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Abstract 

Some conservation methods can add value to the product involved, especially those that 

involve meat derivatives. To take advantage of the raw materials available in the Amazon 

region, a semi-preserve using the meat of black caiman (Melanosuchus niger) was elaborated 

and evaluated for 90 days. The product was prepared using a curing brine of 4% acetic acid 

and 5% sodium chloride (NaCl), tail meat and back strap (sirloin), and was maintained at a 

controlled temperature of 5 °C for 30 d., with subsequent addition of flavoring brine (olive oil 

or Brazil nut oil), seasoning and soy lecithin for emulsification. The product was pasteurized 

at 70 °C/20 min and stored at 25 °C/90 d. The proximate composition, pH, acidity index, total 

volatile base nitrogen (TVBN), were determined. In the microbiological analysis for 

Salmonella sp., total coliforms and E. coli were within the standards required by current 

Brazilian legislation. The results of the physical-chemical analyses showed that the product 

had remained stable during the 90 d. of storage at room temperature (25 °C), and the pH 

values confirm that the immersion in acetic acid and sodium chloride in the proposed 

concentrations were enough to promote the reduction of pH and thus maintain the stability of 

the product.  
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1. Introduction 

Considering the global concern with environmental preservation, it is not acceptable to base 

the production chain of alligators on only one product, while discarding the other. It is 

necessary to make full use of the two products: meat and skin. After decades of exploitation 

solely for the hides, the meat of crocodilians is once again being legally exploited in Brazil 

(Figueiredo et al., 2015). Caiman meat is nutritionally rich and is part of the dietary habits of 

traditional societies (Isaac et al., 2015). In Brazil, crocodilians for human consumption are 

raised in two manners: (a) by farming (captivity) and (b) by ranching (wild harvesting) 
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(Dantas Filho et al., 2020). The wild animals are important food sources and can be exploited 

commercially by native populations in the Amazon region (Kluczkovski Junior et al., 2016). 

There is also an emerging market for exotic meats, and reptiles represent an alternative source 

of protein for human consumption. They are a healthy option and can be transformed into 

renewable sources of highly profitable products. Despite the availability of farmed animals, 

the consumption of meat from wild animals has increased and there is now a demand in 

foreign markets (Cawthorn & Hoffman, 2016). On the other hand, the supply of this product 

in its wild variety is low, and the production rates from ranching fluctuate. To reduce illegal 

hunting in susceptible areas, training and technology transfer programs must be implemented 

in traditional areas, since the trade in wildlife species contributes to the economic progress of 

the indigenous and rural populations of a country (Marioni et al., 2013). In view of the 

potential of the alligator production chain in the Amazon region, and the lack of strategies 

that seek better economic use, both for its conservation and better management, as well as for 

the elaboration of products and by-products, it is necessary to develop strategies to conserve 

and add value to this chain. The semi-preserve is one meat conservation method used in the 

production of various fish by-products in which thermal treatment is applied. Usually, the 

marinated process occurs in parallel to the maturation process. The maturation is a 

physicochemical event, and is carried out in the first step of the marination, which consists of 

several stages, and in which salt and acetic acid have a parallel effect on the fish meat 

(Dercioglu et al., 2019). The process of marinating fish by-products is used for fresh water 

and marine fish species and provides us with a product that has an extended shelf life and is a 

nutritional alternative (Szymczak, et al., 2019). This process has already been applied to 

commercial fish species from the Amazon region, such as pirarucu (Arapaima gigas) and 

tambaqui (Colossoma macropomum), and both are species with good meat yield and are 

suitable for use in several preservation processes, such as vacuum packing, salting, 

refrigerating or freezing (Coutinho et al., 2019; Carpio et al., 2018). In this kind of 

preservation technology, oils and other ingredients can be used (Mesias et al., 2015). In 

marinated anchovy (Engraulis encrasicolus) fillets, for example, olive leaf extract (Olea 

europaea) improves their shelf life without modifying the organoleptic characteristics of the 

product (Testa et al., 2019). In this sense, extracts or oils from the Amazon could also be 

applied. Brazil nut oil, for example, has great nutritional and technological potential, mainly 

due to the quantity of lipids, and its fatty acid profile consists mainly of unsaturated fatty 

acids, oleic and linoleic acid (Zanqui et al., 2020). It stands out for being one of the food 

products with great industrial interest, since many companies seek more profitable and 

economical isolation and/or extraction of lipids, and future commercial applications that can 

lead to a good cost-benefit ratio and great development in the experimental field. Given this 

scenario, the objective of the study was to produce a semi-preserve from Amazonian alligator 

meat with Brazil nut oil and subsequently evaluate the product’s shelf life.  

