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RESUMO  

A produção de jacaré do Pantanal (Caiman yacare) em cativeiro, no Brasil, tem sido explorada 

comercialmente para obtenção de pele e carne (cortes comerciais), com alta valorização de 

mercado nacional e internacional. A carne de jacaré é conhecida como fonte de proteína 

animal de alto valor biológico, baixo teor lipídico, e perfil de ácidos graxos benéficos à saúde 

humana, quando comparada à carne de outras espécies. Aliada a isso, a carne de jacaré apresenta 

potencial de mercado e características tecnológicas para melhor aproveitamento com 

elaboração de produtos derivados. O objetivo deste estudo foi avaliar os parâmetros de obtenção 

da carne mecanicamente separada de jacaré do Pantanal (Caiman yacare), caracterização e 

utilização na elaboração em produtos cárneos. Dentre os parâmetros avaliados da carne 

mecanicamente separada de jacaré, destaca-se a composição centesimal (umidade, proteína, 

lipídio e cinzas), rendimento, pH, oxidação lipídica, bases voláteis totais e cor instrumental. A 

avaliação do efeito da temperatura sobre a perda de água e ganho de sal durante a salga úmida 

de filé de cauda de jacaré (Caiman yacare) foi elaborado e mostrou que o aumento da 

temperatura de processo promoveu maior perda de água (PA) e maior ganho de sal (GS) na 

carne de jacaré, se estabilizando após 110 horas de processo. A avaliação do efeito antioxidante 

de acerola em pó, extrato de alcaçuz e extrato de alecrim em nuggets de carne de jacaré 

contendo alta quantidade de carne mecanicamente separada de jacaré, foi estudado ao longo de 

120 dias de armazenamento em congelamento, e foi mostrado que a adição de extrato de alcaçuz 

melhorou os parâmetros de cor e estabilidade oxidativa, com menores valores de oxidação ao 

final do período de armazenamento comparado ao controle, e com boa aceitação sensorial. 

Além disso, foi elaborada a avaliação do efeito da adição de acerola em pó e extrato de alecrim 

na estabilidade oxidativa e de cor em hambúrguer de carne de jacaré armazenado sob 

congelamento (-18 °C), mostrando que a adição de extrato de alecrim em hambúrguer de carne 

de jacaré melhorou a estabilidade oxidativa. Os parâmetros de cor vermelha foram maiores para 

o tratamento ACE, porém o tratamento ACE não foi suficiente para manter a estabilidade 

oxidativa durante o armazenamento. Ao contrário disso, o tratamento alecrim mostrou efeito 

antioxidante. Esses resultados são promissores, indicando melhora da qualidade com o efeito 

antioxidante do extrato de alecrim em hambúrguer de carne de jacaré, e poderá ser usado em 

substituição ao antioxidante eritorbato de sódio.  

 

Palavras–chave: Carne de jacaré, Carne mecanicamente separada, Processamento tecnológico, 

Oxidação lipídica, Aceitação sensorial. 

https://www-sciencedirect.ez87.periodicos.capes.gov.br/topics/agricultural-and-biological-sciences/animal-proteins
https://www-sciencedirect.ez87.periodicos.capes.gov.br/topics/agricultural-and-biological-sciences/animal-proteins


 

  

 

ABSTRACT 

The production of caiman from the Pantanal (Caiman yacare) in captivity, has been 

commercially exploited in Brazil to obtain skin and meat (commercial cuts) and has gotten high 

valorization in national and international market. Caiman meat is known as a source of animal 

protein with high biological value, low lipid content, and fatty acid, which is beneficial to 

human health, when compared to meat from other species. Allied to this, caiman meat has a 

potential market and technological characteristics for better use in the preparation of by-

products. The aim of this study was to evaluate the parameters of mechanically separated meat 

from Pantanal caiman (Caiman yacare), and its characterization and use in the preparation of 

meat products. The parameters observed from mechanically separated caiman meat were 

proximate composition (moisture, protein, lipid and ash), yield, pH, lipid oxidation, total 

volatile bases and instrumental color. The effect of temperature on water loss and salt gain 

during wet salting of caiman tail fillet (Caiman yacare) were evaluated and it showed that the 

increase in process temperature promotes greater loss of water (LW) and greater salt gain (SG) 

in caiman meat, which was stabilized 110 hours after processing. The evaluation of antioxidant 

effect of acerola fruit powder, rosemary and licorice extract in caiman meat nuggets containing 

a high amount of mechanically separated caiman meat was studied after 120 days of freezing 

storage. This analysis has shown that the addition of licorice extract improved the parameters 

of color and oxidative stability - with lower oxidation values by the end of storage period 

compared to the control, and with good sensory acceptance. In addition, an evaluation of the 

effect of acerola powder and rosemary extract addition on the oxidative and color stability of 

caiman meat burgers stored under freezing (-18 °C) was carried out. It has demonstrated that 

the addition of rosemary extract to caiman meat burger improved oxidative stability. The red 

color parameters were higher for the ACE treatment. Although, ACE treatment was not 

sufficient to maintain oxidative stability during storage. On the contrary, rosemary treatment 

showed antioxidant effect. These results are promising, and indicates the improvement in 

quality with antioxidant effect of rosemary extract in caiman meat burger, and it can be used as 

a replacement for the antioxidant sodium erythorbate. 

 

Keywords: Caiman meat. Meat mechanicaaly separated. Processing technological. Lipid 

oxidation. Sensory acceptance. 
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1. INTRODUÇÃO GERAL  

Existe um mercado específico de carnes exóticas no Brasil, devido a dimensão do país 

com áreas propícias à criação de animais silvestres em cativeiro, destacando os animais como 

coelho (Oryctolagus cuniculus); tartaruga (P. expansa); rã (Rana catesbeiana); avestruz 

(Struthio camelus); javalí (Sus scrofa) e jacaré (Caiman crocodilus yacare), além disso, os 

variados consumidores de carnes exóticas contribuem para esse nicho de mercado (SFACIOTTE 

et al., 2015; AMARAL et al., 2016). Nesse cenário, a carne de jacaré do Pantanal (Caiman 

yacare) ganhou popularidade e é reconhecida como uma fonte de proteína animal de alto valor 

biológico caracterizada por baixo teor lipídico e com um perfil de ácidos graxos benéfico para a 

saúde humana, (VICENTE NETO et al., 2010; FERNANDES et al., 2013; CANTO et al., 2014; 

FERNANDES et al., 2014; PIÑA et al., 2016; SIMONCINI et al., 2020), quando comparada à 

carne bovina e carne suína, as quais também apresentam alto valor biológico e por outro lado, 

significativos níveis de ácidos graxos insaturados (SCOLLAN et al., 2017; MOURA et al., 2015). 

Frente às demandas para consumo de carnes exóticas, a exploração comercial de animais 

silvestres é uma atividade que vem crescendo no Brasil, com destaque para o jacaré do Pantanal 

(Caiman yacare) que vem sendo produzido legalmente sob criação em cativeiro no Estado de 

Mato Grosso desde a década de 1990 (ALEIXO et al., 2002), e mais recentemente no Estado de 

Mato Grosso do Sul (GIRARDI, 2017), sendo abatido em instalações frigoríficas, inspecionadas 

pelo SERVIÇO DE INSPEÇÃO FEDERAL, seguindo normas para abate humanitário, 

(BRASIL, 2000), para produção de cortes comerciais e pele com alta valorização de mercado.  

A produção de jacaré para obtenção de pele e cortes comerciais tem contribuído para 

geração de emprego, renda e para a preservação da espécie na natureza. Em 2019, a produção de 

jacaré pela empresa Caimasul, em Corumbá, Brasil, foi de 70 mil jacarés, com rendimento de 

https://www-sciencedirect.ez87.periodicos.capes.gov.br/topics/agricultural-and-biological-sciences/animal-proteins
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produção de sete (7) toneladas de carne ao mês, sendo comercializada nos Estados de Mato 

Grosso, Mato Grosso do Sul, São Paulo e Estados da região sul do Brasil, nos segmentos de 

restaurantes, rede de hotéis e supermercados. Um aumento na produção de carne foi previsto pela 

Empresa Caimasul, de sete toneladas/mensal para 15 a 20 toneladas de carne/mensal para os anos 

seguintes (MORENO, 2019). 

A carne de jacaré demonstra potencial tecnológico na elaboração de produtos derivados 

e representa uma boa alternativa para consumo com boa aceitação (ROMANELLI et al., 2002). 

Como forma de aproveitamento integral do abate de jacaré, a obtenção de carne mecanicamente 

separada (CMS) de jacaré representa uma inovação para a ciência e tecnologia de alimentos, com 

a caracterização dos parâmetros físico-químicos e o potencial de aplicação em desenvolvimento 

de produtos a base de CMS de jacaré.  

 A salga é uma das técnicas de processamento mais antigas utilizadas pelo homem para 

conservar alimentos, sendo possível aumentar o prazo de validade da carne in natura e obter 

produtos com características sensoriais específicas (LIU et al., 2014; VIDAL et al., 2020). Com 

grande aplicação em carnes, a salga é realizada com cloreto de sódio (sal), o qual promove a 

desidratação da carne, diminuindo a atividade de água (Aw) na matriz, devido à saída de água no 

processo e penetração do sal, a efeitos antimicrobianos como o efeito tóxico dos íons Cl- e Na+ 

sobre sistemas enzimáticos, bacterianos e efeitos sinérgicos no pH (GONÇALVES, 2011; 

BAMPI et al., 2016; AUGUSTO, 2018; SANCHES et al., 2020).  

 A salga aplicada à carne de jacaré, permite promover uma maior agregação de valor à 

carne, para diversificar uma gama de produtos à serem produzidos à base de carne de jacaré, 

considerando os cortes menos nobres (aparas de carne de jacaré) até os cortes mais nobres (filé 

de cauda de jacaré). 
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  Carnes e produtos cárneos são suscetíveis à oxidação lipídica, devido à presença de ácidos 

graxos insaturados, podendo ter a produção de compostos tóxicos, limitando o seu prazo de 

validade (LORENZO e GOMEZ, 2012), além de ter alterações na cor, sabor, textura e valor 

nutricional (GARCÍA-GONZÁLEZ; APARICIO e APARICIO-RUIZ, 2013). O Malonaldeído é 

um aldeído produzido durante a oxidação lipídica secundária de ácidos graxos poliinsaturados 

em produtos cárneos, sendo o principal indicador da oxidação lipídica (CAMPO et al., 2006).  

  A carne de jacaré apresenta alto conteúdo de ácidos graxos poliinsaturados, os quais 

podem contribuir para o processo de oxidação lipídica durante o armazenamento (CANTO et al., 

2015; VICENTE NETO et al., 2010).  

Para controle da oxidação lipídica em produtos cárneos, as indústrias de alimentos 

utilizam antioxidantes sintéticos, entretanto, há uma tendência de apelo dos consumidores em 

busca de produtos alimentícios produzidos com antioxidantes naturais, os quais são 

compreendidos como produtos mais saudáveis e vem atendendo a exigência do consumidor 

frente à essa demanda (OSWELL; THIPPAREDDI e PEGG, 2018). 

  Atualmente essa busca constante pelos consumidores por produtos alimentícios com 

ingredientes mais naturais tem aumentado consideravelmente, sendo principalmente os aditivos. 

O uso de antioxidantes naturais extraídos de plantas tem se intensificado (BELLUCCI et al., 

2021) devido aos compostos bioativos e seu efeito positivo na estabilidade oxidativa e de cor em 

produtos cárneos (NOWAK et al., 2016).  

  Os antioxidantes naturais, potencialmente podem ser estudados sob a aplicação em 

produtos de carne de jacaré para o controle da oxidação lipídica durante o armazenamento. 
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2. OBJETIVOS 

2.1. Objetivo geral 

  Avaliar os parâmetros de obtenção da carne mecanicamente separada de jacaré do 

Pantanal (Caiman yacare), caracterização e utilização na elaboração em produtos cárneos. 

 

2.2. Objetivos específicos 

Elaborar uma revisão bibliográfica sobre a cadeia produtiva da carne e pele de jacaré do-

Pantanal (Caiman yacare), extração de carne mecanicamente separada (CMS), caracterização 

físico-química, oxidação lipídica e processos tecnológicos de conservação. 

Promover o melhor aproveitamento de carcaças do jacaré do Pantanal (Caiman yacare) 

com o processo de obtenção da CMS e caracterização dos parâmetros físico-químicos. 

Avaliar o efeito da temperatura sobre a perda de água e ganho de sal durante a salga úmida 

de filé de cauda de jacaré (Caiman yacare).  

Avaliar o efeito antioxidante de acerola em pó, extrato de alcaçuz e extrato de alecrim em 

nuggets de carne de jacaré contendo alta quantidade de cms de carne de jacaré ao longo de 120 

dias de armazenamento congelado sobre a cor, oxidação lipídica e aceitação sensorial. 

Avaliar o efeito da adição de acerola em pó e extrato de alecrim na estabilidade oxidativa 

e cor de hambúrguer de carne de jacaré do Pantanal (Caiman yacare) armazenado sob 

congelamento (-18 °C). 
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4. ORGANIZAÇÃO DOS CAPÍTULOS 

Este trabalho foi subdividido em cinco capítulos para um melhor entendimento dos 

assuntos abordados. 

 O capítulo I consiste em uma revisão bibliográfica intitulada: “Production chain of meat 

from the Pantanal caiman” submetida ao periódico Ciência Rural. Neste capítulo, foram relatados 

sobre a produção de jacaré em cativeiro, abate e obtenção de cortes comerciais, aproveitamento 

da carcaça do jacaré para obtenção de carne mecanicamente separada (CMS), caracterização 

físico-química, oxidação lipídica e processo tecnológico de conservação (salga). 

 O capítulo II consiste em um Short Communication intitulado “Better use of yacare 

caiman carcass and physical-chemical characterization of mechanically separated meat” 

submetido ao periódico Ciência Rural. Neste capítulo, foram relatados sobre o aproveitamento 

da carcaça de jacaré para obtenção de carne mecanicamente separada e estudo da caracterização 

físico-química sob os parâmteros de cor, pH, oxidação lipídica, bases voláteis totais e 

composição centesimal. 

 O capítulo III consiste em um artigo científico intitulado: “Efeito da temperatura sobre a 

perda de água e ganho de sal durante a salga úmida de carne de jacaré (Caiman yacare)” à ser 

submetido ao periódico Meat Science. Neste capítulo, foi relatado sobre o efeito da temperatura 

no processo de salga úmida em carne de jacaré. 

 Capítulo IV consiste em um artigo científico intitulado: “Antioxidant effect of acerola 

fruit powder, rosemary and licorice extract in caiman meat nuggets containing mechanically 

separated caiman meat” publicado no periódico Meat Science. Neste capítulo, foram relatados 

sobre o efeito antioxidante de compostos naturais sob os parâmetros de cor e estabilidade 

oxidativa e aceitação sensorial em nuggets de carne de jacaré. 
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 Capítulo V consiste em um artigo intitulado: “Efeito da adição de acerola em pó e extrato 

de alecrim na estabilidade oxidativa de hambúrguer de carne de jacaré armazenado sob 

congelamento” à ser submetido ao periódico Food Science and Technology. Neste capítulo, 

foram relatados sobre efeito antioxidante de compostos naturais sob os parâmetros de cor e 

oxidação lipídica em hambúrguer de carne de jacaré. 

