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Abstract: Chia gel is known for its functional properties such as high water and oil retention capacity, 
emulsifying activity, and as a stabilizer for foams and emulsions. Thus, the objective of this study was 
to evaluate the effect of the inclusion of chia gel as a substitute for pork fat in formulations of fishburgers 
made with Nile tilapia. Five formulations, one control and four with increasing levels of substitution of 
chia gel (12.50, 25.00, 37.50 and 50.00%) were evaluated. The fishburgers were characterized 
regarding their physicochemical composition, their technological characteristics, and microbiological 
viability. With the incorporation of the gel, there was a significant reduction in lipid component and the 
caloric value of the formulations, in addition to an increase in the percentage of dietary fibre. In addition, 
no negative effects were observed regarding yield and the main texture parameters studied. However, 
the formulations with the highest percentage replacement of pork fat by chia gel were darker when 
compared to the control treatment. Chia gel may be considered as a novel substitute for pork fat; 
however, it is recommended that techniques be employed to produce lighter gels, thus avoiding possible 
rejection by the consumer. 
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Introduction  
Chia (Salvia hispanica L.) is an annual, herbaceous plant belonging to the Lamiaceae family, 

native to southern Mexico and northern Guatemala (Ixtaina et al., 2011; Capitani et al., 2012). 
Considered a functional food, it has a significant amount of lipids (~40% of the total weight of the seed, 
with almost 60% as omega-3) and dietary fibre (over 30% of the total weight); both are critical 
components of the human diet. Chia includes protein of high biological value (~19% of the total weight). 
In addition, chia contains minerals, vitamins, and natural antioxidants, such as tocopherols (238–427 
mg·kg−1) and polyphenols, the main phenolic compounds being chlorogenic acid, caffeic acid, quercetin, 
and kaempferol (Reyes-Caudillo et al., 2008; Capitani et al., 2012; Muñoz et al., 2013). 

When in contact with water, chia seeds produce a mucilage, which is a highly viscous and 
transparent gel called chia mucilage (Muñoz et al., 2012; Campos et al., 2016). The hydrolysis of this 
mucilage provides a mixture of sugars and uronic acids. Soluble fiber is mainly composed of neutral 
sugars, such as L-arabinose, D-galactose, L-rhamnose, and D-xylose, indicating the presence of 
different carbohydrates that constitute the structure of the mucilage (Reyes-Caudillo et al., 2008). Due 
to its high water retention and water solubilization capacity, it is considered to be potential gel-former of 
satisfactory quality (Ixtaina et al., 2011; Capitani et al., 2012), which can be used as a substitute 
ingredient for fat sources, as well as being included as an emulsifying agent or thickening/stabilizer by 
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the industry, providing functional and nutritional quality to foods (Muñoz et al., 2012; La Rosa et al., 
2015; Fernandes & Salas-Mellado, 2018). 

Hamburgers are among the most consumed industrialized meat products in the world (De Oliveira 
et al., 2014), and formulations using tilapia meat as raw material for this product have been studied by 
several researchers (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 are 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 the increase in chronic diseases already known by most of the population, such as hypertension, 
obesity, and dyslipidaemia (De Oliveira et al., 2013; Souza et al., 2014). 

Recently, studies have demonstrated the possibility of including chia gel in formulations to replace 
traditional fat sources in products such as bakery product mixes (Felisberto et al., 2015; Fernandes & 
Salas-Mellado, 2017) and mayonnaise (Fernandes & Salas-Mellado, 2018). Other studies investigated 
using this gel as an emulsifying and stabilizing agent in ice cream (Campos et al., 2016) and as a 
thickener in soy-based desserts (Spada et al., 2014). However, there are no records in the literature of 
studies aiming to evaluate the inclusion of chia mucilage in meat or fish products. 

Thus, this study aimed to evaluate the effect of including chia gel as a substitute ingredient for 
pork fat in fishburger formulations made with Nile tilapia meat (Oreochromis niloticus). 
 

Materials and Methods 
Experimental procedures for mucilage extraction, preparation of fishburger formulations, and 

physicochemical and microbiological analyses were performed at the Meat Processing, Applied 
Chemistry and Biotechnology Laboratories of the Federal Institute of Espírito Santo (IFES), Campus de 
Alegre, ES-Brazil. In addition, colour, water activity, and texture analyses were performed at the 
Agricultural Products Technology and Unit Operations Laboratory of the Agricultural Sciences Center of 
the Federal University of Espírito Santo (CCA-UFES), in Alegre, ES-Brazil. 

