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ABSTRACT

The aim of this study was to develop Mechanically Separated Meat (MSM) nuggets produced
using tilapia fillet residues (obtained from the filleting process performed at the Fish Market in
Teresina, Piauí, Brazil) and cassava dough. Five nugget formulations were developed, and the
following microbiological analyses were performed: Escherichia coli counts, coagulase-positive
Staphylococcus counts, and Salmonella sp. detection. Physicochemical analyses were also carried
out concerning moisture content, ash, protein, lipids, carbohydrates, calories, water activity and
pH. A sensory analysis was performed by untrained tasters concerning color, aroma, flavor, texture,
global acceptance, and purchase intention. The microbiological analyses results indicate that both
the tilapia MSM and the prepared nuggets exhibited suitable hygienic-sanitary standard for human
consumption. The physicochemical assessments indicated a nutrient-rich product. Regarding the
sensory analysis, good nugget acceptance was observed. In conclusion, the use of tilapia MSM to
produce nuggets is a good way to use carcasses that would otherwise be discarded, and cassava
dough up to 21.5% may be used for nugget production.
Keywords: Oreochromis niloticus; Manihot esculenta; waste; fish.

NUGGETS PREPARADOS COM CARNE MECANICAMENTE SEPARADA (CMS)
OBTIDA DE CARCAÇAS DE TILÁPIA E MASSA DE MANDIOCA

RESUMO

O objetivo desse trabalho foi desenvolver nuggets de Carne Mecanicamente Separada (CMS)
produzida com resíduos de filetagem de tilápia (obtido a partir do processo de filetagem realizado
no Mercado de Peixe em Teresina, Piauí, Brasil) com acréscimo de massa de mandioca. Para isso,
foram desenvolvidas cinco formulações e realizadas análises microbiológicas de: contagem de
Escherichia coli, contagem de Staphylococcus coagulase positiva e detecção de Salmonella sp.
Foram realizadas também análises físico-químicas: teor de umidade, cinzas, proteína, lipídios,
carboidratos, calorias, atividade de água e pH. A análise sensorial foi feita com a participação de
provadores não treinados, avaliando os atributos de: cor, aroma, sabor, textura, aceitação global
e intenção de compra. Os resultados das análises microbiológicas apontaram que tanto a CMS
quanto os Nuggets apresentaram padrões higiênico-sanitários adequados para consumo. As
análises físico-químicas caracterizaram um produto rico em nutrientes. Para a análise sensorial,
os nuggets apresentaram boa aceitação dos atributos, concluindo-se que a utilização de CMS de
tilápia para elaboração de nuggets é uma boa forma de aproveitar carcaças que seriam descartadas
e que a massa de mandioca pode ser adicionada até 21,5% para obter nuggets preparados com
CMS.
Palavras-chave: Oreochromis niloticus; Manihot esculenta; resíduo; peixe.

INTRODUCTION

Industrial fish processing is one of the main economic activities in several countries,
and the development of this sector has increased the demands for fish products for
human consumption, especially fish fillets, due to their practicality and lack of bones.
The filleting process generates large amounts of edible (meat adhering to bones and
shavings) and non-edible (bones, scales, viscera, and head) residues, representing a
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significant waste of resources and environmental contamination
source (Tahergorabi et al., 2013; Silva et al., 2014).
Nile tilapia (Oreochromis niloticus L.) is one of the most
cultivated species worldwide (FAO, 2020); presents fillet yields
ranging from 32% to 35%, generating large amounts of waste in
production industries (Barroso et al., 2017). Filleting performance
may vary according to the type of fish and processing method
(Feltes et al., 2010), while the remainder is considered low
commercial value waste, either underutilized or discarded by
fillet processing industries (Signor et al., 2020).
Cassava (Manihot esculenta Crantz) is a South American crop
widely cultivated in the past by indigenous people. It is currently
an important source of subsistence for low-income populations,
through family farming, and consumed by a large part of the
population, mainly in the form of flour, during main meals (Cagnato
and Ponce, 2017; Neves et al., 2020). Cassava is consumed in
cooked, roasted, and fried forms, is a part of several dishes and
is used in the development of new products (Franck et al., 2011;
Vega et al., 2017).
Cassava cultivars can be classified according to their hydrocyanic
acid (HCN) concentrations, as smooth cassava (table manioc or
cassava), containing low HCN levels, fresh peeled roots (below
50 mg HCN kg-1) and wild cassava (bitter), containing over
100 mg HCN kg-1 (Oliveira et al., 2020).
The development of restructured products using new ingredients
has been used to create novel options for the growth of foodstuffs
that add nutritional quality and commercial value to industrially
generated waste (Ferreira et al., 2020). Meat breads have pleasant
sensory characteristics, a crunchy, soft, moist outer layer, and a
juicy interior (Tamsen et al., 2018).
Sustainable fish waste management practices and the application
of viable technologies can contribute to the diversification of
fish‑derived products, increased employment and income generation
and production chain sustainability (Gonçalves, 2011). Therefore,
the aim of this study was to develop nuggets using Mechanically
Separated Meat (MSM) from tilapia carcasses and cassava dough.

