 83 

 84 
 85 
 86 

Bos indicus is a valuable resource in tropical and subtropical countries; however, they produce 87 

meat with an undesirable degree of toughness compared to Bos taurus, which cannot perform 88 

efficiently under tropical conditions, and thus crossbreeding can be used as a genetic tool. Meat 89 

products are important protein sources in developing countries, and beef burgers are a widely 90 

consumed meat product worldwide. Three different zootechnical groups of cattle, Nellore 91 

(Nell), ½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe) were used to 92 

evaluate the physicochemical and sensory attributes of beef burgers. Crossbreeds positively 93 

affected the parameters of beef burgers, specifically lightness and moisture (P < 0.05), and 94 

decreased undesirable saturated fatty acids (P < 0.05) compared to Nell. Crossbreeds also had 95 

better ratings of tenderness (P = 0.005) and juiciness (P = 0.006) than Nell. However, the 96 

manufacturing of beef burgers can change the physicochemical attributes of meat, leading to 97 

possibly unspecific effects, which can affect the interpretation of the results found. Thus more 98 

studies involving zootechnical groups of cattle and the quality traits of beef burgers are 99 

necessary.  100 

 101 

 102 

Keywords: Bos indicus, Bos taurus, atributos de qualidade, crossbreeding, meat products, 103 

quality atributes 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 



 

94 

 

 

1. Introduction 130 

 131 

 In tropical and subtropical countries, Bos indicus breeds are valuable resources since they 132 

can be produced in rural environments due to their adaptable capacity (greater resistance to 133 

parasites, poor-quality food, and high temperature). This contributed to the spread of these 134 

breeds in tropical regions, especially in Brazil (Santana Junior et al., 2016), with the Nellore 135 

breed being the predominant breed raised (Aroeira et al., 2017). Furthermore, Bos indicus 136 

produce meat with lower fat deposition (Lage et al., 2012; Johnson et al., 1990; Wheeler et al., 137 

1990). On the other hand, taurine breeds cannot perform efficiently under tropical conditions, 138 

due environmental stressors (e.g. high temperature and ectoparasites).  139 

 Bos indicus produces meat with undesirable toughness due to the high calpastatin activity 140 

in this species. This enzyme impairs calpain activity in the proteolytic process and blocks the 141 

tenderizing (Whipple et al., 1990; Pringle et al., 1997; Johnson et al., 1990). In the postmortem 142 

carcass, calpains are responsible for the partial rupture of myofilaments during the maturation 143 

process, which improves tenderness (Whipple et al., 1990; Muroya et al., 2006; Lana & Zolla, 144 

2016); however, their activity can be impaired by calpastatin activity (Koohmaraie et al., 2002). 145 

Bos taurus has lower calpastatin activity than Bos indicus, which means more tender meat 146 

(Rubensam et al., 1998).  147 

 Crossbreeding can be used as a genetic tool to improve meat quality and adaptation 148 

capacity. Crossbreeding improves genetic traits using the effects of heterosis and the 149 

complementarity between breeds traits, especially in the case of crosses between Bos taurus 150 

and Bos indicus (Gama et al., 2013; Leroy et al., 2016). However, it is important to note that 151 

meat tenderness and juiciness decrease as the Bos indicus proportion in crossbreeding (½ or 152 

more) increases (Johnson et al., 1990; Phelps et al., 2017). 153 

 In addition to meat, meat products (processed foods) are important protein sources in 154 

developed countries, and several aspects can influence their consumption: sensory acceptance 155 

and nutritional profile, costs, safety, economic situation, familiar and/or educational influences, 156 

and others (Jiménez-Colmenero et al., 2001). Additionally, beef is a high perishable food, and 157 

thus, some processing methods have been developed to maintain its quality during storage, such 158 

as salting, cooking, drying, smoking, marinating and curing (Norman & Corte, 1985; Collignan 159 

et al., 2001).  160 

 Despite their undesirable high content of salt, fat, saturated fatty acids, and cholesterol, 161 

meat products are important sources of minerals, vitamins and proteins (Jiménez-Colmenero et 162 

