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ABSTRACT
Fish meatballs are a value-added product that is widely accepted, but their perishability requires the use of additives that are 
safe for human consumption. This study evaluated the incorporation of garlic clove extract into tilapia meatballs containing 
mechanically separated meat (MSM). Tilapia MSM meatballs were shaped by hand, and four formulations were developed: 
negative control: no additive, positive control: 0.1% butylhydroxytoluene (BHT), F3%: 3% garlic extract, and F6%: 6% garlic 
extract. The formulations were analyzed for nutritional quality, water-holding capacity (WHC), weight loss (WL), pH, and 
thiobarbituric acid reactive substances (TBARS) after 28 days of refrigeration. The chemical composition differed from MSM, 
but the addition of preservatives (garlic extract and BHT) did not affect the nutritional quality of the tilapia meatballs. Although 
there was no change in WHC or WL, garlic extract delayed pH and TBARS parameters, especially in F6% at 21-28 days, making 
this product more stable than BHT, used as a reference. Therefore, tilapia meatballs formulated with garlic extract are a convenient 
option that meets the quality standards set by Brazilian legislation.
Keywords: minced fish; fish technology; co-product; natural preservative; stability.

RESUMO
Almôndega de peixe é um produto de valor agregado com alta aceitabilidade, mas sua perecibilidade requer o uso de aditivo 
sem causar danos à saúde humana. Este estudo avaliou a incorporação de extrato de dente de alho em almôndegas de 
tilápia desenvolvidas a partir de carne mecanicamente separada (CMS). Almôndegas de CMS de tilápia foram produzidas 
manualmente e quatro formulações (controle negativo: sem aditivo; controle positivo: butil-hidroxitolueno-BHT a 0,1%; 
F3%: extrato de alho a 3%; F6%: extrato de alho a 6%) foram caracterizadas em termos de qualidade nutricional, capacidade 
de retenção de água (CRA), perda de peso (PP), pH e substâncias reativas ao ácido tiobarbitúrico (SRAT) após 28 dias 
de refrigeração. Os resultados mostraram que a composição química diferiu da CMS, mas a aplicação dos conservantes 
(extrato de alho e BHT) não teve efeito na qualidade nutricional das almôndegas de tilápia. Embora não tenha ocorrido 
variação na CRA e PP, o extrato de alho retardou os parâmetros de pH e SRAT, especialmente em F6% aos 21-28 dias, 
sendo a estabilidade deste produto mais eficaz do que o BHT utilizado como referência. Portanto, a almôndega de tilápia 
formulada com extrato de dente de alho revela-se uma opção de conveniência com os atributos de qualidade estabelecidos 
pela legislação brasileira.
Palavras-chave: peixe moído; tecnologia do pescado; coproduto; conservante natural; estabilidade.
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INTRODUCTION

The Nile tilapia (Oreochromis niloticus Linnaeus 
1758) is one of the most widely marketed aquacul-
ture species in Brazil, with a production of 534,000 
tons in 2022 (FAO, 2022). Its nutritional value (e.g., 
essential amino acids, unsaturated fatty acids, vita-
mins, and minerals) makes this freshwater fish suitable 
for human consumption. The process of producing 
mechanically separated meat (MSM) allows one to 
mince carcasses of different sizes and weights while 
still providing edible parts with beneficial characte-
ristics for the development of versatile technological 
options with desirable attributes (Biscalchingryschek 
et al., 2003; Kirschnik; Macedo-Viegas, 2009; Angelini 
et al., 2013; Ribeiro et al., 2014; Fogaça et al., 2015; 
Lustosa-Neto et al., 2018; Leite et al., 2024).

Meatballs are ground meat rolled into balls and can 
be ready-made products mixed with other ingredients 
and seasonings. They are a practical technologi-
cal alternative to the current demand for healthier 
meat products with optimal acceptability in consu-
mers' daily diets as popular snacks (Lustosa-Neto 
et al., 2018; Aviles et al., 2020; Akkaya et al., 2024). 
However, processing and storage can alter meat quality 
due to diverse physiological and biochemical events 
(e.g., oxidation and microbiological contamination), 
which discourages consumers from purchasing meat 
products (Aviles et al., 2020). Incorporating synthe-
tic or natural antioxidants into fresh meat products or 
coatings is a key strategy for neutralizing or reducing 
these issues and extending shelf life (Mei; Ma; Xie, 
2019). Studies have revealed that seaweed (Ribeiro et 
al., 2014), plant (Chen et al., 2024), and animal (Wang 
et al., 2025) extracts are safe alternatives to synthetics 
(Mei; Ma; Xie, 2019), which can cause toxic reactions 
in consumers when consumed frequently (Cenci-
Goga et al., 2020).