The raw materials used to prepare fishburgers were as follows: Nile tilapia fillet, pork fat, chia gel, 
salt, antioxidant, preservative, garlic powder, and sugar. The tilapia fillets came from Piscicultura 
Ventania, located in the city of Espera Feliz-MG, under inspection of the Instituto Mineiro de 
Agropecuária, with registration number, 3887. The remaining ingredients were supplied by the 
Agroindustry Section of the Federal Institute of Espírito Santo, Campus of Alegre—ES-Brazil. 

For the extraction of mucilage, 3 kg of chia seed (Salvia hispanica L.) was purchased from a local 
company in the city of Cachoeiro de Itapemirim, ES-Brazil. Then, it was homogenized, divided into 500 
g aliquots, stored in vacuum packaging, and kept at room temperature until the extraction and analysis 
process. 

The extraction of chia mucilage began with hydration, followed by separation/filtration, drying, and 
subsequent weighing. The seeds were hydrated with distilled water, establishing a seed/water ratio of 
1:31 (weight:volume). This mixture was kept in a magnetic stirrer (Marconi brand) for 2 h under constant 
stirring at 85 °C (Orifici et al., 2018). 

After hydration, the mixture was stirred in a mixer (400 W, Philips Walita) for 30 s to release the 
mucilage firmly adhering to the seed surface. Subsequently, the mucilage was separated from the seed 
by double filtration, using a Prismatec vacuum pump. Finally, for drying, the liquid mucilage was added 
to non-stick trays and taken to a forced air circulation oven at a temperature of 55 °C for 20 h. Dried 
mucilage was weighed on a semi-analytical scale, vacuum-packed, and stored at room temperature 
until the time of use. As determined in preliminary tests, the gel was made at a concentration of 5 g of 
chia mucilage/100 g of gel.  

Five formulations of tilapia fishburgers were prepared with a control treatment consisting 
exclusively of tilapia meat, pork fat, and additives; and four treatments with partial replacement of pork 
fat by chia gel: 12.50; 25.00; 37.50; and 50.00% (Table 1). Prior to the formulation of fishburgers, chia 
gel was prepared by hydrating the chia mucilage with distilled water at 80 °C for 30 min in a magnetic 
stirrer and kept under refrigeration for 24 h for complete hydration (Tavares et al., 2018). In the 
preparation of fishburger formulations, the tilapia fillets and pork fat were thawed in refrigeration 
chambers kept at 6 °C for 12 h and then crushed in an industrial grinder using discs of 8.0 and 3.5 mm 
in diameter, respectively. The ingredients of each formulation were mixed, hand homogenized, and then 
moulded into 8.0 cm diameter manual moulds, individually separated by waxed paper, and packed as 
10 hamburgers per polyethylene container (235 × 180 × 29 mm), wrapped with plastic film, and kept 
frozen until the moment of the analysis. 

The fishburger samples were analysed in triplicate for moisture content, ash, protein, lipid, and 
dietary fibre according to the official methodology of the AOAC (2011). Moisture content was evaluated 
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using the gravimetric method, 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. Protein analysis was performed according to the conventional Kjeldahl method, and fat 
content was measured by direct Soxhlet extraction. Dietary fibre content was established using the 
gravimetric method after acid digestion, and the non-nitrogen extract was calculated by difference. The 
total energy value was estimated considering the Atwater conversion factors of 4 kcal/g protein, 4 kcal/g 
carbohydrates, and 9 kcal/g lipids, as recommended by Watt & Merrill (1963). 