MATERIAL AND METHODS

Ten tilapia carcasses (eviscerated, without the head, fillets,
and skin) were obtained from the filleting process performed at
the Fish Market in Teresina, Piauí, Brazil, for five consecutive
weeks, totaling 50 carcasses. After sampling, the carcasses were
immediately stored in an isothermal box containing recyclable
ice and transported to the Fish Sector belonging to the Center
for Food Studies and Research and Processing (NUEPPA), at the
Federal University of Piauí (UFPI).
The raw material was then prepared as follows: after viscera
remain removal, the carcasses were washed under running water
and immersed in hyperchlorinated water containing 5.0 ppm of
free residual chlorine for 10 minutes. Subsequently, the carcasses
were weighed, and processed using an SPx100 fish pulper to
obtain Mechanically Separated Meat (MSM).
During each MSM processing sampling, five 100 g MSM
portions were aseptically removed for microbiological analyses,

and the remaining samples were stored in a domestic freezer
(-18°C) until all results were released.
Five nugget formulations were developed using the tilapia
MSM, with the addition of smooth casava (manioc or cassava)
(Table 1), with ingredient variations.
After preparing the tilapia MSM, the ingredients listed in
Table 1 were added to the MSM. The mixtures were then
homogenized and manually molded into circular/flattened shapes
and breaded.
The nugget breading process comprised three stages:
a) pre‑dusting: a layer of cassava flour was applied to the tilapia
MSM nuggets; b) beating: a superficial layer of a liquid batter
prepared with beaten raw eggs was applied to the tilapia MSM
nuggets; and c) breading: breadcrumb flouring was applied to
the tilapia MSM nuggets.
Subsequently, the nuggets were roasted in an industrial oven
(PROGÁS 4000E) at 100ºC for 45 minutes. At the end of this
process, the nuggets were packed in 300 g expanded polystyrene
packaging, covered with plastic film, and kept in a domestic
freezer at -18ºC. The nugget preparation process is described in
the operational flowchart displayed in Figure 1.

Microbiological analyses

The following microbiological analyses were performed on tilapia
MSM and nugget samples: coagulase-positive Staphylococcus
counts, Salmonella sp. detection and Escherichia coli.
For the coagulase-positive Staphylococcus assessments, 0.1 mL
were seeded on the surface of Petri dishes containing Baird Parker
agar (BP) and incubated in an oven at 35°C for 24 to 48 hours.
The results were expressed as colony-forming units per gram
(CFU g-1) (APHA, 2015).
For the Salmonella spp. analyses, flasks containing 10-1 dilutions
and 0.1% peptone water were incubated at 37°C for 24 hours.
Subsequently, 0.1 mL were transferred to Rappaport-Vassiliadis
broth and 1.0 mL to selenite-cystine broth, incubated at 37°C for
24 hours. Then, Petri dishes were sown with Salmonella-Shigella
agar and Hektoen agar and incubated for 24 hours at 37°C, followed
by biochemical screening and citrate testing. Polyvalent antisera “O”
and “H” were used for serological confirmations (APHA, 2015).