 Por fim, será apresentada a conclusão geral do trabalho realizado. 
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Abstract 

Caiman rearing in captivity has been developed, within a legal framework, in the States of Mato 

Grosso and Mato Grosso do Sul, Brazil, obtaining skin and meat (commercial cuts) with 

considerable market value. The objective of this study was to elaborate a review on the 

production chain of the skin and meat of the Pantanal caiman (Caiman yacare), mechanically 

separated meat extraction, the physicochemical composition of caiman meat, as well as lipid 

oxidation and technological conservation processes. The Pantanal caiman production chain for 

meat and skin is an activity of great importance in the Brazilian Pantanal region, which has 

contributed to social and economic development. Caiman meat from the Brazilian Pantanal with 

good physical-chemical characteristics, represents an alternative source of meat for consumption 

and as a potential ingredient in preparing by-products with good sensory acceptance. The 

extraction of mechanically separated meat from the caiman carcass represents good use of the 

farmed caiman and is a potential for the development of innovative products. 

Keywords: Production chain; Pantanal caiman; Technological potential. 
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1. Introduction 

The Pantanal is an ecosystem inhabited by countless species of mammals, reptiles, birds 

and fish. It sustains a very rich and diversified fauna. Exploitation of wild animals is an activity 

that is growing in Brazil and, among crocodilian species, the Pantanal caiman (Caiman yacare) 

has been legally bred in captivity in Mato Grosso and Mato Grosso do Sul. This activity has 

always had the main objective of obtaining skins destined for the international market with high 

profitability and, later, as a by-product in the commercial exploitation of meat (ALEIXO et al., 

2002; VICENTE NETO et al., 2006; FERNANDES ET al., 2017).   

The meat of the Pantanal caiman has the technological potential to develop derivative 

products and is an alternative use with good acceptance with the consumption (ROMANELLI et 

al., 2002). Caiman meat contains low lipid content, most of which is made up of polyunsaturated 

fatty acids, as well as having a high protein content and fast digestibility (VICENTE NETO et 

al., 2006; VICENTE NETO et al., 2010).  

The edible parts of Pantanal caiman meat are divided into meaty cuts, where there is a 

higher meat content and, to use the rest of the meat, the bones are added and then meat is 

mechanically extracted, i.e. mechanically separated meat (MSM) is obtained. According to 

Brazilian regulations (BRAZIL, 2000a), MSM is the meat removed from bones, carcasses or 

parts of carcasses, with the exception of the head bones, submitted to mechanical separation in 

specific equipment. The technology for obtaining MSM processes the meat that is stuck to the 

carcass of slaughtered animals and is widely used with poultry and fish. 

The objective of this study was to elaborate a review on the meat and skin production 

chain of Pantanal caiman (Caiman yacare), mechanically separated meat extraction, the 
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physicochemical characterization of the meat, lipid oxidation and technological conservation 

processes.  

 

2. Characteristics of the Pantanal Caiman (Caiman yacare) 

The Pantanal caiman (Figure 1) belongs to the class Reptilia, order Crocodylia 

family Caiman, gender Cayman, species Cayman crocodilus yacare, reaching between 

2.5 and 3 meters long in adulthood (STORER et al., 1991), inhabits the Amazon Basin region 

(Rondônia), Paraguay River Basin (Pantanal de Mato Grosso and Mato Grosso do Sul), in 

addition to Bolivia and Paraguay (FARIAS et al., 2013). 

 
Figure 1. Pantanal caiman (Caimam yacare) 

(GUIMARÊS, 2016). 
 

According to FARIAS et al. (2013), from the population surveys of Caiman yacare, the 

Brazilian Pantanal has one of the most concentrated populations of crocodilians in the world, 

with a quantity greater than 100 individuals/km. The Pantanal caiman is crocodilian, oviparous, 

pecilothermic and essentially carnivorous. Its diet varies with age, habitat, season and geographic 
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region. In its natural habitat, its food during the dry season consists of insects and fish as well as 

other things from mollusks to vertebrates (ALEIXO et al., 2002). 

 

3. Commercial exploitation of crocodilians in Brazil              

In Brazil, for many years, crocodilians were indiscriminately hunted for their skins 

which had a high market value. There was no restriction on the commercial exploitation of wild 

animals and, combined with the loss of habitat due to the expansion of livestock and agriculture, 

this led to the depletion of natural populations of crocodilians in the late 1960s, noting the threat 

of extinction in some species of exploited crocodilians such as: the black 

caiman (Melanosuchus niger Spix) and the yellow-throated caiman (also known as the broad-

snouted caiman) (Caiman latirostris). Later, attention was directed to the exploration of the 

Pantanal caiman (Caiman yacare), which was hunted to meet demand, reducing its population to 

critical levels in the following years (BRITTON, 2012; GOMES & PHILIPPI, 2018). 

With the prohibition of professional hunting of wild animals in Brazil, wild fauna started 

to be officially protected. This significantly favored the reduction of illegal exploitation of 

crocodilians in the country (OPNAL, 2015). On the other hand, explorers continued their illegal 

hunting activity, supplying the clandestine international skin and pelt market, considering that 

the price was on the rise in the late 1970s (MOURÃO, 2000). Concerned with the preservation 

of fauna in Brazil, environmentalists sought to pressure the responsible authorities to stop the 

clandestine activity of hunting crocodilians in the country (VERDADE, 2004). 

In Brazil, the current model of using or exploiting the natural caiman population 

(Caiman yacare) through the extraction of eggs in nature and the raising the young in captivity 
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is based on Regulation No. 126, dated 13/02/1990 of the Brazilian Institute for the Environment 

and Renewable Natural Resources (IBAMA) (BRAZIL, 1990; COUTINHO, 2006). 

Supported by this legislation, farmers were encouraged to exploit the breeding of these 

animals and, later, to organize themselves into cooperatives or societies for exploitation in 

captivity, with adequate facilities for breeding and slaughter under the supervision of the Federal 

Inspection Service (FIS), as is the case of the Pantanal Caiman Breeders 

Cooperative (Coocrijapan), Cáceres, Brazil (JORNAL OESTE, 2009). 

According to ALEIXO et al. (2002), the rational breeding of caimans in captivity is an 

activity that has developed since the 1990s in the state of Mato Grosso, Brazil, with the main 

objective of obtaining better quality hides, different from those from animals captured in the 

wild. In this breeding system, the authors claim that the full use of the animal occurs and that, 

associated with new environmental laws, rational exploitation can contribute to the maintenance 

of the ecological balance of this species in the Pantanal in the state of Mato Grosso, reducing 

predatory hunting. 

The creation of the Pantanal caiman in captivity has expanded to the State of Mato 

Grosso do Sul where, legally and with SIF registration, with facilities for raising, slaughtering, 

obtaining skin and processing commercial cuts of caiman, Caimasul, in the municipality of 

Corumbá, Brazil, has been producing significant amounts of skin and meat, with larger scale 

production planned in the future, (GIRARDI, 2017). 

 

4. Breeding and Feeding Systems 

According to IBAMA's Regulation 126, of 02/13/1990, breeding in captivity of the 

Pantanal Caiman can occur in two systems: Farming and Ranching. The Farming system 
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encompasses the entire reproductive cycle of the species, an adult animal (male or female) being 

captured in the wild and exploited in captivity.  

The Ranching system consists of collecting eggs in the wild and raising the chicks in 

captivity until slaughter, when they reach a weight between 5 and 6 kg and are aged about 2 

years. It starts by monitoring the nests in the collection areas (wetland regions), mapping and 

promoting an estimated count of the caiman and egg population. The collection of eggs occurs 

in a discerning, controlled way, observing the position of the eggs in the nests. This is to avoid 

the death of the embryo by asphyxia, because at this stage, the embryo is not able to reposition 

itself in the yolk after internally attaching to the shell. After collection, the eggs are carefully 

placed in plastic boxes (with material from the nest) in the same position and transported to the 

farm, where they are incubated in a specific room under controlled conditions of light, 

humidity and temperature between 28 and 34 °C. This latter condition will determine the sex of 

the animal. Egg incubation takes place on average for 75 days. After hatching, caiman chicks are 

bathed in an antiseptic solution for 20 minutes to heal the umbilical opening and are identified 

by year of birth and batch. Then, they are forwarded to the rearing and fattening pens, where they 

receive a balanced diet according to their energy needs, up to 2 years, which is the ideal age for 

slaughter. In this system of raising caiman in captivity, 10% of caiman production is returned to 

nature, for the maintenance of the species (VERDADE, 2004; GOMES & PHILIPPI, 2018).  

              As a way of maintaining the species in nature, and by determination of Regulation No. 

126, of 02/13/1990 of IBAMA, 10% of the caiman population born in farm breeding must be 

returned to their natural habitat when they are still in the juvenile stage (6 months). In this type 

of exploitation, according to SHÚ et al. (2015), the economic investment focus is on egg 

collection and animal farming, refraining from investments related to breeding, which is left to 
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nature. This is mainly why this system of breeding has aroused the greatest interest among 

breeders. 

In a captive breeding system, the caiman is fed a balanced ration produced from a 

mixture of ground bovine viscera (lung and spleen), blood meal and meat meal, enriched with 

vitamins and amino acids. Its diet is strictly controlled, being rich in protein (52.9% to 68.69% 

of crude protein (CP) in dry matter). Feeding occurs once a day, according to the weight of each 

animal, in the proportion of 10 to 20% of their body weight (ALEIXO et al., 

2002; GOMES & PHILIPPI, 2018). 

 

5. Technical visits and production chain of the Pantanal caiman (Caiman yacare) 

Technical visits were performed in the city of Cáceres-Mato Grosso, Brazil, geographic 

coordinates (16°07’34” S, 57°42’10” W, altitude of 128 m) and in the city of Corumbá-Mato 

Grosso do Sul, Brazil, geographic coordinates (19°17’21” S, 57°37’37” W, altitude of 97 m) to 

know the raising and slaughtering of caiman activity. 

The caiman production chain (Figure 2) is developed from the breeding of the animal, 

by the ranching system, initiated by the collection of eggs in nature, incubation, rearing and 

fattening until slaughter at the purpose-built facilities at the establishment. This activity has 

shown economic promise in the states of Mato Grosso and Mato Grosso do Sul, Brazil, where 

several farmers have invested in this segment with significant results. 
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      Figure 2. Productive Chain of Pantanal caiman (Caiman yacare) bred in 

                     captivity in the States of Mato Grosso and Mato Grosso do Sul - Brazil. 

                                      (FERNANDES et al., 2017; GOMES & PHILLIPPI, 2018). 

 

The main product of the Pantanal caiman production chain is the skin, which is highly 

valued in the international market, its commercial exploitation is the one that most drives the 

activity. The skins are obtained differently in terms of design and shape, according to the cut of 

the animal during slaughter. 

The skin in the Belly pattern (Figure 3A) has a characteristic in which its cut is made in 

the middle of the back, aiming to emphasize the design of the belly, which allows for a more 

uniform, soft and sophisticated finish. The Hornback (Figure 3B), on the other hand, is 

characterized by the cut made on the belly, emphasizing the design of the back and the crest of 

the tail, emphasizing the nuances of the natural texture of the animal (NOGUEIRA et al., 2019). 

 
Figure 3. Skin patterns: A) Belly; B) Horn back 

(NOGUEIRA et al., 2019). 
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In Brazil, Pantanal caiman leather is industrialized for the production of footwear, 

clothing, belts and bags, contributing to the creation of jobs and local development (JORNAL 

OESTE, 2009; GIRARDI, 2017). Caiman meat has shown growing and promising results in both 

production and marketing, being sold in restaurants, butchers, supermarkets and hotels. 

  

6. Caiman slaughter, meat production (commercial cuts) and mechanically separated 

meat (MSM) 

Caimans, previously fasted for 48 hours, are slaughtered in accordance with the humane 

slaughter practices and requirements established by BRAZIL (2000b). The animal 

is desensitized by a jet of compressed air from a purpose-designed pistol to the head and then 

subjected to bloodletting and total rupture of the spinal cord (to cease jerky movements and 

finalize the death of the animal). Then it is skinned, eviscerated, the viscera are inspected, the 

carcass is washed (chlorinated water at 5 ppm), inspection of the carcass, cooling (2 to 4 °C / 24 

hours), deboning (commercial cuts), freezing and shipping. Animals considered unfit for 

slaughter, due to having some disease, are separated and clinically observed and slaughter is 

carried out separately (VICENTE NETO et al., 2006; GOMES & PHILIPPI, 2018). 

Pantanal caiman is a meat option with good acceptance. Its physicochemical properties 

show potential for using modern technology for the production of derivatives (ROMANELLI et 

al., 2002). The meat has a low lipid content and high protein content, with rapid 

digestibility (VICENTE NETO et al., 2006). 

The commercial cuts of the Pantanal caiman are classified into tail fillet, loin 

fillet, mignon fillet, back fillet, upper thigh, lower thigh, tail tip, nuggets and shavings. These are 

sold in restaurants, butchers and hotel chains as an alternative for consumers looking for healthier 
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meat with low fat content and polyunsaturated fatty acid profile (VICENTE NETO et al., 2006; 

RODRIGUES et al., 2007; VICENTE NETO et al., 2007; COSSU et al., 2007; AZEVEDO et 

al., 2009; FERNANDES et al., 2017). 

The technological potential of caiman meat was shown in a study carried out 

by ROMANELLI et al. (2002), who considered the technical feasibility of preparing products 

derived from caiman meat as an alternative form of consumption. They found approval of over 

50% for four different processed forms, namely: a restructured hamburger-type product, cooked 

canned meat, raw smoked and cured meat and cooked cured ham-type meat. Other forms of 

utilization are the elaboration of caiman viscera flour (ROMANELLI & SCHMIDT, 2003) and 

flour produced from the boneless carcass, these being alternative sources of nutrients for 

incorporation into animal feed formulations (VICENTE NETO et al., 2006). In addition to the 

use of by-products from the bones that make up the carcass, and from other things like gristle 

and the internal organs, getting the meat that is still on the carcass after boning is an alternative 

for the preparation of other products that add economic value to the production chain (MORAIS 

et al., 2013). 

Obtaining MSM, Japanese technology from 1940, was first developed to take advantage 

of underutilized and low commercial-value fish species, allowing greater meat recovery 

compared to conventional processing methods, generating versatile raw material for the 

development of several products (GUIMARÃES et al., 2017). 

The technology for obtaining MSM is now widely used in the poultry processing 

industry to separate the meat still on the carcass (without the commercial cuts), being used in 

food products such as sausages and mortadella, to increase their nutritional and sensory attributes 

(WUBSHET et al., 2019). 
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7. Characterization of the meat from the Pantanal caiman: chemical composition, pH and 

lipid oxidation 

Pantanal caiman meat has a high protein content and low lipid content when compared 

to beef, pork and poultry. VICENTE NETO et al. (2007), found values ranging from 

23.93 to 21.88 % for proteins and 0.66 to 2.98% for lipids in Pantanal caiman meat 

from farms and natural habitats, respectively. Caimans raised on farms have a lower lipid content 

due to balanced feeding control. 