2. Materials and Methods 

2.1 Preparation of the Product 

For the preparation of the marinade, data collection was carried out with various sources of 

information regarding ingredients, such as % of acids, % of NaCl. The amount of meat in the 
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two formulations were calculated, and the variable between the recipes was the type of oil 

used: (a) Brazil nut oil and (b) olive oil. 

2.2 Raw Materials 

We used commercial alligator back strap (sirloin) and tail meat purchased from the RESEX 

Lago do Cuniã, Rondônia State, Brazil. The pieces were thawed at a temperature of 2-10 °C, 

and then cut to a size of 7 x 2 cm and separated into the following quantities: 3.230 Kg of 

back strap and 5.065 Kg of tail meat.  

2.2.1 Preparation of the Curing Brine 

A ratio of 4% acetic acid (4% p.a.) + deionized water + NaCl at 5% was used. The 

ingredients were measured and mixed to create the curing brine and maintained at a 

temperature of 5 °C for a period of 30 d., and the pH was measured daily.  

2.2.2 Preparation of Flavoring Solution 

After the curing period, the brine content was drained, the cuts were dried with paper towels 

and the flavoring solution was added. In this phase, solutions of 2 L were made and contained 

the proportions as described in Table 1. 

Table 1. Proportions of flavoring solution (proportion for each brine of 2 liters) 

Ingredient Concentration (%) Quantity 

Soy lecithin (mL) 1 20 

Oil (Brazil nut or olive oil) mL 5 100 

Acid solution (mL) 4 235 

NaCl (g) 5 80 

Black pepper (g) 1 20 

Cumin/Coriander 1 (g) 1 20 

Garlic 1 (g) 0.8 16 

Onion1 (g) 1 20 

1 Powdered 

2.2.3 Packaging And Pasteurization 

Approximately 120 g of meat and flavoring solution were added to each glass jar. The jars 

were closed manually and placed in a water bath for 20 min/70 oC. The cuts, with their 
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respective oils, were identified with the following acronyms: TMB (tail meat/Brazil nut); 

TMO (tail meat/olive oil), BSB (back strap/Brazil nut) and BSO (back strap/olive oil). After 

cooling, the jars were stored in cardboard boxes and maintained at room temperature for a 

period of 90 d., after which, analyses were carried out to check the quality of the product. The 

production was carried out in triplicate and the flowchart can be seen in Figure 1. 

 

Figure 1. Flowchart of the production of the semi-preserve 

2.4 Assays 

2.4.1 Proximate Composition 

the products were analyzed according AOAC (2016). Protein analysis was carried out using 

the Kjeldahl method and crude fat content was determined using the Soxhlet extraction 

method, Ash determination was done in an oven at 550 °C and the carbohydrate content was 

analyzed using the difference method. The moisture content (mc) was determined by means 

of an electronic balance (SHIMADZU, MOC-120H®, Kyoto, Japan), and adjusted using an 

infrared dryer by drying about 1g of the sample at a temperature of 105°C, until loss of 
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moisture. All analyses were performed in duplicate and the results were expressed as mean 

and standard deviation (SD). 

2.4.2 Physical-Chemical Analysis 

(a) pH was determined by pH meter readings; (b) titratable acidity was determined using the 

AOAC method (2016). The products were crushed using mortar and pestle to obtain a slurry, 

of which about 2.5 g was weighed out into a 100 ml beaker and 50 ml of distilled water was 

added. The sample was then titrated with 0.1 N NaOH in the presence of a phenolphthalein 

indicator until the endpoint was reached, which was indicated by a change to the colour pink. 

The volume (ml) of NaOH used was recorded and used in determining titratable acidity using 

the formula:  

% acid = (ml of NaOH used) x (0.1 N NaOH) x (milliequivalent factor) x (100)/grams of 

sample 

(c) Total volatile base nitrogen - TVBN as described by Wootlon, & Chuah (1981) and 10g of 

sample was homogenized with trichloroacetic acid - TCA (7.5%) for extraction. The extract 

was filtered with 7.5% TCA using filter paper, completing the volume to 25ml. The filtrate 

was distilled using an aliquot of 10ml of sample in 5ml of saturated boric acid, and then 

titrated to determine the TVBN content. 

2.4.3 Microbiology 

Salmonella sp., total coliforms and Escherichia coli were analyzed according to APHA 

(2015).  

2.5 Statistical Analysis 

The data obtained were analyzed using the statistical software SISVAR version 4.0 (Ferreira, 

2000), with a significance level of 5%, and when a significant difference was presented, the 

Tukey test was applied. 