Garlic (Allium sativum L.) is well-known for its 
antimicrobial (Fadare et al., 2022) and antioxidant 
(Maney et al., 2014) properties. It is often added to 
animal products to minimize chemical or microbial 
changes (Paglarini et al., 2018; Zhang et al., 2024). 

Given the susceptibility of fish meat to physical, 
chemical, and microbiological changes, MSM from 
tilapia (Oreochromis niloticus) is a promising alter-
native. This raw material can be used to formulate 

various value-added products that offer technologi-
cal and nutritional benefits. Thus, this study aimed to 
develop meatballs containing MSM from tilapia and 
added garlic extract, determine their proximate com-
position, and evaluate the product's oxidative stability 
during 28 days of refrigerated storage.

 

MATERIALS AND METHODS

Nile tilapia for MSM production and micro-
biological quality

Forty monosex specimens of O. niloticus (34.746 
kg) were purchased from local stores in Fortaleza, state 
of Ceará, Brazil, in July 2024. The fish had an average 
weight of 849 g and an average length of 33 cm. The 
fish were transported in polystyrene boxes (2:1 ice-
-to-fish ratio) to the National Department of Works 
Against Droughts (DNOCS) in Pentecoste, Brazil, for 
MSM production. Before this, the fish were washed 
to remove mucus and impurities resulting from han-
dling. Then, they were scaled, eviscerated, and stored 
in a sealed box with ice. The fish were registered with 
the National System for the Management of Genetic 
Heritage and Associated Traditional Knowledge 
(SISGEN code ADA3181). Upon arrival at the DNOCS, 
the fish were filleted in a processing unit. This invol-
ved making a cut with a knife behind the head or at 
the base of the pectoral fins that reached the dorsal 
spine; the meat was then separated from the central 
spine by cutting along the spine toward the tail. The 
MSM was separated from the spine using a deboning 
machine (HT 250) (Biscalchingryschek et al., 
2003; Kirschnik; Macedo-Viegas, 2009). Finally, 
the MSM was washed with filtered water according 
to Angelini et al. (2013) and Ribeiro et al. (2014). The 
MSM samples from Nile tilapia were packaged in ~1 kg 
portions using polyethylene bags, which were sealed 
and frozen at -22°C for further transport to the Meat 
and Fish Processing Laboratory at the Department 
of Food Engineering at the Federal University of 
Ceará. The microbiological quality of the MSM was 
checked for the presence of Salmonella, Escherichia 
coli, coagulase-positive Staphylococcus, and meso-
philic aerobes, and was compared with the standards 
established by Collegiate Board Resolution No. 724 
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through Normative Instruction No. 161 of July 1, 2022 
(Brazil, 2022).

Preparation of garlic clove extract 
A. sativum samples (500 g) of garlic cloves that 

had been washed and peeled were added to 250 mL 
of distilled water at a ratio of 1:2 (m/v), as described 
by Fadare et al. (2022), who properly crushed the clo-
ves before aqueous extraction. The mixture was then 
ground in a blender for 5 min until homogeneous. 
Then, the mixture was filtered through filter paper with 
125-mm porosity to obtain liquid garlic clove extract. 
Two solutions were prepared (3% and 6%) and stored 
at temperatures between -14°C and -25°C until use.

Elaboration of the MSM meatball 
Tilapia MSM meatballs were prepared using the 

methodology described by Castro et al. (2019). The 
MSM dough was mixed with the predetermined 
ingredients and homogenized. The synthetic antioxi-
dant BHT and garlic extract were then incorporated 
at concentrations of 3% (F3%) and 6% (F6%) (Table 
1 and Figure 1). Each 50 g meatball was shaped by 
hand and refrigerated at 4 ± 1 °C for subsequent sta-
bility assessment analyses. The amount of BHT added 

to the co-product followed the Brazilian legislation 
(Brasil, 2006).