The pH values were observed in caiman tail muscle, ranging from 6.6 to 6.7 (initial) and 

5.5 to 5.7 thirty-six hours after bleeding (TABOGA et al., 2003; VIEIRA et al., 2012). In fish, 

the pH values are higher, the rigor mortis being of shorter duration, when compared to that of 

mammals and, in general, it ranges from 1 to 7 hours post mortem, with the initial pH varying 

from 7.0 to 7.3 and the final pH from 6.2 to 6.5 (AMILACHER, 1965). 

Lipid oxidation is the main cause of limited shelf life of meat and meat products 

(LORENZO & GÓMEZ, 2012) with different changes in color, flavor, texture and nutritional 

value (GARCÍA-GONZÁLEZ et al., 2013). Pantanal caiman meat has a low content of saturated 

fatty acids (SFA) and a high content of polyunsaturated fatty acids (PFA), including the omega-

3 fatty acids, when compared to beef (CANTO et al., 2015; VICENTE NETO et al., 

2010). Caiman meat is susceptible to oxidative deterioration due to its lipid profile 

composition. Malondialdehyde (MDA) is one of the most important aldehydes produced during 

secondary lipid oxidation of polyunsaturated fatty acids and, in meat products, it is a main 

indicator of lipid oxidation. 
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8. Technological conservation processes: cooling, freezing and salting 

In general, cold preserves food by totally or partially inhibiting the main agents that 

cause alterations in the microbiological, enzymatic and metabolic activity of animal and plant 

tissues after sacrifice and harvest. The application of cold can occur by cooling or freezing the 

fresh or processed product (MERCIER et al., 2017). 

Cooling is the unit operation, in which the food temperature is reduced by between -1 

and 8 °C to reduce the rate of biochemical and microbiological changes and increase the shelf 

life of fresh and processed foods. Greater conservation effects by cooling can be observed when 

combined with control of the composition of the food storage atmosphere (packaging with a 

modified atmosphere), the reduction of the oxygen concentration and/or the increase of the 

carbon dioxide concentration to inhibit microbial development (DUARTE et al., 2020; ROIHA 

et al., 2018). 

 The freezing process, on the other hand, is widely used in the food industry as it allows a 

greater extension of the shelf life of products with less sensory and nutritional alterations. The 

freezing begins to occur between -1 °C to -3 °C, depending on the solute concentration in the 

aqueous phase. However, freezing temperatures vary according to the matrix, ranging from -18 

°C to -25 °C for meat and fish in general. Although freezing is an efficient method for 

conservation of food, chemical reactions maintain a relatively high rate even during freezing 

as, for example, in the case of the oxidation of lipids which limits the shelf life of most frozen 

products too (CHUDASAMA et al., 2018; DAWSON et al., 2018). 

The cold chain contributes positively to obtaining meat for human consumption. 

Temperatures from 4°C to 7°C are required because they promote the cooling of carcasses of 

slaughtered animals such as beef, pork, caiman, among others, for a period of 24 hours for later 
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obtaining commercial cuts through deboning. On the other hand, freezing is an indispensable 

factor for the conservation of products obtained from caiman meat, and meat from other animal 

sources (ORDÓÑEZ, 2005; FELLOWS, 2019). 

Salting is one of the oldest processing techniques used by man to preserve food. For 

salting meat, salt (sodium chloride) is used as a conservation element, whose principal action is 

fundamentally based on a decrease in water activity (Aw), due to the dehydration of the meat, the 

result of the exchange of salt and water in the process. Also, antimicrobial effects such as the 

toxic effect of Cl - and Na+ ions on enzymatic and bacterial systems and synergistic effects on pH 

play a part (TELIS et al., 2003; SANCHES et al., 2021; BAUBLITS et al., 2006; BINICI & 

KAYA, 2018). 

Dry salting is a widespread application for meat and fish. It consists of rubbing or 

sprinkling coarse salt on the surface of the meat, which is piled up and the exuded liquid is 

allowed to drain. Then it is hung in the sun individually for drying. Wet salting, on the other 

hand, is performed by injecting brine (water and salt) into the meat or placing the meat in a static 

brine (BINICI & KAYA, 2018). And there is mixed salting, a combination of the two previous 

ones, which has been practiced in the industrial processing of jerked beef, first with wet salting 

and then dry salting in piles. Mixed salting is also used in the industrial processing of fish such 

as herring, sardines and cod, which are dehydrated in wet salting (BAUBLITS et al., 2006). 

With the property of dehydrating meat, salt in association with heat causes a decrease 

in moisture and water activity (KROČKO et al., 2019).  Accordingly, the meat and meat 

product is conducive to oxidative deterioration, promoting rancidity in the lipids, or the salt 

becomes a fat prooxidant leading to activation of muscle lipoxidase (AMARAL et al., 2018). 
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Wet curing contains dissolved osmotic agents (salts, sugars, phosphates and acids, among others) 

(MCKEE & ALVARADO, 2004).  

It is also known as osmotic treatment and can promote the reduction of lipid oxidation 

due to the lower concentration of available oxygen and better control of the salt concentration in 

the brine and, consequently, in the product. Saline solutions can also be regenerated through the 

pressure filtration process to remove microorganisms that gradually build up, thus allowing 

substantial cost savings (LAWRIE, 2006). 

Meat cuts, when subjected to osmotic treatments in aqueous solutions containing 

sodium chloride as the osmotic agent, can gain or lose water, depending on the salt concentration, 

temperature and pH of the system (COLLIGNAN et al., 2001; MARTINS et al., 2015). Osmotic 

treatments can be classified as hydration and osmotic dehydration processes as a function of 

water gain and loss (RAMYA & JAIN, 2017). This behavior was observed by GRAIVER et al. 

(2006) in pork samples. The authors reported that the samples when immersed in saline solutions 

at concentrations of 5 to 200 g L-1 of NaCl gained water and at concentrations of 300 g L-1 

they lost water. 

 Considering to the high market valuation of commercial cuts of caiman meat, it hould 

be noted that the process of salting caiman meat can contribute to the increase of value added, 

and contribute to the range of products derived from caiman meat. 

 

9. Final considerations 

The Pantanal caiman production chain for meat and skin production is an activity with 

great potential for further development in the wetland Pantanal region of the States of Mato 
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Grosso and Mato Grosso do Sul and which has already contributed to social and economic 

development in that region. 

Pantanal caiman meat has good physical-chemical characteristics, representing an 

alternative source of meat for consumption and with potential for the preparation of by-products 

with good sensory acceptance. 

Mechanically extracted meat separated from the caiman carcass means full use of 

caiman slaughter and has a high potential in the development of innovative products. 

New studies are suggested on the technological application of mechanically separated 

caiman meat in the development of innovative products, aimed at inclusion in school lunches. 
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Abstract 

The captive breeding of the Pantanal caiman (Caiman yacare) offers great potential for the full 

use of all the component parts of the animal. The meat is an option for human consumption with 

good sensory acceptance, the skin is valued on the international market and the carcass can be 

used for obtaining mechanically separated caiman meat (MSCM). The objective of this work was 

to evaluate the physical chemical parameters of mechanically separated meat obtained from 

yacare caiman carcass to improve its yield. The proximate composition, lipid oxidation, pH, total 

volatile bases (TVB) and color during storage under freezing at -18 °C for 90 days were all 

evaluated. The MSCM presented low lipid content, high protein content and good stability during 

storage under freezing for 90 days. These results demonstrate that MSCM can be used in the 

development of caiman meat products. 

Keywords: Caiman, Mechanically separated meat, Oxidative stability, Physical-chemical 

characterization 
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1. Introduction  

Meat from the Pantanal caiman is considered an exotic meat and is highly valued in the 

consumer market, with low lipid and high protein content while still having an agreeable flavor. 

In Brazil, caiman meat for human consumption must come from legalized captive breeding 

(ROMANELLI et al., 2002; VICENTE NETO et al., 2006). This captive production provides 

two main products: the skin, which has high value on the international market, and the meat, with 

good acceptance on the internal market and brought to table through butchers, restaurants and 

hotels (VICENTE NETO et al., 2006; FERNANDES et al., 2017). In addition, residues from the 

slaughter of caiman can be used for the production of meat flour and bone.  (ALEIXO et al., 

2002; GOMES & PHILIPPI, 2018). Mechanically separated caiman meat (MSCM) is obtained 

by separating the meat adhered to the caiman carcass through a mechanical process of grinding 

and bone separation (Gonçalves, 2011). The mechanically separated meat from yacare caiman 

carcass represents an innovation for food science and technology, considering its potential 

application for the elaboration of products derived from alligator meat. The objective of this work 

was to promote the better use of the yacare caiman carcass and characterize the physical-chemical 

parameters. 

 

2. Materials and methods  

The caiman carcasses were obtained from two Brazilian companies - Coocrijapan 

(Cáceres, Brazil) and Caimasul (Corumbá, Brazil), which are duly legalized for caiman breeding 

in captivity and slaughter. The MSCM was obtained using an HT-250 pulper for chicken 

and fish (Hightech, Chapecó, Brazil), with frozen carcass (approximately -5 ºC) and the 

temperature of MSCM freshly produced was 10 – 12 ºC. This process was performance in the 

Training Abattoir at the Fernando Costa Campus, São Paulo University (Pirassununga, Brazil). 
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After obtaining the MSCM (39% yield), it was portioned in plastic polyethylene packages (500 

g of MSCM) and frozen at -20 °C in an ultra-freezer (EcoClima, São Paulo, Brazil), in the same 

locale. Subsequently, the MSCM was transported to São Paulo State University (São José do Rio 

Preto, Brazil) for analysis. Proximate composition analysis was carried out to determine 

moisture, ash, protein (AOAC, 2007) and lipid content (BLIGH, & DYER, 1959), in triplicate, 

and the results were expressed in g/100g.  A digital pH meter (Tecnopon, Piracicaba, Brazil) 

equipped with a penetration glass probe and previously calibrated with two standard solutions 

(pH 4 and pH 7) at room temperature was used to determine pH of sample over 90 days of frozen 

storage. The samples are at room temperature too. The lipid oxidation was evaluated using the 

TBARS (thiobarbituric acid reactive substances) values according to VYNCHE (1970). The 

values were expressed as mg of malonaldehyde per kilogram of sample (mg MDA.kg − 1). The 

total volatile bases (TVB) were determined according to HOWGATE (1976). The color 

parameters were measured using a ColorFlex 45/0 colorimeter (Hunterlab, Virginia, USA), 

aperture 0.75, illuminant D65 and viewing angle 10°, linked to Universal software version 4.10 

(Hunterlab, Virginia, USA). The samples were thawed during 2 hours at 4 ºC and 30 minutes at 

room temperature before this analysis, and ten measurements were taken in each point between 

0 and 90 days of frozen storage. All the other analyses were performed after 0, 30, 60 and 90 

days of frozen storage, in triplicate. The results of the all analysis of the two sample of MSCM, 

as they presented a low variation between them, were statistically analyzed observing the storage 

time. 
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2.1. Statistical analysis  

(ANOVA) was performed using the General Linear Model (GLM) procedure of the 

Statistica software, version 10.0 (Statsoft Inc., USA) and means were compared by the Tukey 

test (P < 0.05). Triplicate sampling x one treatment (MSCM) x four times of storage (0, 30, 60 

and 90 days) x two different manufacturers (producers) were analyzed for pH, TBARS, TVB and 

instrumental color parameters (dependent variable).  For statistical analysis, the raw meat 

material of each producer was considered as random term and storage time when the sampling 

occurred was considered a fixed effect.  

 

3. Results and discussion 

 The MSCM presented 77.89 ± 1.39 % moisture, 17.45 ± 0.43 % protein, 2.43 ± 1.18 % 

lipid, 2.23 ± 0.35 % ash content and the yield was 39%. The values found for moisture and protein 

in MSCM are higher than those found in mechanically separated meat (MSM) from other animal 

sources such as chicken (OLIVEIRA et al, 2014) and Nile tilapia (BERNADINO FILHO & 

XAVIER, 2019), while the lipid value was lower when compared with these same studies. There 

is nothing in the scientific literature about the characterization of MSCM. For the pH, the MSCM 

presented values between 6.52 and 6.64, which were similar to those found in MSM of pacu fish 

(Piaractus mesopotamicus) stored under freezing for 120 days (ZUANAZZI et al., 2016) and 

european sea-bass, golden, sea and rainbow trout stored under freezing for 90 days (SECCI et 

al., 2016). The gradual increase of pH can indicate protein degradation, with the production of 

substances such as ammonia and other amines (KIRSCHNI & MACEDO-VIEGAS, 2009) but 

this was not the case in this study. 
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The TBARS values increased (P < 0.05) over frozen storage time (Table 1), the highest 

value being found after 90 days of storage. The values varied between 0.261 to 0.505 mg of 

malonaldehyde/ kg of sample, lower values than those found by TRINDADE et al. (2008) in 

mechanically separated chicken meat stored at -18°C for 99 days, and similar to those found in 

MCM chicken stored from 0 to 9 months under freezing (CEGIELKA et al., 2019). The lipid 

oxidation in meat and meat products is influenced by the amount of lipids and fatty acids present. 

The process of obtaining MSCM itself favors the destruction of muscle membranes, facilitating 

the interaction of oxidizing agents with polyunsaturated fatty acids, resulting in the propagation 

of oxidative reactions (LAROSA et al., 2012). However, the TBARS values found for MSCM in 

this study, were within acceptable sensory conditions (< 1.0 mg of malonaldehyde/kg of sample) 

according to OSPINA-E  et al. (2015). 

Table 1. pH, TBARS (mg malonaldehyde/kg of sample), total volatile bases (mg/100g) and 

instrumental color in mechanically separated meat caiman  

a,b,c  Different lowercase letters on the same line represent difference (P < 0.05) between times 

L* = Lightness, a* = redness and b* = yellowness 

SEM = standard error 

ns = not significant 

 

For total volatile bases, there was no difference (P < 0,05) during frozen storage (Table 

1). The values obtained (4.78 – 6.88 mg/100g of sample) are lower than those found in MSM 

from the Nile tilapia (Oreochromis niloticus) during storage at -18 ºC (KIRSCHNIK, & 

 0 day 30 days 60 days 90 days SEM P Value 

pH 6.54 6.64 6.50 6.52 0.03 0.28ns 

       

TBARS 0.261b 0.331b 0.323b 0.505a 0.03 < 0.01 

       

BVT 6.42 5.37 4.78 6.88 0.31 0.05ns 

       

L 49.51b 51.85a 48.34c 48.92bc 0.17 < 0.01 

       

a* 7.58a 6.53b 7.43a 6.13b 0.10 < 0.01 

       

b* 12.46b 12.49b 13.51a 13.45a   0.08 < 0.01 
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MACEDO-VIEGAS, 2009). The production of total volatile bases during storage of fish is the 

result of enzyme action of tissues and microbiological activity, being composed mainly of 

ammonia, trimethylamine, dimethylamine and, probably, by traces of mono methylamine and 

propylamine, which would be formed in more advanced stages of decomposition 

(CONTRERAS-GUZMÁN, 2002). However, the values found for TVB in this study are below 

the recommended acceptable limit for fresh fish in Brazil, which is 30mg/100g (BRAZIL, 2017). 

The results of pH, TBARS and TVB found in this study showed good stability of MSCM during 

frozen storage for 90 days, showing MSCM to be adequate for processing derivative products 

from caiman meat. 

