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Abstract 
The objective of this study was to evaluate the effect of the inclusion of chia flour (Salvia 

hispanica L.) as a substitute for pork fat in formulations of fishburgers made with Nile tilapia 
(Oreochromis niloticus). Five formulations, one control (without the inclusion of the flour) and four with 
increasing levels of substitution (12.50, 25.00, 37.50, and 50.00 %), were investigated. The inclusion of 
chia flour provided an improvement in the nutritional profile of fishburgers, with increases observed in 
the percentages of protein, fibre, and ash, in addition to a reduction in the lipid content and caloric value. 
In addition to modifying the texture profile, the substitution of dirty fat interfered with the colour of the 
studied samples, promoting a reduction in luminosity (L*) with increased flour inclusion. There was an 
improvement in the yield of formulations with higher percentages of chia flour. The lowest reduction in 
diameter and thickness of the burgers after cooking was observed with more flour. The partial 
substitution of swine fat with chia flour is a viable alternative to obtain healthier tilapia fishburgers with 
higher yield. 
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Introduction  
Meat is one of the most important foods in the human diet due to its high-quality protein, minerals, 

and vitamins (Paschoal et al., 2019). According to data published by the Food and Agriculture 
Organization of the United Nations on the State of Fisheries and Aquaculture in the World (SOFIA), the 
world's fish production reached approximately 179 million tons in 2018, with revenues of ~US$ 401 
billion. Of the total production, ~156 million tons were destined for human consumption, representing 
an annual per capita consumption of 20.5 kg/inhabitant (FAO, 2020). In 2019, Brazilian production 
reached 758,006 tons of cultivated fish, an increase of 4.9% over the previous year (Peixe, 2020). 
Predominantly cultivated species globally include carp (grass and silver), followed by Nile tilapia 
(Oreochromis niloticus), which represented 8.3% of the total fish produced by aquaculture in the year 
2018 (FAO, 2020). In Brazil, tilapia is currently the most cultivated fish species, representing 57% of 
the total production of farmed fish, which keeps the country in the fourth position in the world ranking, 
behind the great countries already established in the field, such as China, Indonesia, and Egypt (Peixe, 
2020). According to data published by Peixe (2020), the annual Brazilian per capita consumption is 
~10.0 kg/inhabitant/year, whereas that recommended by FAO is 12.0 kg/inhabitant/year (FAO, 2020). 
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Nile tilapia is white, has a mild flavour, and low percentage of fat, in addition to the absence of 
Y-shaped spines. It is considered a versatile feedstock and has substantial potential for processing and 
industrialization. Therefore, Nile tilapia can be used for the development of new fish-based products, 
facilitating chain diversification for items that are easy to prepare, such as fishburgers, nuggets, 
dumplings, and sausages (Ogawa & Maia, 1999; Fogaça et al., 2015; Milanez et al., 2019). 

Hamburgers are among the most consumed industrialized meat products in the world (Novello & 
Pollonio, 2012; De Oliveira et al., 2014) and formulations using tilapia meat as raw material for this 
product have been studied by several researchers (Bainy et al., 2015; Messias et al., 2016; Mitterer-
Daltoé et al., 2017; Muzzolon et al., 2018; Mattje et al., 2019). However, most products have high 
percentages of saturated fat, which is intentionally added to improve sensory and technological 
attributes, such as flavour, aroma, and texture (De Oliveira et al., 2013; De Oliveira et al., 2014). The 
direct consequence of consuming large amounts of saturated fats is an increase in chronic diseases, 
such as hypertension, obesity, and dyslipidaemia (De Oliveira et al., 2013; Souza et al., 2014). Hence, 
developing hamburgers with a reduced saturated fat content, using ingredients, especially those of 
vegetable origin, can be an alternative to traditionally-used formulations, providing foods with better 
nutritional value (De Oliveira et al., 2014; Souza et al., 2014). 