Proximate composition
The moisture (%), protein (%), lipid (%), and ash 

(%) determination was performed according to AOAC 
(2005), while the carbohydrate level (%) was calcula-
ted by subtracting the sum of the percentages of the 
other constituents from 100%. The assays were per-
formed in triplicate. The caloric value was obtained 
using Equation 1 according to Atwater's factors (1910).

Caloric value = ( g/100g  proteins x 4) + (g/100g  
carbohydrates × 4) + (g/100g  lipids × 9)   (1)

Water holding capacity and weight loss
The water holding capacity of the meatballs was 

measured using the modified Barbut (1997) method. 
This method calculates the difference between the ini-
tial and final masses after discarding the supernatant 
and dividing it by the initial mass, then multiplying 
by 100. This calculation is represented by Equation 2.

                                  
WHC (%) = ((mi-mf)/mi  ) × 100               (2)

Where: mi = initial mass; mf = final mass

Weight loss and shrinkage of the meatballs due 
to cooking were determined according to Liu et al. 
(2004). The weight loss and size reduction (area) 
were expressed as percentage reductions. The weights 
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were considered before (m1) and after (m2) cooking, 
as described by Chen et al. (2024) and calculated 
using Equation 3.

Cooking loss (%) = (m1 – m2) / m1 × 100%     (3)

Measurement of pH
The pH analysis was conducted in triplicate using a 

digital potentiometer (PG3000), which was measured 
with 10 g of ground sample homogenised manually 
for 1 min in 10 mL of distilled water (Pregnolato; 
Pregnolato, 1985).

 
Oxidative evaluation 
Lipid oxidation was evaluated using the thiobar-

bituric acid reactive substances (TBARS) method 
according to Vynche (1970). Tetramethoxypropane 
was used to obtain the straight-line equation, which 
was used to calculate the TBARS values. Aldehydes 
were extracted from a homogenized aqueous acid 
extract prepared with 5 g of the sample and 25 mL 
of trichloroacetic acid diluted in propyl gallate and a 
chelating agent (sodium EDTA) to avoid the erroneous 
formation of malonaldehyde or other thiobarbituric 
acid-reactive substances during mixing and filtration 
of the sample. The filtered extract then reacted with the 
TBARS solution in a water bath at 95 °C for 40 min to 
form a colored complex. This complex was measured 
using a spectrophotometer at a wavelength of 532 nm. 
The results are expressed as a TBARS value, defined as 
mg of malonaldehyde per kg of sample.

Statistical analysis
Data analysis was based on the study by Chen et 

al. (2024), in which the determinations were repea-
ted three times, considering four treatments × three 
batches × four stockpiles, with three parallel sets each 
time. Values were expressed as mean ± standard devia-
tion. The data obtained were statistically analyzed 
using the GraphPad Prism® 5.01 software (GraphPad 
Software, 1992–2007, San Diego, CA; www.graphpad.
com). The data were subjected to a two-way ANOVA 
analysis where treatment and storage time were con-
sidered fixed variables and repetition was considered 
a random effect. A level of significance of P < 0.05 
was considered statistically significant using Duncan's 
multiple range test.

RESULTS AND DISCUSSION

Chemical characterization of the tilapia meatball
The meatballs had a high moisture content (70.6 to 

76.56%), with the highest value found in the formu-
lation that did not add an antioxidant, possibly due 
to the hydration of the myofibrillar proteins of the 
washed fresh MSM (Kirschnik; Macedo-Viegas, 2009). 
Meanwhile, the presence of organosulfur compounds 
in the garlic extract would retain water that would be 
available for microbial action (Fadare et al., 2022). 
The ash content ranged from 0.81 to 3.62%, with the 
highest results found in the BHT, F3%, and F6% for-
mulations. The F0 formulation had a lipid content of 
7.53%, while the BHT control, F3%, and F6% formu-
lations had lower values (1.28–1.30%). Protein values 
ranged from 14.94 to 19.41% and the carbohydrate 
content was very low (0.14 to 4.61%) (Table 2).