The L* value was significantly lower (P < 0.05) at 30 days of frozen storage (Table 1). 

The L* values varied from 48.34 to 51.85 and were lower than those found by ZUANAZZI et al. 

(2016) in MSM from pacu (Piaractus mesopotamicus) stored frozen for 120 days. The lightness 

is influenced by the amount of water on the surface of the matrix, a consequence of the water 

retention capacity (REHBEIN & OEHLENSCHLÄGER, 2009; ANDRADE et al., 2010). 

BARBUT & YOUSSEF (2016) checked that the L* values of sausages depend on the fat content, 

being directly linked to the surface in meat and meat products. The a*values varied from 6.13 to 

7.58, higher values than those found in work performed with MSM from Nile tilapia stored for 

120 days under freezing (LAROSA et al., 2012) and MSM from pacu (Piaractus mesopotamicus) 

stored under freezing for 120 days (ZUANAZZI et al., 2016). The b*values increased over 

storage time and stayed between 12.46 and 13.51, higher values than those found for MSM from 

Nile tilapia (LAROSA et al., 2012) and lower values than those found for MSM from pacu 

(Piaractus mesopotamicus) (ZUANAZZI et al., 2016). 

 



 

  

 

54 

 

 

4. Conclusion  

The mechanically separated meat of the Pantanal caiman (Caiman yacare) presented low 

lipid content and higher protein content, and good stability during 90 days of frozen storage. 

Those results demonstrate that mechanically separated caiman meat is an appropriate raw 

material for utilization in the development of caiman meat products, contributing to the market 

potential for human consumption of caiman meat.  
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Resumo 

A carne de jacaré é considerada uma carne exótica que tem apresentado um aumento significativo 

no consumo, associado ao baixo teor de gordura e elevado teor de proteína com rápida 

digestibilidade. O objetivo deste estudo foi avaliar o efeito da temperatura sobre a perda de água 

e ganho de sal durante a salga úmida de carne de jacaré (Caiman yacare). Quatro tratamentos 

foram realizados: T1: Salga úmida conduzida a 1 °C; T5: Salga úmida conduzida a 5 °C; T10: 

Salga úmida conduzida a 10 °C e T15: Salga úmida conduzida a 15 °C. Foram determinadas as 

análises de umidade e cloretos durante a salga úmida. O aumento da temperatura de processo 

aumentou a perda de água (PA), o ganho de sal (GS) na carne de jacaré. Os níveis de perda de 

água e ganho de sal se estabilizaram em equilíbrio após 110 horas de processo. O tratamento T15 

apresentou maior perda de água e ganho de sal. Com base nos restuldados de PA e GS, a 

temperatura de processo e o tempo de imersão podem ser escolhidos para atingir uma umidade e 

concentração de sal específica no produto final, podendo contribuir para a exploração e o 

desenvolvimento tecnológico da carne de jacaré.  

Palavras-chaves: Carne exótica. Desidratação osmótica. Conservação de alimentos.  
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1. Introdução  

 A busca por consumo de carnes exóticas no Brasil, como a carne de jacaré, é notada 

consideralvemente, e isso tem sido associado a sua qualidade nutricional com baixo teor lipídico 

e alto teor de proteína (Canto et al., 2015; Hoffman e Cawthorn, 2013; Simoncini et al., 2020 & 

Vicente-Neto et al., 2010). A popularidade da carne de jacaré (Caiman crocodilus yacare) tem 

despertado o interesse da indústria e de pesquisadores da área de alimentos a desenvolverem 

novos produtos a base de carne de jacaré (Alvis et al., 2017; Canto et al., 2014; Fernandes et al., 

2013; Fernandes et al., 2014; Morais et al., 2013 & Romanelli et al., 2002) e também o estudo 

de novas técnicas para a sua conservação (Canto et al., 2012 & Canto et al., 2015). 

Considerando o potencial tecnológico da carne de jacaré, é relevante destacar a 

empregabilidade da técnica de salga, podendo dessa forma aumentar a agregação de valor aos 

cortes comerciais de carne de jacaré, os quais são ilustrados na figura 1, e contribuir para 

aumentar a variedade de seus produtos derivados. 

 
           Figura 1. Cortes comercias de jacaré do Pantanal 

                 Fonte: Girardi (2017)  

  

A salga é uma das técnicas mais antigas de conservação de alimentos, sendo tilizada como 

uma das principais etapas envolvidas no preparo de carnes e produtos cárneos salgados (Bampi 



 

  

 

61 

 

 

et al., 2016; Sanches et al., 2021 & Sanches et al., 2020), tendo a finalidade de aumentar o prazo 

de validade de carne in natura e obter produtos com características sensoriais específicas. Esse 

processo de salga, por meio do intercambio sal e água, promove a redução de umidade na matriz, 

contribuindo com conservação do produto (Augusto, 2018). 

  Entretanto, se faz necessário estudar o tempo gasto e temperaturas adequadas para um 

bom rendimento no processo de salga de carnes. Nesse sentido, o objetivo desse estudo foi avaliar 

o efeito da temperatura sobre a perda de água e ganho de sal durante a salga úmida de filé de 

cauda de jacaré (Caiman yacare). 

 

2. Material e métodos 

2.1. Matéria-prima 

Vinte cortes de filé de cauda de jacaré (Caiman yacare), (75,22% de umidade, 21,90% 

de proteína, 1,48% de gordura e 0,58% de cinzas), foram adquiridos em um frigorífico fiscalizado 

pelo Governo Federal - Caimasul (Corumbá, Brasil), com peso aproximado de 0,75 kg cada 

unidade, com 48 h post-mortem.  A matéria-prima congelada (−18 °C) foi posteriormente 

transportada em gelo seco até o Laboratório de Carnes da Universidade Estadual Paulista “Júlio 

de Mesquita Filho” (São José do Rio Preto, Brasil), sendo mantidas congeladas à temperatura de 

-18 ± 1 °C, até a realização dos experimentos.  

 

2.2. Preparação de amostras e salmoura 

 As amostras foram descongeladas lentamente em uma câmara refrigerada (4 °C por 24 

h), com um molde de aço inox e faca, as amostras foram cortadas em formato de placas com 
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dimensões de 1,0 cm de espessura x 8,2 cm de comprimento x 8,2 cm de largura. A gordura 

subcutânea e tecido conjuntivo foram removidos antes da etapa de salga úmida. 

 As salmouras foram preparadas usando água destilada e cloreto de sódio comercial (sal 

refinado iodado) nas concentrações de saturação em temperaturas de 1 °C (0,26319 g de NaCl/g 

de solução), 5 °C (0,26345 g de NaCl/g de solução), 10 °C (0,26366 g de NaCl/g de solução) e 

15 °C (0,26402 g de NaCl/g de solução) de acordo com Alves Junior et al. (2021). Essas 

temperaturas de processo foram escolhidas visando minimizar as perdas de qualidade, 

(principalmente desnaturação de proteínas) e desenvolvimento microbiano (Dimakopoulou-

Papazoglou & Katsanidis, 2019b).   

 

2.3. Tratamento de salga úmida 

 Os experimentos de salga úmida foram planejados de acordo com um Delineamento em 

Blocos Casualizados (DBC). Quatro tratamentos foram realizados: T1: Salga úmida conduzida a 

1 °C; T5: Salga úmida conduzida a 5 °C; T10: Salga úmida conduzida a 10 °C e T15: Salga 

úmida conduzida a 15 °C. As amostras de carne cortadas em formato de placa foram divididas 

aleatoriamente em 4 grupos. Cada grupo foi composto por 15 amostras de carne, sendo retiradas 

em diferentes tempos de amostragem (0, 1, 3, 5, 8, 11, 15, 20, 30, 40, 50, 70, 90, 110 e 168 horas) 

durante o processo de salga úmida. Um total de 60 amostras de carne (15 amostras × 4 

tratamentos) foram salgados para cada lote. Três lotes independentes foram preparados em dias 

diferentes, totalizando 180 amostras analisadas. Todas as determinações analíticas foram 

realizadas em triplicata. 

Os experimentos de salga úmida de filés de cauda de jacaré foram realizados utilizando 

duas incubadoras B.O.D. (Marconi, modelo MA 415) e quatro cubas cilíndricas de aço inoxidável 
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(21 cm de diâmetro, 42 cm de altura), sendo inseridas duas cubas cilíndricas em cada incubadora 

B.O.D. Inicialmente as salmouras e os filés de jacaré foram pré-condicionados à temperatura do 

processo antes de iniciar os experimentos. Em seguida, a salmoura e os filés de jacaré foram 

adicionados ao aparato experimental (Figura 2). As amostras foram mantidas imersas na 

salmoura utilizando uma grade metálica, que não permitiu a flutuação das amostras durante todo 

o experimento (imersão por 168 h). Para evitar mudanças significativas da concentração de sal 

na salmoura durante o ensaio, utilizou-se uma razão mássica de 1:50 (massa/massa) de 

carne/salmoura, como realizado por Schmidt et al. (2009). Os experimentos foram repetidos 

separadamente para cada temperatura estudada (1, 5, 10 e 15 °C).  

 

Figura 2. Aparato experimental de salga úmida de carne de jacaré 

(1 = BOD ((Biochemical Oxygen Demand), 2 = Cuba de salga úmida, 

3 = Retentor de amostras, 4 = Amostras de carne, 5 = Nível de salmoura) 

 

 

2.4. Determinações analíticas após o processo de salga úmida 

 Após a salga úmida, as amostras foram retiradas do recipiente de acordo com os tempos 

de amostragem, sendo suavemente enxugadas com papel de filtro para a remoção da salmoura 
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em excesso. Em seguida, foram determinados o conteúdo de água através secagem das amostras 

a 105 °C em estufa até peso constante (AOAC, 2007) e o conteúdo de cloretos determinado de 

acordo com o método de Möhr (AOAC, 2007). A partir desses dados, a PA e o GS foram 

calculados através das equações 1 e 2 respectivamente, e apresentados em gramas por 100 g de 

amostra (g / 100 g de amostra). 

𝑃𝐴 =
𝑃0−𝑃𝑡

𝑃0
                                                                                                                                  (1) 

𝑆𝐺 = 𝑆𝑡 − 𝑆0                                                                                                                                                   (2) 

Em que, PA é a perda de água (% base úmida); P0 é o conteúdo de água (% base úmida) da carne 

no início do processo (t=0); Pt é o conteúdo de água (% base úmida) em qualquer tempo de 

tratamento osmótico; GS é o ganho de sal (% base úmida); S0 é o conteúdo de sal (% base úmida) 

na carne no início do processo (t=0) e St é o conteúdo de sal (% base úmida) em qualquer tempo 

do tratamento osmótico. O valor S0 da carne foi considerado como insignificante (S0 = 0), pois 

foi considerado muito baixo (≤ 0,01%) na análise de cloretos.  

 

2.6. Análise estatística   

 Os resultados expressos nas figuras 3 e 4, representam a média e o desvio padrão. Os 

dados foram analisados estatisticamente usando o modelo linear generalizado (GLM) e as médias 

comparadas pelo teste de Tukey (P < 0.05) usando o software Statistica 7.0 (Statsoft Inc., EUA).  

 

3. Resultados e discussão 

3.1. Perda de água (PA) 

 A umidade inicial da carne de jacaré após o descongelamento era de 72,33 ± 0,31. A PA 

durante a salga úmida de carne de jacaré em diferentes temperaturas de processo, conforme 
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Figura 3, mostra que todos os tratamentos apresentaram a mesma tendência durante a 

experimento, os quais tiveram aumento (P < 0,05) para PA ao longo do tempo de salga úmida. 

Entretanto, para todos os tratamentos, a partir de 110 horas de processo, não houve aumento (P 

< 0,05) da PA, demonstrando que a fase de equilíbrio foi atingida, que é quando a taxa líquida 

de transferência de massa torna-se insignificante (Rahman, 2007). Durante os estágios iniciais 

do processo (até cerca de 15 horas), todos os tratamentos apresentaram taxas mais rápidas de PA.  

Os tratamentos T1 e T5 apresentaram menores diferenças na perda de água a partir de 20 

horas de processo de salga úmida e maiores diferenças foram observadas entre os tratamentos T 

10 e T15. A rápida difusão de água em estágios iniciais do processo de salga úmida pode ser 

atribuída ao maior gradiente de concentração entre a carne e a salmoura (Siró et al., 2009). Além 

disso, o acúmulo de sólidos na superfície da carne pode criar uma resistência externa, 

dificultando a PA da carne (Andreou et al., 2018). Nota-se ainda que as diferenças entre as curvas 

de PA dos tratamentos T10 e T15 são maiores que as diferenças entre as curvas dos tratamentos 

T1 e T5. 

 

     Figura 3. Perda de água durante a salga úmida de carne de jacaré. 
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Em relação as diferentes temperaturas estudadas, houve diferença significativa entre os 

tratamentos. O aumento de temperatura do processo resultou em um aumento (P < 0,05) da PA 

na carne de jacaré. O tratamento T15 apresentou a maior (P < 0,05) PA entre os tratamentos. Por 

outro lado, T1 apresentou a menor (P < 0,05) PA entre os tratamentos. A PA para T5 foi maior 

(P < 0,05) que a PA para T1 e menor (P < 0,05) que a PA do tratamento T10. O aumento da 

temperatura do processo provavelmente aumentou a taxa de difusão das moléculas de água e 

promoveu a troca de líquidos ocluídos nos poros para a fase líquida externa da carne (Rahman, 

2007). Telis et al., 2003), aumentando a PA. Além disso, o aumento da temperatura também pode 

favorecer alguns fatores responsáveis pelo aumento da transferência de massa, como a redução 

da viscosidade do meio osmótico e alteração das propriedades viscoelásticas da carne, 

aumentando a permeabilidade da matriz (Dimakopoulou-Papazoglou & Katsanidis, 2019a). 

 

3.2. Ganho de sal (GS) 

 O teor de NaCl inicial na carne de jacaré foi considerado como insignificante (S0 = 0), 

pois apresentou um conteúdo muito baixo (≤ 0,01%) na análise de cloretos. O GS durante a salga 

úmida de carne de jacaré em diferentes temperaturas de processo conforme Figura 4, mostra que 

todos os tratamentos apresentaram a mesma tendência durante o processo de GS, os quais tiveram 

aumento (P < 0,05) para GS ao longo do tempo de salga úmida. Todos os tratamentos 

apresentaram taxas mais rápidas de GS durante os estágios iniciais do processo (até cerca de 15 

horas). Isso explica o mesmo comportamento observado sobre a PA, devido ao maior gradiente 

de concentração entre a carne de jacaré e a salmoura (Siró et al., 2009). Observa-se ainda que, de 

forma semelhante a PA, as diferenças entre as curvas da SG dos tratamentos T10 e T15 são 

maiores que as diferenças entre as curvas dos tratamentos T1 e T5. 
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Figura 4. Ganho de sal durante a salga úmida de carne de jacaré. 