3. Results and Discussion 

3.1 Proximate Composition 

The results for the proximate composition of BSB, BSO, TMB and TMO (as described in 

Table 2) showed similar values, which we considered normal since they were prepared with 

the same proportions of ingredients.  
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Table 2. Proximate composition of semi-preserve of Amazonian caiman meat 

Results (g%) 

Samples1 Protein  Lipids  Ash  Mc 

BSB 20.79±0.1 12.7±0.1 0.98±0.1 65.53±0.2 

BSO 20.71±0.2 12.9 ±0.1 0.87±0.1 65.52±0.2 

TMB 21.87±0.1 10.11±0.1 0.89±0.2 67.13±0.2 

TMO 20.65±0.1 10.47±0.1 1.04±0.2 67.84±0.1 

1 TMB (tail meat/Brazil nut); TMO (tail meat/olive oil), BSB (back strap/Brazil nut) and BSO 

(back strap/olive oil). 

The mc of the canned black caiman did not show any variations and the four samples were 

between 65.53 and 67.84 %. This is in accordance with Azevedo et al. (2009), who evaluated 

samples of different cuts of meat from canned Caiman latirostris and found mc average of 

76%, thus demonstrating that there is no significant variation in relation to the specific cuts 

used in the semi-preserve. However, these authors also cite that the protein and ash contents 

were 12.4% and 1.8%, respectively, which is different from those presented in the table above. 

According to Vicente Neto et al. (2006), the values for proteins and ash can differ according 

to the species, which is justified by the results presented in our semi-preserve. 

Lipids showed no variations between the formulations for BSB, BSO, TMB and TMO. 

Espírito Santo et al. (2007) using chilled and previously frozen tilapia fillets (Oreochromis 

niloticus) in the preparation of the semi-preserve, obtained results without great variations in 

their two formulations, with the mean values of proteins between 12.8-14.2%; ash 2.9-1.1%; 

lipids 1.4-1.0% and mc 83.6-81.2%, respectively. According to Espírito Santo et al. (2007), 

tilapia is considered a fatty fish with 10% higher lipids; semi-fat fish have a lipid content 

between 2.5% and 10%, and lean fish have values below 2.5%. Azevedo et al. (2009) 

obtained the highest percentage of lipids in their semi-preserve made with soybean oil, which 

may be due to the use of oil that is basically composed of lipids and, in the formulation with 

only the use of seasoning, the lipid content was 1.4%; close to the mean values of 1.4% found 

by Espírito Santo et al. (2007). Considering the results of the authors mentioned above, lipid 

values might be elevated due to the presence of oils in their formulations.  

3.2 Ph And TVBN - Total Volatile Base Nitrogen 

Concerning pH, at the beginning of the tests the level was 6.28 and, during storage, a 

considerable decrease of this value was observed. According to table 3, the lowest final pH 

value (3.33) was in the BSO sample, and all the products therefore attained the desired values 

as required by current Brazilian legislation, which defines a pH of <4.6. (Brasil, 2003) for 
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commercially sterile low-acidity foods (canned foods). The titratable acidity of the samples 

suffered practically no alteration during the stabilizing process, thus ensuring microbiological 

stability. The pH value can influence amino decarboxylase activity, which is stronger in an 

acidic environment, with an optimum pH between 4.0-5.5. Bilgin and Gençcelep, (2015) 

report that marinated anchovy samples exhibit lower pH values than other fish product 

samples because of the use of organic acids.  

Table 3. pH values during 90 days of storage 

Samples 

Cuts1 

TMB TMO BSO BSB 

Meat 3.57±0.1a1 3.50±0.1 a1 3.33±0.2a1 3.45±0.1 a1 

Brine 4.6± 0.2a2 4.9±0.1 a2 4.61±0.1 a2 4.78±0.1 a2 

1TMB (tail meat/Brazil nut); TMO (tail meat/olive oil), BSB (back strap/Brazil nut) and BSO 

(back strap/olive oil); Column followed by samme letter do not differ.  

At the end of the 90 d. of product evaluation, the TVBN values showed no difference 

between the two formulations. The values in Table 2 were below the maximum limit of 30.0 

mg TVBN/100g, established by Brazilian legislation for fish and derivatives (Brasil, 2001). 

In our study, the highest mean level was from the TMO sample which presented 15.04 ± 0.27 

mg TVBN/100 g after 90d. Similarly, Santos et al. (2018) evaluated frozen pirarucu fillets 

(untreated and without ingredients) and reported a level of 17.55 ± 0.27 mg TVBN/100 g. 