al., 2001). Fat and sodium chloride (NaCl) are important meat quality enhancers (Hughes et al., 163 
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1997; Bidlas & Lambert, 2008). NaCl improves meat’s shelf life, taste and texture of meat and 164 

meat products (Ruusunen et al., 2005; Bidlas & Lambert, 2008). Furthermore, NaCl reduces 165 

water activity (aw) and microbial growth (Costa-Corredor et al., 2009), contributes to the 166 

solubilization of myofibrillar proteins, enhancing their water-holding capacity, and leading to 167 

the reduction of cooking loss and improved texture of the meat product, specifically juiciness 168 

and tenderness, as well facilitating fat binding (Desmond, 2006). Fat contributes to stable 169 

emulsions in comminuted meat products (Hughes et al., 1997). 170 

 One meat product is beef burgers patties obtained from ground meat (Bender, 1992). This 171 

meat product is widely consumed worldwide due to its simple preparation and sensory traits 172 

(Ziegler et al., 2020). According to Brazilian legislation, beef burger (hambúrguer) is an 173 

industrialized meat product obtained from ground beef with or without the addition of fat and 174 

other ingredients, molded and submitted to technological proceedings (Brasil, 2022). 175 

 From the information described above and considering the absence of data in the literature 176 

concerning the direct influence of different genetic groups of cattle on beef burger quality traits, 177 

this study aimed to evaluate the physicochemical and sensory quality of beef burgers from three 178 

genetic groups of bovines: Nellore (Nell), ½ Nellore ½ Angus (NeAn) and ½ Senepol ¼ Nellore 179 

¼ Angus (NASe). The hypothesis tested in the present work is that taurine breeds can contribute 180 

to genetic crossing programs, impacting the quality of the bovine burger (physicochemical 181 

properties and sensory attributes), being an innovative resource for production systems in 182 

tropical and subtropical conditions.  183 

 184 

 185 

2. Materials and methods 186 

 187 

2.1 Ethical considerations, animals, and general procedures 188 

 189 

 The present experiment was conducted at the Veterinary and Animal Science School of 190 

Federal University of Bahia (UFBA), located in Salvador, Bahia, Brazil. Animal procedures 191 

followed the guidelines recommended by the institutional Animal Care and Use Committee 192 

(CEUA/UFBA, Protocol number 043/2019). 193 

 Eighteen steers, averaging 24 months, from the Nellore (Nell), ½ Nellore ½ Angus 194 

(NeAn) and ½ Senepol ¼ Nellore ¼ Angus (NASe), pasture finished groups were used. They 195 

were finished in two paddocks of approximately 24 hectares each one, containing Brachiaria 196 

brizantha cv. Marandu, also receiving mineral supplementation and having free access to water. 197 
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The concentrate offered included ground corn (54%), soybean meal (40%) and mineral mixture 198 

(6%) at 1% of body weight (BW). The animals were separated by the group until they reached 199 

the predetermined BW of slaughter (500 to 600 kg). 200 

 After reaching the BW for slaughter, the animals have fasted for 16 h, and then sent to be 201 

slaughtered in a commercial slaughterhouse. The slaughtering procedures followed the 202 

guidelines of the Federal Inspection Service (SIF), in accordance with the official legislation 203 

(Normative nº 03/00) (Brazil, 2000). 204 

 After skinning and evisceration, the carcasses were cut in two halves, and the initial pH 205 

(pH0) was measured in the Longissimus dorsi muscle between the 6th and 7th ribs using a digital 206 

potentiometer model HI99163 (HANNA Instruments, São Paulo, Brazil). Then, the carcasses 207 

were sent to the cold chamber, where they cooled for 24 hours at 4 °C. After 24 h, the final 208 

carcass pH (pHU) was measured using the procedure previously described for pH0. 209 