 

 Em relação as diferentes temperaturas estudadas entre os tratamentos, houve diferença 

significativa sobre o GS. O aumento de temperatura do processo resultou em aumento 

significativo (P < 0,05) do GS na carne de jacaré. O tratamento T1 apresentou o menor (P < 0,05) 

GS entre os tratamentos. Por outro lado, o tratamento T15 apresentou o maior (P < 0,05) GS. O 

GS para T5 é maior (P < 0,05) que o GS para T1 e menor (P < 0,05) que o GS para T10. Como 

relatado anteriormente para a PA, o aumento da temperatura pode ter alterado as propriedades 

viscoelásticas da carne, aumentando a permeabilidade da matriz. Além disso, a viscosidade da 

salmoura diminui com o aumento da temperatura, o que pode diminuir a resistência externa à 

transferência de massa na superfície do produto (Dimakopoulou-Papazoglou & Katsanidis, 

2019a). Esses fatores provavelmente promoveram a PA e o GS durante a salga úmida da carne 

de jacaré  

 O processo de salga é composto por duas fases: a fase dinâmica e a fase de equilíbrio. 

Durante a fase dinâmica, as taxas de transferência de massa aumentam e/ou diminuem até atingir 

a fase de equilíbrio, que é quando a taxa líquida de transporte de massa torna-se insignificante 
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(Rahman, 2007). Após 110 horas de processo, os níveis de PA e GS praticamente se 

estabilizaram, independente das condições de temperatura estudadas. Isso indica que os 

gradientes de pressão osmótica entre a solução osmótica e a carne são insignificantes, e que a 

fase de equilíbrio se estabeleceu. 

 

4. Conclusão  

 O aumento da temperatura de processo promoveu maior perda de água (PA) e ganho de 

sal (GS) na carne de jacaré. Os níveis de perda de água e ganho de sal se estabilizaram em 

equilíbrio após 110 horas de processo. O tratamento T15 apresentou maior perda de água e ganho 

de sal. A partir das perdas de água e ganho de sal, a temperatura de processo e o tempo de imersão 

podem ser escolhidos para atingir uma umidade e concentração de sal específica no produto final, 

podendo contribuir para o desenvolvimento tecnológico da carne de jacaré.  
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Abstract 

 

The aim of this work was to evaluate the antioxidant effect of acerola fruit powder, rosemary 

and licorice extract in caiman meat nuggets containing high amounts of mechanically 

separated caiman meat (MSCM) during 120 days of frozen storage. Five treatments were 

prepared: a control without antioxidant (CON), sodium erythorbate at 500 mg/kg (ERY), 

acerola fruit powder at 500 mg/kg (AFP), with licorice extract at 500 mg/kg (LIE) and 

rosemary extract at 500 mg/kg (ROE). The addition of natural antioxidants increased color, 

cohesiveness, and decreased TBARS values. The redness values were higher for LIE and these 

values were different to the CON. Nuggets with licorice extract had significantly lower TBARS 

values at the end of the storage period compared to the control. All the treatments were similar 

in sensory analysis, with good acceptability. These results indicate licorice extract used in 

caiman meat nuggets containing a high amount of MSCM caiman has the potential to improve 

mailto:andrea.carla@unesp.br
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quality during frozen storage. 

Keywords: Lipid oxidation, Sensory acceptance, Caiman, Exotic meat products, Color 

parameters. 

 

1. Introduction 

  The consumption of exotic meats has significantly increased, such as caiman meat, 

due to a lower lipid content which is low in saturated fatty acids and high quality in animal 

protein (Canto et al., 2015; Vicente Neto et al., 2006). The exotic meats are a good alternative 

for consumption, are well accepted and also have potential for elaborating derivate 

products (Romanelli, Caseri, & Lopes Filho, 2002). The Pantanal caiman (Caiman yacare) 

has been legally exploited under captive breeding in the Pantanal region (Brazil), with full 

use of the animal, in the production of hides and obtaining commercial cuts of meat (Aleixo 

Cotta, Logato, Oliveira, & Fialho, 2002).  

  The mechanically separated caiman meat (MSCM) is obtained by a mechanical process 

of separating meat that is adhered to the carcasses of animals, and it is then used in processed 

meat products (Gonçalves, 2011). For the caiman, there is a large amount of meat adhered to 

the carcass. Despite the small amount of fat in caiman meat and, consequently, in the MSCM, 

there is some concern regarding its oxidative stability when preparing products stored under 

freezing.  

  Lipid oxidation is one of the causes of limited shelf life of meat and meat products 

(Lorenzo, & Gómez, 2012) with different changes in color, taste, texture and nutritional values 

(García-González, Aparicio, & Aparicio-Ruiz, 2013). According to Nowak, Czyzowska, 

Efenberger & Krala (2016) bioactive compounds from plant have has a positive effect on lipid 

oxidation and color stability in meat products.  
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  Meat from Pantanal caiman reared in captivity contains a low contente of saturated 

fatty acids (SFA), a high content of both polyunsaturated fatty acids (PUFA) and n-3 fatty 

acids, and has a desirable PUFA / SFA ratio when compared to beef Vicente Neto et al., 

2010; Canto et al., 2015). Although it has good nutritional characteristics, caiman meat 

is susceptible to oxidative deterioration, due to its lipid profile composition.  

  The chemical composition of caiman meat, combined with the processing conditions 

for the production of nuggets, such as the extraction of MSCM obtained from the carcass, 

the grinding of fresh meat (shavings), heat treatment (pre-frying), storage time and 

temperature, along with exposure to light and oxygen, can considerably contribute to 

lipid oxidation, with the formation of hydroperoxides and aldehydes, among other secondary 

toxic compounds (Mariutti & Bragagnolo, 2017; Lima Junior, Rangel, Urbano, & Moreno, 

2013; Soladoye, Juárez, Aalhus, Shand, & Estévez, 2015). 

  Malonaldehyde (MDA) is one of the most important aldehydes produced during 

secondary lipid oxidation of polyunsaturated fatty acids and in meat products, it is the main 

indicator of lipid oxidation. Amounts up to 2.0 mg MDA/kg are generally indicated as 

an acceptable limit in which there is no oxidative rancidity in meat and meat products 

(Campo et al., 2006). This amount is measured by the TBARS (thiobarburic acid reactive 

substances) test.  

  One technological strategy to reduce lipid oxidation in meat products involves the use 

of antioxidants. The effectiveness of natural antioxidants in delaying lipid oxidation in meat 

and meat products has been clearly shown and has generated wide interest in the food 

industry (Caleja, Barros, Antonio, Oliveira, & Ferreira, 2017). Increasing attention has been 

paid to natural antioxidants, intensified by the global trend to reduce synthetic food additives 
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widely used in the food chain (Dal Bosco et al., 2014; Mattioli et al., 2017). 

  In this context, the effects of natural antioxidants on the oxidative stability of meat 

products have been studied (Falowo, Fayemi, & Muchenje, 2014). Rosemary extract 

improved oxidative stability in frozen chicken nuggets stored for nine months (Teruel, Garrido, 

Espinosa, & Linares, 2015). Antioxidant and antimicrobial activities of this extract have been 

linked to the presence of diterpenes, such as carnosic acid or carnosol and rosmarinic acid 

(Birtić, Dussort, Pierre, Bily, & Roller, 2015; Park, Rho, & Kim, 2019), as well as triterpenes, 

phenolic acids, and flavonoids (Borrás-Linares et al., 2014). 

  Realini, Guàrdia, Díaz, García-Regueiro, & Arnau (2015) evaluated the effects of 

acerola fruit extract on sensory acceptance and shelf-life of salted beef patties from grinds 

differing in fatty acid composition. That study showed that samples stored under refrigeration 

for eight (8) days showed TBARS values from 1.0 to 3.1 mg MDA/kg. According to Chang, 

Alasalvar, & Shahidi (2018) the acerola fruit powder contains phenolic compounds (PC) such 

as quercetin and anthocyanins. Licorice added to animal feed for subsequent evaluation of the 

antioxidant effect on the fresh meat was studied by Zhang et al. (2015), who reported that the 

addition of licorice in the proportion of 3000 to 4000 mg/kg to sheep feed reduced lipid 

oxidation in the fresh meat (post mortem). The licorice (Glycyrrhiza glabra L.) contains 

phenolic acids, such as liquiritigenin, liquiritin, isoliquiritigenin, isoliquiritin, 

glabridin, glabrene, licochalcone and glucocoumarin, with antioxidant and 

antimicrobial activities (Zhang & Ye, 2009; Qiao et al., 2015). 

  The processing of caiman nuggets involves a series of operations: size reduction 

(milling), mixing, molding, battering and breading, pre-frying, refrigeration and freezing, 

according to the method described by Delfino, Silva, Biassi, Scopel, & Bainy (2017). These 

https://www-sciencedirect.ez87.periodicos.capes.gov.br/science/article/pii/S1756464617301639#b0020
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operations can increase the susceptibility of caiman nuggets to lipid oxidation throughout 

frozen storage. 

  The aim of this work was to evaluate the antioxidant effect of acerola fruit powder, 

rosemary and licorice extract in caiman meat nuggets containing high amounts of mechanically 

separated caiman meat (MSCM) along 120 days of frozen storage on the color, lipid oxidation 

and sensory acceptance. 

 

2. Materials and methods 

2.1. Caiman meat 

 The meat and caiman carcasses were obtained from two federally-inspected 

slaughterhouses - Coocrijapan (Cáceres, Brazil) and Caimasul (Corumbá, Brazil). A total of 

40 caiman carcass of each slaughterhouse were used, or approximately 30 kg of each 

slaughterhouse, after 48 post morten, with age two years of caiman. The raw material was 

frozen and stored at -18 ºC then transported in dry-ice to the Laboratory of Meat Technology, 

São Paulo State University (São José do Rio Preto, Brazil). The MSCM was obtained at the 

Training Abattoir at the Fernando Costa Campus, São Paulo University (Pirassununga, Brazil), 

using an HT-250 pulper for chicken and fish (Hightech, Chapecó, Brazil), with frozen 

carcass (approximately -5 ºC) and the temperature of MSCM freshly produced was 10 – 

12 ºC. The MSCM was apportioned to polyethylene plastic bags containing approximately 

500 g and frozen at -20 ºC (EcoClima, São Paulo, Brazil). 

 

2.2.Nuggets manufacturin 

  Five treatments were prepared in the pilot plant at São Paulo State University (Table 
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1). The caiman shavings meat (80.05% moisture, 19.01% protein, 0.86% lipid) thawed at 4° 

C overnight and the caiman MSCM (48% yield, 79.25% moisture, 2.55% ash, 17.41% protein 

and 1.29% lipid) frozen were separately ground in a CAF 10 stainless steel grinder (CAF, 

Rio Claro, Brazil) with an 8 mm disc. All the ingredientes were mixed until a homogenous 

mixture was obtained. The processing was carried out in triplicate.  

Table 1. Formulations of caiman meat nuggets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CON – Control Treatment; ERY – Erythorbate Treatment; AFP – Acerola Treatment;  LIE – Licorice 

Treatment; ROE – Rosemary Treatment. 

*Cisne (São Paulo, Brasil) 

   **Donated by New Max (Americana, Brasil) 

   ***Donated by Duas Rodas (Juaraguá do Sul, Brasil) 

   ****Donated by ICL (São Paulo, Brasil) 

   *****Donated by Kemin (Indaiatuba, Brasil) 

 

 

The homogeneous mixture was molded in a hamburger mold with an average weight 

of 100 g, frozen (-18 °C), cut into four equal parts and coated with breading material 

following these steps: 1. 1. Pre-coating (Romariz, Brazil) with flour; 2. Coating (Powder link, 

Romariz, Brazil) with batter in the proportion 1:3 - batter: water; and 3. Breading (Kraker 

Mill, Romariz, Brazil). All the breading material was donated by Romariz Company (São 

Paulo, Brazil).  

      Treatments   

Ingredients (%) CON ERY AFP LIE ROE 

Caiman shavings 68.20 68.15 68.15 68.15 68.15 

Caiman MSM 30 30 30 30 30 

Sodium chloride* 1 1 1 1 1 

Garlic powder** 0.3 0.3 0.3 0.3 0.3 

Onion powder** 0.3 0.3 0.3 0.3 0.3 

Nutmeg powder** 0.1 0.1 0.1 0.1 0.1 

White pepper powder** 0.1 0.1 0.1 0.1 0.1 

Sodium erythorbate**   0.05    

Acerola fruit powder***   0.05   

Liquorice extract****    0.05  
Rosemary extract*****      0.05 
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The pre-frying was carried out in soy oil (Bunge, White Plains, US) at 180 °C for 30 

seconds in an anti-adherent pan on an industrial cooker. After cooling at room temperature 

until they reached 60 ºC, the caiman nuggets were placed in plastic bags - nylon-polyethylene 

with 0.6 mm thick (Dinplal, São Paulo, Brazil) and stored frozen at –18 ºC during 120 days. 

The color parameters, pH and TBARS values, pick-up of coating, oil absorption, 

microbiological, sensory, texture, instrumental and statistical analyses were carried out. 

 

2.3. Pick-up of coating and oil absorption 

 The pick-up coating and oil absorption were calculated according to Barros et al. 

(2018), using Equations 1 and 2: 

Pick-up coating = weight with coating – weight without coating x 100 (Equation 1) 

weight with coating 

 

 

Oil absorption = weight pre-fried product - weight raw product x 100 (Equation 2) 

weight pre-fried product 

 

 

2.4. Proximate composition and pH 

 Proximate composition analysis was carried out to determine moisture, ash, protein 

(AOAC, 2007) and lipid content by Bligh & Dyer (1959), in triplicate and the results were 

express in g/100g. The carbohydrate content was calculated by difference. The samples were 

thawed, minced and homogenized with breading and also without breading for this analysis. 

The pH was measured using a digital pH meter (Tecnopon, Piracicaba, Brasil), calibrated with 

two standard solutions (pH 4 and pH 7) at room temperature. The pH analysis were carried 

out in triplicate at 0 day. 
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2.5. Lipid oxidation 

  The lipid oxidation was analyzed using the TBARS (thiobarbituric acid reactive 

substances) index according to the method described by Vynche (1970). The 

spectrophotometer reading was taken at 532 nm and a standard curve was prepared using 

1,1,3,3-tetraethoxypropane. The TBARS values were expressed as mg of malonaldehyde 

per kilogram of sample (mg MDA.kg -1) and these analyses were done at 0, 60 and 120 days 

of frozen storage. The samples were prepared as described in section 2.4. 

 

2.6. Instrumental color 

 The instrumental color   parameters   L* (lightness), a* (redness) and   b* yellowness) 

were measured using a ColorFlex 45/0 colorimeter (Hunterlab, Reston, US), aperture 0.50 

inches, illuminant D65 and viewing angle 10°. The samples were thawed cut in half 

lengthways and ten measurements taken for each treatment, at 0 and 120 days of frozen storage. 