Comparing the results with the data from Topuz (2014), the stability of the alligator product 

was superior to that of the marinated anchovies tested in the aforementioned study. This may 

have occurred due to the use of pasteurization at 70 ºC/20 min. It is also noteworthy that the 

storage was at room temperature and not at a controlled temperature of 4 ºC, as used by 

Topuz (2014). The authors used two different flavoring solutions in their anchovy 

semi-preserve: one containing sunflower oil and the other a pomegranate sauce. During the 

stability evaluation (100 d.), the TVBN values showed great difference between the two 

formulations in the first stages of storage, with a maximum level of 35 mg TVBN/100g. The 

use of TVBN as an indicator of alterations in the fish, such as the products of nitrogenous 

materials, is widely used as a quality index in the evaluation of a variety of products (Zhao et 

al., 2019). According to Al-Reza et al. (2015) the presence of TVBN in the fish can be 

explained by two different pathways: (1) As a result of bacterial catalysis through the 

breakdown of trimethylamine oxide (TMAO) during the storage and (2) from thermal 

breakdown of proteins, amino acids and other nitrogenous compounds during the heat 

processing steps. The TVBN content quantifies a wide range of basic volatile compounds, 

such as NH3, and the results found in our analysis are expressed in Table 4. 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
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Table 4. TVBN (mg) in semi-preserved black caiman meat analyzed for 90 d 

Meat1  
TVBN2 (days) Average 

15 30 45 60 75 90  

BSO 7.55±0.1  
12.39±0.

2 

10.83± 

0.1 

17.52 

±0.2 

8.59± 

0.2 
18.31± 0.5 11.86  

BSB 
11.00 

±0.2 

15.33 

±0.2 

15.00± 

0.1 

16.00 

±0.5 
4.0 ±0.1 9.33± 0.4 12.52  

TMB 8.59± 0.1 
15.32±0.

5 

19.12± 

0.5 

20.35± 

0.5 
9.70±0.5 17.18±0.5 14.82 

TMO 
12.65± 

0.1 

12.35± 

0.2 

26.35± 

0.2 

14.32± 

0.1 

12.47±0.

2  
10.53± 0.2 15.04  

1TMB (tail meat/Brazil nut); TMO (tail meat/olive oil), BSB (back strap/Brazil nut) and BSO 

(back strap/olive oil); 2 Expressed in mg. 

3.3 Microbiological Assays 

As for the microbiological parameters evaluated, all samples met current legislation (Brasil, 

2001) for Salmonella sp., total coliforms, and E. coli. The results suggest process efficiency, 

which resulted in product safety over a period of 90 days when stored at 25 ºC. These results 

are similar to those found by Espírito Santo et al. (2007), who produced semi-preserved 

tilapia fillets. Edris et al. (2017) evaluated smoked fish (herring and salmon) and semi cooked 

fish (fish fingers and breaded shrimp), and the no incidence of Salmonella sp., Listeria 

monocytogenes and Vibrio parahaemolyticus were isolated in the examined samples. Kato et 

al. (2016) evaluated the binomial time/temperature in tambaqui sous vide. The product was 

prepared containing soy sauce, water, horseradish and garlic flakes and the values of total 

coliforms found in the samples analyzed were below the critical level of 10² CFU/g, which is 

in conformity with Brazilian legislation. Turan et al. (2017) concluded that marination of 

anchovies with 0.1% laurel oil can retard lipid oxidation and improve the sensory attributes 

of the product during refrigerated storage. Oils and extracts can act as antibacterial, 

antifungal, and promising antioxidant properties, since various chemical components are 

contained in different parts of the plant from which they are obtained. This therefore plays an 

important role in maintaining the shelf life of food by preventing its deterioration. During the 

preparation of the semi-preserve, the percentage of Brazil nut oil and extra virgin olive oil 

used may have affected the emulsification, thus helping in the microbiological stability. 

Kocatepe (2019) used four types of essential oils in marinated fish. This was done after the 

marinating process when the fish fillets were then stored in sunflower oil. The authors 

concluded that adding different essential oils to cold anchovy marinade prolongs the shelf life. 

Essential oils are safe for use in marinated anchovies and the product is deemed to be fit for 

human consumption for a period of 6 months. 
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4. Conclusion 

The production of a semi-preserve using black caiman meat proved to be viable, since it 

permits better utilization of the meat. In addition, the alligator semi-preserve proved its 

stability and thus its safety, since the parameters analyzed over 90 d. were in accordance with 

the safety limits. The Brazil nut oil and olive oil were efficient, and the shelf life of these 

products was not affected. However, in order to confirm their effectiveness, other analyses 

should have been carried out, such as those for fungi, and color and biogenic amines. 
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