 
Table 1. Ingredients of tilapia fishburger formulations with replacement of pork fat by chia 
gel 

 
Treatments 

Control T1 T2 T3 T4 

Ingredients      

Tilapia meat 1 77.76 77.76 77.76 77.76 77.76 
Pork fat 2 19.44 17.01 14.58 12.15 9.72 
Chia gel 3 0.00 2.43 4.86 7.29 9.72 
Salt 4 2.00 2.00 2.00 2.00 2.00 
Sodium isoascorbate 5 0.30 0.30 0.30 0.30 0.30 
Sodium nitrite 6 0.30 0.30 0.30 0.30 0.30 
Sugar 7 0.10 0.10 0.10 0.10 0.10 
Garlic powder 8 0.10 0.10 0.10 0.10 0.10 

Total 100 100 100 100 100 

1 Skinless tilapia fillet. 2 Bacon without meat and skin. 3 5% chia gel (g mucilage/100 g 
gel). 4 Globo® brand sodium chloride. 5 Antioxidant INS 316 (Ibracor LF from Ibrac®). 6 
Preservative INS 250 (Ibrac® LF 600 Cure). 7 Paineiras® brand. 8 Adicel® brand. Control 
= pork fat only; T1 = 12.50%; T2 = 25.00%; T3 = 37.50% and T4 = 50.00% replacement 
of pork fat with chia gel 
 
Colour analysis was performed with the aid of a Model MiniScan EZ-HunterLab colorimeter, using 

D65 illuminant and an observation angle of 10° (CIELab system). The results are expressed by 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). Four fishburgers were analysed from each 
formulation (group), three samples/fishburger were taken, and each sample was analysed three times 
in the apparatus, totalling 36 replicates. 

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

The instrumental texture profile (TPA) was analysed using the Texture Analyzer Brookfield 
texturometer, connected to a computer equipped with the Texture Pro CT V1.4 Build 17® program. 
Three samples measuring 30 × 30 × 5 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 (TA4/1000), with 50% 
sample compression and a pre-test and test speed of 2 mm/s and 5 s of retention between the two 
compressions. The following parameters were obtained: hardness, cohesiveness, elasticity, 
gumminess, and chewability. 

The fishburgers were cooked and prepared while still frozen using an electric grill (Fun Kitchen 
brand) at 200 °C. The average time of 8 min for cooking the fishburgers was standardized, turning them 
every 2 min and ensuring that the temperature in the centre of the product reached 75 °C (Arisseto & 
Pollonio, 2005). The fishburger yield is the difference between the weight of the raw and grilled whole 
hamburger, also analysing the reduction in diameter and thickness of raw and grilled fishburgers (Bainy 
et al., 2015). 

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

The experimental design used was a completely randomized design with five treatments (control, 
T1, T2, T3, and T4) and four replications. The results of the physicochemical, instrumental, and cooking 
parameters of fishburgers were submitted to analysis of variance (ANOVA), and the averages were 
compared using Tukey’s test at 5% probability using the statistical software, SAEG Version 9.1 (2007). 
Analyses were performed in triplicate. 
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Results and Discussion 
Table 2 displays the results of the proximate composition analysis (moisture, ash, lipid, protein, 

fibre, and non-nitrogen extract) and the caloric value of fish burgers. 
 

Table 2. Physicochemical composition of tilapia fishburger formulations with replacement of 
pork fat by chia gel 

Composition Control T1 T2 T3 T4 

Moisture (%) 63.92 ± 0.79 c 65.09 ± 0.64 b 66.17 ± 0.55 b 70.09 ± 0.82 a 70.38 ± 0.65 a 
Ash (%) 2.98 ± 0.14 3.08 ± 0.09 3.07 ± 0.10 3.00 ± 0.08 3.06 ± 0.09 
Lipid (%) 16.73 ± 0.64 a 15.95 ± 0.37 a 14.27 ± 0.54 b 10.95 ± 0.65 c 10.18 ± 0.67 c 
Protein (%) 16.04 ± 0.55 a 15.50 ± 0.46 ab 14.97 ± 0.66 bc 14.34 ± 0.66 c 14.09 ± 0.47 c 
Fiber (%) 0.06 ± 0.01 e 0.11 ± 0.01 d 0.18 ± 0.01 c 0.20 ± 0.01 b 0.22 ± 0.02 a 
NNE 1 (%) 0.25 ± 0.31 c 0.25 ± 0.16 c 1.33 ± 0.41 c 1.41 ± 0.34 b 2.06 ± 0.53 a 
CV 2 (Kcal) 215.76 ± 5.61 a 206.61 ± 4.47 a 193.68 ± 3.87 b 161.58 ± 6.26 c 156.24 ± 5.68 c 

1 Non-nitrogen extract; 2 Caloric value. Control = pork fat only; T1 = 12.50%; T2 = 25.00%; T3 
= 37.50% and 50.00% replacement of pork fat with chia gel. Values are averages ± standard 
deviation of analyses performed in triplicate. Equal letters on the same line do not differ 
statistically from each other using the Tukey test (p > 0.05). 