Due to its nutritional value and chemical composition, chia has been considered a new functional 
ingredient (Reyes-Caudillo et al., 2008) and its incorporation in food formulations can improve not only 
the nutritional value but also make the product healthier and more attractive (Souza et al., 2014; Mesías 
et al., 2016). Chia by-products have been tested as potential ingredients for fat replacement in several 
food formulations and the results indicate that these ingredients have great potential for use in various 
food matrices. For example, chia can be used in the development of meat-based products, without 
adversely affecting the final properties of the product and making them healthier (Souza et al., 2014; 
Herrero et al., 2017; Pintado et al., 2018; Rampe et al., 2022). 

The present study therefore aimed to evaluate different levels of stabilized chia flour, in 
replacement of pork fat, on the technological, nutritional, and microbiological characteristics of tilapia 
fishburgers. 
 

Materials and Methods 
The experimental procedures for the fishburger formulations and the physico-chemical and 

microbiological analyses were carried out in the laboratories of the Federal Institute of Espírito Santo–
Ifes, Campus of Alegre-ES, Brazil. Colour, water activity, and texture analyses were performed in the 
laboratories of the Federal University of Espírito Santo (CCA-UFES), in Alegre-ES. 

The raw materials used to prepare the fishburgers were: Nile tilapia fillet, pork fat, stabilized chia 
flour, salt, antioxidant, preservative, garlic powder, and sugar. Tilapia fillets and chia flour were 
purchased from local businesses in the city of Alegre-ES. The other ingredients were supplied by the 
Agroindustry Section of the Federal Institute of Espírito Santo, Campus of Alegre-ES. 

Five formulations of tilapia fishburgers were prepared, with a control formulation consisting 
exclusively of tilapia meat, pork fat, and additives and four formulations (T1–T4) with partial replacement 
of pork fat by chia flour (12.50, 25.00, 37.50, and 50.00%) (Table 1). 

In order to make treatments T1, T2, T3 and T4, the chia flour was hydrated with water at room 
temperature (20–25 °C) and then the meat and other ingredients were added, one by one, in the 
proportions shown in Table 1. In all formulations, the ingredients were manually homogenized for ~10 
min and then moulded into manual hamburger moulds of 12.5-cm diameter. The hamburgers were 
prepared as proposed by Novello & Pollonio (2012) with some modifications. 

Samples of fishburgers were analysed in triplicate to determine moisture content, ash, protein, 
lipid, and dietary fibre according to the official methodology of AOAC (2019). 

 
The moisture content was evaluated using the gravimetric method by drying in an oven at 105 

°C until constant weight. The mineral matter was determined using the gravimetric method after the 
incineration of the organic matter in a muffle furnace at 550 °C. The protein analysis was performed 
using the conventional Kjeldahl method, and the fat content was measured using direct Soxhlet 
extraction. The dietary fibre content was established using the gravimetric method after acid digestion, 
and the non-nitrogen extract was determined by difference. The total energy value was estimated 
considering the Atwater conversion factors of 142 kcal/g of protein, 4 kcal/g of carbohydrate, and 9 
kcal/g of lipid, according to Watt & Merril (1963). 
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Table 1 Ingredients for the tilapia fishburger formulations with the 

replacement of pork fat by chia flour 

 ------------------Treatment--------------------- 

Control T1 T2 T3 T4 

Ingredients      

Fish meat1 70.96 70.96 70.96 70.96 70.96 

Pork fat2 17.74 15.52 13.30 11.09 8.87 

Chia flour3 0.00 2.22 4.44 6.65 8.87 

Water4 8.50 8.50 8.50 8.50 8.50 

Salt5 2.00 2.00 2.00 2.00 2.00 

Antioxidant6 0.30 0.30 0.30 0.30 0.30 

Preservative7 0.30 0.30 0.30 0.30 0.30 

Sugar8 0.10 0.10 0.10 0.10 0.10 

Garlic powder9 0.10 0.10 0.10 0.10 0.10 

Total 100 100 100 100 100 
1Skinless tilapia fillet; 2Bacon without meat and without skin; 3Stabilized 