Semimembranosus and Adductor femoris samples were collected from half of the carcass, 210 

placed into labeled plastic bags and submitted to refrigeration (4°C), for further beef burger 211 

manufacturing followed by physicochemical and sensory analysis. 212 

 213 

2.2 Beef burger manufacturing 214 

 215 

 Beef burger manufacturing was carried out according to Gouvêa et al. (2016) with 216 

modifications. Semimembranosus and Adductor femoris samples were first prepared by 217 

removing excess fat and connective tissue. The beef samples were ground in an 8 mm disc of a 218 

Skymsen PS-10 grinder (Metalúrgica Siemsen ltda., Brusque, SC, Brazil), mixed and passed 219 

through the same device to homogenize the mass. Pork fat was submitted to the same grounding 220 

process and added to the meat mass. The proportions of ground pork fat and ground meat 221 

calculated for each 1 kg of beef burger were 15% (150 g) and 81,3% (813 g), respectively. In 222 

the mixture, 1.5% (15 g) salt, 0.2% (2 g) sugar, 0.3% (3 g) garlic paste and 0.2% (2 g) ground 223 

black pepper were also added. The mass and ingredients were manually mixed for 20 minutes 224 

and then placed in a refrigerator at 4°C for 12 hours. Then, the beef burgers were manufactured 225 

by molding in a 9.5 cm hand press. The burgers were packaged in cling film and stored at -18 226 

°C until the physicochemical and sensory evaluations. 227 

 228 

2.3 Physicochemical properties 229 

 230 

 The pH of beef burgers was measured in triplicate using a digital potentiometer model 231 
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HI99163 (HANNA Instruments, São Paulo, Brazil). The lightness (L*), redness (a*), 232 

yellowness (b*) and chrome color saturation (C*) of the beef burgers were evaluated after beef 233 

burger samples were exposed to air for 30 min according to the method described by Miltenburg 234 

et al. (1992). Color measurements were taken on the surfaces of the samples with a handheld 235 

CR-410 Minolta Colorimeter (Chroma Meter CR-410, Konica Minolta, Tokyo, Japan), 236 

according to the Commission International I’Eclarage (CIE) system, using the L*, a*, b* 237 

coordinates, an iluminant D65 and a 10° standard observer. Calibration was carried out using 238 

white and black tiles, and the lightness (L*), redness (a*), yellowness (b*) and chrome color 239 

saturation [C* = (a*2 + b*2)1/2] were assessed (Hunt & King, 2012). 240 

 Sections of the beef burger samples were cut into 2.5 × 2.5 cm thick cubes and weighed 241 

before cooking. Then, the samples were cooked on a grill (George Foreman Jumbo Grill 242 

GBZ6BW, Rio de Janeiro, Brazil) at 170 °C, and the geometric center temperature of the slices 243 

was measured with portable digital thermometers (Gulterm 700-10S, São Paulo, Brazil). When 244 

the temperature reached 71 °C, the samples were cooled to room temperature and weighed. The 245 

cooking loss was calculated by the difference between the initial and the final weights was 246 

expressed as a percentage (AMSA, 2016). 247 

 The cooked beef burger samples were wrapped in aluminum foil and stored at 4 °C for 248 

12 h (Consul CHB53C®, Salvador, Brazil). Then, the samples were brought to room 249 

temperature prior to Shear Force (SF) analysis. At least three cores were removed from each 250 

sample using a cork borer. The SF was measured with a texture analyzer (Texture Analyser 251 

TX-TX2, Mecmesin, Nevada, United States) fitted with a Warner–Bratzler type shear blade 252 

with a load of 25 quiloforces (kgf) and a cutting speed of 20 cm/min. Following the Meat 253 

Animal Research Center, the values obtained were expressed in kgf (Shackelford et al., 1999). 254 

 The protein, lipid, moisture, ashes and collagen contents of the beef burgers were 255 

determined by near infrared spectroscopy (NIRS) in a FoodScanTM Apparatus (FOSS 256 