The composition values of fresh tilapia MSM dif-
fered from the values reported by Lustosa-Neto et al. 
(2018) for protein (21%) and lipids (2.3%). However, 
the average values for proteins (8.93–15.87%), lipids 
(1.63–7.62%), ashes (0.46–0.96%), and carbohydra-
tes (0.64%) in fresh tilapia MSM were similar to 
those in other studies (Biscalchingryschek et al., 
2003; Kirschnik & Macedo-Viegas, 2009; Ribeiro 
et al., 2014; Fogaça et al., 2015; Leite et al., 2024). 
Therefore, these parameters may also depend on the 
raw first-matter used.

As can be seen (Table 2), the use of garlic extract 
and BHT did not modify the chemical composition 
of these formulations (p > 0.05). The compositional 
levels were also similar to those of tilapia MSM with 
seaweed (Ribeiro et al., 2014) and other co-products, 
such as surimi (Angelini et al., 2013; Fogaça et al., 
2015), in terms of proteins (14.4–14.81%) and lipids 
(7.75–8.3%), except for ash content (0.48–2.5%), 
which depended on the elaborated product. 

The different values found for fresh tilapia MSM, 
in terms of protein, ash, carbohydrate, and moisture, 
compared to those found in formulated products, were 
the result of the addition of ingredients (Lustosa-Neto 
et al., 2018). However, when considering the respec-
tive parameters of tilapia meatballs, the addition of 
garlic clove extract did not significantly influence the 
nutritional quality or caloric value (Ribeiro et al., 
2014; Fogaça et al., 2015), but the values were signi-
ficantly different from those of washed MSM based 
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on its origin, processing, and/or fat adhesion when 
handling was used (Biscalchingryschek et al., 2003; 
Leite et al., 2024). 

The stability of the tilapia meatballs in terms of 
moisture and reduction of liquid was not affected 
by changes to the flesh during refrigeration (Table 
3). Greater weight loss during cooking (27.4%) was 
attributed to the structural disintegration and frag-
mentation of the fish's musculature in mechanically 
deboned fresh meat (Biscalchingryschek et al., 2003). 
Paglarini et al. (2018) observed a reduction in water 
content with the addition of inulin, a natural car-
bohydrate found in garlic. This strengthened the 
protein network structure in emulsion gels for meat 
products. There is little evidence regarding the inte-
raction between garlic and the moisture content of 
animal meat; however, specific interactions could 
develop between garlic and myofibrillar proteins 
(Wang et al., 2025).

Meatball pH
The pH values ranged from 5.92 ± 0.00 (day 0) to 

6.54 ± 0.01 (day 28) among the formulations and were 
in accordance with the RIISPOA Brazilian legislation 
(Brasil, 2017). An increase in pH values was obser-
ved throughout the 28 days of storage, which can be 
attributed to possible chemical and microbial changes 
during shelf life. Notably, the 6% garlic clove extract 
formulation delayed the pH values at the end of the 
experiment, whereas the 3% formulation presented 
increases in pH, similar to the BHT control (Table 
4). The values suggested that there was less forma-
tion of nitrogenous bases during the MSM extraction 
and in the storage time of meatballs in other studies 
(Kirschnik; Macedo-Viegas, 2009; Fang et al., 2018; 
Lustosa-Neto et al., 2018). 

Although the values were within the range esta-
blished by national legislation (Brasil, 2001), the pH 
of the F6% tilapia meatballs had a more significant 
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values for traditional products, but positively affecting 
this paramater in the final F6% (Paglarini et al., 2018), 
which may result in a good acceptability after 28 days 
of storage (Cenci-Goga et al., 2020). The organosul-
fur compounds found in garlic clove extract create a 
stabilizing environment that delays deterioration in 
meatballs (Mnayer et al., 2014; Fadare et al., 2022). 
The behavior of pH in each treatment group increa-
sed during refrigeration (Table 4), which aligns with 
refrigerated beef meatballs (Chen et al., 2024). The 
authors discussed the pH profile during refrigeration, 
which is explained by the presence of microorganisms 
that degrade proteins and other meat compounds to 
produce ammonia and amines, thereby raising the pH. 