(Jasmine); 4Mineral (Crystal); 5Globo brand sodium chloride; 6Antioxidant 

INS 316 (Ibracor LF from Ibrac); 7Preservative INS 250 (Ibrac LF 600 Cure); 
8Paineiras brand; 9Adicel brand  

 
Colour analysis was performed with the aid of a Model MiniScan EZ-HunterLab colourimeter, 

using D65 illuminant and an observation angle of 10° using the CIELab system. The results were 
expressed using angular coordinates: L* = luminosity (0 = black and 100 = white), a* (-80 to zero = 
green, from zero to +100 = red), and b* (-100 to zero = blue, from zero to +70 = yellow). From each 
treatment, four fishburgers were analysed, such that three samples were removed from each fishburger, 
and each sample was evaluated three times in the equipment, totalling 36 replicates. 

The pH was measured in a potentiometer (Schott Handylab) using 5 g of each fishburger sample 
homogenized in 50 mL of distilled water for 5 min (Schott Handylab). Water activity (Aw) was 
determined by directly reading the samples at 25 °C using an Aw meter (Aqualab TE, Ecagon Devices, 
Pullman, WA). 

The Instrumental Texture Profile (TPA) was performed with the Brookfield texturometer 
connected to a computer equipped with TexturePro CT V1.4 Build 17® software. Three samples 
measuring 30 × 30 × 10 mm were taken from four fishburgers, totalling 12 replicates. The test was 
performed using a cylindrical acrylic probe with a diameter of 38.1 mm, 50% sample compression, test 
speed of 1 mm/s, and 5 s between the two compressions. The parameters, hardness, cohesiveness, 
elasticity, gumminess, and chewiness were obtained (Szcesniak, 2002). 

The fishburgers were grilled while still frozen on an electric grill at 200 °C. An average time of 8 
min for cooking the fishburgers was standardized, with them being turned every 2 min to ensure the 
temperature in the centre of the product reached 75 °C (Arisseto & Pollonio, 2005). The yield of the 
fishburgers was calculated as the difference between the weight of the raw and grilled whole 
hamburger; the reduction in diameter and thickness of the raw and grilled fishburgers was also analysed 
(Bainy et al., 2015). 

The microbiological analyses of the samples were carried out according to the official methods 
adopted by the Ministry of Agriculture and Supply and carried out as proposed by Silva et al. (2007). 
The results were compared with the standards stipulated by RDC n°12 (Brazil, 2001) for thermotolerant 
coliforms at 45 ºC, Staphylococcus coagulase-positive, and Salmonella sp. 

The experimental design was completely randomized (CRD) with five treatments and four 
repetitions (Control, T1, T2, T3 and T4). The results of the physico-chemical, instrumental, and cooking 
parameters of the fishburgers were subjected to analysis of variance (ANOVA) and the means were 
compared using the Scott–Knott test at 5% probability using statistical software (SAEG Version 9.1; 
SAEG, 2007). All analyses were performed in triplicate. 

 
Results and Discussion 
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Table 2 shows the moisture, ash, lipid, protein, fibre, non-nitrogen extract, and the energy value 
of the five experimental formulations of fishburgers made with tilapia meat. 

 
Table 2 Physico-chemical composition of the formulations of tilapia fishburgers with replacement of pork 

fat by chia flour 

Moisture (%) 65.32 ± 0.62c 65.48 ± 0.51c 65.67 ± 0.47c 66.26 ± 0.56b 67.03 ± 0.5to 

Ash (%) 2.76 ± 0.07c 2.86 ± 0.07b 2.96 ± 0.07 3.08 ± 0.08to 3.16 ± 0.09to 

Lipid (%) 15.81 ± 0.51to 15.39 ± 0.35to 14.17 ± 0.33b 12.35 ± 0.81c 11.05 ± 0.55d 

Protein (%) 13.11 ± 0.45d 13.93 ± 0.41 14.19 ± 0.33 b  14.50 ± 0.22b 15.14 ± 0.53a  