 

2.7. Texture profile analysis (TPA) 

 The instrumental texture profile (hardness, springiness, cohesiveness and chewiness 

parameters) was determined using a TA.XT.Plus Texture Analyser (Stable Micro Systems, 

Godalming, UK) and its propriety Exponent software, version V.5.1.1.0, equipped with 

a 3.6 cm diameter aluminium probe, with 50% compressions, test speed 1 mm/s, n = 10. Before 

analysis, the coating of the nuggets was removed to avoid potential interference from the 

coating and the samples were cut into 2 x 2 cm pieces. This analysis was done in 0 day. 
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2.8. Microbiological analysis 

 The microbiological analysis was carried out on samples of the caiman meat nuggets 

at 0 day, according to the microbiological standards established by Brazilian legistation 

(Brazil, 2001); and international standards (APHA, 2001). To analyze the coagulase-positive 

Staphylococci, thermo-tolerant Coliforms and sulfite reducer Clostridia, the packages of caiman 

meat nuggets were opened aseptically and 25 g of sample were diluted in 225 ml of sterile 

peptone water (HIMEDIA, Mumbai, India). The Salmonella sp. was investigated per 25 g of 

the sample diluted with lactose broth (HIMEDIA, Mumbai, India). The investigation of the 

thermo-tolerant Coliforms was carried using the fermentation technique in multiple tubes 

and the results were expressed in most probable number (MPN) per gram of sample. The 

coagulase-positive Staphylococci were analyzed by inoculating Baird-Parker Agar (HIMEDIA, 

Mumbai, India) enriched with egg yolk and 1% potassium tellurite. The sulfite-reducing 

Clostridia were analyzed by inoculating the samples with SPS Agar (HIMEDIA, Mumbai, 

India) incubated in anaerobiosis, in triplicate, and expressed as log colony-forming units 

(CFU) per gram of sample. 

 

2.9. Sensory analysis 

 The acceptance test was performed after the results of microbiological analysis, by 113 

untrained panelists, of both sexes with age varying from 18 to 38 years old, 49% being male and 

51% female, in the Laboratory of Sensory Analysis of Department of Food Technology and 

Engineering, Institute of Biosciences, Humanities and Exact Sciences, Campus São José do 

Rio Preto, São Paulo State University (UNESP), Brazil. 

 A structured 9-point hedonic scale was used, varying from 9 – liked extremely to 1 – 
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disliked extremely. The consumers evaluated the following attributes: color, aroma, flavor and 

texture, as well as an overall parameter of global acceptance (Stone & Sidel, 1993). The 

intention to purchase was evaluated using a 5-point scale varying from 5 - Certainly would 

purchase this sample to 1 – certainly would purchase not this sample. 

 The pre-fried and frozen samples were cooked in a Turbo 240 Classic gas oven (Pasiani, 

Itajobi, Brazil) heated to a temperature varying from 120 to 140 °C 2 times for 10 minutes. The 

samples were coded with 3 numeric digits and randomized, then were presented to consumers 

at a temperature of 60 ºC in disposable plastic trays. The test was carried out in monadic 

form, in individual cabins with natural lighting and served with mineral water to be ingested 

between evaluations (Meilgaard, Civille, & Carr, 1999). This study had been   approved 

by the Research   Ethics   Committee at UNESP/IBILCE (n° 3.668.859). 

 

2.10. Statistical analysis 

 Triplicate sampling for each treatment × five treatments (CON, ERY, AFP, LIE and 

ROE) × three times of storage (0, 60 and 120 days) × two different manufactures were analyzed 

for TBARS analysis. For instrumental color was analyzed two times of storage (0 and 120 

days). For the statistical analysis of the results of caiman meat nuggets, an analysis of 

variance (ANOVA two-way) using the General Linear Model (GLM) procedure of the 

Statistica software, version 10.0 (Statsoft Inc., USA) was performed for all variables 

considered in the study. Fixed effect of time storage and formulation was included in the 

model, and the manufacture time was a random effect. For sensory analysis, treatments were 

considered the main effect and the consumers were the random effect. Tukey’s post hoc test 

was used to assess the difference between the averages when ANOVA was significant (P < 0.05). 
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3. Results and Discussion 

3.1.1. Proximate composition and TPA values 

 Notable changes were observed such as a reduction in moisture, ash and protein contents 

after pre-frying for all treatments (Table 2). There were significant diferences (P < 0.05) among 

the treatments for the caiman meat nuggets without breading in terms of moisture (77.69 to 

76.37 g/100g), protein (18.65 to 17.68 g/100g) and ash (2.80 to 2.45 g/100g). These differences 

in moisture and protein content are probably due the raw material variations among batches. 

Regarding lipid content, no significant difference was observed and these values were 

considered low. 

Table 2. Proximate composition (g/100g) and TPA of caiman meat nuggets (without and with breading) 

  Treatments SEM P value 

  CON ERY AFP LIE ROE     

Proximate composition 
       

          Without breading 

Moisture  77.40ab 76.37d 76.80cd 77.12bc 77.69a 0.13 < 0.01 

Lipid 1.24 1.01 0.53 0.90 0.77 0.09 0.14ns 

Protein  17.90b 17.68b 18.65a 18.26ab 18.28ab 0.10 < 0.01 

Ash 2.68ab 2.80a 2.68ab 2.53ab 2.45b 0.04 0.03 

        

Proximate composition 
       

              With breading 

Moisture 57.27c 59.76ab 60.84a 59.20b 59.31b 0.33 < 0.01 

Lipid 9.33 7.70 7.13 9.29 7.95 0.30 0.06ns 

Protein  17.09a 15.33b 15.62b 14.84b 14.85b 0.24 < 0.01 

Ash 2.33 2.30 2.43 2.18 2.27 0.05 0.75ns 

Carbohydrate  13.98 14.91 13.98 14.49 15.62   

        

Oil abs 2.23 2.50 3.17 2.13 2.50 0.16 0.31ns 

Pick-up coating  32.36a 25.95b 27.36b 27.86ab 25.84b 0.75 0.01 

        

TPA        
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a,b,c,d Mean values in the same line not followed by a common letter differ significantly (P < 0.05); SEM = standard 

error; ns = not significant. 

CON – Control Treatment; ERY – Erythorbate Treatment; AFP – Acerola Treatment;  LIE – Licorice 

Treatment; ROE – Rosemary Treatment 

 

 The proximate composition for caiman meat nuggets with breading (Table 2) showed 

a significant difference (P < 0.05) between the treatments in terms of moisture content, with 

AFP, LIE and ROE were higher than CON, while for protein content, AFP, LIE and ROE 

were lower than CON. These differences in moisture and protein content were probably due 

to breading process, which may have small changes in the quantity. For lipid and ash there 

were no significant differences between the treatments. The results for lipids in the caiman meat 

nuggets were higher than the results for lipids in the products without breading showing 

the influence of oil absorption and the pick-up of coating (Table 2).  

 The oil absorption did not differ (P > 0.05) between the treatments. However, the pick-

up of coating was higher (P < 0.05) for CON. Similar values were reported by Barros et al. 

(2018) for chicken nuggets enriched with omega-3 and fiber, replacing chicken skin with chia 

flour (Salvia hispânica L.). The carbohydrates values varied from 13.98 to 15.62 (Table 2) 

due to the three-step coating system – pre-dust, batter and breading. 

 The TPA results (Table 2) showed no significant difference (P > 0.05) for hardness, 

springiness and chewiness. However, cohesiveness values differed (P < 0.05) between the 

treatments, which AFP, LIE and ROE were higher than CON. Similar results to cohesiveness 

were found in fish nuggets (Silva et al., 2020). 

Hardness (N) 5.56 5.91 5.59 6.37 5.25 1.80 0.36ns 

Springiness (mm) 0.676 0.712 0.667 0.674 0.691 0.01 0.44ns 

Cohesiveness 0.681b 0.695ab 0.709a 0.695ab 0.702ab 0.32 0.01 

Chewiness (N.mm) 25.54 29.56 26.48 29.93 25.54 0.99 0.44ns 

        

pH 6.02 6.04 6.03 6.02 6.07 0.01 0.06ns 
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 There was no difference (P < 0.05) between the treatments for pH values (Table 2) which 

varied from 6.02 to 6.07 and they were in the agreement with the data found by Silva et al. (2020) 

in fish nuggets. 

 

3.1.2. Instrumental color 

 The lightness values (L*) were significantly (P < 0.05) lower for LIE (Figure 1A), 

and decreased during storage for CON, ERY, AFP and ROE. These L* values may be related 

to the addition of the MSCM used in the processing, which had a dark appearance, as it 

contains pigments and bone marrow. The L* values in this study were lower than those reported 

by Martínez, Ros, & Nieto (2020) in chicken nuggets. 

    

 

 

 
    Figure 1. Color parameters in caiman meat nuggets. 

,b Mean values in the same line not followed by a common letter differ significantly (P<0.05); 
A,B Different capital letters in the same column represent a significant difference between treatments (P<0.05) 

SEM = Standard error; ns = not significant. 

a)                                                            b) 

c) 
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CON – Control Treatment; ERY – Erythorbate Treatment; AFP – Acerola Treatment; LIE – Licorice Treatment; 

ROE – Rosemary Treatment 

 

 The redness (a*) values in CON, ERY, AFP and LIE decreased over storage (Figure 

1B). The LIE showed higher values and these were significantly different from the CON (P < 

0.05). Martínez, Ros & Nieto (2020) found similar results to a* in chicken nuggets without 

plants extracts and all the treatments decreased during frozen storage. The yellowness (b*) 

values showed no difference (P < 0.05) for all treatments (Figure 1C). Other authors with 

chicken nuggets (Martinez et al., 2020) showed significant differences between the twelve 

months of storage. 

 

3.1.3. TBARS values 

 The TBARS values of caiman meat nuggets with breading are shown in Table 3. For 

up to 60 days in storage there was no significant difference among the treatments (P > 0.05). 

After 120 days of frozen storage, LIE presented the lowest TBARS value and it was different 

from CON (P < 0.05) showing that the addition of this antioxidant was effective in caiman 

meat nuggets. In addition, LIE treatment was similar to the other treatments added of 

antioxidant (ERY, AFP and ROE) (P > 0.05). LIE contributed to the stability of caiman meat 

nuggets during storage. ROE treatment was similar to CON and LIE. In other studies, Gao, 

Zhuang, Yeh, Bowker & Zhang (2019) showed that the rosemary extract was effective to reduce 

lipid oxidation in ground chicken patties, and Bolumar, LaPeña, Skibsted, & Orlien (2016) 

showed this in pork patties. 

Table 3. Lipid oxidation (TBARS) in caiman meat nuggets. 

Treatments 0 day 60 days 120 days SEM Value p 

CON 0.310b 0.430b 0.628aA 0.04 <0,01 

ERY 0.300b 0.407ab 0.503aAB 0.03 0.02 



 

  

 

87 

 

 

a,b Mean values in the same line not followed by a common letter differ significantly (P<0.05);  
A,B Different capital letters in the same column represent a significant difference between treatments (P<0.05) 

SEM = Standard error; ns = not significant. 

CON – Control Treatment; ERY – Erythorbate Treatment; AFP – Acerola Treatment; LIE – Licorice 

Treatment; ROE – Rosemary Treatment. 

 

 Jiang, Zhang, True, Zhou, & Xiong (2013) studied the antioxidant action of licorice 

(Glycyrrhiza glabra) in the inhibition of lipid oxidation in a pre-cooked pork burger stored 

for 14 days under refrigeration and for 6 months under freezing. Licorice extract was more 

efficient during storage under refrigeration and was similar to rosemary extract during 

storage under freezing. Licorice (Glycyrrhiza glabra L.) is considered a natural antioxidant, 

due to its high content of triterpene, flavonoids and phenolic acids (Zhang & Ye, 2009). It 

also contains isoflavones, coumarins, stilbenes, and saponins such as glycyrrhizin, which have 

anti-inflammatory, antiviral, anti-fungal properties and antioxidant and antimicrobial activities 

(Fukai, Oku, Hano, & Terada, 2004; Fatima et al., 2009; Qiao et al., 2015; Thakur, Jain, & 

Ghoshal, 2016). Quintana et al. (2019) found 76.2 ± 1.5 mg equivalent galic acid (GAE) /g 

licorice extract to total phenolic compounds and antioxidant activity 42.1 ± 3.2 μg/mL to 

ABTS method and 126.0 ± 0.5 μg/mL by DPPH method. 

 Oliveira et al. (2020) found higher contents of ascorbic acid 30.13 ± 0.03 mg/100 

g in acerola fruit powder and total phenolics 4886.79 ± 66.71 mg GAE /100 g and higher 

antioxidant activities by FRAP method: 2348.65 ± 11.21 μmol TEAC/100 g; and ABTS method: 

790.00 ± 14.00 μmol TEAC/100 g. Already the rosemary extract, Moczkowska et al. (2020) 

found values to total phenolic content 32.42 ± 0.664 mg GAE/g DM, and antioxidant activity 

AFP 0.272b 0.323b 0.512aAB 0.04 <0.01 

LIE 0.268 0.332 0.450B 0.04 0.12ns 

ROE 0.264b 0.378ab 0.502aAB 0.03 0.01 

SEM 0.02 0.03 0.03   

P value 0.95ns 0.64ns 0.01   
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95.93 ± 0.668 by DPPH method and 91.08 ± ABTS method. 

 

3.1.4. Microbiological analysis 

  The results of the microbiological analysis of caiman meat nuggets (Table 4) are in 

accordance with the Standard Brazilian Legislation (Brazil, 2001).  

Table 4. Microbiological analysis in caiman meat nuggets. 

 Salmonella sp.  
Thermotolerant 

Coliforms 

Coagulase 

positive 

Staphylococci 

Sulfite-reducing 

Clostridia 

CON Absent < 3 MPN/g < 10² CFU/g < 10¹ CFU/g 

ERY Absent < 3 MPN/g < 10² CFU/g < 10¹ CFU/g 

AFP Absent < 3 MPN/g < 10² CFU/g < 10¹ CFU/g 

LIE Absent < 3 MPN/g < 10² CFU/g < 10¹ CFU/g 

ROE Absent < 3 MPN/g < 10² CFU/g < 10¹ CFU/g 
CON – Control Treatment; ERY – Erythorbate Treatment; AFP – Acerola Treatment; LIE – Licorice Treatment; 

ROE – Rosemary Treatment. 

MPN = Most probable number  

CFU = Colony-forming units 

 

  Some studies indicated the microbial activity of rosemary and licorice extract. Gao, 

Zhuang, Yeh, Bowker, & Zhang (2019) reported that rosemary extract helped to reduce total 

count in chicken burger at refrigerated storage. Previous research reported licorice   extract   

inhibited   the   growth   of Escherichia coli (ATCC-25299) and Staphylococcus aureus 

(Quintana et al., 2019; Takur, Jain, & Ghoshal, 2016). 

 

3.3. Sensory analysis 

  The addition of acerola fruit powder, rosemary and licorice extract in caiman meat 

nuggets did not affected the sensorial analysis (Table 5). CON, ERY, AFP, LIE and ROE 

treatments were similar (P > 0.05) to color, aroma, texture, flavour and sensory acceptance. 

So, the caiman meat nuggets presented good sensorial acceptance, remembering that nuggets 
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in general are well accepted by consumers because are easy to prepare, in addition to the crispy 

product and agreeable flavor. This type of product has great potential for different types meat, 

such as chicken, fish and wild animals.  

Table 5. Sensorial acceptance of caiman meat nuggets.  

 Treatments 
SEM Sig. 

 CON  ERY AFP LIE ROE 

Sensorial acceptance         

Color 6.04 6.28 5.91 5.84 5.96 0.06 0.22ns 

Aroma 6.75 6.80 6.71 6.74 6.72 0.06 0.99ns 

Texture 6.74 6.84 6.34 6.38 6.40 0.07 0.05ns 

Flavor 7.19 7.15 6.92 6.88 6.99 0.06 0.38ns 

Global acceptance 6.99 7.03 6.69 6.70 6.79    0.05 0.12ns 

SEM: standard error of the mean.  