Analytical A/S, Hillerod, Denmark) according to AOAC (2007). The beef burgers’ water 257 

activity (aw) was assessed with an Aqualab LITE® (Decagon Devices Inc., Pullman, WA, USA) 258 

device. 259 

 260 

2.4 Fatty acids composition 261 

 262 

 The fatty acid composition of the beef burgers followed O’Fallon et al. (2007), with 263 

adaptations. First, 0.5 g of each freeze-dried sample was placed in an individual 12-mL tube, 1 264 

mL of internal standard solution (N5252-1G; Sigma-Aldrich) in methanol (1mg19:0/mL), 5.3 265 
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mL of methanol and 0.7 mL of 10N potassium hydroxide in an aqueous solution were added. 266 

Then, the tubes were incubated in a water bath at 55 °C for 1.5 h, and every 20 min., they were 267 

handshake vigorously for 5 seconds. The tubes were then cooled in a tap water bath, and 0.58 268 

mL of 24N sulfuric acid in an aqueous solution was added for a new water bath cycle, following 269 

the same procedure. Then, the tubes were cooled again in a cold tap water bath, and 3 mL of 270 

hexane was added. The test tubes were mixed with a vortex (Fisatom 772, São Paulo, Brazil) 271 

for 5 min and centrifuged for 5 min (CENTRIBIO 80-2B, EQUIPAR Ltda., Paraná, Brazil). 272 

The supernatant was collected and placed into a GC vial. 273 

 Fatty acid methyl esters (FAME) separation was carried out using a gas chromatograph 274 

(Focus GC Thermo Electron S.p.A, Milan, Italy) fitted with a flame ionization detector and SP-275 

2560 column (100 m x 0.25 mm x 0.20 µm; Supelco Inc., Bellefonte, PA, USA). The initial 276 

oven temperature was set to 140 °C for 5 min., and increased at a rate of 1 °C.min-1 to 220 °C, 277 

held for 25 min. The carrier gas used was hydrogen, with a 1.3 mL.min-1 flow rate. The injector 278 

temperature was 250 °C and the detector temperature was of 280 °C. The injection volume was 279 

1µL, and the split ratio was 30:1. 280 

 The identification of the FAMEs was performed by comparing the samples methyl esters 281 

retention times against the GLC-674 Standard Mixture (Nu-Chek Prep Inc. Elysian, USA), 282 

containing 52 fatty acids. The quantification was carried out using the formula: [(total area 283 

under peaks) – (area under internal standard)/(area of internal standard) × (internal standard 284 

concentration/dry weight of the sample)], which was based on the Sukhija & Palmquist (1988) 285 

method. The results were expressed in milligrams of fatty acid per 100 grams of beef burger 286 

(mg/100g). 287 

 The sum of total saturated (SFA), unsaturated (UFA) monounsaturated (MUFA) and 288 

polyunsaturated fatty acids (PUFA), n-6 and n-3, as well as UFA:SFA, MUFA:SFA, 289 

PUFA:SFA, PUFA:MUFA and n–6:n–3 ratios were calculated. The nutritional quality of the 290 

lipid fraction of the samples was estimated by the atherogenicity index (AI), thrombogenicity 291 

index (TI) (Ulbricht & Southgate, 1991) and the relationship between hypocholesterolemic and 292 

hypercholesterolemic fatty acids (h:H) (Santos-Silva et al., 2002). Furthermore, the stearoyl 293 

Co-A desaturase (∆9 desaturase) activities for 16:0 (palmitic acid) and 18:0 (stearic acid), as 294 

well as the elongase activity (De Smet et al., 2004) were also calculated. 295 

 296 

2.5 Sensory attributes 297 

 298 

 Beef burger sensory evaluation was carried out according to American Meat Science 299 
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Association guidelines (AMSA, 2016), using a panel of 70 consumers and a 9-point hedonic 300 

scale: 1: desliked extremely; 2: desliked very much; 3: desliked moderately; 4: desliked slightly; 301 