Fibre (%) 0.09 ± 0.01e 0.79 ± 0.05d 1.46 ± 0.05c 2.25 ± 0.03b  2.61 ± 0.05a 

ENN1 (%) 2.89 ± 0.60a  1.54 ± 0.36b 1.56 ± 0.40b 1.04 ± 0.49c 1.01 ± 0.64c 

VC2 (kcal) 206, 33 ± 4.35a 200.41 ± 2.50b 190.54 ± 2.74c  177.83 ± 3.15d 184.05 ± 3.84e 

1Non-nitrogen extract; 2Caloric value 

Values are means ± standard deviation of analyses performed in triplicate; equal letters on the same line do not differ 

statistically from each other using the Scott–Knott Test (P >0.05) 

 

The studied samples had an average content of 65.95% moisture, 2.96% ash, 13.75% lipid, 

14.17% protein, 1.44% dietary fibre, and 1.61% carbohydrate. The values were higher than those 

described by Bainy et al. (2015) for lipids (5.21%) and similar to the content of protein (13.98%) and 

minerals (2.17%) reported by the same authors in samples of raw tilapia hamburgers. There was an 

effect (P <0.05) in all tested parameters, proving that the replacement of pork fat by chia flour directly 

affected the nutritional and caloric value of the analysed formulations. 

The incorporation of chia flour promoted an increase (P <0.05) in the contents of ash, protein, 

and dietary fibre. The increase in fibre reached 96% in T4, with a 13% increase in the protein value and 

>12% in the mineral composition over the control treatment. According to Capitani et al. (2013), chia 

flour is considered a food with excellent nutritional composition, since chia is a rich source of fibre (27.6 

± 0.1 g.100 g-1) and high biological value proteins (29.3 ± 0.4 g.100 g-1). The increase in the percentage 

of fibre is particularly interesting in hamburger formulations; despite being considered easy-to-prepare 

and widely-consumed, hamburgers generally have a low fibre content. 

An improvement in nutritional value was also observed in a study conducted by Souza et al. 

(2014) in beef hamburgers with the inclusion of partially-defatted chia flour. In that study, the authors 

described an increase in the percentage of protein; ash; and omega-3 polyunsaturated fatty acids, 

especially alpha-linolenic acid. The authors concluded that the addition of chia by-products was an 

alternative to obtain nutritionally-balanced food. The increase in fibre content was also observed in a 

study by Rampe et al. (2022) in tilapia fishburgers with chia gel. 

The results of the present research are also corroborated by Costantini et al. (2014), who 
investigated the enrichment of breads with the inclusion of chia flour; a consistent improvement in the 
nutritional content of the formulations (increase in protein, fibre, ash, and omega-3 fatty acids) was 
observed. Similarly, Sandri et al. (2017) reported increased contents of ash, lipid, protein, and dietary 
fibre in bread formulations enriched with 5% and 14% chia flour in comparison with gluten-free white 
bread. 

Although chia flour is considered an excellent source of lipids, with more than 30% of its total 
composition as lipid (Muñoz et al., 2012), in the present study, the inclusion of this ingredient was 
responsible for promoting a reduction (P <0.05) in the lipid content in the fishburgers. Brazilian 
legislation determines that, to be considered “low fat” or “light”, a product/food must present a 25% 
reduction in lipids compared to the traditional formulation (Brazil, 2012). Table 2 shows that the 
treatment with 50% replacement of pork fat by flour (T4) conforms to this specification. 

 Besides the lipid reduction, there was a ~10% decrease (P <0.05) in the caloric value of the 
formulations by incorporating 50% chia flour. Such results are satisfactory and demonstrate the ability 
of chia and its by-products to make food formulations healthier by promoting the reduction of both the 
lipid fraction and the caloric value, thus being attractive to consumers who seek low-calorie and low-fat 
food in meat products (Herrero et al., 2017). The results corroborate the findings of Souza et al. (2014) 
in hamburger formulations, who described a reduction in the caloric value of the formulations when 
partially replacing the mixture of beef and pork fat with partially-defatted chia flour. 
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The highest moisture values were observed in treatments T3 (37.5% replacement) and T4 (50% 

replacement), differing between themselves and among the other treatments (P <0.05). The present 
results corroborate the findings of Costantini et al. (2014), who observed an increase in moisture in 
bread formulations with added chia flour. The observed difference reflects the capacity of chia flour to 
retain moisture in the meat product, since chia has high-water retention capacity and is able to absorb 
more than 27 times its weight in water, resulting in the formation of a gel due to the presence of soluble 
fibre in its composition (Muñoz et al., 2012). 