 

Normative Instruction No 20 (2000), referring to the Technical Regulation of Identity and Quality 

of Hamburgers, establishes that the formulations must contain at least 15% protein and a maximum of 

23% fat. In this study, all formulations presented fat percentages below the established maximum, with 

a reduction (p <0.05) of lipid content observed as there was an increase in the replacement levels of 

pork fat by chia gel. Formulations T3 (14.34%) and T4 (14.09%) displayed protein values slightly below 

(p <0.05) those recommended by legislation. 

With the increased incorporation of chia gel, the reduction in lipid content provided a decrease (p 

<0.05) in the caloric value. The lipid content is the component that contributes the most to the food 

calories (9 kcal/g), while carbohydrates and proteins have a caloric coefficient of 4 kcal/g (Watt & Merrill, 

1963). The maximum percentage of pork fat replaced by chia gel tested in this study was 50%, 

corresponding to a 27.6% reduction in total calories. These results agree with Fernandes & Salas-

Mellado (2017), who described a decrease in lipid content and caloric value of bread and cakes made 

with chia gel instead of margarine. 

As expected, there was an increase (p <0.05) in the moisture content of the formulations with a 

higher level of chia gel inclusion, compared to the control group. This effect was demonstrated by the 

gradual increase in the fibre percentage (p <0.05) when including the chia gel in the formulations. 
Moisture increase occurred because of water content increase and the greater water retention capacity 

presented by chia gel fibres. Water holding capacity of any food can be greatly influenced by 

carbohydrate concentration (Yu et al., 2018). Fernandes & Salas-Mellado (2018) described similar 

results in the formulations of mayonnaise when replacing egg and soybean oil with chia gel. 

Table 3 presents the parameters, L* (brightness), a* (intensity of red), and b* (intensity of yellow) 

of the different formulations of raw and grilled fishburgers. The chia gel affected (p <0.05) all parameters 

evaluated. 
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Table 3. Averages and standard deviations of the instrumental colour of raw and grilled 
fishburgers made with different levels of pork fat replaced by chia gel 

Colour 
Formulation 

Control T1 T2 T3 T4 

Fishburger raw      

L* 68.12 ± 1.52 a 67.61 ± 1.03 ab 65.74 ± 1.39 b 62.09 ± 1.83 c 60.80 ± 1.54 c 
a* 1.06 ± 0.4 b 2.21 ± 0.23 a 2.71 ± 0.50 a  2.33 ± 0.49 a 2.14 ± 0.43 a 
b* 11.95 ± 0.49 a 12.49 ± 0.28 a 12.03 ± 0.45 a 10.75 ± 0.74 b 10.47 ± 0.50 b 

Fishburger grilled      
L* 65.50 ± 2.96 a 64.27 ± 1.55 ab  61.23 ± 1.59 bc 58.86 ± 1.17 c 57.83 ± 1.63 c 
a* 5.98 ± 1.72 b 6.06 ± 1.32 b 8.10 ± 1.44 ab 8.45 ± 1.19 ab 8.94 ± 0.97 a 
b* 15.58 ± 1.35 b 15.66 ± 1.32 b 18.67 ± 1.37 a 18.77 ± 1.23 a 18.83 ± 1.41 a 

Control = pork fat only; T1 = 12.50%; T2 = 25.00%; T3 = 37.50%, and T4 = 50.00% 
replacement of pork fat with chia gel. Values are averages ± standard deviation of analyses 
performed in triplicate. Equal letters on the same line do not differ statistically from each other 
using Tukey’s test (p >0.05). 
 

Chia gel inclusion to replace pork fat in raw and grilled fishburger samples decreased luminosity 

(L*), demonstrating the darkening of the samples. However, this effect was expected due to the dark 

colour of chia mucilage (raw material for preparing the gel) after extraction, due to the impediment of 

the passage of some impurities, such as natural pigments or seed residues, as well as the combination 

factors used in the mucilage extraction and drying processes, such as time, temperature and the seed: 

water ratio used (Campos et al., 2016). Lean fish such as Nile tilapia are used to prepare protein, and 

the colour of the product ranges from light grey to yellowish-brown. This evidence was even more 

pronounced when fishburgers were grilled, where there is the summation effect of non-enzymatic 

browning reactions, which naturally occur in thermally treated products, such as the Maillard and 

caramelization reactions (Ordoñez, 2005). 