Table 1. Ingredients (%) used for nugget preparation with tilapia
Mechanically Separated Meat (MSM) and cassava dough.
Ingredients
Tilapia MSM
Cassava dough
Salt
Onion
Garlic
Cassava flour
Egg
Breadcrumbs
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F1
86.0
0.0
1.0
3.0
1.0
4.0
2.0
3.0

Formulations (%)
F2
F3
F4
64.5
43.0
21.5
21.5
43.0
64.5
1.0
1.0
1.0
3.0
3.0
3.0
1.0
1.0
1.0
4.0
4.0
4.0
2.0
2.0
2.0
3.0
3.0
3.0

F5
0.0
86.0
1.0
3.0
1.0
4.0
2.0
3.0
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Figure 1. Flowchart demonstrating the tilapia MSM nugget production process carried out in the present study.
Escherichia coli counts were performed using the Most Probable
Number (MPN) technique, by transferring 1.0 mL of serial dilutions
to tubes containing lauryl tryptose broth and incubating the samples
in an oven at 37ºC for 48 hours. For tubes exhibiting gas growth
and production, aliquots with platinum handles were transferred to
tubes containing EC broth and incubated in a water bath at 45.5ºC
for 24 hours. Positive results were sown on Eosin Methylene Blue
agar (EMB). Typical colonies were tested by the Indole, methyl
red, Voges-Proskauer and citrate (IMVIC) method (APHA, 2015).

Physicochemical analyses

Crude proteins were determined using the Kjeldahl method,
by obtaining total nitrogen applying a 6.25 nitrogen to protein
factor (Brasil, 2014a). Lipid determinations were performed on a
Sohxlet extractor using petroleum ether (Brasil, 2014b). Moisture
contents were determined by oven drying the samples until constant
weight. Ash contents were determined by sample incineration in
a muffle furnace at 550ºC for four hours (Instituto Adolfo Lutz,
2008). Carbohydrate contents were determined by calculating
total moisture, protein, lipids, and ashes and subtracting the total
values by 100. Calorie values were calculated using the following
conversion factors: 4 kcal g-1 proteins, 4 kcal g-1 carbohydrates
and 9 kcal g-1 lipids (Brasil, 2003).

Water activity (Aw) assessments were performed using a
Portable Water Activity device (Decagon Pawkit digital) on 5.0 g
of each sample.
Hydrogen potential (pH) analyses were performed on 10 g of each
sample transferred to a beaker containing 100 mL of distilled water
and determined by a bench potentiometer electrode (21pH/mv meter,
Hanna) introduced into each sample (Instituto Adolfo Lutz, 2008).
All physicochemical nugget analyses were carried out in triplicate.

Sensory analyses

The sensory analyses were approved by the UFPI Human Research
Ethics Committee (CEP), under Certificate of Presentation for
Ethical Appreciation (CAAE) nº 89732318.3.0000.5214.
The sensory analyses were carried out at the Federal Institute
of Education, Science and Technology of Piauí (IFPI) Sensory
Analysis Laboratory, by 120 untrained tasters. The tasters were
selected through interviews, in order to identify candidates presenting
food allergies or intolerance to any of the ingredients present in the
nugget formulations, which were applied as an exclusion factor.
The three tilapia MSM nugget formulations with the best aspect,
consistency, and presentation closest to those recommended
by Brazilian legislation were chosen for the sensory analyses
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(F1, F2 and F3). Microbiological analyses (Escherichia coli,
coagulase‑positive Staphylococcus counts and Salmonella spp.
detection) were carried out for these formulations according to
Brazilian legislation standards (Brasil, 2019).
The tasters received cards displaying the following sensory
parameters: acceptance test using a hedonic scale, purchase intention
and order of preference. They also received water at room temperature
for the blank test between samples. Color, aroma, flavor, texture,
and global acceptance were evaluated through a structured 9-point
scale, ranging from 1 (“I really did not like it”) to 9 (“I really liked
it”). Purchase intention was assessed by a scale ranging from 1 (“I
would certainly not buy it”) to 5 (“I would certainly buy it”).

test, adopting a significance level of 5%. All statistical analyses
were performed using the Sigmastat 4.0 software.

Statistical analysis

Table 3 displays the physicochemical results for the tilapia
MSM nuggets containing cassava.