The inclusion of chia flour promoted a reduction (P <0.05) in the carbohydrate content of the 
tested samples. These findings concur with those of Fernandes & Salas-Mellado (2017) in bread 
formulations and Pereira et al. (2013) when making gluten-free potato breads enriched with chia flour. 
The chia flour, being rich in fibre, protein, minerals, and fat, can be used in food formulations to increase 
the nutritional value (Oliveira et al., 2015). 

 
Values for the colour analysis of the five experimental samples of fishburgers are listed in Table 

3. There were differences in light (L*) and yellow intensity (b*) in raw and cooked products, whereas 
the intensity of red (a*) was different only in grilled products (P <0.05). 

 
Table 3 Means and standard deviations of the colour of the raw and grilled fishburgers 

prepared with different levels of replacement of pork fat by chia flour 

Colour ----------------------------------------------Formulation---------------------- 

Control T1 T2 T3 T4 

Raw Fishburger 

L* 66.23 ± 1.31a 58.98 ± 1.22b 55.02 ± 0.84c 52.09 ± 1.07d 51.55 ± 0.77d 

a* 1.55 ± 0.25a 1.62 ± 0.15a  1.66 ± 0.23a 1.68 ± 0.24a 1.72 ± 0.18a  

b* 10.30 ± 0.49a 7.98 ± 0.48b 7.14 ± 0.43c 6.76 ± 0.45c  6.75 ± 0.40c 

Grilled Fishburger 

L* 61.21 ± 2.08a 55.53 ± 2.26b  52.66 ± 2.25c 52.34 ± 2.28c 51.89 ± 1.68c 

a* 6.29 ± 0.57a 4.61 ± 0.56b 4.48 ± 0.70b 3.81 ± 0.44c  3.66 ± 0.67c 

b* 14.11 ± 0.62a 11.33 ± 0.48b 10.37 ± 0.56c 8.89 ± 0.69d 8.52 ± 0.75d 

Values are means ± standard deviation of analyses performed in triplicate; equal letters on the 

same line do not differ statistically from each other using the Scott–Knott test (P >0.05) 

 
The incorporation of chia flour was responsible for promoting a reduction (P <0.05) in the 

chromaticity of a* and b* coordinates of the samples submitted to thermal processing within the same 
colour spectrum, i.e., red (a* +) and yellow (b* +). The luminosity of the fishburgers decreased as the 
pork fat was replaced by the chia flour. This was an expected outcome, since chia flour is darker in 
colour than pork fat. Such results corroborate the findings of Fernandes & Salas-Mellado (2017) and 
Costantini et al. (2014) for the crumb and crust of breads made with chia flour instead of wheat and 
Rampe et al. (2022) for fishburgers made with chia gel. The luminosity observed in samples in the 
control group was 66.23 in the raw and 61.21 in the grilled samples. The results corroborate those 
described by Bainy et al. (2015), with values of 69.13 and 63.89 for raw and grilled tilapia burgers, 
respectively.  

Thermal processing changed the colour of the tilapia fishburgers, making them slightly darker 
than the raw products. This is more evident when the comparison is made with the samples with lower 
percentages of chia flour inclusion (T1 and T2). 

The difference observed for the L* parameter became less relevant in samples with 37.5% of 
pork fat replacement, given that, from this level onwards, the browning effect caused by the presence 
of flour is similar to that resulting from the production of melanoidins produced during Maillard reactions, 
which is responsible for the golden appearance observed on the surface of roasted meat products 
(Shibao & Bastos, 2011; Bainy et al., 2015). 