Other authors using chia gel as a fat substitute in cake formulations (Felisberto et al., 2015; 

Fernandes & Salas-Mellado, 2017), in bread (Fernandes & Salas-Mellado, 2017), and ice cream 

(Campos et al., 2016) claimed similar results. Bainy et al. (2015) described L* values of 69.13 for raw 

tilapia fishburgers and 63.89 for grilled ones, similarly to those found in the current study. An a* value 

greater than zero indicates reddish coloration in all tested formulations. In raw fishburgers, the presence 

of chia gel, regardless of the inclusion percentage, promoted an increase in the value of a* compared 

to the control formulation (without chia gel). As for grilled products, this difference was more pronounced 

than the control with the formulation of higher chia gel inclusion levels (T4). A b* value greater than zero 

displays a yellow hue in raw and grilled fishburgers. In raw products, there was a reduction (p <0.05) in 

yellow hue with a 37.5% fat replacement, while in grilled samples, there was an increase (p <0.05) in 

the yellow intensity of the samples studied with a 25% replacement. 

Table 4 shows the results of the analysis of pH, Aw, texture profile, and cooking parameters of 

fishburgers. There was an effect (p <0.05) for the variables of elasticity, chewiness, diameter reduction, 

and thickness reduction. 
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Table 4. Averages and standard deviations of physicochemical variables and cooking parameters of 
fishburgers with different levels of replacement of pork fat by chia gel 

Parameter 
Formulation 

Control T1 T2 T3 T4 

pH 6.66 ± 0.10 6.56 ± 0.10 6.55 ± 0.02 6.53 ± 0.07 6.52 ± 0.10 
Water activity  0.97 ± 0.01 0.97 ± 0.00 0.98 ± 0.01 0.98 ± 0.01 0.97 ± 0.01 
Hardness (N)  60.12 ± 2.76 61.05 ± 2.97 61.54 ± 2.01 62.05 ± 2.33 62.13 ± 2.58 
Cohesiveness 0.73 ± 0.04 0.72 ± 0.03 0.73 ± 0.03 0.74 ± 0.03 0.75 ± 0.02 
Elasticity (mm) 3.22 ± 0.24 b 3.99 ± 0.27 a 4.06 ± 0.19 a 4.08 ± 0.06 a 4.10 ± 0.19 a 
Gumminess (N)  43.70 ± 2.48 44.16 ± 2.03 45.07 ± 2.22 46.08 ± 2.61 46.61 ± 2.64 
Chewability (mJ) 140.70 ± 11.48 b 176.42 ± 15.69 a 182.99 ± 13.71 a 188.22 ± 10.57 a 191.40 ± 14.45 a 
Yield (%)  79.59 ± 1.53 80.48 ± 1.96 80.87 ± 0.83 81.08 ± 0.90 81.58 ± 0.77 
DR 1 (%) 11.52 ± 0.66 a 10.47 ± 0.68 b 9.99 ± 0.69 b 9.70 ± 0.78 b 9.53 ± 0.69 b 

TR 2 (%) 
11.23 ± 0.56 a 9.85 ± 0.58 b 9.57 ± 0.62 bc 9.16 ± 0.60 c 9.02 ± 0.56 c 

1 Diameter reduction; 2 Thickness reduction. Control = pork fat only; T1 = 12.50%; T2 = 25.00%; T3 = 
37.50%, and T4 = 50.00% of pork fat replacement by chia gel. Values are averages ± standard deviation 
of analyses performed in triplicate. Equal letters on the same line do not differ statistically from each 
other using Tukey’s test (p >0.05) 
 

Some parameters evaluated in foods, such as pH and water activity (Aw), must be studied; 

together with the nutrient availability and storage temperature, they will determine whether the food 

system is conducive to the development of microorganisms or not. This reflects directly on the shelf life, 

which in turn is related to the quality and safety of the product (Pinto, 2015). In the current study, there 

was no significant effect on the pH and water activity (Aw), demonstrating no interference of the chia 

gel for these parameters under the conditions evaluated. Bainy et al. (2015) obtained similar results, as 

they assessed the physicochemical properties and texture of raw, grilled, and cooked tilapia hamburgers 

(Oreochromis niloticus). 