CON – Control Treatment; ERY – Erythorbate Treatment; AFP – Acerola Treatment; LIE – Licorice Treatment; 

ROE – Rosemary Treatment. 

  

  Romanelli, Caseri, & Lopes-Filho (2002) developed four different products with 

Pantanal caiman meat - hamburger, pickled meat (canned), uncooked cured meat (smoked) 

and a cured and cooked product (type ham). The results of sensory analysis using a hedonic 

scale of 7 (seven) points showed above 50% for the score “liked slightly” for both products. 

Fernandes et al. (2013) reported that hamburgers made with Pantanal caiman shavings submitted 

to different techniques of smoking were evaluated sensorially on hedonic scale of 9 (nine) points. 

The general acceptance was most scored as “liked moderately” for both a sample without 

smoking and sample submitted to liquid smoking respectively, and “liked slightly” for a sample 

submitted to hot smoking. 

  Delfino, Silva, Biassi, Scopel, & Bainy (2017) sensorially evaluated breaded tilapia 

burgers when applying different commercial systems of coating and obtained a result under 

the score “liked very” in hedonic scale of 9 (nine) points, for a sample with the medium standard 
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of granulometry for breading. 

 
4. Conclusion 

   The addition of licorice extract in caiman meat nuggets improved the quality of 

parameters like color and oxidative stability. The color parameters had higher values for the a* 

parameter for LIE, and these values were different from those for CON. This result indicates 

the antioxidant effect of licorice extract when used in caiman meat nuggets. All the products 

were well accepted. Nuggets with LIE had significantly lower TBARS values at the end of 

the storage period (0.450 mg malondialdeyde/kg) compared to the control (0.628 mg 

malondialdeyde/kg). Liquorice extract is a good alternative to include as a natural ingredient 

in meat products. 
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Resumo 

O objetivo deste estudo foi avaliar o efeito da adição de acerola em pó e extrato de alecrim na 

estabilidade oxidativa, cor e pH de hambúrguer de carne de jacaré durante 90 dias de 

armazenamento sob congelamento (-18 °C). Foram preparados quatro tratamentos: CON - 

tratamento controle sem adição de antioxidante, ERI – com adição de eritorbato de sódio 

(0,05%), ACE – com adição de acerola em pó (0,05%), ALE – com adição de extrato de alecrim 

(0,05%). Todos os hambúrgueres foram produzidos com aparas de carne de jacaré e toucinho 

suíno. Foram determinados os parâmetros de cor instrumental (L, a* e b*), valores de pH e 

oxidação lipídica (TBARS) durante 90 dias sob congelamento (-18 °C). A adição de extrato de 

alecrim em hambúrguer de carne de jacaré melhorou a estabilidade oxidativa. Os parâmetros de 

cor vermelha foram maiores para o tratamento ACE, os quais foram diferentes de CON. Esses 

resultados são promissores, indicando melhora da qualidade com o efeito antioxidante do extrato 

de alecrim em hambúrguer de carne de jacaré, e poderá ser usado em substituição ao antioxidante 

eritorbato de sódio.  

mailto:gilmar.paiva@ifmt.edu.br
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Palavras-chaves: oxidação lipídica, produtos cárneos exóticos, parâmetros de cor. 

 
1. Introdução  

Para alguns países, a carne de animais silvestres constitui a principal fonte de proteína 

para o consumo humano, representando dietas mais saudáveis, alimentos com baixo teor de 

colesterol, quando comparados com carne de outras espécies. A carne de jacaré do Pantanal 

apresenta uma boa alternativa para consumo, contém baixo teor de lipídio e elevado teor de 

proteína (Vicente Neto et al., 2006; Canto et al., 2015 e Simoncini et al., 2020) e demonstra 

potencial para elaboração de derivados (Romanelli et al., 2002).  

 O consumo dos alimentos industrializados, têm aumentado devido à sua praticidade e 

características sensoriais desejáveis. No entanto, os produtos cárneos processados são suscetíveis 

à alterações físicas e/ou químicas durante sua vida útil. Paralelamente, os antioxidantes tem sido 

usado para prevenir alterações oxidativas indesejáveis durante sua vida útil (Queiroz et al., 2005; 

Bellucci et al., 2021). 

O hambúrguer é um produto cárneo industrializado, obtido de carne moída dos animais 

de açougue, adicionado ou não de tecido adiposo e ingredientes, moldado e submetido a processo 

tecnológico adequado (Brasil, 2000). Para o processamento de hambúrguer é importante 

considerar alguns fatores relevantes, como a matéria-prima utilizada, agentes de conservação e 

condições de processamento e armazenamento.  

As carnes e produtos cárneos são suscetíveis à oxidação lipídica devido a sua composição 

química (Lorenzo & Gomes, 2012), e as alterações de oxidação são indesejáveis aos alimentos, 

pois além de representar rejeição pelo consumidor, por conta do aroma típico de lipídios oxidados 

(ranço), podem trazer malefícios à saúde do consumidor, já que o malonaldeído e os óxidos de 
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colesterol, produtos da oxidação lipídica, são responsáveis por doenças cardíacas, derrames 

cerebrais e câncer (Oliveira et al., 2012). 

Para minizar os problemas de qualidade em produtos de origem animal, as indústrias têm 

utilizado antioxidantes para prevenir a oxidação dos produtos cárneos. Entretanto, há uma 

tendência de apelo pelos consumidores em busca de produtos alimentícios produzidos com 

antioxidantes naturais, considerados como alimentos mais saudáveis (Oswell; Thippareddi e 

Pegg, 2018; Borella et al., 2019). 

Frente à essa demanda por alimentos mais saudáveis, os extratos vegetais têm sido 

investigados quanto à aplicação em produtos cárneos, para o controle de oxidação lipídica. O 

extrato de alecrim (0,06 %) em hambúrguer misto de carne bovina, frango e peru durante 120 

dias de armazenamento à 12 °C foi estudado por Borella et al. (2019), que encontraram boa 

estabilidade oxidativa no produto após 120 dias de armazenamento. Paiva et al. (2021) estudaram 

o efeito antioxidante de acerola em pó, extrato de alcaçuz e alecrim em nuggets de carne de carne 

de jacaré armazenado sob congelamento por 120 dias, os quais mostraram efeito positivo sob a 

estabilidade oxidativa ao final do armazenamento. O extrato de pitaya foi estudado por Bellucci 

et al. (2021) em hambúrguer de carne suína armazenado em refrigeração durante 18 dias, 

mostrando ação protetora sobre as proteínas e lipídios contra oxidação lipídica.  

Dentre outras formas de conservação de alimentos, o processo de congelamento é 

amplamente utilizado na indústria de alimentos ao permitir grande prolongamento ou aumento 

da vida de prateleira dos produtos com menores alterações sensoriais e nutricionais (Augusto, 

2018). Segundo Fellows (2019), o congelamento começa a ocorrer entre -1 °C e -3 °C, 

dependendo da concentração de solutos na fase aquosa. Entretanto as temperaturas de 

congelamento variam de acordo com a matriz, variando de -18 °C à -25°C para carnes e pescados 
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em geral. Contudo e apesar do congelamento ser um método eficiente na conservação de 

alimentos, as reações que não dependem da água ainda mantém taxa relativamente alta mesmo 

durante o congelamento, como no caso da oxidação de lipídios. Sabendo-se que a oxidação de 

lipídios limita a vida de prateleira de grande parte dos produtos congelados (Augusto, 2018). 

  O objetivo neste estudo foi avaliar o efeito da adição de acerola em pó e extrato de 

alecrim na estabilidade oxidativa e cor de hambúrguer de carne de jacaré armazenado sob 

congelamento (-18 °C). 

 

2. Material e métodos  

2.1. Matéria-prima 

As aparas de carne de jacaré foram obtidas pela empresa Caimasul (Caimans do Sul do 

Pantanal/Corumbá, Brasil), empresa devidamente legalizada na atividade de criação em cativeiro 

e abate de jacaré, a gordura suína foi obtida em mercado local. As matérias-primas foram 

congeladas e armazenadas a −18 ° C e posteriormente transportada em gelo seco até o 

Laboratório de Tecnologia de Carnes, Peixes e Derivados da Universidade Estadual Paulista (São 

José do Rio Preto, Brasil), para condução do experimento. 

 

2.2. Processamento  

Quatro formulações de hambúrguer de carne de jacaré foram elaboradas no Laboratório 

de Tecnologia de Carnes, Peixes e Derivados da Universidade Estadual Paulista conforme 

mostradas na Tabela 1. As aparas de carne de jacaré foram descongeladas a 4 ºC durante a noite 

por 12 horas. A aparas e gordura suína (toucinho) foram trituradas separadamente em moedor de 
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carne CAF 10 (CAF, Rio Claro, Brasil) em disco de 8 mm. Todos os ingredientes foram 

misturados até se obter uma mistura homogênea. O processamento foi realizado em duplicata. 

Tabela 1. Formulações de hambúrguer de carne de jacaré 

Ingredientes (%)   Tratamentos  

  CON ERI ACE ALE 

Aparas de carne de jacaré 83,691 83,641 83,641 83,641 

Gordura suína (bacon) 10 10 10 10 

Água 2 2 2 2 

Cloreto de sódioa 1,5 1,5 1,5 1,5 

Alho em pób 0,3 0,3 0,3 0,3 

Cebola em pób 0,3 0,3 0,3 0,3 

Nós moscadab 0,1 0,1 0,1 0,1 

Pimenta branca em pób 0,1 0,1 0,1 0,1 

Proteína texturizada de soja 

(granulada) 2 2 2 2 

Eritorbato de sódiob  0,05   

Extrato de alecrime   0,05  
Acerola em póc    0,05 

Fumaça líquidad 0,009 0,009 0,009 0,009 
CON – Tratamento Controle; ERI - Tratamento Eritorbato; ACE - Tratamento Acerola; ALE - Tratamento 

Alecrim. 
aCisne (São Paulo, Brasil). 
bDoado por New Max (Americana, Brasil). 
cDoado por Duas Rodas (Juaraguá do Sul, Brasil). 
dDoado pela ICL (São Paulo, Brasil). 
eDoado pela Kemin (Indaiatuba, Brasil). 

 

A mistura homogênea foi moldada em forma de hambúrguer, com peso médio de 100 g, 

conforme demonstrada na Figura 1, identificadas e armazenadas em câmara de congelamento (-

18 °C) durante 90 dias. Os tratamentos do hambúrguer de carne de jacaré, foram avaliados sob 

os parâmetros de cor instrumental, valores de pH e oxidação lipídica (TBARS) durante 0, 30, 60 

e 90 dias de armazenamento sob congelamento (- 18 °C). Além disso, foram realizadas análises 

de composição centesimal. 
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      Figura 1. Hambúrguer de carne de jacaré 

 

 

2.3 pH e Composição centesimal  

Os valores de pH foram medidos em pHmetro digital (Tecnopon, Piracicaba, Brasil), 

calibrado com duas soluções padrão (pH 4,0 e pH 7,0) em temperatura ambiente, com a 

penetração da sonda diretamente nas amostras trituradas, durante 0, 30, 60 e 90 dias de 

armazenamento em congelamento. 

Foi analisada a composição centesimal (umidade, cinza e proteínas) de acordo com 

métodos descritos da AOAC, (2007). Os lipídios foram determinados seguindo método de Bligh 

& Dyer (1959). Os resultados das análises foram expressos em g/100 g. As análises de pH e 

composição centesimal foram realizadas em triplicata. 

 

2.3 Cor instrumental  

Os parâmetros instrumentais de cor L * (luminosidade), a * (vermelho) e b * (amarelo) 

foram medidos usando um colorímetro ColorFlex 45/0 (Hunterlab, Reston, US), operando com 

abertura 0,50 polegadas, iluminante D65 e ângulo de visão de 10 °. As amostras foram 
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descongeladas e analisadas com 10 leituras para cada tratamento em diferentes pontos da 

superfície, durante 0, 30, 60 e 90 dias de armazenamento sob congelamento. 

 

2.4 Oxidação lipídica (TBARS) 

A oxidação lipídica foi analisada pelo índice TBARS (substâncias reativas ao ácido 

tiobarbitúrico) de acordo com o método descrito por Vynche (1970). A leitura do 

espectrofotômetro foi feita em 532 nm e uma curva padrão foi preparada usando 1,1,3,3-

tetraetoxipropano, sendo os valores de TBARS expressos em mg de malonaldeído por 

quilograma de amostra (mg MDA.kg-1 de amostra). As amostras foram descongeladas e 

homogeneizadas para a análise, sendo realizada em 0, 30, 60 e 90 dias de estocagem sob 

congelamento. 

 

2.5 Análise estatística 

Os resultados foram analisados estatisticamente pelo Modelo Linear Geral (GLM) e as 

médias foram comparadas por meio do teste de Tukey HSD (P<0,05). Os resultados foram 

expressos como valores médios e erro padrão da média. Foi utilizado o programa Statistic versão 

10 (Statsoft Inc., USA).  

 

3. Resultados e Discussão 

3.1. Composição Centesimal 

A composição centesimal não mostrou diferença significativa (P<0,05) em umidade 

(69,22 à 72,25 g/100 g), lipídio (6,00 à 6,53 g/ 100 g), proteína (14,97 à 16,45 g/100 g) e cinza 

(2,47 à 2,93 g/100 g) para todos os tratamentos (Tabela 2). Os valores de umidade, cinza e 
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proteína encontrados nesse estudo foram semelhantes aos encontrados em produto nuggets de 

carne de jacaré sem empanamento (Paiva et al., 2021), já os valores de lipídios nesse estudo 

foram maiores que os encontrados no trabalho citado, o que pode estar relacionado com a adição 

de toucinho suíno nas formulações neste estudo.  

 

Tabela 2. Composição centesimal (g/100g) de hambúrguer de carne de jacaré   

  Tratamentos  

  CON ERI ACE ALE SEM  P Value  

Umidade    69,93 71,83 72,25 69,22 0,58 0,17ns 

Lipídio 6,53 6,31 6,52 6,00 0,13 0,52ns 

Proteína  16,32 16,45 15,49 14,97 0,37 0,54ns 

Cinza 2,47 2,60 2,50 2,93 0,13 0,67ns 

a,b,c Valores médios na mesma linha não seguidos por uma letra comum diferem significativamente (P < 0,05);  

SEM = erro padrão da média;  

ns = não significativo.  

CON – Tratamento Controle; ERI – Tratamento Eritorbato; ACE – Tratamento Acerola; ALE – Tratamento Alecrim. 

 

 

3.2. Cor instrumental 

Para análise de cor (Tabela 3) a luminosidade não mostrou diferença significativa (P < 

0,05) para os tratamentos eritorbato, acerola e alecrim durante o armazenamento, os valores 

variaram de 54,40 à 56,71. Valores maiores para luminosidade foram encontrados em 

hambúrguer de carne de cordeiro (Almeida et al., 2019), e valores aproximados foram reportados 

por Paiva et al. (2021) em nuggets de carne de jacaré. 