The water activity (Aw) was not influenced by the inclusion of chia flour (P >0.05). Note, however, 
that the values observed in all formulations were greater than 0.98, indicating high availability of free 
water. The high free water content can compromise the shelf life of formulations and influence not only 
safety, but also stability, since there is a greater propensity for microbial growth, as well as for the 
occurrence of deteriorative reactions, thus indicating greater susceptibility of the evaluated product 
(Welti & Vergara, 1997; Rita et al., 2012). 
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Samples of fishburgers had pH values close to neutrality of 6.50–6.8 that were influenced by the 
inclusion of chia flour (P <0.05). Combined with the high Aw observed in the present study, a pH close 
to neutral is considered conducive to the development of microorganisms. However, the pH value 
obtained in all formulations was in accordance with that recommended by Brazilian legislation, which 
requires a pH value <7.0 for fish meats considered suitable for consumption (Brazil, 2017). The results 
are similar to those described by Bainy et al. (2015), Muzzolon et al. (2018), and Zitroski et al. (2019) 
for Aw and pH of raw tilapia fishburgers. 

The presence of chia flour in the formulations of fishburgers influenced the texture profile, 
promoting an increase in hardness, elasticity, and chewiness parameters and a reduction in the 
cohesiveness and gummyness of the evaluated samples ((P <0.05; Table 4). The results indicate that 
the presence of chia flour and the consequent increase in the fibrous fraction, in addition to reducing 
tenderness, made the samples of tilapia fishburgers more elastic and with a greater demand for energy 
needed for the chewing process. 
 
Table 4 Means and standard deviations of physico-chemical variables and cooking parameters of 

fishburgers with different levels of replacement of pork fat by chia flour 

Parameter ----------------------------------------------Formulation---------------------- 

Control T1 T2 T3 T4 

pH 6.50 ± 0.10c 6.70 ± 0.00b 6.77 ± 0.04a 6.81 ± 0.03a 6.71 ± 0.03b 

AW 0.98 ± 0.01a 0.09 ± 0.01a 0.98 ± 0.01a  0.99 ± 0.01a 0.99 ± 0.01a 

Hardness (N) 64.51 ± 2.29b 65.46 ± 1.50b 66.04 ± 2.48b 67.57 ± 1.01a 68.90 ± 0.96a 

Cohesiveness 0.66 ± 0.02a  0.64 ± 0.03b  0.62 ± 0.03b  0.57 ± 0.03c 0.56 ± 0.01c 

Elasticity (mm) 3.91 ± 0.13e 4.12 ± 0.14d 4.27 ± 0.16c 5.30 ± 0.15b 5.48 ± 0.15a 

Gumminess (N) 42.85 ± 1.97a 42.04 ± 1.78a 41.26 ± 2.17a 38.57 ± 1.92b 38.48 ± 1.47b 

Chewiness (C) 167.60 ± 7.66b 173.16 ± 11.00b 176.29 ± 10.49b 204.49 ± 10.23a 211.18 ± 11.66a 

Yield (%) 69.48 ± 1.18e 76.87 ± 1.04d 79.05 ± 0.98c 80.50 ± 0.95b 84.95 ± 0.71a 

RD1(%) 10.30 ± 0.49a  9.82 ± 0.47b 8.45 ± 0.30c 8.39 ± 0.30c 7.82 ± 0.47d 

RE2 (%) 17.31 ± 0.60a  14.84 ± 0.41b 12.98 ± 0.38c 12.02 ± 0.24d 10.01 ± 0.29e 

1Diameter reduction; 2Thickness reduction 

Values are means ± standard deviation of analyses performed in triplicate; equal letters on the same line do not 

differ statistically from each other using the Scott–Knott test (P >0.05) 

 
The responses observed in the present study confirm the ability of chia flour to act as a modifier 

of the main attributes related to texture in food matrices, especially by acting as a thickening, gelling, 
and stabilizing agent (Capitani et al., 2012). 