5: indifferent; 6: liked slightly; 7: liked moderately; 8: liked very much; 9: liked extremely. The 302 

sensory attributes evaluated were flavor, aroma, tenderness, juiciness, overall acceptance and 303 

preference.  304 

 The beef burger samples were classified by genetic group and cooked at 170 °C on a 305 

grill (George Foreman Jumbo Grill GBZ6BW, Rio de Janeiro, Brazil). When the geometric 306 

center reached 71°C, the samples were cut into 2 cm3 cubes, coded, and placed in a water bath 307 

at 75 °C. At this moment, the samples were covered in aluminum foil, to maintain their heat 308 

and to prevent volatile aroma compounds losses. The sensory panel was conducted from 9:00 309 

to 12:00 h. Each consumer received three samples representing the three genetic groups, and 310 

was offered water- and salt-type biscuits and water between the tastings to remove the aftertaste.  311 

 312 

2.6 Statistical analysis 313 

 314 

 Statistical analysis was carried out using 38Statistical Analysis System version 9.4 (SAS 315 

Institute Inc., Cary, NC, USA) with analysis of variance for a completely randomized design 316 

and three treatments (zootechnical groups Nell, NeAn and NASe), which included the effects 317 

of genetic group. Tukeys’s test was used to compare the least square means, and significant 318 

differences (P < 0.05) were evaluated. The statistical model was the following:  319 

Yij = µ + si + eij, 320 

where Yij = the observed value, µ = the general mean, si = the effect of the zootechnical group, 321 

and eij = the effect of the experimental error in the plots. 322 

 323 

 324 

3. Results 325 

 326 

3.1 Physicochemical properties 327 

 328 

 There were no significant differences in pH, cooking loss, protein, lipid, ash, collagen, or 329 

water activity among the groups (P > 0.05). L* value presented significant differences between 330 

genetic groups (P = 0.002), with beef burger from NASe being lighter than those from Nell and 331 

NeAn. Moisture (P = 0.002) was significant higher in crossbred than Nell. 332 

 333 
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Table 1. Physicochemical traits of beef burgers from Nellore (Nell), ½ Nellore ½ Angus 334 

(NeAn) and ¼ Nellore ¼ Angus ½ Senepol (NASe) 335 

Attribute 
Genetic group 

SEM P value 
Nell NeAn NASe 

pH 5.98 5.95 5.95 0.025 0.381 

L* 44.1b 44.6b 46.4a 0.618 0.002 

a* 8.54 8.82 8.49 0.263 0.379 

b* 12.0 11.9 12.2 0.144 0.292 

C* 14.80 14.79 15.04 0.200 0.515 

Cooking loss (%) 24.4 22.6 23.6 1.305 0.884 

Shear force (kfc cm-2) 1.08 1.07 1.02 0.073 0.922 

Protein (g 100 g-1) 19.6 19.5 19.6 0.144 0.922 

Lipid (g 100 g-1) 9.99 8.98 9.49 0.188 0.154 

Moisture (g 100 g-1) 68.7b 70.3a 70.2a 0.144 0.002 

Ashes (g 100 g-1) 1.70 1.64 1.48 0.206 0.889 

Collagen (g 100 g-1) 1.45 1.34 1.24 0.080 0.517 

Water activity 0.969 0.972 0.970 0.002 0.251 

Means with different letters in the same row differ (P < 0.05). SEM: standard error of the mean. 336 

 337 

 338 

 339 

3.2 Fatty acid composition 340 

 341 

 The fatty acid profile of the beef burgers (Table 2) showed significant differences among 342 

the Nellore and crossbreds in both saturated and unsaturated fatty acids (FAs) and their sums. 343 

The Nell group had the major content of saturated fatty acids (SFA) compared to the other 344 

groups, as well as the highest monounsaturated fatty acids (MUFA) content. These differences 345 

became to decrease in the content of polyunsaturated fatty acids (PUFA). The FA’s 18:1 c9 346 

(oleic), 16:00 (palmitic), 18:00 (stearic) and 18:2 n-6 (linoleic) were the most abundant. In the 347 

same way, Nell group had significantly the major content in total SFA (P = 0.003) and MUFA 348 

(P < .001) compared to the other groups, decreasing this difference in total PUFA, as well as in 349 

the sums of n-6 and n-3. However, these differences did not affect their ratios. 350 

 351 

 352 

 353 

 354 

 355 

 356 
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Table 2. Fatty acid composition (mg 100 g-1 edible product) and health indexes of beef burgers 357 

from Nellore (Nell), ½ Nellore ½ Angus (NeAn) and ¼ Nellore ¼ Angus ½ Senepol (NASe) 358 