Oxidative stability
The measurement of lipid oxidation, where epo-

xides formed from unsaturated fatty acids present in 
meat products produce malondialdehyde (Vynche, 
1970), revealed that the TBARS values for MSM 
samples of Nile tilapia were 1.58 ± 0.02 mg kg-1 
malondialdehyde (Table 5). This contrasts with the 
values reported by Biscalchingryschek et al. (2003), 
Kirschnik and Macedo-Viegas (2009), Fogaça et al. 
(2015), and Angelini et al. (2013) for fresh MSM 
from Nile tilapia, which were related to the origin of 
the MSM: 0.14, 0.25–0.49, 1.03 ± 0.01, and 1.12 mg 
kg-1, respectively. 

Regarding tilapia meatball (Table 5), there was a 
continuous increase in TBARS values in tilapia mea-
tballs from all formulations throughout the 28 days 
of refrigerated storage, as expected for washed MSM 
(Kirschnik; Macedo-Viegas, 2009). However, signifi-
cant differences were observed over time, particularly 
in F6%, which had significantly lower TBARS values 
than F3%, the BHT control, and the MSM. This fin-
ding supports the idea that the natural additive more 

effectively delays lipid oxidation in the meat product 
(Zhang et al., 2024).

In fact, this major antioxidant response from the 
addition of garlic extract could also be associated with 
the reduced values in pH, as observed in Table 4, whose 
inhibitory effect generated an environment favorable 
to the oxidative stability of the product. Therefore, the 
additional use of garlic clove extract may provide a 
greater stabilizing effect (Gim et al., 2017) and prevent 
approximately 1.58 times more oxidation than mea-
tballs treated only with BHT during refrigeration, as 
well as a greater inhibitory effect than F3%, according 
to Chen et al. (2024), who analyzed pork stored in a 
modified atmosphere at 4 °C.

Fluctuations in TBARS values were observed for 
quenelles (Angelini et al., 2013) and surimi fish bur-
gers (Fogaça et al., 2015) over 28 days of storage. 
These fluctuations were attributed to the biological 
composition of the ground fish meat, the antioxidant 
ingredients used, the reduction of lipid oxidation, and 
the storage time. In this study, chilled tilapia meatballs 
were stable foods with regard to toxic compounds and 
had TBARS levels acceptable to consumers for up to 28 
days, since Brazil does not establish a limit for fishery 
products regarding TBARS (Angelini et al., 2013). 
According to Kirschnik and Macedo-Viegas (2009), 
reference values of less than 3 mg kg-1 of malonal-
dehyde were reported as acceptable for consumption. 
These authors discussed the stability of Nile tilapia 
MSM in terms of TBARS values over 180 days at 18 
°C. Results showed that garlic clove extract drastically 
impacted TBARS values more rapidly than other treat-
ments until the last day of storage, indicating that this 
approach can prevent lipid oxidation earlier (Table 5). 
Similar behavior was found in TBARS values in pork 
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application during storage in a modified atmosphere 
at 4 °C (Fang et al., 2018).

The study promoted the eco-friendly use of MSM 
from O. niloticus to develop meatballs enriched with 
garlic clove extract. These refrigerated products have 
desirable physicochemical, nutritional, and oxidative 
stability attributes. The practical technological use of a 
food matrix containing garlic clove extract can validate 
the development of biotic formulations that benefit 
the gastrointestinal system (Fadare et al., 2022). This 
represents a low-cost option for meeting the current 
demand for healthier meat in daily diets (Lustosa-Neto 
et al., 2018; Aviles et al., 2020; Akkaya et al., 2024).

CONCLUSION 

Mechanically separated tilapia (Oreochromis nilo-
ticus) meat from processing waste, allowed to make 
meatballs composed of natural ingredients and garlic 
extract at concentrations of 3% and 6%. This genera-
ted an important technological option with practical 
applications, providing nutritional quality in terms of 
protein, lipid, ash, and carbohydrate content, as well as 
a reduced caloric value. There was no difference in coo-
king loss, and the pH and lipid oxidation were delayed 
over the storage time under refrigeration, especially 
between 21 and 28 days. Thus, it is a natural alterna-
tive to commercially available butylhydroxytoluene. 

The tilapia meatballs formulated with garlic extract 
and stored in the refrigerator showed uniform beha-
vior for 28 days. They had good added value in terms 
of stability, quality, and practicality as popular, heal-
th-promoting foods.
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