Hydrocolloids such as chia gel can act as food texture modifiers mainly due to their thickening 

effect (Capitani et al., 2012; Muñoz et al., 2012). However, the addition of chia gel had little impact on 

the food texture parameters of fishburgers, making them more elastic and with higher chewiness when 

compared to the control formulation. This effect is due to the characteristic of chia gel, which provides 

an increase in the elasticity of food systems (La Rosa et al., 2015), also influencing the increase in 

energy required to chew the product, since the calculation of chewability is gumminess x elasticity. Fish 

proteins have a lot of outstanding functional attributes, including fat binding capacity and gelling 

properties (Zhou et al., 2019), which make them more interesting hydrocolloids. Due to its many useful 

functional properties, minced fish has successfully been used for the preparation of several foodstuffs 

(such as hamburgers), conferring juiciness, cohesion–adhesion, succulence, desired texture, fat 

absorbing ability, tenderness, chewiness, and gel-forming capacity (Khan et al., 2020).  

The average yield of fishburgers was not affected (p >0.05) by chia gel inclusion. Chia gel is 

mainly composed of soluble fibres, which in addition to contributing to the food product’s structure 

stabilization, increases water retention capacity within the matrix in which it was inserted, reducing 

cooking losses (Ixtaina et al., 2011; Capitani et al., 2012). Fernandes & Salas-Mellado (2017) described 

a similar result, as the authors claimed no change in the specific volume of bread and cakes with 

replacement of margarine by chia gel of up to 50%. 

Fay et al. (2015) evaluated the use of different extenders in blue-striped grunt fishburger 

(Haemulon plumieri) and obtained weight losses ranging from 11.5 to 28%. Bainy et al. (2015) found 

85.3% yields in grilled tilapia fishburgers. In this study, the fishburgers were grilled, and the average 

yield found was 80.72%. Similarly, gel inclusion in the formulations proved to be advantageous, as it 

provided lower percentage reductions in both fishburger diameter and thickness, confirming the potential 

of this ingredient for moisture retention and providing minor changes in the structure of the grilled 

fishburgers. The cooking parameters indicate the potential use of chia gel when used in fish products. 

Similar results were found by Cristofel et al. (2021), who added chia to tilapia fishburger causing less 

water loss, colour change, smaller reductions in diameter and in thickness, and a greater cooking yield. 
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Table 5 displays the microbiological analyses. 

 

Table 5. Averages of microbiological analysis in fishburgers with different levels of 
replacement of pork fat by chia gel 

Parameter 
Formulation 

Control T1 T2 T3 T4 Reference * 

Thermotolerant coliforms (NMP/g) 5 <5 <5 <5 <5 <103 

Coagulase positive Staphylococcus 
spp. (UFC/g) 

<1 <1 <1 <1 <1 <103 

Salmonella sp. (in 25 g) 
Absence Absence Absence Absence Absence Absence 

* BRAZIL (2001); Control = pork fat only; T1 = 12.50%; T2 = 25.00%; T3 = 37.50% and T4 = 
50.00% replacement of pork fat with chia gel 

 

Burgers generally undergo much industrial handling. For this reason, they are ideal mediums for 

microorganism growth, and they are highly perishable. However, from the results of the microbiological 

analyses found in this study, it can be stated that the fishburgers produced complied with the 

requirements of Resolution No 12 of 2 January, 2001 (Brazil, 2001), ensuring that the formulations 

followed good manufacturing practices and that the raw materials used had satisfactory microbiological 

qualities that do not cause risks for consumers. 

 

Conclusions 
Chia gel can be substituted for pork fat and reduce caloric value and lipid percentage of fishburger 

made with Nile tilapia meat (Oreochromis niloticus) without harming the product’s yield and main texture. 
However, we suggest new studies with respect to performance in improving the process of obtaining 
chia mucilage (raw material for getting the gel) in order to obtain gels with a lighter colour and gels that 
are similar to pork fat colour to avoid possible consumer rejection, since the colour is the primary sensory 
parameter in food at purchase. Due to the paucity in the literature and the potential presented by chia 
gel, further studies assessing the effect of including this ingredient in other meat products, especially 
those that are fish-based, are recommended. 
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