Fatty acid 
Genetic group 

SEM P value 
Nell NeAn NASe 

12:00 6.31 6.08 5.96 0.148 0.280 

14:00 116.0a 104.3b 103.6b 3.808 0.029 

15:00 11.62 10.17 10.0 0.591 0.103 

16:00 1930.2a 1779.6b 1694.6b 39.281 <.001 

17:00 55.79a 49.52b 49.56b 1.664 0.031 

18:00 1028.3a 971.9b 933.0b 21.578 0.005 

16:1 c9 162.0a 149.5b 146.3b 3.571 0.002 

17:1 c10 38.74a 36.37ab 34.32b 1.259 0.037 

18:1 t11 24.41a 11.22b 19.11a 2.583 0.011 

18:1 c9 3227.6a 3012.6b 2842.9c 56.104 <.001 

18:1 c11 177.4a 170.5a 159.1b 3.642 0.001 

18:2 n-6 971.2a 974.8a 889.7b 25.018 0.006 

18:3 n-3 59.21a 58.87a 54.33b 1.274 0.004 

18:2 c9, t11 2.69 2.67 2.55 0.040 0.137 

20:3 n-6 9.57a 8.32b 8.06b 0.241 <.001 

20:4 n-6 28.08 28.94 27.07 0.801 0.121 

20:5 n-3 5.63 6.12 5.47 0.270 0.162 

22:5 n-3 12.16 12.78 11.94 0.377 0.131 

Σ SFA 3091.2a 2920.9b 2794.2b 59.341 0.003 

Σ UFA 4629.5a 4446.0a 4206.9b 72.492 <.001 

Σ MUFA 3538.5a 3352.7b 3202.4b 50.527 <.001 

Σ PUFA 1091.0a 1093.3a 1004.5b 28.041 0.005 

Σ UFA: Σ SFA 1.51 1.52 1.51 0.015 0.588 

Σ MUFA: Σ SFA 1.15 1.15 1.15 0.009 0.896 

Σ PUFA: Σ SFA 0.35 0.37 0.36 0.008 0.237 

Σ n-6 1015.6a 1019.1a 931.2b 25.767 0.005 

Σ n-3 78.35a 80.19a 73.27b 1.742 0.004 

n-6:n-3 12.95 12.67 12.73 0.123 0.135 

Δ9 desaturase C16 7.86 7.76 7.95 0.092 0.150 

Δ9 desaturase C18 75.62 75.61 75.31 0.202 0.198 

Elongase 67.06 67.41 67.24 0.118 0.161 

AI 0.490 0.496 0.502 0.008 0.659 

TI 1.21 1.17 1.19 0.012 0.259 

h:H 2.07 2.12 2.08 0.019 0.127 

Means with different letters in the same row differ (P < 0.05). SEM: standard error of the mean. 359 

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty 360 

acids; AI: atherogenicity index; TI: thrombogenicity index; h:H: 361 

hypocholesterolemic/hypercholesterolemic ratio. 362 

 363 

 364 

 365 
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3.3 Sensory attributes 366 

 367 

 The sensory attributes of beef burgers are in Table 3. In general, all the parameters 368 

received grades from 7 to 8 (from “liked moderately” to “liked very much”), with tenderness 369 

being significantly better rated in NASe than in Nell group (P = 0.005), and juiciness better 370 

rated in crossbreds compared to Nell (P = 0.006). 371 

 372 

 373 

Table 3. Sensory ratings of beef burgers from Nellore (Nell), ½ Nellore ½ Angus (NeAn) and 374 

¼ Nellore ¼ Angus ½ Senepol (NASe) 375 

Attribute 
Genetic group 

SEM P value 
Nell NeAn NASe 

Aroma 7.53 7.47 7.61 0.117 0.718 

Flavor 7.93 8.11 8.07 0.090 0.363 

Tenderness 7.79b 8.01ab 8.26a 0.094 0.005 

Juiciness 7.67b 8.03a 8.09a 0.090 0.006 

Overall acceptance 7.77 7.97 8.04 0.087 0.107 

Means with different letters in the same row differ (P<0.05). SEM: standard error of the mean. 376 