The results were evaluated by an analysis of variance (ANOVA).
All microbiological parameters were normalized by log10(x+1)
transforming. The sensory analysis data were organized in
Microsoft Office Excel 2010 spreadsheets and evaluated by a
Kruskal‑Wallis test. The order of preference assessment was
performed using the Friedman test according to Newell and
MacFarlane, at a significance level of 5% (Newell and Macfarlane,
1987). Comparisons between means were performed by the Tukey

RESULTS

Microbiological analyses

No significant differences (p <0.05) were noted for Escherichia coli
counts, coagulase-positive Staphylococcus counts and Salmonella
spp. detection in the tilapia MSM and nugget samples (Table 2).

Physicochemical analyses
Sensory analyses

The results of the sensory analysis for the three tilapia MSM
nuggets formulations containing cassava are presented in Table 4.
The Figure 2 present the hedonic scale scores for the sensory
parameters, indicating pattern of homogeneous values within
each formulation.

Table 2. Results of the microbiological analyses of edible tilapia fillet waste MSM and tilapia MSM and cassava nuggets.
Sample

CMS
Legislation
Nugget
Legislation

Collect 1
Collect 2
Collect 3
Collect 4
Collect 5
(Brasil, 2019)
F1
F2
F3
F4
F5
(Brasil, 2019)

Coagulase-positive
Staphylococcus
(CFU g–1)
<1.0
<1.0
0.6±1.5
1.4±1.9
1.3±1.8
3.0 CFU g-1
<1.0
<1.0
<1.0
<1.0
<1.0
4.0 CFU g-1

Escherichia coli
(MPN g-1)

Salmonella sp.

<0.3
<0.3
<0.3
<0.3
<0.3
2.7 MPN g-1
<0.3
<0.3
<0.3
<0.3
<0.3
2.7 MPN g-1

Absent
Absent
Absent
Absent
Absent
Absent /25 g
Absent
Absent
Absent
Absent
Absent
Absent /25g

MSM = Mechanically Separated Meat; CFU g–1 = Colony Forming Units per gram in logarithmic numbers. Probability (p <0.05). MPN g–1: Most
Probable Number per gram in logarithmic numbers. Formulation: F1 (86.0:0.0); F2 (64.5:21.5); F3 (43.0:43.0); F4 (21.5:64.5), and F5 (0.0:86.0).

Table 3. Physicochemical results for the tilapia MSM nuggets prepared in the present study.
Determination
Protein (%)
lipids (%)
Moisture (%)
Ash (%)
Carbohydrates (%)
Calories (kcal/100g)
Water activity
pH

F1
19.1±2.0a
11.6±1.4a
43.4±1.4b
2.6±0.17a
23.1±1.8d
273.8±11.0a
0.80±0.04
6.47±0.17

F2
14.8±1.1b
6.3±2.6bc
48.1±1.1ab
2.6±0.10a
28.0±2.7c
228.3±16.6ab
0.82±0.01
6.40±0.21

Nugget formulations
F3
F4
9.8±0.9c
6.1±1.1d
7.2±1.3b
4.8±1.9bc
ab
47.6±1.5
47.4±3.1ab
b
2.3±0.12
1.6±0.03c
b
32.8±1.5
39.9±4.6a
ab
236.4±10.8
228.0±7.0ab
0.83±0.01
0.85±0.03
6.38±0.10
6.41±0.08

F5
2.6±0.5e
3.6±0.5c
52.9±1.9a
1.3±0.04d
39.5±2.6a
201.1±7.7b
0.84±0.02
6.46±0.14

Means on the same line followed by different letters differ from each other by the Tukey test (p <0.05). Data are expressed as means ±
standard deviation. MSM: Cassava (%) in each formulation: F1 (86.0:0.0), F2 (64.5:21.5), F3 (43.0:43.0), F4 (21.5:64.5) and F5 (0.0:86.0).
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Table 4. Results of tilapia MSM nugget sensory analyses.
Determination
Color
Flavor
Texture
Aroma
Global
acceptance
Overall average
Purchase
intention
Order of
preference