Tabela 3. Cor em hambúrguer de carne de jacaré  

L*   

Tratamentos 0 dia 30 dias 60 dias 90 dias SEM Valor P 

CON 54,97c 56,90 abA 57,91aA 55,37bc 0,27 < 0,01 

ERI 54,41 55,25B 
54,40C 55,57 0,21 0,12ns 

ACE 56,12 54,93B 
56,71AB 55,62 0,30 0,17ns 

ALE 54,77 56,15AB 
55,10BC 56,15 0,22 0,06ns 

SEM 0,26 0,22 0,28 0,22   

Valor P 0,12ns < 0,01 < 0,01 0,65ns   
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a*       

CON 1,31a 0,57b 1,11aAB 0,28b 0,07 < 0,01 

ERI 1,11a 0,57b 0,61bBC 0,46b 0,05 < 0,01 

ACE 1,40a 0,44c 0,82bAB 0,41c  0,06 < 0,01 

ALE 1,07a 0,28b 0,33bC 0,35b 0,06 < 0,01 

SEM 0,05 0,04 0,05 0,05   

P Value 0,07ns 0,06ns < 0,01 0,58ns   

 

b* 
 

 
    

CON 11,19B 11,75 11,67AB 11,23B 0,09 0,06ns 

ERI 11,64abAB 12,26a 10,94bB 12,44aA 0,13 < 0,01 

ACE 12,18A 11,82 12,52A 12,53A 0,12 0,10ns 

ALE 11,73AB 11,92 11,72AB 12,37A 0,11 0,20ns 

SEM 0,10 0,10 0,14 0,13   

Valor P < 0,01 0,26ns < 0,01 < 0,01   

a,b Valores médios na mesma linha não seguidos por uma letra comum diferem significativamente (P < 0,05).  
A,B Diferentes letras maiúsculas na mesma coluna representam uma diferença significativa entre os tratamentos (P 

< 0,05).  

SEM = Erro padrão da amostra; ns = Não significativo. CON – Tratamento Controle; Tratamento Eritorbato; ACE 

– Tratamento Acerola; ALE – Tratamento Alecrim. 

 

Os valores de cor vermelha (a*) diminuíram significativamente ao final do 

armazenamento para todos os tratamentos. Valores aproximados para cor vermelha foram 

encontrados em nuggets de carne de jacaré (Paiva et al., 2021) e menores aos encontrados em 

hambúrguer de carne de cordeiro (Almeida et al., 2019).  

A cor amarela (b*) não diferiu para os tratamentos acerola e alecrim durante o 

armazenamento, os quais apresentaram valores semelhantes aos reportados por Paiva et al. 

(2021) em nuggets de carne de jacaré, e valores maiores que os encontrados em hambúrguer de 

carne de cordeiro (Almeida et al., 2019). 
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Neste estudo, de forma geral, o hambúrguer de carne de jacaré apresentou coloração 

acinzentada, provavelmente devido à característica natural das aparas de carne de jacaré por 

conterem pigmentação escura, apresentou menor intensidade de cor vermelha e maior 

intensidade de cor amarela. 

 

3.3. pH e TBARS 

Os valores de pH (Tabela 4) não apresentaram diferença para os tratamentos, os quais 

variaram de 5,82 a 5,97. Os valores de pH encontrados nesse estudo foram menores que os 

reportados por Paiva et al. (2021) em nuggets de carne de jacaré. 

Tabela 4. pH e Oxidação lipídica (TBARS) em hambúrguer de carne jacaré 

Tratamentos 0 dia 30 dias 60 dias 90 dias SEM Valor P 

pH             

CON 5,86 5,83 5,85AB 5,97 0,02 0,14ns 

ERI 5,86 5,95 5,94A 5,92 0,04 0,88ns 

ACE 5,83 5,82 5,86A 5,9 0,01 0,20ns 

ALE 5,82 5,92 5,87 5,86 0,02 0,15ns 

SEM 0,01 0,04 0,02 0,02     

Valor P 0,71ns 0,29ns 0,51ns 0,45ns     

              

TBARS   mg malonaldeído/kg de amostra    

CON 0,825bA 0,627cB 0,607cB 1,382aB 0,09 < 0,01 

ERI 0,827bA 0,661cB 0,550cB 1,019aC 0,05 < 0,01 

ACE 0,680dB 1,193cA 1,453bA 2,018aA 0,12 < 0,01 

ALE 0,188cC 0,422bC 0,459bC 1,002aC 0,08 < 0,01 

SEM 0,07 0,07 0,1 0,11     

Valor P  < 0,01 < 0,01 < 0,01 < 0,01     
a,b Valores médios na mesma linha não seguidos por uma letra comum diferem significativamente (P < 0,05)  

A,B Diferentes letras maiúsculas na mesma coluna representam uma diferença significativa entre os tratamentos (P 

< 0,05).  

SEM = Erro padrão da amostra; ns = Não significativo.  

CON - Tratamento Controle; ERI - Tratamento Eritorbato; ACE - Tratamento Acerola; ALE - Tratamento Alecrim. 
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A análise de oxidação lipídica mostrou diferença significativa (P < 0,05) entre os todos 

tratamentos e durante armazenamento, os valores de TBARS aumentaram ao final do 

armazenamento. O tratamento alecrim apresentou valores (0,188 a 1,002 MDA/kg de amostra) 

significativamente menores quando comparados aos demais tratamentos, mostrando eficácia na  

estabilidade oxidativa durante o armazenamento.  

Alguns autores relatam que o extrato de alecrim é eficaz para reduzir a oxidação lipídica 

em hambúrguer de frango (Gao et al., 2019), e em hambúrguer de carne suína pré-cozido 

armazenado por seis meses sob congelamento (Jiang et al., 2013).  

A eficácia do extrato de alecrim em inibição de oxidação lipídica em produtos cárneos é 

associada por sua composição contendo vários compostos como diterpenos, ácido fenólicos e 

flavonóis, e ácido carnósico (Park, Rho & Kim, 2019; Borrrás-Linares et al., 2014). Além disso, 

o extrato de alecrim possui propriedades antiinflamatória, antifúngica e atividade antimicrobiana 

(Ortuño, Serrano & Bañón, 2015; Hernández et al., 2009).  

A acerola embora conhecida por conter vitamina C (Caetano, Daiuto & Vieites, 2012), 

não apresentou efeito antioxidante neste estudo com hambúrguer de carne de jacaré. O tratamento 

acerola apresentou significativamente valores maiores de TBARS ao final do armazenamento 

quando comparado aos demais tratamentos. 

 

4. Conclusão 

A adição de extrato de alecrim em hambúrguer de carne de jacaré melhorou a estabilidade 

oxidativa. Os parâmetros de cor vermelha foram maiores para o tratamento ACE, porém o 

tratamento ACE não apresentou efeito antioxidante, sendo insuficiente para a estabilidade 

oxidativa durante o armazenamento. Ao contrário disso, o tratamento alecrim mostrou efeito 

antioxidante. Esses resultados são promissores, indicando melhora da qualidade com o efeito 
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antioxidante do extrato de alecrim em hambúrguer de carne de jacaré, e poderá ser usado em 

substituição ao antioxidante eritorbato de sódio.  

 

5. Referências  

Almeida, F. A., Silva Sobrinho, A. G., Endo, V., Columbeli, A. C., Lima, N. L. L., Zeola, N.  

M. B. L., & Cirne, L. G. A. (2019). Qualidade de hambúrgueres e linguiças feitos com 

carne de cordeiros alimentados com grãos de girasol e vitamina E. Boletim de Indústria 

Animal., 76, 1-8.  

 

AOAC (2007). Official methods of analysis of AOAC (Association of Official Analytical 

Chemists) international (18th ed.) Gaithersburg, MD: AOAC International. 

 

Augusto, P. E. D. (2018). Princípios de tecnologia de alimentos. Rio de Janeiro: Atheneu. 

 

Bellucci, E. R. B., Paulo E. S., Munekatab, P. E. S., Pateiro, M., Lorenzo, J. M., & Barretto, A.  

C. S. (2021). Red pitaya extract as natural antioxidant in pork patties with total 

replacement of animal fat. Meat Science, 171, 108284. 

 

Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipid extraction and purification.  

Canadian Journal of Biochemistry and Physiology, 37(8), 911-917. 

 

Borella, T. G., Peccin, M. M., Mazon, J. M., Roman, S. S., Cansian, R. L., & Soares, M. B. A.  

(2019). Effect of rosemary (Rosmarinus officinalis) antioxidante in industrial processing 

of frozen-mixed hamburguer during shelf life. Journal of Food Process and Preservation, 

43, 14092. 

 

Borrás-Linares, I., Stojanovic, Z., Quirantes-Piné, R., Arraez-Román, D., Svarc-Gajic, J.,  

Fernández-Gutiérrez, A., & Segura-Carretero, A. (2014). Rosmarinus officinalis leaves 

as a natural source of bioactive compounds. International Journal of Molecular Sciences, 

15(11), 20585–20606. 

 

Brasil. Ministério da Saúde. Agência Nacional de Vigilância Sanitária. (2000). Institui o  

Regulamento técnico de identidade e qualidade de hambúrguer. Instrução Normativa n° 

20, de 31 de julho de 2000. Diário Oficial da República Federativa do Brasil, Brasília, 

DF, 03 ago. 2000. Seção 1, p. 7-12.  

 

Canto, A. C. V. C. S., Costa-Lima, B. R. C., Suman, S. P., Monteiro, M. L. G., Marsico, E. T., 

Conte-Junior, C. A., & Silva, T. J. P. (2015). Fatty acid profile and bacteriological 

quality of caiman meat subjected to high hydrostatic pressure. Food Science and 

Technonology, 63, 872–877. 

 



 

  

 

108 

 

 

Caetano, P. K., Daiuto, E. R., Vieites, R. L. Característica físico-química e sensorial de geleia  

elaborada com polpa e suco de acerola. Journal Brazilian of Food Technology, 15(3): 

191-197. 

 

Fellows, P. J. (2019). Tecnologia do Processamento de Alimentos – Princípios e Prática. 4.ed.  

São Paulo: Artmed. 

 

Gao, Y.; Zhuang, H., Yeh, H. Y., Bowker, B., & Zhang, J. (2019). Effect of rosemary extract  

on microbial growth, pH, color, and lipid oxidation in cold plasma-processed ground 

chicken patties. Innovative Food Science and Emerging Technologies, 57, 102168.  

 

Hernández, H. E., Alquicira, P. E., Flores, J. M. E., & Legarreta, I. G. (2009). Antioxidant effect  

Rosemary (Rosmarinus officinalis L.) and orégano (Origanum vulgare L.) extracts on 

TBARS and colour of model raw pork batters. Meat Science, Amsterdam, 81(2), 410-

417.  

 

Jiang, J., Zhang, X., True, A. D., Zhou, L., & Xiong, Y. L. (2013). Inhibition of lipid oxidation  

and rancidity in precooked pork patties by radical-scavenging licorice (Glycyrrhiza 

glabra) extract. Journal of Food Science, 78(11), 1686–1694.  

 

Lorenzo, J. M., & Gómez, M. (2012). Shelf life of fresh foal meat under MAP, overwrap and  

vacuum packaging conditions. Meat Science, 92(4), 610–618. 

 

Oliveira, R. R., Lage, M. E., Silveira Neto, O. J., & Sales, M. C. (2012). Antioxidantes naturais  

em produtos cárneos. Pubvet, 6(10), 1324. 

 

Ortuño, J., Serrano, R., Bañón, S. (2015). Antioxidant and antimicrobial effects of dietary  

supplementation with rosemary diterpenes (carnosic acid and carnosol) vs vitamin E on 

lamb meat packed under protective atmosphere. Meat Science, 110, 62-69. 

 

Oswell, N. J., Thippareddi, H., & Pegg, R. B. Practical Use of Natural Antioxidants in Meat  

Products in the U.S.: A Review. Meat Science, v. 145, p. 469-479, 2018. 

 

Paiva, G. B., Trindade, M. A., Romero, J. T., & Silva-Barretto, A. C. (2021). Antioxidant effect  

of acerola fruit powder, rosemary and licorice extract in caiman meat nuggets containing 

mechanically separated caiman meat. Meat Science, 173, 108406. 

 

Park, J., Rho, S. J., & Kim, Y. R. (2019). Enhancing antioxidant and antimicrobial activity of  

carnosic acid in rosemary (Rosmarinus officinalis L.) extract by complexation with cyclic 

glucans. Food Chemistry, 299, 125119.  

 

Queiroz, Y. S., Daud, K. O., Soares, R. A. M., Sampaio, G. R., Capriles, V. D., & Torres, E. A. 

F. S. (2005). Desenvolvimento e avaliação das propriedades físico químicas de 

hambúrgueres com reduzidos teores de gordura e de colesterol. Revista Nacional da 

Carne, 338. 

 



 

  

 

109 

 

 

Romanelli, P. F., Caseri, R., & Lopes Filho, J. F. (2002). Processamento da carne do jacaré- 

do-Pantanal (Caiman crocodilus yavare). Ciência e Tecnologia de Alimentos, 22(1), 70–

75. 

 

Simoncini, M. S., Lábaque, M. C., Perlo, F., Fernandez, M. E., Leiva, P. M. L., Paez, A. R., 

Teira, G., Larriera, A., & Piña, C. I. (2020). Caiman latirostris meat characterization: 

Evaluation of the nutritional, physical and chemical properties of meat from sustainable 

ranching program in Argentina. Aquaculture, 515, 734570.  

 

Vicente Neto, J., Bressan, M. C., Faria, P. B., Vieira, J. O., Santana, M. T. A., & Kloste, M.  

(2006). Composição centesimal e colesterol da carne de jacaré-do-Pantanal (Caiman 

yacare Daudin 1802) oriundo de zoocriadouro e habitat natural. Ciência Agrotecnologia, 

30(4), 701–706. 

 

Vynche, W. (1970). Direct detemination of the thiobarbituric acid value in thricloracetic acid  

extracts of fish as a meansure of oxidative rancidity. Fette Sefein Anstrichmittel, 72(12), 

1084-1087.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

  

 

110 

 

 

CONCLUSÃO GERAL 

A cadeia produtiva de jacaré demonstra grande potencial para produção de carne e pele, 

as quais contribuem para o desenvolvimento econômico e social nas regiões pantaneiras dos 

Estados de Mato Grosso e Mato Grosso do Sul. 

 A carne mecanicamente separada (CMS) extraída da carcaça do jacaré representa o 

aproveitamento integral do abate de jacaré e apresenta potencial no desenvolvimento de produtos 

inovadores. A CMS de jacaré caracterizou-se com baixo teor de lipídio e alto teor de proteína, e 

boa estabilidade oxidativa durante 90 dias de armazenamento congelado. 

 A carne de jacaré quando submetida à salga úmida, quando houve aumento da 

temperatura no processo, aumentou a perda de água e o ganho de sal. A temperatura e o tempo 

empegados no processo de salga úmida de carne de jacaré podem ser indicativos para atingir uma 

umidade e concentração de sal específica no produto final, podendo contribuir para o 

desenvolvimento tecnológico da carne de jacaré.  

 A adição de extrato de alcaçuz em nuggets de carne de jacaré, e extrato de alecrim em 

hambúrguer de carne de jacaré, contribuíram para uma boa estabilidade oxidativa durante 

armazenamento em congelamento. O extrato de alcaçuz e extrato de alecrim são boas alternativas 

para incluirem como ingredientes naturais em produtos cárneos. 

 

 

 

 

 

 

 

 

 

 