 377 

 378 

4. Discussion 379 

 380 

4.1 Physicochemical properties 381 

 382 

 The content of protein and lipid are within the expected for Brazilian regulations of 383 

burgers (BRASIL, 2022), in which is stated a minimum protein content of 15% and a maximum 384 

lipid content of 25%.  385 

 The fact NASe group produced significantly lighter burgers patties (L*) than Nell and 386 

NeAn groups may be explained by the influence of Nellore genetics, since as higher is the 387 

percentage of zebu in crosses, darker the beef is due the excitable temperament of this breed 388 

(Voisinet et al., 1997a; Voisinet et al., 1997b; Wulf et al., 1997), leading to faster decrease in 389 

glycogen stores while the pH is still high during the conversion of muscle to meat (Warner, 390 

2017; Matarneh et al., 2017). Hence, it can trigger changes in pH and retention of water, which 391 

accumulates into the cells, decreasing the reflection of the light (Braden, 2013). The pH of the 392 

burgers ranged from 5.72 to 5.90, which is near to the upper limit. Macedo et al. (2022) found 393 

darker meat in Nell and NeAn and a trend in these breeds in to have meat with lower L* 394 
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compared to NASe. Despite their results were similar to the present study, Macedo et al. (2022) 395 

used the whole muscle (Longissimus), while the present study evaluated beef patties. This fact 396 

can impair the comparisons made, since the beef burger manufacturing included the grinding 397 

of the meat and de addition of fat and spices. 398 

 Moisture decreased significantly in beef burgers from Nell breed compared to crossbreeds 399 

and, as reported by many authors, variations in moisture are inversely related with percentage 400 

of lipids, and when total lipids increase, moisture decrease (Barros et al., 2020; Pereira et al., 401 

2013; Prado et al., 2008b; Carballo et al., 1995; Roland et al., 1981). In studies with beef 402 

samples, moisture presented little variation according genetic groups, ranging from 72.8% to 403 

74.2% among zebu and its crosses with taurine breeds (Rotta et al., 2009; Prado et al., 2008a; 404 

Prado et al., 2008b; Prado et al., 2008c).  405 

 406 

4.2 Fatty acids composition 407 

 408 

 The composition of fatty acids (FA) in beef burgers showed the most numerous FA found 409 

in the present study were the same found in higher concentration in pork fat, that is, the FA 18:1 410 

c9 (oleic), 16:00 (palmitic), 18:00 (stearic) and 18:2 n-6 (linoleic) (Wood et al., 1989). 411 

Additionally, it is important to consider the spices used, as garlic and black pepper, reported as 412 

great sources of 12:00, 14:00, 16:00, 18:00, 18:1 c9, 16:1 c9 and 18:2 n-6 (Hossain et al., 2014; 413 

Kamanna & Chandrasekhara, 1980). Nell produced the most saturated burgers, having 414 

significantly higher SFA content than crossbreds, especially 14:00, 16:00 and 18:00, and this 415 

may occur due influence of zebu genetics, since studies have reported Bos indicus as having a 416 

trend to accumulate these FA (Bressan et al., 2011; Rossato et al., 2009).   417 

 The higher content in UFA than SFA were in line with the results found by many authors 418 

for beef burgers (Barros et al., 2020; Selani et al., 2016b; Rodríguez-Carpena et al., 2012; 419 

Scheeder et al., 2001). The higher MUFA content was influenced by the higher concentration 420 

of 18:1 c9, which is also the main FA in pork fat (Wood et al., 1989). While SFA 12:00, 14:00 421 

and 16:00 are pro-atherogenic, MUFA and PUFA have antiatherogenic effects, which is 422 

important to maintenance of health indexes (Ojha et al., 2017). 423 

 PUFA:SFA ratio did not reach the recommended by the Department of Health (DHA, 424 