F1
7.5±1.3a
7.5±1.5a
7.2±1.6a
7.4±1.3a

Nugget formulations
F2
F3
6.8±1.7b
6.7±1.6b
7.0±1.6b
6.5±1.8b
b
6.9±1.7
6.5±1.8b
ab
6.9±1.6
6.5±1.7b

7.4±1.4a

7.0±1.6ab

6.6±1.6b

7.4

6.9

6.6

4.1±0.9

3.7±1.1

3.4±1.4b

174b

202 ab

224a

a

b

Means on the same line followed by different letters differ from each other by the
Tukey test (p <0.05). Data are expressed as means ± standard deviation. MSM:
Cassava (%) in the nugget formulations: F1 (86.0:0.0), F2 (64.5: 21.5) and F3
(43.0:43.0). Different letters on the same line indicate significant differences (p
<0.05), according to Friedman test.

Figure 2. Hedonic scale scores for color, flavor, texture, aroma,
and global acceptance.

DISCUSSION

Microbiological analyses

The Brazilian National Health Surveillance Agency RDC nº 60,
of December, 2019 (Brasil, 2019), determines a maximum limit
for Escherichia coli of the 2.7 MPN g-1; the treatments exhibited
<0.3 MPN g-1. Regarding coagulase-positive Staphylococcus
counts, the two initial treatments (Collect 1 and Collect 2) exhibited
<1.0 CFU g-1, while the others presented mean values between
0.6 and 1.4 CFU g-1, all below the legislation that establishes
values of up to 3.0 CFU g-1 (Brasil, 2019). The Salmonella sp.
analyses indicated absence of this microorganism in all samples,
in conformity with the legislation, requiring the absence of this
microorganism in 25 g samples (Brasil, 2019). Based on these
results, tilapia MSM presented adequate hygienic-sanitary standards
to be used as raw material for the tilapia MSM nuggets.

Concerning the nugget analyses, all samples presented
<0.3 MPN g-1 for Escherichia coli, within the requirements
of the Brazilian National Agency of Health Surveillance RDC
nº 60, of December 23, 2019 (Brasil, 2019). Coagulase-positive
Staphylococcus counts were lower than those established by the
current legislation (4.0 CFU g-1) and Salmonella sp. was absent
from all samples, in accordance with the current standards (Brasil,
2019). Therefore, the tilapia MSM nuggets containing cassava
presented adequate hygienic-sanitary standards and were deemed
suitable for consumption.