Trevisan et al. (2016), when evaluating oat fibre, described increased hardness and chewability 
with reduced cohesiveness but they did not observe changes in elasticity in cooked hamburger 
formulations. Similarly, López-Vargas et al. (2014), when analysing pork hamburger samples developed 
with passion fruit albedo fibre, reported an effect on all texture parameters evaluated and a tendency 
to lower elasticity and cohesiveness values upon the inclusion of flour. 

Hardness represents one of the most important parameters of the texture of meat products, 
directly interfering with the quality of the products, and, therefore, influencing consumer preferences 
(Szczesniak, 2002). 

There was a variation in cooking parameters by replacing pork fat with chia (P <0.05; Table 4). 
Yield is a valuable measure, especially for products subjected to thermal processing, as it reflects the 
observed weight after cooking. It is important that meat products maintain their original shape as much 
as possible, reducing losses with the cooking process, such as those arising from the exudation of 
liquids (Chaves et al., 2018). The fishburgers exhibited high yield percentages of 69–84%; the highest 
values of this variable were reached in the formulations with the highest percentages of chia flour (T3 
and T4). The gain in yield was >18% in T4 when compared to control group (C); this is even more 
important when extrapolating to a greater volume of meat mass. For example, in a ton of fishburger, a 
gain of 180 kg can be achieved considering only the partial replacement of pork fat with chia flour. 

Bainy et al. (2015) described a meat yield of grilled fish burgers of 85%. In a study evaluating the 
effects of the addition of yacon potato flour on the nutritional, technological, and sensory characteristics 
of tilapia fishburgers, Zitroski et al. (2019) reported yields of 69–74%. Chaves et al. (2018) described 
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an increase in the yield of beef hamburger formulations when evaluating the use of a mix of flours (oats 
and flaxseed) to replace textured soy protein. 

The fibre from chia seeds contains mucilage, which has properties similar to several 
hydrocolloids, with high absorption and water retention capacity. It is likely that the presence of mucilage 
and its high-water absorption capacity may have been effective in increasing yield, acting to reduce the 
free water content that tends to evaporate during the cooking process of fishburger samples (Muñoz et 
al., 2012). 

The shrinkage was 25% smaller in the treatment with a higher percentage of chia inclusion 
compared to the control group. The reduction in thickness was 17.31% in control group and 10.01% in 
T4, i.e., an improvement of 42%. Therefore, the use of 50% chia flour to replace pork fat made 
fishburger samples more stable in the cooking process. The use of vegetable sources to replace pork 
fat positively affected both the yield and shrinkage reduction of hamburger samples made with beef and 
sheep in studies conducted by De Oliveira et al. (2014) and Seabra et al. (2002), respectively. Such 
results reaffirm the greater water retention capacity of the fibres composing the chia seed, ensuring the 
maintenance of the succulence of the final product and reducing losses during the cooking process 
(Muñoz et al., 2012; Capitani et al., 2013). 

 
The microbiological results of the analysis of tilapia fishburgers are presented in Table 5 and 

demonstrate that the tested formulations do not present risks to the health of consumers, since the 
values are in accordance with the limit established by the current legislation (Brazil, 2001). The use of 
chia flour in partial replacement of pork fat did not negatively affect the microbiological quality of the 
developed products. 

 
Table 5 Means of the microbiological analysis in fishburgers with different levels of replacement of 

pork fat by chia flour 

Parameter ---------------------------------Formulation---------------------- 

 Control T1 T2 T3 T4 Reference* 

Thermotolerant coliforms (NMP/g) <3 <3 <3 <3 <3 103 

Staphylococcus positive coagulase (CFU/g) <1 <1 <1 <1 <1  103 

Salmonella sp. (in 25 g) None None None None None None 

*BRASIL (2001) 

 

Conclusions 
In the present study, chia flour proved to be a promising ingredient for partial replacement of pork 

fat, providing enrichment of the nutritional value of the samples, in addition to a substantial improvement 
in the cooking parameters. However, the changes observed in colour and texture profile reinforce the 
need for further studies to assess the sensory acceptance of fishburgers made with tilapia meat. 
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