1994), which is 0.4, the values were quite near to that, indicating a better percentage of PUFA, 425 

probably due the increased content of 18:2 n-6, which is highly present in pork fat and spices, 426 

as discussed earlier. However, the n-6:n-3 ratio was higher than the recommended by DHA 427 

(1994), which is 4:1, and hence the results found represents risk of health diseases (Simopoulos, 428 
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2002). 429 

 Atherogenicity index (AI) was low and not significant among groups, being lower than 430 

the range found by Ulbricht & Southgate (1991) for beef and beef products, as grilled sausages 431 

(0.72 to 0.74). On the other hand, thrombogenicity index (TI) ranged within the index stated 432 

for beef and beef products (1.06 to 1.39) (Ulbricht; Southgate, 1991). The addition of 433 

ingredients possibly increased the MUFA and PUFA content, which improved this index, 434 

MUFA and PUFA have antiatherogenic and antithrombogenic effects (Ojha et al., 2017). 435 

Finally, the hipocholesterolemic:hypercholesterolemic index (h:H) did not differ among 436 

groups, and, despite not having a standard value for this index, Santos-Silva et al. (2002) stated 437 

as desirable a value above 2.0, and the results found for this parameter were in that range, which 438 

occurred probably due the addition of ingredients rich in MUFA and PUFA, improving the 439 

health indexes. 440 

 441 

4.3 Sensory attributes 442 

 443 

 The ratings made by panelists in tenderness and juiciness showed preference for burgers 444 

from crossbreds, especially from NASe, which had the tender beef burger. These results showed 445 

that, although the interference of manufacturing protocol, it is possible to observe significant 446 

differences among groups. There were no studies involving effects of genetic groups of bovines 447 

on beef burger sensory quality, which hence impairs the discussion in respect to this aspect. 448 

However, authors showed beef burgers have been rated from 5 to 7 (Barros et al., 2020; Gouvêa 449 

et al., 2016), less than the reached in the present study. 450 

 451 

 452 

5. Conclusions 453 

 454 

 NASe produced beef burgers with better lightness than cattle with higher Nellore degree. 455 

Crossbreeds produced beef burgers with higher moisture parameters, decreased saturated fatty 456 

acid content and improved tenderness and juiciness compared to Nellore. However, the effects 457 

of manufacturing can change the physicochemical attributes of meat, leading to possibly 458 

unspecific effects. Thus, further studies involving the effects of zootechnical groups of cattle 459 

on physicochemical and sensory quality of beef burgers are necessary. 460 

 461 

 462 
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CONSIDERAÇÕES FINAIS E IMPLICAÇÕES 

 

A utilização de Bos taurus adaptado em cruzamentos Bos indicus × Bos taurus mostrou-

se eficiente para a produção de carne bovina de melhor qualidade. Dessa forma, o grupo 

genético ¼ Nelore ¼ Angus ½ Senepol melhorou os atributos de retenção de água e cor, bem 

como melhorou o perfil de ácidos graxos da carne, diminuindo a concentração dos ácidos 

graxos saturados indesejáveis. Além disso, este genótipo produziu carne com maior maciez e 

suculência, levando a uma maior aceitação ao consumo. 

Entretanto, o efeito da genética sobre as características de qualidade em produtos 

cárneos permanece incerto devido à interferência dos métodos de processamento da carne sobre 

as características de qualidade da mesma, fazendo com que ocorram mudanças nos parâmetros 

físico-químicos e sensoriais por conta da ocorrência dos processos de salga, cominuição e 

adição de sal, gorduras e demais ingredientes, o que pode gerar erros durante a interpretação 

dos resultados. Assim, embora diferenças entre grupos zootécnicos tenham sido observadas nos 

parâmetros físico-químicos e sensoriais do hambúrguer e que essas diferenças estivessem 

alinhadas com os resultados encontrados para carne, devem ser considerados os efeitos do 

processamento nas mudanças ocorridas. 

Assim, mais estudos são necessários para atestar a influência do perfil genético animal 

sobre as características de qualidade de produtos cárneos, dadas às suas características diversas 

de processamento. 

 