Physicochemical analyses

Tilapia muscle contains from 10.75% at 17.74% high nutritional
standard proteins (Bernadino Filho and Xavier, 2019; Sales and
Maia, 2012; Rebouças et al., 2012), while tilapia MSM contains
15.9% high nutritional standard proteins (Fogaça et al., 2015), and
cassava, 0.6% when cooked and 1.1% raw, although when peeled
and cooked, this value decreases to 0.6% (NEPA, 2011). Normative
Instruction No. 6 (NI Nº 06), of February 15, 2001 (Brasil, 2001)
establishes 10% as the minimum protein content for breaded
food items. The experimental nuggets prepared herein exhibited
significant variations (p <0.05) concerning minimum protein
content with increasing MSM and cassava amounts. Consequently,
nuggets prepared with over 43% cassava content were not in
accordance with the NI N°06 (Brasil, 2001). Therefore, it was
noted that a maximum of 64.5% MSM provides adequate protein
levels for cassava nugget preparation. Regarding this parameter,
only formulations 1 and 2 (F1 and F2) were in accordance with
the established standards.
Fish can be classified according to their lipid muscle content
as lean (less than 2.0%), moderate (from 2.0 to 5.0%) and fatty
(over 5.0%) (Cortez Netto et al., 2010). Tilapia muscle lipid
content ranges from 2.17 to 15.37% (Bernadino Filho and Xavier,
2019). However, the MSM obtained from filleting shavings
contains an average of 7.62% lipid muscle content (Fogaça et al.
2015), probably due to muscle detachment (including part of the
ventral abdominal muscles) and other adhered structures (bones
and connective tissue) during carcass crushing. Bordignon et al.
(2010) reported 11.6% lipids in breaded croquettes prepared with
Nile tilapia MSM, similar to formulation 1 (F1) developed in
this study, that contained 86% MSM (Table 3). Although other
ingredients were used to prepare our formulations (Table 1),
lipid levels increased significantly (p <0.05) when higher MSM
percentages were used and were, thus, considered the component
that most influenced this parameter in the nugget formulations.
Tilapia muscle contains about 78% moisture content
(Dallabona et al., 2013) while tilapia MSM contains around 73.9%
(Fogaça et al., 2015) and cooked cassava, 68.7% (NEPA, 2011).
For the establishment of a product with adequate moisture content,
good storage conditions aid in preserving sensory characteristics
and crispness (Poiani and Montanuci, 2019). Moisture content
can vary according to the ingredients used to prepare the fish
product formulations, i.e., breaded moisture content ranges from
62.3% to 65.1% (Veit et al., 2012) and nuggets, from 58.2% to
59.4% (Silva et al., 2015). Moisture contents were significantly
different among the tested formulations (p <0.05) according to
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the amounts of MSM and cassava (Table 3), and higher in the
formulations containing higher cassava levels.
The fixed mineral residue contents (ashes) in nuggets were
significantly different between treatments (p <0.05), noted as
higher when containing higher fish contents and lower cassava
levels (Table 3). Depending on the habitat, food and individual
characteristics, ash concentrations in freshwater fish can vary
up to 3.3% (Borgstrom, 1962; Contreras-Guzmán, 2002) and in
cooked cassava, up to 0.4% (NEPA, 2011). Ash concentrations have
been reported as varying according to the tilapia MSM product,
1.53% for snacks containing tilapia MSM flour (Magalhães et al.,
2019) and 3.36% for breaded croquettes (Bordignon et al., 2010).
According to Daga et al. (2020), where the wastes are composed
by bones, which may have been incorporated into the MSM.
Normative Instruction No. 6, of February 15, 2001 (Brasil,
2001) establishes that breaded products must contain a maximum
of 30% of total carbohydrates. In this regard, only formulations
1 and 2 (F1 and F2) were complying to this norm (Table 3),
containing 23.1% and 28.0% carbohydrates, respectively.
Levels varied significantly (p <0.05) between the experimental
nugget treatments (Table 3), increasing with increasing cassava
concentrations. Veit et al. (2012) produced tilapia breads containing
between 18.8% to 21.1% carbohydrates, while Souza et al. (2010)
formulated nuggets from a tilapia protein concentrate and reported
a carbohydrate content of 7.0%. The significant variations reported
by these authors compared to the present study can be attributed
to the particular formulation of each product.
Cassava carbohydrate concentrations can change, depending
on the cassava variety and technological treatment applied to the
product. For example, cassava contain 36.2% carbohydrates which,
after cooking, decrease to 30.1% (NEPA, 2011). Live fish can also
contain between 0.3 to 1.0% of carbohydrates, mainly in the form
of glycogen and mucopolysaccharides (Ogawa and Maia, 1999),
although this amount can be reduced to traces in fillets (NEPA,
2011), due to glycogen consumption after fish death. Thus, the
main source of carbohydrates in the prepared nuggets were the
cooked cassava and manioc flour, which are also used as binding
agents in the preparation of the nugget dough, and breadcrumbs,
which may also have contributed to carbohydrate levels.
The results of the nugget calorie analysis indicated significant
differences between treatments (p <0.05), with increasing calorie
levels in products containing higher fish concentrations. On average,
100 g of fish meat contain 93.7 cal (Pigott and Tucker, 1990;
NEPA, 2011) provided by protein and lipid contents. Cooked
cassava dough contains 126 kcal per 100 g (NEPA, 2011), referring
especially to carbohydrates. Thus, the caloric value observed
for the F1 samples, containing higher MSM concentrations, is
probably due to the lipids present in the tilapia carcasses while
the F5 caloric value (MSM-free) is attributed to the carbohydrate
levels of cassava.
The water activity values of the nugget formulations were not
significantly different (p <0.05) between formulations (Table 3).
The Aw values that favor the development of microorganisms comprise
0.91 for bacteria, 0.88 for yeasts and 0.80 for filamentous fungi
(Maia et al., 2020). High water activity increases the predisposition
for fungi, yeast, and bacteria development (Picanço et al., 2018).

Because of this, the nuggets were maintained frozen below -18.0°C,
in order to inhibit microbial multiplication.
Tilapia carcasses, classified as waste from manual filleting
processes carried out in a public market, were used to prepare
the nuggets. Although the fillet processing was carried out in an
environment that is not in compliance with good manufacturing
practices, the carcasses exhibited adequate sensory conditions
and pH values between 6.13 to 6.25, below the established value
of 7.00 recommended by Brazil’s fresh fish meat legislation
(Brasil, 2017). The traders filleted freshly killed tilapia supplied
by local fish farmers so, although the conservation conditions
were not adequate, pH values were still within the expected
range. The nugget pH values ranged

from 6.38 to 6.47 (Table 3).
Although other ingredients were used for nugget preparation,
which may have interfered in pH values, the MSM may have
been the predominant factor for these pH variations, indicating
that the quality of the raw material and its pH must be observed
in order to obtain quality products.

Sensory analyses

Formulation 1 (86% tilapia MSM and no cassava dough)
received the best acceptance values for all tested parameters
(color, flavor, texture, aroma, global acceptance, and purchase
intention) compared to the other formulations (p <0.05) with
all values above 7 (“I liked it moderately”) and a means of 7.4.
The most noteworthy acceptance factors for the F1 treatment
were color, flavor, and texture (Table 4).
F2 (64.5% tilapia MSM and 21.5% cassava dough) and F3 (43.0%
tilapia MSM and 43.0% cassava dough), presented general average
acceptance scores of 6.9 and 6.6, classified as “I liked it slightly”.
The results indicate that nuggets prepared with tilapia MSM and
cassava dough showed good acceptance by untrained tasters,
although higher cassava dough content led to slightly reduced
acceptance, but still presenting overall good scores.
According to Figure 2, the results maintained a pattern of
homogeneous values within each formulation. However, some
of these attributes exhibited a slight drop, namely F1 concerning
the texture parameter and F2 regarding the color parameter, while
F3 exhibited better color and global acceptance performance and
equal color, flavor, and texture values.
Concerning purchase intention, the results ranged from 3.4 (“I
have doubts if I would buy it”) to 4.1 (“I would probably buy it”),
with higher values noted for the formulations containing higher
fish levels (F1 and F2). This indicates that consumer acceptance
of breaded products is on the rise, as these items present good
appearance, odor, and taste (Dill et al., 2009).
Significant differences (p <0.05) were observed for the order of
preference test. Formulation 1 (F1) obtained the best evaluation,
followed by Formulation 2 (F2) and Formulation 3 (F3), respectively.
These values endorse the results of the acceptance and purchase
intention analyses, highlighting that the most accepted formulations
contained the highest fish percentages.
According to Coelho et al. (2017), several factors can influence
food consumption, including habits, cultural standards, age, and
brand preference. The sensory test was performed by mostly
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high school students, aged 18-24 (75%), followed by testers
aged 25-35 (21%), 36-50 (2%) and over 50 (2%). In general,
young people usually consume breaded food in snack bars and
fast-food chains.
The results for all tests indicate that formulations 1 and 2 (F1 and
F2) are the most viable for production, as they meet breaded
product legislation recommendations (Brasil, 2001) and obtained
better sensory evaluation acceptance scores. Thus, the inclusion
of cassava dough in nuggets produced with tilapia carcass MSM
is proven a nutritionally interesting and economically viable
option to take advantage of fillet waste fileting from public and
industrial markets, which would otherwise be discarded by the
municipal waste collection system.

CONCLUSIONS

The use of nuggets prepared from edible tilapia filleting waste
MSM and cassava dough is an interesting way to take advantage
of tilapia carcasses that would otherwise be discarded. The nuggets
are nutritious, exhibit adequate hygienic-sanitary standards and
are suitable for human consumption. Cassava dough can be added
up to 21.5% in order to obtain edible tilapia fillet residue MSM
nuggets suitable according to current standards and exhibiting
good sensory acceptance.
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